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 Foreword  

  by   Menno E.     Sluijter     MD, PhD, FIPP  
        

  Seeing this book makes me proud of my university city Maas-
tricht, where I have left so many footsteps and where I still have 
many friends. It is a great honor for me to have been invited to 
write this foreword. 

 Besides accurately describing the various techniques in detail, 
this book has an accent on evidence - based medicine. This comes 
naturally for the Dutch since soberness and standing fi rmly on the 
ground belong to their prominent features. It makes the book into 
a solid and reliable guide for many pain practitioners. 

 My fi rst footsteps in the world of invasive pain treatment date 
back to a very different period. My mentors and teachers were 
Jur Bouma in the Netherlands and legendary names, such as 
Sampson Lipton and Mark Mehta, who played such a pivotal 
role in their time. Those were the days when solitary observa-
tions easily sparked attention or even a trend. Epidural phenol at 
T12 has been recommended for anal pain for about a decade, one 
author copying it from another because it was so bizarre. Ond-
ine ’ s syndrome, as a complication of a cordotomy, received undue 
attention probably because of its romantic name. Evidence - based 
medicine was still a far cry. 

 This book therefore symbolizes for me how invasive pain treat-
ment has become mature within a relatively short period. This 
process of growth has taken place despite a head wind that is 
specifi c for the subject. Many of the procedures are intricate, and 
success or failure may depend on seemingly trivial details, causing 
differences in results between researchers. Also pain is a subjective 
experience and this has various consequences. It makes it particu-
larly diffi cult to translate results into numbers that are suitable 
for meaningful statistical analysis. It may even infl uence results. 
I fi rmly believe that a procedure that is performed by a friendly, 
interested doctor in a friendly environment has a greater chance 
of success than a procedure under less favorable circumstances. 

If this is placebo, so be it. It makes pain treatment different from 
putting a stent into a coronary artery or from removing a tumor 
under general anesthesia. 

 Maturity is a sign of growth and it has to be encouraged. 
Evidence - based medicine will be an indispensible and welcome 
element of invasive pain treatment in the time to come. It 
will save patients from getting useless treatments and it will con-
vince insurers to follow up on reasonable demands. It will hope-
fully discourage those who seek fi nancial gain from a vulnerable 
group of patients. It will also provide interventional pain treat-
ment with the respected place in the medical community that it 
deserves. 

 But, on the other hand, maturity may also be taken as a sign of 
immanent old age. When reading this book the reader should also 
realize that all these procedures have once been done for the fi rst 
time. This refl ects a mixture of prudence and courage, but also 
alertness to observations and the urge to make it a better world for 
patients who could not be helped before. This process of growth 
and renewal must not be lost. It should be seen as a complement 
of evidence - based medicine rather than as a contradiction. After 
all, without ideas and innovation the need for evidence would 
soon dry up, and what good is a new procedure without evidence? 

 The book underscores the need for proper training. The preva-
lence of chronic pain is such that, despite the laudable efforts of 
World Institute of Pain, there is still a shortage of well trained 
doctors who can provide this type of treatment. This is a problem 
because reading even this book is not enough and practical train-
ing is costly in terms of material and manpower. It is to be hoped 
that the increasing number of potential trainers will gradually 
resolve the problem. 

 I recommend this book as a standard manual in the library of 
every interventionalist. Happy reading!      
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 Foreword  

  by   P. Prithvi     Raj     MD, FIPP       

  Jan Van Zundert, Jaap Patijn, Craig Hartrick, Arno Lataster, Frank 
Huygen, Nagy Mekhail, and Maarten van Kleef, all internation-
ally renowned pain physicians, have embarked on writing  “ Evi-
dence - Based Interventional Pain Medicine According to Clinical 
Diagnosis ” . They have devoted most of their lives to improving 
the pain management of patients globally. At their request, I am 
honored to write a Foreword for their new book. 

 To emphasize the importance of this book, I need to reiterate 
the statistics available to us on chronic pain today. Chronic pain 
prevails globally, the total number of persons living with this spe-
cifi c disease or condition with feeling of pain, ranges from 54% 
in Sweden to 13% in Japan. These studies show that in the rest of 
the developed countries, such as United States, United Kingdom 
and Australia, the incidence is somewhere in between. Studies also 
show that pain imposes a huge economic burden on all countries; 
for example, in the United States it was calculated that in 1991, the 
USA spent eighty - six billion dollars on chronic back pain man-
agement. Today, because the elderly are living longer, the prev-
alence of chronic pain is rising with age. Another problem one 
needs to recognize is that only one billion people in the developed 
countries have the luxury of utilizing the most advanced pain 
management techniques. The other fi ve billion people, who have 
medium to low standards of living, are unable to receive the ben-
efi ts of these new techniques of pain management. 

 The World Institute of Pain (WIP) and its members have been 
aware of this problem and the disparities between countries in 
terms of standard of care and practices of pain management. 
Since 1994, WIP ’ s mission has been to train pain physicians and 
certify their competency in interventional pain management. By 
all accounts, this mission has become very successful globally. 

 Pain practice today is fortunate to have many physicians taking 
this practice as a professional part of their career. They come 
from all specialties and the book now has to refl ect the advances 
in Pain Practice of all those specialties, not just those in Anesthe-
siology. The debate is still raging whether a single pain specialist 
can deliver better pain management than a group of specialists 
together. The cost of managing such multidisciplinary clinics has 
been called into question especially by the reimbursement agen-
cies. A program developed by a multidisciplinary clinic is nowa-
days rejected outright by the reimbursement agencies, and even if 
it is approved, the effi cacy of such programs is questionable. More 
and more the patients are referring themselves to the Pain Clinics 

where their pain will be relieved over the short - term rather than 
addressing the long - term goal of improving the patient ’ s function 
and quality of life. That is why one fi nds a prolifi c growth of Inter-
ventional Pain Management Clinics and decrease in University -
 based Multidisciplinary Clinics. This is certainly the case in the 
USA and is also becoming common in other countries. 

 Pain Physicians have not tackled at all the discrepancy in pain 
practices between developed, developing and under developed 
countries. There is no factual account of the epidemiology of pain 
the world over; one cannot say for certain how many Pain Physi-
cians are available per capita in any community. We certainly have 
made advances in understanding the new theories of pain, and 
in some pain syndromes, the longitudinal natural course, but we 
are far from having a reliable algorithm for any pain disorder. It 
is still hit and miss. 

 The challenge today is to train Pain Physicians in such a way 
that they have a standardized curriculum during their Residency 
and Pain Fellowship programs, followed by skilled practical train-
ing, either in Anesthesiology, Neurosurgery, Physical Medicine 
and Rehabilitation or Psychiatry. Once trained, they need to be 
examined and tested periodically for their competency. This will 
raise the standard of pain practice, not only in the USA, but all 
over the world. 

 Evidence - based medicine (EBM) or evidence - based practice 
(EBP) aims to apply the best available evidence gained from 
scientifi c methods to clinical decision making. It seeks to assess 
the strength of evidence of the risks and benefi ts of treatments 
(including lack of treatment) and diagnostic tests. Evidence 
quality can range from meta - analyses and systematic reviews of 
double - blind, placebo - controlled clinical trials at the top end, 
down to conventional wisdom at the bottom. 

 Let me explain the history of evidence - based medicine ’ s origin. 
Traces of evidence - based medicine ’ s origin can be found in 
ancient Greece. Although testing medical interventions for effi -
cacy has existed since the time of Avicenna ’ s The Canon of Medi-
cine in the 11th century, it was only in the 20th century that this 
effort evolved to impact almost all fi elds of health care and policy. 
Professor Archie Cochrane, a Scottish Epidemiologist, through 
his book Effectiveness and Effi ciency: Random Refl ections on 
Health Services (1972) and subsequent advocacy caused increas-
ing acceptance of the concepts behind evidence - based practice. 
Cochrane ’ s work was honored through the naming of centers 
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of evidence - based medical research — Cochrane Centers — and 
an international organization, the Cochrane Collaboration. The 
explicit methodologies used to determine  “ best evidence ”  were 
largely established by the McMaster University research group 
led by David Sackett and Gordon Guyatt. Guyatt later coined the 
term  “ evidence - based ”  in 1990. The term  “ evidence - based medi-
cine ”  fi rst appeared in the medical literature in 1992 in a paper by 
Guyatt et al. Relevant journals include the British Medical Jour-
nal ’ s Clinical Evidence, the Journal of Evidence - Based Healthcare 
and Evidence - Based Health Policy. All of these were co - founded 
by Anna Donald, an Australian pioneer in the discipline. 

 There has been discussion of applying what has been learned 
from EBM to public policy. In his 1996 inaugural speech as 
President of the Royal Statistical Society, Adrian Smith held out 
evidence - based medicine as an exemplar for all public policy. He 
proposed that  “ evidence - based policy ”  should be established for 

education, prisons and policing policy, and all areas of govern-
ment 

 This book  “ Evidence - Based Interventional Pain Medicine 
According to Clinical Diagnoses ”  fi ts the void where literature 
should conform to local necessities for information to be useful 
in that society. The format of the book is excellent; each chapter 
is consistent in describing an interventional technique in simple 
terms from history to complications and effi cacy, stressing at all 
times the technique. 

 The reader who is interested in learning, training and practic-
ing interventional pain medicine will fi nd this book extremely 
useful and informative. It illustrates not only the usual common 
techniques but also the emerging techniques; this makes it unique 
and different from the usual text books on pain. I wholeheartedly 
recommend the interventional pain physician to have this book 
in their library.      



xiii

 Introduction 

       

  The use of interventional pain management techniques has grad-
ually become integrated into the treatment plan of patients suf-
fering from chronic pain. After a long period of empirical use, it 
is time to move on to the professionalization and standardiza-
tion of this practice. Interventional pain management techniques 
are  target specifi c . There is evidence that better patient selection 
increases the success ratio.  1   Therefore, a standard patient evalu-
ation to  “ fi ne - tune ”  the clinical pain diagnosis is mandatory. A 
detailed description of the technical performance provides a 
guideline for the standardized interventional pain procedure. 

 The effi cacy of these techniques has been described in rand-
omized controlled trials, observational studies, retrospective 
studies, and case reports. Evidence - based practice guidelines 
provide a good review of the literature in a context that makes it 
accessible and useful to both the clinician and researcher.  2,3   

 The available evidence is summarized by treatment option 
or technique. There are, however, several studies indicating that 
the chances for treatment success increase with better patient 
selection.  1,4 – 7   A wellformed management strategy starts with an 
accurate evaluation process to identify the pain diagnosis. It is of 
utmost importance to fi rst check for the so - called red fl ags that 
may be indicative of an underlying primary pathology, which 
needs adequate treatment prior to symptomatic pain manage-
ment techniques. The treatment relies on accurate use of conserv-
ative interventions, potentially in association with interventional 
pain management techniques. Consequently, evidence - based 
practice guidelines are of greater practical value when they are 
specifi c for each different pain diagnosis. 

  Guideline  d evelopment 

 In daily practice the important goal of pain medicine is to use 
a specifi c treatment, conservative and/or interventional, for the 
right patient at the right moment. Therefore, treatment selection 

should be according to clinical diagnoses. To improve recogni-
tion and information retrieval, the articles have been organized 
according to a strict structure:

   Introduction  
  Diagnosis  
  History  
  Physical examination  
  Additional tests  
  Differential diagnosis  
  Treatment  
  Conservative management  
  Interventional management  
  Complications of interventional treatment  
  Evidence for interventional management  
  Recommendations  
  Treatment algorithm  
  Techniques  
  Summary    

 Although the scientifi c literature is predominantly Anglo -
 Saxon and most doctors use the English denominations of ana-
tomical structures, in this series, anatomical structures were 
indicated with the Latin denomination (Terminologia Anatomica) 
and the English denomination was, where appropriate, added 
between brackets.  8   This option was specifi cally chosen to help 
people around the world to use the correct denomination when 
expressing themselves in a language other than English. 

 This series has focused on interventional pain management 
techniques, because they have undergone a rapid evolution in 
recent decades with additional well - conducted research being 
published regularly. The use of these techniques for the right 
indication may improve the quality of life of carefully selected 
patients. Moreover, for correct application of interventional 
pain management techniques, both good theoretical knowledge 
and practical experience are mandatory. These skills can only be 
acquired through training and continuing education. 
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 The  grade  of the evidence was then indicated by a letter: A, B, 
or C. Following this system, a value of A indicates the highest 
level of evidence (various randomized controlled trials [RCTs] 
of good quality), B represents evidence derived from RCTs with 
methodological limitations or large observational studies, and C 
is assigned when the evidence is limited to observational studies 
or case series. Additionally, a score of  “ 0 ”  is given for techniques 
that are only described in case reports. Finally, the evidence was 
interpreted for outcome, indicated as follows: positive outcome 
( + ), negative outcome ( − ), or, when both positive and negative 
studies were included, ( ± ) was used. 

 The grading and subsequent implications are summarized in 
Table  1 .   

 In the recommendations, the practical  implication   “ study 
related ”  is used for treatment options currently having low -
 level evidence as determined by systematic recording of the 
following:
    •      Patient characteristics  
   •      Diagnostic process  
   •      Treatment including the details of the technique concerned  
   •      Evaluation of the result (preferably Global Perceived effect, VAS, 

EuroQol, and a complaint - specifi c scale at 3, 6, and if necessary 
at 12 months)  

   •      Side effects and complications    
 Systematic reporting of results can help to accumulate infor-

mation that further enables estimation of the  “ value ”  of a tech-
nique when it has been applied to a larger number of patients. 
This information may form the motivation for a prospective ran-
domized study. 

 Certain pain management techniques require an extensive 
expertise and specialized materials and equipment. Therefore, it 
is appropriate that those specifi c techniques should be performed 
in specialized pain centers. 

 The strict rules used to establish EBM guidelines may lead to 
exclusion of relatively new treatments that are only supported 
by noncontrolled trials. For the interventional pain management 
techniques covered in this series, in - depth literature searches on 
effi cacy, side effects, and complications have been performed. The 
incidence of side effects and complications was largely derived 
from three reviews that specifi cally address the complications 
of interventional pain management techniques.  2,9,10   Disease and 
diagnosis related information was retrieved from high - quality 
review articles.  

  Guideline  r ationale 

 To make informed recommendations, the available evidence 
must be assigned  “ weight. ”  When scoring the evidence of inter-
ventional pain management techniques, perhaps even more 
than for any other treatment modality, the principle  “  Primo non 
nocere  ”  holds true. The  “ weighted ”  rating must consider the evi-
dence for effect and balance this evidence against the incidence 
and severity of side effects and complications. The scoring 
system that best observed these considerations was published by 
Guyatt et al.,  11    “ Grading strength of recommendations and 
quality of evidence in clinical guidelines. ”  The method was then 
adapted specifi cally for interventional pain management tech-
niques.  12   

 First, a determination was made as to whether the potential 
benefi ts outweigh the risk and/or burden. The benefi t/risk assess-
ment was assigned a  numerical value  of 1 if the benefi t because of 
the effectiveness of the treatment was greater than the risk and 
burden of potential complications. A value of 2 was given when 
the benefi t of the effect was closely balanced with the risk and 
burden of possible side effects. 

  Table 1.    Summary of Evidence Scores and Implications for Recommendation. 

   Score     Description     Implication  

  1 A  +     Effectiveness demonstrated in various RCTs of good quality. The benefi ts clearly outweigh risk and burdens  

     Positive recommendation  
  1 B  +     One RCT or more RCTs with methodological weaknesses, demonstrate effectiveness. The benefi ts clearly outweigh 

risk and burdens  
  2 B  +     One or more RCTs with methodological weaknesses, demonstrate effectiveness. Benefi ts closely balanced with risk and 

burdens  

  2 B  ±     Multiple RCTs, with methodological weaknesses, yield contradictory results better or worse than the control treatment. 
Benefi ts closely balanced with risk and burdens, or uncertainty in the estimates of benefi ts, risk and burdens.  

     Considered, preferably study - related  
  2 C  +     Effectiveness only demonstrated in observational studies. Given that there is no conclusive evidence of the effect, 

benefi ts closely balanced with risk and burdens  

  0    There is no literature or there are case reports available, but these are insuffi cient to prove effectiveness and/or safety. 
These treatments should only be applied in relation to studies.    Only study - related  

  2 C  −     Observational studies indicate no or too short - lived effectiveness. Given that there is no positive clinical effect, risk and 
burdens outweigh the benefi t  

     Negative recommendation  
  2 B  −     One or more RCTs with methodological weaknesses, or large observational studies that do not indicate any superiority 

to the control treatment. Given that there is no positive clinical effect, risk and burdens outweigh the benefi t  

⎫
⎪
⎬
⎪
⎭

⎫
⎪
⎬
⎪
⎭

⎫
⎪
⎬
⎪
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 The validation of the guidelines was carried out in a process of 
peer review in two stages. 

 The fi rst edition of the guidelines in Dutch was submitted to 
the members of the Associations of anesthesiologists with special 
interest for pain management from the Netherlands (Neder-
landse Vereniging voor Anesthesiologie sectie Pijngeneeskunde 
[NVAsP]) and the Dutch - speaking part of Belgium (Vlaamse 
Anesthesiologische Vereniging voor Pijnbestrijding [VAVP]). 
During the review process, more than 200 remarks and questions 
were raised by the members and treated by the authors. In this 
way, the guidelines were accepted by means of a broad consensus. 

 Secondly, as part of the publications of this series in Pain 
Practice, each translated and updated chapter was reviewed and 
updated by minimum two U.S. coauthors and each article under-
went the journal ’ s peer review. 

 The evidence rating of the interventional techniques is sum-
marized in Table  2 .    

 Each diagnostic process has been well described and the 
evidence for management options reviewed within the context 
of a specifi c diagnosis. For recommended interventional tech-
niques, a detailed description for performance is provided. Other 
common treatment options are beyond the scope in this series. 
Importantly, the literature for the pharmacological treatment is 
not covered in depth and little attention is paid to the multidis-
ciplinary management and the role of cognitive behavioral treat-
ment in this series. 

 This book was initially based on practice guidelines written 
by Dutch and Flemish (Belgian) experts that are assembled in a 
handbook for the Dutch - speaking pain physicians. After trans-
lation, the articles were updated and edited in cooperation with 
U.S./International pain specialists. Because this updating process 
and the sequential publication of articles, the latest literature 
update varies from one article to another. Sixty authors, each 
expert in their fi eld, have contributed to this series. 

  Table 2.    Summary of the Evidence Rating Per Diagnosis. 

  Trigeminal neuralgia  
     Radiofrequency (RF) treatment of the Gasserian ganglion    2 B  +     Recommended  
     Pulsed RF treatment of the Gasserian ganglion    2 B  −     Negative recommendation  

  Cluster headache  
     RF treatment of the pterygopalatine ganglion (sphenopalatinum)    2 C  +     To be considered  
     Occipital nerve stimulation    2 C  +     To be considered in specialized centers 

and study related  

  Persistant idiopathic facial pain  
     Pulsed RF treatment of the ganglion pterygopalatinum (sphenopalatinum)    2 C  +     To be considered  

  Cervical radicular pain  
     Interlaminar epidural corticosteroid administration    2 B  +     Recommended  
     Transforaminal epidural corticosteroid administration    2 B  −     Negative recommendation  
     RF treatment adjacent to the cervical ganglion spinale (DRG)    2 B  +     Recommended  
     Pulsed RF treatment adjacent to the cervical ganglion spinale (DRG)    1 B  +     Recommended  
     Spinal cord stimulation    0    Study related in specialized centers  

  Cervical facet pain  
     Intra - articular injections    0    Study related  
     Therapeutic (repetitive) cervical ramus medialis (medial branch) of the ramus dorsalis block (local anesthetic 

with or without corticosteroid)  
  2 B  +     Recommended  

     RF treatment of the cervical ramus medialis (medial branch) of the ramus dorsalis    2 C  +     To be considered  

  Cervicogenic headache  
     Injection of nervus occipitalis major with corticosteroid    +    local anesthetic    1 B  +     Recommended  
     Injection of atlanto - axial joint with corticosteroid  +  local anesthetic    2 C  −     Negative recommendation  
     RF treatment of the cervical ramus medialis (medial branch) of the ramus dorsalis    2 B  ±     To be considered  
     Pulsed RF treatment of the cervical ganglion spinale (DRG) (C2 – C3)    0    Study related  

  Whiplash - associated disorders  
     Botulinum toxin type A    2 B  −     Negative recommendation  
     Intra - articular corticosteroid injection    2 C  −     Negative recommendation  
     RF treatment of the cervical ramus medialis (medial branch) of the ramus dorsalis    2 B  +     Recommended  

Continued
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Table 2. Continued.

  Occipital neuralgia  
     Single infi ltration of the nervi occipitales with local anesthetic and corticosteroids    2 C  +     To be considered  
     Pulsed RF treatment of the nervi occipitales    2 C  +     To be considered  
     Pulsed RF treatment of the cervical ganglion spinale (DRG)    0    Study related  
     Subcutaneous stimulation of the nervi occipitales    2 C  +     To be considered in specialized centres  
     Botulinum toxin A injection    2 C  ±     Only study related  

  Painful shoulder complaints  
     Corticosteroid injections    2 B  ±     To be considered  
     Continuous cervical epidural infusion    2 C  +     To be considered  
     Pulsed RF treatment of the nervus suprascapularis    2 C  +     To be considered  

  Thoracic pain  
     Intercostal block    0    Study related  
     RF treatment of thoracic ganglion spinale (DRG)    2 C  +     To be considered  
     Pulsed RF treatment of thoracic ganglion spinale (DRG)    2 C  +     To be considered  

  Lumbosacral radicular pain  
     Interlaminar epidural corticosteroid administration    2 B  ±     To be considered  
     Transforaminal epidural corticosteroid administration in  “ contained herniation ”     2 B  +     Recommended  
     Transforaminal epidural corticosteroid administration in  “ extruded herniation ”     2 B  −     Negative recommendation  
     RF lesioning adjacent to the lumbar ganglion spinale (DRG)    2 A  −     Negative recommendation  
     Pulsed RF treatment adjacent to the lumbar ganglion spinale (DRG)    2 C  +     To be considered  
     Spinal cord stimulation (FBSS only)    2 A  +     Recommended in specialized centers  
     Adhesiolysis — epiduroscopy    2 B  ±     To be considered in specialized centers  

  Pain originating from the lumbar facet joints  
     Intra - articular corticosteroid injections    2 B  ±     To be considered  
     RF treatment of the lumbar rami mediales (medial branches) of the dorsal ramus    1 B  +     Recommended  

  Sacroiliac joint pain  
     Therapeutic intra - articular injections with corticosteroids and local anesthetic    1 B  +     Recommended  
     RF treatment of rami dorsales and rami laterales    2 C  +     To be considered  
     Pulsed RF treatment of rami dorsales and rami laterales    2 C  +     To be considered  
     Cooled / RF treatment of the rami laterales    2 B  +     Recommended  

  Coccygodynia  
     Local injections corticosteroids/local anesthetic    2 C  +     To be considered  
     Intradiscal corticosteroid injections, ganglion impar block, RF ganglion impar, caudal block    0    Study related  
     Neurostimulation    0    Study related  

  Discogenic low back pain  
     Intradiscal corticosteroid administration    2 B  −     Negative recommendation  
     RF treatment of the discus intervertebralis    2 B  ±     To be considered  
     Intradiscal electrothermal therapy    2 B  ±     To be considered  
     Biacuplasty    0    Study related  
     Disctrode    0    Study related  
     RF of the ramus communicans    2 B  +     Recommended  

  Complex regional pain syndrome  
     Intravenous regional block guanethidine    2 A  −     Negative recommendation  
     Ganglion stellatum (stellate ganglion) block    2 B  +     Recommended  
     Lumbar sympathetic block    2 B  +     Recommended  
     Plexus brachialis block    2 C  +     To be considered  
     Epidural infusion analgesia    2 C  +     To be considered  
     Spinal cord stimulation    2 B  +     Recommended in specialized centers  
     Peripheral nerve stimulation    2 C  +     To be considered in specialized centers  

  Herpes zoster and post - herpetic neuralgia  
     Interventional pain treatment of acute herpes zoster          
        Epidural corticosteroid injections    2 B  +     Recommended  
        Sympathetic nerve block    2 C  +     To be considered  



Introduction

xvii

     Prevention of PHN          
        One - time epidural corticosteroid injection    2 B  −     Negative recommendation  
        Repeated paravertebral injections    2 C  +     To be considered  
        Sympathetic nerve block    2 C  +     To be considered  
     Treatment of PHN          
        Epidural corticosteroid injections    0    Study related  
        Sympathetic nerve block    2 C  +     To be considered  
        Intrathecal injection    ?      
        Spinal cord stimulation    2 C  +     To be considered in specialized centers  

  Painful diabetic polyneuropathy  
     Spinal cord stimulation    2 C  +     To be considered in specialized centers  

  Carpal tunnel syndrome  
     Local injections with corticosteroids    1 B  +     Recommended  
     Pulsed RF treatment median nerve    0    Study related  

  Meralgia paresthetica  
     Lateral femoral cutaneous nerve (LFCN) infi ltration with local anesthetic  ±  corticosteroid    2 C  +     To be considered  
     Pulsed RF treatment of LFCN    0    Study related  
     Spinal cord stimulation    0    Study related in specialized centers  

  Phantom pain  
     Pulsed RF treatment of the stump neuroma    0    Study related  
     Pulsed RF treatment adjacent to the spinal ganglion (DRG)    0    Study related  
     Spinal cord stimulation    0    Study related in specialized centers  

  Traumatic plexus lesion          
     Spinal cord stimulation    0    Study related in specialized centers  

  Pain in patients with cancer  
     Epidural and intrathecal administration of analgesics          
        Intrathecal medication delivery    2 B  +     Recommended  
        Epidural medication delivery    2 C  +     To be considered  
     Unilateral oncologic pains below the shoulder or dermatome C5          
        Cervical cordotomy    2 C  +     To be considered in specialized centers  
     Upper abdominal pain due to cancer of the pancreas/stomach          
        Neurolytic plexus coeliacus block    2 A  +     To be considered  
        Neurolytic nervus splanchnicus block    2 B  +     Recommended  
     Visceral pain due to pelvic tumors          
        Neurolytic plexus hypogastricus block    2 C  +     Recommended  
     Perineal pain due to pelvic tumors          
        Intrathecal phenolization of lower sacral roots of cauda equina    0    Study related  
     Spinal pain due to vertebral compression fractures          
        Vertebroplasty    2 B  +     Recommended  
        Kyphoplasty    2 B  +     Recommended  

  Chronic refractory angina pectoris  
     Spinal cord stimulation    2 B  +     Recommended in specialized centers  

  Ischemic pain in the extremities and Raynaud ’ s phenomenon  
     Ischemic vascular disease          
        Sympathectomy    2 B  ±     To be considered  
        Spinal cord stimulation    2 B  ±     To be considered in specialized centers  
     Raynaud ’ s phenomenon          
        Sympathectomy    2 C  +     To be considered  

  Pain in chronic pancreatitis  
     RF nervus splanchnicus block    2 C  +     To be considered  
     Spinal cord stimulation    2 C  +     To be considered in specialized centers  

Table 2. Continued.
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 Search  s trategy and  e vidence  r ating 

 For the non - interventional treatments, reviews of the most 
recent information was retrieved. For the interventional treat-
ment options, it was the objective to have the most accurate 
information. 

 We searched PubMed with the following search strategy: 
 ( “ Indication/epidemiology ” [Mesh] OR  “ Indication/etiology ” 

[Mesh] OR  “ Indication/pathology ” [Mesh] OR  “ Indication/physio
pathology ” [Mesh] OR  “ Indication/therapy ” [Mesh]) 

 The search for the fi rst chapter of this book was fi nished in 
November 2008 and for the last article in October 2010. 

 A research associate selected all the abstracts that reported 
on: injection therapy, epidural steroid injection, radiofrequency, 
pulsed radiofrequency, neurostimulation/neuromodulation and 
other interventional pain therapy. 

 The full publications of the selected abstracts were retrieved 
and the reference list of those articles and important review arti-
cles were hand - searched for additional information. 
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 All articles were submitted for review and comments to the 
entire Dutch speaking anesthesiologists pain physicians commu-
nity (Netherlands and Flemish part of Belgium). After one month 
all questions and remarks were discussed at the annual national 
meeting and a broad consensus was reached. In the second stage 
at least two key opinion leaders of the US have reviewed, updated 
and fi nally validated the content and the evidence rating for each 
article. 

 The last phase consisted of submission for publication in the 
peer reviewed journal  Pain Practice . 

 The authors were experts in the fi eld of the specifi c indica-
tion and well - aware of the most up - to - date information, includ-
ing abstracts and posters presented at congresses, which were 
excluded from the evaluation. 

 Two independent reviewers (MvK and JVZ) assessed the studies 
and proposed an evidence rating based on the rating described in 
above (Table  1 ). 

 Afterwards two other editors, one anesthesiologist and 
one neurologist, validated or adapted the proposed rating 
(FH, JP). 
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   Introduction 

  “ Trigeminal Neuralgia is the worst pain in the world, ”  declared 
Peter J. Jannetta, MD in  “  Striking Back!  ” , a layman ’ s guide for 
facial pain patients.  1   Trigeminal neuralgia, or  “ Tic Doloureux ” , is 
a painful condition of the face. This pain has been known since 
ancient times; there are descriptions of facial pain by Ibn Sina 
(980 – 1073) in an Arabic text. An example of early interventional 
treatment is that by Locke in 1677, who applied sulphuric acid to 
the face of the Duchess of Northumberland in an attempt to treat 
her trigeminal neuralgia. 

 A survey conducted in 6 European countries indicated that 
trigeminal neuralgia signifi cantly impacted the quality of life and 
the socioeconomic functioning of affected patients.  2   Trigeminal 
neuralgia is the most common form of facial pain in people older 
than 50 years of age. Various epidemiological studies have shown 
the annual incidence to be about 4 – 5 new patients per 100,000. 
The highest incidence occurs in the ages between 50 and 70 years; 
in 90% of the cases the symptoms begin after the age of 40 years. 
Trigeminal neuralgia is more prevalent in women than men with 
a ratio of 1.5:1.  3   

 The pathophysiology is unclear. Based on clinical observations, 
compression of the nervus trigeminus near the origin of the brain 
stem, the so - called root entry zone, by blood vessels or tumor, 
may cause trigeminal neuralgia. Local pressure causes demyeli-
nation that leads to abnormal depolarization resulting in ectopic 
impulses.  

  Symptoms 

 Trigeminal neuralgia is recognized by unilateral short - lived, 
strong, sharp, shooting pains in 1 or more branches of the fi fth 

cranial nerve. The description of the pain is very important; it 
must be sharp, shooting, lancinating, and  “ electric shock ” . The 
pain can be brought on by ordinary stimuli, such as eating, 
washing, shaving, cold, warmth, and draught. The distribution of 
the pain in the various branches of the nervus trigeminus is given 
in Table  1.1 .   

 In the case history, 6 questions should be asked:
   1     Does the pain occur in attacks?  
  2     Are most of the attacks of short duration (seconds to minutes)?  
  3     Do you sometimes have extremely short attacks?  
  4     Are the attacks unilateral?  
  5     Do the attacks occur in the region of the nervus trigeminus?  
  6     Are there unilateral autonomic symptoms?    

 In this way, a differential diagnosis can be made relatively 
quickly and an impression can be formed of whether it is essential 
trigeminal neuralgia.  

  Physical  e xamination 

 Neurological examination seldom reveals any abnormalities in 
patients with idiopathic trigeminal neuralgia, but all cranial nerves 
do need to be tested. Patients who have neurological disorders 
often have a so - called secondary trigeminal neuralgia whereby the 
trigeminal neuralgia is a symptom of another disease, e.g., tumor 
of the angulus pontocerebellaris or multiple sclerosis.  

  Additional  t est 

 When the diagnosis of trigeminal neuralgia is made, the patient 
needs to undergo an magnetic resonance imaging (MRI) scan 
to exclude specifi c pathologies such as a tumor or multiple scle-
rosis, which could cause a secondary trigeminal neuralgia. The 
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up - to - date Cochrane database.  11   The medication of choice is 
carbamazepine. From an observational study, it appears that car-
bamazepine can reduce the pain symptoms in about 70% of the 
cases. Oxcarbazepine has shown similar effi cacy.  6   Other medica-
tions that can be tried, although there is no clinical evidence for 
their effi cacy, are gabapentin, pregabalin, and baclofen. Rozen 
summarized the recommendations for the medical treatment of 
trigeminal neuralgia in Table  1.4 .  3      

  Interventional  t reatments 
 If the medical treatment is unsuccessful or has too many side 
effects, an invasive treatment can be carried out. In this case, there 
are currently 5 clinically appropriate possibilities:
   1     Surgical microvascular decompression (MVD).  12    
  2     Stereotactic radiation therapy, Gamma knife.  13    
  3     Percutaneous balloon microcompression.  14    
  4     Percutaneous glycerol rhizolysis.  15    
  5     Percutaneous radiofrequency (RF) treatment of the Gasserian 
ganglion.  16    
  6     Gasserian ganglion stimulation/neuromodulation ( experimen-
tal ).  17      

  Surgical  MVD  
 During MVD, the vessels that are in contact with the root entry 
zone are coagulated and arteries are separated from the nerve 
using an inert sponge or felt.  18    

  Stereotactic  r adiation  t herapy,  G amma  k nife 
 The Gamma knife, a stereotactic radio therapeutic method, 
entails high dose irradiation of a small section of the nervus 
trigeminus. This results in nonselective damage to Gasserian gan-
glion. The advantage is that this is a noninvasive treatment that 

MRI scan can also be used if there is a suspected compression 
of the nervus trigeminus in the fossa cranialis posterior. Some-
times the MRI scan is sensitive enough to detect blood vessels 
that have come in contact with the nervus trigeminus. The role of 
venous compression in the pathogenesis of trigeminal neuralgia 
is controversial.  4,5   Notably, on MRI scanning, compressing blood 
vessels are seen in one - third of asymptomatic patients. A recent 
evidence - based review concluded that there is insuffi cient evi-
dence to support or deny the usefulness of MRI to identify neu-
rovascular compression.  6    

  Differential  d iagnosis 

 Less frequently trigeminal neuralgia is seen in younger patients. 
It is important that multiple sclerosis always be considered in 
the differential diagnosis, especially in bilateral cases. The Inter-
national Headache Society described the following criteria for 
essential trigeminal neuralgia.  7  
   A     Paroxysmal pain that lasts from a fraction of a second to 2 
minutes, occurring in 1 or more branches of the nervus trigemi-
nus, and fulfi lling criteria B and C.  
  B     The pain has at least one of the following characteristics: 

   1     intense, sharp, superfi cial or stabbing.  
  2     precipitated from trigger areas or by trigger factors.    

  C     The attacks are stereotypically described by the patient.  
  D     There are no signs of neurological disorders.  
  E     The attacks are not caused by other disorders.    

 The International Headache Society have suggested their own 
diagnostic criteria for trigeminal neuralgia (Table  1.2 ).  8   The dif-
ferential diagnosis of essential trigeminal neuralgia is extensive 
and involves all unilateral pain in the pathway of the nervus 
trigeminus. The most important differential diagnostic consid-
erations are specifi c facial pain, nonspecifi c facial pain, temporo-
mandibular arthrosis, dental disorders, and vascular migraine. A 
detailed overview of the differential diagnosis of facial pain can be 
found in Table  1.3 .  9      

  Treatment  o ptions 

  Conservative  t reatments 
 The selection of the pharmacological treatment is based on a sys-
tematic review of data of relatively older studies  10   or on a more 

  Table 1.1.    Pain distribution in the various nerve branches in trigeminal neuralgia. 

  V1 only    4%  
  V2 only    17%  
  V3 only    15%  
  V2  +  V3    32%  
  V1  +  V2    14%  
  V1  +  V2  +  V3    17%  

 See Rozen.  3   

  Table 1.2.    Trigeminal neuralgia: clinical diagnostic criteria. 

   Characteristic     Description  

  Character    Shooting, like an electric shock, stabbing, 
superfi cial  

  Seriousness    Moderate to very intense  

  Duration    Each pain attack lasts seconds but a number of 
different attacks can occur simultaneously after 
which there is a pain free interval  

  Periodicity    Periods of weeks to months without pain  

  Location    Distribution of T. neuralgia, mainly unilateral  

  Emanation    Within the area of the trigeminal nerve  

  Trigger factors    Light touching, such as when eating, talking 
or washing  

  Alleviating factors    Frequent sleep, anti - epileptics  

  Accompanying characteristics    Trigger zones, weight loss, poor quality of life, 
depression  
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this technique is that it is also suitable for treatment of trigeminal 
neuralgia of the fi rst branch, allowing the corneal refl ex to remain 
intact.  14,19    

  Percutaneous  g lycerol  r hizolysis 
 During percutaneous glycerol rhizolysis, a needle is introduced 
into the cisterna trigemini, visualized using fl uoroscopy. In a 
seated patient, with the head fl exed, a contrast dye can be injected 
to determine the size of the cisterna. Then, after the contrast dye 
is aspirated, an equal volume of glycerol is injected.  15    

  Percutaneous  RF   t reatment of the  G asserian  g anglion 
 RF treatment of Gasserian ganglion should be considered in the 
elderly patient.  14   The outcome of treatment of Gasserian ganglion 
is reportedly less favorable than with open operation (MVD) but 
it is less invasive and has lower morbidity and mortality rates.  20    

  Gasserian  g anglion  s timulation/ n euromodulation 
( e xperimental) 
 Gasserian ganglion electric stimulation was fi rst described by 
Shelden et al. in 3 patients with trigeminal neuralgia.  17   Meyerson 
and Hakansson reported Gasserian ganglion stimulation via a 
subtemporal craniotomy in 5 patients suffering atypical trigemi-
nal neuralgia.  21   Later, a percutaneous approach was described by 
Meglio, however, lead migration presented a technical challenge.  22   
More recently, Machado et al. reported percutaneous Gasserian 
ganglion stimulation in 8 patients with trigeminal neuropathic 
pain. Only 3 patients continued to have  > 50% pain improvement 

  Table 1.3.    Differential diagnosis of trigeminal neuralgia. 

   Indicate answer with a  ✓  for the 
following affl ictions  

  Does the 
pain occur 
in attacks?  

  Are most of the 
attacks of a short 
duration (seconds 
to minutes)?  

  Do you 
sometimes 
have ultra 
short attacks?  

  Are the 
attacks 
unilateral?  

  Do the attacks occur 
in the region of the 
nervus trigeminus?  

  Are there unilateral 
autonomous 
symptoms?  

   No     No     No     No     No     Yes  

   •  Musculoskeletal     ✓      ✓      ✓      ✓      ✓      ✓   
   •  Dentoalveolar     ✓      ✓      ✓      ✓      ✓      ✓   
   •  Ear, Nose and Throat     ✓      ✓      ✓      ✓      ✓      ✓   
   •  Giant cell arthritis     ✓      ✓      ✓      ✓      ✓      ✓   
   •  Glaucoma         ✓      ✓      ✓      ✓      ✓   
   •  Cluster headaches         ✓      ✓      ✓      ✓      ✓   
   •  Atypical migraine         ✓      ✓      ✓      ✓      ✓   
   •  Chronic paroxysmal hemicrania         ✓      ✓      ✓      ✓      ✓   
   •  Temporomandibular joint syndrome             ✓      ✓      ✓      ✓   
   •  Cracked tooth syndrome             ✓      ✓      ✓      ✓   
   •  Idiopathic stabbing headache                 ✓      ✓      ✓   
   •  Glossopharyngeal neuralgia                     ✓      ✓   
   •  Nervus Intermedius neuralgia                     ✓      ✓   
   •  SUNCT                         ✓   
   •  Trigeminal neuropathy                          
   •  Atypical trigeminal neuralgia                          
   •  Typical trigeminal neuralgia                          

 See Nurmikko.  32   

  Table 1.4.    Medical treatments for trigeminal neuralgia. 

   Medication     Dosage     Time to pain relief  

  Carbamazepine    400 – 800   mg/day    24 – 48   h  
  Phenytoin    300 – 500   mg/day    24 – 48   h  
  Baclofen    40 – 80   mg/day    ?  
  Clonazepam    1,5 – 8   mg/day    ?  
  Valproate    500 – 1500   mg/day    Weeks  
  Lamotrigine    150 – 400   mg    24   h  
  Pimozide    4 – 12   mg    ?  
  Gabapentin    900 – 2400   mg/day    1 week  
  Oxcarbazepine    900 – 1800   mg/day    24 – 72   h  

 See Rozen.  3   

can be applied under local anesthetic and light sedation. At the 
moment, while there are an increasing number of effi cacy studies 
being carried out on this treatment, the initial effi cacy appears to 
be limited; between 60% and 70% indicate a reduction in pain. 
The long - term effects are not yet known.  13    

  Percutaneous  b alloon  m icrocompression 
 In microcompression of Gasserian ganglion, the nervus trigemi-
nus is compressed by a small balloon, which is percutaneously 
introduced into Meckel ’ s cavity using a needle. The effect of 
this technique relies on ischemic damage of the ganglion cells. 
Although there are insuffi cient good qualitative data, this tech-
nique, with regard to effi cacy, appears to be comparable with per-
cutaneous RF treatment of Gasserian ganglion. The advantage of 
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(0.8%), keratitis (0.6%), and temporary paralysis of the third and 
fourth cranial nerves (0.8%).  

  Evidence for  i nterventional  p ain  t reatment 
 The evidence for interventional pain treatment is summarized in 
Table  1.5 .     

  Recommendations 

 The treatment of a patient with essential trigeminal neuralgia 
should be multidisciplinary and the various treatment options 
(MVD, Gamma knife, and RF treatment of Gasserian ganglion) 
and their risks should be discussed with the patient. These related 
therapies have never been compared with one another in pro-
spective randomized studies. Recommendations are, therefore, 
relative. With regard to the elderly patient with comorbidities, 
RF treatment of Gasserian ganglion can be recommended. In 
younger patients, an MVD according to Jannetta could be con-
sidered.  18    

  Clinical  p ractice  a lgorithm 

 An algorithm for clinical assessment and treatment is illustrated 
in Figure  1.1 .   

  The  t echnique of  RF   t reatment of  G asserian  g anglion 
 The Gasserian ganglion is named after Johann Lorenz Gasser, 
a Viennese anatomist. The ganglion lies in Meckel ’ s cavity of 
the cranium close to the os petrosum, a part of the os temporale. 
The Gasserian ganglion is surrounded medially by the sinus cav-
ernosus, superiorly by the underside of the lobus temporalis and 
posteriorly by the brainstem. From top to bottom the ganglion 
has 3 branches: the fi rst branch is the nervus ophtalmicus, the 
second branch is the nervus maxillaris, and the third branch is the 
nervus mandibularis. The Gasserian ganglion has a somatotopic 
arrangement, in that the nervus ophtalmicus is the most cranio-
medial and the nervus mandibularis lies the most lateral. 

 The procedure is performed using fl uoroscopy whereby the 
patient lies supine on the table and the C - arm is rotated to obtain 
a submental view, then slowly tilted obliquely toward the affected 
side until the foramen ovale is well visualized medially with respect 
to the processus mandibularis, and lateral to the maxilla. The 
C - arm position is then adjusted such that the foramen is seen as 

after 1 year of treatment.  23   They concluded that lead mobility 
due to diffi culty anchoring the lead remains a signifi cant barrier 
to achievement of optimal results and called for innovative lead 
designs. 

 For patients with trigeminal neuralgia refractory to medical 
therapy Gasserian ganglion percutaneous technique, Gamma 
knife, and MVD may be considered, although strong evidence 
on the effi cacy of these interventions is lacking.  6   More research is 
needed to establish the value of these interventions. 

 Generally, it is accepted that the fi rst choice of treatment 
in younger patients would be MVD. There are several system-
atic reviews available that compare the most appropriate tech-
niques in the treatment of trigeminal neuralgia.  20,24 – 27   Given the 
most recent studies, MVD treatment remains the best therapeu-
tic option with regard to improvement in the quality of life of 
the trigeminal neuralgia patient, and also when considering the 
long - term pain relief experienced after operation. The other 3 
minimally invasive therapies score less well because they have 
more risk of pain relapse after treatment. However, the differ-
ences are very small. Medication therapy scores the least well 
in the reviews. This is mainly because the pain relief frequently 
comes at the cost of severe side effects associated with chronic 
medication use. 

 For the elderly patient, treatment using RF treatment of Gas-
serian ganglion is often preferred over MVD. This is due to the 
increased morbidity and mortality that are associated with the 
MVD operation. However, one publication stated that in other-
wise healthy people over the age of 70, MVD poses no appreciable 
increase in risk.  28   MVD is more effective than the Gamma knife 
treatment. About 60% of the treated patients are painfree for at 
least 60 months, if the treatment is correctly given. Zakrzewska 
has indicated that in about 50% of patients, there is sensory loss 
in the treated branches of the nervus trigeminus.  29   As such, this 
technique should not be used in secondary trigeminal neuralgia, 
as seen in postherpetic neuralgia. The only current exception is 
secondary trigeminal neuralgia due to multiple sclerosis. While 
pulsed RF treatment would seem to be a reasonable alternative 
to RF, in the only randomized controlled trial comparing these 
techniques in the treatment of trigeminal neuralgia, PRF failed to 
demonstrate effi cacy.  30     

  Complications 
 The percutaneous RF procedure has a very low morbidity and vir-
tually no mortality. The most prevalent complications are sensory 
loss in the treated branch or paralysis of the musculus masseter. 
In the long term, anesthesia dolorosa, corneal hypoesthesia and 
keratitis, and temporary paralysis of the third and fourth cranial 
nerves can occur. A more frequent and less serious complica-
tion is hematoma of the cheek, which generally disappears after 
a few days. 

 Kanpolat et al. reported the results of 25 years experience 
with 1,600 patients.  31   The above - mentioned complications are: 
decreased corneal refl ex (5.7%), weakness and paralysis of the 
musculus masseter (4.1%), dysesthesia (1%), anesthesia dolorosa 

  Table 1.5.    Summary of evidence for interventional management 
of trigeminal neuralgia. 

   Technique     Assessment  

  Radiofrequency treatment of Gasserian ganglion    2 B +   
  Pulsed radiofrequency treatment of Gasserian ganglion    2 B −   

 See van Kleef et al.  33   
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an oval. If one wishes to treat the maxillary branch and the man-
dibular branch, the entry point of the needle is 2   cm lateral to 
the corner of the mouth on the ipsilateral side of the lesion. The 
needle is aimed at the middle of the foramen. If one only wants to 
treat the mandibular branch, the entry point of the needle is 1   cm 
lateral to the corner of the mouth and one aims the needle at the 
lateral part of the foramen ovale. If one only wants to treat the 
ophthalmic branch, the entry point of the needle lies 3   cm lateral 
to the corner of the mouth and one aims the needle at the medial 
part of the foramen ovale. 

 For this treatment, we use an Sluijter - Mehta - Kanula cannula, 
10   cm 22   G with a 2   mm active tip. Once the anatomical landmarks 
have been identifi ed, an intravenous sedative dose of propofol or 
similar agent is given. The Sluijter - Mehta - Kanula needle is then 
advanced toward the foramen ovale (tunnel - view) (see Figures 
 1.2  and  1.3 ). It is important to place a fi nger in the mouth to be 
certain that there is no penetration of the oral mucosa. Once the 
needle is through the foramen ovale into Meckel ’ s cavity, stimula-
tion can take place. The stimulation parameters are as follows: 
fi rst the motor functions are tested, whereby there should be little 
or no contraction of the musculus masseter, preferably above a 
threshold of 0.6   V. With motor stimulation, the needle needs to 
be advanced carefully approximately 2   mm. Then the patient is 
allowed to awaken, by discontinuing the propofol sedation, and 
sensory stimulation can be carried out at 50   Hz. Paresthesia 
should be felt between   0.05 and 0.2   V in the area corresponding to 

     Figure 1.1.     Clinical practice algorithm for the 
treatment of trigeminal neuralgia.  

Clinical Practice Algorithm 

Intense paroxysmal unilateral facial pain 

MRI scan 

Differential diagnosis by means of 6 questions 

Medication treatment gives insufficient pain 
relief and/or side effects are intolerable 

Young patient Elderly patient

Microvascular decompression Radiofrequency treatment of 
Gasserian ganglion 

     Figure 1.2.     Radiofrequency treatment of Gasserian ganglion: lateral view. 
Needle is positioned through the base (foramen ovale) of the skull. Note the sella 
turcica and clivus.  
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the patient ’ s pain. After appropriate paresthesia, a 60 ° C RF treat-
ment can be done for 60 seconds. After this, the corneal refl ex is 
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dermatome. If there is no hypoesthesia, then a second treatment 
is done at 65 ° C for 60 seconds, and if there is still no hypoesthesia 
then a third RF treatment can be done at 70 ° C for another 60 
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    Summary 

 As suggested by T. Nurmikko, classical (essential) trigeminal 
neuralgia can be diagnosed by asking 6 simple questions (Table 
 1.3 ).  9,32   

 It is important that an MRI of the brain has been carried out in 
each patient, in order to exclude a secondary trigeminal neuralgia 
that requires a more causal treatment, before resorting to inva-
sive therapy. The fi rst treatment of choice is carbamazepine or 
oxcarbazepine. In younger patients with trigeminal neuralgia, the 
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to elderly patients, RF treatment of Gasserian ganglion is recom-
mended even though there is a lack of prospective comparative 
data. This treatment should only be carried out in specialized 
centers. 

 There is not enough data at this time to support the widespread 
use of trigeminal neuromodulation and these modalities of treat-
ment should only be reserved for selected patients with intracta-
ble trigeminal neuropathic pain who failed to improve with other 
more conservative options.  

     Figure 1.3.     Radiofrequency treatment of Gasserian ganglion: oblique submental 
view. Electrode aimed at the middle of the foramen ovale. On the lateral side the 
mandibula and on the medial side the sinus maxillaris.  
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  2    Cluster Headache  

  Maarten     van     Kleef  ,     Arno     Lataster  ,     Samer     Narouze  ,     Nagy     Mekhail  , 
    Jos é  W.     Geurts   and       Jan     Van     Zundert     

 
   

   Introduction 

 Cluster headache is a primary neurovascular headache. It is a 
strictly unilateral headache that is associated with ipsilateral 
cranial autonomic symptoms and usually has circadian and circan-
nual patterns. A cluster headache is characterized by the clustered 
nature of the attacks. The attacks can be provoked by vasodilators 
such as alcohol and nitroglycerine. Despite the low prevalence of 
cluster headaches, it has been shown that this affl iction has a large 
socioeconomic impact. Almost 80% of the patients report restric-
tions in daily activities, which, in 13%, were even present outside 
of attack periods.  1   Noticeably, patients with cluster headaches 
have often endured a long course prior to diagnosis. Sometimes, 
they have even undergone operations on the sinus maxillaris/
septum nasi or had their teeth removed. The prevalence of cluster 
headaches can be estimated at approximately 0.5 to 1.0/1,000.  2   
The fi rst attacks appear between the ages of 20 and 40 years. In 
contrast with migraine, cluster headaches affect mainly men in a 
ratio of 5:1.  3   There are indications that the risk for cluster head-
ache is notably higher in patients with a family history of cluster 
headaches.  4    

  Diagnosis 

  History 
 The attacks consist of a strictly unilateral, strong, piercing pain 
around or behind the eye. The pain often occurs simultaneously 
with ipsilateral signs of autonomic dysregulation, whereby a 
red watering eye, nasal congestion and/or rhinorrhea, and even 
miosis and/or ptosis can occur. The autonomic characteristics of 
cluster headache are given in Table  2.1 .  4   Apart from miosis and/
or ptosis, which may persist between attacks, autonomic features 
tend to cease with the pain.  5     

 During attacks, there is a high degree of restlessness, and the 
patient often moves around, unable to remain quiescent . The 
attacks are often of short (15 minutes) or sometimes long dura-
tion (3 hours) and, strangely enough, usually occur at night. The 
attacks appear to be associated with REM sleep. 

 In the most typical form, there will be periods of episodic head-
aches (clusters), lasting from a few weeks to months, whereby the 
attack frequency can vary from one every 2 days to eight per day. 
After such a period, a patient may often experience one or more 
attack - free years before a new attack period occurs. In a small 
number of patients, the attack pattern changes from episodic 
to chronic, wherein daily attacks occur for years and years. The 
chronic form of headache occurs in about 15% of the patients 
with cluster headache and is therefore relatively rare.  

  Physical  e xamination 
 The neurological examination usually does not reveal any peculi-
arities in these patients.  

  Additional  t ests 
 The diagnosis of cluster headache is made based on the patient ’ s 
case history. Additional tests, blood tests, or X - rays to exclude 
other causes of the headache are seldom necessary because cluster 
headache is distinctive.  

  Differential  d iagnosis 
 The International Headache Society ’ s International Classifi cation 
of Headache Disorders 2nd Edition (ICHD - II) has stated diag-
nostic criteria for cluster headache and classifi ed them into two 
forms: episodic and chronic (Tables  2.2  and  2.3 ).  6     

 Episodic cluster headaches occur in periods lasting from 7 days 
to 1 year and are separated by at least a 1 - month pain - free inter-
val. The attacks in the chronic form occur for more than 1 year 
without remission periods or with remission periods lasting less 
than 1 month. 
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encompass a chronic unremitting headache, a lasting residual 
headache of a low intensity after cessation of the cluster headache 
attack, minimal response to standard treatment, the presence 
of abnormal physical fi ndings such as vital signs, and abnor-
mal cranial nerve examination with the exception of miosis and 
ptosis.  4     

  Treatment  o ptions 

  Conservative  m anagement 
 As with migraine, the therapy for cluster headache consists of 
symptomatic/abortive treatment to alleviate symptoms and 
shorten the duration of the attacks, and preventative/prophylactic 
treatment to prevent the attacks and reduce their number. Ergot-
amines and sumatriptan injections are effective abortives for 
cluster headache, as for migraine. It is important to realize that 
cluster headache attacks are usually episodic, and prophylac-
tic medications like verapamil must be rapidly administered. 
Those treatments should be stopped once the cluster period is 
over. Although some prophylactic medications, such as, car-
bamazepine, and propanolol, have no effect on cluster headache, 
they are frequently prescribed nonetheless. 

  Symptomatic/ a bortive  t herapy 
 Abortive therapy of cluster headache that consists of oxygen 
inhalation, 100% oxygen 7 L/minute via a facial mask, is one of 
the most effective methods and, by far, the safest. In about 70% 
of cases, the attack is halted within 15 to 30 minutes. A recent 
Cochrane review found limited evidence for this therapy.  7   

 The effectiveness of subcutaneous sumatriptan on cluster 
headache has been demonstrated in a doubleblind, placebo -
 controlled study. In 70% of the patients treated with subcuta-
neous sumatriptan, 6   mg, the headache disappeared within 15 
minutes compared with 26% treated with placebo.  8   

 The third abortive therapy is 2 to 4   mg of sublingual ergot-
amine tartrate. Tablets of ergotamine are not, or insuffi ciently, 
effective most likely because of limited absorption. Subcutaneous 
or intravenous administration is probably more effective. Cur-
rently, there are no randomized studies investigating the effects 
of this medication.  

  Preventative/ p rophylactic  t herapy 
 Verapamil, 120 to 480   mg per day, is an effective and the safest 
prophylactic. The effi cacy of verapamil is known from clinical 
practice, but there are few controlled studies. In an open - label 
study, 69% of patients reported an improvement after the admin-
istration of verapamil.  4   

 It is claimed that prednisone has a favorable effect on cluster 
headache. Yet there is actually little evidence to support this. Most 
of the studies are open label, some studies are retrospective, and, 
at the moment, few reasons exist to prescribe prednisone for 
cluster headaches.  4   

  Table 2.1.    Autonomic characteristics of cluster headache. 

  Ipsilateral to site of pain  
     Lacrimation or conjunctival injection  
     Rhinorrhea or nasal congestion  
     Cranial and/or facial sweating  
     Miosis and/or ptosis  
     Edema of the eyelid or orofacial tissues (including the gingiva and palate)  
     Facial fl ushing or pallor  
     Swelling around the eye and orofacial tissues (including the mouth)  
     Thermography determined  “ cold spot ”  at the site of pain (usually supraorbital)  
  Systemic  
     Bradycardia  
     Vertigo and ataxia  
     Syncope  
     Hypertension  
     Increased gastrointestinal acid production  

 From Balasubramaniam and Klasser.  4   

  Table 2.2.    Diagnostic criteria for cluster headache. 

     A.     At least fi ve attacks fulfi lling B through D  

  B.     Severe or very severe unilateral orbital, supraorbital and/or temporal pain 
lasting 15 to 180 minutes if untreated  

  C.     Headache is accompanied by at least one of the following: 
   1.     Ipsilateral conjunctival injection and/or lacrimation  
  2.     Ipsilateral nasal congestion and/or rhinorrhea  
  3.     Ipsilateral eyelid edema  
  4.     Ipsilateral forehead and facial sweating  
  5.     Ipsilateral miosis and/or ptosis  
  6.     A sense of restlessness or agitation    

  D.     Attacks have a frequency from one every other day to eight per day.  

  E.     Not attributed to another disorder     

  Table 2.3.    International classifi cation of headache disorders 2nd edition criteria 
for episodic and chronic cluster headache. 

     Episodic cluster headache 
   A.     All fulfi lling criteria A through E of Table  2.2   
  B.     At least two cluster periods lasting from 7 to 365 days and separated by 
pain free remissions of  > 1 month.    

  Chronic cluster headache 
   A.     All fulfi lling criteria A through E of Table  2.2   
  B.     Attacks recur for  > 1 year without remission periods or with remission 
periods lasting  < 1 month       

 The clinical picture of cluster headache is very specifi c. 
Yet, attention must be paid to the possible underlying head 
and neck pathology that causes symptomatic cluster headache 
such as nasopharyngeal carcinoma, sphenoidal meningioma, 
carotid artery dissection, vertebral artery dissection, pitui-
tary adenoma, or aneurysm.  4   Balasubramaniam and Klasser 
discuss  “ red fl ags, ”  which should be taken into account. These 
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of the PPG form the three rami nasales posteriores ganglii ptery-
gopalatini (posterior nasal branches of the PPG) and the nervus 
pharyngeus  11,12   (Figures  2.1  and  2.2 ).   

 The rationale for the RF treatment of the PPG in cluster head-
ache is infl uenced by the parasympathetic symptoms during the 
attack and perhaps by vasoactive substances such as calcitonin 
gene - related peptide.  13   

 In a retrospective analysis of patients with refractory cluster 
headache treated by RF treatment of the PPG, 56 patients with 
episodic and 10 patients with chronic cluster headache were fol-
lowed up over a period of 12 to 70 months. In the group with epi-
sodic cluster headache, 60.7% experienced complete pain relief, 
while only 3 out of 10 patients with chronic cluster headache had 
the same result.  11   The above report showed that RF treatment of 
the PPG may improve episodic cluster headache but not chronic 
cluster headache. However, recently, Narouze et al. reported favo-
rable outcome after intractable chronic cluster headache as well. 
In this retrospective study of 15 patients, they reported signifi cant 
improvement in both mean attack intensity and mean attack fre-
quency for up to 18 months.  14   

 After RF treatment of the PPG, postoperative epistaxis, bleed-
ing in the jaw and unintentional partial lesion of the nervus max-
illaris were observed. In one report, one out of the 19 patients 
experienced hypesthesia of the palatum.  15    

  Occipital  n erve  s timulation ( ONS ) 
 ONS in patients with refractory cluster headache has been 
described in few case series.  16 – 19   One systematic review of ONS for 
chronic headache (including cluster headache) has been found.  20   
This treatment appears to mainly decrease the intensity of the 
attacks. Noticeably, there is a relatively long (2 months or more) 

 In open - label trials, a favorable effect is reported for lithium by 
80% of the patients. This effect has been confi rmed in a double -
 blind, placebo - controlled study.  9     

  Interventional  m anagement 

  The  r ole of  r adiofrequency ( RF )  t reatment of the  g anglion 
 p terygopalatinum ( PPG ) 
 When pharmacological and oxygen therapies are ineffective, an 
interventional treatment can be carried out (Figure  2.3 ). This 
interventional treatment involves blocking the ganglion ptery-
gopalatinum (PPG, previously: sphenopalatinum) and should 
preferably be carried out at the beginning of a cluster period. 

 The PPG is located in the fossa pterygopalatina, which is a small 
 “ upside - down ”  pyramidal space, 2   cm high and 1   cm wide. The 
fossa pterygopalatina is located behind the posterior wall of the 
sinus maxillaris and is bordered posteriorly by the medial plate of 
the processus pterygoideus, superiorly by the sinus sphenoidalis, 
and medially by the perpendicular plate of the os palatinum, and 
laterally communicates with the fossa infratemporalis.  10,11   Supe-
rolaterally lies the foramen rotundum with the exiting nervus 
maxillaris, and inferomedially there is the vidian nerve (nervus 
petrosus major and nervus petrosus profundus) within the canalis 
pterygoideus. The fossa pterygopalatina contains the arteria max-
illaris interna and its branches, the nervus maxillaris, and the 
PPG and its afferent and efferent branches. The PPG is located 
posterior to the concha nasalis media (middle turbinate) and is 
few millimeters deep to the lateral nasal mucosa. It is suspended 
from the nervus maxillaris by the nervi pterygopalatini; inferi-
orly, it is connected to the nervus palatinus major and minor, and 
posteriorly, it is connected to the vidian nerve. Efferent branches 

     Figure 2.1.     Anatomy of the ganglion pterygopalatinum (ganglion sphenopalatinum) within the fossa pterygopalatina.  
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of the cheek as the result of a hematoma. A bothersome com-
plication is the accidental lesion of the nervus maxillaris, which 
can occur when the technique is not properly carried out. A thor-
ough understanding of the anatomy allows the clinician to predict 
correct needle placement during RF treatment, according to the 
result of the stimulation, and hence can reduce the incidence of 
complications (Table  2.4 ).  21      

  Evidence for  i nterventional  m anagement 
 A summary of the available evidence is given in Table  2.5 .     

  Recommendations 

 In patients with therapy - resistant cluster headache, study -
 related RF treatment of the PPG can be considered. With cluster 
headache, which is refractory to other treatment options, ONS 

     Figure 2.2.     Anatomy of the ganglion pterygopalatinum. Illustration: Roger Trompert, Medical Art,  www.medical - art.nl .  

N. infraorbitalis

N. ophtalmicus
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N. mandibularis

N. maxillaris

Ganglion Gasseri

N. petrosus profundus

A. carotis interna

N. petrosus major

Fossa pterygopalatina

  Table 2.4.    Different possible scenarios of stimulation before applying 
radiofrequency treatment of the ganglion pterygopalatinum  21 .  

   Location of 
paresthesia  

   Nerves 
stimulated  

   Location of 
needle tip     Action needed  

  Upper teeth 
and gums  

  Rami alveolares 
superiores  

  Superolateral    Redirect the needle; 
caudally and 
medially.  

  Hard palate    Nervus palatinus 
major and nervi 
palatini minores  

  Anterior, lateral, 
caudal  

  Redirect the needle; 
posteromedially and 
cephalad.  

  Root of the 
nose  

  PPG efferents, Rami 
nasales posteriores  

  Correct needle 
placement  

  None  

   PPG, ganglion pterygopalatinum.   

     Figure 2.3.     Clinical practice algorithm for the treatment of cluster headache.  

Pharmacological treatment fails

Oxygen therapy fails 

Red flags excluded: residual headache, abnormal vital signs, 
abnormal tests for the cranial nerves 

Consider radiofrequency (RF) therapy of 
the pterygopalatine ganglion (PPG) 

Attackwise appearance of headaches 

Refractory pain 

Consider occipital nerve stimulation 
(ONS) 

period of latency between the implantation of the electrode and 
a clinical effect.   

  Complications of  i nterventional  m anagement 
 Total destruction of the PPG could result in dryness of the eyes. 
However, under normal conditions, the RF treatment only aims at 
a partial lesion of the ganglion. A possible complication is hypes-
thesia of the palatum molle, which generally disappears after 6 
to 8 weeks. Another complication is nosebleeding and swelling 
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may be considered, preferably in the context of a study in special-
ized centers (Table  2.5 ). 

  Clinical  p ractice  a lgorithm 

      Techniques 
 The practice algorithm for the management of cluster headache 
is given in fi gure  2.3 .  

  The  RF   t reatment of the  PPG   p rocedure 
 The patient is positioned lying on the back and the fossa ptery-
gopalatina is identifi ed by using lateral fl uoroscopy. A line is drawn 
on the skin over the fossa and the introduction point is chosen 
just below the arcus zygomaticus (Figure  2.4 ). The skin is anes-
thetized and a 100 - mm radiofrequency electrode with a 2 - mm 
active tip is slowly introduced. This needle is carefully inserted in 
a superior and anterior direction using lateral fl uoroscopy toward 
the anterosuperior point of the fossa pterygopalatina (Figures  2.5  
and  2.6 ). The C - arm is now placed in an anteroposterior posi-
tion; the tip of the canula should be lying just lateral to the nasal 
wall. The stylet is removed, and a thermocouple RF - probe is 
placed. The position of the electrode is confi rmed by electros-

  Table 2.5.    Summary of evidence for interventional pain management 
of cluster headache. 

   Technique     Score  

  Radiofrequency treatment of the ganglion pterygopalatinum    2 C +   
  Occipital nerve stimulation    2 C +   

     Figure 2.4.     Radiofrequency treatment of the ganglion pterygopalatinum: lateral 
view projection of the metal bar indicates the line over the fossa pterygopalatina.  

     Figure 2.5.     Radiofrequency treatment of the ganglion pterygopalatinum: 
anteroposterior view.  

     Figure 2.6.     Radiofrequency treatment of the ganglion pterygopalatinum: lateral 
view. Needle high in the fossa pterygopalatina.  

timulation using 50   Hz. It is important to use a 2 - mm active tip, 
otherwise damage can occur to the nervus maxillaris during the 
lesion. Generally, the patient feels paresthesia on the lateral side 
and back of the nose at a threshold of 0.4   V. There should be no 
paresthesia felt in the soft palate or the upper jaw because this 



CHAPTER 2 Cluster Headache

13

     8.      Group TSCHS .  Treatment of acute cluster headache with sumatriptan . 

 N Engl J Med .    1991 ; 325 : 322  –  326 .  

     9.       Steiner   TJ  ,   Hering   R  ,   Couturier   EG  , et al.  Doubleblind placebo -

 controlled trial of lithium in episodic cluster headache .  Cephalalgia .   

 1997 ; 17 : 673  –  675 .  

  10.       Salar   G  ,   Ori   C  ,   Iob   I  , et al.  Percutaneous thermocoagulation for 

sphenopalatine ganglion neuralgia .  Acta Neurochir (Wien) .  1987 ;

 84 : 24  –  28 .  

  11.       Sanders   M  ,   Zuurmond   WW  .  Effi cacy of sphenopalatine ganglion 

blockade in 66 patients suffering from cluster headache: a 12 -  to 70 -

 month follow - up evaluation .  J Neurosurg .    1997 ; 87 : 876  –  880 .  

  12.       Day   M.    Neurolysis of the trigeminal and sphenopalatine ganglions . 

 Pain Pract .    2001 ; 1 : 171  –  182 .  

  13.       Edvinsson   L.    Blockade of CGRP receptors in the intracranial vas-

culature: a new target in the treatment of headache .  Cephalalgia .   

 2004 ; 24 : 611  –  622 .  

  14.       Narouze   S  ,   Kapural   L  ,   Casanova   J  , et al.  Sphenopalatine ganglion 

radiofrequency ablation for the management of chronic cluster head-

ache .  Headache .    2009 ; 49 : 571  –  577 .  

  15.       Filippini - de Moor   G  ,   Barendse   G  ,   van   Kleef   M  , et al.  Retrospective 

analysis of radiofrequency lesions of the sphenopalatine ganglion 

in the treatment of 19 cluster headache patients .  Pain Clin .    1999 ; 11 : 

285  –  292 .  

  16.       Magis   D  ,   Allena   M  ,   Bolla   M  , et al.  Occipital nerve stimulation for 

drug - resistant chronic cluster headache: a prospective pilot study . 

 Lancet Neurol .    2007 ; 6 : 314  –  321 .  

  17.       Schwedt   TJ  ,   Dodick   DW  ,   Trentman   TL  , et al.  Occipital nerve stimu-

lation for chronic cluster headache and hemicrania continua: pain 

relief and persistence of autonomic features .  Cephalalgia .    2006 ; 26 :

 1025  –  1027 .  

  18.       Burns   B  ,   Watkins   L  ,   Goadsby   PJ  .  Treatment of medically 

intractable cluster headache by occipital nerve stimulation: long -

 term follow - up of eight patients. [see comment] .  Lancet .    2007 ; 369 

: 1099  –  1106 .  

  19.       Burns   B  ,   Watkins   L  ,   Goadsby   PJ  .  Treatment of intractable chronic 

cluster headache by occipital nerve stimulation in 14 patients .  Neu-

rology .    2009 ; 72 : 341  –  345 .  

  20.       Jasper   JF  ,   Hayek   SM  .  Implanted occipital nerve stimulators .  Pain Phy-

sician .    2008 ; 11 : 187  –  200 .  

  21.       Narouze   S.    Complications of head and neck procedures .  Tech Reg 

Anesth Pain Manag .    2007 ; 11 : 171  –  177 .   

 
  

indicates the stimulation of the nervus maxillaris or its branches 
(Table  2.4 ).   

 After a limited amount of local anesthesia (maximum of 1   mL), 
a lesion is carried out for 60 s at 80 ° C, and this lesion is repeated 
twice whereby the electrode is inserted further.    

  Summary 

 The diagnosis of cluster headache is based on the case history and 
indications from the physical examination. The primary treat-
ment is medication, but, in patients who are therapy resistant, RF 
treatment of the PPG can be considered. This treatment should 
be carried out at the beginning of a cluster period. In patients 
with cluster headache refractory to all other treatments, ONS may 
be considered, preferably within a clinical study in specialized 
centers.  
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  3    Persistent Idiopathic Facial Pain  

  Paul     Cornelissen  ,     Maarten     van     Kleef  ,     Nagy     Mekhail  , 
    Miles     Day   and     Jan     Van     Zundert   

 
   

   Introduction 

 Persistent Idiopathic Facial Pain (PIFP) is a general term under 
which various painful syndromes of the face and mouth are clas-
sifi ed. PIFP is a poorly understood affl iction. The diagnosis and 
treatment are therefore often diffi cult. The etiology of this pain 
syndrome is so controversial that some doctors in the past often 
denied its existence and discounted it as a mainly psychological 
problem.  1   The International Headache Society (HIS) released the 
second edition of the  International Classifi cation of Headache Dis-
orders  in 2004. PIFP, previously known as atypical facial pain, is 
described as a persistent facial pain that does not have the clas-
sical characteristics of cranial neuralgias and for which there is 
no obvious cause (code 13.18.4).  2   According to these criteria, a 
diagnosis of PIFP is possible if the facial pain is localized, present 
daily, and throughout all or most of the day. 

 The precise incidence of PIFP is unknown, but it is assumed 
that it is an affl iction of older people.  3   The affl iction is seen pri-
marily in older adults and rarely in children.  4,5   

 The pathophysiology of PIFP is unknown. In PIFP, there is no 
abnormal processing of somatosensory stimuli in the pain area or 
facial area of the primary somatosensory cortex of the brain. PIFP 
cannot be related to a psychiatric disorder. It is likely that PIFP is 
brought about by isolated neurophysiological mechanisms in the 
brain or through abnormal psychological mechanisms that have 
yet to be classifi ed.  6   

 Osteoporosis, appearing after menopause, can induce neural-
gias as a result of osteonecrosis of cavities. Sinus or dental infec-
tions are possible contributory risk factors but are unlikely solitary 
causes of PIFP. Odontogenic pains such as pulpitis, pericoronitis, 
and alveolitis should, however, be excluded. In addition to (or as 
a result of) odontogenic causes, neuralgias can also develop. Hor-
monal infl uences such as estrogen levels have been suggested, but, 
as yet, no causal link has been established.  

  Diagnosis 

  History 
 PIFP often starts in the nasolabial fold or side of the chin and 
spreads out to the upper or lower jaw or a large part of the neck. 
The pain has a chronic character, which is daily and usually 
present throughout the whole day. In the beginning, the pain is 
often localized at one side of the face but can later affect both 
sides. The pain is usually ‘deep’ and does not stay within the usual 
anatomical boundaries.  2    

  Physical examination 
 A patient with inexplicable facial pain should be carefully exam-
ined. Neurological and physical examination fi ndings in PIFP, by 
defi nition, should be normal.  

  Additional  t ests 
 Every patient with PIFP should be extensively evaluated and, if 
indicated, should be examined by an oral/maxillofacial surgeon 
and neurologist mainly to exclude underlying pathology. 
However, there is no specifi cation as to which additional tests or 
medical imaging should be applied. In some cases, a magnetic 
resonance image of the skull should be considered.  

  Differential  d iagnosis 
 The diagnostic process for PIFP is not easy and follows a process 
of elimination of other causes of facial pain: a diagnosis of exclu-
sion. In some cases, a nasopharyngeal tumor can cause facial pain, 
and the diagnosis can only be made once there is a neurological 
consequence. Other rare causes are lung tumors that, via referred 
pain probably by the tenth cranial nerve nerrvus (vagus), cause 
facial pain.  7,8   The pain in this circumstance is usually unilateral 
and localized near the ear, the jaws, and the temporal region.  9   
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syndrome, and cavernous sinus syndrome. Extensive additional 
tests need to be carried out in order to demonstrate a treatable 
cause.  

  Neck –  t ongue 
 The neck – tongue syndrome is a rare affl iction. Children or young 
adults notice, with a sudden rotation of the neck, a sharp pain in 
the back of the head and neck that is accompanied by tingling and 
a numb feeling in the ipsilateral half of the tongue.  

   SUNCT   s yndrome 
 Another recently identifi ed unilateral syndrome characterized by 
neuralgiform pain of short duration is SUNCT - syndrome. This 
is mainly found in men, and the pain is mainly localized in the 
area of the frontal nerve. It differs from cluster headache in that 
the attacks are of short duration and high frequency. The pain 
is refractory to medication that is usually effective for cluster 
headache.  

  Anesthesia  d olorosa 
 Anesthesia dolorosa can also occur in the face after lesioning of 
a peripheral nerve. It can be a complication of a neurosurgical 
procedure or neurodestructive nerve block in the treatment of 
trigeminal neuralgia. A de - afferentation pain then occurs in the 
area of the decreased sensibility.  

  Central  f acial  p ain 
 The International Association for the Study of Pain (IASP) has 
defi ned central facial pain as pain that is caused by a lesion or 
dysfunction in the central nervous system. Regarding facial pain, 
one may consider multiple sclerotic foci, syringomyelia and syrin-
gobulbia, and thalamic pain caused by a CVA, tumors, and others, 
as examples of central pain. Central pain is usually chronic, per-
sisting for many years.    

Hidden dental problems, such as infections of the sinus maxil-
lares or jaws after previous tooth extractions, can also be the cause 
of facial pain complaints.  10   

 PIFP does not have clear criteria for diagnosis. The IHS has put 
forward the following diagnostic criteria.  2  
   A     Pain in the face is present daily and persistent for all or most of 
the day, fulfi lling criteria B and C.  
  B     Pain is confi ned at onset to a limited area on one side of the 
face and is deep and poorly localized.  
  C     Pain is not associated with sensory loss or other physical signs.  
  D     Investigations including X - ray of the face and jaws do not 
demonstrate any relevant abnormality.    

 The following diagnoses should be excluded, according to the 
IHS, before the diagnosis of PIFP can be made:
    •      Pain due to bone disorders of the skull  
   •      Cervicogenic headache  
   •      Acute glaucoma, refraction anomalies, strabismus  
   •      Ear disorders  
   •      Sinusitis  
   •      Disorders of the jaw, teeth, and related structures  
   •      Disorders of the temporomandibular joint  
   •      Disorders of the cranial nerves such as trigeminal compression, 

optical neuritis, diabetic ocular neuritis, herpes zoster and post-
herpetic neuralgia, Tolosa – Hunt syndrome, neck – tongue syn-
drome  

   •      Trigeminal neuralgia  
   •      Glossopharyngeal neuralgia  
   •      Neuralgia of the intermediate nerve  
   •      Superior laryngeal neuralgia  
   •      Nasociliary neuralgia  
   •      Supraorbital neuralgia  
   •      Terminal branch neuralgias  
   •      External compression headaches  
   •      Headache caused by an external application of a cold stimulus  
   •      Headache caused by the inhalation or ingestion of a cold 

stimulus  
   •      Constant pain caused by compression, irritation of the cranial 

nerves or upper cervical roots by structural lesions  
   •      Ophthalmic migraine  
   •      Anesthesia dolorosa  
   •      Central poststroke pain    

  Rare  n euralgias of the  f ace 
 The differential diagnosis is fully discussed in the chapter on 
trigeminal neuralgia. The following six structured questions can 
be used to lead to a defi nite diagnosis (Table  3.1 , also Table  3.2  in 
the chapter  “ 1. Trigeminal Neuralgia ” ).  11      

  Painful  o pthalmoplegia 
 In the description of painful ophthalmoplegia, a clinical picture 
that consists of a unilateral pain in the orbits, in combination 
with palsies of the third, fourth, and/or sixth cranial nerves, 
is drawn. Other terms for this affl iction include Tolosa – Hunt 
syndrome, superior orbital fi ssure syndrome, orbital - apex 

  Table 3.1.    Six questions to determine the differential diagnosis. 

     1.     Does the pain occur in attacks?  
  2.     Are most of the attacks of a short duration (seconds to minutes)?  
  3.     Do you sometimes have extremely short attacks?  
  4.     Are the attacks unilateral?  
  5.     Do the attacks occur in the distribution of the trigeminal nerve?  
  6.     Are there unilateral autonomous symptoms?     

  Table 3.2.    Summary of evidence for interventional management of persistent 
idiopathic facial pain. 

   Technique     Score  

  Pulsed radiofrequency treatment of the ganglion pterygopalatinum 
(sphenopalatinum)  

  2 C +   
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a multidisciplinary examination and consultation are often 
required. 

 Pharmacological treatment with tricyclic antidepressants and 
anti - epileptic drugs can be tried. The conservative pharmacologi-
cal treatment with amitryptiline is the primary choice. Venlafax-
ine and fl uoxetine can also be considered. 

 When the pharmacological therapy fails, PRF treatment of the 
ganglion pterygopalatinum (sphenopalatinum) can be consid-
ered.  
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   Introduction 

 Cervical radicular pain is pain perceived in the upper limb, shoot-
ing or electric in quality, caused by irritation and or injury of a 
cervical spinal nerve.  1,2   In the classifi cation of the International 
Association for the Study of Pain,  3   cervical radicular pain is 
defi ned as pain perceived as arising in the upper limb caused by 
ectopic activation of nociceptive afferent fi bers in a spinal nerve 
or its roots or other neuropathic mechanisms. This is, however, a 
problematic defi nition, as the presence of ectopic activation has 
rarely, if ever, been demonstrated in a clinical setting.  4   

 Cervical radicular pain must be distinguished from cervical 
radiculopathy. In the latter disorder there is an objective loss of 
sensory and/or motor function. Radicular pain and radiculopathy 
are not synonymous even though in the literature these terms are 
used inter - changeably. Radicular pain is a symptom that is caused 
by ectopic impulse formation, while radiculopathy also includes 
neurologic signs such as sensory or motor changes. Still these 
two disorders may occur simultaneously. Moreover, they may be 
caused by the same clinical entities; for example, narrowing of the 
foramen intervertebralis, discus intervertebralis herniation, and 
radiculitis due to arthritis, infection, or infl ammatory exudates.  3   
Both syndromes can form a continuum whereby radiculopathy 
may advance from initial radicular pain when the underlying dis-
order progresses.  4   

 The natural history of cervical radicular pain or radiculopa-
thy is not described in detail in the literature. Data on incidence 
and prevalence are scarce. The most frequently used epidemio-
logic data are from Rochester, MN, USA (1976 to 1990), where 
the incidence is calculated based on the information from the 
computerized medical record linkage system for the Mayo Clinic 
and its two affi liated hospitals. The authors claim that their data-
base is essentially an enumeration of the Rochester population. 
They found in a population between 13 and 91 years an annual 

incidence of cervical radiculopathy of 83 per 100,000.  5   Although 
the authors classifi ed the patients as suffering from radiculopa-
thy, the described population most probably included cervical 
radicular pain, because sensory changes were only reported in 
33% and weakness in 64%. The average age - adjusted incidence 
rates per 100,000 people were 107 for males and 64 for females. 
The highest incidence was found in the age group between 50 and 
54 years with an average of 203 per 100,000 people. In 15% of 
the patients, a history of physical exertion or trauma preceded 
the onset of symptoms, and 41% of the patients had a previous 
history of lumbar radiculopathy. According to this study, the 
most frequently involved level was C7 in 45% to 60% of the cases. 
Another study indicated that level C6 represents approximately 
20% to 25% and levels C5 and C8 each represent approximately 
10% of the cases.  6    

  Diagnosis 

  History 
 Cervical radicular pain is characterized by pain in the neck 
that radiates over the posterior shoulder into the arm and some-
times into the hand. The radiation follows a segment - specifi c 
pattern. Pain originating from C4 is confi ned to the neck and 
suprascapular region. Pain originating from C5 radiates up to the 
upper arm, and pain from C6 and C7 radiates from the neck to 
the shoulder, the forearm, and the hand. The pain covers the pos-
terolateral side of the upper arm, but the pain from C7 extends 
more dorsally.  2,7   

 Pain from various dermatomes can overlap and there is no 
specifi c region of the arm, which is characteristic for a particular 
segment. Radicular pain is not limited to a particular dermatome 
and can be perceived in all structures that are innervated by the 
affected nerve roots such as muscles, joints, ligaments, and the 
skin.  2    

Evidence-Based Interventional Pain Medicine: According to Clinical Diagnoses‚ First Edition. Edited by Jan Van Zundert, Jacob Patijn, Craig T. Hartrick, 

Arno Lataster, Frank J.P.M Huygen, Nagy Mekhail, Maarten van Kleef.

© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd. This article was previously published in Pain Practice 2010; 10: 1–17.



CHAPTER 4 Cervical Radicular Pain

19

  Physical  e xamination 
 As with other types of spinal pain, there is no gold standard for 
the diagnosis of cervical radicular pain. For this reason a diagno-
sis is made based on a combination of history, clinical examina-
tion, and additional tests.  4   

 Classical neurologic examination includes testing sensation, 
strength, and tendon refl exes.  8   Specifi c clinical tests have been 
described for the diagnosis of cervical radicular pain, including 
the neck compression test (Spurling test), the shoulder abduction 
test, and the axial manual traction test.  4   A description of these 
tests can be found in Table  4.1 .   

 The validity of these three tests in the diagnosis of root compres-
sion in cervical disk disease was investigated regarding radicular 
pain, neurologic signs, and root compression signs in myelogra-
phy. All of these tests have a high specifi city (81% to 100%) but 
a low sensitivity. The Spurling test was similarly evaluated using 
electromyography as the reference test. The results were compa-
rable: sensitivity 30%, specifi city 93%. These three examinations 
are considered valuable aids in the clinical diagnosis of a patient 
with neck and arm pain. The neurologic characteristics of cervical 
radicular pain  9   are given in Table  4.2 .    

  Additional  t ests 
 The three most frequently requested types of additional tests are 
medical imaging techniques, electrophysiologic tests, and diag-
nostic selective nerve root blocks. 

  Medical  i maging 
 Medical imaging is mainly used to exclude primary pathologies, 
the so - called  “ red fl ags ”  (e.g., tumor, infection, and fractures). 
Computed tomography (CT) provides good imaging of the corti-
cal bone structures. CT scans are able to reproduce the changes 
in bone structure more sensitively than nuclear magnetic reso-
nance images (MRI), but they have limitations in detecting soft 
tissue lesions. MRI is better suited to demonstrate changes in the 
disci intervertebrales, the spinal cord, the nerve roots, and the sur-
rounding soft tissue. 

 MRI is currently regarded as the most suitable medical imaging 
technique for patients with cervical radicular pain. There are 
no data available regarding the sensitivity and specifi city of the 
various imaging techniques, given that there is no  “ gold standard ”  
for the diagnosis of cervical radicular pain.  4   A direct link between 
the pain syndrome and the results of medical imaging does not 
exist. Prospective studies have shown abnormal MRI images in 
19% to 28% of asymptomatic patients.  10,11    

  Electrophysiologic  t ests 
 Of the various electrodiagnostic studies, needle electromyog-
raphy and nerve conduction tests are considered useful if the 
physical examination and case history do not enable differentia-
tion between cervical radicular pain and other neurologic causes 
of pain in the arm and neck. Approximately 3 weeks after nerve 
compression, one sees typical abnormal insertion activity, with 
positive sharp wave potentials and vibration potentials in the arm 
muscles.  9   

 Electrophysiologic tests can be requested when nerve damage 
is suspected but will not provide any information about the 
pain. For this reason, in recent years, Quantitative Sensory 
Testing (QST) has been recommended in the literature as an 
electrophysiologic test that can provide more specifi c informa-
tion about pain. A QST study in patients with cervical radicular 
symptoms showed an increased detection threshold for light 
touch and allodynia (touch - induced pain), which differed signifi -
cantly from that in healthy subjects. QST confi rmed the level of 
involvement identifi ed by means of diagnostic selective nerve root 
blocks.  12    

  Table 4.1.    Clinical tests for the diagnosis of cervical radicular pain. 

   Test     Description  

  Spurling test    Neck extended with head rotated to affected shoulder while 
axially loaded. Reproduction of the patient ’ s shoulder or arm 
pain indicates possible cervical spinal nerve root compression  

  Shoulder 
abduction test  

  The patient lifts a hand above his or her head. A positive result 
is the decrease or disappearance of the radicular symptom.  

  Axial manual 
traction test  

  In supine position an axial traction force corresponding to 
10 to 15   kg is applied. A positive fi nding is the decrease or 
disappearance of the radicular symptom.  

 From: Van Zundert et al.  4   With permission of the publisher. 

  Table 4.2.    Neurologic characteristics of cervical radicular pain. 

   Disc level     Root     Pain distribution     Muscle weakness     Sensory loss     Refl ex loss  

  C4 to C5    C5    Margo medialis scapulae, lateral 
upper arm to elbow  

  M. deltoideus, m. supraspinatus, m. infraspinatus    Lateral upper arm    Supinator refl ex  

  C5 to C6    C6    Lateral forearm, thumb and index 
fi nger  

  M. biceps brachii, m. brachioradialis, wrist extensors    Thumb and index fi nger    Biceps refl ex  

  C6 to C7    C7    Medial scapula, posterior arm, 
dorsum of forearm, third fi nger  

  M. triceps brachii, wrist fl exors, fi nger extensors    Posterior forearm, third fi nger    Triceps refl ex  

  C7 to T1    C8    Shoulder, ulnar side of forearm, 
fi fth fi nger  

  Thumb fl exors, abductors, intrinsic hand muscles    Fifth fi nger     –   

 Adapted from Carette S. and Fehlings MG.  9   with Permission of the Publisher. 
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  Diagnostic  s elective  n erve  r oot  b locks 
 Radiologic images depict the morphologic characteristics of the 
pathology. In patients with chronic pain in general, and in par-
ticular cervical radicular pain, it is extremely diffi cult to deter-
mine with certainty which discus intervertebralis or nerve root is 
causing the pain. For this reason, one or more diagnostic selective 
nerve root blocks are applied to determine the probable pain -
 generating nerve root level. The diagnostic blocks are applied in 
separate sessions per level. Under radiological visualization using 
a contrast dye (fl uoroscopy), a small amount of local anesthetic 
is injected (0.5   mL).  13   During a period of 30 to 60 minutes after 
injection, the pain score is evaluated at regular time intervals. 
When there is at least a 50% decrease in pain, further treatment at 
this nerve root level is indicated.   

  Differential  d iagnosis 
 Given that there is no gold standard for the diagnosis of cervical 
radicular pain, clinical practice relies upon extensive history and 
clinical examinations and, if indicated, medical imaging and/or 
electrophysiologic tests. Finally, there is confi rmation of the likely 
pain - generating nerve root level using diagnostic selective nerve 
root blocks. 

 The differential diagnosis will initially aim to exclude any  “ red 
fl ags ”  such as infections, vascular disorders, and tumors. One of 
the most frequently occurring tumors that need to be excluded is 
the Pancoast tumor: a tumor of the pulmonary apex that can cause 
compression of the arteria subclavia, the nervus phrenicus, the 
plexus brachialis, and compression of the sympathetic ganglion, 
resulting in a range of symptoms that are known as Horner ’ s syn-
drome. If the radicular pain is associated with strongly expressed 
spinal complaints, the differential diagnosis needs to exclude 
primary spinal tumors as well as metastases. Other less frequent 
tumors of the spinal nerves include neurofi broma. Pain resulting 
from carpal tunnel syndrome can also ascend to the neck and may 
be more intense at night.  14   

 Clinical examination is very important in the differential diag-
nosis of brachialgia based upon shoulder pathology or pain origi-
nating from the facet joints. With shoulder pain there is usually 
limited movement of the shoulder joint, whereas with pain origi-
nating from the facet joints, there is usually limited rotation of 
the cervical spinal column. There is a paravertebral pressure that 
is not associated with a radicular distribution pattern but some-
times is associated with a pseudoradicular distribution to include 
the occipital and/or shoulder region. For detailed diagnostics, 
please refer to other related chapters.   

  Treatment  o ptions 

  Conservative  m anagement 
 Nonsteroidal anti - infl ammatory medications are primarily rec-
ommended for short - term treatment because of the balance 
between effi cacy and side effects. The anticonvulsants, such as 
carbamazepine, oxcarbamazepine, gabapentin, and pregabalin, 

are frequently used to treat neuropathic pain but they have not 
been studied in the treatment of cervical radicular pain.  4   

 A Cochrane review evaluating the evidence for patient educa-
tion for neck pain with or without radiculopathy concluded that 
the available evidence does not show effectiveness for educational 
interventions for various disorders and time intervals, including 
recommendations to activate, use of stress coping skills, and  “ neck 
school. ”   15   

 Another Cochrane review assessed the potential value of 
mechanical traction for neck pain with or without radiculopathy 
and found no evidence to support or refute the effi cacy or effec-
tiveness of continuous or intermittent traction for pain reduction, 
improved function or global perceived effect when compared 
to placebo traction, or heat or other conservative treatments in 
patients with chronic neck disorders.  16   

 Multidisciplinary rehabilitation with physiotherapy is recom-
mended.  17    

  Interventional  m anagement 

  Epidural  c orticosteroid  a dministration 
 The principle of epidural administration of corticosteroids relies 
on the anti - infl ammatory response induced by inhibition of the 
phospholipase A2 - initiated arachidonic acid cascade. There are 
two possible administration routes: the interlaminar and trans-
foraminal routes (Figure  4.1 ). There are no direct comparisons 
available between interlaminar and transforaminal administra-
tion at a cervical level.   

  Interlaminar  a dministration:  e ffi cacy 
 A systematic review  18   found two controlled studies involving the 
cervical interlaminar administration of corticosteroids. An earlier 
randomized study comparing interlaminar and intramuscular 
corticosteroid administration found that 68% of the patients 
treated using the interlaminar method had signifi cant pain relief 
lasting at least 1 year compared to 12% in the group treated intra-
muscularly.  19   

 A second study examined the effect of co - administration of 
epidural morphine with corticosteroid and local anesthetic vs. 
corticosteroid and local anesthetic. Despite a better transient 
improvement the fi rst day after the intervention in the group 
receiving additional morphine, long - term results did not differ 
between groups.  20   The update from the Cochrane systematic 
review only included the fi rst study.  21   

 A recently published systematic review  22   on the effectiveness of 
cervical interlaminar epidural steroid injections in the manage-
ment of chronic neck pain included 3 randomized control trials 
(RCTs): the two studies mentioned above and a study compar-
ing the effi cacy of single injections with continuous infusion.  23   
Patients were divided into 4 groups based on the duration of their 
pain, within each group of 40 patients half were randomized to 
receive up to 9 epidural injections with 4 to 5 days interval or 
administration of local anesthetic  +  corticosteroid via an epidural 
catheter followed by administration of local anesthetic every 6, 
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12, or 24 hours along with corticosteroid every 4 to 5 days for a 
total period of 30 days. The continuous administration provided 
better pain relief than the single injection in patients with cervi-
cal radicular pain lasting longer than 6 months, but no difference 
was observed in patients with complaints of shorter duration. The 
systematic review also included 5 observational studies of variable 
quality.  24 – 27   The global conclusion of this systematic review is that 
interlaminar cervical epidural corticosteroid injections provide a 
signifi cant effect on cervical radicular pain.  22    

  Interlaminar  a dministration:  c omplications 
 Interlaminar cervical corticosteroid administration is described 
in one review as relatively safe.  28   A systematic review of the lit-
erature found only two studies that specifi cally looked at the 
complications of cervical corticosteroid administration. One 
study showed a  < 1% complication rate while the other reported a 
rate of 16.8%. This difference is mainly due to the time when the 
complications were noted and the method by which they were 
registered. Minor complications that spontaneously disappeared, 
often within 24 hours, include, among others: increasing axial 
neck pain, posture - independent headache, facial fl ushing, and 
vasovagal episodes. Major complications mentioned included 
epidural hematoma and accidental subdural injection with, as 
a result, hypoventilation and hypotension. Accidental subdural 
injection - induced hypoventilation must be distinguished from 
the apnea and acute cardiovascular collapse that may result from 
an intrathecal injection. Paresthesia has been described after root 
damage. There were two reports of permanent damage to the 
spinal cord in patients who were sedated and possibly unable to 
report warning symptoms during the procedure. Intravascular 
uptake of the contrast dye has also been reported, although this 
occurs less frequently in interlaminar administration compared 
to the transforaminal route. When the interlaminar corticosteroid 
administration is correctly carried out, in a cooperative patient, 

using fl uoroscopy and contrast medium, the incidence of com-
plications is low.  28    

  Transforaminal  a dministration:  e ffi cacy 
 The transforaminal administration route rapidly gained in popu-
larity because of the more accurate administration of the active 
product at the level of the affected nerve root. The fi rst rand-
omized, controlled study by Anderberg et al.  29   studied 40 succes-
sive patients with cervical radicular pain. They were randomly 
given a transforaminal epidural injection of either corticosteroid 
with a local anesthetic or saline with a local anesthetic. Three 
weeks postinjection there were no differences in the subjective 
effects between the treatments. Earlier reports from prospective, 
noncontrolled studies, however, reported a positive outcome that 
could not be confi rmed by the RCT.  

  Transforaminal  a dministration:  c omplications 
 There have been various instances of serious complications 
reported in the literature, and this is without doubt just the tip 
of the iceberg. In a recently published anonymous survey by pain 
specialists, members of the American Pain Society, 287 respond-
ents mentioned 78 complications, mainly neurologic in character, 
of which 15 were fatal.  30   

 The reported complications following transforaminal cervical 
corticosteroid injections were summarized in the comprehensive 
review of Malhotra et al.  31  , though this group already identifi ed 
14 case reports an additional case was reported since their last 
literature update.  32   A summary of those complications is given 
in Table  4.3 .   

 Except for the case reported by J.H. Lee et al. in 2008, which 
concerns direct lesion of the spinal cord due to inadvertent air and 
contrast injection in the cervical cord,  32   and the case reported by 
J.Y. Lee et al.,  33   which is a spinal cord compression due to epidural 
hematoma, the cases can be divided into lesions of the spinal cord 

Interlaminal

Transforaminal

Ganglion spinale
(DRG)

Dura mater

A. vertebralis

Ligamentum flavum

 Figure 4.1.     Interlaminar and transforaminal 
administration in the epidural space. Illustration: Rogier 
Trompert, Medical Art, www.medical-art.nl. 
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  Table 4.3.    Review of serious complications with cervical transforaminal epidural corticosteroid administration. 

   Reference  
   Patient/level/
side     Treatment     Aspiration     Complication  

   Onset of 
complication     Outcome  

  Brouwers 
et al. 2001  34    

  Man 48 years, 
C6 left  

  0.5   mL bupivacaine 
0.5% and tramcinolon -
 hexacetonide 2%  

  No blood, no 
CSF  

  Paralytic below C3     ± 1 minute    Died after 1 month due to 
stomach perforation  

  McMillan and 
Crumpton 
2003  37    

  Man 54 years, 
C5 – C6 left 
 History of 
surgery for 
decompression 
from C3 – C7  

  1   mL air with  “ loss of 
resistance ”  2   mL radio 
contrast. Final attempt to 
cannulate C4 – C5 aborted 
because of restlessness and 
agitation  

  First attempt 
blood aspiration. 
Second attempt 
no blood, no CSF.  

  Nystagmus, agitation, aphasia, 
and bilateral blindness  

  45 minutes after 
initial injection 
of air and radio 
contrast without 
other medication  

  After 30 days discharged 
with moderate disturbance 
of short term memory right 
sided hemianopsy  

  Rozin et al. 
2003  38    

  Woman 44 
years, C7 left. 
 History of 
whiplash injury  

  3   mL (80   mg) 
methylprednisolone and 
0.75% bupivacaine in 
aliquots of 1   mL  

  Blood aspiration. 
Repositioning 
until no blood 
aspiration  

  Loss of consciousness. CT scan 
showed hemorraghia around 
brain stem  

  Immediately after 
injection of the 
3rd mL aliquot  

  Died one day after injection  

  Karasek 
and Bogduk 
2004  49    

  Woman 55 
years, C6 – C7 
right  

  bolus 0.8   mL of 2% lidocaine    No information    feeling unwell, weakness in 
four limbs  

  1 minute after 
injection  

  Symptoms resolved after 20 
minutes  

  Tiso et al. 
2004  39    

  Woman 48 
years, C6 right  

  0.25% bupivacaine 2   mL and 
80   mg triamcinolone  

  No aspirations    Unresponsive, comatose. 
Transferred to ICU, awoke 1 
hour later  

  upon self transfer 
from C - arm table 
to stretcher  

  Died next day  

  Rosenkranz 
et al. 2004  35    

  Man 44 years, 
C7 left  

  1   mL mepivacaine 1% 
and 0.5   mL triamcinolone 
acetonide (20   mg)  

  No information 
given  

  Anterior spinal artery 
syndrome  

  3 minutes after 
injection  

  After 3 months spontaneous 
respiration, no improvement 
in neurological function. 
Discharged with serious 
neurological complications 
after infarction of the arteria 
spinalis anterior  

  Ludwig and 
Burns 2005  36    

  Man 53 years, 
C6 left  

  0.75 mL of 0.75% 
bupivacaine and 0.75 mL 
triamcinolone  

  No blood 
aspiration  

  Weakness in left arm an 
bilateral lower limbs  

  10 minutes    Incomplete tetraplegia  

  Beckman 
et al. 2006  40    

  Man 31 years, 
C7 - T1 left  

  60   mg methylprednisolone 
and 0.75   mL 1% lidocaine. 
Stopped before completion 
because of patient 
complaints of neck pain and 
nonspecifi c headache  

  No aspiration    Headache and nausea, 
vomiting while sitting up. 
 Cerebral infarction and 
infarction of the brain stem  

  Shortly after 
procedure 
 The evening of 
the procedure  

  Survived with diplopia and 
disturbances of the short 
term memory  

  Ziai et al. 
2006  41    

  Man 41 years, 
C5 – C6 left  

  3 epidural injections 
one week apart, 40   mg 
methylprednisolone acetate 
and 1   mL saline  

  No arterial 
fl ashback  

  Nausea, vomiting and 
headache 
 Became disoriented  ± 7.5 
hours post injection. Brain 
stem and thalamus infarction 
and signs of hydrocephalus  

  During third 
procedure within 
minutes of 
injection  

  Died shortly after the 
procedure. 
 Obduction showed bleeding 
around the arteria vertebralis 
at the left side at C5  

  Suresh et al. 
2007  42    

  Man 60 years, 
C5 right  

  1   mL (40   mg) triamcinolone    No blood 
aspiration  

  Patient became disoriented 
and hypertensive. After 8 hrs 
situation worsened.  

  Immediately post 
procedure  

  Could leave hospital after 1 
month with diplopia, speech 
and equilibrium disturbances  

  Muro et al. 
2007  44    

  Woman 72 
years, C5 – C6 
and C6 – C7 left  

  40   mg methylprednisolone 
acetate and 0.7   mL of 0.5% 
bupivacaine  

  No vascular 
uptake of 
contrast  

  Low extremity weakness 
 Examination: paretic in upper 
extremities and plegic in lower 
extremities  

  30 minutes after 
procedure  

  No improvement of 
motor function transfer to 
rehabilitation  
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caused by the anterior spinal artery syndrome,  34 – 36   and effects on 
the central nervous system involving brain stem and cerebellum 
related to inadvertent injection of the arteria vertebralis.  37 – 44   

 Though the mechanisms behind these serious complications 
are not fully understood, two main considerations must be high-
lighted: anatomic and pharmacologic. 

  Anatomical  c onsiderations 
 The normal vascular supply to the cervical spinal cord has been 
described by Gillilan and others in the human fetus.  45   Branches 
from the arteria subclavia include the arteria vertebralis, which 
is usually the fi rst and largest branch. The second and third 
branches from the arteria subclavia (truncus thyrocervicalis and 
truncus costocervicalis) eventually give rise to the arteria cervica-
lis ascendens, medially continuing as inferior thyroidal artery and 
the arteria cervicalis profunda, respectively. 

 The arteria vertebralis may be subdivided into V1, V2, and 
V3 segments. The V1 segment represents the distance from the 
origin on the arteria subclavia to its entrance in the foramen 
transversum. The V2 segment includes the area from entrance 
of the foramen transversum to C2, and the V3 segment includes 
its course through the C1 foramen transversum, after which it 
turns medially and dorsally through the sulcus arteriae verte-
bralis on the upper surface of C1: arcus posterior to penetrate 
the membrana atlantooccipitalis posterior and dura and pass 
through the foramen magnum into the cranial cavity. The arte-
riae vertebrales eventually come together to form the arteria 
basilaris on the ventral surface of the medulla, but prior to this 
each of them gives rise to a branch. These branches fuse to form 

the arteria spinalis anterior that runs in the fi ssura mediana ante-
rior of the spinal cord. The longitudinal arteria spinalis anterior 
must be reinforced by segmental arteriae radiculares (medullary 
arteries) that are primarily from the V2 segment of the arteria 
vertebralis, but also come from the arteria cervicalis ascendens 
and arteria cervicalis profunda. 

 The V2 and V3 segments of the arteria vertebralis are prone to 
signifi cant variability in their course. A recent study of 500 arte-
riae vertebrales on 200 MRIs and 50 contrast - enhanced CT scans 
is illustrative of these variations.  46   The authors found that in only 
93% of cases did the arteria vertebralis enter the foramen trans-
versarium at C6. The vast majority of these anomalies saw the 
V2 segment begin at C5, but the arteria vertebralis was noted to 
enter the foramen transversarium at C3, C4, or C7 as well. When 
the arteria vertebralis entered the foramen transversarium at an 
aberrant level, the unfi lled foramina transversaria appeared much 
smaller on CT than the contralateral side. In addition, in 2% of 
all specimens the arteria vertebralis formed a medial loop, whose 
inside border was medial to the uncovertebral joint or into the 
foramen intervertebrale. 

 A recent anatomic study of human cadavers  47   noted several other 
potential variations in normal anatomy: (1) there were instances of 
several arteriae cervicales profundae arising from the arteria sub-
clavia directly, or from a very short truncus costocervicalis (Figure 
 4.2 ). These arteriae cervicales profundae often enter the foramen 
intervertebrale in its aspect near sites of recommended transfo-
raminal needle placement (Figure  4.3 ); (2) a single arteria cervi-
calis ascendens was noted to enter the foramen intervertebrale at 
C4 and eventually supply the arteria spinalis anterior; (3) a large 

   Reference  
   Patient/level/
side     Treatment     Aspiration     Complication  

   Onset of 
complication     Outcome  

  JY Lee et al. 
2007  33    

  Woman 38 
years, C7 - T1 
right  

  3 transforaminal injections. 
No information on drugs  

  No information    Severe upper thoracic back 
pain and progressive loss of 
sensation in lower extremities 
 MRI heterogeneous mass 
compressing spinal cord from 
T1 to T5 
 Surgery revealed a thick 
layer of coagulated blood 
compressing the dura and 
epidural veins  

  4 days after last 
injection  

  After surgical emergey 
decompression of spinal 
canal, regain of function as 
of day 3. 
 At 6 months full recovery of 
strength and sensation  

  JH Lee et al. 
2008  32    

  Man 55, C7 left    Contrast injection patient 
reported shock - like pain 
radiating into left hand. 
Procedure was terminated  

  No information    Patient developed incomplete 
tetraplegia.  

  2 to 3 minutes    After 1 year still weakness of 
the left hand grip strength. 
A claw hand deformity and 
refractory pain.  

  Ruppen et al. 
2008  43    

  Man 45 years, 
C7  

  40   mg triamcinolone and 
1.5   mL saline  

  Repeatedly 
negative  

  Numbness in right leg, 
progressed to loss of sensation 
and plegia of the right leg  

  30 seconds    1 hour post injection: aspirin 
300   mg, heparin 15,000 
units daily and nifedipine 
20   mg. Full recovery  

   CSF, cerebro spinal fl uid; CT, computed tomography; ICU, intensive care unit; MRI, magnetic resonance imaging.   

Table 4.3. Continued.



CHAPTER 4 Cervical Radicular Pain

24

segmental medullary contributing artery was noted to be the 
main supplier to the arteria spinalis anterior when the ipsilat-
eral arteria vertebralis entered the spine at C5 instead of C6; (4) 
several anastomoses were noted between all three main supply 
arteries in several cadavers, suggesting a great potential for com-
munication; and (5) in general, if the arteria cervicalis profunda 
tended to enter the foramina intervertebralia it was at either C7/
T1 or C6/C7, and the arteria cervicalis ascendens tended to enter 
the foramina intervertebralia at C5/C6 or higher. A recent study 
utilizing ultrasound guidance for cervical transforaminal injec-
tions  48   noted a remarkably similar percentage of arterial vessels in 
the posterior aspect of the foramina intervertebralia (20%) as the 
cadaver study noted above. Cumulatively, these anatomic features 
suggest that there is no specifi c  “ safe zone ”  for needle placements 
in the posterior cervical foramina intervertebralia. It is unclear 

whether hypoplastic or aberrant arteriae vertebrales or other arte-
rial variants described above absolutely increase the risks of trans-
foraminal epidural injections, but certainly vessel vulnerability 
warrants greater care in the performance of these procedures.    

  Pharmacologic  c onsiderations 
 The case report of Karasek and Bogduk  49   reporting transient 
quadriplegia after injection of only local anesthetic, suggest inad-
vertent puncture of a cervical arteria radicularis and transient 
anesthesia of the spinal cord. However, when a spinal cord infarc-
tion is demonstrated, after the injection of depot corticosteroid, 
only partial recovery of the motor function occurs  35,36   and one 
case had a fatal outcome due to complications.  34   

 It has been postulated that upon inadvertent injection into the 
cervical arteria radicularis, the particulate steroids may act as an 
embolus and cause spinal cord infarction and permanent impair-
ment. Particle size of different corticosteroid preparations were 
studied undiluted and diluted in saline or local anesthetic. The 
results of this in - depth research illustrated that differences in 
the percentage of large particles exist between compounded and 
commercially available preparations. Because the specifi cations 
of corticosteroid preparations commercially available in different 
countries may be different, it is diffi cult to draw conclusions for 
clinical practice.  50   

 A recent study in a swine model underscores the potential for 
catastrophic outcomes from particulate steroids injected intra -
 arterially. Okubadejo and colleagues  51   instrumented the arteriae 
vertebrales in 11 pigs and intentionally injected them with either 
particulate (methylprednisolone) or nonparticulate steroid (dex-
amethasone). Interestingly, the animals that received particulate 
steroid could not be removed from life support. Each of these 
4 particulate steroid - receiving animals had evidence on histo-
logic examination of severe tissue edema, ischemic changes, and 
other pathologies. None of the animals receiving nonparticulate 
steroid had any issues. These animal cases appear to be function-
ally similar to the case described by Beckman et al.  40   The study 
by Dreyfuss et al.  52   comparing triamcinolone to dexamethasone 
(nonparticulate) for cervical epidural injections was quite small, 
but certainly their effi cacy data combined with the animal study 
described above seem to suggest that nonparticulate steroid 
may be a good alternative for those physicians who continue to 
perform transforaminal injections. 

 When patients demonstrate central symptoms such as nystag-
mus, confusion, and coma, it is less obvious to indicate an embolus 
caused by particulate steroids. In the McMillan and Crumpton  37   
case, no steroid was injected. Moreover, there are two cases where 
the patient developed symptoms of brain stem infarction several 
hours after the injection as opposed to the almost immediate 
effect seen in others.  40,41   In his comments on the case reported 
by Beckman et al.,  40   de Leon - Casasola remarks that the late 
onset of symptoms indicates that steroid embolism was not respon-
sible for the complication. It clearly depicts the clinical course 
of arteria vertebralis dissection.  53   Dissection of the arteria verte-
bralis and disruption of the blood brain barrier causes ischemia 
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 Figure 4.2.     The three branches from the arteria subclavia are shown. Most 
medially (left lower) the arteria vertebralis is seen, then the truncus thyrocervicalis 
in the forceps, followed more laterally by the truncus costocervicalis. One of the 
arteriae cervicales profundae branches from the truncus costovertebralis passes 
posterior to the C8 ramus ventralis. 
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 Figure 4.3.     In this fi gure, the detail of the arteria cervicalis profunda 
(arrowhead) continuing from the truncus costocervicalis profunda can be seen as it 
enters the posterior aspect of the foramen intervertebrale to the C8 ventral ramus. 
This is the area of ideal needle pathway for transforaminal epidural injection. 
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and brain death due to acute intracranial hypertension. This 
mechanism is probably involved in the case described by Rosenk-
ranz et al.  35   

 These serious and up till now inexplicable complications 
provide good reason to be extremely cautious about perform-
ing transforaminal cervical epidural injections with depot cor-
ticosteroids. In a letter to the editor following the review of the 
complications,  31   we strongly recommended curtailing use of 
transforaminal cervical epidural corticosteroid administration 
until the mechanisms of those serious complications and the 
methods to prevent them have been better elucidated.  54     

  Practical  r ecommendations 
 Direct comparisons between interlaminar and transforaminal 
corticosteroid injections in the cervical epidural space are not 
available. The positive RCT for interlaminar administration and, 
moreover, the quick succession of reports of serious complica-
tions after transforaminal cervical epidural corticosteroid injec-
tions supports the preference for interlaminar administration. 

 There are no studies which have investigated the effectiveness 
of the various depot corticosteroids, so no distinction can be con-
fi rmed between them. The particle size of the depot corticosteroid 
is possibly related to the reported neurologic complications, but 
also on this topic the literature is inconclusive.  50   Currently there 
is no evidence that a higher dose of corticosteroids will result in 
a better clinical effect.  55   On the other hand the risk of endocrine 
side effects is notably higher.  56   

 In the randomized clinical trial, 1 to 3 epidural doses admin-
istered at intervals of 2 weeks were described.  19   Shortening the 
interval between two corticosteroid administrations may result in 
higher plasma levels and thus increase the risk for endocrine and 
other systemic side effects.   

  (Pulsed)  r adiofrequency  t reatment 

  Radiofrequency  t reatment:  e ffi cacy 
 The effi cacy of radiofrequency (RF) treatment adjacent to the 
ganglion spinale (dorsal root ganglion (DRG)) was reported in 
two randomized clinical studies.  57,58   

 The fi rst study compared RF adjacent to the cervical ganglion 
spinale (DRG) with a sham intervention. In the actively treated 
group, 8 weeks postintervention the Number Needed to Treat, i.e., 
the number of patients that need to be treated in order to have 
at least one patient who has at least a 50% reduction in pain, 
was 1.4.  57   

 The second study compared RF with an electrode tip tempera-
ture of 40 ° C with RF at 67 ° C.  58   At 6 weeks and at 3 months after 
treatment there was a signifi cant decrease in the visual analog 
scale pain score in both groups. There was no signifi cant differ-
ence in outcome between the two groups.  

  Radiofrequency  t reatment:  c omplications 
 In the above - mentioned studies, transient neuritis and/or a 
burning sensation in the treated spinal nerve were reported. Addi-

tionally, a slight loss of muscular strength in the hand and arm of 
the treated side was reported.  

  Pulsed  r adiofrequency  t reatment:  e ffi cacy 
 Currently preference is given to pulsed radiofrequency treat-
ment (PRF) where the tip temperature of the electrode does not 
exceed the critical threshold of 42 ° C and consequently there 
is minimal neuro - destruction. In an RCT, PRF appeared to be 
more effective than placebo 3 months post - treatment. Also 6 
months post - treatment there was a positive trend in the PRF 
treatment but in this study the outcome fell short of statistical 
signifi cance.  59    

  Pulsed  r adiofrequency  t reatment:  c omplications 
 Up until now there have been no reported complications associ-
ated with PRF.  60     

  Surgical  t reatment 
 Surgical treatment can provide pain relief in patients whose 
symptoms seem to be refractory to all other treatments. Surgical 
treatment is indicated in cervical radiculopathy with spinal cord 
compression (myelomalacia) because of the risk for possibly irre-
versible neurologic defi ciency. 

 In a randomized study where surgical treatment was com-
pared with conservative treatment a signifi cant improvement 
in pain relief was noted 3 months after the intervention. A year 
post - treatment however there was no difference between the two 
groups.  61   A small, randomized study indicated no differences in 
neurologic outcome between patients who were surgically or con-
servatively treated.  62    

  Spinal  c ord  s timulation 
 Spinal cord stimulation (SCS) consists of percutaneously apply-
ing an electrode at the level of the involved segment of the spinal 
cord. These are then connected to a generator that delivers electric 
shocks in order to stimulate the painful dermatome and intro-
duce an altered pain pathway. The mechanism behind SCS rests 
on the gate control theory of pain.  63   

 Up until now there is no literature on the outcome of SCS in 
the treatment of cervical radicular pain. 

 SCS can be considered in clinical practice for chronic cervical 
radicular pain in well - selected patients when other types of treat-
ment have failed, given that the effi cacy has been demonstrated in 
other comparable neuropathic pain syndromes. 

    Evidence for  i nterventional  m anagement 
 A summary of the available evidence is given in Table  4.4 .     

  Recommendations 

 Based on the available evidence regarding effi cacy and compli-
cations, the following treatments are recommended for cervical 
radicular pain:
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containing the administration solution is attached. Aspiration is 
carefully carried out in order to identify cerebrospinal fl uid or 
blood. 

 Larkin et al.  66   described another technique, using a styletted 
catheter that is placed in the potentially safer area of the T2 to T4 
epidural space and advanced toward the desired cervical root with 
continuous fl uoroscopy. 

 An important warning was recently published by Racz and 
Heavner about the risks of generating high pressure in the epi-
dural space if the fl ow is obstructed. They stress the need for 
ensuring transforaminal outlet fl ow and recommend immedi-
ately fl exing and rotating the patient ’ s head upon the fi rst signs of 
spinal cord ischemia.  67    

  (Pulsed)  r adiofrequency  t reatment  59   

  Diagnostic  b locks 
 After the clinical diagnosis of cervical radicular pain is made, 
confi rmation of the most affected segment is carried out using 
diagnostic selective nerve root blocks. The patient is placed in 
supine position on a translucent operation table. The C - arm of 
the fl uoroscope is placed such that the beam is parallel to the 
axis of the foramen intervertebrale. The axis points 25 to 35 °  
oblique and 10 °  caudally. In this way, the entry point is deter-
mined by the projection of a metal ruler over the caudal part of 
the foramen intervertebrale. A 60 - mm 24G neuroradiography 
needle is introduced parallel to the beam (tunnel view) (Figure 
 4.7 ). Then the beam direction is changed to the anteroposterior 
position and the introducer needle is further introduced until the 
tip is projected just laterally to the facet column. When the seg-
mental nerve is identifi ed using 0.4   mL iohexol contrast dye, 0.5 
to 1.0   mL lidocaine is slowly injected around the nerve. Overfl ow 
into the epidural space is avoided by  “ real time ”  observation of the 
radio - opaque mixture. The pain relief is observed for 30 minutes 
after the infi ltration. A positive diagnostic block provides at least 
50% pain relief.    

   PRF   t echnique — placement of the  e lectrode 
 The entry point is determined in the same way as for diagnostic 
blocks, by projecting a metal ruler over the caudal and posterior 
part of the foramen intervertebrale. The cannula (22G SMK - 
C5 needle 54   mm with 4   mm active tip. Cotop International B.V., 
Amsterdam, the Netherlands) is introduced parallel to the beam 
and if required the direction is corrected while the cannula is 
still in the uppermost subcutaneous layers. The correct position 
is reached when the cannula is projected as a point on the screen. 
This point must lie just above the dorsal part of the foramen 
intervertebrale. This is the transition between the middle and 
most caudal third part of the foramen intervertebrale. This posi-
tion is chosen in order to avoid possible damage to the arteria 
vertebralis that runs anterior to the foramen intervertebrale. 
The direction of the beam is then changed to anteroposterior 
position and the cannula is moved up further until the tip is 
projected over the middle of the facetal column (Figures  4.8 ).   

  Table 4.4.    Summary of evidence for interventional management 
of cervical radicular pain. 

   Technique     Score  

  Interlaminar corticosteroid administration    2B +   

  Transforaminal corticosteroid administration    2B −   

  Radiofrequency treatment adjacent to the ganglion spinale (dorsal root 
ganglion (DRG))  

  2B +   

  Pulsed radiofrequency treatment adjacent to the ganglion spinale (dorsal 
root ganglion (DRG))  

  1B +       

  Spinal cord stimulation    0  

   1     In the subacute phase, an interlaminar epidural administration 
of local anesthetic and corticosteroids is recommended. The cer-
vical transforaminal epidural corticosteroid retained a negative 
recommendation.  
  2     For chronic cervical radicular pain, PRF adjacent to the cervical 
DRG is the fi rst line recommended interventional pain manage-
ment technique, because there are up till now no reports of neu-
rologic complications with PRF. In the event that this has a poor 
or short - term effect an RF treatment adjacent to the cervical DRG 
is recommended.  
  3     If the symptoms persist then study - related SCS can be con-
sidered after extensive multidisciplinary evaluation. Spinal cord 
stimulation should be performed in specialized centers.    

  Clinical  p ractice  a lgorithm 
 A suggested clinical practice algorithm is shown in Figure  4.4 .    

  Technique(s) 

  Interlaminar  c ervical  e pidural  s teroid  a dministration 
 During the planning of cervical epidural infi ltrations, review of a 
preprocedural MRI should be strongly considered. The procedure 
should be performed under fl uoroscopy. Correlation of fl uoro-
scopic images with the MRI may avert potential complications in 
cases of large disk protrusions mechanically deforming the poste-
rior epidural space.  64   

 Cervical epidural infi ltrations are preferably carried out with 
the patient in a sitting position. The cervical spinal column is 
bent forwards. The skin is disinfected. For positions C5 to C6 or 
C6 to C7, the anesthetist places his middle and index fi ngers on 
both sides of the processus spinosi.  65   After a midline needle place-
ment  “ down the barrel, ”  with the needle fi rmly fi xed, the operator 
can switch to a lateral view and very slowly advance the needle 
as it approaches the base of the processus spinosi, while con-
comitantly using a glass syringe loss of resistance or alternatively 
using hanging drop technique under fl uoroscopic guidance.  65 

(Figures  4.5 )   
 A small amount of contrast dye can be injected in order to 

ensure the correct epidural placement of the needle using fl uoros-
copy (Figures  4.6 ). When the needle is correctly inserted, a syringe 
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Cervical radicular pain 

CLINICAL PRACTICE ALGORITHM 

Red flags excluded? 

Yes

Conservative treatment was adequately 
carried out without satisfactory results (VAS>4) 

Subacute pain 

Yes

Chronic pain 

Interlaminar corticosteroid 
administration 

Confirmation of the presumed causative level with a 
selective diagnostic block 

Pulsed radiofrequency treatment adjacent to the 
cervical ganglion spinale (dorsal root ganglion (DRG))

Poor or short lasting result 

Conventional radiofrequency adjacent to the 
cervical ganglion spinale (dorsal root ganglion (DRG))

Poor result 

Consider study-related SCS      Figure 4.4.     Clinical practice algorithm for the 
treatment of cervical radicular pain.  

 The stylet is then exchanged for an RF electrode. The imped-
ance is measured in order to check if a closed electrical circuit 
is present. Then stimulation is started at 50   Hz in order to 
determine the sensory stimulation threshold. The patient must 
feel a tingling at less than 0.5   V. This indicates that the tip is in 
close proximity to the DRG.  

  Pulsed  r adiofrequency  t reatment 
 The RF current is delivered in small bursts at 45   V; this output 
can always be adjusted if the temperature rises above 42 ° C. Forty -
 two degrees is the maximum temperature, but not the obligatory 
temperature to be reached. The pulsed current is delivered for 120 
seconds.     

  Summary 

    1     There is no gold standard for the diagnosis of cervical radicular 
pain.  
  2     Case history and clinical examination form the cornerstones of 
the diagnostic process.  
  3     Medical imaging, with a slight preference for MRI, is indicated 
when specifi c pathologies and/or abnormal neurologic symptoms 
are suspected.  
  4     The suspected level can be confi rmed using diagnostic selective 
nerve root blocks.  
  5     Whenever conservative treatments fail: 
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     Figure 4.5.     Interlaminar epidural corticosteroid administration C6 – C7, lateral 
view.  

     Figure 4.6.     Interlaminar epidural corticosteroid administration C6-C7: lateral 
view. The needle and the spread of the contrast dye.  

     Figure 4.7.     Cervical ganglion spinale (DRG) (pulsed) radiofrequency treatment. 
with the C - arm in the lateral oblique position. The needle in the posterior caudal 
quadrant of the foramen intervertebrale.  

     Figure 4.8.     Cervical ganglion spinale (DRG) (pulsed) radiofrequency treatment: 
needle is in the middle of the facetal column in AP view.  
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    •      With (sub)acute cervical radicular pain, interlaminar corti-
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   Introduction 

 Neck pain is defi ned as pain in the area between the base of the 
skull and the fi rst thoracic vertebra. Pain extending into adjacent 
regions is defi ned as radiating neck pain. Pain may radiate into the 
head (cervicogenic headache), shoulder, or upper arm (radicular 
or nonradicular pain).  1   

 Neck pain is common in the general population with a 12 -
 month prevalence that varies between 30% and 50%. Neck pain 
results in incapacity to perform daily activities in 2% to 11% of 
the cases. It occurs more often in women, with peak prevalence 
in middle age. 

 Risk factors include genetic disposition and smoking.  2   
Although a correlation between type of work and neck pain 
has not been demonstrated, high quantitative job demands 
(e.g., sedentary jobs at a computer or repetitive precision work 
with a high level of muscular tension) and lack of social support 
in the work environment appear to have an effect.  3,4   Psycho-
logical factors such as avoidance behavior and catastrophizing 
are not related to neck symptoms, in contrast to patients with 
low back problems.  3   Although trauma - related neck pain 
(whiplash - associated disorders; WADs) and degenerative neck 
problems both may be caused by chronic degeneration of the 
facet joints, the distinction is made on etiologic basis, because 
WADs may involve other painful structures, certainly in the suba-
cute phase.  3   The causes of neck pain often are unclear, but the 
following innervated structures in the neck may be sources of 
pain: vertebrae, disci intervertebrales, uncovertebral (Luschka) 
joints, ligaments, muscles, and facet (zygapophyseal) joints.  3   
Osseous and fi brocartilaginous degenerative disorders, identi-
fi ed by plain radiography, are frequently seen. The relationship 
between degenerative signs and pain, however, is unclear. There 
is a great deal of research into degenerative signs of the cervical 

vertebral column. In the discus intervertebralis, (1) annular tears, 
(2) disk prolapse, (3) endplate damage and internal disk disrup-
tion have been identifi ed as potential structural disk pathologies.  5   
Other structures in the neck, such as facet joints and unco-
vertebral joints, also show degenerative signs. The hypothesis 
that disk degeneration and disk narrowing increase facet joint 
loading and consequently facet osteoarthritis, seems plausi-
ble, but has yet to be proven. Some researchers claim that the 
disk and the facet joints can be seen as independent pain gen-
erators.  6   Confi rmation of degenerative disease is mainly based on 
radiological fi ndings. Spondolysis (disorders of the nonsyno-
vial joints) and osteoarthritis (facet osteoarthritis) are frequent 
in advanced age. Degenerative disorders are usually seen at the 
low and midcervical levels (C4 to C5, C5 to C6, and C6 to C7). 
Knowledge of the innervation of various structures in the neck is 
important to interpret diagnostic blocks and to direct local treat-
ments  7   (Figure  5.1 ).   

 Patients presenting to a pain clinic usually suffer from chronic 
pain (pain lasting longer than 3 months). Prognostic factors for 
chronicity include age (older than 40 years of age), previous 
episodes of neck pain, trauma, and simultaneous low back pain 
symptoms.  8   

 It is important to determine if the pain symptoms produce 
functional limitations (e.g., in dressing, lifting, automobile opera-
tion, reading, sleeping, and working). 
 Recently, the following classifi cation for neck pain and associated 
symptoms has been proposed:  9  
    •      Grade I neck pain: no symptoms indicating serious pathology 
and minimal infl uence on daily activities.  
   •      Grade II neck pain: no symptoms indicating serious pathology, 
but having infl uence on daily activities.  
   •      Grade III neck pain: no symptoms indicating serious pathol-
ogy, presence of neurological disorders such as decreased refl exes, 
muscle weakness, or decreased sensory function.  
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In the group of patients attending a pain clinic for neck pain, it is 
likely to be more than 50%.  11,12   This is a markedly higher percent-
age than facet pain in the lumbar region.  

  Anatomy of the facet joints 
 The facet joint is a diarthrotic joint with joint surfaces, synovial 
membrane, and a joint capsule. It forms an angle of approxi-
mately 45 °  with the longitudinal axis throughout the cervical 
spinal column. Compared with the lumbar facet joints, the cervi-
cal facet joints have a higher density of mechanoreceptors. The 
facet joints from C3 to C7 are innervated by the ramus medialis 
(medial branch) of the ramus dorsalis of the segmental nerve. 
Each facet joint is innervated by nerve branches from the upper 
and lower segment  7   (Figure  5.1 ).    

  Diagnosis 

  History 
 During the history, attention should be paid to signs and symp-
toms potentially indicating a serious underlying pathology ( “ red 
fl ags ” ). It is important to question the patient about previous 
trauma and previous or ongoing oncological treatments. Signs 
of potential spinal metastases are (1) history of malignancy, (2) 
pain starting after the age of 50, (3) continuous pain, independent 
of posture or movement, and (4) pain at night. When symptoms 
such as weight loss, fever, nausea, vomiting, dysphagia, coughing, 
or frequent infections are reported, extensive history and further 
examination is mandatory. 

 The most common symptom associated with pain arising from 
the cervical facet joints is unilateral pain, not radiating past the 
shoulder. The pain often has a static component, since it does not 
always occur in relation to movement. Rotation and retrofl exion 
are usually reported as painful or limited. Dwyer et al. showed 
that injection of irritating substances into the facet joints results 
in a specifi c radiation pattern  13   (Figure  5.2 ). The same radiation 
pattern is seen with mechanical and electrical stimulation. The 
radiation pattern is not distinctive for facet problems but can 
indicate the segmental localization.    

  Physical  e xamination 
 Neurological tests (refl exes, sensibility, and motor function) are 
necessary in order to exclude radiculopathy. In order to examine 
the function of the neck the following tests are important:
    •      fl exion and extension — passive and active  
   •      lateral fl exion — passive and active  
   •      rotation — passive and active  
   •      rotation in maximal fl exion — passive and active  
   •      rotation in extension — passive and active    

 Rotation in a neutral position involves the rotation movement 
of the entire cervical spinal column. Rotation in fl exion assesses 
the movement in the higher - cervical segments. Rotation in exten-
sion assesses the movement in the lower - cervical segments. Local 
pressure pain over the facet joints can indicate problems arising 

   •      Grade IV neck pain: indications of serious underlying pathol-
ogy such as fracture, myelopathy, or neoplasm.    

     Pain  o riginating from the  c ervical  f acet  j oints 
( f acet  j oint  s yndrome) 
 Neck pain can be caused by the facet joints. Compared with 
research on lumbar facet pain, research on cervical facet dys-
function started much later. In 1988, Bogduk and Marsland  10   
described the positive effect of injection of local anesthetics close 
to the facet joints in patients with neck pain. 

 While a diagnosis is defi ned as a clinical picture with known 
etiology and prognosis, a syndrome is a combination of symp-
toms occurring at a higher frequency in a certain population. 

 The cervical facet syndrome is defi ned as a combination of 
symptoms:
    •      axial neck pain (either not or rarely radiating past the shoul-
ders)  
   •      pain with pressure on the dorsal side of the spinal column at the 
level of the facet joints  
   •      pain and limitation of extension and rotation  
   •      absence of neurological symptoms    

 It is unclear how often neck pain originates from the facet 
joints. The prevalence of pain emanating from facet joints, within 
a population suffering from neck pain, has been reported to be 
25% to 65%, depending on patient group and selection method. 

     Figure 5.1.     Innervation of the cervical vertebral column and the facet joints 
(illustration: Rogier Trompert Medical Art.  www.medical - art.nl ).  
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 With advancing age, degenerative changes are more frequently 
seen: 25% at the age of 50, up to 75% at the age of 70.  17   An age -
 related prevalence study concerning the facet joint involvement 
in chronic neck pain indicates a comparable prevalence among 
all age groups.  18   

 Degenerative changes of the cervical spinal column are present 
in asymptomatic patients, indicating that degenerative changes 
do not always cause pain. However, the conclusion that there is no 
relation between degeneration and pain cannot be drawn. There 
are studies indicating a relation between degenerative changes 
and pain symptoms.  17,19   

 In summary, a relation between radiologic identifi cation of 
degenerative changes and pain symptoms has not been proven. If 
a neurological etiology of the pain symptoms is suspected, a mag-
netic resonance imaging (MRI) or computer tomography (CT) 
scan is indicated. Depending on the clinical setting, consultation 
of or referral to a neurologist should be considered. The use of 
cervical discography may help in identifying the source of pain, 
but its value concerning the subsequent therapeutic treatments is 
not established. 

  Diagnostic blocks 
 The working diagnosis of facet pain, based on history and clini-
cal examination, may be confi rmed by performing a diagnostic 
block. Local anesthetic can be injected intra - articularly or adja-
cent to the ramus medialis (medial branch) of the ramus dorsalis 
of the segmental nerve.  3,20   These procedures are performed under 
fl uoroscopy. There is no consensus about the defi nition of a suc-
cessful diagnostic block. Some authors claim that 100% pain relief 
should be achieved.  21   But Cohen et al. showed that there is no dif-
ference in outcome of the RF treatment of patients reporting 80% 
and those reporting more than 50% pain reduction after a diag-
nostic block.  14   In daily clinical practice, we consider a diagnostic 
block successful if more than 50% pain reduction is reported. 

 It has been demonstrated that innervation of the facet joint 
occurs via the ramus medialis (medial branch) of the ramus dor-
salis. We prefer a block of the ramus medialis (medial branch) 
instead of an intra - articular block, because it is not always techni-
cally possible to position a needle into the facet joint. According to 
Bogduk and McGuirk,  3   the facet joints from C3 to C7 are inner-
vated by the medial branches of the nerves above and below the 
joint. For a block or RF treatment, for example, of the C4 to C5 
facet joint to be effective, the medial branches of the rami dorsales 
of C4 and C5 are to be treated. 

 A prognostic block can be used before RF treatment is per-
formed. A prognostic block assumes that if an anatomical struc-
ture is injected with a local anesthetic resulting in a decrease in 
pain, this structure is the source of pain. This appears to be a 
useful concept. Research and clinical experience indicate however, 
that after a single block, only a small percentage (2/47;  ∼ 4%) of 
patients have no pain reduction.  22   This means that after a single 
diagnostic block, there are very few false negative results. In order 
to minimize the number of false positives, a number of research-
ers have suggested that a second block should be carried out using 

from the facet joints. Recent research demonstrated that local 
pressure pain, defi ned as pain reported after applying pressure 
of at least 4   kg, is a predictor of success for consequent radiofre-
quency (RF) treatment (see Treatment Options).  14   

 When the neck pain is accompanied by radiation to the shoul-
der region, shoulder pathology should be excluded. 

 There is no evidence to support the relationship between the 
results of clinical examination and the anamnesis with pain origi-
nating from the cervical facet joints.  15   In daily clinical practice, 
history and physical examination are useful to exclude serious 
pathology and to obtain a working diagnosis. An indication as 
to the segmental level (high - mid - low - cervical) involved can be 
obtained.  

  Additional  t ests 
 In specifi c cases, plain radiography of the cervical spinal column 
may be indicated to exclude tumor or fracture. Plain radiography 
does not provide information in establishing the diagnosis of facet 
problems, but may help in evaluating the degree of degeneration. 
The anterior spinal column is inspected for narrowing of the disk, 
anterior and posterior osteophyte formation. The posterior spinal 
column is inspected for facet osteoarthritis (facet sclerosis and 
osteophyte formation). In 1963, Kellgren et al.  16   stated that once 
degenerative changes are seen on plain radiography, degeneration 
has already reached an advanced stage. 

     Figure 5.2.     Radiation pattern of cervical facet pain (illustration: Rogier Trompert 
Medical Art.  www.medical - art.nl ).  
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information relative to the exercises. Physiotherapy, based on 
instructions for exercises that can also be carried out at home, is 
the best choice when choosing conservative treatment.  

  Manipulation/ m obilization 
 In a subgroup analysis of studies on patients with neck pain in 
general practice, there was a positive short - term effect of manipu-
lation therapy, especially in older ( > 50 years) patients.  26    

  Multidisciplinary  t herapy 
 There is no consensus about the required components of multi-
disciplinary therapy. The approach should be directed towards 
biopsychosocial rehabilitation. Whether this can be offered as a 
multimodal approach by one specialist or in a multidisciplinary 
setting is still unclear and not yet scientifi cally supported. Cogni-
tive behavioral therapy shows improvement in somatic, behav-
ioral, and cognitive symptoms, but the effect on pain symptoms 
is small. In patients with neck pain, little, or no relationship has 
been found between psychological factors and pain. A multidisci-
plinary treatment should, in addition to conservative treatment, 
include minimally invasive interventional techniques.   

  Interventional  m anagement 

  Intra -  a rticular  s teroid  i njections 
 No reports from quality studies regarding the effect of intra -
 articular steroid injections are currently known.  27   There are no 
comparative studies between intra - articular steroid injections 
and RF therapy.  

  Local  i nfi ltration of the  r amus  m edialis ( m edial  b ranch) 
of the  r amus  d orsalis 
 Medial branch block of the ramus dorsalis of the segmental nerve 
is primarily considered as a diagnostic aid; however, (repetitive) 
infi ltration of local anesthetic was shown to provide therapeutic 
effect.  22,28   In a randomized controlled trial (RCT) comparing the 
effect of medial branch blocks with bupivacaine alone to blocks 
with the same local anesthetic plus steroid, a comparable pain 
reduction was observed in both groups for mean duration of 
14 and 16 weeks, respectively. During the follow - up period of 1 
year, the mean number of procedures was similar (3.5 and 3.4, 
respectively). Patients were selected for participation in this study 
by controlled blocks providing  ≥ 80% pain relief.  28   These fi nd-
ings suggest that the addition of corticosteroid to local anesthetic 
does not provide better outcome. Moreover, as described above, 
the diagnostic procedure used in the RCT is burdensome for the 
patient, requiring repeat infi ltrations every 14 to 16 weeks. There-
fore, this cannot be recommended as fi rst - line therapy.  

   RF   t reatment of the  r amus  m edialis ( m edial  b ranch) 
of the  r amus  d orsalis 
 Percutaneous RF treatment of cervical pain has been intensively 
studied. The data from original articles were summarized in seven 
systematic reviews.  20,27 – 29 – 32   There is only one RCT evaluating RF 
treatment of the ramus medialis (medial branch) of the ramus 

a local anesthetic with different duration of effect, e.g., lidocaine 
vs. bupivacaine (comparative double blocks). Only if the patient 
responds concordantly (longer or shorter pain reduction depend-
ing on the duration of action of the local anesthetic) is this indica-
tive of facet joint pain. This is a pharmacological criterion. These 
researchers suggest that double blocks are the gold standard for 
the diagnosis of facet pain. A gold standard, however, should be 
generally accepted and used. 

 The concept of double blocks has theoretical and practical 
shortcomings. A decrease in the number of false positives can 
occur at the cost of the number of false negative reactions: patients 
respond positive to the local anesthetic, but not according to the 
previously standardized pharmacological criterion. Furthermore, 
a cervical injection represents a burden for the patient. Finally, it is 
questionable if double blocks are cost - effective.  23   A best evidence 
synthesis on the assessment of neck pain concluded that diagnos-
tic facet injections have not been validated to identify facet joint 
pain.  24   As long as the relationship with the etiology of facet pain 
is not clearly established, the extra burden of performing double 
blocks cannot be justifi ed. Contrary to lumbar facet blocks, only 
a small percentage of patients have a negative response to a single 
cervical facet block. 

 In summary, on the basis of history and physical examination, 
a working diagnosis of cervical facet pain is defi ned. Confi rma-
tion of the working diagnosis can be recommended with the diag-
nostic block at minimum 3 levels of the ramus medialis (medial 
branch) of the cervical ramus dorsalis in one session. A diagnostic 
block is considered positive when the patient experiences a 50% 
pain reduction.  14     

  Differential  d iagnosis 
 Serious causes of neck pain such as tumors, infections, fractures, 
and systemic diseases are rare. A clinically relevant prolapsed 
disk or cervical spondylotic myelopathy can both cause neuro-
logical symptoms. Every patient with motor function loss and/or 
refl ex changes and/or sensory loss must be thoroughly assessed. 
Metastases, cervical herniated nucleus pulposus with radiculopa-
thy, discitis, and vertebral fractures should be excluded through 
history and (additional) tests. Diagnoses such as segmental dys-
function, instability, and muscle strain as diagnoses of chronic 
pain are not suffi ciently documented to be included in the dif-
ferential diagnosis.  3     

  Treatment  o ptions 

  Conservative  m anagement 

  Physiotherapy/ e xercise  t herapy 
 In a study comparing physiotherapy with a short intervention con-
sisting of a self - management program that encourages patients 
to resume normal activity patterns, physiotherapy resulted in a 
better outcome.  25   The improvements with both interventions are, 
however, small (on all outcome scales). Physical exercises have a 
pain reducing effect, especially if the patient received adequate 
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chemical meningitis, neural trauma, pneumothorax, radiation 
exposure, facet capsule rupture, hematoma formation, and side 
effects of corticosteroids.  42   

 After RF treatment, postoperative burning pain is regularly 
reported. This pain disappears after 1 to 3 weeks.  43   Smith et 
al.  44   found contrast enhancement on MRI typical for paraspinal 
abscess, even without apparent infection, which was attributed 
to a noninfectious postinfl ammatory process. There are no inci-
dence data on side effects and complications following cervical RF 
facet denervation. At the lumbar level, the incidence of complica-
tions was lower than 1%.  45   

  Surgical  t reatments 
 Anterior cervical fusion is described as a possible technique for 
nonradicular neck pain. One study showed a clear effect on pain 
and function, but the long - term effect of this invasive treatment 
is unknown.  46     

  Evidence for  i nterventional  m anagement. 
A summary of the available evidence is given in Table 5.1 
    

dorsalis, but this was in patients with WADs.  21   Consequently, this 
RCT cannot be rated in the evidence scoring for degenerative cer-
vical facet joint pain. The effectiveness of RF treatment for degen-
erative neck pathology was shown in observational studies.  14,33,34   
A retrospective chart analysis on the effect of repeat RF facet 
denervations illustrated that the mean duration of effect of the 
fi rst intervention was 12.5 months. Patients who responded posi-
tively to the fi rst intervention received from one to six additional 
interventions. After each intervention (multiple level treatment 
of the ramus medialis of the ramus dorsalis), more than 90% of 
the patients had satisfactory pain relief, and duration of effect was 
between 8 and 12 months.  35   

 Lord et al.  21   described a technique for approaching the ramus 
medialis (medial branch) of the ramus dorsalis laterally as well 
as posteriorly. This can only be carried out in the prone position. 

 Good results have also been reported using an alternative tech-
nique as described by Sluijter, van Kleef and van Suijlekom.  36,37   
Theoretically, a block of the ramus medialis (medial branch), 
close to the ramus dorsalis, based on sensory and motor stimula-
tion parameters, could generate a similar effect as an extensive 
denervation over the entire length of the nerve. Even though 
there are no studies comparing both techniques, we consider the 
former to be the least invasive approach. Percutaneous cervical 
facet denervation is an acceptable treatment option for a clini-
cal diagnosis of chronic degenerative cervical facet pain, given the 
many observational descriptions of a positive effect.   

  Complications of  i nterventional  m anagement 
 Complications are rare. Nevertheless, one should be aware that 
the arteria vertebralis may be punctured if the needle is pushed 
too far anteriorly into the foramen intervertebrale. Verifi cation 
of the needle position should be made under antero - posterior 
fl uoroscopy to prevent intrathecal injection or injection of the 
local anesthetic into the spinal cord. In an observational study, 
the incidence of inadvertent intravascular penetration for medial 
branch blocks at spinal level was reported to be 3.9%, compa-
rable with the incidence at lumbar level (3.7%). Some patients 
experienced short - term vasovagal reactions. The intravascular 
uptake of local anesthetic and contrast solution (due to direct 
injection into a vessel) was thought to be responsible for false 
negative diagnostic blocks. No systemic effects were reported.  38   A 
report on transient tetraplegia after cervical facet joint injection, 
done without imaging, illustrates the vulnerability of the cervical 
arteries.  39  Appropriate monitoring of the vital signs and availabil-
ity of resuscitation equipment are essential. 

 Infections have been described, but the incidence is unknown 
and probably very low.  40   

 A recent report on septic arthritis of the facet joints included 
two cases of cervical facet joints. In these cases, the port of entry 
could not be identifi ed, but in one lumbar case report, percu-
taneous injection was directly linked to this severe complica-
tion.  41   Other potential complications of facet joint interventions 
are related to needle placement and drug administration; they 
include dural puncture, spinal cord trauma, spinal anesthesia, 

  Table 5.1.    Summary of evidence for interventional management of cervical 
facet pain. 

   Technique     Score  

  Intra - articular injections    0  

  Therapeutic (repetitive) ramus medialis (medial branch) of the cervical 
ramus dorsalis block (local anesthetic with or without corticosteroid)  

  2 B +   

  Radiofrequency treatment of the ramus medialis (medial branch) of the 
cervical ramus dorsalis  

  2 C +   

  Recommendations 

 For patients suffering chronic neck pain caused by cervical arthro-
sis, not responding to conservative treatment, RF treatment of the 
ramus medialis (medial branch) of the ramus dorsalis of the seg-
mental nerves from C3 to C6 can be considered. 

 The use of repetitive blocks with local anesthetic with or 
without corticosteroid places a serious burden on the patient and 
is therefore not recommended as fi rst line treatment. 

  Clinical  p ractice  a lgorithm 
 A practice algorithm for the management of facet pain is illus-
trated in Figure  5.3 .    

  Technique(s) 

  Percutaneous  f acet  d enervation 
 The (postero - ) lateral approach in the supine position is described 
below (Figure  5.4 ). The advantage of this technique is that it is 
possible to maintain eye contact with the patient. Sedation is 
rarely required.   

 The patient is placed in the supine position with the head 
slightly extended on a small cushion. The C - arm is placed in an 
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the facet column. The fi rst needle is introduced in a horizontal 
plane, slightly cranially so that the tip of the needle points in the 
direction of the end point. It is important to understand that this 
is not a  “ tunnel - view ”  technique. The needle is slowly advanced 
anteriorly and cranially until bony contact with the facet column 
occurs. The further the needle is advanced, the more diffi cult it 
becomes to change the direction. Therefore, the position of the 
needle needs to be checked frequently. If the needle points too 
much in the direction of the foramen intervertebrale, without 
contacting bone, the direction needs to be corrected to be more 
posterior. If there is no bone contact in the posterior direction, 

oblique position (20 to 30 °  laterally). In this position, the beam 
runs parallel with the exiting nerve root that runs somewhat cau-
dofrontal. In this position, the pedicles from the contralateral 
side are projected onto the anterior half of the corpus vertebrae 
Figure  5.5 . In the AP projection, the C - arm is positioned 10 to 
20 °  caudally. In this position, the discus intervertebralis space and 
the foramen intervertebrale are visible (Figure  5.6 ). The ramus 
medialis (medial branch) of the ramus dorsalis runs over the 
base of the processus articularis superior. The injection point 
is marked on the skin, slightly posterior and caudal to the end 
point of the needle that is dorsal to the posterior boundary of 

     Figure 5.3.     Clinical practice algorithm for treatment 
of cervical facet pain. RF, radiofrequency treatment.  
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     Figure 5.4.     Posterolateral approach of the cervical ramus medialis (medial branch) of the ramus dorsalis (illustration: Rogier Trompert Medical Art. 
 www.medical - art.nl ).  

Ganglion spinale (DRG)

Ramus ventralis

N. spinalis

Ramus medialis

Ramus lateralis

Ramus dorsalis

     Figure 5.5.      Radiofrequency treatment cervical ramus medialis (medial branch) 
of the ramus dorsalis /facet C4, C5, C6 left: antero posterior projection.  

     Figure 5.6.     Radiofrequency treatment cervical ramus medialis (medial branch) of 
the ramus dorsalis/facet C4, C5, C6 left:  ¾  projection.  
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there is a risk that the needle will enter the canalis vertebralis 
between the laminae. To prevent this, the needle position can be 
checked in the AP direction. The fi nal position of the needle in the 
AP direction is in the concave  “ waist ”  of the facet column. After 
placement of the fi rst needle, the other needles are introduced in 
the same way. The fi rst needle acts as a guideline for direction and 
depth. The same technique is used for the facet joints of C3 – C4 
to C6 – C7.   

 Once an optimal anatomic location is reached and control-
led using fl uoroscopy, the position of the needle tip at the ramus 
medialis (medial branch) of the ramus dorsalis is confi rmed using 
electrical stimulation. The stimulation threshold is determined: 
an electrical stimulation of 50   Hz must give a reaction (tingling) 
in the neck at less than 0.5   V. Then stimulation is carried out at 
2   Hz. Contractions of the paraspinal muscles can occur. Muscle 
contractions in the arm indicate a position close to the exiting 
segmental nerve. The needle should then be placed more posteri-
orly. Once the correct position has been determined, 0.5 to 1   mL 
local anesthetic (1% or 2% lidocaine) is given. A RF lesion at 80 ° C 
for 60 seconds is carried out.    

  Summary 

 Neck pain is common in the general population. The etiology is 
diffi cult to confi rm based on history, physical examination, and 
radiological tests. Conservative treatment is the fi rst choice. 

 At the cervical level, the facet joint appears to be an important 
source of pain with degenerative neck symptoms. Where there is 
an indication that the pain is arising from the facet joints, a mini-
mally invasive technique such as RF treatment of the ramus medi-
alis (medial branch) of the ramus dorsalis may be considered.  
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   Introduction 

 The prevalence of Cervicogenic headache (CEH), according to 
the criteria of Sjaastad et al.  1   is 1%.  2   Depending upon the popula-
tion studied (population - based vs. hospital - based) and the cri-
teria used, the prevalence has been reported between 2.5% and 
13.8%.  3,4   

 Besides the criteria for CEH from the Cervicogenic Headache 
International Study Group  1   (CHISG) (Table  6.1 ), the Interna-
tional Headache Society also published diagnostic criteria for 
CEH (Table  6.2 ).  5   Both defi nitions are used in clinical practice.   

 CEH is a clinically defi ned headache syndrome arising from 
cervical nociceptive structures. Bogduk stated that all structures 
(e.g., facet joints, disci intervertebrales, muscles and ligaments) 
that can be innervated by the segmental nerves from C1 – C3 are 
possible sources for CEH.  6   The Quebec Headache Study group in 
1993 stated that cervical facet dysfunction is probably the most 
important clinical source.  7   

 The nucleus trigeminocervicalis is central to the postulated 
mechanism of CEH. This nucleus is formed by the pars caudalis 
of the spinal nucleus nervi trigemini and the grey matter from 
the upper 3 cervical spinal cord segments.  8   Nociceptive afferents 
of the nervus trigeminus and the fi rst 3 cervical nerves interact 
here and form multiple collateral nerve endings.  9   In the nucleus 
trigeminocervicalis nerve endings appear to overlap and converge 
on second - order neurons.  10   This convergence forms the basis of 
the referred pain. Convergence between the nervus trigeminus 
and cervical afferents can result in cervical pain which is felt in 
the sensory receptive fi elds of the nervus trigeminus.  11    

  Diagnosis 

  History 
 The patient usually seeks help for the headache symptoms arising 
from the neck. For the case history, a number of general questions 

should be posed such as: duration of the symptoms, frequency, 
localization, provocative factors, signs of migraine, trauma, medi-
cations, treatments already applied, family history, and so forth. 
By posing specifi c questions, a clear working diagnosis can be 
obtained (Table  6.1 ). CEH is principally a unilateral headache 
but can also occur bilaterally. The pain usually begins in the neck 
and radiates outward to the fronto - temporal and possibly to the 
supra - orbital area. The headache is usually nagging and non-
pulsating in character. The pain can occur in attacks; the dura-
tion of an attack is unpredictable (hours to days). The pattern of 
the attacks can also change into a chronic fl uctuating headache. 
Symptoms which suggest the involvement of the cervical spinal 
column are essential, such as limited movement of the neck, prov-
ocation of the neck/headache symptoms with mechanical stimuli, 
etc. (Table  6.1 ). Migraine - like symptoms such as nausea, vomit-
ing, and photophobia are, if present, usually mild in character. 
Positive response to a diagnostic/prognostic block with a local 
anesthetic confi rms the diagnosis of CEH.  

  Physical  e xamination 
 Physical examination of the neck encompasses several elements:
   1     Movement tests of the cervical spinal column: passive fl exion, 

retrofl exion, laterofl exion, and rotation should be assessed on 
limitation of movement.  

  2     Segmental palpation of the cervical facet joints.  
  3     Assessment of the following  “ pressure points ” : 

    •      Nervus occipitalis major (occipital - temporal part of the 
skull);  

   •      Nervus occipitalis minor (attachment of the musculus ster-
nocleidomastoideus to the skull);  

   •      Third cervical nerve root (facet joint C2 – C3);  
   •      Pressure pain anterior, posterior, and on the ventral muscu-

lus trapezius border;  12    
   •      The assessment of the  “ pressure points ”  aims at getting an 

indication of the segmental level, where the nociceptive 
stimulus possibly occurs. It should be noted that there is 
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  4     Hemicrania continua;  
  5     Chronic paroxysmal hemicrania (CPH).    

 A main diagnostic problem is to distinguish CEH from migraine 
without aura. Similarities include:
   1     Unilaterality of the headache;  
  2     Occurrence predominantly in women;  
  3     Possible occurrence of nausea and vomiting.    

 However, there are also fundamental differences between 
migraine and CEH:
   1     Unilaterality without  “ side shift ”  in CEH, while in migraine 
without aura there can be a shift of the headache during the 
same headache attack as well as between the individual headache 
attacks.  
  2     CEH usually begins in the neck while migraine usually begins 
in the fronto - temporal region.  
  3     CEH can be provoked by mechanical pressure in the upper 
lateral area of the cervical spinal column, on the symptomatic 
side, and/or with continuous backward tilting of the head; 
whereas, this usually does not occur with migraine.  
  4     In CEH, there is often a limitation of movement in the neck, 
which is not characteristic of migraine.  
  5     A nonradicular, ipsilateral diffuse shoulder/arm pain some-
times occurs in CEH but not in migraine.    

 Unilateral CEH is easy to differentiate from muscle tension 
headache, although in the bilateral form this is more diffi cult. 
However, with help from the following characteristics of CEH, 
it is usually possible to differentiate between CEH and muscle 
tension headache: provocation of the headache symptoms by 
mechanical pressure and/or continuous backward tilting of the 
head, limitation in movement of the neck, and a non - radicular, 
ipsilateral diffuse shoulder/arm pain. 

 CEH is easy to differentiate from cluster headache. Cluster 
headache is an excruciating unilateral headache that usually has 
a circadian rhythm. It can last from 20 minutes up to 3 hours. 
During the attack, it is often diffi cult for the patient to stay still 
secondary to the severity of the pain. Also, cluster headache is 
characterized by associated autonomic symptoms. 

 Hemicrania continua is a unilateral chronic daily headache, 
which can fl uctuate in intensity during the day. Pathognomically, 
however, the headache responds well to indomethacin. 

 Chronic Paroxismal Hemicrania (CPH) is characterized by a high 
frequency of severe unilateral headache attacks of a short dura-
tion (10 to 30 minutes). CPH also responds well to indomethacin. 

 It is possible that a patient can experience more than one type 
of headache simultaneously. With a very careful case history and 
physical examination, it is often possible to analyze these head-
ache types and, where possible, to treat them individually.   

  Treatment  o ptions 

  Conservative  t reatment 
 Generally, a conservative treatment should be the fi rst option 
before interventional treatment is started. Conservative pain 

no scientifi c evidence for the assessment of pressure points. 
Assessment is empirical and subjective. Further research is 
required to assess the value of such tests.       

  Additional  t ests 
 The relationship between radiographic changes and pain is cer-
tainly not unequivocal.  13,14   Conventional radiologic tests are 
therefore unsuitable in order to either include or exclude involve-
ment of the cervical spinal column. If there are indications of  “ red 
fl ags, ”  one should always carry out further diagnostic tests, such 
as magnetic resonance imaging and computed tomography scans.  

  Differential  d iagnosis 
 In the differential diagnosis of CEH, just as with other head-
aches, organic disorders such as a space - occupying lesion in the 
posterior fossa cerebellaris and other tumors, sinus thrombosis, 
arthritis of the cervical spinal column, etc. should be excluded. 
Differential diagnoses which should be noted include:
   1     Migraine without aura;  
  2     Tension headache;  
  3     Cluster headache;  

  Table 6.1.    Diagnostic criteria for CEH according to Sjaastad. 1  

  1.   Symptoms that indicate pain arises from the neck:  

     a.   Provocation of the headache radiating from the neck by:  

        Neck movement and/or continuous backward tilting of the head; and/or  
        External pressure on the occipital or higher cervical region on the 

symptomatic side.  

     b.   Limited movement of the neck.  

     c.   Ipsilateral neck, shoulder -  or arm - pain of a mostly nonradicular nature.  

  2.   Positive response to diagnostic/prognostic block with a local anesthetic.  

  3.   Unilateral headache.  

   The diagnosis of CEH can be made if the patient fulfi lls  1a  and  2 . If the patient 
does not exhibit the symptoms  1a , the combination of  1b ,  1c ,  2,  and  3  is, 
however, very suggestive of CEH. A bilateral form of CEH is also possible.  
  CEH, Cervicogenic headache.   

  Table 6.2.    Diagnostic criteria for CEH according to IHS. 5  

   A.   Pain, referred from a source in the neck and perceived in one or more regions 
of the head and/or face, fulfi lling criteria C and D.  

  B.   Clinical, laboratory, and/or imaging evidence of a disorder or lesion within the 
cervical spine or soft tissues of the neck known to be, or generally accepted as, a 
valid cause of headache.  

  C.   Evidence that the pain can be attributed to the neck disorder or lesion based 
on at least one of the following:  

     Demonstration of clinical signs that implicate a source of pain in the neck;  

     Abolition of headache following diagnostic block of a cervical structure or its 
nerve supply using placebo -  or other adequate controls.  

  D.   Pain resolves within 3 months after successful treatment of the causative 
disorder or lesion.  

   IHS, International Headache Society.   
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(medial branch) of the cervical ramus dorsalis, the results were 
outstanding to good in 65%, average in 14%, and no improve-
ment was seen in 21% of the patients, with an average follow - up 
of 16.8 months (range 12 to 22).  24   

 Later, 2 randomized controlled trials studying the effect of RF 
treatment of the ramus medialis (medial branch) of the cervi-
cal ramus dorsalis in patients with CEH were published. Stovner 
et al.  25   included 12 patients with CEH according to the criteria of 
Sjaastad, and treated 6 patients with cervical facet denervation of 
C2 to C6 and 6 patients with a sham intervention. Follow - up after 
3, 12 and 24 months showed no difference between the 2 groups. 
Physical examination of the cervical facet joints was not carried 
out in this study. 

 Haspeslagh et al.  26   included 30 patients with unilateral CEH 
according to the criteria of Sjaastad. Fifteen of these patients were 
treated with cervical facet denervation which was by failure of this 
intervention followed by an RF treatment of the ganglion spinale 
C2 and/or C3 (dorsal root ganglion, DRG) in 3 patients. The other 
15 patients were treated with a series of injections of the nervus 
occipitalis major and ultimately followed with TENS therapy 
if necessary. Even though no signifi cant difference between the 
2 groups was found, there were patients in both groups with a 
signifi cant visual analog scale reduction and/or a positive effect 
on the global perceived effect scale. After a follow - up of 1 year 
there were 8 (53%) patients in the RF group and 7 (46%) in the 
injection/TENS group with a signifi cant pain reduction. Physical 
examination for painful facet joints was an inclusion criterion of 
this study. 

 Govind and colleagues reported, in their retrospective study, 
88% success rate (43/49 patients) with a median duration of 
headache relief of 297 days in patients with headache stemming 
from the C2 – C3 joint.  27   They performed a RF treatment of the 
nervus occipitalis tertius. The most common side effect is incom-
plete lesioning of the nervus occipitalis tertius because of its vari-
able anatomy.  28    

  Surgical  t reatments 
 Neurolysis of the nervus occipitalis major in patients with CEH, 
according to the criteria of Sjaastad, gave signifi cant pain reduc-
tion after 1 week. Follow - up after a year showed that in 92% of the 
patients, the symptoms had completely returned.  29   

 Microsurgical decompression of the C2 ganglion spinale 
(DRG) in 35 patients with CEH, according to the criteria of Sjaas-
tad, showed that 37% of the patients were pain free, and in 51% 
a clear improvement was seen.  30   The average follow - up was 21 
(3 to 70) months. During microsurgical decompression of the 
ganglion spinale (DRG), ligament structures and veins around 
the ganglion were  “ removed ”  by means of electrocoagulation. 
Stechinson claims that the results from Pikus et al. can also be 
attributed to the effects of electrocoagulation nearby the ganglion 
spinale (DRG), a sort of  “ radiofrequency lesion ” .  31     

  Evidence for  i nterventional  m anagement 
 A summary of the available evidence is given in Table  6.3 .     

treatments include among others: medication, physiotherapy, 
manual therapy, and transcutaneous electrical nerve stimulation 
(TENS). There is no one preferred method. Usually patients with 
CEH, seen in a pain management centre, have already been exten-
sively treated with conservative therapies. 

   TENS  
 TENS is an example of a noninvasive regularly used nerve stimu-
lation technique. Farina et al.  15   demonstrated in their nonran-
domized study that TENS is an effective treatment method for 
CEH. A randomized study in patients with CEH patients, showed 
a signifi cant improvement in headache symptoms after 3 months 
of TENS therapy compared with the placebo group.  16     

  Interventional  m anagement 
 Various interventional procedures for CEH have been published. 
A generally acceptable treatment method for CEH is not yet avail-
able. This is mainly because of the fact that the cause of CEH in 
general is unknown, so that many of the treatments are of a symp-
tomatic nature. 

 A number of invasive procedures for patients with CEH are 
described below. The selection of the type of invasive treatment is 
guided by the case history and physical examination. 

  Local  i njections 
 Injections of the nervus occipitalis major with a local anesthetic 
with or without corticosteroids give a temporary positive effect 
for CEH.  17 – 19   A randomized study by Naja et al.  20   showed signifi -
cant pain reduction after a follow - up of 2 weeks. This study was 
continued in the form of a prospective study whereby signifi cant 
pain reduction was still achieved after a follow - up of 6 months. In 
this last study, 87% of the patients required an extra injection. In 
addition to an injection of the nervus occipitalis major, an injec-
tion of the nervus occipitalis minor was performed.  21   

 Injection into the atlanto - axial joint with a local anesthetic and 
corticosteroid, in patients with CEH, was carried out when the 
clinical picture suggested atlantoaxial joint pain. There was no 
statistically signifi cant difference after 6 months in this retrospec-
tive study.  22    

  Radiofrequency ( RF )  t reatment 
 If during a physical examination of a patient with CEH a diagno-
sis of segmental paravertebral pressure pain in the cervical spinal 
column is made, this can indicate the involvement of the cervical 
facet joints. In this case, a block of the ramus medialis of the cer-
vical ramus dorsalis (cervical medial branch block) followed by 
percutaneous RF treatment can be performed. 

 In 1986, Hildebrandt et al.,  23   in an open study, reported a good 
result for 37%, an acceptable result for 28%, and no improvement 
for 35% of the patients with head and neck pain. It is not known 
whether these patients had CEH. The average follow - up was 12 
months (range 3 to 30). 

 In a prospective study in patients with CEH according to the 
criteria of Sjaastad, receiving RF treatment of the ramus medialis 
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 In the case of an unsatisfactory outcome after injection of the 
nervus occipitalis major, RF treatment of the ramus medialis 
(medial branch) of the cervical ramus dorsalis can be consid-
ered. If the result is unsatisfactory, PRF treatment of the ganglion 
spinale (DRG) of C2 and/or C3 can be considered in the context 
of a study.  
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  Clinical  p ractice  a lgorithm 
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Figure  6.1 .  

  Technique(s) 

  Nervus  o ccipital  i njection 
 For a description of the technique, we refer to chapter 8:  “ Occipi-
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  Percutaneous  f acet  d enervation 
 For a description of this technique, we refer to chapter 5:  “ Cervi-
cal facet pain. ”   33      

  Summary 
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and possibly to the supra - orbital region. 

 Physical examination encompasses movement tests of the 
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     Figure 6.1.     Clinical practice algorithm for the treatment of cervicogenic 
headache. RF, radiofrequency.  
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   Introduction 

 Whiplash - associated disorder (WAD) is the offi cial name for the 
constellation of symptoms affecting the neck that are triggered 
by an accident with an acceleration – deceleration mechanism. The 
occurrence of WAD is typical in motor vehicle accidents specifi -
cally with an impact from behind or from the fl anks, but WAD 
can also result from other injuries including diving. 

 Research in Europe shows that the prevalence of neck pain 
caused by car accidents has risen from 3.4 per 100,000 in 1970 to 
1974, to 40.2 per 100,000 in 1990 to 1994.  1   In 1995, the Quebec 
Task Force made a theoretical classifi cation of WADs,  2   which was 
recently updated.  3   This makes it easier to compare international 
research.
    •      Grade 0: no complaints in the neck. No physical signs.  
   •      Grade I neck pain: no symptoms indicating serious pathology 
and minimal infl uence on daily activities.  
   •      Grade II neck pain: no symptoms indicating serious pathology, 
but having infl uence on daily activities.  
   •      Grade III neck pain: no symptoms indicating serious pathol-
ogy, presence of neurological disorders such as decreased refl exes, 
muscle weakness, or decreased sensory function.  
   •      Grade IV neck pain: indications of serious underlying pathol-
ogy such as fracture, myelopathy, or neoplasm.    

 This article will primarily cover the current understanding of 
the pathophysiology and pain intervention approach for patients 
with WAD I and II. Spitzer et al.  2   indicates that the natural course 
of whiplash is fairly favorable. Approximately 85% of the patients 
resumed their activities within 6 months after an accident. It is 
generally assumed that the symptoms become chronic in 15% to 
30% of the WAD patients.  4    

  Diagnosis 

  History 
 Typical symptoms of acute whiplash injury include: (1) pain in 
the neck, shoulders, and, potentially, in the arms; (2) headache, 
particularly in the occipital area, sometimes radiating to the fore-
head above both eyes; and (3) restricted mobility of the neck as a 
result of neck stiffness immediately after the accident. Concomi-
tant symptoms include dizziness, visual impairments, nausea, 
tinnitus, deafness, paresthesias in the hands, localized spasm and 
tenderness, unilateral brachialgia due to shoulder complaints, 
lower back pain, posttraumatic stress disorder (depression), and 
cognitive function disorders. 

 The importance of history taking is to be able to rule out grades 
III and IV neurological symptoms that can indicate damage to the 
nervous system and skeletal structures. The term acute whiplash 
syndrome applies to the fi rst 3 weeks after the accident. Thereaf-
ter, a sub - acute stage starts during which most of the symptoms 
disappear while administering conservative therapy. If the symp-
toms persist after 3 months, it is considered chronic whiplash syn-
drome.  4    

  Physical  e xamination 
 The physical examination aims to either exclude or demonstrate 
nervous system damage. At the same time, fractures should be 
ruled out. A thorough neurological examination of the neck 
should be carried out, focusing on the sensibility and motor 
function of the arms and hands, and radicular provocation tests 
(Spurling). Clinical signs of WAD typically include localized 
spasm and tenderness as well as limitation in the active range 
of motion, including laterofl exion and extension. Patients with 
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whiplash patients with WAD grades I and II.  8   The treatments 
in these studies varied from immobilization by means of a cer-
vical collar to early active mobilization and multimodal treat-
ment. These studies concluded that active treatment strategies 
are slightly more effective than passive treatment strategies and 
any treatment (whether passive or active) is more effective than 
no treatment at all. There is no clear evidence which treatment is 
better. The Dutch Institute for Healthcare Improvement working 
group recommends that patients with WAD (grades I to II) should 
be given a clear explanation about why they are experiencing the 
symptoms and precisely what they should expect, providing the 
natural course of the condition.  4   

 Two studies on the medical treatment of chronic WAD exem-
plify the lack of effectiveness of pharmaceutical interventions. 
In a randomized study, Schreiber et al. investigated the effect of 
fl uoxetine vs. amitriptyline on pain in 40 patients with back pain 
or neck pain as a result of a whiplash accident.  9   There were no 
signifi cant differences. Another study showed no signifi cant effect 
of melatonin compared with placebo for sleep disorders.  10    

  Interventional  m anagement 
 Interventional treatments are only considered after a minimum of 
6 months because in that time period, the clinical signs have suffi -
ciently stabilized. Interventional treatments for WAD historically 
include injection of steroids into the epidural space, into trigger 
points, or facet joints, injection of botulinum toxins in muscles 
with increased tenderness, and percutaneous radiofrequency 
(RF) treatment. 

 While cervical epidural steroids appear to have short - term 
benefi t for the radicular symptoms, no study has demonstrated 
the effectiveness in an axial, nonradicular whiplash population in 
WAD I and II categories. 

 A randomized study by Barnsley et al. in 1994 investigated the 
effect of intra - articular depot corticosteroid versus local anes-
thetic injections in the cervical facet joints of chronic whiplash 
patients.  7   There were no signifi cant differences noted. 

 Trigger point injections are as effective as simple ultrasound, 
but not more effective than physical therapy.  11   

 Freund and Schwartz  12   published a randomized, placebo -
 controlled pilot study in 2000 with 26 chronic whiplash patients 
(WAD grade II) on the effect of botulinum toxin on neck pain 
and neck function. The treatment group (group I) received 5 
injections of 0.2 - mL (20   U) botulinum toxin type A and the 
control group (group II) received 5 injections of 0.2 - mL saline 
solution. The follow - up parameters were visual analog scale for 
neck pain and function measurements using the Vernon – Mior 
index. After a 4 - week follow - up, there was no signifi cant differ-
ence in the effect parameters between the two groups. Likewise, 
others have failed to demonstrate the effectiveness of botulinum 
toxins in treatment of chronic neck pain even when the pain is 
primarily associated with myofascial spasms.  13   

 In a randomized, double - blind, placebo - controlled clinical 
trial of Padberg et al. in 2007, botulinum toxin was not proven to 
be effective in treatment of neck pain in chronic WAD.  14   

neck pain have tenderness and spasms that are not evident in 
the asymptomatic individuals.  5   Even so, palpation may reveal 
localized tenderness, and range of motion may be restricted, but 
neither of these features yield a defi nitive diagnosis in the WAD I 
and II patients. They merely point to some abnormality that war-
rants further interventions.  

  Additional  t ests 
 The objective of physical examination is to pinpoint the source 
of pain, and hopefully, the information obtained from the assess-
ments will direct to effective treatments. 

 Additional tests should be carried out when indicated. A mag-
netic resonance imaging scan (MRI) of the neck is not useful with 
WAD I and II, but can still be considered in case of suspected 
neurological problems.  4   Research has demonstrated that an MRI 
scan during the chronic stage of a whiplash injury rarely shows a 
traumatic defect.  6   Choosing an MRI is guided by clinical evalua-
tion in case of unexplained neurologic abnormalities and in prep-
aration of surgical intervention. MRI is perhaps the best screening 
tool for missed and occult fractures, infections, and tumors. Apart 
from these criteria, utility of MRI is limited. 

 Electrophysiologic examination by electromyography (EMG) 
and nerve conduction velocity (NCV) tests are not justifi ed in 
WAD I and II given the absence of radicular pain. Even for the 
assessment of radiculopathy, electrophysiologic tests are not more 
valuable than a careful neurologic evaluation. 

 Hence, forced by the overwhelming lack of evidence for the 
conventional investigational approach (use of X - rays, MRI, EMG/
NCVs), one has to resort to  physiologic  tests. Pain is a sensory expe-
rience. As such, in dealing with WAD I and II patients, imaging 
and electrophysiologic investigations cannot reliably diagnose the 
source of pain. Rather, these latter tests are useful corollaries to 
physiologic tests, to confi rm the fi ndings of the physiologic tests 
and clinical evaluation. 

 In the chronic whiplash patients, where conservative treatment 
has failed and physical examination reveals possible dysfunction 
of the cervical facet joints, a diagnostic blockade of these joints is 
appropriate.  7    

  Differential  d iagnosis 
 The relation with the acceleration – deceleration trauma is found 
in the medical history. Differential diagnosis that specifi cally must 
not be overlooked includes: (1) infections; (2) tumors; and (3) 
neurologic disorders. The  “ red fl ags ”  that will alert the clinician 
are unexplained fevers, night sweats, unexplained weight loss, 
decrease in appetite, general malaise, history of cancers, weakness, 
neurologic symptoms, immunosupression, illicit drug use, as well 
as other alerts in the evaluation of systems.   

  Treatment  o ptions 

  Conservative  m anagement 
 A review article by Verhagen et al. within the Cochrane Collabo-
ration describes the effect of conservative treatments for acute 
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  Evidence for  i nterventional  m anagement 
 A summary of the available evidence is given in Table  7.1 .     

  Recommendations 

 RF lesions of the ramus medialis (medial branch) of the ramus 
dorsalis of the cervical segmental nerves are recommended for 
therapy - resistant neck complaints when there is an indication for 
involvement of the cervical facet joints in this pain syndrome. 

  Clinical  p ractice  a lgorithm 
 The practice algorithm for the treatment of WAD is given in 
Figure  7.1 .    

 The effect of RF treatment of the cervical facet joints is well 
documented. In 1996, Lord et al. published a randomized, double -
 blind study with 24 chronic whiplash patients on the effect of per-
cutaneous RF treatment of the ramus medialis (medial branch) of 
the ramus dorsalis of the cervical facet joints.  15   Patients ( n     =    54) 
were selected double - blindly for this study. Each patient under-
went 3 blocks of the rami mediales (medial branches) of the 2 
rami dorsales supplying the putatively symptomatic facet joint. 
The blocks were performed with lidocaine 2%, bupivacaine 0.5%, 
or a saline solution, and were randomly administered (double 
blind, placebo controlled). Patients with complete relief of pain 
for the duration of the local anesthetic and those who reported 
no relief with normal saline were deemed to have true facetogenic 
pain. Twenty - four such patients were included in the study. 
Patients were randomized in two groups of 12 patients: Group I 
underwent RF treatment at multiple levels of the cervical ramus 
medialis (medial branch) of the ramus dorsalis. Group II received 
a sham treatment. After 27 weeks, 7 (58%) of the patients from 
group I and 1 (8%) from group II were pain free. The mean time 
of pain symptom recurrence to at least 50% of the preopera-
tive level was 263 days in 12 patients in group I and 8 days in 12 
patients in group II. Others have also demonstrated the utility of 
cervical RF treatment, in litigant and nonlitigant populations.  16,17   
Prushansky et al.  18   conducted a prospective study of 40 patients 
with chronic whiplash injury - associated disorders who under-
went RF treatment. The authors found an improvement in 70% 
of patients based on a number of parameters including the Neck 
Disability Index and cervical range of motion. In 1999, McDon-
ald et al.  19   published a prospective long - term follow - up study 
of the long - term effect of RF treatment of the ramus medialis 
(medial branch) of the ramus dorsalis of the cervical facet joints 
in 28 chronic whiplash patients with neck pain. Twenty patients 
(71%) reported complete pain reduction. The mean time of pain 
symptom recurrence to at least 50% of the preoperative level 
was 219 days (0 to 1,095 days) in all 28 patients and 422 days 
if only the positive results were evaluated. In 11 patients (55%), 
the procedure was repeated for the recurrence of the pain symp-
toms, resulting in complete pain reduction. Several procedures 
were carried out in 4 patients (20%) who reported complete 
pain reduction lasting a minimum of 90 days in each case. As the 
treated nerves regenerate, the complete relief can be reinstated by 
repeating the procedure.  20   

 Psychological disorders are a characteristic of many chronic 
pain syndromes. Wallis et al. showed that in the above - mentioned 
patient group, the psychological stress factors, measured using 
the McGill Pain Questionnaire and the SCL - 90 - R (Symptom 
Checklist - 90 Revised), entirely normalized in the patients 
in which the pain after the RF treatment had completely 
disappeared.  17    

  Complications of  i nterventional  m anagement 
 Complications of RF treatment of the ramus medialis (medial 
branch) of the cervical ramus dorsalis are described in chapter 5 
on cervical facet pain.  21    

  Table 7.1.    Summary of evidence for interventional management of whiplash-
associated disorders. 

   Technique     Evaluation  

  Botulinum toxin type A    2 B −   

  Intra - articular injection    2 C −   

  Radiofrequency treatment of the ramus medialis (medial branch) 
of the cervical ramus dorsalis  

  2 B +   

     Figure 7.1.     Clinical Practice algorithm for the treatment of whiplash - associated 
disorders (WAD). RF, radiofrequency; VAS, visual analog scale.  

Whiplash-associated
disorders (WAD) 

Red flags ruled out? 

Painful cervical facet joints 

Yes No

Selective diagnostic block No RF lesion 

Conservative treatment effectively carried 
out during a minimum of 6 months without 

sufficient result (VAS ≥ 4) 

Yes No

RF cervical facet / 
ramus medialis 
(medial branch) of the  
cervical ramus dorsalis 

No RF lesion 

≥ 50% pain 
reduction
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  Technique(s) 
 RF facet denervation is described in the chapter on cervical facet 
pain.  21     

  Summary 

 WADs are comprised of a range of symptoms of which the neck 
complaints and headaches are the most signifi cant spine - related 
symptoms. 

 Six months of conservative treatment are recommended. 
 The prevalence of cervical facetogenic pain is high in the whip-

lash population. If the facet joints are painful, a RF treatment of 
the ramus medialis (medial branch) of the ramus dorsalis at the 
cervical facets joints can be recommended.  
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   Introduction 

 The International Headache Society (IHS) defi nes occipital neu-
ralgia as paroxysmal shooting or stabbing pain in the dermatomes 
of the nervus occipitalis major or nervus occipitalis minor.  1   The 
pain originates in the suboccipital region and radiates over the 
vertex. Hypo -  or dysesthesia in the affected area can accompany 
the pain. Pressure over the nervus occipitalis major or minor 
usually elicits the pain. 

 No data are available about the prevalence or incidence of 
occipital neuralgia. The nervus occipitalis major is more fre-
quently involved (90%) as compared with the nervus occipitalis 
minor (10%). In 8.7%, both nervi occipitales are responsible for 
the neuralgia.  2   

 Often, damage or irritation of the nervus occipitalis major or 
minor is the cause of the neuralgia. Vital et al.  3   described 2 bends 
that divide the course of the nervus occipitalis major into 3 parts. 
The nervus occipitalis major is formed by the ramus dorsalis of 
the C2 nerve root. The fi rst part runs between the origin of the 
nerve and the musculus obliquus capitis inferior underneath of 
which the nerve makes its fi rst bend in a medial direction. The 
second part of the nerve runs cranially between the musculus 
semispinalis capitis on the one side and the musculus obliquus 
capitis inferior, musculus rectus capitis posterior, and the muscu-
lus rectus capitis anterior on the other side. When perforating the 
musculus semispinalis capitis toward the surface, the nerve makes 
its second bend in a lateral direction. The third part of the nerve 
runs further laterally where the aponeurosis of the musculus tra-
pezius is perforated and the nerve begins its subcutaneous course. 
The nervus occipitalis major usually branches after perforating 
the aponeurosis. 

 There are various potential causes of irritation: vascular, neu-
rogenic, muscular, and osteogenic.
   1     Vascular 

    •      Irritation of the nerve roots C1/C2 by an aberrant branch of 
the arteria inferior posterior cerebelli (posterior inferior cer-
ebellar artery)  4    

   •      Dural arteriovenous fi stula at the cervical level  5    
   •      Bleeding from a bulbocervical cavernoma  6    
   •      Cervical intramedullar cavernous hemangioma  7    
   •      Giant cell arteritis  8 – 10    
   •      Fenestrated arteria vertebralis pressing on C1/C2 nerve 

roots  11    
   •      Aberrant course of the arteria vertebralis  12      

  2     Neurogenic 
    •      Schwannoma in the area of the craniocervical junction: 

schwannoma of the nervus occipitalis  13,14    
   •      C2 myelitis  15    
   •      Multiple sclerosis  16      

  3     Muscular/tendinous  17    
  4     Osteogenic 

    •      C1/C2 arthrosis, atlantodental sclerosis  18    
   •      Hypermobile arcus posterior of the atlas  19    
   •      Cervical osteochondroma  20    
   •      Osteolytic lesion of the cranium  21    
   •      Exuberant callus formation after fracture C1/C2  22        

  5     After vitrectomy surgery  23     

  Diagnosis 

  History 
 Patients complain of a shooting or stabbing pain in the neck radi-
ating over the cranium. Constant pain can persist between the 
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Vital et al. found that this site is located on a line that connects 
the middle of the 2 ears, 3.18   cm from the midline.  3   Becser et al. 
found that the subcutaneous pathway of the nerve starts at the 
level of the intermastoid line at 13   mm from the midline.  28   Loukas 
et al. investigated the best site to infi ltrate the nervus occipitalis 
major based on external landmarks.  29   On average, the nervus 
occipitalis major is situated 3.8 cm lateral from the midline and 
one quarter of the distance along a line connecting the protu-
berantia occipitalis externa to the processus mastoideus (or 2   cm 
lateral and 2   cm inferior to the protuberantia occipitalis externa). 
This is in accordance with the fi ndings of Vital et al.  3   Natsis et al. 
defi ned the optimal site for infi ltration of the nervus occipitalis 
major 1.5   cm lateral and 2 to 2.5   cm inferior to the protuberantia 
occipitalis externa.  30   Great variability in the course of the nervus 
occipitalis major is described.  31   

 In a small ( n     =    10) retrospective study by Kuhn et al., the 
nervus occipitalis major was infi ltrated with corticosteroids after 
a positive test block with bupivacaine.  24   The authors found pain 
relief for less than 1 week in 10% of patients, 1 week in 30%, 2 
weeks in 30%, 1 month in 10%, and more than 2.5 months in 
20% of patients. Hammond and Danta found a short - term effect 
(less than 1 week) in 64% of the patients after 1 infi ltration with 
local anesthetics; 36% of the patients had an effect lasting longer 
than 1 month.  2    

  Botulinum  t oxin a  i nfi ltrations 
 Injections with botulinum toxin type A in 6 patients relieved 
the sharp, shooting pain associated with occipital neuralgia, yet 
had no effect on the dull, aching pain.  32   Quality - of - life measures 
exhibited some improvement. No signifi cant reduction in pain 
medication was demonstrated. However, in a retrospective case 
series of 6 patients with occipital neuralgia, Kapural et al. were 
able to demonstrate a pain reduction after injection of botuli-
num toxin A (visual analog scale [VAS]) declined from 8    ±    1.8 to 
2    ±    2.7) as well as an improvement in the pain disability index.  33   
The mean duration of pain relief averaged 16.3    ±    3.2 weeks.  

  Pulsed  r adiofrequency  t reatment of the  n ervi  o ccipitales 
 To date, 1 case report and 1 prospective trial have been published 
concerning pulsed radio - frequency (PRF) treatment in occipital 
neuralgia.  34,35   Both used 20 - millisecond bursts with a frequency 
of 2 Hz and a maximum temperature of 42 ° C for 4 minutes 
to the nervi occipitales. In the case report, the patient showed 
70% pain relief lasting 4 months. After recurrence of pain, the 
treatment was repeated with again 70% pain relief lasting 5 
months. Of the 19 patients included in the prospective trial, 
68.4%, 57.9%, and 52.6% reported an improvement of 50% 
or more 1, 2, and 6 months after PRF treatment, respectively. 
The mean VAS score before treatment was 7.5 (standard error 
of the mean [SEM]    ±    0.4) and declined to 3.5 (SEM    ±    0.8), 3.5 
(SEM    ±    0.7), and 3.9 (SEM    ±    0.8) at 1, 2, and 6 months, respec-
tively ( P     <    0.001,  P     <    0.001,  P     =    0.006). There was a statistically 
signifi cant improvement in the use of medication and in quality -
 of - life parameters.  

paroxysms. The pain can be perceived in the retro - orbital area 
caused by overlap of the C2 dorsal root and the nucleus trigemi-
nus pars caudalis.  23   Vision impairment/ocular pain (67%), tinni-
tus (33%), dizziness (50%), nausea (50%), and congested nose 
(17%) can be present because of connections with cranial nerves 
VIII, IX, and X, and the cervical sympathicus.  24    

  Physical  e xamination 
 Upon clinical examination, hypo -  or dysesthesia in the area of the 
nervus occipitalis major or minor as well as tenderness to pressure 
over the course of the nervus occipitalis major or minor can be 
observed. A positive Tinel ’ s sign (pain upon percussion over the 
nerve) can be present. 

 Clinical presentation and a temporary improvement with a 
local anesthetic diagnostic block of the nervus occipitalis major 
and/or minor confi rm the diagnosis.  1   False - positive results occur 
with migraine and cluster headaches.  25    

  Additional  t ests 
 Radiography is recommended to rule out underlying pathologies. 
Open - mouth X - ray of the cervical spine shows possible arthritis 
of the C2 facet joints. A computer tomography scan of the crani-
ocervical junction is indicated in case of suspected neoplastic 
or degenerative osseous pathology. It is important to note that 
degenerative changes of the cervical spinal column do not neces-
sarily correspond with the symptoms the patient is presenting. 
Magnetic resonance imaging is ideal for visualizing disorders of 
the cervical and occipital soft tissues.  

  Differential  d iagnosis 
 Tumors, infection, and congenital anomalies (Arnold - Chiari 
malformation) should be ruled out. Occipital neuralgia can be 
mistaken for migraine, cluster headache, tension headache, and 
hemicrania continua. Other structures may cause similar pain, 
such as the upper cervical facet joints (C2 - C3), osteoarthritis of 
the atlantooccipital or atlantoaxial joint, giant cell arteritis, and 
tumors of the cervical spinal column.  26     

  Treatment  o ptions 

  Conservative  m anagement 
 Conservative treatment focuses on reducing secondary muscle 
tension and on improving posture. Pharmacological treatment 
may include tricyclic antidepressants and antiepileptics (car-
bamazepine, gabapentin, and pregabalin).  

  Interventional  m anagement 

  Infi ltration of the  n ervi  o ccipitales with  l ocal  a nesthetic and 
 c orticosteroids 
 The most common site to infi ltrate the nervus occipitalis major is 
along its course, where the nerve penetrates the aponeurosis of the 
musculus trapezius. Here, the nerve is most often constricted.  27   
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ommended in a clinical trial setting. Subcutaneous nerve stimu-
lation can be considered in severe disabling pain unresponsive to 
other treatments. Considering its relatively high cost and the inva-
sive nature of the treatment, occipital nerve stimulation should 
be considered later in the treatment algorithm and should be per-
formed in experienced centers. 

  Clinical  p ractice  a lgorithm 
 The treatment algorithm of occipital neuralgia is given in 
Figure  8.1 .    

  Technique(s) 

  Infi ltration of the  n ervus  o ccipitalis  m ajor and  m inor 
 The infi ltration sites of the nervus occipitalis major and minor 
are determined by external landmarks as described by Vital and 
Becser (see Figure  8.2 ).  3   The needle (22G) is introduced until 
there is bone contact or paresthesia is elicited. Subsequently, the 
needle is slightly withdrawn, and the local anesthetic and corti-
costeroids are injected.    

   PRF   t reatment of the C2  g anglion  s pinale 
(dorsal root ganglion ( DRG )) 
 A prospective audit looked into the effects of PRF treatment 
adjacent to the cervical ganglion spinale (DRG). In 4 of the 18 
patients, the procedure was carried out at C2 level as a treatment 
for headache. Two of these 4 patients had a long - term effect (18 
and  > 24 months), whereas no improvement was observed in the 
other 2 patients.  36     

  Subcutaneous  n eurostimulation 
of the  n ervi  o ccipitales 
 Weiner and Reed fi rst reported 13 patients who underwent 17 
implant procedures for medically refractory occipital neuralgia. 
With follow - up ranging from 18 months to 6 years, good to excel-
lent results were seen in 12 of 13 patients as defi ned by greater 
than 50% pain relief and requiring little or no pain medications. 
The thirteenth patient was explanted following resolution of the 
symptoms.  37   

 Slavin et al.  38   carried out a trial stimulation in 14 patients with 
therapy - resistant occipital neuralgia. A defi nitive neurostimulator 
was implanted subcutaneously in 10 patients who had a reduc-
tion in pain of greater than 50%. After a mean follow - up of 22 
months, 70% of the patients still had good results. This con-
fi rms the results of an earlier study by Slavin et al.  39   where 13 of 
18 patients experienced  > 50% pain reduction as a result of test 
stimulation with a favorable follow - up effect, of mean 28 months, 
in 85% of the patients implanted. Other studies also report com-
parable results.  40,41    

  Complications of  i nterventional  m anagement 
 Although infection and bleeding are possible complications of 
any percutaneous technique, these have only been reported with 
subcutaneous lead implantation for neurostimulation together 
with lead migration, hardware erosions, electrode fractures, 
disconnections, and sepsis.  42   One case report describes sudden 
unconsciousness because of an inadvertent subarachnoidal injec-
tion through an os occipitale defect after craniotomy.  43   Other pos-
sible side - effects of occipital nerve infi ltrations include temporary 
dizziness and gait uncertainty, injection site soreness, bradycardia, 
and focal alopecia.  44 – 47    

  Evidence for  i nterventional  m anagement 
 A summary of the available evidence is given in Table  8.1 .     

  Recommendations 

 A single infi ltration of the nervus occipitalis major with local 
anesthetic and corticosteroids can be considered for the treatment 
of occipital neuralgia. The effects of botulinum toxin A infi ltra-
tions are contradictory. PRF treatment of the nervus occipitalis 
can be considered if infi ltration with local anesthetic and corti-
costeroids fails to provide suffi cient pain relief. PRF treatment of 
the ganglion spinale (dorsal root ganglion) C2 or C3 is only rec-

  Table 8.1.    Summary of evidence for interventional management of occipital 
neuralgia. 

   Technique     Evaluation  

  Single infi ltration of the nervi occipitales with local anesthetic and 
corticosteroids  

  2 C +   

  Pulsed radiofrequency treatment of the nervi occipitales    2 C +   

  Pulsed radiofrequency treatment of the cervical ganglion spinale 
(dorsal root ganglion)  

  0  

  Subcutaneous stimulation of the nervi occipitales    2 C +   

  Botulinum toxin A injection    2 C ±   

     Figure 8.1.     Clinical practice algorithm for the treatment of occipital neuralgia. 
PRF, pulsed radio - frequency.  

Occipital neuralgia 

Positive test block 

Consider infiltration of the nervus 
occipitalis with corticosteroids or

PRF of the nervus occipitalis 

Insufficient effect 

Consider occipital nerve stimulation 
(in experienced centers)
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After disinfection and sterile draping, a curved needle is inserted 
at the upper lateral end of the neck and advanced toward the 
midline of the craniovertebral junction along the contour of the 
C1 arcus vertebralis under fl uoroscopic guidance, crossing over 
the anatomic course of the nervus occipitalis major or minor. 
When positioning of the needle is considered satisfactory, stand-
ard 4 - contact electrodes are advanced through the needle, and 
the tip of the electrode containing 4 discrete contacts is placed in 
close proximity of the nervus occipitalis major or minor. Correct 
position of the electrode is verifi ed by intraoperative test stimu-
lation of the awake patient, and fl uoroscopically, once adequate 
coverage has been achieved, the electrode is sutured in place with 
nonabsorbable sutures using 2 plastic anchors provided by the 
manufacturer to minimize the possibility of movement. In case 
of a successful trial, defi ned as more than 50% of pain reduc-
tion, the patient undergoes the second part of the surgical pro-

   PRF   t reatment of the  n ervus  o ccipitalis  m ajor and  m inor 
 The puncture site (22G needle, 5   cm, 1   cm active tip) is located 
according to the external landmarks described by Vital and 
Becser.  3   The thermocouple is introduced after perforation of the 
skin. The nervus occipitalis major and minor are located with a 
50 - Hz, 0.5 - V current until the patient reports paresthesia in the 
dermatomes of the nervus occipitalis major and minor. Subse-
quently, a PRF treatment (45   V, 20 milliseconds, 2   Hz) lasting 
120 seconds with a maximum temperature of 42 ° C is performed 
twice.  

  Occipital  n eurostimulation 
 The fi rst stage of the procedure (the trial) is performed under 
mild sedation and local anesthesia to monitor the patient ’ s feed-
back and ensure the most optimal coverage of the painful areas 
by the stimulation. The patient is placed in a prone position. 

     Figure 8.2.     Landmarks for injection of the nervus occipitalis. Illustration: Rogier Trompert Medical Art ( www.medical - art.nl ).  

Processus mastoideus

N. occipitalis minor
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cedure under general anesthesia. The fi rst incision is made along 
the retroauricular area in a vertical direction. The soft tissues 
are dissected down to the fascia, and a small pocket is created 
above the fascia. The temporary electrode is removed, and the 
standard 4 - contact electrode is then positioned into the same 
anatomic location. Once the electrode is positioned in the right 
place, the needle is removed, and the electrode is anchored to the 
occipital fascia with nonabsorbable sutures using a plastic anchor. 
Next, a subcutaneous pocket is created below the clavicula on the 
same side to accommodate the neurostimulator. Extension cables 
are advanced through a subcutaneous tunnel, establishing con-
nection between the electrode and the neurostimulator. At the 
end, all incisions are closed, cleaned, and covered with sterile 
dressings.  38      

  Summary 

 Occipital neuralgia is responsible for neck pain and headache. No 
absolute data are available about its prevalence and incidence. 

 History, clinical examination, and a positive test block with 
local anesthetic can provide an indication for the diagnosis. 

 A single infi ltration of the nervus occipitalis major with corti-
costeroids and local anesthetic is advised. 

 If the symptoms are resistant to infi ltration with local anes-
thetic and corticosteroids, PRF of the nervus occipitalis can be 
considered. If pain persists, PRF of the ganglion spinale (DRG) 
C2 or C3 can be considered in a clinical trial setting. 

 Because of the cost and invasiveness, subcutaneous nerve stim-
ulation is placed last in the treatment algorithm and should only 
be performed in experienced centers.  
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   Introduction 

 The incidence of shoulder complaints in daily general practice is 
high. An estimate of 24 episodes for every 1,000 patients in general 
practice has been calculated with a prevalence of 35 for every 
1,000 patients per year, 60% of whom are women.  1   Although 60% 
of the patients with shoulder complaints recover after one year, 
shoulder pain has a tendency to recur from time to time.  1   

 It is not always clear why a patient develops shoulder com-
plaints except when it is due to trauma. Pathologies such as an 
aseptic infl ammation of the synovial membranes of the gleno-
humeral joint, the acromioclavicular and sternoclavicular joints, 
and infl ammation of the outer soft tissue surrounding these joints 
can cause shoulder complaints. A systematic review establishes 
that there is a relationship between artherosclerosis and shoul-
der pain.  2   In addition, function disorders of the cervical spinal 
column and the cervicothoracic transition play a role in the etiol-
ogy of shoulder complaints. It is therefore also of great impor-
tance to involve the cervical spinal column and cervicothoracic 
transition in the examination of the shoulder function. Shoul-
der complaints may be due to many causes and/or be part of an 
already existing ailment.  

  Diagnosis 

  History 
 In general, the symptom pattern is characterized by pain that pre-
vents the patient from sleeping on the affected side. The localiza-
tion and radiation pattern of the pain can provide an indication 
as to whether one is dealing with a primary disease of the shoulder 

joint or with a cause external to the shoulder joint. Other serious 
conditions such as pain in other joints, fever, malaise, weight loss, 
dyspnea, and angina pectoris should be ruled out: specifi cally for 
nontraumatic shoulder pain that has an abnormal natural course. 
Above all, a Pancoast tumor must be ruled out. The fi ndings from 
the shoulder examination are therefore of great importance.  

  Physical  e xamination and  c ategorization 
of  s houlder  p ain 
 Three shoulder tests are important for the examination of shoul-
der complaints: shoulder abduction, shoulder external rotation, 
and horizontal shoulder adduction. With these three tests it is 
possible to establish the most important shoulder pathologies, 
which are usually expressed as a brachialgia. 

  Normal  a ctive and  p assive  s houlder  a bduction 
 During the active and passive shoulder abduction, the examiner 
stands behind the patient, who is sitting. When the right shoul-
der is being examined, the examiner fi xates the patient ’ s body 
by placing his left (fi xating) hand on the patient ’ s left shoulder 
keeping his left thumb at the C7 level. This is to prevent the patient 
from lateral fl exion toward the left during the abduction of the 
right shoulder. With the examining (open) right hand placed 
on the patient ’ s elbow, the active abduction of the arm is guided 
to the point where the patient stops because of pain, and if pos-
sible, passive shoulder abduction is further executed. The abduc-
tion is executed in the frontal plane as much as possible by keeping 
the examiner ’ s (open) right hand somewhat to the ventral 
side of the patient ’ s elbow (Figure  9.1 ) to prevent ventral trans-
lation of the arm during the abduction. Under normal circum-
stances, a spontaneous external rotation of the humerus will 
occur between 145 °  and 180 °  abduction of the arm. This is due 
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hand placed on the patient ’ s right elbow, the active horizontal 
shoulder adduction is guided to the point where the patient stops 
because of pain and, if possible, the passive horizontal shoulder 
adduction is further executed.   
 Because the etiology of the shoulder complaints is usually unclear 
or even unknown, the fi ndings from the active and passive range 
of motion examination are used to classify the shoulder com-
plaints.  3   On the basis of the active and passive abduction, external 
rotation and horizontal adduction of the shoulder, one can detect 
the underlying cause of the shoulder complaints and categorize it 
in the following three groups:  4  

     Figure 9.1.     Active and passive shoulder abduction. Illustration: Rogier Trompert. 
Medical Art. (www.medical-art.nl)  

     Figure 9.2.     Shoulder external rotation. Illustration Rogier Trompert. Medical Art. 
(www.medical-art.nl)  

     Figure 9.3.     Shoulder adduction. Illustration Rogier Trompert. Medical Art. (www.
medical-art.nl)  

to the fact that, to perform this abduction trajectory, the tuber-
culum majus of the humerus must rotate posteriorly under the 
acromion. It is very important that the abduction is executed 
in the frontal plane as much as possible because a normal 
abduction can usually be executed in other movement planes 
independent from a disturbed shoulder function and potential 
shoulder pathology can subsequently be missed.    

  Normal  a ctive and  p assive  s houlder  e xternal  r otation 
 During active and passive shoulder external rotation, the exam-
iner stands behind the patient, who is sitting. When the right 
shoulder is being examined, the examiner fi xates the patient ’ s 
right elbow against the patient ’ s body with his left hand (Figure 
 9.2 ). This is to prevent the right shoulder from abduction during 
the external rotation. With the examining right hand placed on 
the wrist, active external rotation of the shoulder is guided to the 
point where the patient stops because of pain, and if possible, the 
passive shoulder external rotation is further executed.    

  Normal  a ctive and  p assive  h orizontal  s houlder  a dduction 
 The examiner stands on the patient ’ s side that is being examined 
during the active and passive horizontal shoulder adduction. 
When the right shoulder is being examined, the examiner places 
his left (fi xating) hand on the patient ’ s left shoulder keeping his 
left thumb at the C7 level. This is to prevent the patient from 
lateral fl exion to the left during the horizontal shoulder adduc-
tion of the right shoulder (Figure  9.3 ). With the examining right 
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    •      Shoulder complaints with limited range of passive motion  
   •      Shoulder complaints without limited range of passive motion 
but with pain on shoulder abduction or retro - abduction  
   •      Shoulder complaints without limited range of passive motion 
and no painful abduction trajectory     

  Shoulder  c omplaints with a  l imited  r ange of  p assive  m otion 
 Table  9.1  shows the shoulder complaints with a limited range of 
motion. It does not include shoulder affections that are consid-
ered to be the result of a systemic condition such as rheumatoid 
arthritis, for example.    

  Shoulder  c omplaints  w ithout  l imited  r ange of  p assive 
 m otion  b ut with a  p ainful  a bduction  c ourse 
 Table  9.2  represents the shoulder complaints without limited 
range of motion but with a painful arc in the active as well as the 
passive shoulder abduction. In addition, one or more structures 
in the subacromial space can be affected. This is also called the 
 impingement syndrome  in orthopedics. Subacromial bursitis is a 
common clinical affection.    

  Shoulder  c omplaints  w ithout  l imited  r ange of  p assive 
 m otion and  w ithout a  p ainful  a bduction  c ourse 
 If the active and passive motion examination of the shoulder 
reveals no disorder, the pain is usually caused by structures exter-
nal to the shoulder or the shoulder pain can be part of a radiating 
pattern such as brachialgia resulting from cervical radicular syn-
drome or a brachial plexus lesion. This also includes neurological 
conditions such as Parsonage – Turner syndrome (amyotrophic 
shoulder neuralgia)  5   and the referred pain syndromes of the 
shoulder; the latter can have a visceral genesis. An exception is the 
unstable shoulder as in habitual shoulder dislocation. Table  9.3  
provides an overview of the most common shoulder complaints 
without limited range of passive motion.     

  Additional  t ests 
 Diagnostics and laboratory tests are not indicated during the 
initial phase of uncomplicated shoulder complaints. Additional 
blood tests (C - reactive protein, hemoglobin, erythrocyte sedi-
mentation rates, rheumatoid factor) must be carried out in case 
of persisting shoulder complaints if a systemic condition or other 
serious affection is suspected.  6   Radiographs, ultrasound, and a 

  Table 9.1.    Shoulder complaints with limited range of motion. 

   Affections  
   Passive external 
rotation  

   Active abduction 
in neutral pos. arm  

   Passive abduction in 
external rotation arm  

   Passive horizontal 
abduction  

  Osteoarthritis/Arthritis of the glenohumeral joint     +  +  +      +  +  +      +  +  +      +   
  Capsulitis of the glenohumeral joint     +  +  +      +  +  +      +  +  +      +   
  Rotator cuff syndrome     +  +      +  +  +      +  +  +      +   

  Osteoarthritis/Arthritis of the acromioclavicular joint     −      +  +  +      +  +  +      +  +  +   
  Degenerative disorders of the subacromial space (e.g. calcium deposits)     −      +  +  +      −      −   

    + , degree limited;  − , normal; Pos., position.   

  Table 9.2.    Shoulder complaints without limited range of motion but with a 
painful course. 

   Affections  

   Passive 
external 
rotation  

   Active 
abduction in 
neutral pos. 
arm  

   Passive 
abduction 
in external 
rotation arm  

   Passive 
horizontal 
abduction  

  Impingement     −      +  +  +      −      −   

  Subacromial 
bursitis  

   −      +  +  +      −      −   

    + , degree limited;  − , normal; Pos., position.   

magnetic resonance imaging examination are indicated with pro-
longed persistence of shoulder complaints. A bone scan is indi-
cated when metastasis or primary tumor is suspected.   

  Treatment  o ptions 

 In general, shoulder complaints are initially treated conserva-
tively. When indicated, interventional treatments usually involve 
local injections with corticosteroids and a local anesthetic. Inter-
ventional treatments are usually limited to shoulder complaints 
based on capsulitis of the shoulder joint, either arising spontane-
ously or in the context of a postoperative capsulitis. In addition, 
interventional treatments can be considered for impingement 
syndrome or a subacromial bursitis, diseases of the acromio-
clavicular joint, and diseases of the glenohumeral joint such as 
frozen shoulder. 

  Conservative  m anagement 
 The initial conservative treatment consists of nonsteroidal anti -
 infl ammatory drugs,  1   possibly in combination with manual 
medicine  7   and/or exercise therapy, particularly when there is a 
functional disorder of the cervical spinal column and cervico-
thoracic passage. The local application of heat and cold has been 
insuffi ciently studied.  1    

  Interventional  m anagement 
 Depending on the conditions, a local injection with an anes-
thetic and corticosteroid is given to treat subacromial bursitis, 
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that investigated the effect of PRF treatment of the nervus supras-
capularis for shoulder pain.  12 – 17    

  Evidence for  i nterventional  m anagement 
 A summary of the available evidence is given in Table  9.4 .     

  Recommendations 

 Primarily, shoulder complaints should be treated conservatively 
with pharmaceuticals and manual and/or exercise therapy. Inter-
ventions with a local injection of anesthetics and corticosteroids 
and PRF treatment of the nervus suprascapularis can only be con-
sidered for specifi c affections that are therapy resistant. Continu-
ous cervical epidural infusion of local anesthetic and a small dose 
of opioids can be considered for frozen shoulder and capsulitis, to 
facilitate the rehabilitation preferably as part of a study. 

  Technique(s) 

  Subacromial  b ursitis 
 The patient should be in a supine position. After sterile prepa-
ration of the area, 4   mL bupivacaine 0.25% with 40   mg depot 
corticosteroid is injected. The lateral corner of the acromion is 

  Table 9.4.    Summary of evidence for interventional management of painful 
shoulder complaints. 

   Technique     Evaluation  

  Corticosteroid injections    2 B ±   
  Continuous cervical epidural infusion (frozen shoulder)    2 C +   
  PRF nervus suprascapularis    2 C +   

   PRF, pulsed radiofrequency.   

  Table 9.3.    Shoulder complaints without limited range of passive motion. 

   Affections  
   Passive external 
rotation  

   Active abduction in 
neutral pos. arm  

   Passive abduction in 
external rotation arm  

   Passive horizontal 
abduction  

  Shoulder instability (habitual dislocation)     −      +  +  +      −      −   
  Amyotrophic shoulder neuralgia 
(Parsonage – Turner syndrome)  

   −      −      −      −   

  Cervical radicular syndrome     −      −      −      −   
  Brachial plexus lesion     −      −      −      −   
  Cervical spondylarthrosis     −      −      −      −   
  Referred pain syndromes                  
  Gallbladder conditions     −      −      −      −   
  Pneumothorax     −      −      −      −   
  Cardiovascular conditions     −      −      −      −   
  Subdiaphragm pathology     −      −      −      −   
  Intrathoracic tumors     −      −      −      −   
  Metastases     −      −      −      −   

    + , degree limited;  − , normal; Pos., position.   

diseases of the acromioclavicular joint, adhesive capsulitis (frozen 
shoulder) and a rotator cuff disease.  1   On the basis of a Cochrane 
review,  8   there is little evidence to either support or reject the effi -
cacy of corticosteroid injections.
    •      With impingement syndrome or subacromial bursitis, usually 
40   mg of depot corticosteroids with a local anesthetic are admin-
istered.  8   Active abduction should be pain free immediately after 
the injection when carried out properly. There is limited evidence 
for its effi cacy in the short term.  1    
   •      In case of acromioclavicular joint diseases, an intra - articular 
injection is indicated for persistent pain.  9   Passive abduction 
should be pain - free and normalized in terms of limited range 
of motion immediately after the injection if it is carried out 
properly.  
   •      In case of glenohumeral joint diseases, such as frozen shoulder, 
an intra - articular injection with an anesthetic and corticosteroids 
can be considered when there is severe pain.  1   There is limited evi-
dence for this treatment, but after 3 to 6 months the injections are 
no longer more benefi cial than other conservative treatments.  1      

 The natural course of an uncomplicated frozen shoulder is 
that of a self - limiting disease from which most of the patients 
completely recover.  10   In the fi rst phase (2 to 9 months) the pain 
is prominent, in the second phase (4 to 12 months) the limited 
range of motion is more prominent than the pain, and in the last 
phase (5 to 24 months) recovery gradually occurs. 

 A continuous cervical epidural infusion of local anesthetic and 
small doses of opioids has been used to provide continuous anal-
gesia in patients with adhesive capsulitis of the shoulder (frozen 
shoulder).  11   The tunneled epidural catheter was maintained for 
an average of 6 weeks to facilitate rehabilitation. As yet, only this 
observational retrospective study is available. 

 A pulsed radiofrequency (PRF) treatment of the nervus supras-
capularis can be considered for a frozen shoulder or a capsulitis of 
the shoulder joint. As yet, only retrospective studies are available 
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vacaine 0.25% with 40   mg depot corticosteroid is injected. The 
midpoint of the acromion is identifi ed. The intra - articular space 
is identifi ed 2.5   cm underneath this point. There should be little 
resistance during injection. If the resistance is high, the tip of 
the needle is probably situated inside the connective tissue layers 
of the capsule. The most important complication is infection. 
Twenty - fi ve per cent of the patients complain of temporary wors-
ening of the pain after the injection.  

  Nervus  s uprascapularis 
 A PRF treatment of the nervus suprascapularis is carried out as 
described below. The patient is sitting on the edge of the bed with 
the neck in slight lateral fl exion. It is not necessary to use imaging 
techniques for this procedure. The localization and treatment 
using anatomical landmarks is more effi cient, less expensive, with 
less radiation hazard and better results. 

 The anatomy and innervation of the shoulder, with particular 
attention given to the nervus suprascapularis and the landmarks 
for the PRF treatment are represented in Figure  9.4 .   

 The spina scapulae is palpated and demarcated from the cranial 
side. Across the middle of a line running from the acromion to 
the margo medialis scapulae (medial scapular border), a line is 
drawn parallel to the cervical spinal column; the lateral angle 
is then divided into two equal parts with a line and an X (the 

identifi ed. The bursa subacromialis is injected exactly in the 
center. In case of serious calcifi cation in the bursa subacromialis, 
calcifi cation should be surgically removed. The most important 
complication of injection is an infection. Small subcutaneous 
bleedings may result in a temporary increase in pain after the 
injection.  

  Acromioclavicular  j oint  d isorders 
 Intra - articular injection of the acromioclavicular joint is applied 
with the patient in a supine position. After sterile prep, 1   mL 
bupivacaine 0.25% with 40   mg depot corticosteroid is injected. 
The top (most cephalad portion) of the acromion is identifi ed. 
The intra - articular space is identifi ed 2.5   cm medial from this 
point. There should be some resistance when injecting because 
it involves a relatively small intra - articular space. The tip of the 
needle is probably situated inside the connective tissue layers of 
the joint capsule if there is substantial resistance. With too little 
resistance, the intra - articular space is possibly no longer intact 
and an MRI should be made. The most important complication 
is infection.  

  Glenohumeral  j oint 
 Intra - articular injection of the shoulder is performed with the 
patient in a supine position. After sterile covering, 2   mL bupi-

     Figure 9.4.     Anatomy of the shoulder joint, landmarks for the pulsed radiofrequency treatment of the nervus suprascapularis. Illustration Rogier Trompert, 
Medical Art. www.medical-art.nl  
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injection site) is drawn on this line 2.5   cm from the angular point. 
An SMK 10/5 needle is inserted perpendicular to the skin in all 
directions until bone contact is made with the scapula in the 
fossa supraspinata; this usually occurs at a depth of 5 to 6.5   cm. 
At the cranial border of the fossa supraspinata, called the margo 
superior scapulae (superior scapular border), the incisura scapu-
lae is located (Figure  9.5 ). This is the injection site for the nervus 
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too far ventrally; there is a small chance of rib contact or pneu-
mothorax. The electrode is connected to the generator and with 
a motor stimulation (2   Hz) of  < 0.3   V twitches should be visible 
in the shoulder girdle. Subsequently, PRF treatment is executed 
with a frequency of 2   Hz, 20   ms and 45   V lasting 4 minutes. There 
is usually immediate improvement with regard to movement 
and pain in most patients. In some cases, the treatment must be 
repeated after a few weeks. With injection techniques, one must 
be aware of potential intravascular injection in the arteria or vena 
suprascapularis. Pneumothorax is also a described complication.      

  Summary 

 Clinical history and the active and passive motion examination of 
the shoulder are the cornerstone of the diagnostic process. 

 When conservative treatment fails, injection with local anes-
thetics and corticosteroids and PRF treatment of the nervus 
suprascapularis can be considered. In case of a frozen shoulder or 
capsulitis, a continuous cervical epidural infusion of local anes-
thetic and small doses of opioids can be considered, preferably in 
the context of a study.  

     Figure 9.5.     Injection site for the treatment of the nervus suprascapularis. Illustration Rogier Trompert Medical Art. (www.medical-art.nl)  
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   Introduction 

 Thoracic pain symptoms are relatively rare, comprising an esti-
mated 5% of the patients referred to an outpatient pain clinic.  1 – 3   
Thoracic pain symptoms are signifi cant, but the number of pub-
lications on the etiology of thoracic pain is limited. Patients with 
thoracic pain should always be thoroughly examined because 
important underlying pathology could be the cause of the symp-
toms. Diagnoses such as angina pectoris, herpes zoster infection, 
thoracic disc herniations, pulmonary tumors or pleural tumors, 
and aneurysms can also give rise to prolonged thoracic pain of 
unknown origin.  4   Chronic thoracic pain after surgical interven-
tions, such as thoracotomy, mastectomy, and coronary artery 
bypass surgery are relatively often the cause of thoracic pain.  5 – 7   
Referred pain from internal organs often results in diffuse tho-
racic pain and can be caused by pulmonary embolisms, esopha-
geal carcinoma, achalasia, or pancreatic diseases. 

 The diagnosis in thoracic pain is diffi cult and often  “ spine 
related ” . The cause of this pain may come from the nerve endings 
of the periosteum, nervi intercostales, ligaments, intervertebral 
discs, and facetal joints.  8   Consequently, thoracic pain syndromes 
of spinal origin are commonly seen in medical practice, spinal 
osteoporotic fractures needs to be ruled out in these patients. 
These types of pain are often nociceptive. Postoperative pain fre-
quently appears after thoracotomies, sternotomies, and mastecto-
mies; and often causes neuropathic pain. 

 Because there are many causes of thoracic pain, we limit our 
discussion to pain symptoms for which interventional pain man-
agement might be possible, ie, thoracic radicular pain and pain 
originating from the thoracic facet joints.  

  Thoracic  r adicular  p ain  s ymptoms 

  Diagnosis 
 Thoracic radicular pain is characterized by radiating pain in 
the area innervated by a nervus intercostalis. The symptoms are 
usually unilateral and the pain is rarely felt in the area covered by 
two nerves. Thoracic radicular pain is not a typical clinical syn-
drome, as in the lumbar area. Different causes can give rise to tho-
racic radicular pain (Table  10.1 ). There are different pain patterns 
possible: constant pain or intermittent pain, nociceptive or neu-
ropathic pain, or a combination of these. The cause of the pain 
may be malignant. In contrast to the signs and symptoms of a 
lumbar disc herniation, a disc herniation at the thoracic level does 
not cause radicular symptoms but tractus pyramidalis signs. The 
areas innervated by the nervus intercostalis are overlapping which 
often makes it diffi cult to fi nd a relationship between the pain 
pattern and the nerve or nerve root involved. Thoracic radicular 
pain can be caused by an unknown neuralgia of the nervus inter-
costalis, compression of a segmental nerve upon its emergence 
from the foramen intervertebrale, or as a result of rib pathology. 
There is an exceptional form that appears most in middle - aged 
patients termed the 12th rib syndrome.  9   This syndrome refers to 
irritation of the nervus subcostalis caused by compression against 
the crista iliaca. The pain is often experienced in the segment of 
the 11th and 12th rib.   

  History 
 Initially, questions should be asked about the localization of the 
pain. It is important to determine a potential cause (Table  10.1 ). 
The specifi c clinical history can be brief in the event of surgery 
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history or physical examination, additional examination is indi-
cated in most cases. In the event of a collapsed vertebra, an X - ray 
of the spinal column is suffi cient. Along with a clinical history of a 
trauma, with or without a history of osteoporosis, the diagnostics 
can be completed. 

 A magnetic resonance imaging (MRI) could be necessary to 
rule out malignant causes of the pain and epidural metastases. 
This is particularly important if there is a history of malignancy, 
or in cases of acute development of severe pain or progressive 
pain symptoms, but also if recent physical examination showed 
the development of symptoms of neurological impairment. A 
thoracic X - ray can be useful in the event of thoracic wall pathol-
ogy. If there are abnormalities, the patient should be referred to 
a pulmonary physician for further evaluation. In cases of doubt 
or when intra - abdominal pathology is suspected, then an ultra-
sound or a computed tomography (CT) scan may be indicated. 

  Diagnostic  s elective  n erve  b locks 
 It is diffi cult to determine which nerve is causing the pain based 
on clinical examination because the innervations of a nervus 
intercostalis overlap. Therefore, diagnostic blocks of nervi inter-
costales are performed. Blocks of the nervi spinales at level Th11 
or Th12 can also be carried out by using the same technique 
commonly used at the lumbar level. Intercostal blocks can be 
carried out above the Th10 level to localize the level of the pain. 
Obviously, one must be careful not to cause pneumothorax. The 
advantage of intercostal blocks is that spread of the drug to the 
epidural space is less probable, because of its more peripheral 
location. Theoretically, this guarantees better selectivity of the test 
block. 

 Intercostal blocks should be performed under radiological 
control after the level has been established. First, the rib is identi-
fi ed and then the needle is carefully inserted a few millimeters 
deeper. The exact needle position is monitored after injection 
of 0.5   mL of contrast in the area of the nerve sheath. When the 
sulcus costae is outlined or the image of the nervus intercostalis 
appears, 1   mL of local anesthetics can be injected. If this does not 
occur, then the needle needs to be inserted slightly deeper. After 
the injection, there should be a  > 50% reduction of pain during 
the local anesthetic blockade. Usually, three levels are tested 
because there is often an overlap of segments. The level at which 
the largest temporary pain symptom reduction occurs is selected 
for treatment.   

  Differential  d iagnosis 
 The differential diagnosis of thoracic radicular pain may be 
diffi cult. Pain originating from sternocostal junctions and the 
sternum such as described above with Tietze ’ s syndrome can be 
treated with an injection of local anesthetic solution, potentially 
with corticosteroids.  9   

 Radiation of pain with a thoracic facet syndrome can present 
as radicular pain. In this case, the dermatomal area of innerva-
tion is often not affected entirely, but mostly the dorsal (proximal) 
section. 

and traumas. It is important to ask if the symptoms are related 
to respiration or if it worsens upon coughing. General symptoms 
such as weight loss and chronic cough should not be omitted. In 
the event of intercostal neuralgia, a heavy pain, which is shoot-
ing and sharp, occurs along the nervus intercostalis. This pain is 
not affected by position or manipulation. Pain resulting from rib 
pathology or compression of nervi intercostales is often position 
dependent, is often worse on sitting and less when lying down.  10    

  Physical  e xamination 
 Examination of the thoracic spinal column consists of inspection 
at rest and during movement, and palpation of the vertebrae and 
the paravertebral region. Provocation of pain specifi cally with dif-
ferent movements of the spine can be an indication of a spinal 
cause of the pain. The sensation of the thorax and abdomen 
should be examined. Hypo-/hyperalgesia, allodynia, and loss of 
sensation are indications that it might be neuropathic pain. 

 Pressure pain on the sternum and sternocostal junctions 
is usually associated with a local pain pattern (eg, Tietze ’ s syn-
drome), but it can sometimes be accompanied by radicular pain. 
Pressure pain over a rib can be an indication of the level of the 
pain generator. Pressure pain may be noted over the course of the 
distal section of the 11th and/or 12th rib, particularly in older 
patients. 

 Compression on the thorax can be a sensitive examination, 
eliciting pain originating from the sternocostal joints and pain 
from the sternocostal junction. Palpation of the abdomen is nec-
essary to rule out intra - abdominal pathology.  

  Additional  t est 
 Since thoracic radicular pain is not a clinical syndrome and its 
cause is not always unambiguously derived from the clinical 

  Table 10.1.    Causes of thoracic radicular pain. 

  Neuralgia  
   •  Intercostal neuralgia  
   •  Neuralgia of the abdominal wall  

  Pain radiating from the spinal cord  
   •  Osteoporosis  
   •  Vertebral collapse  
   •  Vertebral metastases  

  Scar pain  
   •  Post - thoracotomy  
   •  Postmastectomy  
   •  Post - thoracoscopy  
   •  Intercostobrachial neuralgia  
   •  Postlobectomy  
   •  Pfannenstiel incision  

  Rib pathology  
   •  Fracture/pseudarthrosis  
   •  Rib resection  
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pain syndrome. There are no studies that compared RF treatment 
and treatment with PRF. There is one small retrospective study 
with a brief follow - up in which the treatment with PRF treatment 
of the nervi intercostales was compared with that of the ganglia 
spinalia (DRGs).  13   PRF of the DRG resulted in a higher percent-
age of success, and the duration of the pain relief was longer (5 
months vs. 3 months). The effect of classic RF treatment is better 
and lasts longer, but it damages the ganglion spinale (DRG).   

  Complications of  i nterventional  m anagement 
 The most prevalent complication of interventional treatment is 
postprocedural pain. Local pain occurs for a few days after almost 
all procedures. Twenty percent of the patients who received RF 
treatment reported that the postprocedural pain lasted for a few 
weeks. The most signifi cant complication of thoracic blocks is 
pneumothorax; drainage maybe necessary in a number of cases. 
The patient is usually discharged from the outpatient clinic a few 
hours after the procedure. It should be emphasized that the pres-
ence of pneumothorax should be checked fi rst. When in doubt, a 
thoracic X - ray should be made to rule it out. 

  Other  i nterventional  t reatments 
 In cases of compression fractures resulting from osteoporosis, or 
even metastases, vertebroplasty can be considered.  14     

  Evidence for  i nterventional  m anagement 
 A summary of the available evidence for interventional treatment 
of thoracic radicular pain is given in Table  10.2 .     

  Recommendations 
 In cases of chronic thoracic radicular pain, an intercostal block 
can be performed as part of the diagnostic blocks. In case of 
therapy resistant pain, RF treatment or PRF treatment of the gan-
glion spinale can be considered. 

  Clinical  p ractice  a lgorithm 
 The practice algorithm is illustrated in Figure  10.1 .    

  Techniques 

   RF   t reatment of the  t horacic  g anglion  s pinale ( DRG )  a bove Th7 
 The treatment is performed in a prone patient without sedation 
so that the communication with the patient is optimal. Because 
there is frequent overlap of the one thoracic segmental segment 

 Pain from costovertebral joints usually occurs in ankylosing 
spondylitis (Bechterew ’ s disease). The fi rst, 11th, and 12th ribs 
(the ribs with just one facet plane), and the sixth through the 
eighth ribs (the longest ribs) are most frequently affected.  11   

 Pain related to costovertebral joints is usually unilateral, and 
nagging or burning in character. The onset of pain may be acute. 
The pain on the skin is usually projected in the paravertebral 
section of the dermatome, but can also be localized in more than 
one segment due to the bilateral innervation. Sometimes the pain 
manifests itself as atypical chest pain. There is often hyperalgesia 
in the adjacent epidermal region. There might be pressure pain 
across the joints and pain induced by the manipulation of the cor-
responding rib. This last symptom is typical for pain originating 
from the costovertebral joints. Other symptoms are similar to pain 
originating from the thoracic facet joints. If the pain is localized 
in the areas innervated from Th10 through Th12, then differential 
diagnosis of a renal cause of the pain can be considered. In rare 
cases, mesothelioma can present as thoracic radicular pain, the 
painful region usually involves more than one or two segments. If 
the cause is not determined than it is usually intercostal neuralgia 
or, in lower thoracic segments, abdominal wall neuralgia.   

  Treatment  o ptions 

  Conservative  m anagement 
 Medical treatment with analgesics can be applied according to 
the World Health Organization pain ladder. In the event of neu-
ropathic pain, co - analgesics such as antiepileptics and antide-
pressants can be administered. Transcutaneous electrical nerve 
stimulation (TENS) is an option for the treatment of thoracic 
radicular pain. Results for this specifi c treatment are not known. 
Physical therapy is usually applied in the form of manual therapy 
and focuses on the facet joints or costovertebral joints.  

  Interventional  m anagement 
 Interventional pain treatments consist of intercostal block, 
percutaneous radiofrequency (RF) treatment of the ganglion 
spinale (dorsal root ganglion, DRG) and pulsed radiofrequency 
(PRF) treatment of the ganglion spinale (DRG) or of the nervus 
intercostalis. 

  Intercostal  b lock 
 There are no recent publications that evaluated the effectiveness 
of intercostal blocks for the abovementioned pain symptoms.  

  (Pulsed)  r adiofrequency  t reatment 
 Two publications report good results from RF treatment in tho-
racic radicular pain management. Stolker et al. evaluated 45 
patients with thoracic radicular pain.  12   There was a signifi cant 
reduction of pain in more than 70% of the patients 13 to 46 
months after the treatment. A similar study was conducted by van 
Kleef and Spaans.  3   They found that 52% of the patients had sig-
nifi cant pain reduction for 9 to 39 months. The effectiveness of the 
treatment was smaller when several segments were involved in the 

  Table 10.2.    Summary of evidence for interventional management of thoracic 
radicular pain. 

   Technique     Evaluation  

  Intercostal block    0  

  Radiofrequency treatment of thoracic ganglion spinale (DRG)    2 C +   

  Pulsed radiofrequency treatment of thoracic ganglion spinale 
(DRG)  

  2 C +   
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drilled hole is not missed. The fi nal position of the RF cannula is 
monitored with a lateral fl uoroscopic view. The needle should be 
located in the craniomedial dorsal part of the foramen interver-
tebrale.   

 The cannula stylet is replaced by the RF electrode and stim-
ulation at 50   Hz is started. The patient should notice tingling 
in the selected dermatome at 0.4 to 1.0   V. Stimulation at 2   Hz 
should cause muscle contractions of the intercostal muscles with 
a stimulation threshold that is lower than 1.5 times the sensory 
threshold. When the electrode is placed properly, 0.4   mL iohexol 
contrast agent is injected to see if there is intradural or intravas-
cular spread. Then 1 to 2   mL of lidocaine (1 or 2%) is injected and 
a 60 - second RF treatment at 67 ° C is made.  

   RF   t reatment of the  t horacic  g anglion  s pinale ( DRG )  b elow Th7  
(Figure  10.2 ,  10.3  and  10.4 )
 For the low thoracic levels, one can treat the ganglion spinale 
(DRG) with a technique used at the lumbar level. The foramen 
intervertebrale is noted on the X - ray image at 15 °  oblique posi-
tion. Under AP fl uoroscopic monitoring, the tip of the 10 - cm -
 long needle is noted to be caudal to the pediculus arcus vertebrae 
at the lateral half. In transverse view, the tip is located in the 
craniodorsal part of the foramen intervertebrale. The stylet is 
removed and the electrode is placed. Upon stimulation at 50   Hz 
of current between 0.4 and 0.8   V, a tingling sensation is noted at 
the corresponding dermatome; motor stimulation is at 2   Hz with 
the threshold value at least twice as high as the sensory thresh-
old value. The anesthetic lidocaine 2% is injected after the correct 
position of the needle is confi rmed with a water - soluble contrast 
agent and an intravascular injection is ruled out. Subsequently, 

to the other, it is advisable to perform two or more diagnostic 
blocks in order to identify the segment involved. An intercostal 
block can be performed in order to confi rm the involvement of a 
thoracic segmental nerve.  15   The RF treatment is performed at the 
level where the most signifi cant pain relief can be gained. In the 
higher thoracic region, the classic posterolateral approach cannot 
be employed because the foramen intervertebrale is located more 
anteriorly and the proper injection site is diffi cult to reach due 
to the angle with the ribs. This is the reason why an alternative 
technique is applied to reach the ganglion spinale (DRG) at Th7 
and higher.  

  Approach of the  g anglion  s pinale  a bove Th7 
 A dorsal approach is chosen with the patient in a prone posi-
tion. The position of the needle tip is the craniodorsal part of 
the foramen intervertebrale, which is the same as in the classi-
cal dorsolateral approach. The site of insertion of the needle is 
the middle point (outer half) of the pediculus arcus vertebrae in 
the anterior posterior (AP) view. This approach is supported by 
data from a cadaver study which showed that the ganglion spinale 
(DRG) is located more laterally.  16   The injection site is confi rmed 
with a lateral fl uoroscopic view. This should focus on the median 
dorsal quadrant of the foramen intervertebrale where the gan-
glion spinale (DRG) is located. After local anesthetic injection, 
a small hole is drilled through the lamina arcus vertebrae under 
fl uoroscopic monitoring and a 16G Kirschner wire is inserted. 
While drilling, lateral radiological monitoring should be used to 
ascertain that the Kirschner wire does not shoot past the target 
area. The RF cannula is then inserted through a 14G needle that 
was placed through the drilled hole until it reaches the proper 
position in the foramen intervertebrale. It is important that the 
14G needle is kept properly in position by an assistant so that the 

     Figure 10.1.     Clinical practice algorithm for the treatment of thoracic radicular 
pain. PRF, pulsed radiofrequency; DRG, ganglion spinale (dorsal root ganglion).  

Thoracic radicular pain

Red flags ruled out?

Conservative treatment was 
properly applied with inconclusive

results

Suspicious level by means of
diagnostic block confirmed

(P)RF treatment of the ganglion
spinale (DRG)

     Figure 10.2.     Radiofrequency treatment of the ganglion spinale (DRG) Th10: 
oblique view.  
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the electrode gets too close to the ganglion spinale (DRG), com-
pletely destroying the ganglion, especially in cases of RF of the 
thoracic ganglia spinalia (DRGs). Percutaneous RF treatment of 
the ganglion spinale (DRG) in the upper thoracic segment (Th8 -
 Th10) has always been diffi cult since an oblique approach is not 
possible because of the risk of pneumothorax.  

   PRF   t reatment of the  t horacic  g anglion  s pinale ( DRG ) 
 Presently, only retrospective studies are available on the effects 
of RF treatments of the ganglion spinale (DRG) at the thoracic 
level. The use of PRF increased in the 1990s probably to avoid 
the disadvantages of classic RF treatment, ie, destruction of the 
neural tissue possibly resulting in neuropathic pain. With PRF, 
it is possible to treat nervi intercostales. Above the Th7 level, no 
hole needs to be drilled for this technique because PRF could be 
applied to the segmental nerve that is located more peripherally. A 
cannula is used to insert the RF electrode (eg, SMK 10). Position-
ing is similar to that of a normal intercostal block. Subsequently, 
the electrode is placed in the cannula and stimulation current of 
50   Hz is administered. Tingling sensation results from a stimu-
lation of less than 0.6   mA. A tetanic contraction of the musculi 
intercostales sometimes occurs when the strength of the current 
is increased since the nervus intercostalis is a mixed nerve. The 
effectiveness of this treatment is not completely known. If this 
technique is not effective, then a classic RF treatment can be con-
sidered.    

  Summary 
 Thoracic radicular pain has an extensive differential diagno-
sis. Physicians should be aware of potentially malignant causes 
of this pain symptom and, in the event of an increase or change 
in symptoms, should perform adequate diagnostics tests. Usually, 
a CT or an MRI scan seems to be reasonable prior to starting 
symptomatic treatment (interventional treatment). Determi-
nation of the affected level should be carried out by a number 
of intercostal blocks of the suspected segments. The segment 
that provides the most temporary pain relief can be selected 
for treatment. Currently, limited results are known about PRF 
treatment of the ganglion spinale (DRG) at the thoracic level. 
However, it seems to be a reasonable choice at the present time in 
view of the less invasive character of this treatment. If the effect 
of PRF is short and the pain involves one or two segments, then 
RF treatment of the ganglion spinale (DRG) can be performed. 
Extensive skills are required to execute this procedure above the 
level of Th7 so this treatment should take place in specialized 
centers.   

  Thoracic  f acet  p ain 

 It is known that thoracic facet joints can be a source of 
thoracic pain. A recent study showed that, in a population with 
localized thoracic pain, the prevalence of thoracic facet joint 
pain amounts to 42%. According to this study, the facet joints 

a RF treatment of 67 ° C for 60 seconds is made. In the event that 
one wants to perform a PRF treatment, there is a minimum for 
the sensory threshold value. Although this treatment is often not 
painful, a local anesthetic injection is still necessary because con-
tractions may occur that can dislocate the electrode. If a RF treat-
ment is applied, a minimum threshold value is needed, otherwise 

     Figure 10.4.     Radiofrequency treatment of the ganglion spinale (DRG) Th10: 
anterior posterior view. The needle is in the middle of the facet column.  

     Figure 10.3.     Radiofrequency treatment of the ganglion spinale (DRG) Th10: 
lateral view.  
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While the arched course essentially remains the same, the nerves 
branch off at a point superior to the superolateral corner of the 
processus transversus (Figure  10.5 ).   

  Diagnosis 

  History 
 There are two publications on the symptoms of thoracic facet 
pain,  20,21   wherein the authors investigated the patterns of referral 
pain associated with the thoracic facet joints. Both groups claim 
a typical radiation pattern of the several thoracic facet joints 
(Figure  10.6 ).   

 Our experience is that the diagnosis of thoracic facet pain 
should be considered if the patient complains of paravertebral 
pain that worsens with prolonged standing, hyperextension, or 
rotation of the thoracic spinal column. The pain is often bilateral 
and affects several segments. Sometimes, the patient reports that 
the pain is felt more ventrally; hyperesthesia sometimes occurs in 
the adjacent dermatomes.  

in the cervical region contribute to 55% of the spinal pain.  17   In 
contrast, facet - mediated pain accounts for 30% in the lumbar 
region. 

 The innervation of the thoracic facet joints has not been con-
clusively shown, consequently, the technique of RF facet treat-
ment has not been fi nalized.  18,19   The technique that we describe 
will probably have to be altered in the future. 

 Thoracic facet joints are directed more vertically than the 
lumbar facet joints. As all facet joints, they are innervated by the 
rami mediales (medial branches) of the rami dorsales of the seg-
mental nerves. Each facet joint shows a bisegmental innervation 
by the ramus medialis (medial branch) of the same level and the 
ramus medialis (medial branch) of the vertebral level above it. 
There is debate about the precise pathways of the nerves.  20,21   The 
thoracic rami mediales (medial branches) run through the space 
between the processus transversi and are in contact with the supe-
rolateral portion of the processus transversi. They then continue 
to run medially and inferiorly across the posterior surface of the 
processus transversus where they innervate the musculi multifi di. 

     Figure 10.5.     Anatomy and innervation of the thoracic spinal column. (illustration Rogier Trompert Medical Art  www.medical - art.nl ).  
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  Treatment  o ptions 

  Conservative  m anagement 
 There are no known studies that investigated other conservative 
management of thoracic joint pain. The effects of medication, 
physical therapy, TENS, and perhaps manipulation are performed 
prior to an interventional treatment.  

  Interventional  m anagement 

  Percutaneous  RF   f acet  d enervation 
 There are a limited number of studies on the effi cacy of classic 
RF in thoracic facet - mediated pain. Stolker et al. evaluated 40 
patients with thoracic pain symptoms who underwent 51 per-
cutaneous RF facet denervations.  19   Twenty - four underwent the 
procedure on the left side,21 on the right side, and six bilaterally. 
They showed that 82% of the patients had 50% to 75% reduction 
in pain symptoms 2 months after the intervention. The long - term 
relief was also considerable. In another study, Tzaan and Tasker 
noted a success rate of 40% in 15 patients who received one RF 
treatment of the ramus medialis (medial branch) of the thoracic 
rami dorsales.  23   

 Cooled RF ablation of the thoracic rami mediales (medial 
branches) is a promising technique. It provides relatively large 
lesions that compensate for the anatomic variability of these 
branches. Currently, the technique is under investigation and no 
RCT is available.   

  Complications of  i nterventional  m anagement 
 Similar to all RF procedures, it is possible that the pain briefl y 
increases after the procedure. One must constantly be aware of 

  Physical  e xamination 
 Physical examination reveals no signs of neurological impair-
ment. Pain can be elicited by paravertebral pressure. Analogous 
to the cervical and lumbar regions, paravertebral pressure pain 
could be a predictor of thoracic facet pain.  22   None of the symp-
toms noted on a physical examination appears to be specifi c for 
the diagnosis of thoracic facet pain. 

  Clinical  s igns and  s ymptoms of  t horacic  f acet  p ain 
     •      Nearly continuous unilateral or bilateral paravertebral pain in a 
distinct thoracic area of the back, without neurological fi ndings;  
   •      Paravertebral tenderness in the same area;  
   •      X - ray: normal or minimal changes;  
   •      Diagnosis local anesthetic blocks.      

  Additional  t ests 
 CT or MRI scans are part of the standard tests for thoracic pain 
to rule out pathologies that have also been described for thoracic 
segmental pain. This could reveal disc and/or facet pathology, 
although these are not necessary for the diagnosis. The diagnosis 
can be established by diagnostic test blocks of the rami mediales 
(medial branches), at two levels per joint, innervating the facet 
joint that corresponds to the level of the paravertebral pressure 
pain.  

  Differential  d iagnosis 
 Thoracic pain: always exclude  “ red fl ags ” 
    •      Intrathoracic pathology (aneurysm, cancer);  
   •      Intra - abdominal pathology (referred pain);  
   •      Thoracic disc herniations.      

     Figure 10.6.     Radiation pattern of thoracic facet 
pain. (illustration Rogier Trompert Medical Art 
 www.medical - art.nl ).  
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pneumothorax as a complication in the thoracic region. Observa-
tion of proper techniques should minimize this risk, while con-
stant monitoring should result in immediate diagnosis and the 
institution of appropriate treatments.  

  Evidence for  i nterventional  m anagement 
 A summary of the available evidence for interventional treatment 
of thoracic facet pain is given in Table  10.3 .     

  Recommendations 
 RF treatment of the rami dorsales of the thoracic segmental nerve 
can be considered for patients with thoracic facet pain who have a 
temporary reduction in pain symptoms after a diagnostic block of 
the nerves innervating the affected thoracic facet joint. 

  Clinical  p ractice  a lgorithm 
 The practice algorithm for management of thoracic facet pain is 
illustrated in Figure  10.7 .    

  Techniques 

   RF   t reatment of  t horacic  f acet  j oints 
 The patient lies prone on the operating table. In contrast to the 
intra - articular diagnostic blocks, there is controversy surround-
ing the RF treatment of the rami mediales (medial branches) of 

  Table 10.3.    Summary of evidence for interventional management of thoracic 
facet pain. 

   Technique     Evaluation  

  Radiofrequency treatment of the ramus medialis (medial branch) 
of the thoracic rami dorsales  

  2 C +   

     Figure 10.7.     Clinical practice algorithm for the treatment of thoracic facet pain. 
RF, radiofrequency.  

Thoracic facet pain

RF thoracic rami dorsales/facet (3 levels)

Suspected level confirmed by
diagnostic block 

Conservative treatment was properly
applied with inconclusive results 

Red flags ruled out?

     Figure 10.8.     Thoracic radiofrequency facet denervation needle placement in 
anterior posterior view.  

the rami dorsales at the thoracic level. The following technique is 
recommended. The C - arm is positioned in the axial plane and the 
proper level is identifi ed by a steel ruler. A perfect AP fl uoroscopic 
view shows the end plates of the vertebrae to be neatly projected 
over each other. The C - arm is turned obliquely and the fi nal posi-
tion of the tip of the needle is the junction between the processus 
articularis superior of the facet joint and the processus transver-
sus (Figure  10.8 ). The site of insertion of the needle is marked on 
the skin and a RF needle is inserted parallel to the C - arm until 
contact is made with the bone at the junction between the proces-
sus articularis superior and the processus transversus. The needle 
is then positioned slightly more cranially and laterally, moni-
tored from a lateral position (Figure  10.9 ). The tip of the needle 
should be posterior to the line that connects the anterior aspects 
of the foramen intervertebrale. Subsequently, neuro - stimulation 
initially takes place with 50   Hz fi rst, then with 2   Hz. The 2   Hz 
stimulation causes contraction of the paravertebral muscles at 
intensities below 0.5 to 0.7   V. After local anesthetic is injected, a 
60 - second 20   V RF treatment at 80 ° C is made. We usually carry 
out this RF treatment at three adjacent levels due to the multiseg-
mental innervation of the facet joints.      

  Summary 
 Thoracic facet pain is not a clinical entity, it is determined as a 
diagnosis of exclusion. The diagnosis can be confi rmed after the 
pain is temporary relieved after a diagnostic facet block. If the 
pain relief is at least 50%, then RF treatment of the innervation 
of these facet joints can be applied. The scientifi c evidence for this 
procedure is limited.   
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   Introduction 

 A lumbosacral radicular syndrome (LRS) is characterized by 
a radiating pain in one or more lumbar or sacral dermatomes; 
it may or may not be accompanied by other radicular irritation 
symptoms and/or symptoms of decreased function. In the litera-
ture, this disorder can also be referred to as sciatica, ischias, or 
nerve root pain. A consensus approach toward standardization 
of back pain defi nitions clearly highlights huge differences in the 
description of low back pain, which makes comparison of epide-
miological data extremely diffi cult.  1   The terms radicular pain and 
radiculopathy are also sometimes used interchangeably, although 
they certainly are not synonyms. In the case of radicular pain, 
only radiating pain is present, while in the case of radiculopathy, 
sensory and/or motor loss that can be objectifi ed can be observed. 
Both syndromes frequently occur together and radiculopathy can 
be a continuum of radicular pain. In this review, lumbosacral 
radicular pain is considered as pain radiating into one or more 
dermatomes caused by nerve root irritation/ infl ammation and/
or compression. 

 The annual prevalence in the general population, described as 
low back pain with leg pain traveling below the knee, varied from 
9.9% to 25%. Also the point prevalence (4.6% to 13.4%) and life-
time prevalence (1.2% to 43%) are very high,  2   which means that 
lumbosacral radicular pain is presumably the most commonly 
occurring form of neuropathic pain.  3,4   The most important risk 
factors are: being male, obesity, smoking, history of lumbalgia, 
anxiety and depression, work which requires lengthy periods of 
standing and bending forward, heavy manual labor, lifting heavy 
objects, and being exposed to vibration.  5   

 Pain completely or partially resolves in 60% of the patients 
within 12 weeks of onset.  6   However, about 30% of the patients 

still have pain after 3 months to 1 year. Apparently, the female 
population with LRS has a considerably worse outcome com-
pared with the male population. The estimated unadjusted odds 
for a longterm poor outcome was 3.3 times higher for female 
patients than for males.  7   

 In patients under 50 years of age, a herniated disk is the most 
frequent cause of an LSR. After the age of 50, radicular pain is 
often caused by degenerative changes in the spine (eg, stenosis of 
the foramen intervertebrale).  8    

  Diagnosis 

  History 
 The patient may experience the radiating pain as sharp, dull, 
piercing, throbbing, or burning. Pain caused by a herniated disk 
classically increases by bending forward, sitting, coughing, or 
(excessive) stress on the lumbar disks and can be avoided by lying 
down or sometimes by walking.  5   Inversely, pain from a lumbar 
spinal canal stenosis can typically increase when walking and 
improve immediately upon bending forward.  8   In addition to the 
pain, the patients also often report paresthesia in the affected 
dermatome. The distribution of pain along a dermatome can be 
indicative in the determination of the level involved; however, 
there is a large variation in radiation pattern. The S1 dermatome 
seems the most reliable.  9   If present, the dermatomal distribution 
of paresthesia is more specifi c.  8    

  Physical  e xamination 
 The diagnostic value of anamnesis and physical examination 
has as yet been insuffi ciently studied. Only pain distribution is 
considered to be a meaningful parameter from anamnesis.  10   The 
clinical test described most often for the LSR is the Las è gue test. 
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Medical imaging, primarily magnetic resonance imaging (MRI), 
can confi rm the presence of a herniated disk; this technique 
is preferred because of the better visualization of soft tissues.  12   
The specifi city of MRI and computer tomography (CT) is 
very low given that a herniated disk was identifi ed by CT or MRI 
in 20% to 36% of the asymptomatic population,  14   and there is 
little correlation between the severity of a possible radiculopathy 
and the magnitude of the spinal disk herniation. Incidentally, 
the symptoms can disappear after a conservative therapy 
without a corresponding decrease in the volume of the herniated 
disk.  15 – 17   

 In addition to this, a hernia could not be demonstrated on 
the scans of some patients with clinical symptoms of a radicu-
lar syndrome.  18,19   In the event of an unclear clinical picture or in 
the absence of radiological arguments for radicular complaints, 
electromyography (EMG)/nerve conduction studies (NCS) can 
be performed to differentiate lumbar radicular syndrome from 
peripheral neuropathy (sensitivity 0.45 to 0.65).  20   Other common 
causes of lumbar radicular pain, such as stenosis of the foramen 
intervertebrale, may be revealed by MRI or CT. Entrapment of 
the sciatic nerve such as piriformis syndrome is not included in 
this chapter.  

  Selective  s egmental  n erve  b locks 
 Although the diagnostic nerve root block is a commonly used 
technique for determining the level of the radicular pain, there 
is uncertainty concerning its sensitivity and specifi city. In a LSR 
without clear signs of a focal neurological defi cit, there appears 
to have been a variable  hypoesthesia  already present in the major-
ity of the patients before the execution of a diagnostic nerve root 
block.  21   These changes in sensory function can also vary in time 
and location. 

 With an intraforaminal block, there is also a real chance of a 
simultaneous block of the nervus sinuvertebralis. This nerve is 
responsible for the afferent input of the nearby disci interverte-
brales (superfi cial annulus fi brosus), ligamentum longitudinale 
posterius, and the ventral dura mater and nerve root sleeve. In 
addition, the sensory fi bers of the ramus dorsalis of the segmen-
tal nerve pass through the ganglion spinale (dorsal root ganglion, 
DRG) which is also blocked. This nerve innervates local back 

If radicular pain can be elicited under 60 ° , there is a large chance 
that a lumbar herniated disk is present. However, the sensitivity 
of this test for the detection of LSR due to a herniated disk varies 
sharply: the global sensitivity is 0.91 with a specifi city of 0.26.  7,11   
This specifi city drops even more when the test is positive above 
60 ° . The crossed Las è gue test is the only examination with good 
specifi city (0.88), but this comes at the expense of the sensitivity 
(0.29).  11   Both tests are described in Table  11.1 .   

 There is no consensus about the specifi city of the other neuro-
logical signs (paresis, sensory loss, or loss of refl exes).  10   In prac-
tice, the presence of signs that are indicative of an L4 involvement 
(lessened patellar refl ex, foot inversion) or an L5 - S1 hernia (Achil-
les tendon refl ex) are checked in a neurological examination. An 
L5 motor paresis will probably be characterized clinically by the 
 “ stomping foot, ”  decreased ankle dorsifl exion and/or extension of 
the toes and an S1 paresis due to a decrease in plantar fl exion, 
among other things  8   (Table  11.2 ).   

 In summary, a diagnosis of LSR appears to be justifi ed if the 
patient reports radicular pain in one leg, combined with one or 
more positive neurological signs that indicate a nerve root irrita-
tion or neurological loss of function.  12    

  Additional  t ests 

  Imaging  s tudies 
 Given that the natural course of lumbosacral radicular pain is 
favorable in 60% to 80% of patients and that the pain improves 
spontaneously or even disappears completely after 6 to 12 weeks, 
additional examination has little value in the acute phase.  6,13   

  Table 11.1.    Las è gue and crossed Las è gue test. 

  The  Las è gue test  is performed by placing the patient in a supine position and 
having the patient lift up the affected leg (with a straight knee). The test is positive 
if this maneuver reproduces the symptoms. Rotation, abduction and adduction in 
the hip should be avoided, since these movements can have an effect on the result 

 The  crossed Las è gue test  is performed by a patient in the supine position lifting 
up the contralateral leg. The test is positive if lifting is accompanied by a pain 
reaction in the affected leg which follows the same pattern that appeared in the 
regular Las è gue test.  

  Table 11.2.    Neurological examination of the lumbosacral radicular syndrome. 

   Level     Pain     Sensory loss paresthesia     Motor disturbances or weakness     Disturbances in refl exes  

  L3    Front of the thigh to the knee    Medial portion thigh and knee    M. quadriceps femoris, m. iliopsoas, hip adductors    Patellar refl ex, adductor refl ex  

  L4    Medial portion leg    Medial portion leg    M. tibialis anterior, m. quadriceps femoris    Patellar refl ex  

  L5    Lateral portion thigh and leg, 
dorsum of the foot  

  Lateral portion leg, dorsum of foot, 
fi rst toe  

  Toe extensors and fl exors, ankle dorsifl exors, 
eversion and inversion of the ankle, hip abductors  

    

  S1    Posterior portion thigh, calf 
and heel  

  Sole of the foot, lateral portion foot 
and ankle, two most lateral toes  

  M. gastrocnemius, biceps femoris, m. gluteus 
maximus, toe fl exors  

  Achilles refl exes  

 Adapted from: Tarulli AW, Raynor EM: Lumbosacral radiculopathy. Neurol Clin. 2007; 25 (2): 387 – 405. With permission of the publisher 
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 In practice, the most rational method used to confi rm the sus-
pected level of radicular complaints is still the use of one or more 
selective diagnostic blocks. These selective infi ltrations must 
occur with a limited amount of local anesthetic (max. 1   mL) per 
level and in separate sessions.   

  Differential  d iagnosis 
 In cases of acute low back pain, physical abnormalities, which 
can account for the complaints, are ruled out fi rst on the basis of 
the so - called  “ red fl ags ” ; yet in cases of chronic low back pain, we 
recommend also checking whether there are signs which could 
indicate underlying pathology such as tumors and infections, 
among others (Table  11.3 ). When making a differential diagnosis, 
infl ammatory/metabolic causes (diabetes, ankylosing spondylitis, 
Paget ’ s disease, arachnoiditis, sarcoidosis) must also be taken into 
account; these must be ruled out fi rst.  8     

 The acute  cauda equina syndrome  is usually the result of a large, 
central disk herniation with compression of the low lumbar and 
sacral nerve roots, usually at the L4 - L5 level. As a result of the 
sacral polyradiculopathy, a signifi cant bowel and micturition 
dysfunction can arise with a characteristic saddle anesthesia. If 
the lumbar nerve roots are also involved, this leads to weakness 
in the legs that can possibly lead to paraplegia. Rapid recogni-
tion of these symptoms and referral for emergency surgery is 
recommended.  8     

  Treatment  o ptions 

  Conservative  m anagement 

  (Sub)acute  r adicular  c omplaints 
 Controversy exists concerning the conservative approach to LSR 
since there is no strong evidence of the effectiveness of most treat-
ments.  29   Providing adequate  information to the patient  about the 

muscles and nearby facet joints. Furthermore, it is known that if 
the etiology of the pain is located proximally to a nerve block, this 
pain can be reduced by a peripheral nerve block. As a result, pain 
that originates from proximal spinal nerve root irritation with 
corresponding pain in the leg and back can in fact be infl uenced 
by a more peripheral block.  22   This was confi rmed in a study by 
North  23   in which patients with radicular pain as their chief com-
plaint had, in a randomized sequence, 4 different blocks with local 
anesthetic. Paraspinal lumbosacral root blocks and medial branch 
posterior primary ramus blocks (at the same level or proximally) 
as well as nervus ischiadicus (sciatic nerve) blocks (collaterally 
or distal to the pathology) with 3   mL bupivacaine 0.5% provide 
a temporary greater pain reduction in the majority of cases, in 
comparison with a lumbar subcutaneous administration of the 
same product in an identical volume. The specifi city of a single -
 level diagnostic block is further infl uenced by the injected volume, 
as 0.5   mL of contrast already reaches the adjacent level in 30% of 
cases, and 1.0   mL even in 67% of cases.  24   As a result, it appears that 
the specifi city of diagnostic nerve root blocks is limited: a negative 
block has a specifi c predictive value, but isolated positive blocks 
are nonspecifi c.  25   

 An example of the variability of the effect of nerve root 
blocks in patients with LSR without neurological defi cit is the 
incidence, location, and extent of the dermatomal areas with a 
hypoesthesia. Namely, the total area in which hypoesthesia can 
be found is very extensive, yet it is exceptional that in some 
patients, absolutely no hypoesthesia develops even though the 
technique performed is identical.  25   This pattern of hypoesthesia 
and radicular pain usually surpasses the boundaries of standard 
dermatomal charts, but is better understood if an overlap with the 
adjacent dermatomes is taken into account. The resulting adapted 
dermatomes are twice as large as those in standard dermatomal 
charts, but as a result, the sensory effects of diagnostic nerve root 
blocks lie more within the limits of the (adapted) dermatomal 
charts.  25   

 Conversely, the variability of  paresthesia  as a result of electro -
 stimulation appears to be much smaller; it is usually registered in 
the central sections of the standard dermatomes. The reproduc-
ibility of paresthesia by electrostimulation also appears to be high: 
80% of the paresthesia can be traced to within the borders of the 
standard dermatomal charts, and 98% to within the borders of 
the adapted dermatomal charts. In spite of this, the relationship 
to pain remains unclear. When pain is reported in an  “ adapted ”  
dermatome, in only 1/3 of cases can a corresponding reduction 
in pain, paresthesia, and hypoesthesia be induced by electro -
 stimulation and nerve root blocks. 

 After a nerve root block, the average  muscle force  is reduced 
within the corresponding myotome, but the muscle force within 
the myotome is increased if the block has reduced the pain.  26   A 
possible explanation for the increase in muscle force in patients 
with a chronic lumbar radicular syndrome is the fi nding that 
pain has an inhibiting effect on the muscle force (diffuse noxious 
inhibitory control or DNIC).  27   After pain reduction, the inhibi-
tion lessens which results in a normalization of the muscle force.  28   

  Table 11.3.    Red Flags. 

  First appearance of back complaints before 20th or after the 55th year  

  Trauma  

  Constant progressive back pain  

  Malignant disorder in the medical history  

  Long - term use of corticosteroids  

  Drug use, immunosupression, HIV   

  (Frequent) general malaise  

  Unexplained weight loss  

  Structural deformities of the spinal column  

  Infectious disorders (eg, herpes zoster, epidural abscess, HIV, Lyme disease)  

  Neurological loss of function (motor weakness, sensory disturbances, and/or 
micturition disturbances)  
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mostly performed in patients with diabetic neuropathy and post-
herpetic neuralgia. The extension of these results to patients with 
LRS, with a physiopathology based more on compression and 
infl ammation of the nerve root and the ganglion spinale (DRG) 
has not yet been scientifi cally proven.  3   

  Anticonvulsants  are a possible alternative for the treatment of 
neuropathic pain if tricyclic antidepressants cannot be tolerated 
or are contraindicated. Gabapentin has been studied most often 
in this indication and is supported by a randomized controlled 
trial (RCT).  46   The results are variable and optimization of the 
dosage is frequently hindered by side effects. The role of opioids 
in the treatment of neuropathic pain has long been considered 
controversial. Recent guidelines concerning the treatment of 
neuropathic pain mention tramadol and oxycodone as possible 
therapeutic options.  4   In an open - label trial using transdermal 
fentanyl in 18 patients with radicular pain, an average pain reduc-
tion of 32% was achieved.  47     

  Interventional  m anagement 
 Anesthesiological treatment techniques are indicated for patients 
with radicular pain. Epidural administration of corticosteroids 
is generally indicated in cases of subacute radicular pain. In 
patients with chronic radicular complaints, corticosteroids will 
not provide any improvement in the outcome in comparison 
with local anesthetics alone. This indicates that epidural corticos-
teroids are more effective for (sub)acute radicular pain where a 
signifi cant infl ammatory pain component is present.  48   (Pulsed) 
radiofrequency (PRF) treatment is a treatment option for chronic 
radicular pain. 

  Epidural  c orticosteroid  a dministration 
 The logic of epidural corticosteroid administration rests on the 
anti - infl ammatory effect of the corticosteroids, which are admin-
istered directly onto the infl amed nerve root. There are three 
approaches: interlaminar, transforaminal, and caudal. 

  Interlaminar  c orticosteroids 
 The available evidence concerning interlaminar corticoster-
oid administration has been studied in systematic reviews. The 
conclusions of these reviews are divergent depending on the 
chosen evaluation parameters. McQuay and Moore calculated 
the Number Needed to Treat (NNT). To achieve 50% pain reduc-
tion in the short term (1 day to 3 months), an NNT of 3 is obtained 
and an NNT of 13 for long - term pain relief (3 months to 1 year).  49   
A systematic review of RCTs concluded that there is insuffi cient 
proof of the effi cacy of this technique. If there are benefi ts, then 
they are of short duration.  50   A recent systematic review of RCTs 
showed that among the 11 RCTs of interlaminar steroid injection 
for radiculopathy, four trials are rated high quality.  51   Three of the 
four trials used ligamantum interspinale (interspinous ligament) 
saline injection as control intervention. All three trials showed 
positive results for short - term benefi ts ( ≤ 1 months).  52 – 54   The 
other trial used epidural saline injection as control and did not 
show any benefi t.  55   

causes and prognosis of LSR can be a logical step in the manage-
ment of this problem, but this has not yet been studied in rand-
omized, controlled studies.  12   

 There is no difference between the advice for  bed rest  when 
compared with the advice  to remain active.   30   

 The use of  Non - Steroidal Anti - Infl ammatory Drugs or Cox - 2 
inhibitors  can have a signifi cant effect on acute radicular pain 
compared with placebo.  31,32   There are however no long - term 
results on the evolution of LRS. 

  Exercise therapy  can possibly have a benefi cial effect. For this 
reason, it is often considered a fi rst - line treatment. However, 
until now, evidential value for this is lacking.  10,29   A randomized 
study was able to demonstrate a better outcome after 52 weeks 
in patients who received physiotherapy in the form of exercise 
therapy combined with a conservative therapy from the general 
practitioner in comparison with patients who received only the 
conservative therapy (79% versus 56% Global Perceived Effect, 
respectively). However, this does not appear to be cost - effective.  33   
For a selected population, a  surgical intervention  results in a more 
rapid lessening of the acute radicular complaints in compari-
son with a conservative approach, but the outcomes after 1 to 2 
years are equivalent.  34 – 36   Furthermore, the effect of surgery on the 
natural course of the herniated disk disease is unclear and there 
are no proven arguments for an optimal time period for surgery.  37   

 For patients with a neurological loss of function due to a 
herniated disk, immediate surgical treatment is usually recom-
mended. From the available studies, it appears that this loss of 
function remains steady initially, but after surgery it can still 
regress (up to 50% of the patients).  38,39   It can therefore be stated 
that the outcome in cases of herniated disk with regard to neuro-
logical loss of function is determined by the severity of the lesion 
at the outset and not by whether an intervention occurs sooner 
or later.  40   

 In patients with a spinal canal stenosis with secondary neu-
rological loss of function on which surgery has been performed, 
refl ex disturbances and sensory and motor defi cits will be perma-
nent or will only very slowly be partially restored. Up to 70% of 
the patients will continue to have residual neurological abnormal-
ities after decompression  41   and the risk of permanent neuropathy 
is larger in central spinal canal stenosis in comparison with lateral 
spinal canal stenosis.  42    

  Chronic  r adicular  c omplaints 
 The place of physiotherapy in these cases is also unclear, since 
there are no randomized studies available.  43   For chronic LSR, a 
trial period with medication is indicated. Classically, neuropathic 
pain is treated by prescribing  tricyclic antidepressants  (TCAs) such 
as amitriptyline.  44   Although a medicinal treatment policy is still 
in the foreground, in practice, this is not always evident. Thus, 
for these neurogenic conditions, less than 1/3 of the patients 
will experience a reduction in pain that is better than  “ moder-
ate ” .  44   Furthermore, various reviews were performed concerning 
the place of the TCAs  45   and anticonvulsants  4,44   in the treatment 
of neuropathic pain. It is striking that the included studies were 
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pain reduction, daily activity, free - time and work activities, and 
anxiety and depression.  63    

  Caudal  c orticosteroids 
 Four placebo - controlled trials were conducted, but none were 
rated high quality.  51   The results are mixed and no defi nitive con-
clusions can be drawn from these studies. 

 In summary, one can state that the transforaminal epidural 
corticosteroid administration is preferable. In practice, due to the 
not - yet - completely elucidated, rare neurological complications 
associated with the transforaminal administration route, the 
interlaminar and caudal approaches can also still be considered.   

   PRF  
 The application of conventional RF treatment (at 67 ° C) adjacent 
to the lumbar ganglion spinale (DRG) has lost interest because no 
extra value could be shown in comparison with a sham procedure 
in a randomized, double - blind, sham - controlled study.  64   

 PRF treatment adjacent to the lumbar ganglion spinale (DRG) 
was studied in a retrospective study. In a group of 13 patients 
for which a surgical intervention was planned, the PRF treatment 
adjacent to the ganglion spinale (DRG) of the nerve involved 
precluded the intervention in 11 patients. One patient had a 
disk operation and 1 underwent a spinal fusion 1 year after the 
treatment without having radicular pain at the time of the opera-
tion.  65   In another retrospective study, PRF treatments were carried 
out in patients with a radicular syndrome as a result of disk 
herniation, spinal canal stenosis, or failed back surgery syndrome 
(FBSS). A signifi cant reduction in pain and in analgesic consump-
tion was attained in the patients with a disk herniation (NNT: 
1.38) and spinal canal stenosis (NNT: 1.19), but not in those 
with FBSS (NNT: 6.5).  66   An RCT aimed at identifying the 
potential additional effect of a conventional RF treatment 
directly after a PRF treatment adjacent to the lumbar ganglion 
spinale (DRG). Thirty - seven patients were treated with PRF and 
39 patients with PRF and RF. A marked decrease in VAS pain 
score was observed in both groups, but no signifi cant difference 
between groups in pain reduction and duration of action could 
be identifi ed.  67    

  Adhesiolysis and  e piduroscopy 
 The goal of lysis of epidural adhesions is to remove barriers in 
the epidural space that may contribute to pain generation and 
prevent delivery of pain relieving drugs to target sites. 

 The development of a navigable, radio - opaque, kink -  resist-
ant, soft - tipped catheter has allowed placement at or near this 
target site in most patients. In the literature, adhesiolysis with 
or without endoscopic control is sometimes assessed together. 
There are 2 RCTs on fl uoroscopic - guided adhesiolysis. Patients 
included in the RCTs suffered chronic low back pain and sciatica 
and might have undergone previous back surgery, furthermore the 
treatment protocols differed. Heavner et al.  68   compared the effect 
of mechanical adhesiolysis with (1) a combination of hyaluro-
nidase and hypertonic saline; (2) hypertonic saline solution; 

   Transforaminal  c orticosteroids 
 The variable results of corticosteroids administered interlami-
narly are ascribed to the fact that there is no certainty that the 
needle reaches the epidural space and even if it did, there is no 
certainty that the medication reaches the ventral section of the 
epidural space.  56   Transforaminal administration allows a more 
precise application of the corticosteroids at the level of the 
infl amed nerve root. Three high quality, placebo controlled trials 
evaluating transforaminal approach reported mixed results.  51   
One showed long - term benefi ts in one year,  57   one showed mixed 
short - term benefi ts,  58   and one showed no benefi t.  48   

 In a double - blind, randomized study, patients who were sched-
uled for surgical intervention received an epidural injection with 
local anesthetic only or local anesthetic with corticosteroid  at 
random . By the follow - up (13 to 28 months), 20/28 patients in 
the local anesthetic with corticosteroid group had decided not to 
undergo surgery, while in the local anesthetic only group, 9/27 
decided to forego a surgical intervention.  57   The majority (81%) 
of the patients who had not yet had surgery 1 year after infi ltra-
tion were able to avoid the operation after 5 years.  59   There was no 
statistical difference between the treatment groups. 

 A prospective controlled study of transforaminal epidural 
corticosteroids showed superiority of this procedure over trigger -
 point injection in patients with disk herniation.  60   Karpinnen ’ s 
group  58   carried out a randomized, controlled study in patients 
with radicular pain and disk herniation documented by MRI, 
in which the transforaminal administration of local anesthetic 
with corticosteroid was compared with transforaminal injections 
of normal saline solution. Two weeks after the treatment, the 
clinical result in the corticosteroid group was better than that of 
the group treated with normal saline solution. After 3 to 6 months, 
on the other hand, patients in the group with normal saline were 
in better condition owing to a rebound effect that was noted in 
the corticosteroid group. A subanalysis in which the results of 
patients with a  “ contained ”  herniation were compared with those 
of patients with an  “ extruded ”  herniation showed that in the 
fi rst group, corticosteroid injections were superior to placebo 
while in the group with  “ extruded ”  herniation, the opposite was 
found.  61   In this study,  “ contained herniation ”  was defi ned as a 
herniation with a broad base, which is still contained within the 
ligamentum longitudinale posterius.  “ Extruded herniation ”  is 
a herniation that breaks through the ligamentum longitudinale 
posterius. 

 In a comparative study, the effectiveness of caudal, interlami-
nar, and transforaminal corticosteroid administration in the 
epidural space was compared in patients with radicular pain as 
a result of disk herniation. The transforaminal approach gave the 
best clinical results.  62   A double - blind, randomized study com-
pared the effi cacy of interlaminar and transforaminal corticos-
teroid administration in patients with lumbar radicular pain as 
a result of CT -  or MRI - confi rmed herniated disk that lasted less 
than 30 days. Six months after the treatment, the results in the 
transforaminal - treatment group was signifi cantly better than 
that of the group that was treated interlaminarly in the areas of 
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  Complications of interventional management 

  Complications and  s ide  e ffects of  e pidural  c orticosteroids 

  Interlaminar  e pidural  c orticosteroids 
 The most frequent side effect is a dural puncture (2.5%) with or 
without a transient headache (2.3%).  84   Minor side effects, such as 
transient increase in complaints or the appearance of new neuro-
logical symptoms more than 24 hours after the infi ltration, occur 
in 4% of the patients; the median duration of the complaints 
was 3 days (1 – 20 days).  85   In a study examining side effects in 
4,722 infi ltrations with betamethasone dipropionate and beta-
methasone sodium phosphate, 14 (0.7%) serious side effects were 
reported (cardiovascular, gastrointestinal, allergy), 7 of which 
were attributed to the product.  86   More serious complications are 
cases of aseptic meningitis, arachnoiditis, and conus medullaris 
syndrome, but these typically occur after multiple accidental sub-
arachnoidal injections. Two cases of epidural abscess, 1 case of 
bacterial meningitis, and 1 case of aseptic meningitis were also 
reported.  87    

  Transforaminal  e pidural  c orticosteroids 
 At the time of preparing this manuscript, 7 publications report 9 
cases of neurological complications such as paraplegia following 
lumbar transforaminal epidural corticosteroid administration.  88 – 94   
The probable mechanism is an injury to an unusually low domi-
nant radiculomedullary artery.  88   The largest radicular artery is 
the arteria radicularis magna (artery of Adamkiewicz); in 80% of 
the population, this artery is present in the spinal canal between 
T9 and L1. However, in a minority of cases, it can occur between 
T7 and L4, which results in the possibility that the artery is in 
the vicinity of the end position of the needle in a transforaminal 
infi ltration. Depot injections can then mimic an embolism; if this 
occurs in a critical artery which supplies the anterior spinal artery, 
spinal cord ischemia may result.  95   Of the reported cases of neu-
rologic complications, 1 occurred after Th12 - L1, 1 case at L1 - L2, 
2 cases at L2 - L3, 3 cases at L3 - L4, 1 after simultaneous L3 - L4 and 
L4 - L5 injection, and fi nally, 1 case after an S1 injection. 

 A retroperitoneal hematoma was reported in a patient having 
anticoagulant therapy who received a transforaminal injection.  58   
Two cases of dural puncture,  96   one disk entry,  97   one case of cauda 
equina  98   and one case of transient blindness attributed to the tem-
porarily intra - epidural pressure increase.  99   Infectious complica-
tions such as epidural abscess caused by MRSA (1 case),  100   discitis 
(1 case)  101   and one case of vertebral osteomyelitis  102   are reported. 

 The recently reported cases of serious complication with the 
transforaminal approach warrant a cautious policy. It is recom-
mended to only perform transforaminal infi ltrations under the L3 
level and to always administer the injection fl uid during real - time 
imaging, the additional use of digital subtraction angiography 
may be of value. It is also recommended to fi rst administer a test 
dosage of local anesthetic before infi ltrating the depot corticos-
teroid after waiting 1 to 2 minutes to observe potential neurologic 
signs.  103   Neurological complications rarely occur when using the 

(3) isotonic saline solution; and (4) hyaluronidase and isotonic 
saline solution. The treatment consisted of a 3 - day procedure 
where the catheter was inserted and the drugs were injected on 
three consecutive days. Manchikanti et al.  69   assessed a one - day 
procedure in 3 patient groups: a control group treated with injec-
tion of local anesthetic corticosteroid and normal saline without 
adhesiolysis; the second group consisting of patients under-
going adhesiolysis, with injection of local anesthetic, steroid, 
and normal saline; and the third group consisting of patients 
undergoing adhesiolysis, with an injection of 10% sodium chlo-
ride solution, in addition to local anesthetic and steroid. The 
third trial compared the effect of adhesiolysis and injection of 
corticosteroid and local anesthetic followed, 30 minutes later, by 
an injection of hypertonic saline (10%) with conservative treat-
ment.  70   These trials and all the observational trials but one found 
positive short -  and long - term outcome. The trial on the effect of 
adhesiolysis with hypertonic saline found only short - term posi-
tive outcome.  71   

 Epiduroscopy, which is also called spinal endoscopy, is an alter-
native way to perform adhesiolysis under visual control. It couples 
the possibility of diagnostic and therapeutic interventions in one 
session. This technique was evaluated in 2 systematic reviews.  72,73   

 A prospective randomized trial showed signifi cant improve-
ment without adverse effects in 80% of the patients receiving epi-
duroscopy at 3 months, 56% at 6 months, and 48% at 12 months, 
compared with 33% of the patients in the control group showing 
improvement at one month and none thereafter.  74   In an RCT, 60 
patients with a 6 - to - 18 - month history of sciatica received either 
targeted epidural local anesthetic and steroid placement with 
manipulation of the adhesions using a spinal endoscope or caudal 
epidural local anesthetic and steroid treatment. No signifi cant dif-
ferences were found between the groups for any of the measures 
at any time.  75   Observational studies showed good short -  and 
long - term pain relief.  76 – 81    

  Spinal  c ord  s timulation in  FBSS  
 FBSS is a persistent back pain that may or may not include pain 
radiating to the leg after one or more back operations. Spinal cord 
stimulation (SCS) consists of the percutaneous application of 
electrodes at the level of the spinal cord segment involved. These 
electrodes are then connected to a generator that delivers elec-
trical pulses to stimulate the painful dermatome and to induce 
altered pain conductivity, transmissibility, and perception. A sys-
tematic review of the effectiveness of SCS for the treatment of 
chronic low back and leg pain in patients with FBSS included 
an RCT, a cohort study and 72 case reports. The RCT demon-
strated clear advantage of SCS in comparison with repeat surgery. 
However, the results of the case reports are very heterogeneous.  82   
A randomized study that compared SCS with conventional treat-
ment in FBSS patients showed that fewer patients from the SCS 
group switched over to conventional treatment than did patients 
who initially received a conventional treatment and then switched 
over to SCS. The number of patients satisfi ed with the treatment 
was higher in the SCS group.  83     
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necessary to obtain a clear image. Up till now, only one report 
of visual disturbances due to increased liquor pressure has been 
reported. Careful monitoring of pressure fl uctuations is war-
ranted to reduce the risk of prolonged increased liquor pressure 
and the duration of the procedure should be limited to maximum 
60 minutes.  

  Side  e ffects and  c omplications of  SCS  
 In a review of the complications of SCS, 18 studies on 112 patients 
receiving SCS for FBSS were identifi ed. Forty - eight patients (42%) 
reported a side effect or complication. Complications can be sub-
divided in: technical, biological (postoperative), and others. The 
majority ( > 25%) of the complications are of technical order such 
as lead migration, lead breakage, hardware malfunction, battery 
failure, and loose connection. Postsurgical complications can be 
infection, cerebrospinal fl uid leakage, and hematoma. Undesir-
able stimulation, pain over the implant, skin erosion, and allergy 
have also been reported.  115     

  Evidence for  i nterventional  m anagement 
 The summary of the evidence for interventional management of 
lumbosacral radicular pain is given in Table  11.4 .     

  Recommendations 

 Based on the evidence available regarding effects and complica-
tions, we recommend the following techniques for the treatment 
of LRS:
    •      Since epidural corticosteroid injections have mainly short - term 
effects; these techniques are recommended for patients with suba-
cute radicular pain symptoms.  
   •      In patients with pain at the lumbosacral level (L4, L5, S1) as a 
result of a  “ contained herniation, ”  a transforaminal epidural injec-
tion with local anesthetic and corticosteroids is recommended. 

correct technique and when sedation is avoided. If a signifi cant 
increase in pain is reported during the injection of contrast agent, 
local anesthetic and/or corticosteroids, the procedure must be 
immediately stopped in order to ascertain the cause of the pain.  

  Endocrine  s ide  e ffects 
 Cushing ’ s syndrome was reported in the prospective study of the 
side effects of epidurally administered betamethasone dipropion-
ate and betamethasone sodium phosphate.  86     

  Side  e ffects and  c omplications of  RF   t reatments 

  Conventional  RF   t reatment 
 A burning pain was found to occur in 60% of RF - treated patients, 
and a hyposensitivity in the associated dermatome in 35% of RF -
 treated patients.  104   These side effects disappeared spontaneously 
after 6 weeks. However, in a later study, there was no difference in 
side effects and complications between a classic RF group and a 
sham group.  64    

   PRF   t reatment 
 In an extensive review of the literature on the use of PRF cover-
ing over 1,200 patients no neurological complication was identi-
fi ed.  105   Twelve publications are currently available regarding PRF 
treatment adjacent to the ganglion spinale (DRG). Eight of those 
publications specifi cally report PRF treatment adjacent to the 
lumbar ganglion spinale (DRG).  65 – 67 – 106 – 110   In total information 
on 295 PRF procedures is listed and no side - effects or complica-
tions are mentioned.   

  Side  e ffects and  c omplications of  e pidural  a dhesiolysis 
and  e piduroscopy 
 Four studies look specifi cally into the complications of epidural 
adhesiolysis.  111 – 114   The most commonly reported complications of 
percutaneous adhesiolysis are dural puncture, catheter shearing, 
and infection. Other potential complications include intravas-
cular injection, vascular injury, cerebral vascular or pulmonary 
embolus, reaction to the steroids, hypertonic saline, or hyaluro-
nidase, and administration of high volumes of fl uids poten-
tially, resulting in excessive epidural hydrostatic pressures, brain 
damage, and death. 

 Talu and Erdine  111   reviewed percutaneous adhesiolysis compli-
cations in 250 patients. Three patients (1.2%) developed epidural 
abscesses, and 1 patient developed a severe headache. Retained 
sheared adhesiolysis catheter was described in a patient who 
underwent percutaneous adhesiolysis to treat persistent back and 
leg pain after 2 previous lumbar surgeries.  112   

 Unintended subarachnoid or subdural puncture with injection 
of local anesthetic or hypertonic saline is one of the major com-
plications of the procedure with catheter adhesiolysis. 

 For epiduroscopy, side effects and complications are compara-
ble to those of adhesiolysis without endoscopic control. There is 
however an additional potential of increased pressure in the epi-
dural space due to the continuous pressurized liquid injection, 

  Table 11.4.    Summary of the evidence for interventional management of 
lumbosacral radicular syndrome.  

   Technique     Assessment  

  Interlaminar corticosteroid administration    2 B ±   

  Transforaminal corticosteroid administration in  “ contained 
herniation ”   

  2 B +   

  Transforaminal corticosteroid administration in  “ extruded 
herniation ”   

  2 B −   

  Radiofrequency lesioning at the level of the ganglion spinale 
(DRG)  

  2 A −   

  Pulsed radiofrequency treatment at the level of the ganglion 
spinale  

  2 C +   

  Spinal cord stimulation (Failed Back Surgery Syndrome only)    2 A +   

  Adhesiolysis — epiduroscopy    2 B ±   
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 term effectiveness, 6 of the 7 systematic reviews give a positive 
assessment and 1 gives a negative assessment (confl icting evi-
dence).  84 – 116 – 120   There are no comparative studies available for the 
effectiveness and/or complications of the various depot corticos-
teroids, which means that a distinction between these products 
cannot be verifi ed. 

 It is possible that the particle size of the depot corticosteroid 
is related to the reported neurological complications, but the 
literature concerning this possibility is also inconclusive.  121   Up 
till now, no reported neurologic complications were noted with 
the nonparticulate corticosteroid dexamethasone. One abstract 
has prospectively compared the transforaminal use of triamci-
nolone with dexamethasone in 50 patients.  122   A signifi cant greater 
reduction in pain was noted after 2 weeks in patients treated with 
triamcinolone, so this far evidence about its effi cacy at the lumbar 
level is lacking. Currently, there is no evidence that a higher 
corticosteroid dosage produces a better clinical effect,  123   yet the 
risk of endocrine side effects is substantially higher. It is for this 
reason that the lowest dosage of depot corticosteroid is currently 
recommended. 

A preference seems to exist for transforaminal epidural corticos-
teroid administration over caudal and interlaminar corticoster-
oids below level L3.  
   •      RF treatment adjacent to the ganglion spinale (DRG) is not 
recommended. A PRF treatment adjacent to the ganglion spinale 
(DRG) can be considered.  
   •      Spinal cord stimulation is recommended for patients with 
FBSS, but only in specialized centers.  
   •      Epiduroscopy and adhesiolysis can be considered for patients 
with therapy resistant radicular syndrom in the context of a study 
and only in specialized centers.    

  Clinical  p ractice  a lgorithm 
 Figure  11.1  represents the treatment algorithm based on the avail-
able evidence.    

  Techniques 

  Practical  r ecommendations  e pidural  c orticosteroid 
 a dministration 
 There are 7 systematic reviews concerning epidural corticosteroid 
administration for the treatment of LRS. With regard to short -

     Figure 11.1.     Practice algorithm for the treatment 
of lumbosacral radicular syndrome. FBSS, Failed Back 
Surgery Syndrome.  

Lumbosacral radicular pain 

“Red flags” ruled out? 

Conservative treatment was adequately carried out 
without conclusive results (VAS≥4)

Yes

(Transforaminal) epidural 
corticosteroid administration 

Chronic problem 

Confirm the suspected level by using a 
diagnostic block 

Consider pulsed radiofrequency 
treatment adjacent to the ganglion spinale 

(DRG) 

Insufficient result 

SCS recommended for FBSS 

Consider epiduroscopy/adhesiolysis in a 
study context in specialized centers 

Yes

Subacute problem 
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ruler over the medial part of the foramen intervertebrale. If there 
is a superposition of the processus articularis superius (superior 
articular process) of the underlying joint, the C - arm must be 
rotated cranially. 

 A 10 - cm long, 25 - G or 22 - G needle with connection tubing 
that is fi rst fl ushed with contrast medium is inserted here locally 
in the direction of the radiation beam. Thereafter, the direction is 
corrected such that the needle is projected as a point on the screen 
(Figure  11.2 ). Then, in a lateral view, the depth of the needle tip is 
checked. A classical approach is in the dorsocranial quadrant, care 
should be taken that no arterial/venous fl ow is noticed during 
real time imaging of contrast injection. We recommend avoid-
ing needle elicitation of paresthesia in the patient. Paresthesia is 
considered unpleasant by the patient and, in addition, segmental 
medullary blood vessels may be hit.  89,128   Therefore, the  “ safe tri-
angle ”  should be taken into account (Figure  11.3 ). This triangle is 
formed cranially by the underside of the upper pediculus, laterally 
by a line between the lateral edges of the upper and lower pedicu-
lus and medially by the spinal nerve root (as the tangential base 
of the triangle). This is considered to be a safe zone; if a radiating 
pain still occurs during the procedure, the needle must be pulled 
back several millimeters.   

 The direction of the radiation beam is now modifi ed to 
forward - backward (A - P view); as a result, the point of the needle 
should be located between the lateral edge and the middle of the 
facet column. After the injection of a small quantity of contrast 
agent during real - time imaging, the course of the ramus ventralis 
(spinal nerve), in the epidural or laterocaudal direction becomes 
visible. If this image is not attained due to a position that is too 

 With regard to the number of infi ltrations, there are no com-
parative studies that have shown that the systematic implementa-
tion of 3 infi ltrations would result in superior outcome.  124   From 
the RCTs available concerning the transforaminal administration 
of corticosteroids, one fi nds an average of 1 to 2 infi ltrations. 
Considering the potential endocrine side effects, adhering to an 
interval of at least 2 weeks between two infi ltrations is recom-
mended.  

  Interlaminar  e pidural  c orticosteroid  a dministration 
 This technique can be carried out with the patient in a prone 
position, lying on the side or sitting; in the two latter postures, 
place the patient in fl exion or in the  “ fetal ”  position.  125   The sitting 
posture is considered to be the most comfortable for the patient 
as well as for the pain physician. This position allows a correct 
assessment of the midline and avoids the rotation of a lateral 
decubitus position. 

 Determination of the correct level can occur with reference 
to the cresta iliaca (iliac crest) or via fl uoroscopy. In the  medial 
approach , fi rst a local anesthetic will be infi ltrated in the middle 
of two adjacent processus spinosi, thereafter, the subcutaneous 
tissue and the ligamentum supraspinale are approached with an 
epidural needle. The latter offers enough resistance to keep the 
epidural needle in position when the needle is released. Subse-
quently, the needle enters the ligamentum interspinale and the 
ligamentum fl avum, which both provide additional resistance. A 
false sensation of loss of resistance may occur upon entering the 
space between the ligamentum interspinale and the ligamentum 
fl avum. The ligamentum fl avum provides the greatest resistance 
to the epidural needle since it is almost entirely composed of col-
lagenous fi bers. Breaking through this ligament to the epidural 
space is accompanied by a signifi cant loss of resistance. When 
injecting medication into the epidural space, normally no resist-
ance should be felt since it is fi lled with fat, blood vessels, lymph 
tissue and connective tissue. The epidural space is 5 to 6   mm wide 
at the L2 - L3 level in a patient in a fl exion position. In addition, 
the injection of contrast agent can verify the correct positioning 
in the epidural space. 

 In the case of aspiration of blood, the needle must be reori-
ented; in the case of aspiration of cerebrospinal fl uid, the pro-
cedure must be repeated at another level. In the latter case, an 
overfl ow to the cerebrospinal fl uid is possible; therefore, this pro-
cedure must be carried out with caution. 

 Classically, an infi ltration consists of an injection of a local 
anesthetic with a corticosteroid. There is a tendency to perform 
this procedure under fl uoroscopy, yet thus far, no advantages of 
fl uoroscopic control have been demonstrated.  126,127    

  Transforaminal  e pidural  c orticosteroid  a dministration 
 In a transforaminal approach, the C - arm is adjusted in such a 
way that the X - rays run parallel to the cover plates of the relevant 
level. Thereafter, the C - arm is rotated until the processus spinosus 
projects over the contralateral facet column. With the C - arm in 
this projection, the injection point is found by projecting a metal 

     Figure 11.2.     Lumbar transforaminal epidural injection: injection point 
(oblique insertion).  
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     Figure 11.4.     Lumbar diagnostic block ganglion spinale (DRG): oblique view.  

 lateral part  of the foramen intervertebrale. A 10 - cm long, 22 - G 
needle is inserted here locally in the direction of the rays. There-
after, the direction is corrected such that the needle is projected as 
a point on the screen (Figure  11.4 ). The direction of the radiation 
beam is now modifi ed to a profi le (lateral) view, and the needle 
inserted until the point is located in the craniodorsal part of the 
foramen intervertebrale (Figure  11.5 ).   

 In an AP view, the course of a small amount of contrast agent 
is followed with  “ real - time imaging ” ; it spreads out laterocaudally 

lateral, the needle must be more deeply inserted toward the gan-
glion spinale (DRG). The execution of this procedure during 
real - time imaging allows the distinction to be made between an 
accidental intrathecal, intra - arterial or intravenous injection. 

 After a correct visualization of the ramus ventralis (spinal 
nerve), a test is carried out with 1   mL bupivacaine 0.5% or xylo-
caine, 1 to 2 minutes thereafter, the patient is asked to move 
the legs to rule out a sudden paresthesia based on medullary 
ischemia.  89,95   The corticosteroid dosage can then be injected.  

  S1  t ransforaminal  e pidural  p rocedure 
 The technique used at the S1 level is analogous with that used 
for the lumbar levels; however, this time the needle is positioned 
through the foramen sacrale dorsale of S1 on the S1 pedicle. For 
this, the target lies on the caudal edge of the S1 pediculus on a 
location homologous to that in the case of the lumbar transfo-
raminal infi ltrations. Radiologically, this foramen cannot be that 
clearly distinguished, but by reorienting the C - arm cephalo -
 caudally and rotating it ipsilaterally, one can cause the foramen 
sacrale ventrale and the foramen sacrale dorsale of S1 to overlap. 
The puncture point is chosen at the level of the lateral edge of the 
foramen sacrale dorsale of S1. In an optimal position, the needle 
point is positioned at 5   mm from the fl oor of the canalis sacralis 
in a lateral view.  

   PRF  treatment 

  Diagnostic  b lock 
 In a diagnostic block, the C - arm is adjusted in such a way that the 
X - rays run parallel to the end plates of the relevant level. Thereaf-
ter, the C - arm is rotated until the processus spinosus projects over 
the contralateral facet column. With the C - arm in this projection, 
the injection point is found by projecting a metal ruler over the 

     Figure 11.3.      “ Safe triangle ”  for the insertion of 
the needle in transforaminal epidural injection 
(illustration: Rogier Trompert Medical Art.  www.
medical - art.nl ).  

Pediculus

Processus transversus

‘Save’ triangle

Ramus ventralis

Ganglion spinale (DRG)
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  Lumbar  p ercutaneous  PRF  
 The insertion point for PRF treatment is determined in the same 
way as for the diagnostic block; this time, the projection is kept 
as  medial  as possible in order to maximally reach the ganglion 
spinale (DRG). The cannula is inserted in the direction of the 
radiation beam. While the cannula is still located in the superfi cial 
layers, the direction is corrected so that the cannula is projected as 
a point on the screen. Thereafter, the cannula is carefully inserted 
further until the point is located in the middle on the foramen 
intervertebrale in lateral view. 

 The stylet is removed and exchanged for the RF probe. The 
impedance is checked, and thereafter, stimulation at 50   Hz is 
done. The patient should now feel tingling at a voltage of  < 0.5   V. 

 If these criteria are met, the position of the cannula is recorded 
in two directions on a video printer. Thereafter, a pulsed current 
(routinely 20   ms current and 480   ms without current) is applied 
for 120 s with an output of 45   V; during this procedure, the 
temperature at the tip of the electrode may not surpass 42 ° C. The 
output may need to be reduced. 

 The target is an impedance of less than 500  Ω . If it is higher, 
fl uid injection can reduce this value. There are reports that the 
injection of a contrast agent can paradoxically increase the imped-
ance. After repositioning, one can search for a lower stimulation 
threshold for additional treatment.  

  Adhesiolysis  129   
 Under fl uoroscopic control the target level is identifi ed. The 
C - arm is then rotated 15 to 20 °  oblique to the ipsilateral side 
of the targeted foramen intervertebrale. Once a  “ Scotty dog ”  
image is obtained, the fl uoroscope is rotated in a caudal - cephalad 
direction for 15 to 20 ° . A caudal - cephalad rotation elongates 
the superior articular process ( “ ear of the Scotty dog ” ). The tip 
of the ear, or processus articularis superior, in the  “ gun barrel ”  
technique is marked on the skin as entry point. An 18 - G needle 
is used to make a puncture wound. Through this wound, a 16 - G 
Epimed R - K epidural needle is advanced anteriorly until bone 
is contacted. A lateral fl uoroscopic image is obtained before further 
introduction of the needle. To facilitate passage of the needle past 
the processus articularis superior, the epidural needle is turned 
laterally to slide past the bone and stop just after a  “ pop ”  is felt. The 
needle tip on a lateral view should be in the posterior aspect of the 
foramen intervertebrale. An Epimed Tun - L - XL epidural catheter 
is then inserted through the epidural needle. Occasionally, the epi-
dural needle must be tilted at the hub laterally to aid entry of the 
epidural catheter into the anterior epidural space. The catheter 
is advanced medial to the pediculus. After catheter placement is 
confi rmed to be in the anterior epidural space under anteropos-
terior and lateral views, the stylet is removed from the catheter 
and a connector is placed on the proximal end of the epidural 
catheter. 

 Aspiration should be negative before 3   mL radiographic con-
trast is injected. The contrast injection should show opening of 
the entered foramen intervertebrale, with contrast exiting along 
the path of the nerve root. 

along the spinal nerve (Figure  11.6 ). Finally, a maximum of 1   mL 
lidocaine 2% or bupivacaine 0.5% is injected.   

 A prognostic block is considered positive if there is a 50% 
reduction in symptoms 20 to 30 minutes after the intervention. 
The level that best satisfi es the aforementioned criteria is chosen 
for PRF treatment.  

     Figure 11.5.     Lumbar diagnostic block ganglion spinale (DRG) lateral view.  

     Figure 11.6.     Lumbar diagnostic block ganglion spinale (DRG): spread of contrast 
fl uid along the segmental nerve.  
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    •      History and clinical examination are the cornerstones of the 
diagnostic process.  
   •      In case red fl ags are present or if an interventional treatment is 
being considered, medical imaging is recommended with a slight 
preference for MRI.  
   •      When conservative treatment fails: 

    •      in (sub)acute lumbosacral radicular pain under the L3 level as 
a result of a contained herniation, transforaminal corticosteroid 
administration is recommended.  
   •      In chronic lumbosacral radicular pain, PRF treatment at the 
level of the ganglion spinale (DRG) can be considered.  
   •      For refractory lumbosacral radicular pain, adhesiolysis and 
epiduroscopy can be considered, preferentially study - related.  
   •      In patients with a therapy - resistant radicular pain in the 
context of an FBSS, spinal cord stimulation is recommended in 
a study design.       
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 Lysis is commonly performed with hypertonic saline but 
remains controversial due to its potential neurotoxocity should 
intrathecal spread occur. 

 After performing the lysis, local anesthetic and corticosteroid 
is injected. 

 When performing adhesiolysis according to the Racz proce-
dure, the catheter is kept in place and lysis is repeated on 3 consec-
utive days.  130   Manchikanti on the other hand advocates a one - day 
procedure.  131    

  Epiduroscopy  77   
 Epiduroscopy is performed with the patient in the prone position 
on a translucent table. Intravenous access, electrocardiographic, 
blood pressure, and oxygen saturation monitoring must be estab-
lished. The patient is lightly sedated, making sure that communi-
cation is possible throughout the procedure. 

 The sacral cornua are identifi ed. When this proves to be dif-
fi cult, internal rotation of the feet will widen the gluteal cleft, thus 
facilitating the identifi cation of the hyatus sacralis. After anesthe-
sia of the skin and underlying tissues, an 18 - G Tuohy needle is 
advanced 2 to 3   cm into the canalis sacralis. Care must be taken 
not to exceed the level of S3 to prevent intradural placement of 
the needle and subsequent equipment. Through the Tuohy needle 
a guide - wire is directed cranially, as close as possible to the target 
area. The Manchikanti group recommends not to position the 
guidewire beyond the S3 level. In this case, however, there is an 
increased risk of dislocation when placing the introducer and per-
forming dilation. A small incision is made at the introduction site 
and after removal of the Tuohy needle, a dilator is passed over the 
guide wire followed by the introducer sheath. The side arm of the 
introducer sheath is left open to allow drainage of excess saline. A 
fl exible 0.9   mm (outer diameter) fi beroptic endocscope (magnifi -
cation  × 45) is introduced through one of two main access ports of 
a disposable 2.2   mm (outer diameter) steering catheter. The steer-
ing catheter also contains 2 side channels for fl uid instillation. 
One side channel of the steering catheter is used for the intermit-
tent fl ush of normal saline. The other side channel is connected to 
an automatic monitoring system by means of a standard arterial 
pressure monitoring system, to allow for continuous monitoring 
of epidural/saline delivery pressure. After distention of the sacral 
epidural space with normal saline, the steering catheter with the 
fi beroptic endoscope is slowly advanced to the target area. The 
epidural space is kept distended with normal saline, but the pres-
sure should be limited to minimize the risks of compromised 
perfusion. Total saline volume ranges between 50 and 250   mL. 
When fi brosis or adhesions become visible during epiduroscopy, 
these can be mobilized with the tip of the endoscope. It is recom-
mended to limit the duration of the procedure to maximum 60 
minutes     

  Summary 

 There is no gold standard for the diagnosis of lumbosacral 
radicular pain.
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   Introduction 

 Pain emanating from the lumbar facet joints (zygapophysial 
joints) is a common cause of low back pain in the adult popula-
tion. Golthwaite was the fi rst to describe the syndrome in 1911, 
and Ghormley is generally credited with coining the term  “ facet 
syndrome ”  in 1933. Facet pain is defi ned as pain that arises from 
any structure that is part of the facet joints, including the fi brous 
capsule, synovial membrane, hyaline cartilage, and bone.  1 – 3   

 The reported prevalence rate varies widely in different studies 
from less than 5% to as high as 90%, being heavily dependent on 
diagnostic criteria and selection methods.  4 – 11   Based on informa-
tion from studies that were done on well - selected patient popula-
tions, we estimate the prevalence to range between 5% and 15% 
of the population with axial low back pain.  12 – 15   Because arthri-
tis is a prominent cause of facetogenic pain, the prevalence rate 
increases with age.  16,17   

 Although some experts have expressed doubts about the valid-
ity of  “ facet syndrome, ”  studies conducted in patients and vol-
unteers have confi rmed its existence.  18 – 23   In rare cases, facet joint 
pain can result from a specifi c traumatic event (ie, high - energy 
trauma associated with a combination of hyperfl exion, extension, 
and distraction).  24   More commonly, it is the result of repetitive 
stress and/or cumulative low - level trauma. This leads to infl am-
mation, which can cause the facet joint to be fi lled with fl uid and 
swell, which in turn results in stretching of the joint capsule and 
subsequent pain generation.  25   Infl ammatory changes around the 
facet joint can also irritate the spinal nerve via foraminal nar-
rowing, resulting in sciatica. In addition, Igarashi et al.  26   found 
that infl ammatory cytokines released through the ventral joint 
capsule in patients with zygapophysial joint degeneration may be 
partially responsible for the neuropathic symptoms in individuals 

with spinal stenosis. Predisposing factors for zygapophysial joint 
pain include spondylolisthesis/lysis, degenerative disc disease, and 
advanced age.  3   

 The treatment of facet pain is the subject of great controversy. 
In 1963, Hirsch et al.  19   were the fi rst group to describe the tech-
nique of facet joint injections, and in the mid - 1970s, Shealy pub-
lished the fi rst reports of radiofrequency (RF) treatment of the 
zygapophysial joints under radiographic guidance.  27,28   Because 
each facet joint receives dual innervation from adjacent levels and 
most individuals have multilevel pathology, several levels usually 
need to be treated  29 – 31   (Figure  12.1 ).    

  Diagnosis 

  History 
 A number of researchers have attempted to elucidate the clinical 
entity  “ facetogenic pain, ”  mostly through provocation of pain in 
volunteers.  21 – 32 – 37   

 The most frequent complaint is axial low back pain. Although 
bilateral symptoms are more common than for sacroiliac joint 
pain, centralization of pain is less predictive of response to anal-
gesic blocks than it is for discogenic pain.  38,39   Sometimes, pain 
may be referred into the groin or thigh.  21   Pain originating from 
the upper facet joints often extends into the fl ank, hip, and lateral 
thigh regions, whereas pain from the lower facet joints typically 
radiates into the posterior thigh. Pain distal to the knee is rarely 
associated with facet pathology (Figure  12.2 ).    

  Physical  e xamination 
 There are no physical examination fi ndings that are pathog-
nomonic for diagnosis. Because facet pain originates from the 
mobile elements of the back, examination of motion seems 
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relevant. In a series of cadaveric studies, Ianuzzi et al.  40   determined 
that the largest strain on the lower lumbar facet joints occurred 
during fl exion and lateral bending, with extension also stressing 
L5/S1. It is therefore possible that pain worsened by fl exion and 
extension is suggestive of pathology originating from the lowest 
lumbar segment(s). 

 Revel was the fi rst to correlate symptoms and physical exam 
signs with the response to placebo - controlled blocks.  12,37   

 The Revel criteria for lumbar facet joint pain are as follows:
    •      Pain not worsened by coughing.  
   •      Pain not worsened by straightening from fl exion.  
   •      Pain not worsened by extension – rotation.  
   •      Pain not worsened by hyperextension.  
   •      Pain improved in the supine position.    

 However, previous and subsequent studies have failed to cor-
roborate these fi ndings.  41 – 43   It is widely acknowledged that lumbar 
paravertebral tenderness is indicative of facetogenic pain, which is 
a claim supported by clinical trials.  44   Recently, indicators of facet 
pain have been described based on a survey of an expert panel. 
They specifi ed a panel of 12 indicators that create the framework 
for a diagnosis of facet pain.  45   These indicators are not in line with 
previous studies.  37,44,46    

  Additional  t ests 
 The prevalence rate of pathological changes in the facet joints 
on radiological examination depends on the mean age of the 
subjects, the radiological technique used, and the defi nition of 
 “ abnormality. ”  Degenerative facet joints can be best visualized via 
computed tomography (CT) examination.  47   

 CT studies conducted in patients with low back pain show a 
prevalence rate of facet joint degeneration ranging between 40% 
and 80%.  10,48   Magnetic resonance imaging scans may be some-
what less sensitive in the detection of facet pathology.  5,47   Interest-
ingly, the number of studies demonstrating a positive correlation 
between radiological abnormalities and the response to diag-
nostic blocks is roughly equivalent to the number showing no 
correlation.  5 – 9 – 12,30,34,35,41 – 48 – 50    

  Differential  d iagnosis 
 As earlier indicated in the literature on guidelines for chronic 
nonspecifi c low back complaints, supplementary radiological 
examination may also be necessary to rule out so - called  “ red fl ags ”  
such as malignancy, compression fracture, or spinal infection.  16,51   

 Other causes of predominantly axial low back pain that must 
be considered in the differential diagnosis include discogenic 
pain, sacroiliac joint pathology, ligamentous injury, and myofas-
cial pain. Within the context of facet pathology, infl ammatory 
arthritides, such as rheumatoid arthritis, ankylosing spondylitis, 
gout, psoriatic arthritis, reactive arthritis, and other spondylar-
thropathies, as well as osteoarthrosis and synovitis, must also be 
considered. 

  Diagnostic  b locks 
 Diagnostic blocks are most frequently performed under radio-
graphic guidance but can also be done under ultrasound.  52,53   

     Figure 12.1.     Anatomy of the lumbar spinal column.  “ Illustration: Rogier 
Trompert Medical Art.  www.medical - art.nl . ”  DRG, dorsal root ganglion.  

Ganglion spinale (DRG)

Ramus lateralis of the
ramus dorsalis

N. spinalis, ramus ventralis

Ramus dorsalis

Dura mater

Facet joint

Crista iliaca

Ramus medialis
(medial branch) of
the ramus dorsalis

Discus intervertebralis

     Figure 12.2.     Pain referral pattern of lumbar facet pain  adapted from McCall 
et al .  21    “ Illustration: Rogier Trompert Medical Art.  www.medical - art.nl . ”   
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lidocaine and 3 hours with bupivacaine). Because double, com-
parative blocks are associated with a signifi cant false - negative rate 
and have not been shown to be cost - effective, the  “ double - block ”  
paradigm is not advisable at this time.  59 – 61      

  Treatment  o ptions 

  Conservative  m anagement 
 The treatment of facet pain should ideally occur in a multidisci-
plinary fashion and include conservative (pharmacological treat-
ment, cognitive behavioral therapy, manual medicine, exercise 
therapy and rehabilitation, and, if necessary, a more detailed psy-
chological evaluation) as well as interventional pain management 
techniques. 

 Because there are no clinical studies evaluating pharmacologi-
cal or non - interventional treatments for patients with injection -
 confi rmed facet joint pain, one must extrapolate from studies that 
have been conducted on patients with chronic nonspecifi c low 
back complaints. Although nonsteroidal anti - infl ammatory drugs 
are often used, scientifi c evidence supporting their long - term use 
for low back complaints is scant.  51   Antidepressants appear to be 
effective, though the treatment effect is small.  62   Manipulation can 
also be effective,  63,64   although 1 study showed no difference with 
 “ sham ”  therapy.  65    

  Interventional  m anagement 
 Currently, the gold standard for treating facetogenic pain is RF 
treatment. The major advantage of temperature - controlled RF 
treatment compared with voltage - controlled and other  “ neu-
rolytic ”  techniques is that it produces controlled and reproduc-
ible lesion dimensions.  66   RF facet treatment can also be repeated 
without a loss of effi cacy, which is important because the duration 
of benefi t is limited by the inexorable rate of nerve regeneration.  67   
There are currently no randomized studies comparing RF facet 
treatment with intra - articular injections.  3   

  Intra -  a rticular  c orticosteroid  i njections 
 The use of intra - articular corticosteroid injections in the facet 
joints is controversial. Uncontrolled studies have mostly demon-
strated transient benefi cial effects, but the results of controlled 
studies have been mostly disappointing. Lilius et al.  68   performed 
the largest randomized study, involving 109 patients. They found 
no difference among large - volume (8   mL) intra - articular saline 
injections, intra - articular corticosteroid, and local anesthetic, 
and the same mixture injected around 2 facet joints. In a rand-
omized, controlled study, Carette et al.  69   found only a small differ-
ence between the injection of saline (10% good effect) and depot 
corticosteroid (22% good effect) up to 6 months after treatment. 
One caveat with placebo - controlled trials that is not commonly 
recognized is that the intra - articular injection of saline may itself 
provide therapeutic benefi t.  70   Observational studies involving 
intra - articular local anesthetic and corticosteroid typically show 
symptom palliation lasting for up to 3 months.  49,71   Based on the 

Although intra - articular injection and medial branch (facet joint 
nerve) blocks are often described as  “ equivalent, ”  this has yet to be 
demonstrated in a comparative, crossover study design.  3   Neither 
of these approaches have been shown to be superior.  20   Both medial 
branch and intra - articular blocks are associated with signifi cant 
false - positive and false - negative rates. For both techniques, the 
rate of false positives is most often cited as ranging between 15% 
and 40%.  3   Regarding the false - negative rate, Kaplan et al. found 
that 11% of volunteers retained the ability to perceive capsular 
distension after appropriately performed medial branch blocks, 
which was attributed to aberrant innervation.  54   Other causes of 
false - negative blocks include inappropriate needle placement, 
failure to detect vascular uptake, and inability of the patient to 
discern baseline from procedure - related pain.  55   

 False - positive results can be ascribed to several phenomena 
including placebo response, use of sedation, and/or the excessive 
use of superfi cial local anesthesia, which can obscure myofas-
cial pain.  56,57   In addition, the local anesthetic can spread to sur-
rounding pain generating structures. Over 70 years ago, Kellegren 
noted that an intramuscular injection of 0.5   mL of fl uid spreads 
over an area encompassing 6   cm 2  of tissue, and this was later con-
fi rmed by Cohen and Raja.  3,58   Dreyfuss et al.  55   found that either 
epidural or intervertebral foraminal spread occurred in 16% of 
blocks using the traditional target point at the superior junction 
of the processus transversus and processus articularis superior. 
Given the close proximity of the ramus lateralis and intermedius 
to the ramus medialis (medial branch) of the primary ramus dor-
salis, it is not possible to selectively block one without the others. 
During intra - articular facet blocks, the capsule can rupture after 
the injection of 1 to 2   mL of injection fl uid with the resultant 
spread of the local anesthetic to other potential pain generating 
structures. 

 Perhaps because of their safety, simplicity, and prognostic 
value, diagnostic medial branch blocks are done more frequently 
than intra - articular injections. Dreyfuss et al.  55   researched the 
ideal needle position for diagnostic medial branch blocks. They 
compared 2 different target sites — one with the needle tip posi-
tioned on the upper edge of the processus transversus and the 
other with the needle tip located halfway between the upper edge 
of the processus transversus and the ligamentum mammilloacces-
sorium. The authors found that the lower (i.e., latter) target posi-
tion was associated with a lower incidence of inadvertent injectate 
spread to the segmental nerves and epidural space when a volume 
of 0.5   mL was used. It is thus recommended to use the lower target 
site when performing diagnostic medial branch blocks. 

 After the procedure, the patient is given a pain diary with 
instructions to discount procedure - related discomfort and 
engage in normal activities in order to permit adequate assess-
ment of effectiveness. Failure to properly discriminate between 
baseline pain and that related to the procedure is a common cause 
of false negative blocks. 

 In general, a defi nitive treatment is carried out if a patient 
experiences 50% or greater pain reduction lasting for the dura-
tion of action of the local anesthetic (e.g.,  > 30 minutes with 
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were included, the difference in favor of RF treatment remained 
signifi cant.  80     

  Complications of  i nterventional  m anagement 

  Complications of  d iagnostic  b locks 
 The most prevalent complication of a diagnostic block results 
from an overfl ow of local anesthetic to the segmental nerves. This 
can cause temporary paresthesias in the legs and loss of motor 
function.  

  Complications of  RF   t reatment 
 The complications and side effects of RF treatment have been pre-
viously described in a small retrospective study by Kornick et al.  81   
Out of 116 procedures, the 2 most commonly occurring compli-
cations were transient, localized burning pain and self - limiting 
back pain lasting longer than 2 weeks, each occurring with a fre-
quency of 2.5% per procedure. In this study, no infections, motor, 
or new sensory defi cits were identifi ed. 

 Unlike diagnostic blocks, which, in rare instances, have been 
complicated by spinal infection(s), RF treatment has never been 
associated with infectious complications.  82   This may be because 
heat lesioning serves a protective function. In rare instances, local 
burns and motor weakness have been reported.  3,83    

  Other  t reatment  o ptions 
 There is presently no evidence to support the use of operative 
interventions for injection - confi rmed facetogenic pain.  3   Although 
several devices have been used and advocated for percutaneous 
facet joint fusion, none have been evaluated in rigorous trials.   

  Evidence for  i nterventional  m anagement 
 A summary of the available evidence is given in Table  12.1 .     

  Recommendations 

 In patients with chronic low back pain putatively originating 
from the facet joints, RF treatment of the rami mediales (medial 
branches) arising from rami dorsales of lumbar segmental nerves 
can be recommended after a positive diagnostic block. 

  Clinical  p ractice  a lgorithm 
 A practice algorithm for the management of lumbar facet pain is 
illustrated in Figure  12.3 .    

literature, one can conclude that intra - articular corticosteroid 
injections are of very limited value in the treatment of unscreened 
patients with suspected facetogenic pain. However, subgroup 
analyses have revealed that patients with positive single photon 
emission CT scans may be more likely to respond than patients 
without an acute infl ammatory process.  71,72    

   RF   t reatment 
 RF treatment is frequently performed for various forms of 
spinal pain, though the scientifi c evidence for this intervention 
remains controversial. The fi rst controlled study was published 
by Gallagher et al. in 1994.  73   The authors selected 41 patients 
with chronic low back complaints who responded with some 
pain relief to diagnostic intra - articular injections and rand-
omized them to receive either  “ sham ”  or true RF treatment of the 
rami mediales (medial branches). The 2 study groups were 
then subdivided into patients who obtained  “ good ”  and  “ equivo-
cal ”  relief after the diagnostic block. After 6 months, a signifi -
cant difference was found only between treatment and control 
subjects who had experienced good relief from the test blocks. In 
a well - designed placebo - controlled study, van Kleef et al.  74   dem-
onstrated good results after RF treatment lasting up to 12 months 
after treatment. Leclaire et al.  75   did not establish a therapeutic 
effect for RF treatment in a placebo - controlled trial, but this 
study has been criticized because the criterion for a positive 
 “ diagnostic ”  block was  ≥ 24 hours of pain relief after lidocaine 
infi ltration, which is inconsistent with the drug ’ s pharma-
cokinetics. In addition, 94% of the screened patients with back 
pain were selected for participation, which is much greater than 
the presumed prevalence for lumbar facetogenic pain (17% to 
30%) in this cohort. For this reason, this study is judged to have 
major methodological fl aws. van Wijk et al.  76   also found no dif-
ference between the treatment and control groups with regard 
to visual analog scale pain score, medication usage, and function. 
However, the RF group in this study did report  ≥ 50% reduc-
tion in complaints signifi cantly more often (62% vs. 39%) than 
those who received a sham procedure. The evaluation method 
was, however, subject to discussion. Finally, in the most recent 
randomized placebo - controlled trial undertaken in 40 patients 
who obtained signifi cant pain relief following 3 diagnostic blocks, 
a signifi cantly greater improvement in pain symptoms, global 
perception of improvement, and quality of life was observed 
after 6 months in those subjects allocated to RF treatment.  15   In 2 
randomized studies comparing pulsed and conventional RF treat-
ment for facetogenic pain, both showed conventional RF to be 
superior.  77,78   

 From these 7 controlled studies, one can conclude that RF treat-
ment of the facet joints can provide intermediate - term benefi t in 
carefully selected patients. 

 However, in a recent review, the value of this intervention 
was questioned.  79   In a letter to the editor, the methodology was 
questioned, and a meta - analysis was performed. When includ-
ing the 6 randomized controlled trials, RF was signifi cantly better 
than placebo. Even when only the 2 trials without shortcomings 

  Table 12.1.    Summary of evidence for interventional management of lumbar 
facetogenic pain. 

   Technique     Assessment  

  Intra - articular injections    2 B ±   

  Radiofrequency treatment of the rami mediales (medial branches) 
and L5 primary rami dorsales  

  1 B +   



CHAPTER 12 Pain Originating from the Lumbar Facet Joints

91

 The injection point is then marked on the skin. The traditional 
target is the cephalad junction between the processus articula-
ris superior and the processus transversus. However, 1 cadaveric 
study and literature review determined the optimal needle posi-
tion to be with the electrode tip lying across the lateral neck of the 
processus articularis superior.  84   

 When inserting the electrode, one should fi rst make contact 
with the processus transversus as close as possible to the processus 
articularis superior. After contacting bone, the needle is advanced 
slightly in a cranial direction so that the tip slides over the proces-
sus transversus (Figure  12.4 ). In the lateral fl uoroscopic view, the 
electrode tip should now lie at the base of the processus articularis 
superior in the plane formed by the so - called facet column at the 
lower aspect of the foramen intervertebrale, approximately 1   mm 
dorsal to its posterior border (Figure  12.5 ). When proper needle 
position is confi rmed in multiple views, the impedance is checked 
and a sensory stimulus current of 50   Hz is applied. The electrode 
position is generally deemed adequate if concordant stimulation 
is obtained at  ≤ 0.5   V. Motor stimulation at 2   Hz serves to confi rm 
correct needle placement via contraction of the musculus mul-
tifi dus and to ensure the absence of distal muscle contraction in 
the leg, which indicates improper placement. Local muscle con-
tractions in the back can generally be observed and palpated by 

  Techniques 

  Procedure for  RF   t reatment of the  l umbar  f acet  j oints 
 There are several ways to perform lumbar facet RF treatment, 
and comparative studies between different techniques are lacking. 
This section describes just 1 technique. RF treatment is a proce-
dure that requires continuous feedback from the patient during 
the procedure. Therefore, if sedation is used, it should be light 
enough to enable conversation. The patient is placed in a prone 
position on an examination table. A cushion is placed under 
the abdomen to straighten the physiological lumbar lordosis. 
First, the anatomical structures are identifi ed with an anterior -
 posterior examination. Next, the C - arm is rotated axially to align 
the X - ray beam parallel with the L4 – L5 disc to remove parallax 
of the end plates. The C - arm is then rotated approximately 15 °  
obliquely to the ipsilateral side so that the junction between the 
processus articularis superior and the processus transversus, the 
traditional target point, is more easily accessible. Several preclini-
cal studies have demonstrated that placing the active tip parallel 
to the course of the nerve maximizes lesion size.  84,85   Hence, if the 
practitioner desires to orient the electrode parallel to the targeted 
nerve in a co - axial view to facilitate placement, the image intensi-
fi er can be further angled in the caudad direction. 

     Figure 12.3.     Clinical practice algorithm for the 
treatment of lumbar facet pain.  

Localized low back pain > 6 weeks in duration 

Red flags ruled out? 

Yes

Tenderness overlying the facet joint(s) 
Referral leg pain limited to above the knee except in rare circumstances; 

Pain worsened with extension, flexion or rotation toward the ipsilateral side

Indicative for facet complaints 

Diagnostic block produces ≥ 50% pain reduction

Yes

Radiofrequency (RF) treatment of the rami 
mediales (medial branches) and L5 primary 

rami dorsales 
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 After a brief interval in which the local anesthetic takes effect, a 
 ≥ 67 °  lesion is applied for at least 1 minute. The nerve location and 
technique are the same for the ramus medialis (medial branch) 
of the nerves L1 – L4. For L5, it is the ramus dorsalis itself that is 
amenable to lesioning, as it courses along the junction between 
the ala and processus articularis ossis sacri. At this level, 2   Hz 
stimulation does not always produce prominent contraction of 
the musculus multifi dus, yet motor stimulation should be per-
formed to prevent inadvertent lesioning too close in proximity to 
the segmental nerve.    

  Conclusions 

 Lumbar facet joint pain is a common yet controversial source of 
low back pain. Although the diagnosis is generally made by either 
ramus medialis (medial branch) or intra - articular injections, 
both are subject to high false - positive and, possibly, false - negative 
rates. To date, superiority or equivalence has yet to be established 
in comparative crossover studies. In patients with injection -
 confi rmed zygapophysial joint pain, procedural interventions 
can be undertaken in the context of a multidisciplinary, multi-
modal treatment regimen that includes pharmacotherapy, physi-
cal therapy and regular exercise, and, if indicated, psychotherapy. 
Currently, the  “ gold standard ”  for treating facetogenic pain is RF 
treatment, though the effect size is moderate, and the duration is 
limited to less than a year.  

  Summary 

 There is no gold standard for making the diagnosis of low back 
complaints originating from the facet joints. 

 Unilateral localized back pain without radicular referral and 
pain in a movement examination together with paravertebral 
pressure pain appear to support this diagnosis. 

 However, the diagnosis must be confi rmed by a diagnos-
tic block of the suspected painful facet joints. If this treatment 
produces a pain reduction of at least 50%, moving to a RF 
treatment seems justifi ed. If RF treatment is contraindicated, 
a 1 - time intra - articular injection with local anesthetic can be 
considered.  
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   Introduction 

 The sacroiliac (SI) joint has long been considered an important 
source of low back pain because of the empirical fi nding that 
treatment targeting the SIJ can relieve pain. The International 
Association for the Study of Pain (IASP) has formulated criteria 
for the diagnosis of SI joint pain.  1   SI joint pain is defi ned as pain 
localized in the region of the SI joint, reproducible by stress and 
provocation tests of the SI joint, and reliably relieved by selec-
tive infi ltration of the SI joint with a local anesthetic. Depending 
on the diagnostic criteria employed (clinical examination, intra -
 articular test blocks, medical imaging), the reported prevalence of 
SI pain among patients with axial low back pain varies between 
16% and 30%.  2 – 4   

 The SI joint is a diarthrodial synovial joint. Only the anterior 
part is a true synovial joint. The posterior part is a syndesmo-
sis consisting of the ligamenta sacroiliaca, the musculus gluteus 
medius and minimus, and the musculus piriformis. The SI joint 
cannot function independently because all of these muscles are 
shared with the hip joint. The ligamentous structures and the 
muscles they support infl uence the stability of the SI joint. The SI 
joint is innervated mainly by the sacral rami dorsales.  5   

 SI joint pain can be divided into intra - articular causes (infec-
tion, arthritis, spondyloarthropathies, malignancies) and extra -
 articular causes (enthesopathy, fractures, ligamentous, and 
myofascial injuries). Frequently, no specifi c cause can be iden-
tifi ed. Unidirectional pelvic shear stress, repetitive torsional 
forces, and infl ammation can all cause pain. Risk factors include 
leg length discrepancy, abnormal gait pattern, trauma, scoliosis, 
lumbar fusion surgery with fi xation of the sacrum, heavy physical 
exertion, and pregnancy.  6 – 11   In patients who suffer from persistent 
low back pain after a technically successful lumbar arthrodesis, a 
prevalence rate between 32% and 35% has been demonstrated by 
means of diagnostic intra - articular blocks.  9    

  Diagnosis 

  History 
 Pain from the SI joint is generally localized in the gluteal region 
(94%). Referred pain may also be perceived in the lower lumbar 
region (72%), groin (14%), upper lumbar region (6%), or 
abdomen (2%). Pain referred to the lower limb occurs in 28% of 
patients; 12% report pain in the foot  12   (Figure  13.1 ).    

  Physical  e xamination 
 Solitary provocative maneuvers have little diagnostic value. 
Because of the size and the immobility of the SI interface, large 
forces are needed to stress the joint (causing false negatives). 
In addition, if forces are exerted incorrectly, pain can be pro-
voked in neighboring structures, resulting in false - positive 
tests. However, both the sensitivity and specifi city of the clini-
cal examination increase as a direct function of the number of 
positive tests. Two studies found that 3 or more positive pro-
vocative tests resulted in a specifi city and sensitivity of 79% and 
85%, and 78% and 94%, respectively.  13,14   This was confi rmed 
by a meta - analysis, which showed that 3 or more positive stress 
tests have discriminative power for diagnosing SI joint pain.  15   
Young et al.  16   found a positive correlation between SI joint 
pain and worsening of symptoms when rising from a sitting 
position, when symptoms are unilateral, and with 3 positive pro-
vocative tests. 

 The 7 most important clinical tests, which are positive when 
they reproduce a patient ’ s typical pain, are listed below.
   1     Compression test (approximation test): The patient lies on his 
or her side with the affected side up; the patient ’ s hips are fl exed 
45 ° , and the knees are fl exed 90 ° . The examiner stands behind the 
patient and places both hands on the front side of the crista iliaca 
and then exerts downward, medial pressure.  
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  5     Thigh thrust test (posterior shear test): The patient lies in the 
supine position with the unaffected leg extended. The examiner 
stands next to the affected side and fl exes the extremity at the 
hip to an angle of approximately 90 °  with slight adduction while 
applying light pressure to the bent knee.  
  6     Fortin ’ s fi nger test: The patient can consistently indicate the 
location of the pain with 1 fi nger inferomedially to the spinae 
iliacae posteriores superiores.  
  7     Gillet test: The patient stands on one leg and pulls the other leg 
up to his or her chest.     

  Additional  t ests 
 Medical imaging is indicated only to rule out so - called  “ red 
fl ags. ”   17   In various studies, the use of radiography, computed 
tomography (CT), single photon emission CT, bone scans, 
and other nuclear imaging techniques have been used to iden-
tify specifi c disorders of the SI joint. However, no correlation has 
been consistently demonstrated between the imaging fi ndings 
and injection - confi rmed SI joint pain.  18   Magnetic resonance 
imaging (MRI) does not allow evaluation of normal anatomy. 
However, in the presence of spondylarthropathy, MRI can detect 
infl ammation and destruction of cartilage despite normal clinical 
presentation.  19,20   

  Diagnostic  b locks 
 The IASP criteria mandate that pain should disappear after 
intra - articular SI joint infi ltration with local anesthetic in order 
to confi rm the diagnosis. A number of authors have used a 
single diagnostic block for clinical studies.  3,5,12,21   Others advocate 
confi rmatory (double) diagnostic blocks using 2 different local 
anesthetics containing different durations of action.  4,13,14,22 – 25   
Yet, the diagnostic value of SI joint infi ltration with local anes-
thetic remains controversial in light of the potential for false -
 positive and false - negative results. Potential causes of inaccurate 
blocks include dispersal of the local anesthetic to adjacent pain -
 generating structures (muscles, ligaments, nerve roots), the over-
zealous use of superfi cial anesthesia or sedation, and failure to 
achieve infi ltration throughout the entire SI joint complex. The 
use of fl uoroscopy or other imaging to guide needle placement 
during SI joint blocks is strongly recommended; in 1 study, only 
22% of blind procedures resulted in intra - articular injectate 
spread.  26   CT - monitored injections are useful when the SI joint 
cannot be accessed using fl uoroscopy.  27     

  Differential  d iagnosis 
     •      Spondyloarthropathy (ankylosing spondylitis, reactive arthritis, 
psoriatic arthritis    . . .    ).  
   •      Lumbar nerve root compression.  
   •      Facetogenic pain.  
   •      Hip pain.  
   •      Endometriosis.  
   •      Myofascial pain.  
   •      Piriformis syndrome.      

  2     Distraction test (gapping test): The examiner stands on the 
affected side of the supine patient and places his/her hands on the 
ipsilateral spinae iliacae anteriores superiores. The examiner then 
applies pressure in the dorso - lateral direction.  
  3     Patrick ’ s sign (fl exion abduction external rotation test): 
The patient is positioned supine with the examiner standing 
next to the affected side. The leg of the affected side is bent at 
the hip and knee, with the foot positioned under the oppo-
site knee. Downward pressure is then applied to the knee of the 
affected side.  
  4     Gaenslen test (pelvic torsion test): The patient lies in a 
supine position with the affected side on the edge of the 
examination table. The unaffected leg is bent at both the hip 
and knee, and maximally fl exed until the knee is pushed 
against the abdomen. The contralateral leg (affected side) is 
brought into hyperextension, and light pressure is applied to that 
knee.  

     Figure 13.1.     Typical pain referral pattern of sacroiliac joint pain (illustration: 
Rogier Trompert Medical Art  www.medicalart.nl ).  
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   RF   t reatment of the  SI   j oint 
 The effi cacy of RF treatment of the SI joint is illustrated by several 
prospective observational,  33,34   retrospective studies  35 – 37   and 1 ran-
domized controlled study.  38   However, the selection criteria, defi -
nition of success, and RF parameters (ie, temperature, duration, 
and location of RF treatment) have varied widely between studies. 
Gevargez et al.  34   performed three 90 ° C lesions in the ligamentum 
sacroiliacum posterius and 1 targeting the L5 ramus dorsalis. 
In contrast, Ferrante et al.  35   performed multiple bipolar intra -
 articular lesions at 90 ° C. Cohen and Abdi  36   performed single 80 ° C 
lesions at the level of the L4 – L5 rami dorsales and the S1 to S3 (or 
S4) rami laterales of the rami dorsales. Yin et al.  37   applied a similar 
technique, except that they excluded the L4 ramus dorsalis, and 
selected more caudal levels based on concordant sensory stimu-
lation. Burnham and Yasui  33   performed bipolar RF strip lesions 
lateral to the foramen sacrale posterius and a monopolar RF treat-
ment at the level the L5 ramus dorsalis. More recently, Cohen et 
al.  39   investigated which demographic and clinical variables could 
be used to predict SI joint RF treatment outcome. In multivari-
ate analysis, pre - procedure pain intensity, age 65 years or older, 
and pain referral below the knee were all statistically signifi cant 
predictors of failure. 

 One study reported the use of pulsed RF (PRF) therapy 
for the treatment of SI joint pain.  40   The L4, L5 rami mediales, and 
the S1, S2 rami laterales of the rami dorsales were the targets 
of the therapy. Evidence of a good or excellent result ( > 50% and 
80% reduction in the VAS, respectively) was obtained in 73% 
of the patients. The duration of the clinical effect varied from 6 
weeks to 32 weeks. 

 Because of variable and extensive innervation of the dorsal 
SI joint, targeting the nerves innervating the joint with  “ classic ”  
RF methods is sometimes diffi cult. In 2 double - blind rand-
omized, controlled studies, Dreyfuss et al.  41,42   demonstrated the 
superiority of multisite, multi - depth sacral lateral branch blocks 
over single - site, single - depth blocks to anesthetize the SI joint 
ligaments. However, these studies also demonstrated that lateral 
branch blocks do not reliably interrupt nociceptive information 
emanating from the intra - articular portion of the SI joint complex 
(ie, capsular distension). To circumvent anatomical variations 
in innervations, some investigators have employed internally 
cooled RF electrodes, which increase the ablative area by mini-
mizing the effect of tissue charring to limit lesion expansion. 
In 2008, a retrospective case series  43   and a randomized control-
led trial  38   concerning cooled RF treatment of the SI joint were 
published. In the retrospective trial 3 to 4 months post - treatment, 
a mean VAS pain score improvement of 2.9 points was noted 
(7.1 to 4.2).  43   Eighteen patients rated their improvement in pain 
as either improved or much improved, while 8 reported minimal 
or no improvement. Cohen et al.  38   performed a randomized 
placebo - controlled study in which a  “ classic ”  RF procedure 
was performed on the L4 and L5 rami dorsales, and a cooled 
RF treatment of the S1 to S3 rami laterales. One, 3, and 6 months 
post - treatment, 79%, 64%, and 57% of patients reported 
 ≥ 50% pain relief, respectively. In the placebo group, only 14% 

  Treatment  o ptions 

 Treatment of SI joint pain best consists of a multidisciplinary 
approach and must include conservative (pharmacological 
treatment, cognitive – behavioral therapy, manual medicine, exer-
cise therapy and rehabilitation treatment, and, if necessary, psy-
chiatric evaluation) as well as interventional pain management 
techniques. 

  Conservative  m anagement 
 The conservative treatments primarily address the underlying 
cause. In SI joint pain attributed to postural and gait distur-
bances, exercise therapy and manipulation can reduce pain and 
improve mobility. However, there are no controlled studies evalu-
ating patients with injection - confi rmed SI joint pain.  28   

 Ankylosing spondylitis (Morbus Bechterew) is an infl amma-
tory rheumatological disorder that affects the vertebral column 
and the SI joint. Controlled studies have demonstrated anal-
gesic effi cacy for immunomodulating agents in ankylosing 
spondylitis and other spondylarthropathies. However, no con-
clusions can be drawn with respect to their specifi c effi cacy in SI 
joint pain.  28    

  Interventional  m anagement 
 Patients with SI joint pain resistant to conservative treatment 
are eligible for intra - articular injections or radiofrequency (RF) 
treatment. 

  Intra-articular  i njections 
 SI joint injections with local anesthetic and corticosteroids may 
provide good pain relief for periods of up to 1 year. It is assumed 
that intra - articular injections would produce better results than 
peri - articular infi ltrations. Yet, peri - articular infi ltrations were 
demonstrated to provide good pain relief in short - term follow - up 
in 2 double - blind studies,  24,25   indicating the importance of extra -
 articular sources of SI pathology.  29 – 31   Controlled studies support 
the assertion that both intra -  and extra - articular injections may 
be benefi cial. Luukkainen et al.  30   randomized 24 patients to 
receive either peri - articular corticosteroid with local anesthetic 
( n   =  13), or local anesthetic and saline ( n   =  11). One month 
after the intervention, visual analog scale (VAS) pain scores had 
decreased signifi cantly in the corticosteroid group compared 
with the control patients. Maugars et al.  32   treated 13 SI joints in 
10 patients. Intra - articular corticosteroids were injected into 6 SI 
joints, while the remaining 7 joints received physiological saline 
solution. After 1 month, pain reduction of  > 70% was noted in 5 
of the 6 SI joints treated with corticosteroid, whereas no benefi t 
was noted in the placebo group. In all control patients and 2 in 
the treatment group who had short - term symptom palliation, a 
repeat corticosteroid injection was performed. After 1, 3, and 6 
months, signifi cant pain reduction was observed in 86%, 62%, 
and 58% of patients, respectively.  
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  Recommendations 

 In patients with chronic aspecifi c low back complaints possibly 
originating from the SI joint, an intra - articular injection with a 
local anesthetic and corticosteroids can be recommended. If the 
latter fail or produce only short - term effects, cooled/RF treatment 
of the lateral branches of S1 to S3 (S4) is recommended if availa-
ble. When this procedure cannot be used, (pulsed) RF procedures 
targeted at L5 dorsal ramus and lateral branches of S1 to S3 may 
be considered. 

  Clinical  p ractice  a lgorithm 
 The practice algorithm is illustrated in Figure  13.2 .    

  Techniques 

  Classical  SI   j oint  i nfi ltration  t echnique 
     •      The patient lies in a prone position.  
   •      In anterior - posterior (AP) fl uoroscopic projection, the medial 
SI joint line is formed by the posterior joint articulation.  
   •      Next, the C - arm is rotated contralaterally until the medial corti-
cal line of the posterior articulation is in focus. Tilting the C - arm 
longitudinally in relation to the patient (cephalo - caudally) can 

experienced signifi cant improvement at 1 month follow - up, and 
none experienced signifi cant benefi t 3 months post - procedure. 
The additional cost of disposable components needed for 
a cooled RF procedure should be taken into consideration, 
because in some countries, no reimbursement exists for this 
procedure.   

  Complications of  i nterventional  m anagement 
 Although potential complications of articular injections and 
RF procedures include infection, hematoma formation, neural 
damage, trauma to the sciatic nerve, gas and vascular particulate 
embolism, weakness secondary to extra - articular extravasation, 
and complications related to drug administration, the reported 
rate of these complications in SI joint treatment is low.  44   

 Luukkainen et al.  29,30   reported no complications from peri -
 articular SI joint injections. For intra - articular injections, 
Maugars et al.  32   reported only transient perineal anesthesia lasting 
a few hours and mild sciatalgia (sciatica) lasting 3 weeks, but no 
information was given as to the number of patients that reported 
these side effects. 

 For RF treatment of the SI joint, Cohen et al.  38   noted that 
the majority of 28 patients experienced temporary worsening 
of pain 5 to 10 days after the procedure that was attributed to 
procedure - related tissue trauma and temporary neuritis. In a 
follow - up study, Cohen et al. reported 5 complications out of 77 
treated patients.  39   These included 3 cases of temporary paresthe-
sia, 1 superfi cial skin infection that resolved with antibiotics, and 
1 case of hyperglycemia in a diabetic patient requiring increased 
insulin use for 3 days. The latter was caused by the corticoid used 
to prevent procedure - related neuritis; this is a relatively common 
practice that is, however, not supported by improved outcome in 
the literature. In their study evaluating PRF of the SI joint, Vallejo 
et al. observed no complications or worsening of pain.  40,43   Tran-
sient buttock dysesthesia or hypoesthesia, and temporary worsen-
ing of pain have also been commonly reported in other studies 
evaluating heat RF.  33,34,37    

  Evidence for  i nterventional  m anagement 
 A summary of the available evidence for interventional treatment 
of SIJ pain is given in Table  13.1 .     

  Table 13.1.    Summary of evidence of interventional pain management 
for  SI joint  pain. 

   Technique     Assessment  

  Therapeutic intra - articular injections with corticosteroids and 
local anesthetic  

  1 B +   

  Radiofrequency (RF) treatment of rami dorsales and laterales    2 C +   

  Pulsed RF treatment of rami dorsales and rami laterales    2 C +   

  Cooled/RF treatment of the rami laterales    2 B +   

   SI, sacroiliac.   
     Figure 13.2.     Clinical practice algorithm for treatment of sacroiliac (SI) joint pain. 
RF, radiofrequency.  

SI-joint pain 

"Red flags" 
ruled out? 

Yes 

Positive Negative 

Reconsider diagnosis Consider intra- 
articular injections with corticosteroids 

Insufficient result 

Cooled/ (pulsed) /RF L5-S3 rami 
dorsales 

Confirm SI-joint pain with 
diagnostic block 
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felt in the painful area with thresholds  < 0.5   V. Right S1 and S2 
rami laterales are usually found between  “ 1 o ’ clock and 5 o ’ clock ”  
positions on the lateral side of the foramina sacralia posteriora. 
For the left S1 and S2 rami laterales, the locations correspond to 
between  “ 7 o ’ clock and 11 o ’ clock. ”  In view of the small lesion 
size created by conventional electrodes, and the wide - spread vari-
ability in the location and number of nerves converging on each 
foramina sacralia posteriora, multiple lesions may be necessary. 
Before performing the RF treatment, motor stimulation should be 
performed to ensure the absence of leg or sphincter contraction. 
If present, the needle position is incorrect, and repositioning is 
needed. After correct positioning of the electrode, the RF probe 
is inserted, and a 90 - second RF treatment at 80 ° C is made.  36   

 Another technique, which has been successfully implemented, 
targets the S1, S2, and S3 (S4) rami laterales.  45    

  Cooled  RF  of the  SI   j oint 
 A cooled RF treatment of the SI joint is performed after a positive 
diagnostic block. The patient is lightly sedated. C - arm fl uoros-
copy is used to visualize the sacrum by imaging through the L5/S1 
disk space. The L5 ramus dorsales and S1 to S3 rami laterales are 
targeted. An introducer with stylet is inserted onto the bone end-
point of the posterior sacrum. When inserted, the stylet extends 
6   mm beyond the tip of the introducer. The RF probe, which is 
subsequently inserted via the same introducer, extends only 4   mm 
beyond the tip of the introducer. To maximize encasement of the 
rami laterales of the S1 to S3 (S4) nerves, the electrode is placed 
8 to 10   mm from the lateral edge of the foramina sacralia poste-
riora, with the tip positioned approximately 2   mm proximal to 

sometimes help the clinician distinguish between the anterior and 
posterior articulations.  
   •      Skin puncture is 1 to 2   cm cranially from the lower edge of the 
SI joint at the level of the zone of maximal radiographic translu-
cency.  
   •      Penetration of the SI joint is characterized by a change in resist-
ance. The tip of the needle often appears to be slightly curved 
between the os sacrum and the os ilium. On a lateral view, the 
needle tip should appear anterior to the dorsal edge of the sacrum.  
   •      Injection of contrast agent shows dispersal along the articula-
tions and also a fi lling of the caudal joint capsule. Use only 0.25 to 
0.5   mL of contrast agent.  
   •      If this technique is not successful, then approaching the joint 
from a more rostral puncture point, or using CT, may facilitate 
penetration.    

 The needle positioning is illustrated in Figures  13.3  and  13.4 .    

   RF   t reatment  t echnique of the  SI   j oint 
 An RF treatment of the SI joint is performed with fl uoroscopic 
imaging after a positive diagnostic block. The patient is lightly 
sedated. The C - arm is positioned in such a way that either a 
slightly oblique projection (L4 ramus dorsalis), an AP projection 
(L5 ramus dorsalis and rami laterales), or a cephalo - caudal projec-
tion (S1 to S3 rami laterales) is attained. For S1, slight ipsilateral 
oblique angulation can often increase visualization of the foramina 
sacralia posteriora. A 22G SMK - C10 cannula with a 5 - mm active 
tip is inserted until contact is made with the bone at the level of 
the target nerve. The correct needle position is confi rmed with 
electrostimulation at 50   Hz, at which point paresthesia should be 

     Figure 13.3.     Intra - articular injection of sacroiliac joint with contrast in anterior -
 posterior view.  

     Figure 13.4.     Intra - articular injection of sacroiliac joint with contrast in anterior -
 posterior view.  
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the surface (because of the 2   mm longer introducer). Two or 3 
lesions are created at each sacral level. Typically, these lesions are 
spaced about 1   cm apart from one another, creating a continuous 
strip of ablated tissue lateral to each foramen sacrale. RF energy 
is delivered for 2 minutes (30 seconds per lesion) with a target 
electrode temperature of 60 ° C. The ramus dorsalis of the L5 nerve 
is targeted in a classical manner.    

  Summary 

 The SI joint is responsible for 16% to 30% of axial low back com-
plaints and can be diffi cult to distinguish from other forms of low 
back pain. Clinical examination and radiological imaging is of 
limited diagnostic value. The result of diagnostic blocks must be 
interpreted with caution, because false - positive as well as false -
 negative results occur frequently. Currently, the majority of sci-
entifi c evidence points toward intra - articular SI joint infi ltrations 
for short - term improvement. If the latter fail or produce only 
short - term effects, a combination of cooled and conventional RF 
treatment of the rami laterales of S1 to S3 (S4) is recommended 
(2 B + ) if available. When this procedure cannot be used, (pulsed) 
RF procedures targeted at L5 ramus dorsalis and rami laterales of 
S1 to S3 may be considered (2 C + ).  
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   Introduction 

 Coccygodynia is a painful disorder of the tailbone (os coccygis) 
localized just above the anus, for which a traumatic as well as an 
idiopathic form can be differentiated. Precise incidence and prev-
alence fi gures for the traumatic and idiopathic forms of this con-
dition are not available. However, it is known that the idiopathic 
form comprises less than 1% of all nontraumatic disorders of the 
vertebral column.  1   In rare cases a precoccygeal epidermal inclu-
sion cyst can present as coccygodynia.  2   A clear relationship exists 
between coccygodynia and the female gender; the female/male 
incidence ratio is 5:1.  3   Moreover, a relationship exists between 
weight and the occurrence of coccygodynia; a body - mass index 
(BMI) of  > 27.4 in females and  > 29.4 in males increases the chance 
of developing coccygodynia.  4   

 In the acute form of coccygodynia, a trauma (usually a fall into 
the sitting position) is the cause of the complaints in the majority 
of the cases.  4,5   Repetitive microtrauma resulting from an inad-
equate sitting posture or from activities such as cycling or motor 
sports can also give rise to coccygodynia.  6,7   In females, parturi-
tion can be regarded as a trauma for the development of coccy-
godynia.  8   The coccygeal joints are involved in 70% of traumatic 
childbirth cases.  5   Dynamic, radiological examination of function 
(os coccygis stressed and unstressed) and discography indicate 
that the following fi ve causes may play a role in these traumatic 
and idiopathic coccygodynias: anterior luxation, hypermobility, 
coccygeal spicules, subluxation, and luxation.  5,8   MRI studies show 
that mobility during tightening of the muscles of the pelvic fl oor 
and defecation is independent of age, gender, and the presence or 
absence of coccygodynia. 

 The os coccygis usually consists of four bony segments that are 
attached cranially to the os sacrum at the sacrococcygeal joint. 
Between the fi rst two segments, a rudimentary discus interverte-
bralis may be present and can form a potential localization point 

for post - traumatic hypermobility.  4   The other segments are synar-
throses and have no mobility.  9   Due to a more posteriorly situated 
os sacrum and os coccygis,  10   and a longer os coccygis relative to 
men,  11   females have a greater chance of developing coccygodynia.  

  Diagnosis 

 Diagnosis is usually made on the basis of the typical anamnesis 
in which the symptoms are generally related to a trauma (includ-
ing parturition). The chance of developing coccygodynia may be 
increased by repetitive microtrauma from sitting in females with 
a BMI    >    27.4 and in males with a BMI    >    29.4.  4   

  History 
 Most patients with coccygodynia complain anamnestically about 
pain at the site of the tailbone, usually provoked by sitting.  12   Due 
to the direct pressure of the saddle on the os coccygis, cycling is 
usually impossible in these patients.  

  Physical  e xamination 
 In addition to standard physical and neurological examination, 
manual examination of the os coccygis is also very important.  11   
The presence or absence of pain during mobilization of the os 
coccygis can differentiate between a nociceptive pain of the os coc-
cygis with the ligamentous and muscular structures and a referred 
pain due to pathology in the lower pelvic region. In addition, the 
Valsalva maneuver should be positive in the case of coccygodynia 
based on disorders of the neural structures, and negative in the 
case of primary involvement of the os coccygis.  11    

  Additional  t ests 
 First of all, lateral images of the os coccygis are indicated. 
Dynamic radiological images of these patients can also be made. 
In this instance, the angle is measured according to the Maigne 

Evidence-Based Interventional Pain Medicine: According to Clinical Diagnoses‚ First Edition. Edited by Jan Van Zundert, Jacob Patijn, Craig T. Hartrick, 

Arno Lataster, Frank J.P.M Huygen, Nagy Mekhail, Maarten van Kleef.

© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd. This article was previously published in Pain Practice 2010; 10: 554–559.



CHAPTER 14 Coccygodynia

104

shown to have a long - term effect in 25% of patients.  13   A subse-
quent randomized controlled study, by the same group, compared 
intrarectal manipulation (applied in three 5 - minute sessions over 
a period of 10 days) to short - wave magnetic fi eld physiotherapy 
(delivered in three sessions over a period of 10 days). Intrarectal 
manipulation was more effective than the control treatment in 
improving visual analog scale (VAS) scores as well as functional 
and pain questionnaires. However, the effi cacy was modest.  14   
Infrared thermography before and after manual therapy and dia-
thermy in patients with coccygodynia objectively showed decre-
ment of surface temperature correlating ( r   =  0.67,  P     <    0.01) with 
changes of subjective pain intensity after treatment.  15    

  Interventional  m anagement 
 In a prospective study, the combination of local injections of 
corticosteroids/local anesthetic with mobilization was shown 
to have a positive effect in 85% of cases, while local injections of 
corticosteroids/local anesthetic alone produced a 60% success 
rate.  1   In this study, it was indicated that the infi ltration occurred 
next to the os coccygis and at the level of the caudal end of the 
spinal column, but that no attempt was made to infi ltrate the sac-
rococcygeal joint. The effect of intradiscal corticosteroid injections 
into the os coccygis has yet to be demonstrated.  5   The same is true 
for dextrose prolotherapy in case of recalcitrant coccygodynia.  16   

 In addition to local injections of corticosteroids/local anes-
thetic, interventional pain management techniques include radi-
ofrequency (RF) treatment of the sacral roots. However, there 
are no studies available that prove the utility of RF. The same is 
true of the caudal block. Only one study of mediocre quality has 
described the long - term effects of rhizotomy of the S5 and S6 
roots. Based on the results and complications reported, this treat-
ment is not recommended.  17   

 Blocking of the ganglion impar with local anesthetic was 
described in a case report as well as in a case series. The series 
consisted of six patients who were subjected to 20 blocks with 
0.5% bupivacaine. Each injection produced pain relief which 
was scored by the majority of patients as being more than a 75% 
reduction in pain. The benefi cial effect was retained with repeated 
injections.  18   The case report refers to a patient with 100% pain 
relief that continued for more than one year.  19   

 Reig et al.  20   performed a prospective study on 13 patients, four 
of whom had been diagnosed with coccygodynia in which an RF 
thermic lesion of the ganglion impar was performed using two 
needles. The thermic lesion was only performed if a positive 
result (pain reduction  > 50% in a test block with corticosteroids/
local anesthetic) had been attained beforehand. Reig describes 
signifi cant pain reduction of more than 50% in the entire group 
(all forms of non - oncological pain in the pelvis) with an average 
duration of effectiveness of 2.2 months. Given the small size of 
the group of patients with coccygodynia who were studied, and 
the relatively short duration of its effectiveness, as well as the risk 
of puncture of the rectum inherent to this method, this technique 
can only be recommended in a study context. The authors recom-
mend the technique with two needles since the position of the 

method  4,5,8   in the standing and sitting (stressful for the os coc-
cygis) positions. Coccygeal mobility between 2 °  and 25 °  is consid-
ered normal. The position of discography is unclear. No specifi city 
or sensitivity studies have been published for all diagnostics. 

 Given the relationship to the patient being overweight, BMI 
determination is useful: a body mass index of  > 27.4 in females 
and  > 29.4 in males increases the chance of developing coccygo-
dynia.  4   As in the case of all chronic pain symptoms ( > 3 months), 
exploratory psycho - cognitive examination is indicated, during 
which kinesiophobia, catastrophizing, and depression should 
particularly be evaluated. If there is any suspicion of other causes, 
and in particular of idiopathic coccygodynia, more detailed diag-
nostic techniques such as MRI and/or referral should defi nitely 
take place in order to be able to rule out infections, precoccygeal 
cysts and malignancies.  

  Differential  d iagnosis 
 Three groups of diagnoses can be determined in the differential 
diagnosis of coccygodynia: a nociceptive (from the os coccygis) 
diagnosis, a neuropathic diagnosis, or a visceral diagnosis. In the 
case of a nociceptive differential diagnosis, the Levator Ani Syn-
drome  10   should be considered, in which mobilization of the os 
coccygis is not painful as it is in the case of a traumatic etiology. 
Furthermore, to make the differential diagnosis, osteomyelitis, 
arthritis and intraossal lipoma, intraossal chondroma, avascular 
necrosis and precoccygeal cysts should be considered.  2,13   

 In the case of a neuropathic differential diagnosis, a lumbar 
disk herniation should primarily be considered.  10   In this case, the 
symptoms are usually not related to provocation by sitting and 
manipulation of the os coccygis. Other diagnoses that can be the 
cause of referred neuropathic pain in the os coccygis region are 
neural tumors in this area, such as Schwannomas, neurinomas, 
arachnoid cysts of the cauda equina, sacrococcygeal meningeal 
cysts, chordomas, and very rarely, paragangliomas at the caudal 
end of the os coccygis.  10   

 Coccygodynia can also be the result of pain referred from vis-
ceral structures due to conditions such as disorders of the rectum, 
the colon sigmoideum, and the urogenital system. In these cases, 
infections as well as primary tumors and metastases can mimic 
the clinical appearance of coccygodynia.  11     

  Treatment  o ptions 

 In general, there have been few controlled studies showing the 
effi cacy of any known coccygodynia treatments. Most treatments 
have been evaluated in retrospective studies. 

  Conservative  m anagement 
 In the acute phase of a post - traumatic coccygodynia, a con-
servative policy has been proposed. This conservative approach 
includes nonsteroidal anti - infl ammatory drugs (NSAIDs) and an 
adapted sitting posture.  11   In a controlled pilot study, conservative 
treatment, in the sense of mobilization of the os coccygis, has been 
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geum posterius and anterius), while the second needle is inserted 
through a coccygeal disk (Figure  14.2 ). Using a lateral projection, 
the positions of the needles are checked while contrast agent is 
administered (Figure  14.3 ). After stimulation at 50   Hz (up to 1   V) 
and 2   Hz (no motor reaction up to 3   V), each needle is warmed up 
to 80 ° C for 80 seconds by means of RF.      

  Table 14.1.    Summary of evidence for interventional management 
of coccygodynia. 

   Technique     Assessment  

  Local injections corticosteroids/local anesthetic    2 C +   

  Intradiscal corticosteroid injections, ganglion impar block, RF 
ganglion impar, caudal block  

  0  

  Neurostimulation    0  

     Figure 14.1.     Clinical practice algorithm for the treatment of coccygodynia.  

Coccygodynia

Conservative treatment
unsatisfactory result

Local injection
corticosteroids/local anesthetic

Unsatisfactory result

Consider RF treatment ganglion impar

     Figure 14.2.     Radiofrequency treatment of the ganglion impar: lateral view.  

ganglion impar is extremely variable. This corresponds with the 
results of an anatomical study performed by Oh.  21   

  Surgical  t reatment 
 In the subacute and chronic phases, many forms of treatment for 
coccygodynia are advised, up to and including surgical removal of 
the os coccygis. Although retrospective studies are still being pub-
lished concerning coccygectomy,  22   there are strong contraindica-
tions to this surgical intervention due to the long - term moderate 
results and the chance of major complications.  11,16    

  Neurostimulation 
 Few case reports suggest a possible benefi cial effect for spinal cord 
stimulation at the conus medullaris level  23   or peripheral nerve 
stimulation in the caudal space  24   or subcutaneously.  25   However, 
given the paucity of experience and reports, this treatment modal-
ity may be considered with much caution only after other more 
established therapies have failed.   

  Complications of  i nterventional  m anagement 
 Local anesthetic injection with corticosteroids always carries the 
risk of going through the disc and penetrating the rectum. The 
same is true for the ganglion impar block.  

  Evidence for  i nterventional  m anagement 
 A summary of the available evidence is given in Table  14.1 .     

  Recommendations 

 In the chronic stage of coccygodynia, a combination of manual 
mobilization of the sacrococcygeal articular capsule or the fi rst 
intercoccygeal joint and a local injection of corticosteroids with 
anesthetic should be the fi rst choice of treatment. Other inter-
ventional pain treatments should only be considered for research 
purposes. 

  Clinical  p ractice  a lgorithm 
 The practice algorithm is illustrated in Figure  14.1 .    

  Technique(s) 

  Radiofrequency  t reatment ( RF ) of the  g anglion  i mpar 
 For this technique, the patient lies face down in the prone posi-
tion. During radiographic examination, one needle is inserted 
 trans  - sacrococcygeally (through the ligamentum sacrococcy-
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  Summary 

 Coccygodynia is a serious, disabling disorder with few proven 
therapeutic options. Conservative treatment (NSAIDs) is 
always — especially in the acute posttraumatic stage — indicated. 
When other causes are suspected, and in particular, for idiopathic 
coccygodynia, more detailed diagnostic techniques and/or refer-
ral must take place in order to be able to rule out infections and 
malignancies. In the chronic stage of coccygodynia, a combina-
tion of manual mobilization of the capsule of the sacrococcygeal 
joint or the fi rst intercoccygeal joint and a local corticosteroid/
anesthetic injection is the fi rst choice of treatment. 

 Intradiscal corticosteroid injections, ganglion impar block, RF 
treatment of the ganglion impar, and caudal block may be consid-
ered for research purposes. Neuromodulation may be considered 
in appropriately selected, psychologically stable patients only if all 
other modalities have failed and should only be performed under 
research conditions.  
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   Introduction 

 Each year, many people become disabled as a result of back com-
plaints. Back pain is a multifactorial ailment. In approximately 
45% of the cases, low back pain appears to be of discogenic 
origin.  1,2   The sacroiliac joint or the facet joints are indicated as 
the cause of the pain in 13% and 15% to 40% of the cases, respec-
tively.  2   Furthermore, in clinical practice, often, more than one 
cause can be found simultaneously that might be held responsible 
for the patients ’  pain. Discogenic pain shares clinical signs with 
lumbosacral radicular pain characterized by radiating pain in one 
or more lumbar or sacral dermatomes with or without neuro-
logical defi cits. Disk herniation in patients under the age of 50 
and spine degeneration in older patients are often associated with 
chronic low back pain. The development of interventional tech-
niques to treat discogenic pain has stimulated the refi nement of 
diagnostic procedures with a high specifi city and sensitivity, to 
confi rm or refute the hypothesis that the patients ’  pain is prima-
rily due to a painful internally disrupted discus intervertebralis.  

  Anatomy of the  d iscus  i ntervertebralis 

 The discus intervertebralis is composed of the nucleus pulposus 
(NP), the annulus fi brosus (AF), and the vertebral end - plates 
(VE). The corpora vertebrae lie above and below the disk. On the 
posterior side, the disk is supported by two facet joints. Together, 
the weightbearing joints provide support and stability, especially 
by limiting movement of the spine in all directions.  3   The healthy 
disk is avascular, and its nutrition depends on diffusion via 

the AF and the VE. The nucleus pulposus itself has no blood 
supply. 

     Nerve  s upply 
 The nerve supply of the discus intervertebralis is complex. 
The sensory innervation of the discus intervertebralis occurs 
via branches of the truncus sympathicus.  4   The dorsal circum-
ference of the AF is innervated via branches of the nervi sinu-
vertebrales (or recurrentes meningei) (Figure  15.1 ), which stem 
from rami communicantes. The nervus sinuvertebralis runs 
ventral to the nerve root, back to the canalis spinalis, where the 
nerve splits into fi ner branches, which form nerve networks —
 one in the ligamentum longitudinale posterius (LLP) and the 
other in the ventral dura.  4   The nerve plexus is characterized by 
many left - right connections and many cranio - caudal connec-
tions. Ultimately, the posterior discus intervertebralis and corpus 
vertebrae are innervated via this nerve network in the LLP. The 
same accounts for the ventral dura. The ligamentum longitu-
dinale anterius (LLA) also contains a network of nerves with 
many left - right and high - low connections of branching nerves. 
It is formed by branches from the trunci sympathici from both 
sides. The ventral and lateral sides of the discus intervertebra-
lis are supplied by branches of the rami communicantes, direct 
branches of the truncus sympathicus, and by the LLA nerve 
plexus  4   (Figure  15.1 ).   

 Because many of the afferent fi bers from the discus interver-
tebralis travel along with nervi sympathici, some investigators 
have sought to prove the disk has a sympathetic innervation and 
that both nerve networks consist of interconnected nerves with 
somatic and autonomic branches from various lumbar spinal 
nerves.  4   This assumption has been endorsed by Suseki et al.  5   
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true, some researchers have utilized this hypothesis to obtain a 
specifi c block of the nervus spinalis L2 for low lumbar discogenic 
pain.  7      

  Diagnosis 

  History 
 There are no specifi c characteristics in the patients ’  history 
that confi rm or disprove the diagnosis of discogenic low back 
pain.  8   More typical features include persistent, nociceptive low 
back, groin and/or leg pain that worsens with axial loading and 
improves with recumbence. Patients may have experienced a 
prior episode of acute, intense pain caused by an acute tear in 
the innermost part of the AF (although no scientifi c proof of this 
exists). 

 Discogenic low back pain is often localized medially in the back, 
and more detailed referral patterns were reported by Ohnmeiss et 
al. during provocative discography.  9,10   Discogenic pain originat-
ing from the L3/L4 level typically radiates to the front (anterior) 
side of the thigh, L4/L5 to the outside (lateral) of the thigh, and 
sometimes to the back (posterior) of the thigh, and L5/S1 usually 
causes pain on the back of the thigh.  

and indirectly supported by a recent RCT showing pain relief 
following radiofrequency (RF) lesioning of the rami communi-
cantes.  6    

  Signifi cance of this  i nnervation  p attern 
 The observation of left - right and cranio - caudal connections in 
these nerve plexuses further suggest that lateralized disorders, in 
which nociceptive stimuli reach the spinal cord via nervi sinu-
vertebrales from the other side, can cause pain at a side that is 
contralateral to its origin. This could explain why patients com-
plain about pain on the left side at one time and another time 
about pain on the right. Another implication is that the majority 
of spinal structures, including the disci intervertebrales are inner-
vated multisegmentally.  4   Via the mechanism of deep somatic 
referred pain, this innervations pattern leads to an overlap in 
distribution of referred pain areas from adjacent structures. As a 
result, the pain projections are not always reliable for determining 
the source of the pain. 

 Finally, if the human disci intervertebrales receive signifi cant 
afferent fi bers via sympathetic pathways, their cell bodies may be 
primarily located in the ganglia spinalia (dorsal root ganglia, DRGs) 
of C8 - L2 nerves, i.e., the levels at which the sympathetic 
nerve fi bers leave the spinal cord.  4   Although it has yet to be proven 

     Figure 15.1.     Schematic drawing of the lumbosacral innervation.  4    * Connections to the dural nerve plexus. Illustration: Rogier Trompert Medical Art. 
 www.medical - art.nl .  
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emphasis lies more on the extent and the dimensions of the 
annular tear than on disk degeneration. Sachs et al.  25   developed 
the  “ Dallas Discogram Scale, ”  a 4 - point scale that specifi es the 
degree of disk degeneration. Grade 0 indicates a disk in which 
the contrast agent remains entirely in the NP. Grades 1 through 
3 indicate tears in which the contrast agent extends to the inner-
most, middle, and outermost sections, respectively, of the AF. 
Later, Grade 4 was added; the Grade 4 fi ssure has expanded into 
an arcshaped tear outside of or in the innermost ring of the AF 
(Figure  15.3 ).   

 Subsequently, Vanharanta  26   demonstrated the relationship 
between the expansion of the tear in the AF and pain reproduc-
tion during discography. Grades 0 and 1 are almost never painful. 
In Grade 3 annular ruptures, more than 75% of the discogra-
phies are accompanied with exact reproduction of concordant 
pain. On the other hand, it has been shown that in pain repro-
duction during discography, 77% of the disci intervertebrales 
have an internal morphology with a Grade 3 rupture. This 
concordant pain is also present very intermittently in Grade 2 
ruptures. 

  Chemical  c hanges 
 There are two types of chemical changes that occur in the degen-
erative disk. First, a fracture in the vertebral endplate can lead 
to the introduction of infl ammatory cytokines in the NP. This 
infl ammation response changes the delicate nutrient balance in 
the NP, resulting in diminished oxygen diffusion, increase in local 
lactate concentration, and decrease in pH inside the disk. 

 In some cases, the cytokines themselves can be the source of 
pain, and outer annular rupture may facilitate the  “ leakage ”  of 

  Physical  e xamination 
 There are no typical characteristics of discogenic pain in the 
physical examination. Biphasic straightening from fl exion is con-
sidered by some to be an indication of a disk complaint. Pain 
as a result of pressure on the processus spinosus is considered 
characteristic of discogenic low back pain ( “ Federung ” ). Vanha-
ranta  11   has described pain radiating from the disk due to provoca-
tion with a tuning fork pressed on the processus spinosus of the 
affected segment. Although suggestive, these physical examina-
tion characteristics have not been validated, and the current cri-
terion standard for confi rming a clinical diagnosis of discogenic 
pain is a positive discogram and the demonstration of a Grade 3 
AF tear.  12,13    

  Additional  t ests 
 Imaging techniques such as CT and MRI are highly effective 
means of demonstrating detailed anatomical abnormalities in 
the vertebral column.  14,15   These imaging techniques are limited 
in that only an indication can be given for the cause of the pain. 
Recently, the presence of a high - intensity zone (HIZ) has been 
correlated with the presence of discogenic pain at that level. 
The HIZ may be an indication of an AF tear that extends to the 
outer third of the AF. The HIZ may be caused by the presence 
of infl ammatory cytokines. Confl icting studies can also be found 
in the literature concerning this subject. On the one hand, a study 
done by Wolfer and Derby showed an 80% correlation between 
the HIZ and discogenic pain. Carragee, on the other hand, claims 
that this HIZ regularly occurs in asymptomatic control patients 
as well.  12,16   In spite of the regular appearance of confl icting 
literature, especially between Carragee ’ s and Derby ’ s groups, 
provocative discography remains the  gold standard  for the diag-
nosis of discogenic pain. Although MRI images are helpful in 
visualizing such pathology as disk degeneration and desiccation, 
HIZs, and loss of disk height, the results commonly correlate 
poorly with clinical fi ndings, leaving open the critical question of 
causality. To date, provocation discography is the only available 
method of linking the morphologic abnormalities seen on MRI 
with clinically observed pain, and its predictive value has been 
repeatedly questioned, mainly as a result of reported false posi-
tive rates. 

  Pathophysiology of  d iscogenic  p ain and  d iscography 
 In the normal discus intervertebralis, sensory nerves innervate the 
outermost third of the AF. In the degenerated disk, this innerva-
tion is deeper and more widespread; some fi bers even penetrate 
the NP.  17 – 24   By now, it is also an accepted fact that the discus can 
be a frequent and signifi cant source of low back pain. Every discus 
has a NP that is surrounded by a fi brous structure, the AF. As a 
result of aging, an anomalous posture of the back, or injury, the 
discus intervertebralis can become weaker, and fi ssures and tears 
can arise in the AF (Figure  15.2 ). These tears can cause chronic 
pain if the tear in the AF extends to its outermost third.   

 Based on CT - discography studies, the AF tear is becoming 
more frequently implicated as the basis for discogenic pain. The 

     Figure 15.2.     Discus intervertebralis with tears and fi ssures in the annulus 
fi brosus. Illustration: Rogier Trompert Medical Art.  www.medical - art.nl .  
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  Patient  s election 
 Suitable patients for this procedure are those with chronic 
low back pain, with or without pseudo - radicular referral, which 
lasts for longer than 3 months and which does not react to medi-
cation, transcutaneous electric nerve stimulation (TENS) and 
other conservative measures, and for which minimal invasive 
treatments of the facet joints and the sacroiliac joints do not prove 
to be effective or are not suffi ciently effective. The implementa-
tion of the discography procedure is only advisable as a prepa-
ration for a possible interventional treatment aimed at reducing 
discogenic pain. An X - ray and an MRI of the lumbar spinal 
column must be performed not earlier than 6 months prior to 
the procedure.  

  Contraindications 
 Absolute
    •      absence of informed consent for discography (or other inter-

ventional treatments);  
   •      local infection;  
   •      pregnancy;  
   •      local infection at injection site; and  
   •      systemic infection    
 Relative
    •      allergy to contrast agent, local anesthetics, or antibiotics;  
   •      known increased tendency to hemorrhage; and  
   •      use of anticoagulants.     

  Procedure 
 Provocative discography is performed in the operating room 
under strict sterile conditions. Thirty minutes before the interven-
tion, the patient is administered intravenous antibiotics (2 g cep-

these infl ammatory mediators to the adjacent epidural struc-
tures such as the ligamentum longitudinale posterius, dura, and 
ganglion spinale (dorsal root ganglion, DRG). The ingrowth 
of nociceptors into the deeper layers of the disk may sensitize 
it to normal mechanical loads. In addition, irritation of the 
nerve endings in the VE can produce pain. All or some of these 
mechanisms may cause a  “ chemically or mechanically ”  sensitized 
disk.  26     

  Lumbar  d iscography 

  Defi nitions 
 Stimulation of a discus intervertebralis is a procedure that was 
developed for the purpose of confi rming or refuting a clinical 
hypothesis of discogenic low back pain. The procedure is per-
formed by inserting a needle in the NP of the target disk and 
injecting contrast agent (or another suitable medium) in order to 
test the sensitivity of the disk to gradually increasing distending 
pressures. 

  Disk stimulation  is the more accurate name for a procedure 
that until now has often been described as (provocative) discog-
raphy. 

  Discography  is a procedure in which a contrast agent is intro-
duced into the NP of a disk with the goal of describing the mor-
phology of that disk. 

 Discography thus differs from disk stimulation — a proce-
dure in which attention is focused on the reaction of the patient. 
Discus stimulation is usually followed by discography in order to 
verify the correct needle position or to elucidate the internal mor-
phology of the disk. A combination of these defi nitions could be 
called provocative discography.  

     Figure 15.3.     Gradation of the radial fi ssures visible 
on CT discography. Illustration: Rogier Trompert Medical 
Art.  www.medical - art.nl .  
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hazolin, i.v.). Many interventionalists also mix antibiotics within 
the intradiscally injected contrast at a concentration between 1 
and 10   mg/mL (e.g., 3   mg/mL cephazolin). The administration of 
antibiotics for the prevention of a discitis is disputed.  27   In their 
review, Willems et al. indicate that the side effects of antibiotics 
(allergic reactions) are even greater than the potential benefi ts 
and advise against administering antibiotics.  27   Yet currently, inter-
national consensus exists to administer periprocedural antibiotics 
as part of the discography procedure. The most important condi-
tion for the prevention of a discitis is observance of strict sterile 
technique.  

  Position 
 In the operation room, the patient lies in the prone position on an 
X - ray permeable table.  

  Sterility 
 The skin of the low back and the gluteal region is thoroughly dis-
infected. The operator and the assistant must wash their hands 
according to the local protocol of the hospital, and must wear pro-
tective clothing (surgical caps, surgical jackets and sterile gloves). 
After the injection point has been marked, the patient is covered 
with a sterile drape. The same must be done with the C - arm. Due 
to the limited rotation of the C - arm, it must be located on the side 
of the patient where the needle will be inserted.  

  Level  d etermination 
 The levels to be examined are chosen based on a combination 
of patient history, physical examination, and additional exami-
nations. The symptomatic level and the two adjacent levels are 
examined. Heretofore, the one or two adjacent disci interverteb-
rales serve as control levels, although recent evidence  28   showing a 
 ∼ 20% increase in long - term degenerative changes on the side of 
needle puncture may preclude needle puncture of MRI normal -
 appearing disks for the sole purpose of a control level. Typi-
cally, the least degenerated or more likely asymptomatic levels 
are studied fi rst. The patient should be blinded to the disk level 
and should not be aware of the start of the disk stimulation. The 
patient should preferably be only be lightly sedated during the 
procedure, but those on copious narcotics should be given a judi-
cious dose so that there pain sensitivity is not exaggerated. The 
patient must be awake and able to reliably report during the disk 
stimulation. 

 The C - arm is fi rst positioned with the direction of the radia-
tion beam parallel to the subchondral plate of the lower verte-
bral plate of the disk. In the disks above L5 - S1, the C - arm is then 
rotated ipsilaterally until the lateral aspect of the processus articu-
laris overlies the axial middle of the disk to be punctured (Figure 
 15.4 ), and the disk height is at its maximum. In this projection, 
the needle can be inserted parallel to the direction of the radia-
tion beam and brought into position (tunnel view). The target 
for the puncturing of the AF is the lateral - middle side of the disk, 
just lateral to the lateral edge of the processus articularis superior 
(Figure  15.5 ).   

     Figure 15.4.     Starting point of the needle, assuming a maximal disk height, is 
such that the C - arm is rotated so that the facet column is between 1/3 and 1/2 
of the corpus vertebrae. The injection point is then directly lateral to the processus 
articularis superior (superior articular process, sap).  

     Figure 15.5.     Needle position for an ideal discogram at the L3 - L4, L4 - L5, and 
L5 - S1 levels.  
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  Disk  s timulation 
 After verifi cation of the correct needle position, the stylet is 
removed from the needle and the needle is connected to a contrast 
agent delivery system which can measure the intradiscal pressure 
(manometry). The rate of infusion of the contrast agent should 
not exceed 0.05   mL/s.  29 – 31   This rate refl ects a static fl ow that cor-

 At the L5 - S1 level, the crista iliaca does not allow access to the 
disk using a down - the - beam approach. The fl uoroscopy tube is 
rotated until the lateral edge of processus articularis superior of 
S1 is positioned approximately 25% over the posterior to anterior 
distance of the corpus vertebrae.  

  Needle  p ositioning 
 A new needle is used for each disk to be examined. After anes-
thetizing the skin and the underlying tissue, a one - needle or a 
two - needle technique can be used to approach the disk. In a two -
 needle technique, a 20 - G needle is advanced over the lateral edge 
of the processus articularis superior. A 25 - G hollow needle is then 
inserted through this needle and into the AF until it reaches the 
middle of the NP. The two - needle technique may help reduce the 
incidence of discitis and allow entering the disk with needles of 
a small diameter (e.g., 27 G) which might help prevent the inci-
dence of iatrogenic disk degeneration.  28   

 The needle is carefully advanced to the needle - point end posi-
tion. Beyond the processus articularis superior, the needle passes 
through the foramen intervertebrale in the vicinity of the ramus 
ventralis. In case of paresthesia, the needle must be repositioned. 
A strong resistance is felt as the needle passes through the AP. The 
needle is pushed through the AP to the center of the disk. The 
needle ’ s progress is followed in various projections, fi rst in AP and 
then in lateral projection (Figure  15.6 ). Ideally, after placement, 
the needle is situated in the middle of the disk ’ s NP, as seen in the 
AP as well as in the lateral projection. Other examples are given in 
Figures  15.7  and  15.8 .    

     Figure 15.6.     AP - position of the needles at discography in which the needles 
have been positioned in the middle of the nucleus pulposus.  

     Figure 15.7.     Discography at 3 levels where Grades 1 to 2 disks are visible at 
L3 - L4 and L4 - L5, and a disk with Grades 3 to 4 rupture is visible at level L5 - S1.  

     Figure 15.8.     Discography at 3 levels: L3 - L4, L4 - L5 and L5 - S1, all in 
anteroposterior view.  
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 The concept and defi nition of a chemically sensitive disk was 
fi rst described by Derby et al.  35   In 2004, O ’ Neill further described 
subgroups: disks with a pain threshold of 0   psi — these disks are 
described as chemically sensitive disks and  29   disks with a pain 
threshold of 1   psi or higher — these disks are considered to be 
pressure sensitive. Pain thresholds  ≥ 50   psi above the opening 
pressure correlated with a 100% chance of a false positive dis-
cography, whereas pain thresholds between 25 and 50   psi above 
the opening pressure still lead to 50% false positive results. This 
chance of a false positive disk decreases to 14% in a pain - sensitive 
disk at 15   psi above opening pressure. The true pressure - sensitive 
disk probably has a pain threshold of 1 – 9   psi above opening 
pressure, or is considered a chemically sensitive disk (0   psi). The 
latter (chemically sensitive) disk intervertebralis is usually already 
extremely painful at the time of puncture. The classifi cation of 
disks based on the pressure at which pain arises is illustrated in 
Table  15.1 .   

 Morphologically, these disks are Grades 2 to 3 based on the 
Dallas Discogram Scale (Table  15.2 ). The international (IASP and 
ISIS) guidelines are based on these operational criteria:
   1     Absolute discogenic pain:   

    •      Stimulation of target disk reproduces concordant pain.  
   •      The intensity of this pain has a Numeric Rating Scale (NRS) 
score of at least 7 on an 11 - point scale.  
   •      The pain is reproduced by a pressure of less than 15   psi above 
the opening pressure.  
   •      Stimulation of the two adjacent disks is not painful.    

  2     Highly probable discogenic pain: 
    •      Stimulation of target disk reproduces concordant pain.  
   •      The intensity of this pain has a NRS score of at least 7 on an 
11 - point scale.  
   •      The pain is reproduced by a pressure of less than 15   psi above 
the opening pressure.  

responds to the distension pressure in the discus intervertebralis. 
If a higher fl ow is used, false positive discographies can occur due 
to the resultant pressure peaks. Pain is often provoked by these 
pressure peaks due to vertebral end - plate compression and dis-
tention of the adjacent facet joint. It is important that the disk 
expected to be most painful is stimulated last; the patient must 
not be able to see which disk is being stimulated. If the painful 
disk is stimulated fi rst, it is possible that the echo of that pain 
lasts long enough to make adequate stimulation at other levels no 
longer possible. If these conditions have been met, the stimulation 
can be started. 

 The following parameters must be carefully monitored during 
the injection of the contrast solution: the opening pressure (OP), 
the pressure at which contrast is fi rst visible in the disk; the provo-
cation pressure, the pressure greater than the opening pressure at 
which complaints of pain arise; and the peak pressure or the fi nal 
pressure at the end of the procedure. Ideally, pressure, volume, 
and provocation details are recorded at 0.5   mL increments, with 
additional notation made for the aforementioned events. 

 The procedure, per level, is continued until the following 
events:
    •      Concordant pain is reproduced at a level of 7 or greater (on a 0 
to 10 numeric rating scale; NRS), and subsequent injected volume 
confi rms the response.  
   •      The volume infused reaches the 3.0   mL. (Up to 4   mL may be 
injected into a very degenerated disk when pressures remain less 
than 15   psi.).  
   •      The pressure rises to 50   psi above opening pressure in disks with 
a Grade 3 annular tear.  
   •      If contrast leaks through the outer AF or through the endplates, 
one may not be able to pressurize the disk to a pressure suffi cient 
to test the disk sensitivity. In these cases, the rapid manual injec-
tion may be acceptable, but must be noted and a negative response 
is a more defendable response.     

  Assessment  c riteria 
 The guidelines of the IASP (International Association for the 
Study of Pain), as well as those of the ISIS (International Spine 
Intervention Society), state that two levels must always be tested 
as controls when performing provocative discography (except if 
the target disk is that of L5 - S1).  32 – 34   A disk is only considered to 
be provocative (positive) if concordant pain can be induced at the 
target level, and if the control levels were negative for provocation 
of pain. 

 Manometry: Overestimation of discogenic pain due to a 
false positive response to provocative discography is also possi-
ble. Asymptomatic disks, with overpressurization, may become 
painful because normally quiescent nociceptors and mechanore-
ceptors in the endplates and ligamenta longitudinales posteri-
ores, and perhaps capsules of the facet joints, are stimulated. The 
diagnosis of discogenic pain can only be made if there is repro-
duction of concordant pain resulting from a pressure that 
does not produce pain in a normal disk or in an asymptomatic 
patient. 

  Table 15.1.    Classifi cation of disks on the basis of the pressure at which 
pain arises. 

      •      Disks that are painful at a pressure lower than 15 psi above opening pressure  

   •      Disks that are painful between 15 and 50   psi above opening pressure  

   •      Disks that are painful at greater than 50   psi above opening pressure  

   •      Disks that are not painful in spite of the fact that the pressure is higher than 
50   psi above opening pressure     

  Table 15.2.    Assessment of the morphology of the discus intervertebralis using 
discography. 

  Dallas Discogram Scale:  

  Grade 0: The contrast remains entirely in the nucleus pulposus.  

  Grades 1 through 3: Indicate tears in which the contrast agent extends to the 
innermost, middle, and outermost sections, respectively, of the annulus fi brosus.  

  Grade 4: Here the Grade 3 fi ssure has expanded into an arc - shaped tear, outside 
of or in the innermost ring of the annulus fi brosus.  



CHAPTER 15 Discogenic Low Back Pain

114

servative treatments such as traction, manipulation, hot packs, or 
corsets.  37,38    

  Interventional  m anagement 
 In the last few years, various minimally invasive treatments have 
been advanced to treat discogenic pain, such as intradiscal injec-
tions, IDET (intradiscal electrothermal therapy), disctrode, bia-
cuplasty, intradiscal radiofrequency (RF) thermocoagulation, and 
RF treatment of the ramus communicans. Several small - scale 
prospective and anatomical studies have been published recently 
concerning the possible role of nucleoplasty in chronic discogenic 
low back pain. In spite of the fact that these minimally invasive 
treatments may be an effective alternative to surgical treatments, 
they remain experimental. The defi nitive value of these treat-
ments must be determined in the coming years with randomized, 
controlled studies. 

  Intradiscal  c orticosteroid  i njections 
 The goal of intradiscal corticosteroid injections is the suppres-
sion of the infl ammation that is considered to be responsible 
for discogenic pain. The literature on this topic is limited to case 
reports that only yield positive results. However, positive and 
negative results are been found in prospective studies. Butter-
man published in 2004 a prospective study comparing patients 
with degenerative disk disease (DDD) and end - plate infl am-
matory changes on MRI (Modic Type 1) with a patient group 
having DDD and no end - plate infl ammatory changes. The group 
with Modic Type - 1 changes had signifi cantly better results after 
intradiscal steroid injection compared with the group without 
Modic Type - 1 changes.  39   

 In 1992, Simmons published a study in which 25 patients 
received 80   mg methylprednisolone intradiscally versus a control 
group to whom 1.5   mL bupivacaine (0.5%) was administered.  40   
No signifi cant difference was found between the two groups. 
Khot et al. published a comparable study of 12 patients in which, 
after positive discography, the patients were randomly divided 
into two groups.  41   In one group, intradiscal corticosteroids 
were administered, and in the control group, physiological saline 
solution was administered. The authors concluded that intradis-
cal corticosteroids do not improve clinical outcomes in patients 
with discogenic low back pain relative to placebo.  42   Intradis-
cal injections with other chemical substances are being investi-
gated. Klein et al. published a pilot study in which a glucosamine 
and chondroitin sulfate solution combined with hypertonic 
dextrose and dimethyl sulfoxide (DMSO) were injected intradis-
cally.  43   It has been suggested that the injection of these sub-
stances synergistically promotes the hypermetabolic response 
of chondrocytes and retards the enzymatic degradation of 
cartilage. The authors reported positive results in the VAS 
score and in the  “ disability score ” . Derby et al. performed a com-
parable study in which he described effects analogous to those 
of IDET.  44   Given that this was only a pilot study, we must wait 
for RCTs to be able to make a judgment about the effect of these 
injections.  

   •      Stimulation of  one  of the adjacent disks is not painful.    
  3     Discogenic pain: 

    •      Stimulation of target disk reproduces concordant pain.  
   •      The intensity of this pain has a NRS score of at least 7 on an 
11 - point numerical scale.  
   •      The pain is reproduced by a pressure of less than 50   psi above 
the opening pressure.  
   •      Stimulation of the two adjacent disks is not painful.    

  4     Possible discogenic pain: 
    •      Stimulation of target disk reproduces concordant pain.  
   •      The intensity of this pain has a NRS score of at least 7 on an 
11 - point numerical scale.  
   •      The pain is reproduced by a pressure of less than 50   psi above 
the opening pressure.  
   •      Stimulation of  one  of the adjacent disks is not painful, and 
stimulation of another disk is painful at a pressure greater than 
50   psi above the opening pressure, and the pain is discordant.      
 Given that a strict selection process will improve the outcome 

of minimally invasive and surgical treatments, the goal must be to 
strive toward criteria 1 and 2 for the purpose of concluding that 1 
and/or 2 disks are actually positive. 

 During discography the distribution of the contrast agent is 
monitored via lateral and AP radiographic examination.  

  Postoperative  c are 
 After the discography, the patient goes to the ward or to the 
recovery room. The patient may be discharged if the pain is under 
control and there are no signs of loss of neurological function. 
The patient may experience worsening of the pain symptoms 
in the fi rst postoperative days and should be prescribed pain -
 relieving medication. The patient should be instructed to contact 
the doctor immediately if she/he experiences an increase in symp-
toms, loss of neurological function, and/or fever.    

  Differential  d iagnosis 
 The differential diagnosis is fi rst and foremost directed at 
ruling out  red fl ags , such as trauma and fractures, infection, 
tumors, and neurological complications. Thereafter, one strives 
to rule out visceral pain. Before making a decision about the 
interventional treatment plan, it is important to demonstrate that 
the discus intervertebralis is the cause of the (pseudo - ) radicular 
pain.   

  Treatment  o ptions 

  Conservative  m anagement 
 There are no known studies that have demonstrated that 
long - term antinociceptive medication has any signifi cant posi-
tive effect in patients with discogenic low back pain. Generally, 
medication such as NSAIDs and weak opioids are recommended 
for a limited time (maximum of three months).  36   A systematic 
review found no evidence for the added value of active exercise 
therapy in relation to inactive treatment (bed rest) and other con-
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and two negative studies have been published. Notably, the fact 
that no more than two disks are degenerative is important. The 
outcomes in the cases with more extensive disk degeneration have 
been shown to be signifi cantly worse. A serious limitation among 
the available IDET studies is that the selection criteria do not 
concur: a critical factor for achieving useful results. New studies 
with internationally defi ned inclusion criteria are needed in order 
to arrive at defi nitive judgments about the clinical effectiveness of 
the IDET procedure. 

 The mechanism by which IDET might act is not yet known. 
Two hypotheses have been proposed. The fi rst hypothesis assumes 
that electrothermal therapy of the AF produces local pain reduc-
tion by way of denervation of the nociceptors. The second mecha-
nism proposed states that changes occur in the structure of the 
collagen fi bers in the AF due to heating; these changes improve 
the stability of the AF. As of yet, there is little histological proof to 
support this hypothesis. 

  The following are described as complications:  catheter breakage, 
nerve injury (cauda equina lesion), post - IDET spinal disk hernia-
tion, discitis, local infection, epidural abscess.  

  Biacuplasty 
 Intradiscal biacuplasty is the latest in a series of minimally 
invasive posterior AF heating techniques. This technology works 
specifi cally by concentrating RF current between the ends of 
two straight probes. Relatively even heating over the larger area 
of the posterior AF is achieved by internally cooling the elec-
trodes.  50,51   

 The procedure is completed under fl uoroscopy, with the patient 
lying in the prone position. Two TransDiscal 18 G electrodes via 
introducers are placed bilaterally in the posterior AF of the discus 
intervertebralis. The generator controls the delivery of RF energy 
by monitoring the temperature measured by a thermocouple at 
the tip of the probe. The temperature increases gradually over a 
period of 7 – 8   min to 50 ° C, with fi nal heating at 50 ° C for another 
7   min. It should be noted that although the temperature is set to 
50 ° C on the RF generator, tissue temperature reaches 65 ° C due to 
ionic heating. During this time, the patient should be awake and 
able to communicate with the physician. 

 First, two pilot studies involving 8 and 15 patients demon-
strated signifi cant pain relief following the disk biacuplasty 
procedure at 3, 6, and 12 months.  52   In the European case series 
involving 8 patients, there was an average of about 50% pain 
reduction at 3 months, with overall good patient satisfaction. In 
the prospective pilot study involving 15 patients, Kapural et al. 
reported patient improvements in several pain assessment meas-
ures after undergoing disk biacuplasty procedure for discogenic 
pain.  52   Results from these pain assessment measures included a 
reduction in the median VAS pain score from 7 to 4 at 1 month, 
which remained at a level of 3 at 6 and 12 months follow - up, 
improvement in Oswestry index from 23.3 to 16.5 points at 1 
month, which remained similarly improved after 12 months, and 
an increase in the SF - 36 Bodily Pain score from 38 to 54 points.  52   
Pilot studies and case series, even when designed as prospective 

  Intradiscal  e lectrothermal  t herapy ( IDET ) 
 Saal and Saal published the fi rst use of IDET for discogenic pain. 
The procedure consists of percutaneous insertion of a thermo-
coil into the disk under radiographic examination.  45   The catheter 
must be placed along the internal aspect of the posterior AF. The 
distal portion of the catheter (5   cm) is heated for 16   min to 90 ° C. 
Experimental veterinary studies have demonstrated that this will 
result in temperatures exceeding 60 ° C in the posterior AF and to 
a possible local denervation. 

 The fi rst results were promising, with 50 – 70% of the patients 
experiencing signifi cant pain reduction. Recent controlled studies 
are fueling much discussion about the actual effectiveness of this 
treatment.  46,47   Concerning this, it must be said that it is unclear 
whether the inclusion criteria of the patients was selective enough, 
and whether the discography was considered the most important 
method of selection in conformity with what has already been 
described in this chapter. 

 Pauza et al. performed a randomized, placebo - controlled pro-
spective study of the effectiveness of IDET in the treatment of 
chronic discogenic low back pain.  48   His group screened 1,360 
patients with low back pain; 64 of these patients were selected 
for study after positive discography results. Thirty - seven patients 
were randomized to the IDET group, and 27 patients to the sham 
group; the IDET catheter was inserted into the sham group, but 
without application of the RF current. Patients in both groups 
indicated improvement. In the IDET group, the average improve-
ment in pain score, disability, and depression scale was signifi -
cantly higher. Approximately 40% of the IDET group patients had 
an improvement of more than 50% in their pain scores. The NNT 
(number needed to treat) to reach more than 75% pain reduction 
was 5. These results suggest that the results of the IDET treatment 
cannot be completely ascribed to the placebo effect. These results 
also correspond with the results of various small - scale prospec-
tive study populations, which allow one to conclude that IDET 
can be effective in chronic, discogenic low back pain in a popula-
tion selected with strict criteria. Pauza used the following inclu-
sion criteria: age between 18 and 65 years, back pain more severe 
than leg pain, duration of pain symptoms at least 6 months, no 
improvement after a minimum of 6 weeks of conservative treat-
ment (including medication, physical therapy, rehabilitation), 
back pain worsens with sitting and standing and is lessened by 
lying down, a score lower than 20 on the Beck Depression Inven-
tory, no surgical interventions in the last 3 months, and less than 
20% loss of disk height in the lumbar spine. In discography, the 
symptomatic level is indicated by way of negative control levels. A 
relative contraindication was obesity. 

 In 2006, Appelby et al. published a systematic review of the 
literature, and concluded that there was suffi cient evidence for 
the effectiveness and safety of the IDET procedure.  49   Contrary to 
Appelby ’ s report is that of Freeman et al.  49   This group took a very 
critical look at the existing literature, and came to the conclusion 
that the evidence for the effectiveness of the IDET procedure was 
weak and had a scientifi cally insuffi cient foundation. To date, a 
positive RCT, a negative RCT, various positive prospective studies, 
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level of the annular tear, can potentially be a good alternative 
for the treatment of discogenic pain. More recently, Kvarstein et 
al.  57   published a randomized controlled trial comparing intra -
 annular RF to sham treatment. The authors concluded that there 
was no benefi cial effect of DiscTrode compared with the sham 
group. Another conclusion was the advice not to use the Disc-
Trode because of the high number of patients with increased pain 
in the treatment group.  57   However, the study of Kvarstein et al. 
was criticized for its lack of power and the fact that the study was 
terminated early.  58   This technology proved to be ineffective in 
improving functional capacity and VAS scores when compared 
with IDET during the study where strict patient selection criteria 
were employed.  59    

  Ramus  c ommunicans  b lock 
 Discogenic low back pain could be considered to be deep 
somatic pain, if viewed from its neural origin. However, the 
innervation of the disk shows a multisegmental origin. As 
described above, the sensory nerve fi bers reach the spinal cord 
via adjacent and more distant rami communicantes and ganglia 
spinalia (dorsal root ganglia, DRGs) (Figure  15.1 ). Based on the 
work of Groen et al., Ohtori ’ s group recently demonstrated that 
in rats the low lumbar disci intervertebrales are chiefl y inner-
vated by L1 - L2 ganglia spinalia (DRGs) via the truncus sym-
pathicus and the ramus communicans.  4,60   Fibers from the L3 - L6 
ganglia spinalia (DRGs) directly innervate the LLP via the nervi 
sinuvertebrales. Nakamura et al. looked at the afferent pathways 
that could be responsible for the discogenic low back pain by 
selectively blocking the L2 root in 33 patients.  7   On the basis 
of these fi ndings, the authors concluded that the L2 segmental 
nerve could possibly be the most important afferent pathway for 
discogenic pain of the low lumbar disks, mainly by way of sym-
pathetic afferent fi bers of the nervi sinuvertebrales. Infi ltration 
of the L2 root can then also be useful as a diagnostic procedure 
and as a therapy. 

 A block and destruction of the ramus communicans is also 
described as a treatment for discogenic low back pain or for pain 
in the vertebra itself.  61   Chandler et al. described the ramus com-
municans block as being an effective treatment for pain origi-
nating from a vertebral compression fracture.  62   Oh and Shim 
investigated the effectiveness of RF thermocoagulation of the 
ramus communicans in 49 patients.  5   These patients had chronic 
discogenic low back pain at 1 level, and had previously received 
no effect from an IDET treatment. Patients were randomized into 
an RF group and a control group. The control group received a 
lidocaine injection near the ramus communicans without RF. 
After 4 months, there was signifi cant improvement in VAS scores 
and improvements in the Short Form (36) Health Survey (SF - 36) 
in the RF group relative to the control group. The authors con-
cluded that the RF thermocoagulation of the ramus communi-
cans could be considered as one of the treatments for discogenic 
low back pain. 

 In spite of the promising initial results, further randomized 
studies of the effects of the ramus communicans block on dis-

trials, tend to exaggerate the positive outcomes. Therefore, we 
await results of sham controlled, prospective randomized studies 
before accepting or refuting this approach to the treatment of 
discogenic pain. Still, intradiscal biacuplasty may hold several 
advantages over previous techniques. There is minimal disrup-
tion to the native tissue architecture, and thus the biomechanics 
of the spine are likely unchanged. Additionally, the relative ease of 
electrode placement eliminates the need to thread a long - heating 
catheter (e.g., compared with IDET).  

  Intradiscal  r adiofrequency ( RF )  t hermocoagulation 
 Intradiscal RF thermocoagulation is used for the treatment 
of discogenic pain. Barendse et al. performed a double - blind, ran-
domized prospective study on 28 patients.  53   The discogenic pain 
diagnosis was made on the basis of the injection of a mixture of 
2   mL lidocaine (2%) with contrast agent. Patients who indicated 
more than a 50% reduction in pain within 30   min were included 
and randomized into 2 groups. Patients in the RF group ( n     =    13) 
received an RF treatment of the discus intervertebralis lasting 70 
s at 90 ° C in which the needle was placed in the center of the disk. 
Patients in the control group underwent the same procedure, 
except that no RF current was administered. Eight weeks after 
the treatment, there was no difference between the VAS scores 
of the two groups for pain and global perceived effect, or in the 
Oswestry Disability Index. The conclusion was that RF is ineffec-
tive for the treatment of discogenic pain. Two important remarks 
can be made about this study. First of all, the discography was 
not performed using a method that is currently accepted. It has 
subsequently become clear that discogenic pain is caused by noci-
ceptors that are found in the outermost layer of the AF. Heating 
the center of the NP will not necessarily lead to the destruction of 
nociceptors in the AF. 

 Ercelen et al. performed another randomized prospective 
study with RF for discogenic pain using an improved selection 
and treatment method.  54   Ercelen ’ s group selected 39 patients on 
the basis of a provocative discography. These patients were rand-
omized into 2 groups. In the fi rst group, the disk was heated for 
360 s to 80 ° C; in the other group, for 120 s to 80 ° C. In this study, 
there were also no signifi cant differences in pain reduction and 
functionality. 

 Recently a new intradiscal RF method has been introduced —
 discTRODE ™  (Valleylab, Boulder, CO, U.S.A.). The DiscTrode is 
positioned along the posterior interface between the NP and the 
AF. In an open trial, Erdine et al.  55   found improvement of symp-
toms as measured by the SF - 36 and the VAS score in 10 of 15 
patients (66.6%). Finch et al. reported a case - control study of 46 
patients with monodiscopathy with an annular tear confi rmed 
by means of a provocative discography.  56   Thirty - one patients 
underwent the disk treatment with heat via the DiscTrode, and 
15 patients functioned as control group. In the control group, 
conservative treatment was continued. The VAS score was signifi -
cantly reduced in the RF group, and this reduction persisted for 
12 months. In the control group, the VAS score did not change. 
The authors concluded that heating the AF, particularly at the 
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 The differences between conservative treatment and opera-
tive discectomy are also not demonstrated in the long term. 
Operative discectomy is nonetheless utilized on a large scale. 
The reason for this is that the intervention can often lead to a 
more rapid reduction in symptom complaints when compared 
with a conservative treatment policy.  63   The disadvantages are 
the operative and anesthesiological risks and the risk of epidural 
adhesions, which are associated with the so - called postlaminec-
tomy syndrome, or the failed back - surgery syndrome. Otherwise, 
the indications for operative discectomy are larger discus protru-
sions and extrusions that show signs of nerve root compression 
on MRI. Smaller, focal protrusions without nerve root compres-
sion appear to be less apt to spontaneously resorb, and have a 
less favorable natural course; in other words, these small hernias 
often produce long - term pain symptoms with a slow spontaneous 
recovery.  65   

 Over the years, the aforementioned considerations have led to 
various percutaneous, minimally invasive intradiscal techniques 
directed at the mechanical factor of disk herniation with the 
underlying idea of capitalizing on the advantages of operative 
therapy with as few of the disadvantages as possible. Most of these 
techniques — in contrast to the surgical discectomy —  have the 
common goal of decompressing the NP so that there is a change 
in volume and an accompanying reduction in the pressure on the 
nerve and/or a lessening of the infl ammatory reaction as a result. 
For these purposes, these techniques are usually only possible in 
the case of a so - called  “ contained ”  hernia. 

  Nucleoplasty 
 The decompression method utilizes  “ coblation, ”  in which a 
high - energy plasma fi eld is generated with the help of a bipolar 
RF probe. This plasma fi eld breaks molecular bonds. For this 
reason, the technique is also called plasma disk decompression 
(PDD). Tissue can be evaporated in this way at relatively low 
temperatures (40 to 70 ° C). However, the plasma fi eld can only 
arise in conductive surroundings. In practice, this means that 
the treatment is not effective in a dehydrated disk ( “ black disk ”  
on MRI). After a 16 - G needle has been positioned in the NP, the 
probe is moved back and forth and rotated intradiscally. In this 
way, 6 or more tunnels are made in the NP, and the intradiscal 
pressure drops. Meanwhile, the treatment has been utilized on 
a large scale, and the complication level appears to be low and 
acceptable.  66 – 68     

  Percutaneous  d isk  d ecompression  u sing  d ekompressor ™  
 The percutaneous disk decompression (Dekompressor ™ ) tech-
nology extracts nuclear disk material by an auger within a 
cannula that ends inside the NP. A signifi cant change in intradis-
cal pressure should follow the reduction of nuclear volume within 
the closed hydraulic space. It is imperative that the annular wall 
should be intact in order to retract the bulging section. Therefore 
provocative discography may occasionally be needed to confi rm 
the affected level and to rule out any annular disruption. In their 
case series, Alo and colleagues reported an 80% success rate with 

cogenic pain are also needed in this case. A number of questions 
must still be answered. What is the defi nitive role of L1 - L2 in dis-
cogenic low back pain; what is the role of the ramus communi-
cans in this? Which patients react best to a ramus communicans 
block, and how long is this treatment effective? 

  Other  i nterventional  t echniques 
 Although this overview is not complete, the following techniques 
have been used frequently in the past. In chemonucleolysis, the 
enzyme chymopapain is injected into the disk intervertebralis; as 
a result, the NP is dissolved. This therapy has been almost com-
pletely abandoned due to problems related to dosage reliability, 
diffi culties with the supply of chymopapain, and a number of 
serious complications. Otherwise, the treatment appears to be 
effective as demonstrated by various RCTs.  63   

 Automated percutaneous lumbar nucleotomy (APLD) is a tech-
nique in which a section of the NP is mechanically removed per-
cutaneously in order to effect decompression of the NP. However, 
the technique has been proven to be less effective in comparison 
with other treatments, and is therefore not advised.  63   A more 
modern variant of percutaneous nucleotomy using the Dekom-
pressor ™  (Stryker Corp., Kalamazoo, MI, U.S.A.) is still being 
used; it has a smaller diameter than the original APLD apparatus. 
There is no evidence present in the literature for this technique, 
and until otherwise shown, it can be considered to be the same 
as the classic APLD. Percutaneous laser disk - decompression 
(PLDD) is a treatment method that has been utilized on a large -
 scale world - wide since the beginning of the 1990s. Laser heat is 
used to bring about the evaporation of nuclear material. Unfortu-
nately, until now, only case series have been reported.  63   Currently, 
the following techniques are applied most often worldwide: 
Nucleoplasty  ®   (Arthrocare, Stockholm, Sweden), Ozone Dis-
colysis, Targeted DISC Decompression, and the aforementioned 
Dekompressor ™ .   

  Percutaneous  i ntradiscal  t reatments for  d isk  h erniation 
 As previously mentioned in the introduction, there is a clear 
overlap of the clinical signs of discogenic lumbago and the symp-
toms of spinal disk herniation. Disk herniation usually leads to 
a combination of discogenic lumbago and radicular leg pain. 
There seems to be evidence of a complex interaction between 
biochemical factors originating from the NP of the discus 
intervertebralis and mechanical factors (nerve root compression), 
which together cause the pain. Also, see the chapter on radicular 
pain.  64   

 The goal of epidural injection of steroids in cases of herniated 
discus is primarily anti - infl ammatory and therefore pain lessen-
ing. The goal of this treatment is rapid reduction in pain symp-
toms compared with a conservative treatment. The treatment 
must be considered conservative during the natural course of the 
acute lumbosacral radicular syndrome, which is the result of a 
discus herniation. In the long term, there are no differences in 
outcome in comparison with conservative treatment without epi-
dural injection of steroids. 
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this time, it does not appear to be possible to formulate an evi-
dence rating and recommendations.   

  Complications of  i nterventional  m anagement 
 Although all these procedures are associated with minimal tissue 
damage, a short recovery time, and low infection risk, various 
rare complications have been reported such as catheter breakage, 
nerve root injuries, post - IDET disk herniation, discitis, radicu-
lar pain, severe headache, cauda equina syndrome, and vertebral 
body osteonecrosis.  57   The most important complication of mini-
mally invasive intradiscal procedures is discitis. The incidence is 
very low at 0.25% to 0.7%.  27,76   Any patient who complains about 
increased pain within 1 week after the procedure must be care-
fully examined. At the very minimum, this examination must 
include patient history, physical examination, and laboratory 
examination (infection parameters). If the infection parameters 
are elevated or abnormal, or in case of doubt, an MRI must be 
performed in order to rule out discitis. 

  Staphylococcus aureus  is the major cause of discitis. The 
chance of discitis can be reduced by the routine prophylactic use 
of intravenous or intradiscal antibiotics. Sharma et al. reviewed 
the literature and described that the chance of discitis is reduced 
from 2.7% to 0.7% with the use of the  “ through the needle 
technique ” ; in this technique, the needle is advanced through 
the skin until the AP is reached, and another thin needle (25 G) 
is then advanced through the fi rst needle into the disk.  76   Willems 
published a 0.25% incidence of discitis in a series of 4,981 patients 
on which the  “ through the needle ”  technique was used and to 
whom no prophylactic antibiotic were administered.  27   They 
also concluded that the routine use of antibiotics is not neces-
sary for this procedure. However, the international guidelines 
currently prescribe routine use of periprocedural prophylactic 
antibiotics.  

  Evidence for  i nterventional  m anagement 
 A summary of the available evidence is given in Table  15.3 .     

  Recommendations 

 Intradiscal corticosteroid injections and RF treatment of the disks 
are not advised for patients with discogenic low back pain. The 
current body of evidence does not provide suffi cient proof to rec-
ommend intradiscal treatments, such as IDET and biacuplasty for 
chronic, nonspecifi c low back complaints originating from the 
discus intervertebralis. We are also of the opinion that at this time 
the only place for intradiscal treatments for chronic low back pain 
is in a research setting. RF treatment of the ramus communicans 
is recommended. 

  Clinical  p ractice  a lgorithm 
 Figure  15.9  illustrates the practice algorithm for the management 
of low back pain of discogenic origin.    

this technique.  69   Although there are no controlled studies pub-
lished on Dekompressor effi cacy, a European study reported also 
pain score improvements in the majority of patients treated with 
Dekompressor. This seems to suggest that patients with posterola-
teral foraminal discus protrusions can typically expect more pain 
relief than those with posteromedian ones.  70   There are no rand-
omized, sham studies on percutaneous discectomy using Dekom-
pressor device. 

  Ozone  d iscolysis 
 Ozone discolysis consists of the injection of a mixture of O 3  
and O 2 , usually both intradiscally, as well as epidurally. As a 
result, an oxidative dehydration takes place in the NP; this is 
comparable with chemonucleolysis by means of chymopapain. In 
addition, upregulation of the intracellular antioxidant scavenger 
system occurs due to oxidative stress; this results in an increase 
in the endogenous anti - infl ammatory response.  71   In addition 
to various large case series with remarkably good results, two 
comparative studies have been published.  72,73   In Gallucci ’ s study, 
intradiscal and transforaminal epidural corticosteroid injection is 
compared with intradiscal transforaminal epidural steroid injec-
tion with the addition of an O 3 /O 2  mixture.  74   Bonnetti et al. had 
already published a comparative study examining transforami-
nal epidural injection of an O 3 /O 2  mixture versus transforami-
nal epidural steroid injection.  75   In both studies, ozone resulted 
in a signifi cantly better effect than corticosteroids. There are 
no signifi cant complications of the technique described. Ozone 
discolysis can be utilized for  “ contained, ”  as well as for  “ noncon-
tained ”  spinal disk herniation. The extent to which the degree 
of disk degeneration has an infl uence on the clinical result 
is not yet clear. Although the technique is primarily meant for 
spinal disk herniation with prominent radicular pain, it is 
also utilized for discogenic lumbago associated with spinal disk 
herniation.  

  Targeted Disk Decompression ( TDD ) 
 This technique stems from the IDET technique for discogenic 
lumbago. In connection with the IDET technique, there have 
been some reports of unintentional shrinking of the size of disk 
protrusions as an effect of the technique. TDD makes use of just 
this property. The catheter used has approximately the same con-
fi guration as an IDET catheter; however, the active zone, where 
coagulation of disk tissue occurs, is markedly shorter. The goal is 
to position the active zone on the AF - NP boundary at the point 
of the  “ contained ”  protrusion. Given that this technique is a ther-
mocoagulation, the degree of hydration of the NP is, in principle, 
not important. Although the technique is increasingly utilized 
and appears to provide good results, no literature has as yet been 
published about TDD.   

  Evidence for  n ew  d evelopments 
 The techniques described in new developments above are cur-
rently being investigated for effectiveness and complications. At 
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standard protocol. This temperature is reached after 14   min and 
is then maintained for 4   min at this level. Then the needle and the 
catheter are removed, and the patient can be discharged after the 
recovery period. If during the procedure, the patient complains 
of leg pain, it is possible that a spinal nerve is being irritated. In 
this case, the heating process should be immediately terminated. 
After the procedure, the patient must follow a strict 12 - week long 
rehabilitation protocol. In patients with a large tear in the AF, it 
may appear to be impossible to maneuver the catheter into the 
correct position.  

  Ramus Communicans 

  Diagnostic  b lock 
 The C - arm is positioned in such a way that the direction of the 
radiation beam in the transverse plane is approximately 20 °  
oblique such that the facet joints are projected away and the 
vertebral column is clearly visible. For the angle in the sagittal 
plane, the C - arm is rotated on its axis. As a result, the proces-
sus transversus changes location relative to the corpus vertebrae. 
The direction of the radiation beam must be such that the axis 
of the processus transversus lies slightly above the middle of the 
corpus vertebrae. Usually, an SMK - C15 cannula (Radionics, Burl-
ington, MA, U.S.A.) is used for this procedure. An injection point 
is marked just caudally to the processus transversus, and some-
what medially to the lateral edge of the corpus vertebrae. After 
local anesthetization of the skin, the needle is advanced using a 
tunnel view, for which the general rules of this technique must 
be observed; in other words, corrections to the direction of the 
needle must be made while the needle is in the superfi cial layers, 
and the depth of the needle must be checked regularly on the 
lateral projection. Do not try to make contact with the proces-
sus transversus. The needle is advanced until contact is made 
with the corpus vertebrae. On the lateral projection, the point 
of the needle lies somewhat ventral to the posterior side of the 
corpus vertebrae. Contrast agent (0.5   mL) is then injected. On the 
anteroposterior projection, this usually results in a very compact 
shadow; on the lateral projection, the contrast agent spreads ante-
riorly over the corpus vertebrae. In case of intravascular dispersal, 
a minimal change in position is usually suffi cient. Finally, 1   mL 
lidocaine (2%) is injected.  

   RF   t reatment 
 An SMK - C15 cannula with a 2   mm active point is used. Fluoros-
copy and the insertion of the needle conform completely with the 
technique described for the diagnostic block. When the needle has 
been correctly positioned, stimulation at 50   Hz causes sensations 
in the back at a voltage of  < 1.5   V. Thereafter, 2   Hz stimulation is 
applied. Contractions of the leg muscles may not be allowed to 
occur at below twice the value of the sensory threshold. If these 
conditions are not met, then the needle is moved slightly laterally 
and anteriorly until a safe position has been achieved. A RF treat-
ment is made for 60 s at 80 ° C.  

  Techniques 

   IDET  
 The procedure takes place under sterile OR conditions on a 
patient lying in the prone position with the aid of radiographic 
examination. While administering prophylactic antibiotics, a 17 
G needle is inserted posterolaterally into the disk, generally on 
the side with the least complaints. Thereafter, a 30   cm - long cath-
eter with a fl exible tip, 5   cm of which can be heated, is advanced 
through the needle. This tip is advanced circumferentially 
through the NP until it covers the entire posterior section of the 
AF. After placement of the tip has been checked radiographically, 
the tip of the catheter is heated for 18   min to 90 ° C according to a 

  Table 15.3.    Summary of evidence of interventional pain management of 
discogenic pain. 

   Technique     Assessment  

  Intradiscal corticosteroid administration    2 B −   
  Radiofrequency (RF) treatment of the discus intervertebralis    2 B −   
  IDET (intradiscal electrothermal therapy)    2 B ±   
  Biacuplasty    0  
  Disctrode    0  
  Radiofrequency (RF) of the ramus communicans    2 B +   

     Figure 15.9.     Clinical practice algorithm for the interventional management of 
discogenic pain.  

Test block ramus communicans 
> 50% pain reduction 

Radiofrequency (RF) ramus 
communicans on two levels adjacent 

to the painful level 

Low back pain – discogenic origin 
confirmed with CT or MRI 

Conservative treatment and minimal 
invasive treatments (facet denervation 

and (Pulsed) Radiofreqency (P)RF- 
DRG) failed 

Unsatisfactory result 
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  The  L 5  l evel 
 This level deserves special mention since the anatomical relation-
ships can require an adapted technique. This can be the result of 
a high crista iliaca or of a broad processus transversus. In these 
cases, the L5 segmental nerve exits the foramen intervertebrale 
more horizontally than the other lumbar nerves do. While adjust-
ing the C - arm axially, it is best to project the processus transversus 
as high as possible. By doing so, a safe needle position can often 
be found for this level. Nevertheless, the intervention at this level 
is not possible in all cases.     

  Summary 

 Lumbar discography, provocative discography, and disk manom-
etry are all examinations whose goal is to determine whether a 
discus intervertebralis is the cause of patients ’  pain symptoms. In 
spite of the unceasing stream of contradictory literature, provoca-
tive discography remains the gold standard for the determination 
of the diagnosis of discogenic pain. For the purpose of improv-
ing the results of minimally invasive intradiscal treatments, it is 
important to use a strict selection process to select discography 
patients ’  and to perform discography with manometry. It must 
be noted that the studies performed up to now have not included 
patients selected in the correct manner generally, and in particu-
lar by not adequately performing discography. This has certainly 
not had a positive infl uence on the results. For the treatment of 
discogenic pain, a RF treatment of the ramus communicans can 
be recommended.  
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   Introduction 

 Complex Regional Pain Syndrome (CRPS) is a syndrome occur-
ring as a complication of surgery or trauma, most often in 1 
extremity, however, CRPS in multiple extremities has also been 
described. Spontaneous development can occur.  1   The most recent 
defi nition from the International Association for the Study of Pain 
(IASP) is that CRPS is a collection of locally appearing painful 
conditions following a trauma, which chiefl y occur distally and 
exceed in intensity and duration the expected clinical course of 
the original trauma, often resulting in considerably restricted 
motor function. CRPS is characterized by a variable progression 
over time. 

 The clinical picture was fi rst described more than 100 years 
ago by Sudeck and in the 1860s by Mitchell. A review of the 
literature reveals 72 different names for this syndrome, such 
as Sudeck ’ s atrophy, algodystrophy, posttraumatic dystrophy, 
and the most frequently used term, refl ex sympathetic dystro-
phy. Since a consensus meeting of the IASP in Orlando in 1993, 
 “ Complex Regional Pain Syndrome ”  has been the term agreed 
upon. A distinction is made between Type 1 (without) and Type 
2 (with demonstrable nerve damage).  2   More recently, a third type 
has been added, namely CRPS Not Otherwise Specifi ed (NOS), 
involving a syndrome that only partially complies with the diag-
nostic criteria, but where no other diagnosis can be made. Bruehl 
et al.  3   defi ned a number of subtypes, namely: a relatively limited 
syndrome with predominating vasomotor symptoms, a relatively 
limited syndrome with predominating neuropathic pain/sensory 
disturbances and a fl orid CRPS comparable to the classic descrip-
tion of refl ex sympathetic dystrophy with the highest levels of 
motor and trophic signs. The estimated incidence varies from 
5.46 to 26.2 per 100,000 person years. CRPS in adults occurs 
slightly more often in the upper extremities. A fracture is the 

most common initial event when it occurs in the upper extrem-
ity. Women are affected 3.4 to 4 times more often than men. The 
mean age at diagnosis does not differ between men and women 
and varies between 47 and 52 years.  4,5    

  Pathophysiology 

 In the literature, there is ongoing debate on the pathophysiology 
of CRPS. 

 Current understandings involve peripheral, afferent, efferent 
and central mechanisms. 

 Peripheral mechanisms include hypoxia caused by vasoconstric-
tion induced by endothelial dysfunction, leading to a decreased 
level of nitric oxide (NO) and increased level of endothelin - 1 (ET -
 1) in the affected extremity. Sterile infl ammation has been dem-
onstrated by increased levels of pro - infl ammatory cytokines, such 
as interleukin 6 (IL - 6) and tumor necrosis factor alpha (TNF -
 alpha).  6   Neurogenic infl ammation is caused by excretion of neu-
ropeptides from nociceptive C - fi bers, which was demonstrated by 
elevated levels of substance P, bradykinin, and calcitonin gene -
 related peptide (CGRP).  7   Denervation hypersensitivity can be 
caused by peripheral degeneration of small fi ber neurons in the 
skin of affected limbs, leading to inappropriate fi ring.  8   Nocicep-
tive afferent input may be caused by an increase in the number of 
alpha 1 receptors in the affected extremity, increased peripheral 
alpha adrenergic receptor hypersensitivity, and chemical cou-
pling between sympathetic and nociceptive neurons in the skin of 
CRPS affected limbs.  9   Possible efferent mechanisms are sympa-
thetic dysfunction leading to variable vasoconstriction, hypoxia, 
and sweating abnormalities. Dysfunctional efferent motor 
pathways may lead to involuntary movements, dystonia, and 
decreased range of motion. Central mechanisms, such as (supra)
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and sitting down skills questionnaires, and upper limb activity 
monitoring.  14    

  Differential  d iagnosis 
 Diagnosis is based upon criteria obtained from medical history 
and physical examination. The most commonly used criteria are 
the original IASP - criteria and the modifi ed diagnostic criteria 
according to Harden and Bruehl.  15 – 17   The criteria as described 
by Veldman are often used in the Netherlands.  1   All criteria have 
essentially been determined empirically and overlap partially, 
whereby the IASP criteria are the most sensitive, and the modifi ed 
criteria according to Harden and Bruehl the most specifi c (Tables 
 16.1  to  16.3 ).  16,17     

 CRPS requires an extensive differential diagnosis, because 
many of the symptoms can also be caused by other diseases. 
Distinction should be made with vascular and myofascial pain 
syndromes, infl ammation, vascular diseases, and psychological 
problems. (Table  16.4 )     

spinal sensitization through N - methyl - D - aspartate (NMDA) 
and neurokinin - 1 (NK - 1) receptor interaction, have also been 
described, as well as (secondary) psychological factors like pain -
 related fear and movement anxiety.  10    

  Diagnosis 

  History 
 CRPS is usually preceded by trauma or surgery, the affected area 
usually extends beyond the original injury. The disease arises 
mostly glove - like in an arm or sock - like in a leg. The symptoms 
consist of a combination of continuous pain, sensory dysfunc-
tion, vasomotor and sudomotor dysfunction, and motor and 
trophic signs. Case reports of CRPS - like symptoms without pain 
are mentioned, yet these are rare.  

  Physical  e xamination 
 Sensory dysfunction of the skin may include hyperalgesia 
and mechanical allodynia, but also hypoalgesia and mechani-
cal hypoesthesia. Asymmetry of skin temperature and changes 
in skin color occur, as well as edema and hyper -  or hypohid-
rosis. Signs of motor dysfunction include a reduction in the 
 “ range of motion ”  of affected joints and/or weakness, tremor, 
involuntary movements, bradykinesia, and dystonia. Abnormal 
skin hair growth and changes in nail growth may be observed. 
Symptoms may vary over time, and pain and other symptoms are 
often exacerbated with exertion of the affected extremity.  2    

  Additional  t ests 
 There is no specifi c diagnostic test available, but various 
additional tests can be important in excluding other diagnoses. 
Laboratory tests such as full blood count, erythrocyte sedimenta-
tion rate, and C - reactive protein are normal in CRPS, but may 
help to exclude infection or rheumatologic disease. Duplex scan-
ning and ultrasound may exclude peripheral vascular disease. 
Nerve conduction studies are helpful in excluding peripheral 
neuropathic disease or confi rming nerve involvement in CRPS -
 2. Plain radiographs of the skeleton and contrastenhanced mag-
netic resonance imaging (MRI) may demonstrate osteoporosis in 
the affected limb, but are of no diagnostic value.  11   Three - phase 
bone scanning may demonstrate increased uptake of techne-
tium Tc 99   m biphosphonates due to increased bone metabo-
lism.  12   Skin temperature measurements by infrared thermometry 
may reveal long - term changes in skin temperature and skin tem-
perature dynamics between the affected and non - affected side.  13   
Other tests may only be of value to quantify or substantiate the 
clinical symptoms and are predominantly of use in scientifi c 
research. These include: quantitative sensory testing; resting 
sweat output; provocative sweat output test by the quantitative 
sudomotor axon refl ex test; sympathetic skin response; volum-
etry in edema of the extremities; visual analogue scales for pain; 
impairment level sumscore; skills questionnaires; walking, rising 

  Table 16.1.     IASP  criteria (Merskey, 1994). 

     1.     Develops after tissue damage (CRPS type - 1) or nerve damage (CRPS type - 2)  

  2.     Continuous pain, allodynia or hyperalgesia disproportional to the inciting event.  

  3.     Evidence at some time of edema, abnormal skin blood fl ow and sudomotor 
abnormalities in the region of pain.  

  4.     Other causes of pain or dysfunction are excluded.     

   Criteria 2, 3, and 4 must be fulfi lled.   

  Table 16.2.    Modifi ed diagnostic criteria (Harden, 2007). 

     1.     Continuous pain, disproportionate to the inciting event.  

  2.     Patients should have at least 1 symptom in each of the following categories 
and 1 sign in 2 or more categories. 

 Categories: 
   1.     Sensory (allodynia, hyperalgesia, hypoesthesia)  
  2.     Vasomotor (temperature or skin color abnormalities)  
  3.     Sudomotor (edema or sweating abnormalities)  
  4.     Motor/trophic (muscle weakness, tremor, hair, nail, skin abnormalities)       

  Table 16.3.    Dutch criteria (Veldman 1993). 

     A.     4 or 5 of the following symptoms: 
   1.     Inexplicable diffuse pain  
  2.     Difference in skin color between affected and contralateral extremity  
  3.     Diffuse edema  
  4.     Difference in skin temperature between affected and contralateral extremity  
  5.     Limited  “ active range of motion ”     

  B.     The occurrence or increase of above - mentioned symptoms with use of the 
involved extremity.  

  C.     Above - mentioned symptoms are present in an area that is greater than the 
area of original trauma or surgery and distal to this area.     
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tide hormone with a similar mode of action as the biphospho-
nates, can be administered subcutaneously or by intranasal 
spray. The different studies on these preparations for the manage-
ment of CRPS show mixed results. A critical review concluded 
that in well - designed trials, the effectiveness cannot be demon-
strated.  28   

 In a placebo - controlled RCT with 23 CRPS patients, the use 
of prednisone maximum 10   mg thrice daily for 3 weeks and then 
taper the dose during the next weeks until a maximum treatment 
period of 12 weeks, led to 75% improvement in all 13 treated 
patients as compared to only 2 out of 10 patients who received 
placebo.  29   Another RCT compared the use of 40   mg prednisolone 
per day with piroxicam in CRPS following stroke and found sig-
nifi cant improvement after 1 month of prednisolone treatment.  30   
However, since the use of corticosteroids may lead to potential 
serious complications, long - term use of corticosteroids is not rec-
ommended.  

  Analgesic  t herapies 
 There are no studies on the analgesic action of acetaminophen 
(paracetamol) in CRPS. As such, the usefulness of acetaminophen 
and NSAIDs is questionable. Slow release morphine (90   mg/d) 
was not effective in a double - blind placebo - controlled trial, so 
opioids are not likely to be of any benefi t. The pain in CRPS is 
of neuropathic nature. First - line therapy of neuropathic pain 
consists of tricyclic antidepressants (TCA) like amitriptyline, 
the most frequently investigated drug for neuropathic pain. It 
improves pain and sleep impairment and can be given in CRPS 
although there are no trials that evaluate TCAs in CRPS.  31   Car-
bamazepine in a dose of 600   mg/d signifi cantly reduced pain in a 
placebocontrolled RCT.  32   Gabapentin has a mild effect on pain in 
a subpopulation of CRPS patients and is therefore worth trying.  33   
The NMDA blocker, ketamine, administered intravenously in 
subanesthetic dosages of maximal 20 to 25   mg/h/70   kg, has been 
shown to be effective in relieving CRPS - associated pain in 1 ret-
rospective case series report and 2 randomized double - blind 
placebo - controlled trials.  34 – 36    

  Vasodilatory  t herapy 
 Patients with hyperactive vasomotor symptoms leading to (inter-
mittent) cold extremity CRPS may respond to alpha 1 adrener-
gic blockers like phenoxybenzamine and terazosin, or calcium 
channel blockers like nifedipine.  37,38    

  Spasmolytic  t herapy 
 Oral spasmolytic therapy with oral benzodiazepines or oral 
baclofen may be used in CRPS related dystonia, tremor or myo-
clonus.  14   

  In conclusion:  Physical therapy with active mobilization and 
graded motor imagery treatment, together with a symptom -
 oriented pharmacological treatment, is the best initial approach 
of CRPS.   

  Table 16.4.    Differential diagnosis of complex regional pain syndrome. 

   Neuropathic pain syndromes     Infl ammation  
      •      Peripheral (poly)neuropathy  
   •      Nerve entrapment  
   •      Radiculopathy  
   •      Postherpetic neuralgia  
   •      Deafferentation pain after CVA  
   •      Plexopathy  
   •      Motor neuron disease   

  Vascular diseases 
   •      Thrombosis  
   •      Acrocyanosis  
   •      Atherosclerosis  
   •      Raynaud ’ s disease  
   •      Erythromelalgia     

      •      Erysipelas  
   •      Infl ammation NOS  
   •      Bursitis  
   •      Seronegative arthritis  
   •      Rheumatologic diseases   

  Myofascial pain 
   •      Overuse  
   •      Disuse  
   •      Tennis elbow  
   •      Repetitive strain injury  
   •      Fibromyalgia   

  Psychiatric problems 
   •      Somatoform pain disorders  
   •      M ü nchhausen syndrome     

  Treatment  o ptions 

  Conservative  m anagement 
 The primary treatment of CRPS consists of early active mobi-
lization physical therapy combined with pharmacological pain 
treatment.    

  Physical therapy 
 Physical therapy proved superior to occupational therapy and 
superior to a control group in a randomized controlled trial 
(RCT) of 135 CRPS - 1 patients.  18   More recently, good results with 
a high level of evidence have been described with graded motor 
imagery therapy with imagined hand movements and mirror 
therapy for upper extremity CRPS.  19 – 21   The use of pharmaco-
logical agents is guided by the involved mechanism (symptom 
oriented treatment, see algorithm in (Figure  16.1 ). Psychologi-
cal support may be initiated if there is no improvement with the 
above mentioned regime.  

  Anti -  i nfl ammatory  t herapy 
 Nonsteroidal anti - infl ammatory drugs (NSAIDs) for the treat-
ment of CRPS were only studied in a small trial comparing scin-
tigraphic outcome of calcitonin with NSAIDs. NSAIDs were 
inferior to calcitonin.  22   

 A number of RCTs studied the effect of oxygen radical scaven-
gers. Topical application of dimethyl sulfoxide 50% (DMSO - 50%) 
has been found superior to placebo and oral N - acetylcysteine 
was generally equally effective as DMSO in the treatment of 
CRPS - 1.  23,24   

 Intravenous mannitol, however — another free radical 
scavenger — has proven to be ineffective.  25   Biphosphonates, which 
reduce the increased bone turnover, such as oral alendronate 
or intravenous pamidronate, were studied in 2 RCTs showing 
effect in favor of the biphosphonates.  26,27   Calcitonin, a polypep-
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  Intravenous  r egional  b locks 
 Intravenous regional blocks (IVRBs) with guanethidine for the 
treatment of CRPS - 1 were fi rst described by Hannington – Kiff.  39   
The technique consists of the intravenous administration of 
10   mg to 20   mg of guanethidine in a heparinized, isotonic saline 
solution of 25   mL, after elevating the arm for 1 minute and infl at-
ing a tourniquet at 50   mm Hg above the patient ’ s systolic blood 
pressure. The tourniquet is maintained for 15 minutes to 30 
minutes, after which it is let down slowly. This technique causes 
displacement of noradrenalin (NA) from presynaptic vesicles and 

  Interventional  m anagement 
 If conventional therapy fails to give adequate relief of symptoms 
(eg, pain score more than 4), interventional pain management 
techniques may be considered. These techniques are: intravenous 
regional blocks, sympathetic blocks of the ganglion stellatum 
for CRPS in the arm, and of the lumbar truncus sympathicus 
for CRPS in the leg. Peripheral and spinal cord stimulation and 
epidural or intrathecal drug administration may also be consid-
ered. Somatic and central neuraxial blocks for the management of 
CRPS have also been described. 

     Figure 16.1.     Clinical practice algorithm for the 
treatment of CRPS.  

Complex Regional Pain Syndrome 

Other diagnoses are excluded No Check differential 
diagnosis list 

Yes 

Which mechanism is prominent? 

Motor disorder 

Pain/Sensory disorder 

Inflammation

Vasomotor disorder 

 Muscle relaxants / Spasmolytics  

Vasodilators 

Analgesics/antidepressants/antiepileptics 

Anti-inflammatory therapy 

Conservative treatment is adequately carried out without improvement 
(VAS>4) 

Yes

Positive effect 

Definitive RF sympathetic block 
or repeated blocks 

Diagnostic block of truncus sympathicus 

Negative effect

Test treatment spinal cord stimulation 

Negative effect  

Somatic or central neuraxial block 

Start active physical therapy 

Start psychological support 
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  Ganglion  s tellatum ( s tellate  g anglion)  b lock 
 Ganglion stellatum (stellate ganglion) block (SGB) is commonly 
performed for CRPS of the upper extremity. This cervicothoracic 
ganglion sends sympathetic efferents to the truncus cervicalis and 
the plexus brachialis, and is located anterolaterally to the head of 
the fi rst rib, lateral to the musculus longus colli, and posterome-
dial to the arteria vertebralis  51   (Figure  16.2 ).   

 Linson et al.  52   described the use of SGB for patients with 
CRPS in the upper arm. Twenty - eight patients were all treated 
with indwelling - catheter injections of bupivacaine 0.5%, 4 times 
a day during a mean of 7 days (range 1 day to 14 days). Short -
 term outcomes were good: 90% of patients improved during 
treatment. In the long - term, at 6 months to 6 years, 2 patients 
were lost to follow - up. Of the remaining 26 patients, 19 felt 
that their pain had remained improved. Seven patients however, 
judged the pain improvement in the long term as minimal. 
Another study also found prolonged SGB with bupivacaine useful 
if intermittent SGBs plus conservative treatment with analge-
sics, tranquilizers and physical therapy failed. After an average of 
3 years follow - up, there was 25% relapse rate and 75% marked 
to complete improvement in a group of 26 posttraumatic CRPS 
patients.  53   The combination therapy of daily SGB with up to 10 
to 15 injections, together with oral amitriptyline up to 100   mg per 
day, was found to give signifi cant improvements in both VAS pain 
ratings and grip force strength.  54   In another study, SGB performed 
within 16 weeks after onset of symptoms gave signifi cantly better 
pain relief than if performed later than 16 weeks after symptom 
onset. Moreover, it was found that a decrease in skin perfusion 
of the CRPS extremity as compared to the normal side, adversely 
affected the effi cacy of the SGB.  55   

 In a small case series of 6 patients, the effect of opioid 
infi ltration for CRPS - 1 was examined; the data showed no 
effi cacy of morphine when injected around the ganglion stella-
tum.  56   

 Radiofrequency (RF) denervation of the ganglion stellatum 
was found comparably effective to other methods of SGB block-
ade with 40.7% of patients having more than 50% pain relief, in a 
selected group of patients who responded positively to a diagnos-
tic block with 4   mL to 6   mL lidocaine 1%.  57    

   Lumbar sympathetic block  
 LSB is frequently performed at the L2 to L4 lumbar levels for 
complex regional pain syndrome of the lower extremity. Pre -  and 
post ganglionic fi bers form a synapse in the sympathetic ganglia. 
These ganglia are located at the anterolateral side of the lumbar 
vertebrae (Figure  16.3 ). Unlike the SGBs, imageguided techniques 
are mandatory. Under fl uoroscopic guidance, the technique has 
been demonstrated to be easy to perform.  58   Computerized tom-
ography (CT),  59   MRI,  60   and ultrasound based techniques have 
also been described and their reliability demonstrated.  61   However, 
since CT and MRI are time - consuming and less suitable for daily 
practice, fl uoroscopy remains the method of choice. Ultrasound -
 based techniques, however, may become more important in the 
near future.   

prevents the re - uptake of NA leading to an increase in skin blood 
fl ow for several days. 

  Intravenous  r egional  b locks with  g uanethidine 
 The effect of IVRB with guanethidine for CRPS was studied in 
several the case series,  40 – 42   prospective trials  43   and 3 RCTs.  44 – 46   The 
outcome of case series is variable. 

 One study of 17 patients treated with a series of IVRB guanethi-
dine and lidocaine resulted in successful outcome in all patients. 
The high success rate in this series in attributed to the fact that 25 
blocks were given over a period of 11 weeks compared to the usual 
1 block to 6 blocks.  41   This high frequency of IVRB is not common 
practice and cannot be supported. 

 In a prospective case - controlled study of 26 patients with CRPS 
of the hand signifi cantly better pain reduction and improvement 
of function was observed after treatment with DMSO - 50% oint-
ment 4 times daily during 3 weeks when compared to treatment 
with IVRB guanethidine twice a week during 3 weeks.  43   In a 
double - blind crossover study with saline, high - dose guanethidine, 
and low - dose guanethidine, no signifi cant difference between 
groups was found. All groups reported less than 30% pain reduc-
tion; there was no evidence of a dose - response for guanethidine. 
The trial was stopped prematurely after serious adverse events in 
2 patients with the high dose of guanethidine.  44   A double - blind 
controlled multicenter RCT comparing IVRB with guanethidine 
or placebo in a group of 60 CRPS patients found no differences 
in long - term outcome.  45   In another RCT, in a group of 57 CRPS 
patients, comparing IVRB with guanethidine to saline, again, no 
signifi cant long - term differences were found.  46    

  Intravenous  r egional  b locks with  o ther  m edications 
 IVRB with lidocaine and methylprednisolone was not effective 
when compared to saline in a RCT in 22 CRPS - 1 patients.  47   In a 
retrospective case series of 61 patients treated with IVRB contain-
ing lidocaine and ketorolac, 26% of patients had complete resolu-
tion of pain, 43% had partial response, and 31% had no response 
to this therapy.  48   In 1 double - blind placebo - controlled study, the 
use of intravenous regional ketanserin, a potent vasodilator, had a 
pain relieving effect.  49   

  In conclusion , there is evidence that IVRB with guanethidine is 
not effective for the management of CRPS. The use of ketanserin 
was only studied in an earlier small trial.   

  Sympathetic  b locks:  g anglion  s tellatum ( s tellate  g anglion) 
and  l umbar  b lock 
 The sympathetic nervous system has been implicated in numerous 
pain syndromes ranging from neuropathic pain to vascular pain 
to visceral pain. A role for sympathetic block (SB) is presumed. 
Recently, this was extensively reviewed by Day.  50   He concluded 
that despite frequent use of minimally invasive sympathetic 
blocks and neurolysis, their effi cacy for providing analgesia has 
been sparsely reported in the literature. Focusing on sympathetic 
block for CRPS, we could identify 13 articles: 2 on SB (Ganglion 
stellatum, stellate ganglion block [SGB] and lumbar sympathetic 
block [LSB]), 6 on SGB, and 5 on LSB. 
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     Figure 16.3.     Anatomic illustration of the lumbar truncus sympathicus; Illustration: Rogier Trompert Medical Art.  http://www.medical - art.nl   
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     Figure 16.2.     Anatomic illustration of the ganglion stellatum; Illustration: Rogier Trompert Medical Art.  http://www.medical - art.nl   
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  In conclusion : SGB by means of intermittent injections of local 
anesthetic for the management of CRPS of the upper limb was 
documented in retrospective and prospective studies. RF SGB 
was evaluated in a retrospective study. LSB with local anesthetic 
was demonstrated to be superior to placebo injection. RF LSB 
yields comparable results to phenol neurolysis. The latter may 
produce a longer effect but the risk for deafferentation pain is 
higher; therefore, RF treatment is preferred.   

  Neurostimulation 

  Transcutaneous  e lectrical  s timulation 
 Transcutaneous electrical nerve stimulation (TENS) may give 
pain relief in a subgroup of patients with CRPS.  70   Although there 
is no conclusive evidence for the use and effectiveness of TENS, 
this therapy is noninvasive with only minimal adverse events, the 
most common being a contact allergy for the skin electrodes.  71   
This makes TENS suitable as a preliminary or adjunctive therapy.  72    

  Spinal  c ord  s timulation 
 For patients with chronic CRPS who do not respond to con-
servative medical and rehabilitation therapy or sympathetic 
blocks, Spinal Cord Stimulation (SCS) may be considered. The 
short - term effect of this therapy in patients with CRPS has been 
demonstrated in a randomized study.  73   In this study, 54 patients 
with CRPS were included and randomized 2:1 to receive SCS and 
physical therapy or a standard regimen of physical therapy alone. 
Thirty - six patients were assigned to and treated with a test SCS. 
Twenty - four of those reported a reduction in pain and in these 
patients a defi nitive system was implanted. Eighteen patients only 
received physical therapy. Six months posttreatment, the inten-
tion to treat (ITT) analysis showed a clear reduction in pain 
intensity in the group with stimulated patients despite the fact 
that only 24 of the 36 patients were actually treated with SCS. The 
positive effects on pain and global perceived effect remained in 
an ITT analysis 2 years after implantation.  74   Pain reduction was 
identical in patients treated with a cervical lead compared to a 
lumbar lead.  75   Five years after the start of treatment the differ-
ences were smaller, but the patients who were treated with SCS 
were still doing better than the patients who had a negative test 
SCS or those who were in the control group. At the end of the 
follow - up period, despite the diminishing effect, 95% of the 
patients treated with the SCS indicated that they would have 
been willing to undergo the treatment again to achieve the same 
result.  76   A recent review on the clinical and cost - effectiveness of 
SCS in the management of chronic neuropathic or ischemic pain 
suggests that this treatment is effective in reducing the chronic 
neuropathic pain of CRPS type 1.  77    

  Peripheral  n erve  s timulation 
 In a prospective case series, peripheral nerve stimulation (PNS) 
with surgically placed plate type electrodes connected with an 
implantable pulse generator reduced allodynic and spontaneous 
pain in 19 (63%) out of 30 implanted patients with CRPS and 

 LSBs can be performed by repeated injections of local 
anesthetic. In order to achieve longer - lasting results, neuroly-
sis with, for example, phenol, has been used. Radiofrequency 
treatment of the lumbar truncus sympathicus is a third method 
for performing LSB. 

 In 29 patients with CRPS of the lower limb following total knee 
replacement, LSB was performed with intermittent injections of 
20   mL bupivacaine 0.375%. Complete pain relief was found in 13 
(45%) patients, partial pain relief in 12 (41%) patients and no 
pain relief in 3 (10%) patients. One patient dropped out due to 
technical failure.  62   Iohexol, a regularly used water - soluble contrast 
dye, was found not to alter the effect of LSB and even improved 
pain relief. In a subset of 11 patients, who agreed to report some 
aspects of pain in more detail, it was noted that the increase 
in skin temperature correlated signifi cantly with the relief of 
allodynia.  63   

 RF LSB at the L2 – L4 sympathetic ganglia was documented in 
a case series of 20 patients with CRPS; 5 (25%) became pain free 
and 9 (45%) had temporary pain relief.  64   RF LSB was compared 
with phenol neurolysis. It was found that phenol retained sym-
patholytic effects in 89% of patients after 8 weeks, as compared 
to only 12% in the RF group.  65   In a RCT performed in 20 CRPS - 1 
patients, it was found that RF treatment at 80 ° C for 90 seconds 
at the L2 – L4 sympathetic ganglia was as effective as phenol neu-
rolysis at the same ganglia (3   mL phenol 7% at each lumbar level). 
All patients had statistically signifi cant reduction from baseline 
of various pain scores at 4 months follow - up; however, phenol 
caused neuropathic pain symptoms in 1 patient (10%).  66    

  Sympathetic  b locks 
 In a double - blind, placebo - controlled crossover study, it was 
found that the duration of pain relief by SB with local anesthetics 
was reliably longer (90 hours) as compared to saline (20 hours).  67   
Sympathetic blocks were examined (SGB and LSB) with weekly 
injections of 14   mL to 16   mL bupivacaine 0.25%, or continuous 
bupivacaine 0.25% infusions of 5   mL per hour for 5 days (if pain 
relief was limited to the duration of the local anesthetic). Sig-
nifi cant long - term improvement of pain (47% reduction in VAS 
pain score) and functionality was found in all patients at a mean 
follow - up of 9.4 months. A 50% or greater relief from pain after 
diagnostic block was highly correlated with improvement at long -
 term follow - up. Mechanical and thermal allodynia predicted a 
positive response to initial sympathetic block. Anxiety negatively 
infl uenced pain relief and functional outcome.  68   

 A recent trial in 9 patients with CRPS - 1 of more than 6 months 
duration compared the analgesic action of LSB with bupivacaine 
to LSB with bupivacaine mixed with botulinum toxin A (BTA); it 
was found that BTA signifi cantly increased the analgesic action 
of the LSB. Analgesia duration was prolonged from fewer than 
10 days (95% CI: 0 to 12) to 71 days (95% CI: 12 to 253). The 
mechanism of action being explained by the BTA preventing 
the release of acetylcholine from the preganglionic sympathetic 
nerves and thus inducing long - lasting but not permanent sym-
pathetic block.  69   
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  Intrathecal  a dministration of  d rugs 
 The intrathecal administration of drugs has been utilized increas-
ingly in the last 30 years. Intrathecal administration of morphine 
with a totally implantable drug delivery system gave  > 50% pain 
relief in a case series of 5 patients with chronic CRPS.  87   Intrathecal 
treatment of CRPS pain with bupivacaine in high anesthetic doses 
up to 90   mg per day was studied in a small series of 3 patients. The 
infusion improved pain but did not prevent the syndrome from 
becoming chronic and was therefore not recommended.  88   

 Intrathecal baclofen improves dystonia, pain, disability, and 
quality of life in patients with CRPS - 1 associated dystonia but is 
associated with a high complication rate as described below.  89   

 Intrathecal ziconotide (a nonopioid analgesic) may be a prom-
ising drug for the treatment of refractory CRPS pain but requires 
more research.  90      

  Complications of  i nterventional  m anagement 

  Complications of the  i ntravenous  r egional  b locks 
 The IVRB technique is a relatively safe procedure to perform but 
with frequent minor side effects like dizziness (41% of patients) 
after release of the tourniquet.  48   Serious orthostatic hypotension 
may occur.  44    

  Complications of the  g anglion  s tellatum 
( s tellate  g anglion)  b lock 
 The incidence of severe complications is 1.7 in 1,000 patients. 
Potentially life - threatening complications usually arise from 
inadvertent subarachnoid injection or injection in the arteria 
vertebralis. This makes ECG monitoring and placement of an 
intravenous line prior to performing the procedure mandatory.  91   
Actually the autonomic innervation of the arm occurs via Th1. 
However puncture at this level gives a small chance of injecting 
into the thoracic pleural cavity. To prevent this it is possible to 
fi rst inject towards C7 and then adjust the needle in the direction 
of Th1. One potential side effect is the occurrence of Horner ’ s 
syndrome caused by the local anesthetic spreading to the cervical 
truncus sympathicus. Hoarseness can also occur via spread to the 
nervus laryngeus recurrens.  

  Complications of the  l umbar  s ympathetic  b lock 
 Blocking the sympathetic nervous system causes vasodilatation 
in the extremity which may lead to (orthostatic) hypotension. 
Therefore patients should receive intravenous fl uid infusion prior 
to treatment. During recovery blood pressure should be measured 
intermittently over a period of 45 minutes. After the recovery 
period suffi cient fl uid intake during the fi rst 24 hours is advised. 
Patients can sometimes develop a warm and edematous leg that 
can possibly be interpreted as overshoot. These symptoms usually 
disappear spontaneously after about 6 weeks. Another possible 
complication is damage to the nervus ilioinguinalis or more fre-
quently (5% to 10%) the nervus genitofemoralis. This can give 
a neuropathic deafferentation pain. An alternative approach, the 
transdiscal technique, has been demonstrated to lower the risk of 

symptoms in the distribution of 1 major peripheral nerve.  78   In 
a retrospective study with 52 patients (48 CRPS - 2 patients and 
4 phantom limb patients), 47 patients were implanted after a 
positive trial stimulation. Of these patients, 43 (91%) had lasting 
excellent to good success with marked pain reduction and reduc-
tion of pain related disability.  79   In another retrospective study 41 
PNS devices were implanted in 38 patients with pain in a periph-
eral nerve distribution. Over 60% of patients had signifi cant 
improvement of their pain of more than 50% following implanta-
tion of the peripheral nerve stimulator.  80   The technique can only 
be applied if the pain is in the distribution of a peripheral nerve 
and is thus less suitable for most CRPS - 1 patients.   

  Somatic and  c entral  n euraxial  b locks 

  Plexus  b rachialis  b lock 
 Somatic nerve block of the plexus brachialis also blocks the effer-
ent sympathetic nerves around it. Theoretically somatic block-
ade increases the ability to tolerate physical therapy, especially if 
the shoulder is also affected. In a retrospective case series in 25 
patients, of which 17 CRPS patients, improvement in pain and 
range of motion was found after interscalene block with 30   mL 
to 40   mL bupivacaine 0.125% injected every other day up to a 
total of 10 injections. This approach was suggested if sympathetic 
blockade failed.  81   

 In a small case series of 6 CRPS patients treated with con-
tinuous or daily axillary injections with bupivacaine together 
with physical and occupational therapy, 3 out of 6 patients 
responded well to this therapy; another patient also responded 
well initially, but the catheter had to be removed due to infection 
at the insertion site. The 2 poor responders were chronic CRPS 
patients.  82    

  Epidural  a dministration of  d rugs 
 The epidural administration of opioids and other drugs is increas-
ingly being offered for non - malignant pain. Epidural bupivacaine 
in high anesthetic doses for 2 to 3 days followed by epidural infu-
sion of opioids for up to 7 days together with continuous passive 
motion allowed for recovery of the knee function in patients with 
CRPS of the knee.  83   Epidural clonidine has been demonstrated 
to give short - term pain relief in chronic CRPS and to be pos-
sibly effective in the long term with small VAS reductions from 
7.0    ±    0.4 to 5.1    ±    0.6 ( P     <    0.05).  84   

 Unilateral cervical epidural analgesia with low dose bupi-
vacaine and clonidine by continuous infusion for CRPS may be 
an interesting approach. The low bupivacaine dose gives only 
minimal limb muscle weakness and allows for active rehabilita-
tion therapy.  85   In a retrospective study, 37 CRPS - 1 patients were 
treated with this unilateral epidural catheter technique with con-
tinuous bupivacaine and fentanyl infusions. Of these patients 
almost 90% improved signifi cantly when treated within 1 year 
after onset of symptoms. If treatment was initiated more than 1 
year after onset and if more than 1 limb was involved, the success 
rate decreased dramatically.  86    
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 For CRPS patients with severe pain, allodynia, or with a 
clear skin temperature difference as compared to the nonaf-
fected extremity that do not respond to medication and physi-
cal therapy, a diagnostic block of the ganglion stellatum or the 
lumbar sympathetic nervous system may be performed. If 
this block provides at least 50% pain reduction, this procedure 
can be repeated a few times with local anesthetic. Radiofre-
quency therapy of the ganglion stellatum or the lumbar sympa-
thetic ganglia is a suitable alternative. In the case of persistent 
symptoms, SCS can be recommended after multidisciplinary 
evaluation. Somatic plexus brachialis block, epidural analgesia 
and PNS can be considered, preferentially within the context of 
a clinical study. 

  Clinical  p ractice  a lgorithm 
 The practice algorithm is illustrated in Figure  16.1 .  

  Technique(s) 

  Ganglion  s tellatum ( s tellate  g anglion)  b lock 
 Injections have traditionally been guided by palpable anatomi-
cal landmarks.  96   Supportive technology such as fl uoroscopy,  97   
computed tomography  98   and ultrasound  99   have been demon-
strated to make the procedure technically more reliable. SGB ’ s 
may be performed by injection of local anesthetics or by RF 
denervation. 

 The patient is placed in a supine position with the head slightly 
hyperextended. The level of C6 – C7 is determined by fl uoros-
copy with the C - arm in anteroposterior position. The C - arm is 
adjusted until the vertebral end plates are aligned. After local dis-
infection, the skin is anesthetized using 1% lidocaine and a needle 
is inserted at the junction of the processus transversus and the 
corresponding C6 or C7 corpus vertebralis. After contact with the 
bone, oblique projection is used to check if the needle is anterior 
to the foramen intervertebrale. If the needle is past this level and 
no contact has been made with the base of the processus transver-
sus, the needle needs to be repositioned. Once the needle is in the 
correct position a small amount (0.5   mL to 1   mL) of contrast dye 
is injected in order to prevent intravascular injection. The con-
trast dye must spread craniocaudally. (Figures  16.4  and  16.5 )   

 For a test block, the injection is given using a 60   mm, 20 gauge 
radiocontrast needle. After C - arm fl uoroscopy confi rmation of 
the correct position 5   mL 1% lidocaine or 0.25% bupivacaine is 
injected depending on the spread of the contrast dye. 

 For a defi nitive block using RF, a 60   mm, 20 gauge RF needle 
is combined with a thermocouple probe for thermometry and 
thermal lesioning. After confi rmation of the correct needle posi-
tion with fl uoroscopy, electrical stimulation is performed at 50   Hz 
(sensory stimulation) and 2   Hz (motor stimulation) to 1   mA, 
to ensure that there is no contact with a segmental nerve root 
(the patient should not feel anything apart from a faint feeling in 
the shoulder and/or arm). Then 0.7   mL 1% lidocaine in injected, 
after which a thermal lesion is carried out for 1 minute at 80 ° C. 
This procedure may be repeated if necessary.  

nervus genitofemoralis neuritis.  92   Similarly, this risk is reduced 
if RF denervation of the lumbar truncus sympathicus is used 
instead of injecting a neurolytic agent.  65   With bilateral chemical 
LSB men can become impotent.  

  Complications of  s pinal  c ord  s timulation 
 Possible complications that require reoperation include electrode 
dislocation or pain from the implanted pulse generator pocket.  74   
Life - threatening complications like meningitis are rare but other 
adverse events like infection, dural puncture, pain in the region of 
a stimulator component, equipment failure, revision procedures 
other than battery change and removal operations occur in 34% 
of the patients.  93    

  Complications of  p eripheral  n erve  s timulation 
 Possible complications requiring reoperation are related to the 
surgical technique or PNS equipment design and include migra-
tion of the electrode in 33%, infection in 15% and the need for 
placement in an alternative location in 11% of patients.  94    

  Complications of  p lexus  b rachialis  b lock 
 Plexus brachialis block is a relatively safe procedure with the 
most common complication being infection of the catheter skin 
insertion site.  

  Complications of  e pidural and  i ntrathecal  d rug 
 a dministration 
 Frequent complications of epidural drug administration include 
infections and catheter or pump failure.  95   Adverse effects of 
intrathecal drug administration include infections, catheter and 
pump system failures, post dural puncture headache, and the 
formation of intrathecal granulomas, carrying the potential to 
produce spinal cord compression.   

  Evidence for  i nterventional  m anagement 
 A summary of the available evidence is given in Table  16.5 .     

  Recommendations 

 Based upon the available evidence with regard to effect and com-
plications, we recommend the following interventional tech-
niques for the treatment of CRPS. 

  Table 16.5.    Summary of evidence for interventional pain management of  CRPS . 

   Technique     Score  

  Intravenous regional block guanethidine    2 A −   
  Ganglion stellatum (stellate ganglion) block    2 B +   
  Lumbar sympathetic block    2 B +   
  Plexus brachialis block    2 C +   
  Epidural infusion analgesia    2 C +   
  Spinal cord stimulation    2 B +   
  Peripheral nerve stimulation    2 C +   
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tion until the vertebral end plates are aligned. Then the C - arm, is 
turned laterally until the distal end of the processus transversus 
projects inline with the lateral edge of the corresponding L2 – L4 
corpora vertebrae. After local disinfection, the skin is anesthetized 
using 1% lidocaine and a needle is inserted using a tunnel view 

  Lumbar  s ympathetic  b lock 
 The patient is placed in the prone position on the treatment table, 
a cushion can be placed under the abdomen in order to reduce 
the lumbar lordosis. The C - arm fl uoroscope is used to identify the 
L2 – L4 levels. The C - arm is adjusted in the cranio - caudal direc-

     Figure 16.4.     Ganglion stellatum (stellate ganglion) block: anteroposterior view 
of the needle position.  

     Figure 16.5.     Ganglion stellatum (stellate ganglion) block: anteroposterior view 
with contrast solution.  

     Figure 16.6.     Lumbar sympathetic diagnostic block injection point: oblique 
projection.  

     Figure 16.7.     Lumbar sympathetic block injection point: oblique projection with 
needle using a tunnel view.  
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50   Hz (sensory stimulation) and 2   Hz (motor stimulation) to 
1   mA, to ensure that there is no contact with a segmental nerve 
root (patient should not feel anything apart from a faint feeling in 
the abdomen). At each level 0.7   mL 1% lidocaine is injected after 
which a thermal lesion is carried out for 1 minute at 80 ° C. This 
procedure may be repeated if necessary.  

  Spinal  c ord  s timulation 
 All patients in the discussed studies received trial SCS with a 
temporary electrode after the prophylactic administration of 
1,500   mg of cefuroxime (a cephalosporin) intravenously. With 
the patient in prone position, under direct fl uoroscopy a Tuohy 
needle was introduced in the epidural space. The electrode was 
advanced until the tip was at C4 in the case of upper extremity 
CRPS and at T10 in the case of lower extremity CRPS. The elec-
trode was positioned so that there was adequate stimulation as 
reported by the patient as paresthesias covering the area of pain. 
The needle was then withdrawn and the electrode connected to 
an external stimulator. The trial SCS was carried out at home for 
at least 1 week. Meanwhile, patients were encouraged to perform 
their normal daily activities. A permanent implant was performed 
if there was a 50% pain reduction score or if there was a score of at 
least 6 (meaning much improvement) on a 7 point scale for global 
perceived effect of treatment. 

 The permanent implantation technique used consisted of the 
introduction of an epidural stimulation electrode via a 5 - cm 
midline incision with the patient in prone position after prophy-
lactic administration of 1,500   mg of cefuroxime intravenously. 
The electrode was fi xed with special clips. After placing the patient 
in a lateral position the electrode was connected with an inter-
nal pulse generator in the left lower anterior abdominal wall by 
a tunneled extension lead. The patient remained in the hospital 
for 24 hours after implantation and was given 2 additional doses 
of 750   mg cefuroxime. Stimulation parameters used consisted of 
high frequency stimulation (rate 85   Hz) with a pulse width of 
210   ms. The pulse intensity was controlled by means of a patient 
programmer that allowed the patient to adjust the amplitude of 
stimulation from 0   V to 10   V.    

  Summary 

 There is no gold standard for diagnosis of CRPS. Clinical history 
and physical examination form the cornerstones of the diagnostic 
process. 

 When conservative treatment with physical and medical treat-
ment fails, multidisciplinary evaluation should follow. If there is 
no improvement in pain and dysfunction, sympathetic blockade 
may be performed. If this block is effective, it may be followed by 
repeated injections or RF treatment. If symptoms persist, a con-
tinuous epidural infusion, intermittent or continuous plexus bra-
chialis block in combination with exercise therapy may be useful. 
If symptoms persist SCS after a successful trial stimulation period 
may yield positive results.  

until the front of the vertebra has been reached (Figures  16.6  and 
 16.7 ). The lateral projection is used to assure that the needle does 
not pass the anterior border of the corpus vertebrae. Also an AP 
projection is used to assure that the needle point projects over the 
facet joint of the spinal column. The truncus sympathicus can be 
reached by a single needle approach at the L3 corpus vertebrae  100   
or by a multiple needle approach at the L2 – L4 corpora vertebrae. 
If there is a good contrast outline of the dye when starting with 
the single needle approach at L3 there is no need for the multiple 
needle approach. In either case, a small amount (0.5   mL to 1   mL) 
of contrast dye should be injected (injection of too much contrast 
dye makes repositioning of the needle more diffi cult). In the AP 
projection, the contrast dye should be visible as a cloud in front 
of the corpus vertebrae, but not laterally. In the case of a streaky 
lateral spread the needle could be in the musculus psoas com-
partment and the needle needs to be inserted more deeply. Using 
lateral projection, a string will be seen running along the antero-
lateral aspect of the corpus vertebrae (Figure  16.8 ).   

 A 20 gauge, 150   mm needle at the level of L3 is used for a test 
block. After confi rmation of the correct needle positioning by 
radiocontrast dye, 5   mL to 10   mL of 1% lidocaine or 0.25% bupi-
vacaine is injected. 

 For a defi nitive block using RF a 20 gauge, 150   mm long RF 
needle with a 10   mm non - insulated tip is used combined with 
a thermocouple probe for thermometry and thermal lesioning. 
Consideration can be given to only blocking at 2 levels, L3 and 
L4. After confi rmation of the correct position with the fl uoro-
scope, electrical stimulation is carried out, using consecutively 

     Figure 16.8.     Lumbar sympathetic diagnostic block: lateral view with spread of 
contrast solution.  
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   Introduction 

 Herpes zoster is a viral condition that appears mainly in older 
people. The incidence in the Dutch population is 3.4 per 1,000 
people per year; in a population above 75 years, this amounts to 
9.1 per 1,000 people per year.  1   Approximately 20% of all people 
are affected by herpes zoster in their lifetime. In contrast to other 
herpes infections, herpes zoster relatively rarely relapses. Only a 
small percentage of patients are referred to the hospital by their 
family doctor, this mainly for the management of severe pain. 

 There is no consensus about the defi nition of PHN. It is usually 
defi ned as a zoster - related pain, which is still present 1 month 
after the development of the vesicles. Sometimes, however, this 
persists for a period of 3 to 6 months. In clinical trials, a cutoff 
pain intensity of 30 on a 100 - point scale is used. Obviously, the 
defi nition used infl uences the reported incidence of PHN. This 
can vary from 10% to more than 50%. The risk for PHN increases 
with age. Figure  17.1  represents an estimated natural course 
of pain from herpes zoster and PHN.  2   Even though persistent 
serious pain occurs in a small percentage of herpes zoster patients, 
in those affected, it can have great consequences. Their quality 
of life is largely affected, not only directly by the pain, but also 
indirectly by fatigue, and diminished mobility and social contacts.    

  Pathophysiology 

 Herpes zoster develops through reactivation of the varicella zoster 
virus (VZV), which infects people during childhood and leads to 
chicken pox (varicella). After recovery from chicken pox, the virus 
becomes latent in the sensory ganglia. The specifi c immunity to 
the virus gradually reduces with age, and the virus can overcome 
this defense. The virus disperses from the ganglia via the axon 

to the epidermis where it causes the characteristic unilateral rash 
of herpes zoster in one or, sometimes, a few dermatomes. The 
vesicles contain a virus and are therefore infectious to people who 
have not yet built up a natural defense. It is possible for grandpar-
ents with herpes zoster to be the source of chicken pox for one of 
their grandchildren. The reverse, however, is impossible. To the 
contrary, contact with chicken pox can reinforce the resistance 
against VZV, which reduces the risk for herpes zoster. 

 The pain from herpes zoster primarily develops because of 
infl ammation of the sensory nerves. 

 The pathophysiology of PHN is not fully understood yet. In 
any case, two processes play a role: sensitization and deafferen-
tation. Peripheral sensitization develops because infl ammatory 
mediators, such as substance P, histamines, and cytokines reduce 
the stimulus threshold of nociceptors. Central sensitization is 
related to an increasingly stronger response from nerve cells in 
the occipital horn to continuous stimulation by nociceptive C 
fi bers. Deafferentation can develop through the replication of 
the virus in the cell and/or the subsequent infl ammatory reac-
tion. The swelling accompanying the infl ammation can compress 
the sensory ganglion in the foramen intervertebrale, resulting in 
ischemia and nerve tissue damage. In addition, Schwann cell acti-
vation may play a role.  3    

  Diagnosis 

  History 
 Patients with  herpes zoster  report unilateral symptoms in the 
dermatome that corresponds with the affected ganglion spinale 
(dorsal root ganglion, DRG). In addition to pain, there are par-
esthesias, dysesthesias, and pruritus. Likewise, general malaise, 
fever, and headache may occur. These symptoms usually begin as 
a prodrome a few days before the rash occurs. 
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diagnosis of herpes zoster is usually easy to establish as soon as 
the rash is visible. However, in 10% to 20% of the cases, it turns 
out that the clinical diagnosis of herpes zoster cannot be con-
fi rmed with serology or PCR.  5,6   The distinction from herpes 
simplex is somewhat diffi cult in young people. In contrast to 
herpes zoster, with herpes simplex, the rash can cross the midline 
of the body, and the symptoms can relapse. Contact dermatitis 
and epidermal rash resulting from food poisoning also must be 
ruled out.  4   The diagnosis of PHN is established based on medical 
history and physical examination. Scarring or vitiligo is often 
visible. If no vesicles are seen or documented, the distinction 
between PHN and other neuropathic pain syndromes cannot be 
established. The therapeutic consequences of this are, however, 
minimal.   

  Treatment  o ptions 

 The objectives of treating herpes zoster are: (1) the reduction of 
severity and duration of the pain; (2) the promotion of recovery 
of epidermal defects and prevention of secondary infections; and 
(3) the reduction or prevention of PHN. 

 The objective of the treatment of PHN is primarily pain alle-
viation and — directly related to that — an improvement of the 
quality of life. 

  Conservative  m anagement 

  Pharmacological  t reatment of  h erpes  z oster 

  Antiviral  m edicines 
 Antiviral medicines, such as acyclovir, famcyclovir, or valacy-
clovir, should be started as quickly as possible after the onset of 

 The dermatome - related pain is described as burning, throb-
bing, numbing, and itching. 

 Patients with  post - herpetic neuralgia  describe the pain as 
being sharp, burning, aching, or shooting that is constantly 
present in the dermatome that corresponds with the earlier rash. 
Stimulation - induced pain, allodynia, and hyperalgesia are often 
present. Wearing clothes can be very unpleasant or even painful 
for these patients.  4    

  Physical  e xamination 
 During the acute phase, the patient shows the typical rash with 
redness, papules, and vesicles in the painful dermatome. Healing 
vesicles show crust formation. The rash is generally unilateral 
and does not cross the midline of the body. Concomitant sensory 
defects such as hypesthesia, hyperalgesia, or allodynia frequently 
occur.  4   Motor defects are rare. The painful area can increase in 
size and exceed the limits of the affected dermatome with PHN.  

  Additional  t ests 
 Additional laboratory testing, such as polymerase chain reaction 
(PCR), can establish or rule out the presence of herpes simplex 
virus when there is an atypical presentation of epidermal rash and 
relapsing rash in the same area. 

 A strong increase of antibody titer can establish the so - called 
 zoster sine herpete  if dermatome - related pain is present without 
vesicles.  

  Differential  d iagnosis 
 During the prodromal phase and depending on the dermatome 
involved, there is a long list of possible differential diagnoses, 
such as coronary artery disease, pleurodynia, costochondritis 
(Tietze ’ s syndrome), pericarditis, cholecystitis, acute abdominal 
diseases, disk diseases, nerve diseases, and myofascial pain. The 

     Figure 17.1.     Estimate of the number of people 
with pain at different times after the development of 
vesicles. The solid line represents all pain; the dotted 
line represents all pain with an intensity of more than 
30 on a scale from 0 to 100.  

Prodromal herpes Post-herpetic neuralgia 

100

50

20

0
-28 20days

1

days
6Months

0.5 Years 5Time

E
stim

ated
 %

 o
f p

eo
p

le w
ith

 p
ain 10

30

40

60

70

80

90

%

All pain

Pain > 30



CHAPTER 17 Herpes Zoster and Post-Herpetic Neuralgia

139

  Tricyclic  a ntidepressants 
 The most frequently used and investigated tricyclic antidepres-
sant is amitriptyline. The collective data from different RCTs 
show a number needed to treat (NNT) of 2.6 in order to obtain 
signifi cant pain relief. The most important products in the group 
of tricyclic antidepressants in addition to amitriptyline are 
nortriptyline and desipramine. All of these medicines provide 
comparable results.  19    

  Antiepileptics 
 The effect of gabapentin with PHN was extensively investigated. 
A meta - analysis of two RCTs estimated a collective NNT of 4.4. 
In these studies, the average daily doses ranged from 1,800   mg to 
2,400   mg.  19   An RCT compared gabapentin in doses up to 3,600   mg 
a day with placebo and found a signifi cant pain reduction in the 
active group.  20   

 Pregabalin is assumed to have a mechanism of action compara-
ble to gabapentin. The only difference is that pregabalin is better 
absorbed with linear kinetics, making it easier to titrate. There are 
no meta - analyses regarding the effect of pregabalin, but different 
RCTs show that pregabalin, in daily doses of 150 to 600   mg, relieve 
pain better than placebo.  21    

  Tramadol 
 A placebo - controlled study, in which 127 patients with PHN were 
treated with long - acting tramadol with a mean dose of 275   mg per 
day for 6 weeks, showed signifi cant pain reduction and improve-
ment of quality of life.  22    

  Opioids 
 The role of opioids in the treatment of neuropathic pain was con-
troversial for a long time. It has now been shown that oral and 
intravenous administration of opioids provide signifi cant allevia-
tion of neuropathic pain.  23 – 25   The analgesic effect of oxycodone 
for the treatment of PHN was evaluated in a double - blind ran-
domized crossover study. The oxycodone treatment resulted in a 
signifi cantly better reduction of pain (allodynia, steady state pain, 
and paroxysmal spontaneous pain).  24   

 An NNT of 2.7 was found for the opioid treatment in an RCT. 
These data imply that opioids can be useful in the treatment of 
PHN.  26     

  Local  t reatments 

  Local  a nesthetics 
 The 5% lidocaine patch was investigated for the treatment of 
PHN. An RCT and two open - label studies suggest a positive effect 
when the patch is applied to the most painful area.  18   A Cochrane 
review concluded that there is inadequate evidence to recom-
mend topical lidocaine as fi rst - line treatment for PHN, although 
some clinicians prefer lidocaine patch as fi rst - line treatment.  27    

  Capsaicin 
 A 6 - week study with parallel groups followed by a 2 - year open 
follow - up study showed that 0.075% capsaicin cream provides 

clinical signs. A review regarding the effi cacy of this treatment 
showed that antiviral treatment, provided it starts within 72 hours 
after the development of the vesicles, accelerates the healing of the 
vesicles by approximately 1 to 2 days.  7   It is, however, doubtful if 
antiviral treatment can prevent PHN. There were four systematic 
reviews published with different conclusions.  8 – 11   Antiviral medi-
cines reduce, at most to a slight degree, the incidence and dura-
tion of PHN.  

  Corticosteroids 
 A large randomized study compared the effect of acyclovir with 
that of a combination of acyclovir and prednisolone.  12   A signifi -
cantly better pain reduction was gained in the fi rst 2 weeks for the 
group that was treated with prednisolone. 

 Another study compared the effect of acyclovir –  prednisolone, 
acyclovir – placebo, prednisolone – placebo, and placebo – placebo. 
The patients who received prednisolone alone or in combina-
tion with acyclovir had 2.3 times more chance of being free of 
pain after a month in comparison with the patients who did not 
receive prednisolone. The corticosteroid treatment, however, had 
no infl uence on the healing of the rash.  7   

 A Cochrane review studied the effect of oral, intramuscular, 
or intravenous corticosteroid administration during the acute 
phase of herpes zoster for the prevention of PHN 6 months 
after the acute infection. Inadequate evidence was found to 
determine if corticosteroids are safe and effective in the preven-
tion of PHN.  13    

  Analgesics 
 There are no studies that evaluate the effect nonsteroidal anti -
 infl ammatory drugs (NSAIDs) and/or paracetamol. Clinical 
experience has shown that these analgesics reduce acute pain. 
Opioids are effective in reducing acute herpes zoster pain.  14    

  Local  a nesthetics 
 Clinical evidence and a single randomized controlled trial (RCT) 
show that topical lidocaine was effective without signifi cant side 
effects.  15    

  Adjuvant  a nalgesics 
 A small placebo - controlled study showed that amitriptyline 
(25   mg a day taken for 90 days in the evening) during the acute 
phase of herpes zoster reduced the risk of PHN by 50%.  16   Another 
study showed that gabapentin reduced acute herpes zoster pain.  17     

  Pharmacological  t reatment of  PHN  
 To a great extent, the pharmacological treatment of PHN is the 
same as that for other neuropathic pain syndromes. However, a 
number of randomized controlled studies, meta - analyses, and 
systematic reviews mainly concentrate on PHN. The key fi ndings 
are summarized below, although in the U.S.A., formally only lido-
caine patch, pregabalin, gabapentin, and 8% capsaicin patch are 
approved by the Food and Drug Administration (FDA) for this 
indication.  18   
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of the medication to the affected ganglion spinale (dorsal root 
ganglion, DRG) would possibly be better. A diffi culty with this 
technique, especially in the thorax, is that the affected dermatome 
cannot be determined with certainty, which causes one to easily 
treat at a level too high or too low. There is no research of the 
effi cacy of this technique for herpes zoster. Theoretically, a tech-
nique, which requires the needle position and the dispersion of 
the medication to be monitored, should preferably be executed 
under radiographic control. The value of epidural injections for 
the treatment of existing PHN has also not been investigated. 

 A recent single - center study randomized 132 herpes zoster 
patients to either standard therapy of oral antivirals and analge-
sics, or a series of 4 paravertebral injections of bupivacaine and 
methylprednisolone in addition to standard therapy. After 12 
months, the incidence of PHN after paravertebral injections was 
2% compared with 16% after standard therapy alone. The authors 
of the latter study concluded that a series of paravertebral blocks 
seemed to be effective in preventing PHN but that a larger multi-
center trial was needed.  

  Intrathecal  i njection 
 A Japanese study of 277 patients with PHN reported a clearly 
positive effect from 4 weekly intrathecal injections of 60   mg of 
methylprednisolone dissolved in lidocaine 3%.  34   Complications 
such as hypotension, symptoms of nerve root irritation, and 
arachnoiditis were not reported. The authors received much criti-
cism, and the treatment is scarcely applied. Confi rmation of the 
results in an independent second study is necessary.  35    

  Sympathetic  n erve  b lock 
 The value of a sympathetic nerve block for the treatment of acute 
herpes zoster is described mainly in retrospective studies. A small, 
randomized study compared bupivacaine administration with 
physiological saline solution. A review concluded that based on 
the retrospective data, there was evidence that sympathetic nerve 
block reduced the duration of acute herpes zoster pain.  36   

 The infl uence of sympathetic nerve block on the risk for the 
development of PHN can be somewhat derived from the retro-
spective studies that investigated the acute phase. The results are 
diffi cult to interpret, because the time of the initial sympathetic 
nerve block and the evaluation criteria differ.  36   

 Sympathetic nerve block for the treatment of PHN was evalu-
ated mainly in retrospective studies as well. In a few studies, a 
reduction in pain was noted initially, but this effect was not main-
tained for the longer term. There is inadequate evidence for a 
long - term effect from sympathetic nerve block for PHN.  

  Spinal  c ord  s timulation 
 Twenty - eight consecutive patients suffering PHN refractory to 
pharmacological treatment received spinal cord stimulation.  37   
The majority of these patients had serious underlying pathol-
ogy such as cardiovascular, respiratory, endocrine conditions, or 
cancer. A long - lasting alleviation of pain, the duration of which 
was not reported in the publication, was obtained in 23 patients, 

pain alleviation in 64% of the patients after 6 weeks in comparison 
with 25% of the patients who received placebo.  28   The application 
must take place three to four times a day and is often accom-
panied by local irritation and an unpleasant burning sensation, 
which can be a threat to treatment compliance. A single admin-
istration of a patch with 8% capsaicin on a lidocaine - pretreated 
skin proved effective in a large RCT.  29     

  Other  t reatments 
 A number of other treatments are used, such as NMDA recep-
tor antagonists, ketamine, topical NSAIDs and tricyclic antide-
pressants, Botox, vincristine iontophoresis, homeopathy, and 
acupuncture. There is, however, little evidence that justifi es evalu-
ation of the effi cacy of these therapeutic options.  18   

  Combination  t reatments 
 The different medicinal treatments are typically investigated and 
addressed individually. However, there is a tendency to imple-
ment more than one therapeutic class simultaneously in order 
to achieve an additive or synergistic effect. In a crossover trial 
with 41 patients, there was better analgesia with a combination 
of gabapentin and morphine in lower dosages than with mono-
therapy using either of these products alone.  30      

  Interventional  m anagement 

  Epidural and  p aravertebral  i njection 
 Several studies have shown that epidural injections of corticos-
teroids with or without local anesthetics reduce the pain during 
the acute phase. The question is, however, if this treatment pre-
vents PHN. An Italian study with 600 herpes zoster patients older 
than 55 years with a visual analog scale greater than 70 compared 
repeated injections of bupivacaine and methylprednisolone by 
way of an epidural catheter with intravenous prednisolone and 
acyclovir. The epidural injections were repeated every 3 to 4 days 
(for a maximum of 3 weeks) until the patient was free of pain. 
Analysis after 1 year of the 485 patients who completed the study 
showed an incidence of 22% of PHN in the group that received 
intravenous acyclovir and prednisolone, and 1.6% of PHN in 
the group that received epidural bupivacaine and methylpred-
nisolone.  31   However, in view of the risk of major endocrinological 
adverse effects, this is not regular practice. 

 In many countries, it is more common to administer an epi-
dural injection without a catheter.  32   In a multicenter study in the 
Netherlands, 598 patients age 50 or over with herpes zoster below 
dermatome C6 were studied to see if a single interlaminar epi-
dural injection of bupivacaine (10   mg) and methylprednisolone 
(80   mg) had any supplemental value over the standard treatment 
with antiviral medicines and painkillers.  33   The epidural injection 
provided a reduction in pain for 1 month after the development 
of vesicles, but there was no long - term effect, such as the preven-
tion of PHN. Interlaminar epidural injection was used in this ran-
domized study. The transforaminal technique with radiography 
is an alternative approach to the epidural space where dispersion 
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  Recommendations 

 An epidural injection of corticosteroids with local anesthesia can 
be used in patients with pain caused by herpes zoster that has 
been inadequately reduced by pharmacological treatment. Moni-
toring of the correct needle position with radiography has a theo-
retical benefi t compared with a  “ blind ”  technique. Effectiveness 
and safety of transforaminal epidural corticosteroid injections for 
patients with herpes zoster have not been investigated and should 
subsequently only be performed as part of a study. A series of 
paravertebral injections of corticosteroids with local anesthetics 
every second day for a week can be an alternative. A sympathetic 
nerve block can also be considered, particularly during the acute 
stage, but has no advantage over epidural corticosteroid with or 
without local anesthetic. 

 Sympathetic nerve block can be considered for patients suffer-
ing from PHN refractory to conservative treatment. For patients 
who have inadequate pain control with sympathetic nerve block, 
spinal cord stimulation can be considered. Considering the degree 
of invasiveness and the costs of this treatment, it should preferen-
tially be performed in a study context. 

  Vaccination 
 The observation that herpes zoster mainly appears in older 
patients ( > 50 years) and that the reduced immunity is accom-
panied by an increased risk for herpes zoster stimulated research 
into a common factor in this risk population: This proved to be 
a reduced VZV - specifi c immune response. In addition, it was 
also observed that contact with children with varicella increased 
the immunity for varicella zoster. Theoretically, the immunity of 
adults for VZV is increased by a booster vaccination. With this 
method, the incidence of herpes zoster infections and, conse-
quently, PHN is reduced. 

 The shingles prevention study included 38,456 adults who,  at 
random , received a zoster vaccine or placebo. The participants in 

and the pain medication could be reduced or even completely ter-
minated (inclusion criterion was a positive response to a sympa-
thetic nerve block). This study has various weak points including 
the absence of a comparative treatment group, which is certainly 
most important. The type of patient suggests, however, that rand-
omization was diffi cult for ethical and practical reasons.  

  Other  i nterventional  t reatments 
 The effect on herpes zoster and PHN from subcutaneous injec-
tions, transcutaneous nerve stimulation, percutaneous nerve 
stimulation, and pulsed and conventional radiofrequency has 
not been established. There is minor anecdotal evidence for the 
effi cacy of these techniques, and the risk for complications, such 
as exacerbation of the pain, is unknown. There are no controlled 
studies.   

  Complications of  i nterventional  m anagement 

  Complications of  e pidural and  p aravetebral  i njections 
 Complications of injections include hematoma or abscess, but 
the risk is low. Corticosteroids can cause a temporary depression 
of the adrenal cortex. At the time of injection, cellular immunity 
has already reached its peak because the intervention takes place 
at least a few days after the onset of the condition. Therefore, an 
increased risk for the dissemination or spread of the infection 
because of the immunosuppressive activity of corticosteroids is 
not expected. The risk for infarction of the spinal cord by acciden-
tal intra - arterial injection exists with the transforaminal epidural 
method. It is known that application of methylprednisolone at 
cervical levels is associated with increased risk.  38,39   Steroid parti-
cles may cause an embolic process in the spinal cord. Pneumotho-
rax is a risk with paravertebral injection.  

  Sympathetic  n erve  b lock  c omplications 
 Vasodilatation occurs in extremities when sympathetic nerves are 
blocked. This can be accompanied by hypotension. The establish-
ment of an intravenous access before treatment is recommended. 
Intermittent blood pressure should be measured in the recovery 
room. Intravenous crystalloids can potentially be administered 
depending on the blood pressure. 

 Orthostatic hypotension may occur when standing up quickly. 
After the recovery period, it is recommended that the patient take 
additional oral fl uids during the fi rst 24 hours. Another infre-
quent complication is damage to the nervus ilioinguinalis; more 
frequently (5% to 10%), the nervus genitofemoralis is injured. 
This can cause neuropathic deafferentation pain.  

  Complications of  s pinal  c ord  s timulation 
 Spinal cord stimulation and the potential complications have 
been described in the chapter on complex regional pain syndrome 
(CRPS).  40     

  Evidence for  i nterventional  m anagement 
 The available evidence for interventional pain management tech-
niques is summarized in Table  17.1      

  Table 17.1.    Summary of evidence for interventional management of pain due to 
herpes zoster infection. 

   Technique     Evaluation  

  Interventional pain treatment of acute herpes zoster  
     Epidural injections    2 B +   
     Sympathetic nerve block    2 C +   

  Prevention of PHN  
     One - time epidural injection    2 B −   
     Repeated paravertebral injections    2 C +   
     Sympathetic nerve block    2 C +   

  Treatment of PHN  
     Epidural injections    0  
     Sympathetic nerve block    2 C +   
     Intrathecal injection    ?  
     Spinal cord stimulation    2 C +   

   PHN, post - herpetic neuralgia.   
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     Figure 17.2.     Algorithm for pharmacological 
prevention and treatment of post - herpetic neuralgia 
 (from: Baron and Wasner,  35   with the publisher ’ s 
permission).   

Vaccination 

Early antiviral 
treatment 

+ 

Early treatment of 
neuropathic pain: e.g. 
analgesics and 
amitriptyline 

Antidepressants  
(e.g. amitriptyline) 

Anti-epileptics 
(gabapentin, 
pregabalin) 

Topical 
(lidocaine, 
capsaicin) 

Opioids (tramadol, 
oxycodone, morphine) 

     Figure 17.3.     Clinical practice algorithm for anesthesiological treatment of post -
 herpetic neuralgia. VAS, visual analog scale.  

Acute phase herpes zoster 
patients older than 50 and  

VAS > 70 

Epidural or paravertebral  
corticosteroids + local anesthetics 

Inadequate effect 

Consider repeating or sympathetic 
nerve block 

After 7 days of conservative 
treatment 

the study were followed for an average duration of 3.13 years after 
vaccination.  5   The vaccination reduced the burden of illness in a 
signifi cant way, which is a composite end point consisting of the 
incidence of herpes zoster, duration, and intensity of the pain. 
The burden of illness was 61.1% lower in the vaccination group 
compared with placebo. The incidence of PHN in the active 
group was 66.5% lower than in the placebo group. These fi ndings 
certainly provide hope and place the prevention plan fi rst in the 
treatment algorithm. 

 In an editorial on the prevention by epidural injection of post-
herpetic neuralgia in the elderly study that was described above, 
Baron and Wasner  35   proposed the algorithm (Figure  17.2 ).    

  Clinical  p ractice  a lgorithm 
 Figure  17.3  illustrates the clinical practice algorithm for the man-
agement of PHN.    

  Technique(s) 
 For the description of epidural injection, the reader is referred 
to the following chapters: cervical radicular,  41   thoracic pain,  42   
and lumbosacral radicular pain.  43   Sympathetic nerve block is 
described in the chapter on CRPS.  40     

  Summary 

 Herpes zoster is a condition that mainly affects older people. Its 
course is usually favorable, and the symptoms disappear sponta-
neously within a few weeks. Some patients, however, have pro-
longed pain: PHN. This persistent pain syndrome is diffi cult to 
treat. Interventional treatments, such as epidural injections of 
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   Introduction 

 In the industrialized world, polyneuropathy induced by diabetes 
mellitus (DM) is one of the most prevalent forms of neuropathy. 
An estimated 246 million people worldwide have DM, between 
20 and 30 million of them are at risk for polyneuropathy. Dia-
betic neuropathy is related to the chronicity of diabetes and to 
the glycemic control. As the duration of diabetes is beyond our 
control, every effort should be directed toward tight control of 
the blood sugar level in order to provide any success to control 
or prevent painful diabetic neuropathy. The incidence of DM 
will probably continue to escalate because of increased risks for 
obesity. Inadequate treatment of DM in young people can lead to 
diabetic polyneuropathy within only a few months.  1   Polyneurop-
athy occurs to a lesser degree also with the non - insulin dependent 
form of DM, and proper monitoring and control of the glucose 
level is essential for prevention and intervention.  2   

 Although diabetic polyneuropathy has been known since the 
second half of the 19th century, the pathophysiological mecha-
nisms were only recently elucidated. Diabetic neuropathy can 
result from a direct toxic effect of glucose on nerve cells. Addition-
ally, the damage of the nerve structures (central and peripheral) 
is accompanied by a microvascular dysfunction, which damages 
the vasa nervorum. The latter is secondary to the oxidative stress 
caused by hyperglycemia and other metabolic/homeostatic dis-
orders. This is undoubtedly the reason why neuropathy and 
neuropathic pain occur more often in patients whose diabetes is 
chronically poorly controlled and who also have other cardiovas-
cular risk factors such as hypertension and — more importantly —
 hyperlipidemia and especially dyslipidemia (high triglycerides 
and low high - density lipoprotein cholesterol). Actually, the same 
type of microvascular ischemia is responsible for diabetic retin-
opathy and nephropathy. Thus, the microvascular dysfunc-
tion, secondary to chronic hyperglycemia and dyslipidemia, is a 

common pathophysiological basis of microvascular complica-
tions with diabetes. 

 There are various types of diabetic neuropathy (Figure  18.1 ).  3   
A  distal and symmetric peripheral neuropathy  is the most frequent 
form, which can be subdivided depending on the damaged fi bers. 
These can be small and unmyelinated (C fi bers) or thicker fi bers 
that are more or less myelinated (Aδ, Aβ). Small fi ber damage is 
thought to result in painful symptoms, leading to painful diabetic 
polyneuropathy (PDP). A  motor neuropathy , caused by damage 
to the Aα fi bers of motorneurons that innervate skeletal muscles, 
can lead to disorders in the ocular, facial, extremity, and trunk 
motor functions (i.e., mononeuropathy and multiplex neuropa-
thy). An  autonomic neuropathy , consequent to C fi ber damage, 
causes dysfunction of the digestive and urogenital tracts, cardiac 
conduction system, and the cutaneous structures. Finally, an 
 infl ammatory neuropathy , caused by lymphoplasmacytic infi ltra-
tion with damage to the vasa nervorum and to myelin, can result 
in a severe deterioration of the general condition.  3      

  Diagnosis 

  History 
 More than 80% of the patients with DM - induced polyneuropathy 
have a distal, symmetric type of this condition. The symptoms 
usually present initially in the feet and gradually work their way 
up. This can be explained by the pathophysiological mechanism 
that the longest nerves are damaged fi rst. This is also termed 
length dependent diabetic polyneuropathy (LDDP). The shorter 
fi bers then follow, and in extreme situations, the trunk can also 
be affected. Sensory defects can usually be observed in the hands 
when the sensation around the knee is affected. Although there is 
an interval of a few years between the appearance of DM and the 
manifestation of LDDP, these symptoms can be the fi rst symp-
toms of type 2 DM. The initial symptoms are: signs of diminished 
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a reduced sense of vibration. Allodynia and hyperpathia can also 
occur.  

  Additional  t ests 
 Microscopic examination of nerves with diabetic polyneuropa-
thy showed axonal degeneration and demyelination because 
of the dysfunction of the Schwann cells. Disturbances in the 
 “ repair process ”  of these defects lead to a disrupted function 
of the different cells and changes in their shape. This explains 
the occurrence of a reduction of the axonal conduction veloc-
ity and a conduction delay in the electromyogram (EMG), as 
a result of demyelination and degeneration of the thicker fi bers. 
A  “ normal ”  EMG, however, does not rule out LDDP because 
this examination mainly measures the larger fi bers and should 
therefore be combined with a proper clinical evaluation.  2   A 
reduction of the measured action potentials is also an indication 
for axonal degeneration which, however, might incidentally only 
occur later in the disease process. Motor disturbances because of 
diabetes are very rare. It is not a standard practice to stimulate the 
thinner, unmyelinated nociceptive fi bers at much higher stimula-
tion intensities during these types of examinations. Laser - evoked 
potentials  7   could possibly have an additional value. Because 
abnormal vascularization occurs, a so - called micro - angiopathy 
might also be detected at a microscopic level. This may further 
damage the already compromised nerve fi bers. Finally, infl am-
matory processes may also play a role in the development of 
neurological defects. This is then called multifocal diabetic 
polyneuropathy. 

sensation; burning feet, which may occur particularly during the 
night and worsen when touched; and the sensation of tingling in 
the feet. Attacks of shooting pain also occur. If the pain is tol-
erable, variation in sensitivity can often already be established, 
which makes the diagnosis of diabetic polyneuropathy probable 
especially when this is accompanied by trophic disorders and 
poor wound healing. Generally speaking, recovery of sensory 
disturbances cannot be expected when LDDP has occurred. The 
polyneuropathy guideline of the Dutch Institute for Healthcare 
Improvement ( CBO )  4   recommends the use of standardized ques-
tionnaires when taking the medical history. Two studies showed 
that the specifi city of the medical history for patients with dia-
betic neuropathy is high (87%) and the sensitivity is 60% when 
these questionnaires are used.  5,6    

  Physical  e xamination 
 Medical history and a specifi c physical examination determine the 
diagnosis. A proper neurological evaluation is important as part 
of the additional clinical examination. The neurological exami-
nation should include at least the following: (1) examination of 
all qualities of somatosensory function, which should take sym-
metry and a distal - proximal gradient into account; (2) refl exes; 
and (3) muscle strength.  4   One of the signs is diminished sensitiv-
ity to a pinprick along with reduced temperature sensitivity (i.e., 
sensory examination of the tractus spinothalamicus). A decrease 
in proprioception may be manifested as, for example, abnormal 
sensation of position of the joints (toes, increased risk of falling), 
reduced pressure sensation, blunted two - point discrimination, or 

     Figure 18.1.     Various types of diabetic polyneuropathy  (from: Vinik and Mehrabyan.  3   With the publisher ’ s permission).   
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of adverse effects. Also, specifi c contraindications often prevent 
their use. 

 On the basis of published results, it seems that the selective 
serotonin and noradrenaline reuptake inhibitors (SNRIs) duloxe-
tine and venlafaxine have a favorable effect on the pain complaints 
caused by PDP.  18,19   The effect of duloxetine was investigated in 
three studies. The pooled data showed that between 45% and 
55% of the patients experienced more than 50% reduction of 
pain intensity, which was a higher percentage in comparison with 
the placebo group (25% to 28%). This yields a number needed to 
treat of 4.9 and 5.2, with a dosage of 120   mg and 60   mg per day, 
respectively. The SNRIs, however, also have many adverse effects, 
which frequently cause patients to discontinue the medication 
prematurely. 

 Several anticonvulsants were studied in PDP. Gabapentin was 
investigated in a number of large studies, in which only a small 
difference between treatments with gabapentin, amitriptyline, 
and placebo was found.  20,21   Data from six larger studies with pre-
gabalin showed a pain reduction of more than 50% in 39% and 
46% of the patients, with 300   mg and 600   mg per day, respectively, 
compared with an improvement of 22% in the placebo group.  22   
Carbamazepine is less effective than pregabalin. Duloxetine, pre-
gabalin, and gabapentin seem to have a similar effect on pain in 
PDP. 

 A limited number of studies have tested the application of local 
anesthetics in painful diabetic neuropathy. The effi cacy of 5% 
lidocaine - medicated plaster treatment was compared with pre-
gabalin in patients with diabetic peripheral neuropathy (DPN) 
in a two - stage, adaptive, randomized, controlled, open - label, 
multicenter trial.  23   In the interim analysis of the fi rst stage of the 
two - stage adaptive trial, 91 patients with DPN were available for 
analysis. Overall, 65.3% of patients treated with the 5% lidocaine -
 medicated plaster and 62.0% receiving pregabalin responded to 
treatment with a reduction from baseline of  ≥ 2 points or an abso-
lute value of  ≤ 4 points on the 11 - item numerical rating scale of 
recalled average pain intensity over the last 3 days (NRS - 3), after 
4 weeks of treatment. Both treatments improved secondary end-
points:  ≥ 30% and  ≥ 50% reduction in NRS - 3 scores, changes in 
neuropathic pain symptom inventory scores, and allodynia sever-
ity. Patients administering lidocaine plaster experienced fewer 
drug - related adverse events (3.9% vs. 39.2%) and there were sub-
stantially fewer discontinuations because of drug - related adverse 
events (1.3% vs. 20.3%). After 4 weeks, 5% lidocaine - medicated 
plaster treatment was associated with similar levels of analgesia 
in PDP patients but substantially fewer adverse events than with 
pregabalin. 

 The effectiveness of intravenous lidocaine in patients with 
intractable painful diabetic neuropathy was studied in a small 
double - blind, placebo - controlled crossover trial of two doses 
of intravenous lidocaine (5 and 7.5   mg/kg) vs. saline.  24   Infusions 
were administered in random order over 4 hours at four weekly 
intervals in 15 patients with painful DPN. Both doses of lido-
caine signifi cantly ( P     <    0.05 to  P     <    0.001 for the different meas-
ures) reduced the severity of pain compared with placebo. This 

 The autonomic manifestations in DM may include orthostasis, 
rhythm disorders, gastroparesis, gastric function disorders, renal 
function disorders, and pupillary defects.  Autonomic neuropathy  
may lead to a severe interaction with the pharmacological therapy 
of neuropathic pain. Finally, defects in the diameter of the spinal 
cord in DM could be a contributing factor for the occurrence of 
generalized neurological defects.  8    

  Differential  d iagnosis 
 The presence of DM makes the diagnosis of polyneuropathy 
resulting from diabetes likely. Further examination for another 
possible cause of polyneuropathy is required if there are reports 
of the following alarm symptoms: acute onset, asymmetry, much 
pain, a particularly proximal condition, considerable motor 
symptoms, or rapid progression of motor symptoms.  4   Specifi c 
examinations can distinguish other forms of polyneuropathy. 
Specifi cally, toxic forms are of importance because of the possible 
reversibility.   

  Treatment  o ptions 

  Conservative  m anagement 

  Pharmacological  t reatment 
 Proper treatment of the underlying DM is essential to prevent the 
onset of painful symptoms. Spontaneous recovery is rare once the 
painful symptoms have developed. There are now several guide-
lines regarding pharmacological treatment of neuropathic pain, 
including PDP.  9 – 11   However, the result of pharmacological treat-
ment has been disappointing so far, despite the fact that various 
new medications have been developed in recent years.  

  Aldose  r eductase  i nhibitors 
 The effects of drugs that specifi cally interfere with the causa-
tive mechanisms of DM, such as aldose reductase inhibitors, for 
example, have also been disappointing so far, specifi cally because 
of systemic toxicity and lack of potency.  12 – 16    

  Neuropathic  p ain  m edications 
 To a large extent, the treatment of PDP is based on the drugs 
that are commonly used for neuropathic pain, such as anticon-
vulsants, antidepressants, and opioids. An international panel of 
experts recently established a guideline of drug treatment.  11   The 
objectives of the treatment of PDP are to (1) reduce peripheral 
sensitization, (2) reduce ectopic activity, (3) reduce central sen-
sitization, (4) reduce central facilitation, and (5) increase central 
inhibition. 

 The effects of tricyclic antidepressants (TCAs) on PDP were 
demonstrated in a few, relatively small - sized studies.  10,17   Com-
parison of several pharmacological treatments for PDP indicates 
that TCAs are the most effective drugs. Their use in a suffi ciently 
high dosage, however, is often limited because of a high frequency 
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is accompanied by serious adverse effects. So far, there are four 
studies that specifi cally investigate the treatment of diabetic 
polyneuropathy by means of spinal cord stimulation. The fi rst 
is a retrospective analysis of 30 patients who were treated for 
peripheral neuropathy. In four of these patients, the etiology of 
the pain was diabetic neuropathy.  29   They all had good pain relief 
in the short term. The pain relief was maintained in the long term 
for three of the four patients. Despite that, the follow - up period 
was not described separately for this subgroup; the entire patient 
group was followed for a mean duration of 87 months. 

 The second and third studies described diabetes patients who 
had inadequate pain relief with conventional treatments.  30,31   The 
trial period for spinal cord stimulation consisted of a crossover 
between a placebo and active stimulator. The standardized meas-
urement instruments were used in different evaluation points in 
time with the stimulator  “ on ”  or  “ off. ”  A signifi cant improvement 
was reported with the generator  “ on ”  whereas no signifi cant dif-
ferences were found with the generator  “ off, ”  in comparison with 
the baseline evaluations. A long - term effect was reported.  31   The 
fourth study reported the results of spinal cord stimulation in 
diabetic neuropathy patients suffering from PDP that was unre-
sponsive to conventional treatment.  32   Trial stimulation resulted in 
 ≥ 50% pain relief in 82% of patients. In long - term follow - up, clin-
ically relevant pain relief was achieved in 64% of patients at 1 year 
and 60% of patients at 2.5 years. These studies show that spinal 

reduction was present at both 14 and 28 days after the infusion. 
The qualitative nature of the pain was also signifi cantly ( P     <    0.05 
to  P     <    0.01) modifi ed by lidocaine compared with placebo for up 
to 28 days. This study shows that intravenous lidocaine amelio-
rates pain in some diabetic participants with intractable neuro-
pathic pain, who have failed to respond to, or are intolerant of, 
available conventional therapy. 

 A favorable effect of opioid agonists on PDP was demonstrated 
in three studies.  25 – 27   Opioids are frequently used as supplementary 
therapy together with another pharmacological approach. The 
algorithm for pharmacological treatment of diabetic polyneu-
ropathy is represented in Figure  18.2 .   

 Based on a recently published National Institute for Health and 
Clinical Excellence guidelines,  28   duloxetine is the fi rst - line agent 
of choice. If duloxetine is contraindicated, treatment should be 
initiated with amitriptyline. If fi rst - line therapy does not result 
in suffi cient pain relief, treatment should be continued with 
amitriptyline, pregabalin, or a combination of both. Third - line 
treatment options include tramadol and topical lidocaine. In 
refractory cases, intravenous lidocaine infusion may be consid-
ered as part of an investigational trial.   

  Interventional  m anagement 
 Neurostimulation can be considered if an adequate pharmaco-
logical treatment does not lead to suffi cient pain reduction or it 

     Figure 18.2.     Algorithm for the pharmacological 
treatment of diabetic polyneuropathy  (from: Jensen et 
al.  11   With the publisher ’ s permission).  SNRI, serotonin 
and noradrenaline reuptake inhibitor; TCA, tricyclic 
antidepressants.  
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   Introduction 

 Carpal tunnel syndrome (CTS) is a neurological disorder char-
acterized by paresthesias, pain and numbness in the hands due 
to lesions (compression) and/or dysfunction of the nervus medi-
anus. 

 In the Netherlands, the prevalence of CTS is estimated to be 9% 
in females and 0.6% in male. Incidence fi gures elsewhere show 
an overall incidence of 276/100,000 man - years.  1   For females, 
the incidence amounts to 506/100,000 man - years, while for 
males, it is 139/100,000 man - years, with a male/female ratio of 
1:3.6. Although uncommon in children or adolescents, the dis-
order could be caused by trauma or by an autosomal dominant 
hereditary factor and mucopolysaccharidoses in children. CTS is 
most prevalent between the ages of 40 to 60 years. Risk factors are 
obesity, diabetes, pregnancy, menopause, ovariectomy, and hys-
terectomy.  2   CTS is frequently accompanied by hypothyroidism 
and rheumatoid arthritis.  2   

 The carpal tunnel is a passage at the palmar side of the wrist; 
its fl oor is defi ned by a row of carpal bones and its roof by the 
ligamentum carpi transversum. The nervus medianus travels 
between these structures. The nervus medianus may become 
trapped in the carpal tunnel as a result of edema, infl ammation of 
synovial sheaths, tumors or the deposition of metabolic products. 
In addition, the nervus medianus may become compressed when 
the shape of the carpal tunnel changes.  3   This happens in conjunc-
tion with osteoarthritis, rheumatoid arthritis, acromegaly, or after 
trauma. CTS may also be related to repetitive strain injury (RSI), 
an injury caused by repeated movement of a particular body part 
often seen in workers whose physical routine is unvaried. 

 Treatment of RSI usually begins with attempts to change the 
conditions that caused the injury. Often, exercises and anti -
 infl ammatory drugs are prescribed; in some cases surgery is 
necessary. Many workers ’  compensation cases and lawsuits relat-

ing to RSI have been brought against employers and product 
manufacturers. To avoid the high costs of RSI, some businesses 
have introduced ergonomic workstations and enforced rest 
periods. 

 In the majority of cases, the etiology of CTS is unknown; there-
fore, the pathophysiology of this disorder is also unclear. The same 
holds true for hormonal disorders related to CTS for example in 
patients with hypothyroidism and in postmenopausal patients. In 
pregnant women, fl uid retention is thought to cause compression 
symptoms. Congenital and acquired structural changes of the 
carpal tunnel result in constriction and therefore in compression 
of the nervus medianus.  

  Diagnosis 

  History 
 In cases of CTS, the symptoms generally consist of unilateral 
nocturnal paresthesias in the dermatome of the nervus medianus 
(digits I to III including, and half of digit IV). In addition, there 
may be pain in the hand, wrist, and forearm. If a patient awakens 
because of CTS, waving the hand may bring some pain relief. 
Atypical localization of the tingling sensations (ulnar area) is also 
seen; in these cases, the diagnosis CTS may be supported by the 
intermittent nature of the symptoms and by factors that exacer-
bate or relieve it. CTS is mainly unilateral, but it may be bilateral 
as well. Later on, the symptoms may occur during the day and 
may be accompanied by a subjective loss of strength.  

  Physical  e xamination 
 Generally, the diagnosis CTS can be based on the typical pattern 
of symptoms that emerges when the patient ’ s history is taken.  4   
With regard to physical examination, the neurological defects are 
often not defi nitive. The same applies to various provocation tests 
(Hoffmann – Tinel, Phalen ’ s test, etc.).  
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  Pulsed  r adiofrequency of the  n ervus  m edianus 
 A single case of pulsed radiofrequency (PRF) treatment of the 
nervus medianus has been described in a patient with recurring 
CTS due to scar formation after two previous operations for CTS 
symptoms. Symptoms decreased by 70%, and this effect lasted for 
12 weeks.  15   PRF — possibly under ultrasound guidance — could 
be considered, preferably in a study context. Without further evi-
dence regarding the effi cacy PRF for CTS, no recommendation 
for PRF in the treatment of CTS can be advanced.   

  Complications of  i nterventional  m anagement 
 One of the major complications of steroid injection in CTS is 
iatrogenic injury to the nervus medianus. The safest location for a 
CTS injection is unclear. Some authors recommend steroid injec-
tion to be performed through the retinaculum fl exorum.  16    

  Evidence for  i nterventional  m anagement 
 The available evidence for interventional pain management tech-
niques is summarized in Table  19.1 .     

  Recommendations 

 In cases of CTS, the initial choice is conservative treatment, 
including behavior modifi cation, medications including anti -
 infl ammatory drugs and analgesics, immobilization via splinting 
or bracing, physical and occupational therapies, oral corticos-
teroids, and ultrasound. If the patient experiences hindrance of 
normal daily activity, interventional treatment with local injec-
tions with corticosteroids may be indicated. The longterm effect 
of this treatment has not been proven. PRF treatment of the 
nervus medianus should only be considered in a study context. 
In cases of severe physical limitations, surgical treatment of CTS 
is preferred. 

  Clinical  p ractice  a lgorithm 
 Figure  19.1  illustrates the clinical practice algorithm for the man-
agement of CTS.    

  Technique(s) 

  Injections with  c orticosteroids 
 The recommended techniques for corticosteroid injections have 
been described in the guidelines of the Dutch Institute for Health 
Care Improvement. The injections are administered in or just 
proximal of the carpal tunnel, 3 to 4   cm proximally of the distal 
wrist fold.  2   

  Additional  t ests 
 Nerve conduction examination of the nervus medianus at both 
hands of the patient can be considered  2   and is the best predic-
tor of symptom severity and functional status in idiopathic CTS.  5   
Presently, magnetic resonance imaging (MRI) of the wrist does 
not provide additional diagnostic information in cases of CTS,  2,6   
but can predict surgical benefi t independently of nerve conduc-
tion studies.  7   In patients with a clinical diagnosis of CTS, the 
accuracy of sonography is similar to that for EMG.  8   When struc-
tural defects in the wrist are suspected, a radiograph of the wrist, 
MRI scan, or ultrasound scan may be considered.  2    

  Differential  d iagnosis 
 With respect to differential diagnosis in patients with CTS, the 
following disorders should be considered: compression of the 
nervi digitales of the nervus medianus, proximal trauma, neurop-
athy of the nervus ulnaris, defects of the plexus cervicalis, defects 
of cervical spinal roots, polyneuropathy, neurovascular compres-
sion syndromes in the shoulder, multiple sclerosis and processes 
in the spinal cord.   

  Treatment  o ptions 

  Conservative  m anagement 
 In the majority of CTS patients, the disorder has a benign course 
and/or causes little functional hindrance.  2   When CTS occurs 
during pregnancy the symptoms may resolve after birth.  9   The 
choice between conservative and surgical treatment is deter-
mined by the severity of the symptoms and physical limitations.  2   
In pregnant women, conservative treatment by means of a splint 
is preferred.  2,10   

 Recommended conservative treatments include behavior mod-
ifi cation, medications including anti - infl ammatory drugs and 
analgesics, immobilization via splinting or bracing, physical and 
occupational therapies, oral corticosteroids, and ultrasound.  11   
There are indications that local injections with corticosteroids 
are less effective in the long - term than surgical interventions. The 
surgical option, open or endoscopic carpal tunnel surgery entails 
greater risks of complications.  2   However, if the symptoms are 
most severe and if daily activities have become limited, surgical 
intervention is indicated.  12    

  Interventional  m anagement 

  Local  i njections of  c orticosteroids 
 The guidelines of the Dutch Institute for Health Care Improve-
ment (CBO) recommend local injections with methylpred-
nisolone 40   mg or a combination of 25   mg hydrocortisone and 
10   mg lidocaine. The Cochrane review identifi ed two good quality 
randomized controlled trials, which showed that local injections 
with corticosteroids were clinically more effective than placebo 
during study periods of 4 weeks or less. Local injections with cor-
ticosteroids also were more effective than oral corticosteroids.  13,14    

  Table 19.1.    Summary of the evidence for interventional management of carpal 
tunnel syndrome. 

   Technique     Evaluation  

  Local injections with corticosteroids    1B +   
  Pulsed radiofrequency treatment nervus medianus    0  
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  Pulsed  r adiofrequency  t reatment of the  n ervus  m edianus 
 In the only available case report, a patient received three 
ultrasound - guided PRF treatments, during the same session, at 
(1) the position of the anterior surface, (2) the medial aspect, and 
(3) the posterior surface of the nervus medianus. During each 
treatment, PRF current was applied for 90 seconds.    

  Summary 

 Carpal tunnel syndrome is a common disorder. In the majority 
of cases, patients with CTS can be diagnosed by means of appro-
priate history taking, and by physical / neurological examina-
tion. Nerve conduction tests of the nervus medianus are the most 
important additional examinations. Which treatment is preferred 
depends on the severity of the symptoms and the limitations they 
cause. If few limitations are present, treatment by means of a 
splint or through corticosteroid injections is preferred.  
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   Introduction 

 Meralgia paresthetica (MP) is a neurological disorder character-
ized by paresthesia and numbness in an anterolateral cutaneous 
area of the thigh due to a lesion (compression) and/or dysfunc-
tion of the nervus cutaneus femoris lateralis (lateral femoral cuta-
neous nerve, LFCN). 

 Even though MP can develop spontaneously at any age, the 
disease usually presents in the 30 -  to 40 - year age group.  1   The inci-
dence in children could be higher than originally assumed.  2   MP 
appears in one - third of children who have undergone surgery for 
an osteoid osteoma.  1   An incidence of 0.43 in 10,000 was found 
in a Dutch study of a population of fi rst - line care of 173,375 
patients.  3   There is a higher incidence of MP in males. In addition, 
there is a correlation with obesity, diabetes, and pregnancy related 
to increased intra - abdominal pressure.  4   However, MP is also seen 
in children of relatively slender build.  5   

 Meralgia paresthetica can have many etiologies and can be sub-
divided into two main groups: spontaneous onset and iatrogenic.  6   
Spontaneous MP occurs without previous surgical intervention 
and can be subdivided into an idiopathic, metabolic, and/or 
mechanical type.  6,7   In the case of the mechanical type, increased 
intra - abdominal pressure plays a role that appears with obesity 
and pregnancy.  4   External direct pressure on the LFCN from 
wearing belts, corsets, or tight pants can lead to MP. However, 
internal pressure, such as that caused by tumors of the uterus, can 
also present as MP.  8   Other causes for the spontaneous onset of 
MP are radiological degenerative defects of the symphysis pubica  9   
and leg - length disparity.  10   L1 radiculopathy can also mimic MP.  11   

Metabolic factors such as lead poisoning, alcoholism, hypothy-
roidism, and diabetes are considered in particular to correlate 
with MP.  7   

 Surgery on the spinal column and the pelvis (osteotomy), 
in which a direct lesion to the LFCN occurs, is the most impor-
tant iatrogenic cause for the onset of MP, and is seen in about 
20% of cases.  12   Neurotmesis of the LFCN is frequently described 
in relation to autogenous bone graft harvesting from the crista 
iliaca in spondylodesis operations.  12   This is due to the fact that 
the LFCN has different anatomical variations, including the 
variant in which it runs across the crista iliaca.  13   Compression 
neuropraxia in patients who undergo spine surgery on a Hall –
 Relton frame and neuropraxia of the LFCN by traction on the 
musculus psoas major during retroperitoneal dissection are 
also described.  15   Many other operations are associated with 
the onset of an iatrogenic MP due to positioning, compression 
by restraining belts or devices, or direct surgical injury, such as 
total hip replacement surgery, laparoscopic cholecystectomy and 
myomectomy, transplantations for coronary bypass surgeries, 
stomach reductions, surgery for morbid obesity, and laparoscopic 
inguinal repair.  6   When surgery is performed in the area of the 
spina iliaca anterior superior (anterior superior iliac spine, ASIS), 
the patient has a 35% risk of sensory loss and a 5% risk of devel-
oping MP.  14   

 The variable gross anatomical topography of the LFCN with 
regard to the surrounding bone structures and soft tissues is 
important, on the one hand, because it could possibly be a predic-
tor of the onset of MP; and on the other, for the interpretation of 
the diagnostic blockade and for potential local treatment options. 
Anatomical variation of the LFCN appears in 25% of patients.  15   

Evidence-Based Interventional Pain Medicine: According to Clinical Diagnoses‚ First Edition. Edited by Jan Van Zundert, Jacob Patijn, Craig T. Hartrick, 

Arno Lataster, Frank J.P.M Huygen, Nagy Mekhail, Maarten van Kleef. 

© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd. This article was previously published in Pain Practice 2011; 11: 302–308.



CHAPTER 20 Meralgia Paresthetica

156

 When indicated, pelvic radiography can be performed to rule 
out bone tumors. MRI or ultrasound examinations are indicated 
if pelvic tumor, including retroperitoneal tumor, is suspected. 
Blood tests and thyroid function tests are indicated if a metabolic 
cause is suspected. 

 When in doubt, neurophysiological evaluation using a 
somatosensory - evoked potential and a nerve conduction test of 
the LFCN can be carried out. As well as demonstrating MP, this 
test can simultaneously provide information and locate the lesion 
in the LFCN.  19   

 A positive diagnostic blockade with 8   mL local anesthetic, 
performed by locating the LFCN using a nerve stimulator, can 
usually confi rm the diagnosis. However, it should always be borne 
in mind that an abnormal course of the LFCN can also cause a 
negative diagnostic block.  

  Differential  d iagnosis 
 In general, diagnosis can be established from the typical medical 
history, physical examination, and general neurological exami-
nation. This is of great importance because other neurological, 
urogenital, and gastrointestinal symptoms are not usually part 
of the clinical diagnosis associated with MP.  6   It can provide the 
specialist with indications for the presence of other diseases that 
could account for the patient ’ s symptom pattern. All patients with 
motor loss and/or refl ex variations, or patients with loss of sensa-
tion in areas that are not supplied by the LFCN, require further 
testing. Differential diagnoses should rule out red fl ags such as 
metastases in the crista iliaca, lumbar disk herniation with radic-
ulopathy, and avulsion fractures. Even chronic appendicitis can 
present as a syndrome similar to MP.  6     

  Treatment  o ptions 

  Conservative  m anagement 
 The great majority of cases of MP have a favorable course and 
85% will recover with conservative treatment.  20   The fi rst choice 
of conservative treatment is always to tackle the underlying cause 
(when known), such as weight loss or the wearing of tight cloth-
ing and/or belts.  21   When pain predominates, tricyclic antidepres-
sants, antiarrhythmics, and anticonvulsants can be administered 
to treat the neuropathic pain.  22   Capsaicin or lidocaine cream can 
be prescribed if there is dysesthesia of the epidermis.  23    

  Interventional  m anagement 

  Local  i nfi ltration of the  LFCN  
 Traditionally, local infi ltration of the LFCN with an anesthetic, 
with or without corticosteroids, is administered in various 
dosages, but outcomes are rarely correctly reported in the litera-
ture.  6   Treatment success ( > 50% pain reduction and improvement 
in mobility) was reported after two injections under ultrasound 
guidance. Injections of bupivacaine 0.25%, 1:200 000 epinephrine 
and 40   mg methylprednisolone for the fi rst injection and 20   mg 

 The progression of fi ve different types of LFCN can be distin-
guished based on cadaver studies.  15   

     
  Type A:    LFCN runs posterior to the ASIS over the crista iliaca (4%).  

  Type B:    LFCN runs anterior to the ASIS above the tendinous origin of the 
musculus sartorius, but is embedded in the tissue of the ligamentum 
inguinale (27%).  

  Type C:    LFCN runs medial to the ASIS, embedded in the tendinous origin of the 
musculus sartorius (23%).  

  Type D:    LFCN runs medial to the tendinous origin of the musculus sartorius, 
localized between the tendon of the musculus sartorius and a thick 
fascia of the musculus iliopsoas under the ligamentum inguinale 
(26%).  

  Type E:    LFCN runs further medially and is embedded in the connective tissue 
under the ligamentum inguinale and lies on the thin fascia of the 
musculus iliopsoas where it branches off toward the ramus femoralis 
of the nervus genitofemoralis (20%).  9    

 Types A, B, and C are the most sensitive to traumas.  16   Outside 
the above - mentioned anatomical variants, various branching 
pattern of the LFCN has been described with one or two vertebral 
origins of the nerve.  17,18   When the lesion is located around the lig-
amentum inguinale, the LFCN undergoes pathological changes, 
such as local demyelinization and Wallerian degeneration, mainly 
of the large fi bres.  

  Diagnosis 

  History 
 Symptoms involving MP usually consist of unpleasant paresthesia 
on the exterior side of the thigh. This occurs unilaterally in most 
cases, but in 20% of cases it appears bilaterally.  14   

 The patients complain of a typical burning, stabbing pain 
with a tingling sensation in the thigh. They usually localize the 
symptoms as occurring on the skin itself. Even though some MP 
patients report pain in the context of an allodynia in the area of 
the LFCN, most of them indicate that they have an unpleasant 
tingling sensation (dysesthesia) instead of pain. These MP symp-
toms can be provoked with postural change by extending the hip 
or by prolonged standing.  6   The symptoms sometimes disappear 
when the patient sits down.  

  Physical  e xamination 
 During physical examination, palpation is usually painful on 
the lateral part of the ligamentum inguinale at the point where 
the nerve crosses the ligamentum inguinale. Some patients also 
present with hair loss in the areas of the LFCN because they con-
stantly rub this area.  6    

  Additional  t ests 
 Somatic: none. 
 Psychocognitive: none. 
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inadequate results, local infi ltration of the LFCN with anesthet-
ics and corticosteroids can be considered. PRF treatment of the 
LFCN should only be performed in a study context. Spinal cord 
stimulation should be reserved for refractory cases, only in a study 
context. 

  Clinical  p ractice  a lgorithm 
 Figure  20.1  represents the treatment algorithm for the manage-
ment of MP.    

methylprednisolone for the second injection were administered 
at a 3 - week interval.  24    

  Pulsed  r adiofrequency  t reatment of the  LFCN  
 Pulsed radiofrequency (PRF) treatment of the LFCN was only 
reported in four case reports.  25 – 27   The fi rst case, a 68 - year - old 
patient diagnosed with MP of 4 - month duration was treated with 
PRF in the area of the LFCN. The paresthesia disappeared 24 
hours after treatment and the patient was still symptom - free after 
6 months.  25   A positive effect was of PRF treatment of the LFCN in 
the other three case reports.  26,27    

  Spinal  c ord  s timulation 
 One case report mentions the use of spinal cord stimulation in a 
patient with 1 - year history of MP confi rmed by a positive diag-
nostic block of the LFCN. Conservative, pharmacological treat-
ment yielded unsatisfactory pain relief and injection of local 
anesthetic with corticosteroid provided only 9 - hour pain relief. 
A quadripolar lead was implanted at the mid - Th10 corpus verte-
brae level. Eight months after implantation the patient was almost 
completely pain free, no longer used pain medication, and was 
working full time.  28     

  Complications of  i nterventional  m anagement 

  Local  i nfi ltration 
 The reports available do not mention complications or adverse 
effects; no conclusions can be drawn.  

  Pulsed  r adiofrequency  t reatment 
 No complications or adverse effects of PRF treatment were docu-
mented in the four case reports.  25 – 27   

 In a review of the literature on PRF in more than 1,200 patients, 
no complications have been mentioned.  29    

  Spinal  c ord  s timulation 
 The patient discussed in the case report did not experience any 
side effect. The potential side effects and complications of spinal 
cord stimulation are described in the chapter on  “ Complex 
Regional Pain Syndrome ” .  30    

  Surgical  t reatment  o ptions 
 Surgical intervention in painful MP should be reserved for very 
exceptionally serious cases that have been thoroughly examined 
and in which other psychocognitive factors have been ruled out.  4     

  Evidence for  i nterventional  m anagement 
 The summary of the evidence for the interventional management 
of MP is given in Table  20.1 .     

  Recommendations 

 There is only limited documentation regarding the interven-
tional treatment of MP. When conservative treatment provides 

     Figure 20.1.     Clinical practice algorithm for the treatment of meralgia 
paresthetica.  

Paresthesias and numbness in the
anterolateral area of the thigh  

Red flags: metastases of the crista iliaca,
lumbar hernias with a radiculopathy and
avulsion fractures are ruled out?   

Conservative treatment fails 

Consider local infiltration of the lateral
femoral cutaneous nerve (LFCN) with
anesthetic and corticosteroids, if needed  

Inadequate result 

Pulsed radiofrequency treatment of
the LFCN only in a study context  

Inadequate result 

Spinal cord stimulation only in a
study context in specialized centers  

  Table 20.1.    Summary of the evidence for interventional management of 
meralgia paresthetica. 

   Techniques     Evaluation  

  LFCN infi ltration    2C +   
  Pulsed radiofrequency treatment of LFCN    0  
  Spinal cord stimulation    0  

   LFCN, lateral femoral cutaneous nerve.   
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lish its diagnosis. When using diagnostic blocks and local invasive 
treatment, it is important to realize that in 25% of patients ana-
tomic variants of the nervus cutaneus femoris lateralis (lateral 
femoral cutaneous nerve, LFCN) may be present. Conservative 
treatment is always the fi rst choice of therapy. Infi ltration with 
corticosteroids and local anesthetics can be considered. PRF treat-
ment and spinal cord stimulation are also an option, but should 
be performed only in the context of a study.  
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  Technique(s) 

   LFCN   b lock 
 Lateral femoral cutaneous nerve block is carried out with the 
patient in the supine position. A pillow under the knees can 
increase the patient ’ s comfort, especially if extension of the legs 
is painful. The LFCN can sometimes be identifi ed by palpation. A 
point 2   cm medial and 2   cm caudal to the ASIS is selected as the 
injection site. The needle (22 to 25   G) is inserted past the deep 
fascia of the thigh (fascia lata) where a  “ pop ”  is noted when per-
forating the fascia. Thereafter, paresthesia can usually be quickly 
generated in the area of the lateral side of the thigh. The point 
where the paresthesia is maximal is sought. 

 Lateral femoral cutaneous nerve block was recently described 
using ultrasound. The ASIS was identifi ed with ultrasound. The 
tissue caudal to the ASIS is scanned with the ultrasound probe (6 
to 13   Hz) in a transverse position to identify the musculus sarto-
rius. The LFCN lies at this level above the musculus sartorius in 
the area under the fascia lata and above the fascia iliaca. Running 
caudally the LFCN enters a lenticular compartment between the 
musculus sartorius and the musculus tensor fasciae latae, formed 
by a double layer of the fascia lata and fi lled with fat. A 22 - G 
needle is inserted in - line with the ultrasound probe. The location 
of the LFCN is confi rmed when the patient experiences a repro-
ducible paresthesia by stimulation (1   Hz; 1   mA). Subsequently, a 
test dose of 1   mL is injected; this should not exacerbate the pain. 
A total volume of 9   mL bupivacaine 0.25% with 20 or 40   mg of 
methylprednisolone is injected. Dispersion of the injection fl uid 
is continuously monitored by means of ultrasound, so that dis-
persion around the nerve can be observed.  

  Pulsed  r adiofrequency  t reatment 
 After the LFCN has been identifi ed as described above, a needle 
location is sought where stimulation with 50   Hz causes tingling 
in the area of the lateral side of the thigh with an output below 
0.6   V, using a 23 - G RF needle with an active 5 - mm tip and a 60 -  
or 100 - mm - long needle. The length of this needle depends on the 
size of the patient (obesity requiring the longer needles). Subse-
quently, a PRF current of 45   V lasting for 120 seconds is admin-
istered without any preceding local anesthetic. The maximum 
temperature should not exceed 42 ° C, but if this occurs the output 
should be reduced. If necessary, a second treatment period of 120 
seconds can be administered if the impedance is above 500  Ω , 
prior to injection of 1   mL NaCl 0.9% solution.  

  Spinal  c ord  s timulation 
 We refer to the chapter on  “ Complex Regional Pain Syndrome ”  
for the technique.  30      

  Summary 

 Meralgia paresthetica is a frequent complaint. An exact medical 
history and neurological examination are usually enough to estab-
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   Introduction 

 Complete or partial amputation of a limb does not always result 
in pain. It is termed phantom pain when the patient feels pain or 
dysesthesia in limbs that are no longer present (deafferentation). It 
is important to distinguish phantom pain from other amputation 
sequelae, including phantom sensation, telescoping, and stump 
pain. Phantom sensations are nonpainful and typically manifest 
as kinetic, kinesthetic, or exteroceptive perceptions. Telescoping 
is a progressive sensation resulting in the distal limb being per-
ceived more proximally. Stump pain is residual limb pain, com-
monly localized to distal existing body part. If patients suffer 
from phantom pain, the onset is usually amputation secondary 
to trauma or surgical intervention. Ambrosius Par é  described this 
type of pain in the sixteenth century. 

 It is estimated that over 1.5 million amputees live in the United 
States, where the majority have had amputations of the lower 
limbs below the knee.  1   The reported incidence of phantom limb 
pain varies widely from as low as 2% to 80%. More recent epide-
miological studies report a much higher percentage of amputees 
having phantom limb pain. A retrospective study in patients with 
combat related traumatic amputations found that 78% of partici-
pants experienced phantom limb pain at some time since ampu-
tation, and 68% of them received treatment from their health care 
provider.  2   Patients prospectively followed after limb amputation 
due to peripheral vascular disease show a comparable incidence of 
phantom limb pain (78.8%), and stump pain (51.2%) 6 months 
after amputation.  3   In one study, probably the largest fi eld survey 
performed in Europe, a questionnaire containing 62 questions 
was fi lled in by 537 out of 1,088 amputees. Of the amputees who 
responded, 14.8% were pain free, 74.5% had phantom limb pain, 
45.2% had stump pain and 35.5% had a combination of both.  4   

 Seventeen years after the war between Iraq and Iran, 64% of 
200 soldiers who had lost limbs during this war suffered from 
phantom pain, 32% from phantom movement pain, while 24% 
suffered from stump pain.  5   Telephone interviews held between 
1998 and 2000, in which 914 people participated, showed that 
the incidences during the past 4 weeks prior to the interview 
amounted to 79.9% for phantom pain and 67.7% for stump pain, 
respectively. A quarter of the people who were interviewed had a 
visual analogue scale (VAS) pain score ranging from 7 to 10.  

  Mechanism 

 It is assumed that every individual develops a proprioceptive, 
tactile and visual image of the body. For a long time, the cortical 
representation of these images was thought to remain unchanged 
after amputation. Although there are still many questions as to 
the underlying mechanisms, peripheral as well as central neuro-
nal mechanisms seem to be involved.  6   There are also indications 
that neuroplastic changes take place including changes of the cor-
tical representation. 

 Peripheral input can play a part in the perception of phantom 
pain. When peripheral nerves are cut or injured, regenerative 
sprouting of the injured axon occurs. The enlarged and disor-
ganized endings of C fi bers and demyelinated A - fi bers show an 
increased rate of spontaneous activity. Spontaneous and abnor-
mal activity has been perceived in neuromas at the nerve endings 
and in the spinal ganglia after peripheral mechanic or chemical 
stimulation as a consequence of up - regulation of the sodium 
channels. Ectopic discharge in the dorsal root ganglion has also 
been implicated as a potential mechanism. Ectopic discharge may 
be induced by emotional distress leading to increased circulating 
levels of epinephrine. Factors such as temperature, oxygenation, 
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limb may have a substantial psychological impact. Fear, depression 
and anger may follow sorrow and may affect the pain. Depres-
sion is a signifi cant predicting factor for severe pain and distress.  8   
Just as in other chronic pain syndromes, psychosocial factors play 
a potential part in prolonging the pain, but specifi c psychologi-
cal factors related to amputation appear to have a minor role in 
this respect. However, studies have shown that patients with 
phantom pain are more likely to be rigid and show more control-
ling behavior.  

  Diagnosis 

  History 
 Most patients with phantom pain have intermittent pain, with 
intervals that range from 1 day to several weeks. Even intervals 
of over a year have been reported. Pain often presents itself in 
the form of attacks that vary in duration from a few seconds to 
minutes or hours. Patients usually describe the pain as shooting, 
stabbing, piercing, cramping, pinching, or burning. In most cases, 
the pain is experienced distally in the missing limb, in places with 
the most extensive innervation density and cortical representa-
tion. Examples are fi ngers or toes.  9   

 Phantom pain often begins within 14 days after the amputa-
tion. Half of the patients, however, suffer from pain within the 
fi rst 24 hours after amputation. Some patients will not have pain 
until several years after amputation; however, phantom pain only 
becomes manifest a year after the amputation in fewer than 10% 
of the cases. Two years after the onset of the phantom pain, the 
prevalence of phantom pain has hardly decreased. 

 Some studies suggest a relationship between phantom limb 
pain and the etiology of amputation, while other studies could 
not indicate a relationship between the patient ’ s general health 
status and the incidence.  9   Two recently published studies tried to 
identify if gender has an infl uence on the occurrence of phantom 
pain.  10,11   The longitudinal study over 3 ½  years reveals that men 
are less prone to experience phantom pain than women. Phantom 
pain occurs more after arm amputation than after leg amputa-
tion.  10   Phantom pain occurs almost immediately after surgery.  12   
A postal survey in persons with limb loss, on the contrary, showed 
that a greater proportion of males reported phantom limb pain. 
This difference disappeared when corrected for the cause of 
amputation. Several sex differences in the overall biopsychoso-
cial experience of pain did emerge.  11   Phantom limb pain does 
not seem to depend on the nature of the cause: surgical or trau-
matic.  13   In children and in people who have been missing a limb 
from birth, the incidence of phantom pain is lower. Phantom pain 
is more common in cases of bilateral amputation, amputation of 
the legs and in cases where the limb was amputated in a more 
proximal site.  14   

 There are indications that severe pre - amputation and postop-
erative pain are risk factors for chronic phantom pain.  15   However, 
the literature reports contradictory results in this respect. It is also 
unclear whether pre - amputation pain is experienced as the same 

and local infl ammation may play a role. Therefore, the sensitivity 
of these neuromas or ganglia may increase due to epinephrine 
or stress, in combination with increasing norepinephrine from 
sympathetic efferents, which are located in close proximity to 
afferent sensory nerve cells, for example in the case of sprouting. 
This results in exacerbation of phantom pain. Peripheral factors 
may be of varying importance in the origin and modulation of 
phantom limb pain, but also central factors play must play a role.  7   

 The spinal cord may be involved as well. Changes in activity 
levels in neuromas and ganglia may result in long - term adap-
tations in the central projecting neurons in the posterior horn. 
This may lead to spontaneous neuronal activity, changes in RNA 
transcription, increased metabolic activity in the spinal cord and 
may cause the receptive fi elds to enlarge; all these factors result in 
central (spinal) sensitization. 

 Apart from functional changes, anatomical changes have 
been observed as well. Afferent C fi bers of lamina II in the spinal 
cord may degenerate, so that the number of synapses with 
second - order neurons diminishes. Therefore, A β  mechano -
 sensitive afferents, normally present in deeper layers, may connect 
with the exposed nociceptive second - order neurons within lamina 
II which may induce sprouting of A - fi ber terminals in these 
areas, where they are normally not represented. The incoming 
A - fi ber input might then be interpreted as noxious and could 
be the anatomical substrate of allodynia. In this way, normal 
stimuli through A β  neurons may lead to other sensations, such as 
pain. Eventually, neuroplastic changes will occur in the thalamus 
in subcortical and in cortical structures. It becomes clear that 
there is a relationship between the spinal cord and higher centres 
in cases where pain - free amputees had transient phantom pain 
after spinal anesthesia, while conversely patients with phantom 
pain became pain free after a focal cerebral infarction or a spinal 
cord lesion. 

 An especially relevant mechanism may be the invasion of 
regions of the spinal cord where the amputated limb was previ-
ously represented. Neuropeptides such as Substance P, normally 
expressed by nociceptor primary afferent A δ  -  and C fi bers may 
also become expressed by A β  - fi bers after peripheral nerve injury. 
Supraspinal changes related to phantom limb pain involve the 
brainstem, the thalamus and the cortex.  7   

 Changes in the functional and structural architecture of 
primary somatosensory cortex after amputation and deaffer-
entation in adult monkeys are demonstrated. Reorganizational 
changes in the sensory and motor maps were shown. Also in 
people with arm or hand amputations a shift of the mouth into 
the hand representation in primary somatosensory cortex was 
illustrated. The larger the shift of the mouth representation into 
the zone that formerly represented the amputated hand and arm, 
the greater the phantom limb pain. 

 Reorganization of the motor system was limited to the cortex; 
spinal changes were not observed. Thalamic stimulation and 
recordings in amputees have shown that reorganizational changes 
also occur at the thalamic level and are closely related to the per-
ception of phantom limbs and phantom limb pain.  7   The loss of a 
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radiculitis), angina (in cases of pain in the upper phantom limb), 
and malignant growths (metastasis) may provoke symptoms that 
may be taken for phantom pain. Infections with herpes zoster 
(shingles) should also be considered, especially in patients with 
reduced immunity.   

  Treatment  o ptions 

 Phantom pain is generally quite therapy resistant. Treatments of 
phantom pain are rarely successful. In their review article Nikola-
jsen and Jensen point out that a literature search performed in 
1980 identifi ed 68 different treatment methods of which 50 are 
still in use.  9   Although many caregivers present more favorable 
reports of their results, fewer than 10% of patients indicate per-
manent pain relief. The various systematic reviews that have been 
published indicate that most treatments have no or only limited 
succes.  22 – 24   In addition, there are only a few sound studies that 
deal with phantom pain specifi cally. Since the systematic review of 
Sherman  24   was published in 1980, no groundbreaking therapeu-
tic developments have been reported, and the systematic review 
by Halbert et al.  23   shows that epidural analgesia, regional nerve 
blocks, treatment with calcitonin, or ketamine do not provide 
any consistent results. There are, however, three positive studies 
that show that nerve blocks could have some effect. The analgesic 
effectiveness of transcutaneous electrical nerve stimulation for 
the treatment of phantom and/or stump pain was assessed in a 
Cochrane review. No randomized controlled studies (RCTs) were 
found thus preventing any conclusions.  25   

 However, even if there are still many questions that remain 
open, there is greater insight into the underlying mechanism of 
phantom pain. It has been suggested that the focus of treatment 
should be specifi cally aimed at preventing chronicity by interven-
ing sooner with respect to the structural and functional changes 
in the central and peripheral nervous system; these changes are 
a consequence of the defi cient or detrimental somatosensory 
input and deafferentation after amputation. Unfortunately, in this 
respect the results of pre -  and postoperative epidural blocks are 
ambiguous. There is much to be learnt about effective interven-
tions with respect to neuroplasticity. It seems that a multimodal 
approach is essential, in which nociception, infl ammation, hor-
monal, physiological, and mental changes all play an important 
part. Adequate information, proper surgical indications and tech-
niques for amputation, if possible effective mental preparation 
and aftercare, long - term rehabilitation and optimum pain treat-
ment are integral elements. 

 Another problem is that not all phantom pain patients receive 
treatment. A study by Hanley et al.  26   shows that 53% of patients 
with phantom pain ( n     =    183), 38% of whom with a severe form 
of phantom pain, never received treatment for the disorder. Those 
who did receive treatment suffered from severe pain and expe-
rienced considerable distress from the disorder. These patients 
were mostly treated with analgesics: paracetamol, morphine - like 
substances and non - steroidal anti - infl ammatory drugs. In the 

pain that is felt after amputation as phantom pain: on the one 
hand retrospective results have been reported, where the number 
of cases in which pre - amputation pain is experienced as phantom 
pain, ranges from 12.5% to 80%, whereas a prospective study by 
Nikolajsen et al.  16   does not show a relationship. 

 Phantom pain has also been described in parts of the body 
other than the limbs. Phantom pain after mastectomy occurred 
in 9 of 39 patients with a bilateral mastectomy, phantom sensa-
tions in 20 of 39 patients.  17   Phantom pain has also been described 
in a quarter of patients who underwent enucleation of the eye 
after which orbital implants had been inserted. The risk in these 
patients may have been increased by perioperative headaches and 
pain in the eye.  18   Tinnitus is presumably related to phantom pain 
as well, due to changes in the afferent input in the auditory, central 
neural system caused by axonal sprouting and hyperexcitation.  19   
Recent rat studies performed by Tritsch et al.  20   point to the role of 
supporting cells in the middle ear: when exposed to loud noises, 
adenosine tri phosphate may be released by supporting cells and 
thus stimulate hair cells, even though the sound stimulus has dis-
appeared. Process changes in tonotopic receptive fi elds within 
auditory structures such as the dorsal cochlear nucleus, inferior 
colliculus nucleus, and auditory somatosensory areas may also be 
involved in central neuroplastic changes. 

 Phantom sensations are painless sensations such as sensations 
of heat, tingling, telescoping (notably in fi ngers or toes) and the 
sensation that the limb becomes shorter over time. Approximately 
50% of the amputees have stump pain as well, while 50% to 88% 
of the patients with phantom pain also suffer from stump pain. In 
many cases myofascial trigger points are present in the stump that 
can evoke phantom sensations and phantom pain.  21    

  Physical  e xamination 
 As yet physical examination is not very useful in cases of phantom 
pain, because the pain is localized in the missing body part and 
the pain mechanisms predominantly involve the peripheral and 
the central nervous system. 

 In stump pain, however, there is clearly a local pain source. For 
example, in 20% of phantom pain patients skin pathology and 
circulatory disorders, infections and neuromas may prolong the 
disorder. Local trigger points may be localized in the stump, espe-
cially in patients who have a prosthesis. These trigger points may 
provoke phantom pain.  

  Differential  d iagnosis 
 Phantom pain is a painful sensation in a part of the body that is 
no longer present. Stump pain is pain in the remaining stump 
where the source of the pain is in the stump itself. Phantom sensa-
tions: any form of painless sensation that the patient experiences 
in the part of the body that is no longer present. 

 In over half of patients, the phantom pain decreases or disap-
pears over time. In cases where the pain is exacerbated special 
causes should be sought. Apart from changes in autonomous 
regulation or sympathicotonia due to temperature or weather 
changes, radicular pain (because of a nucleus pulposus hernia or 
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The effects of other drugs such as beta - blockers, calcitonin and 
capsaicin and mexiletine are anecdotal as yet. 

 Calcitonin, ketamine and their combination were tested in a 
randomized, double - blind crossover study for the management 
of chronic phantom limb pain. Ketamine, but not calcitonin, 
reduced phantom limb pain. The combination was not superior 
to ketamine alone.  42   Perioperatively ketamine maintained for 72 
hours compared to placebo administration did not result in sig-
nifi cant differences in subsequent post - amputation pain severity 
over a 6 - month period.  43   

 The infl ammatory cytokine tumor necrosis factor alpha (TNF -
  α ) plays an important role in neuropathic pain conditions; sys-
temic drugs that block TNF -  α  alleviate pain and pain - related 
behavior. A report of six patients with phantom limb pain who 
were treated with a series of perineural injections of etanercept, 
a TNF -  α  antagonist, describes a signifi cant improvement in 5 of 
6 patients ’  residual limb pain at rest and with activity, phantom 
limb pain, functional capacity, and psychological well - being 3 
months after injections.  44     

  Interventional  m anagement 
 Epidural anesthesia, applied before, during or after amputation, 
seems to decrease the severity of phantom pain while the actual 
incidence does not decrease at all.  45   Various studies have exam-
ined the effectiveness of epidural anesthesia. Unfortunately, these 
studies have different designs and the results are variable and 
inconsistent. 

 Many studies have been performed examining pre -  and post-
operative nerve blocks, with and without catheter techniques. 
Lambert performed a randomized prospective study comparing 
preoperative epidural and intraoperative perineural analgesia for 
the prevention of postoperative stump pain and phantom limb 
pain and found preoperative epidural block 24 hours before 
amputation was not superior to intraoperative perineural infu-
sion of local anesthetic in reducing phantom limb pain up to 1 
year later, but was more effective in reducing immediate postop-
erative stump pain.  46   In spite of early pain reduction, the results 
for patients treated were no better than control patients and the 
same applied to the patients treated with epidural anesthesia. 
Favorable results that have been reported are mainly based on 
case reports. 

 The use of echographic controlled phenol instillation into 
neuroma was prospectively assessed in 82 patients. All patients 
had marked improvement and 12% were pain free after 1 to 3 
instillations. The low complication rate (5% minor and 1.3% 
major complications) is attributed to the use of high resolution 
sonography.  47   Pre -  peri -  and postoperative continuous nervus 
ischiadicus (sciatic) block was assessed in 18 patients who were 
prospectively followed for 24 months. In this population, an inci-
dence of phantom pain of 25% to 30% was observed.  48   

 A case report on a patient with phantom pain treated with 
pulsed radiofrequency (PRF) of the nervus ischiadicus showed 
pain relief and reduction of the need of analgesic medication for 
4 months.  49   Another patient underwent pulsed radiofrequency of 

perception of the patients, only opioids and chiropractic therapy 
were effective to some extent. 

  Conservative  m anagement 

  Drug  t herapy 
 Because phantom limb pain is classifi ed as neuropathic pain, an 
approach to the pharmacological treatment according to pub-
lished guidelines could be envisioned. Little is known, however, 
about the specifi c effectiveness of these medications in phantom 
pain. In a study by Wilder - Smith et al.,  27   tramadol as well as 
amitriptyline appear to be more effective than placebo treatment 
in phantom pain patients. Although the benefi t of amitriptyline 
was not supported in a recent randomized placebo controlled 
trial of 39 patients,  28   carbamazepine, one of the older drugs used 
to treat neuropathic pain, proved to have favorable effects.  29,30   
Studies that compared gabapentin with placebo did not show a 
difference for amputation patients with respect to the incidence 
and intensity of the phantom pain.  31   Another study, however, did 
demonstrate diminished pain intensity with gabapentin in com-
parison to placebo patients.  32   

 A prospective study in 42 cancer patients assessed the value of 
treatment according to the World Health Organization analgesic 
ladder and found that the addition of opioids to antidepressants 
and anticonvulsants reduces the incidence of phantom pain from 
60% 1 month post surgery to 32% 2 years after amputation.  33   

 Oral morphine was compared to placebo in a double - blind 
crossover study in 12 patients with unilateral arm or leg ampu-
tation with phantom pain. The results suggested that pain was 
improved with oral morphine, with a concurrent potential reduc-
tion in cortical reorganization as determined by magnetoen-
cephalographic recordings.  34   

 A comparison between intravenous lidocaine and morphine 
in 31 patients with postamputation pain (either phantom pain 
combined with stump pain or phantom pain or stump pain 
exclusively) showed that stump pain responds well to both treat-
ments, whereas phantom pain could only be relieved by mor-
phine.  35   A recent randomized controlled crossover trial in patients 
with postamputation pain of 6 months or longer, having a 
pain intensity of at least 3 on a 10 point numeric rating scale, 
compared the effi cacy of morphine, mexiletine and placebo. 
Therapy with morphine but not mexiletine resulted in a decrease 
in intensity of post - amputation pain but was associated with 
higher rates of side effects and no improvement in self - reported 
levels of overall functional activity and pain - related interference 
in daily activity.  36   

 In one RCT where intravenously administered ketamine was 
compared with placebo, pain and hyperalgesia decreased in 
patients with stump pain and phantom pain with ketamine in 
comparison with the control patients.  37   Conversely, in a placebo 
controlled RCT memantine, another  N  - methyl -  d  - aspartate 
receptor antagonist, proved not to be effective,  38 – 40   while more 
recent case reports continue to anecdotally support its use.  41   Ben-
zodiazepines do not seem to be effective in cases of phantom pain. 
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tionally viewed the movements of a  “ virtual limb ” . The mirror 
condition elicited a signifi cantly greater number of phantom limb 
movements than the control condition. Both conditions resulted 
in a signifi cant attenuation of phantom sensations and pain. Both, 
the control and the mirror condition reduced phantom limb pain. 
The use of mirror condition as a prolonged treatment of phantom 
limb pain may be favorable because a signifi cantly greater number 
of phantom limb movements may reverse the chronic cortical 
reorganization.  59   

 Some case reports with favorable results from the application 
of deep brain stimulation have been described. Patients with 
phantom pain appear to respond favorably. Here, the periven-
tricular gray matter is treated by electrostimulation, in some 
cases in combination with the somatosensory thalamus. This 
technique is reported to have been especially effective in reducing 
the burning pain, the use of opioids, and improving the quality 
of life.  60   In another study 38 of 47 patients responded favorably 
to the experimental stimulation. Fifty - three percent of them had 
a lasting favorable effect from stimulation of the gray matter 
around the aqueduct, 13% from stimulation of the thalamus and 
34% from stimulation of both these structures. 

 Some studies examining the application of transcranial mag-
netic stimulation show that this treatment has an inadequate 
effect on phantom pain.  

  Preventive  s trategies 
 Theoretically the preventive strategy should be built upon two 
main pillars: surgical technique and pre - emptive analgesia. 
Despite the obligatory transection of major nerves in leg ampu-
tation, no attention has been paid in phantom limb studies to 
intra - operative handling of the nerves. This lack of attention is 
particularly surprising given that various nerve ligature models 
have been used to study chronic neuropathic pain in experimental 
studies. A survey among Danish orthopedic surgeons showed a 
surprisingly high use (about 30%) of ligation of the large diameter 
nerves during leg amputation  61   which, according to experimental 
preclinical data, may precipitate the development of chronic neu-
ropathic pain.  62   Major orthopedic textbooks recommend ligation 
of the nerves during amputation. Since a clean nerve cut may 
lead to less persistent pain compared to a ligature or crush nerve 
injury, there is an urgent need for clinical studies investigating the 
role of nerve handling as a risk factor for phantom limb pain after 
limb amputation.  62   

 Several pre - emptive analgesic strategies have been tested 
with variable results. Detailed discussion of these fi ndings is 
beyond the scope of this review. It must, however, be stressed 
that a multimodal approach seems to generate better outcome. 
Such a multimodal approach can consist of: psychological 
counseling and treatment; cognitive behavioral therapy and 
pharmacological treatment using molecules with different mode 
of action in order to target the different mechanisms of phantom 
pain.  1,63   

 A recently published series of case reports suggests that preven-
tive mirror therapy reduces phantom limb pain.  64     

the proximal and distal ends of a sciatic neuroma with treatment 
at 42 ° C for 120 seconds under ultrasound guidance with VAS 
reduction of 90%, 90%, and 70% at 1, 3, and 6 months, respec-
tively.  50   Two patients with primarily stump pain after lower limb 
amputation and diffi culty tolerating the limb prosthesis were 
treated with PRF adjacent to the L4 – L5 ganglion spinale (dorsal 
root ganglion, DRG). Both patients experienced at least 50% pain 
reduction for 6 months and tolerated better the prosthesis.  51   

 The long - term effect of spinal cord stimulation in a patient with 
complex regional pain syndrome (CRPS) after two amputations 
of the right leg has been reported.  52   Katayama et al. investigated 
spinal cord stimulation, deep brain stimulation of the nucleus 
thalamicus ventralis caudalis, and the motor cortex for treatment 
of phantom limb pain. Of the 19 patients, six had long - term pain 
control with spinal cord stimulation, defi ned as at least 80% pain 
reduction for at least 2 years.  53   More recently, a case series of four 
patients with postcancer resection lower extremity phantom 
limb pain experienced  > 80% pain reduction immediately post-
operatively, while only 75% had statistically signifi cant reduction 
in VAS and total symptom score at a minimum of 8 months 
follow - up.  54   

 Other invasive treatments have often been applied as well, 
including stump injections, trigger point injections, blocks of the 
sympathetic nervous system and intrathecal injections. In the case 
of myofascial trigger points, injections with botulinum A have 
been described. In several of these case studies, a reduction of 
the pain by 60% to 80% was claimed. In the 1980s, lesions in the 
dorsal root entry zone were applied. However, no long - term favo-
rable results based on good quality studies have been mentioned 
in the literature since. 

  Other  f orms of  t herapy 
 Neuroimaging studies could indicate a cortical reorganiza-
tion that may infl uence phantom limb pain. Animal work on 
stimulation - induced plasticity suggests that extensive behavio-
rally relevant stimulation of a body part leads to an expansion 
of its representation zone.  55   These observations have led to the 
development of treatment strategies based on active stimulation 
of the phantom limb. The use of myoelectric prosthetics was 
positively associated with both less phantom limb pain and less 
cortical reorganization.  56   A recent sham controlled crossover trial 
showed that mirror therapy is better than mental visualization or 
covered mirror therapy.  57   

 Cases have been described in which mirror therapy was 
applied with success. The principle of this treatment is based 
on the idea that the central representation of the missing hand 
of the phantom could be recovered. This could relieve or elimi-
nate the phantom pain.  58   The added value of the  “ virtual limb ”  
was studied in a randomized controlled trial where patients who 
had undergone lower limb amputation were studied before, 
during and after repeated attempts to simultaneously move both 
intact and phantom legs. Subjects were randomly assigned to 
a condition in which they only viewed the movements of their 
intact limb (control) or a mirror condition in which they addi-
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  Summary 

 The number of cases of phantom pain after amputation ranges 
from 60% to 80%. Over half the patients with phantom pain have 
stump pain as well. Myofascial trigger points often occur in stump 
pain. There are indications that neuroplastic changes also occur, 
including changes in cortical representation. Generally, phantom 
pain is fairly therapy resistant. Results reported in literature relat-
ing to the effectiveness of the interventional treatment are incon-
sistent. In the long term, these treatments are not very effective. 
Based on the available evidence some effect may be expected from 
drug treatment. PRF and spinal cord stimulation can only be con-
sidered in a study design.  
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   Introduction 

 Traumatic plexus brachialis lesions are the most common form 
of plexus injuries. This syndrome is frequently the result of 
high - impact trauma in young male adults, as is often observed 
following a motorcycle accident or industrial injury. It can be 
caused by damage of the cervical vertebrae, the clavicula, and the 
humerus. 

 An injury due to trauma of the plexus lumbosacralis may also 
result from a serious accident, but this occurs less frequently. The 
plexus lumbosacralis can also be involved after a hemorrhage in 
the pelvic retroperitoneum, or as a result of tumor spread. The 
symptoms mainly occur in the thigh and around the knee region. 
Due to the low incidence of the latter, only plexus brachialis 
lesions will be addressed here. 

 Anatomically, the plexus brachialis consists of the fi ve roots 
(radices) stemming from the (C5 to T1 dermatomes, which 
ultimately form the fi ve major peripheral nerves of the arm 
(nervus muscolocutaneus, nervus axillaris, nervus radialis, nervus 
medianus, and nervus ulnaris). Therefore, clinical and anatomical 
distinctions exist between superior (C5 to C7) and inferior 
(C8 to Th1) plexus brachialis lesions. Majority of brachial 
plexus injuries result from a combination of traction and avul-
sion caused by the trauma itself. Penetrating trauma and sur-
gical interventions can also lead to a disruption of the nerves. 
Anatomically, plexus brachialis injuries can be stratifi ed accord-
ing to location: preganglionic (ie, nerve root avulsion from the 
spinal cord), postganglionic, or combination lesions. Postgangli-
onic lesions can be further classifi ed into nerve disruption and 
lesions in continuity. Lesions located between the spinal cord 
and (proximal) ganglion can result in particularly debilitating 
pain complaints.  1,2    

  Diagnosis 

  History 
 In addition to the (often severe) neurologic impairment, neu-
ropathic pain in the arm/hand area is the main complaint in 
30% to 90% of people with a traumatic plexus brachialis lesion 
(de - afferentation pain) (Figure  22.1 ). In the presence of a  “ pre-
ganglionic lesion, ”  the incidence of serious pain increases to 
approximately 90%.  1   In one observational study involving 22 
patients with signs of postconcussion syndrome, in the absence of 
severe brain damage secondary to whiplash injury, half had neu-
rologic evidence of plexus brachialis injury.  3     

 In those patients where the radices of the nerves are discon-
nected from the spinal cord (root avulsion), severe pain usually 
occurs immediately following the injury, although in some cases it 
can arise after a painfree interval.  4,5   The initial continuous  “ back-
ground pain ”  is often described as  “ burning, ”   “ shooting, ”  or  “ stab-
bing ”  in quality, but may later be exacerbated by superimposed 
paroxysms. The pain is usually worst in the distal parts of the 
arm and hand, typically in a nondermatomal distribution. The 
use of validated questionnaires designed to distinguish between 
neuropathic and nociceptive pain may be useful for diagnostic, 
prognostic, and therapeutic purposes.  6   Serious sensory and/or 
motor loss confi rms the diagnosis (MRC scale) (Medical Research 
Council; see Table  22.1 ). Psychosocial problems in the context of 
chronic pain and disability can also be infl uenced by cognitive 
disorders secondary to head trauma.    

  Physical  e xamination 
 The results of neurologic examination depend on the location of 
the lesion (Table  22.2 ).  2,7   Injury to the upper region of the plexus 
brachialis generally results in extensive loss of function in the 

Evidence-Based Interventional Pain Medicine: According to Clinical Diagnoses‚ First Edition. Edited by Jan Van Zundert, Jacob Patijn, Craig T. Hartrick, 

Arno Lataster, Frank J.P.M Huygen, Nagy Mekhail, Maarten van Kleef.

© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd. This article was previously published in Pain Practice 2011; 11: 414–420.



CHAPTER 22 Traumatic Plexus Lesion

169

proximal part of the arm and shoulder girdle, with motor func-
tion in the hand remaining unaltered or partially intact. By con-
trast, damage to the lower part of the plexus brachialis typically 
leads to serious loss of hand function, while the sensory losses are 
less extensive. Muscle strength can be determined by the MRC 
grading scale, with a correlation existing between the degree of 
motor dysfunction and the severity of injury (Table  22.1 ). Veg-
etative changes in the arm and hand often arise because of the 
trauma. A Horner ’ s symptom on the affected side is indicative of 
a plexus brachialis lesion in the proximal region of roots C8 to T1. 
Combined damage to the plexus brachialis and spinal cord may 
lead to a diffi cult and time - consuming diagnostic process.  8,9      

  Additional  t ests 
 In cases of major trauma, imaging can differentiate preganglionic 
from postganglion lesions, a distinction that serves a vital role 
in guiding treatment. Conventional magnetic resonance imaging 
(MRI) can detect signal changes in the spinal cord (present 
in approximately 20% of preganglionic injuries), which may 
indicate edema or hemorrhage in the acute phase and myelo-
malacia in the chronic phase. Contrast enhancement of intra-
dural nerve roots may signify functional impairment despite 
morphological continuity. Abnormal enhancement of paraspi-
nal muscles on MRI can also serve as a sensitive indicator of root 
avulsion. 

 Computed tomographic (CT) - myelography facilitates visual 
separation of ventral and dorsal nerve roots, and identifi cation 
of intradural neuropathology. At upper levels (eg, C5 to C6), CT -
 myelography may be a more sensitive diagnostic tool than MRI 
for preganglionic lesions. Diffusion - weighted neurography may 
be a valuable tool for evaluating postganglionic plexus lesions, 
where neural structures can be diffi cult to distinguish from adja-
cent tissues using conventional MRI.  10   

 Neurophysiological testing like EMG (electromyogram)/Nerve 
Conducting Studies (NCS) and somatosensory evoked potential 
can lead to better identifi cation of the site of the lesion. This is 
especially important if surgical reconstruction is being consid-
ered.   7   Traditionally, EMG has been performed 3 to 4 weeks after 
injury, although some experts advocate earlier (1 to 2 weeks) 
testing, arguing that a normal sensory evoked potential from an 
anesthetic fi nger suggests preganglionic pathology. One of the 
drawbacks in performing EMG too early is that it cannot reliably 
distinguish between axonotmesis (nerve lesion within an intact 
perineurium) and neurotmesis (complete cutting of the nerve 
and perineurium). A neuropsychological examination should be 
considered if there is concomitant brain damage caused by the 
accident.  

  Differential  d iagnosis 
 The medical history in trauma patients is often conclusive. If pain 
and weakness develop suddenly without any inciting traumatic 
event, one should consider neuralgic amyotrophy of the plexus 
brachialis. 

     Figure 22.1.     Clinical examination after a traumatic lesion of the plexus 
brachialis; changed muscle contour and changes in sensitivity. Illustration: Rogier 
Trompert, Medical Art, www.medical-art.nl.  

  Table 22.1.    MRC grading for muscle strength. 

  0    Total paralysis, no contraction  
  1    Flicker contraction, no movement in joint  
  2    Muscle contraction with active motion with gravity eliminated  
  3    Full range of motion against gravity  
  4    Full range of motion against gravity with some resistance  
  5    Full range of motion against gravity with maximum resistance for that muscle  

  Table 22.2.    Neurologic symptoms which may occur with a brachial plexus lesion  
 (Adapted from Kuks et al.  2  ).   

   Brachial plexus 
lesion     Dermatome     Motor     Sensory  

  Impairment in 
the upper part  

  C5 – C6 – C7    Reduced abduction 
of the upper arm, 
endorotation of 
the elbow and 
pronation of the 
hand (policeman ’ s 
tip position)  

   ± Extensor side of 
the forearm  

  Impairment in 
the lower part  

  C8 – Th1    Paralysis of the 
small intrinsic hand 
muscles, fl exors of 
the hand and fi ngers  

  Reduced sensation 
in the ulnar part of 
the forearm  
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transfer (sometimes with free muscle transfer) to restore func-
tion in denervated muscle(s). For postganglionic injuries, nerve 
grafting and nerve repair can improve function in 40% to 75% 
of patients.  15   

 Our knowledge of the mechanisms responsible for pain in 
these patients is still very limited. Not surprisingly then, neuro-
stimulation techniques have been reported to have wide - ranging 
and unpredictable effects.  16,17   Injuries characterized by complete 
de - afferentation are unlikely to respond positively to spinal cord 
stimulation (SCS). Although there is a zone of spinal hyperactiv-
ity in the dorsal part of the spinal cord, which could theoretically 
be amenable to SCS, disinhibition in the tractus spinothalamicus 
with changes in the spinoreticular fi bers can lead to a more cen-
tralized disinhibition. In theory, motor cortex stimulation (MCS) 
should have a positive effect on de - afferentation pain, which has 
been borne out in clinical practice.  17 – 19   

 Sometimes, there are other anatomical defects that can account 
for pain. The co - prevalence rate of pseudomeningocele has been 
estimated to range between 21% and 57% in patients with nerve 
avulsion,  20   and may be treated conservatively or surgically. A 
traumatic lesion due to traction can cause intramedullary bleed-
ing with focal gliosis and the formation of microscopic cystic 
changes. Spinal cord herniation has also been reported following 
plexus brachialis avulsion injury,  20,21   and typically manifests as 
Brown - S é quard syndrome. 

 The literature does not provide suffi cient data regarding 
the effects of various pain treatments in patients with a bra-
chial plexus lesion. However, it is well - documented that a large 
percentage of patients will have persistent symptoms refractory 
to conventional therapy. In these individuals, surgical interrup-
tion of the afferent sensory input into the spinal cord can be 
considered in patients. In the DREZ (dorsal root entry zone) 
procedure,  1   also known as MDT (microsurgical DREZotomy), a 2 
mm deep, 35 °  incision is made ventromedially in the sulcus dor-
solateralis of the cornu posterior. The level(s) at which this inter-
vention takes place depend(s) on the location of the radicular 
avulsion. 

 Table  22.3  gives an overview of potential differential diagnoses, 
clinical signs, and general treatment of brachial plexopathy.     

  Treatment  o ptions 

  Conservative,  s urgical, and  i nterventional 
 m anagement 
 Extensive physical therapy is a fi rst - line treatment strategy for a 
traumatic strain or avulsion injury. This is necessary to prevent 
the development of contractures and secondary pain. 

 Due to the complexity of problems and the disability that fre-
quently ensues, an individually tailored rehabilitation program is 
indicated in most patients. Besides physical support and the use 
of orthoses, psychosocial interventions also play an important 
role. Drug therapy depends primarily on the type and quality of 
pain (eg, nociceptive vs. neuropathic, spontaneous vs. evoked). 
Recent clinical trials have demonstrated synergistic effects when 
two different adjuvants (eg, nortriptyline and gabapentin), or an 
adjuvant and opioid (gabapentin and morphine) are used to treat 
neuropathic pain.  11,12   Some experts advocate a mechanistic - based 
treatment approach based on response to a series of prognostic 
infusion tests.  13   

 Most surgical therapies are initiated 3 to 6 months after 
injury, although some literature suggests that early intervention 
may improve outcomes.  14   Especially in cases of sharp, lacerat-
ing injuries, urgent exploration within the fi rst 72 hours and 
repair by - end - to - end anastomoses appear to be necessary.  7   
Surgical intervention is also usually considered if there has been 
no improvement (signs of re - innervation) in 3 to 6 months. 
A prolonged follow - up with delayed intervention carries the 
risk of severe muscular atrophy. These surgical interventions 
ostensibly reduce the risk of persistent serious pain, and may 
be particularly compelling if there is a chance to restore motor 
function.  1   The technique employed depends on the type and 
extent of injury. Preganglionic injuries are generally not amenable 
to repair, and may be treated with nerve (eg, intercostal nerves) 

  Table 22.3.    Differential diagnosis, clinical signs, and general treatment of brachial plexopathy. 

   Syndrome     Brachial plexus lesion     Thoracic outlet syndrome     Cervical radiculopathy     Neuralgic amyotrophy  

  Cause    Traumatic/surgical stretch/sharp    Spontaneous, repetitive movements    Spontaneous/herniated cervical 
disk/fl exion – extension trauma  

  Spontaneous/viral?; 
demyelinisation  

  Symptoms    Functional loss, paresthesias, pain    Pain, paresthesias, weakness in 
hand, cold intolerance; vascular signs  

  Radicular pain, gradual onset and 
motor/sensory symptoms  

  Acute onset, severe pain in 
arm and shoulder region, 
root distribution weakness  

  Diagnosis    MRI/CT - myelography/EMG    Clinical neurophysiologic testing    Positive effect of segmental nerve 
blocks  

  EMG/MRI  

  Treatment    Physical therapy/operative -
 reconstructive  

  Physical therapy, local infi ltration    Antineuropathic drugs. Physical 
therapy/rehabilitation. Segmental 
nerve blocks  

  Pharmacological/
analgesics. 
Physical therapy  

   MRI, magnetic resonance imaging; EMG, electromyogram.   
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evidence supporting different drug regimens is typically extrapo-
lated from clinical trials conducted for other neuropathic pain 
disorders. Surgical correction of brachial plexus injuries is gener-
ally attempted before SCS is used. SCS should only be considered 
as part of a multimodal regimen when more conventional treat-
ment strategies have failed.  
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 Results following DREZ have been mostly positive. Thomas 
and Kitchen  22   reported that 79% of 44 patients with brachial 
plexus avulsion achieved good or fair results at the mean 63 -
 month follow - up. Sindou et al.  1   found that 66% of 55 patients 
with preganglionic plexus brachialis injuries experienced excel-
lent or good pain relief lasting more than a year (mean follow - up: 
6 years), with 71% obtaining signifi cant functional improvement. 
Chen and Tu  23   reported more modest results. Although 80% of 40 
patients with plexus brachialis avulsion reported good pain relief 
postoperatively after thermocoagulation DREZ lesions, success 
rates declined to 60% at 5 - year follow - up, and 50% at 10 - year 
follow - up. Potential complications of surgical treatment include 
motor weakness and ataxia. Theoretically, so - called MCS could 
have a positive effect on this pain.  

  Complications of  i nterventional  m anagement 
 The complications of SCS have been described in the chapter on 
complex regional pain syndrome.  24    

  Evidence for  i nterventional  m anagement 
 The summary of the evidence for interventional pain manage-
ment is given in Table  22.4 .     

  Recommendations 

 In patients with pain resulting from a traumatic brachial plexus 
lesion who respond inadequately to drug treatment and physical 
therapy, SCS should only be considered in a study context after a 
positive trial period and in specialized centers. 

  Clinical  p ractice  a lgorithm 
 Figure  22.2  represents the treatment algorithm for traumatic 
plexus brachialis lesion.    

  Techniques 
 The techniques for neurostimulation were described in the 
chapter on complex regional pain syndrome.  24     

  Summary 

 After high - impact trauma, damage to the plexus brachialis can 
lead to neurologic impairment a neuropathic pain. Extensive 
physical therapy and rehabilitation treatment are initiated fi rst, 
particularly to prevent contractures, secondary pain, and atrophy. 
The cornerstone of treatment is pharmacotherapy, although the 

  Table 22.4.    Summary of the evidence for interventional management of 
traumatic plexus lesion. 

   Technique     Evaluation  

  Spinal cord stimulation    0  

     Figure 22.2.     Clinical practice algorithm for the treatment of painful plexus 
brachialis lesion.  
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Surgical reconstruction for 
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Consider spinal cord 
stimulation/DREZ lesion 
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   Introduction 

 The treatment of pain in patients with cancer is a delicate balance, 
affected by a range of interfering factors, such as the patient ’ s 
general condition, the co - medication, and the nature of the pain, 
which is usually a mixture of nociceptive and neuropathic pain. 
Interventional pain management techniques have a specifi c role 
in the treatment of pain in patients with cancer.  1   Until recently, 
mainly because of potential complications and special require-
ments of aftercare and the need for specifi c devices, these tech-
niques have been mostly used as a last resort among the arsenal 
of pain treatment options in patients with cancer. Several recent 
publications, however, as well as the new guidelines on the man-
agement of pain in patients with cancer of the Dutch association 
of anesthesiologists (NVA), the society of Dutch comprehensive 
cancer centers VIKC and the Dutch Institute for Health Care 
Improvement (CBO), have recommended the use of certain inter-
ventional techniques at earlier stages, possibly even at the stage, 
where opioid treatment is fi rst being considered.  2   Reserving the 
use of these techniques until the last few days of life is certainly 
not a good idea. All interventional pain management techniques 
impose a certain burden on the patient, which must be taken into 
account when considering these treatment options. In addition, 
correct performance of these techniques requires one or more 
days of hospitalization. This information must be communicated 
to the patient to allow for an informed decision - making process. 

 The interventional pain management techniques can be classi-
fi ed into two main categories:
   1     Intrathecal/epidural administration of medication, used to 
treat pain refractory to oral and transdermal pharmacologic 
therapy.  

  2     Specifi c targeted nerve blocks; in this article the following 
techniques will be discussed: cervical cordotomy, plexus coelia-
cus block, nervus splanchnicus block, plexus hypogastricus block, 
and lower end (saddle) block.    

 Another treatment modality that is becoming more popular is 
spinal cord and peripheral nerve stimulation, which, however, has 
not (or at least not yet) played an important role in oncologic 
pain management.  

  Epidural and  i ntrathecal  a dministration 
of  a nalgesics 

 Epidural and intrathecal administration of analgesics directly 
targets the receptors or pain transmission pathways in the spinal 
cord. The use of these techniques is mainly proposed in situa-
tions, where oral or transdermal analgesics have insuffi cient effect 
or produce unacceptable side effects. Central administration of 
the analgesics is then expected to increase the analgesic effect and 
reduce the risk of side effects. In addition, this administration 
route allows simultaneous administration of other analgesics, 
such as bupivacaine and clonidine. The analgesic is administered 
via a catheter into the cerebrospinal fl uid (intrathecal or spinal) 
or outside the dura mater (epidural). 

 The use of epidural and intrathecal drug administration has 
not increased, despite considerable progress in our understanding 
of the safety, effectiveness, and side effects of epidural and intrath-
ecal opioid administration techniques, and further optimization 
of the logistics that allow its use in the home situation. This may 
be attributed to the fact that various new opioids have become 
available, and average individual dosages have increased, allowing 
the switch to epidural and intrathecal opioids to be postponed. 
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  4     Hemorrhagic diatheses.  
  5     Allergic reaction to the epidural or intrathecal agents to be 
used.  
  6     Agitation or cognitive disorders that may induce the patient 
to unexpectedly pull out the catheter, which are not expected to 
subside after the administration of locoregional analgesics.  
  7     Expected problems in nursing the exit or insertion site of the 
catheter or exchanging the medication supply.     

  Epidural and  s pinal  d rug  d elivery 
 In a 2005 Cochrane review, Ballantyne was only able to include 1 
RCT comparing intrathecal morphine delivery and conventional 
(oral and transdermal) administration of opioids in patients with 
pain due to cancer.  3   The clinical success rates were 85% and 71%, 
respectively. The group receiving intrathecal morphine reported 
less pain and fewer side effects, and survived longer. The other 
studies included in the review were cohort studies of patients 
exclusively treated with epidural or intrathecal opioids. The effec-
tiveness of epidural opioids has been reported on in 31 uncon-
trolled studies involving a total of 1,343 patients. Intrathecal 
opioid delivery was studied in 28 cohort studies involving a total 
of 722 patients, the most frequently used opioid being morphine. 
Good to excellent analgesic effect was achieved in 87% and 89% 
of the intrathecal and epidural groups, respectively. 

 Addition of a local anesthetic has been most extensively studied 
using bupivacaine. One RCT and several cohort studies found 
that the addition of bupivacaine is effective for those patients who 
fail to achieve suffi cient pain relief with intrathecal and epidural 
morphine. 

 A prospective observational study on the effect of intrathecal 
morphine and levobupivacaine, included 55 cancer patients who 
were highly opioid tolerant. Complete data with adequate follow -
 up until death were available for 45 patients. The initial morphine 
dose was calculated from the previous opioid consumption. 
During treatment the doses of morphine and levobupivacaine 
were adjusted according to the clinical needs and balanced with 
adverse effects. Statistical signifi cant differences in pain intensity 
were noted at all time intervals until death. Signifi cant improve-
ment in drowsiness and confusion was found until 1 month 
after starting intrathecal therapy. The daily morphine dose was 
threefold increased at the time of hospital discharge. Subsequent 
dose increases were not signifi cant. The use of systemic opioids 
decreased signifi cantly until death.  4   

 Administration of clonidine has been investigated in one RCT 
and several cohort studies. Clonidine proved more effective than 
placebo (56% and 5%, respectively) especially for patients with 
neuropathic pain.  2   

 For an audit in a tertiary centre medical records of 29 
patients who received intrathecal drug administration were 
reviewed. Eighty - six percent of those patients had metastatic 
cancer. The main reason for intrathecal drug administration was 
poor pain control. The pain intensity decreased signifi cantly at 
the time of hospital discharge. The number of opioid side effects 
decreased.  5   

The increasing use of subcutaneous opioids at patients ’  homes 
has also reduced the use of intrathecal and epidural adminis-
tration. There is still an indication for intrathecal and epidural 
analgesics, however, provided that optimal use has been made of 
all options for oral and transdermal opioids.  2   

  Diagnosis 

  History 
 There are two major reasons to switch to epidural or intrathecal 
analgesia, when the pain cannot be suffi ciently relieved despite 
suitable dosages of opioids, where indicated co - analgesics, and 
when side effects prove intolerable despite aggressive treatment.  

  Physical  e xamination 
 Physical examination of patients who are suffering pain that is 
refractory to oral or transdermal analgesics and for whom intrath-
ecal or epidural analgesia is being considered should focus on:
   1     Inspecting the painful area, concentrating on local problems 
of infection, skin abnormalities or open wounds, as well as on 
possible causes of the pain, such as a tumor compressing a nerve 
tract. It is important to estimate the consequences of the presence 
of such a tumor.  
  2     Detailed neurologic examination and tests of skin sensitivity by 
means of pinprick, ice cube or cold roller and ether test, to allow 
the difference in response to be evaluated after the catheter has 
been placed and local analgesics and opioids have been delivered.  
  3     Inspection of the entire spinal column, focusing on the sites, 
where the catheter is to be inserted and tunneled.  
  4     Clinical examination of mobility and motor function of the 
patient ’ s lower limbs, which might be affected by the use of the 
spinal or epidural catheter.  
  5     Consulting with patient and nurse to decide on the best exit site 
for the catheter in terms of nursing convenience, and the advan-
tages and disadvantages of the treatment.     

  Indications for the  u se of an  e pidural or  i ntrathecal  c atheter 
    1     Pain resistant to very high dosages of oral, transdermal, or sys-
temic opioids.  
  2     Pain that is responsive to systemic opioids but accompanied 
by intolerable side effects like nausea, vomiting, constipation, or 
allergic reactions.  
  3     Pain that cannot be treated with other modalities such as neu-
rolytic blocks, cordotomy, or other neuroablative of neuromodu-
latory techniques.  
  4     Refractory pain of oncologic origin occurring in a localized 
and well - defi ned area.     

  Contraindications for the  u se of an  e pidural 
or  i ntrathecal  c atheter 
    1     Elevated intracranial pressure.  
  2     Generalized or localized infections at the spinal level corre-
sponding to the painful area.  
  3     Suspected tumor mass at the level of the insertion site.  
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  Side  e ffects and  c omplications 
 Side effects like nausea, urinary retention, pruritus, and head-
aches are common in the start - up phase of intrathecal treatment. 
A study found that infections occurred in 1% (epidural), or 2% 
(intrathecal) of cases. In the epidural group, 16% of the patients 
had to have their catheter exchanged or removed because of 
catheter - related complications (such as fi brosis). The correspond-
ing fi gure in the intrathecal group was 5%. Other catheter - related 
complications, like infections and mechanical obstruction, have 
been reported with varying incidence rates (1% to 44%).  11   

 A recent study into safety and complications found a relation 
between the occurrence of an infl ammatory mass around an 
intrathecal catheter and the concentrations and dosages of mor-
phine used.  12   Previously, a relation had been found between high 
dosages of intrathecal morphine and the occurrence of myoc-
lonias and hyperpathia. Long - term intrathecal morphine admin-
istration also results in hormonal changes: hypogonadotropic 
hypogonadism, and hypocorticism.  13   

 A systematic review and meta - analysis investigated the infec-
tion rates associated with epidural catheters in place for at least 
7 days. Of the 12 studies, 9 were published after 1990. Eight were 
retrospective (3,893 patients) and 4 studies were prospective 
(735 patients). There were 6.1% catheter - related infections, 4.6% 
superfi cial and 1.2% deep infections. The incidence of catheter -
 related infections was calculated to be 0.4/1,000 catheter days.  14   

 Another systematic review and meta - analysis on the serious 
complications with external intrathecal catheters identifi ed 10 
articles, including a total of 821 patients. Twenty catheter - related 
infections; 10 superfi cial and 10 deep infections were noted. 
The risk for bleeding was calculated to be 0.9% and for neuro-
logic injury 0.4%. The authors concluded that the risks for serious 
complications are low in both hospitalized and homebound 
patients with intrathecal catheters.  14   Aprili, et al. in their meta -
 analysis on the related topic specifi cally looking at tunnelled 
intrathecal catheters, found a rate of superfi cial infection of 2.3%, 
with deep infection rate of 1.4%, bleeding at 0.9%, and neuro-
logic injury 0.4%. They further calculated that every 71st patient 
would get an infection after 54 days of therapy through statistical 
means.  15    

  Other  t herapeutic  o ptions 
 Spinal drug delivery is usually considered as a fi nal option when all 
other treatment modalities produce insuffi cient results. If spinal 
drug delivery is contraindicated or impossible for a particular 
patient, treatment may include of a combination of therapeutic 
modalities involving subcutaneous or intravenous administration 
of analgesics. If a patient in the terminal stages is suffering from 
a refractory pain syndrome, palliative sedation can be considered, 
in consultation with the patient and their caregivers.  

  Evidence for  e pidural and  i ntrathecal  m edication 
 d elivery for  c ancer  p ain  r elief 
 The evidence for epidural and intrathecal medication delivery for 
cancer pain is listed in Table  23.1 .     

  Epidural and  i ntrathecal  m edication 
 The most frequently used types of medication for epidural 
or intrathecal delivery are morphine, hydromorphone, fentanyl, 
bupivacaine, ropivacaine, and clonidine. These drugs are often 
combined; a commonly used mixture consists of morphine 1   mg/
mL and bupivacaine 2 to 3   mg/mL. Intrathecal delivery starts at 
a continuous rate of 0.5 to 2   mL/hour, with a bolus option of 0.1 
to 0.3   mL per 20 minutes. If the infusion rate is below 0.5   mL/
hour, the concentration of the morphine and bupivacaine 
solution must be adjusted. When using morphine, it is important 
to remember that this compound is metabolized to morphine - 6 
glucuronide, and morphine - 3 glucuronide. There is a limit 
to the amount of latter that can be processed in a long - term 
spinal administration (maximum 16   mg intrathecal morphine 
per day), and excess administration may cause opioid - induced 
hyperalgesia. 

 Higher doses of local anesthetics may induce motor weak-
ness and sensory defi ciencies. In addition, urinary retention may 
occur, as well as transient arterial hypotension. There are no lit-
erature reports on toxic effects on the nervous system in case of 
long - term administration of local anesthetics on nerve tracts. 
Intrathecal clonidine can be added to the opioids and/or local 
anesthetics if required, at doses of 150 to 600    μ g/day. 

 Ziconotide, the synthetic analog of the omega - conotoxin, has 
been used in both chronic nonmalignant pain and pain due to 
cancer. A randomized controlled trial found intrathecal zicono-
tide to be effective in relieving pain in patients with cancer or 
AIDS over a short follow - up period.  6   In the recently published 
Italian registry, ziconotide was used for the management of 
chronic pain, in general. In those patients with cancer, a signifi -
cant improvement in pain intensity was achieved faster than in 
noncancer patients.  7   

 In U.S., in refractory cases the use of intrathecal ziconotide 
starting at low dose 1 to 2    μ g/day with a slow titration up to 8 to 
10    μ g/daily or higher seemed successful in several cases. However, 
the side effects are the major limitation of this drug.   

  Additional  c onsiderations 
 The choice between implantable drug delivery systems and exter-
nal pumps depends mainly on the patient ’ s life expectancy. When 
the patient ’ s condition and life expectancy justifi es the use of an 
implantable pump, because of the complexity and dynamic state 
of cancer pain preference should be given to a programmable 
pump that allows patient controlled bolus administration.  8   A 
cost - effectiveness analysis has shown that implantable systems 
are to be preferred over external pumps if the patient has a life 
expectancy of at least 3 months.  9   

 Epidural delivery will be preferred if the treatment goal is focal 
analgesia and a short treatment period is expected. The catheter 
tip is then inserted at the level of vertebra corresponding to the 
dermatome, where analgesia is required. Intrathecal delivery will 
be preferred if the painful area to be treated is large, if a disorder 
of the epidural space precludes the insertion of a catheter, or if the 
patient has a life expectancy of more than a few weeks.  10    
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the following levels should be chosen for the following types 
of pain:
   1     Lumbar insertion (Th12 to L5) for sub - diaphragmatic pains 
and pains in the pelvis and lower limbs.  
  2     Low thoracic approach (Th8 to Th12) for patients with lymph-
edema of the lower half of the body, previous lower back surgery, 
a tumor in the lumbar spine, presence of pyelostomy catheters or 
high upper abdominal tumors.  
  3     Mid - thoracic approach (Th4 to Th8) for patients with thoracic 
pain due to tumors of the thorax (rib metastases, oncologic rib 
fractures, mesotheliomas, or pulmonary tumors).  
  4     High thoracic approach (Th1 to Th4) for patients with a Pan-
coast tumor, severe neuropathic pain from mammary tumors or 
brachial plexopathy (due to tumor infi ltration or radiotherapy) 
and refractory angina pectoris.  
  5     A spinal ( intrathecal ) catheter should always be inserted at the 
lumbar level, below the level of the presumed lower end of the 
conus medullaris (L1 to L2).     

  Inserting the  n eedle and  i ntroducing the  c atheter 
    1     Apply local anesthesia to the skin and underlying subcutaneous 
tissues at the insertion site of the epidural or spinal needle and 
along the tunneling pathway. If required, the patient may also be 
sedated using propofol, ketamine, or other agents.  
  2     Place a 17G Tuohy needle preferably on the midline, as a para-
median approach is associated with a greater risk of accidental 
puncture of epidural blood vessels, paresthesias or radicular pain. 
Use the  “ loss of resistance ”  technique with a specially adapted 
syringe to detect the epidural space.  
  3     For epidural pain control, the epidural catheter can now be 
introduced, ensuring that the catheter tip ends up at the intended 
level for effective pain relief.  
  4     For spinal (intrathecal) pain control, the Tuohy needle is placed 
transversely and inserted until CSF refl ex is obtained. Although 
the  “ dural click ”  can be felt in some cases, this is frequently not 
the case, and the surgeon should check regularly whether CSF is 
fl owing from the needle. As patients who have only been given 
local anesthesia are usually able to well indicate when the spinal 
space has been accessed, their reactions should be observed. When 
CSF fl ows from the needle (positive glucose test can confi rm if 
necessary) the catheter is advanced through the spinal space to 
the required level, guided by the patient ’ s reactions. Avoid exces-
sive CSF leakage. Initial insertion of the catheter through the 
spinal space may be somewhat diffi cult. If necessary, check the 
position of the spinal catheter radiographically with a contrast 
medium.  
  5     Check whether CSF is fl owing from the catheter, preferably 
by allowing the catheter to hang downward and letting any fl uid 
drain out by gravity.  
  6     Withdraw the Tuohy needle by 1 to 2   cm, but do not remove it 
until an incision has been made and the fi rst tunneling device has 
been introduced (see below).  
  7     Delivering a bolus of morphine and/or a local anesthetic after 
the catheter has been inserted may result in rapid pain relief.  

  Recommendations 
 Use of intrathecal medication delivery is recommended for 
patients with refractory pain due to cancer especially when they 
have a signifi cant neuropathic pain component. To this end, mor-
phine should preferably be combined with a local anesthetic. 
Epidural delivery may be considered for short treatments or for 
a quick assessment of the required dosage; in all other circum-
stances, intrathecal delivery is to he preferred. 

 In some locations of the U.S., home catheter care is virtually 
unavailable, and an implanted pump can be used with a 40   mL 
reservoir, and maximal medication concentration fi ll prior to 
sending a patient to a home hospice situation with a remote 
geographical location. Often, this reservoir will outlast the 
patient ’ s life expectancy with fair certainty. Also, in many prac-
tices, the patient therapy manager device (PTM) with the 
Medtronic brand implanted pump will allow the patient to 
deliver  “ as needed ”  boluses, simplifying the home care program-
ming needs signifi cantly. 

  Technique 

  Preparing the  p atient 
    1     Discuss the method and the consequences of placing an epi-
dural or intrathecal catheter with the patient and their family or 
caregivers.  
  2     Ensure that a suitable treatment facility is available, equipped 
with all the materials required for normal anesthesia, resuscita-
tion, and sterile procedures. If the patient is to be given anesthesia, 
he will need to be fasted. Note that with some tumors of the gas-
trointestinal tract, the patient can never be regarded as fasted.  
  3     Ensure the availability of a radiographic image intensifi er to 
check the specifi c position of the catheter or to inspect the cause 
of unexpectedly diffi cult insertion, especially when inserting 
an epidural or intrathecal catheter near the tumor or extensive 
metastases.  
  4     Evaluate the patient ’ s physical condition to determine the most 
suitable position for the treatment: cervical and thoracic catheters 
are best inserted with the patient sitting upright, unless the physi-
cal condition does not allow this or extensive sedation or anesthe-
sia is required. Lumbar catheters are preferably inserted with the 
patient in lateral recumbent position, unless the patient is unable 
to lie down due to, eg, extreme dyspnea.     

  Preparation for the  i ntervention 
 The insertion site for the needle should be 10 to 15   cm from the 
intended catheter tip position. In the case of  epidural  analgesia, 

  Table 23.1.    Summary of the evidence for epidural and intrathecal medication 
delivery. 

   Technique     Evaluation  

  Intrathecal medication delivery    2B +   
  Epidural medication delivery    2C +   
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  3     To the nursing staff about programming, exchanging batteries 
and medication cassettes, pain assessment, and advice for correct 
usage (Instructions should preferably be given in writing or by 
referring to printed guidelines for this treatment available at the 
clinic).  
  4     To the patient ’ s family doctor and other medical staff involved, 
about preferred dosage, possible side effects, aspects to be 
observed and possible adjustments.     

  Observation 
 After an epidural or spinal catheter has been installed, the patient 
should be observed at the postoperative care department for a few 
hours, after which they should stay on a hospital ward for further 
observation for at least two to three days, which time can be used:
   1     To teach the patient how to use the pump correctly.  
  2     To fi nd the correct dosage for optimum pain relief.  
  3     To identify and treat possible side effects.  
  4     To dress the wounds correctly.    

 For permanent implantable pumps specifi c surgical techniques 
are used.     

  Unilateral  p ain with  l imited  l ife  e xpectancy 

  Introduction 
 Unilateral oncologic pains situated below the shoulder or der-
matome C5, such as may occur with Pancoast, pleural mesothe-
lioma or invasion of the plexus brachialis, or plexus lumbalis, may 
be eligible for treatment with cordotomy, if they prove refractory 
to other techniques. 

 Cordotomy involves creating a lesion of the tractus spinoth-
alamicus lateralis at the C1 to C2 level of the spinal cord with 
the aim of relieving unilaterally localized pain below the level of 
dermatome C5. The technique was fi rst described by Mullan in 
1963.  16   Although the treatment was originally applied for nonon-
cologic pain, because of the potential side effects, it is now mainly 
reserved for the management of patients with refractory pain due 
to cancer whose maximum life expectancy is 1 year.  17,18    

  Diagnosis 

  History 
 Unilateral refractory pains due to cancer located under the der-
matome C5 are eligible for treatment with cordotomy. Best results 
are obtained for the treatment of neuropathic pain and incident 
pain, occurring by some form of strain. Visceral pain, especially 
abdominal pain, is not an indication for cordotomy. It is also 
important to assess whether pain elsewhere in the body is well -
 controlled. The patient must be informed that successful cordot-
omy may unmask other pain.  

  Physical  e xamination 
 Clinical neurologic examination results obtained before and after 
treatment should be compared to identify any neurologic defi cits. 

  8     Tunnel the epidural/intrathecal catheter.  
  9     Make a 4 to 6   mm incision down to the fascia around the Tuohy 
needle, to free the needle from the surrounding skin.  
  10     If tunneling cannot be completed in one movement, make 
incisions along the intended course of the tunneled catheter, 
except at the exit site (to prevent any CSF leakage along the 
catheter).  
  11     If patients prefer to have a full immersion bath, apply paraver-
tebral tunneling across the shoulder to the ipsilateral parasternal 
area.  
  12     If the paravertebral route is contraindicated, for instance 
due to paravertebral metastases, extensive tumor growth or skin 
damage due to radiotherapy along the intended course of the 
catheter, abdominal tunneling in a ventral direction may be used.  
  13     Ensure that the catheter is not accidentally retracted 
during the tunneling procedure; if in doubt, check by means of 
radiography.  
  14     Use a second Tuohy needle or a special tunneling needle to 
guide the catheter subcutaneously. The tunneling device should 
always be inserted from peripheral to central.  
  15     With each manipulation of the catheter, check whether CSF is 
still spontaneously fl owing by gravity from the end of the catheter 
when held below the level of insertion.  
  16     Finally, connect the catheter to the special connector and 
fasten the connector onto the skin to prevent the catheter being 
dislocated and accidentally withdrawn from the spinal space.  
  17     The catheter may also be connected to a permanent access 
port system, which is fastened subcutaneously over a hard sub-
strate. This requires a pocket to be made on the fascia of the tho-
racic wall.  
  18     Check whether the catheter is suffi ciently embedded in the 
subcutaneous adipose tissue at all incision sites, to avoid fi stula 
formation.  
  19     Cover all incision sites with aseptic bandaging;, while cover-
ing the catheter exit site with separate bandaging for easy nursing 
access. Connect a micropore bacterial fi lter and connect this to a 
medication pump from which all air has been removed. Ensure 
that the catheter is free of air from the point, where it leaves the 
pump to the micropore fi lter.  
  20     Try to avoid traction on the catheter by providing extra loops 
on the skin or in the tunneling channel, as this reduces the risk of 
dislocation.  
  21     After the incisions have healed and a semipermeable bandage 
has been applied to the catheter exit site, the patient will be able to 
take a shower or use a hip bath.  
  22     If a subcutaneous central venous access device is used, the 
needle insertion should always be checked.     

  Instructions 
 Instructions must be provided:
   1     To the patient about the correct way to use the pump (possible 
bolus option).  
  2     To the patient ’ s family about the care required by the patient 
and any special concerns.  
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(virtually) complete pain reduction, vs. 82% of the patients who 
had a unilateral cordotomy. In this study, however, both groups 
were suffering from bilateral pain. In contrast, Sanders et al.  23   
found no advantage of bilateral cordotomy, whereas the risk of 
complications appeared greater. 

 Computer tomography - guided radiofrequency (RF) treatment 
was also described for ablation of the upper spinal cord pain path-
ways. Of a series of 55 patients, 42 underwent a unilateral cervical 
cordotomy. Patients reported initial and 6 months pain relief of 
98% and 80%, respectively.  27   

 Another series of 207 patients treated with CT - guided cor-
dotomy over 20 years reports an initial success rate of 92.5%. 
The success rate was higher in patients suffering with pain due to 
malignancies. In this group, selective cordotomy (pain sensation 
denervated only in the painful region of the body) was achieved 
in 83%. Bilateral cordotomy was successfully applied in 12 cases.  28    

  Side  e ffects and  c omplications 
 The localization of the tractus spinothalamicus lateralis and 
the size of the thermolesion relative to the spinal cord, explains the 
risk of damage to adjoining nerve tracts. Reported complications 
include pareses (up to 10%), bladder dysfunction (up to 15%), 
and respiratory depression (up to 10%),  29   as well as head and 
neck pain and dysesthesias. These side effects proved to be perma-
nent in a number of cases.  23   In addition, there is a risk of other, 
previously masked pains becoming manifest, or of developing 
 “ mirror pain, ”  that is, pain on the contralateral side. The inci-
dence of such pain syndromes is between 9% and 63%.  29   Interest-
ingly, none of the studies reported neuropathic pain due to the 
treatment. The risk of major complications is larger with bilateral 
cordotomy.  23    

  Other  t reatment  o ptions 
 If patients are not eligible for cordotomy, epidural or intrathecal 
analgesics may be considered. Surgical neuroablation techniques 
have been abandoned because they were insuffi ciently selective.  

  Evidence for  c ordotomy 
 The evidence for cervical cordotomy is given in Table  23.2 .     

  Recommendations for  c ordotomy 
 Cordotomy may be considered for patients with unilaterally 
localized refractory oncologic pain below the level of dermatome 
C5, with a maximum life expectancy of 1 year, who obtain insuffi -
cient relief from conventional treatment. Cordotomy should only 
be carried out at centers, where staffs have extensive experience 
with this treatment. 

This includes pain perception and/or temperature perception on 
both sides, as well as motor function.  

  Additional  t ests 
 The referring doctor must have completed the technical examina-
tion that is required to accurately identify the causes of the pain, 
to provide a detailed picture of the situation before any interven-
tional pain management techniques are applied.  

  Differential  d iagnosis 
 All causes of unilateral pain of nononcologic, neurologic, osteo-
genic, or myofascial origin must be excluded.   

  Treatment  o ptions 

  Cordotomy 
 The effects of cordotomy on patients have been described in one 
nonrandomized study and a number of observational studies. A 
study comparing cordotomy with subarachnoid phenol found 
that both techniques yielded similar pain control at lower opioid 
dosages.  19   Seven of the 10 cordotomy patients developed pain on 
the contralateral side of the body, whereas 4 of the 10 patients 
developed complications, which resulted in functional deterio-
ration. Since 1990, 6 case series have been described in which 
a total of 677 patients with cancer were treated with unilateral 
cordotomy.  20 – 25   The authors reported considerable or even com-
plete pain reduction in 82% to 98% of the patients, whereas 
opioid consumption was reduced by 50%. The best results were 
obtained in the treatment of unilateral pain. 

 A number of patients (31% to 88%) experienced recurrence 
of the pain, which can usually be effectively treated with opioids. 
Two studies described 3 patients who survived for considerably 
longer than 2 years.  21,25   These patients did not develop neuro-
pathic pain as a result of the procedure. However, this number 
is too small to allow conclusions about the long - term safety of 
cordotomy. A recent report describes a patient who survived 5 
years after right - sided cervical cordotomy. Sensory dysfunction 
was observed in the left side of the body, but no motor neuron 
or autonomic dysfunction was observed. There was limited infl u-
ence on the patient ’ s daily activities.  26   

 Cordotomy is only used for cancer patients suffering severe 
pain, which is refractory to pharmacologic treatment. The Dutch 
CBO guidelines for the treatment of pain from cancer recom-
mend that these therapeutic options should only be considered 
for patients with a limited life expectancy (1 year).  2   

 The immediate results of the treatment are evaluated by apply-
ing the pinprick test to the patient ’ s thorax. We recommend 
regular evaluation of the pain (at least weekly). In view of the 
complexity of the pain syndrome and the risk of other (masked) 
pains becoming manifest, we recommend that the pharmacologic 
treatment be adjusted on the basis of the patient ’ s complaints. 

 There have been contradictory reports about the value of bilat-
eral cordotomy to relieve pain due to cancer. Amano et al.  20   found 
that 95% of the 60 patients who had a bilateral cordotomy reported 

  Table 23.2.    Summary of the evidence for interventional management of 
unilateral pain with limited life expectancy. 

   Technique     Evaluation  

  Cervical cordotomy    2C +   
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  Technique for  fl  uoroscopy  g uided  c ordotomy 
 Cordotomy is applied at cervical level, between C1 and C2, 
where the fi bers of the tractus spinothalamicus lateralis run close 
together in the anterolateral quadrant. The fi bers are somatotopic, 
with the most cervical fi bers in the most anterior position and 
the most sacral fi bers in most posterior position. The treatment is 
applied on the contralateral side of the pain (Figure  23.1 ).   

 All aspects of the procedure should be thoroughly discussed 
with the patient beforehand, including the fi xation of the head, 
the unpleasant effects that may be caused by stimulating the 
spinal cord and the potentially lengthy duration of the procedure. 
During the intervention, a nurse should always be at hand to reas-
sure the patient if necessary. The patient will need to cooperate to 
check the correct placement of the electrode in the spinal cord. 

 The radiofrequency treatment is performed using a thermo-
couple cordotomy electrode (eg, Levin) with a 2   mm noninsu-
lated tip. The patient is placed in supine position and the head 
fi rmly fi xed. 

 The arcus posterior atlantis (posterior arch of C1) is pro-
jected as a line in lateral fl uoroscopy. The angles of the jaw and 
the meatus acusticus externus must also be projected over it as a 
reference. This ensures the best visibility of the space between C1 
and C2, which is projected as an arrow shape with its tip pointing 
ventrally. 

 Treatment is carried out under sedation, while monitoring 
ECG and blood pressure. It starts with a 20G spinal needle being 
inserted into the subarachnoid space between the fi rst and second 
cervical vertebrae. The direction should be as ventral as possible. 
Its position should be checked by means of lateral fl uoroscopy. 
As soon as the CSF is reached, a mini - myelogram is made, using 
emulsifi ed contrast medium (lipiodol with NaCl 0.9% 2:6, or with 
CSF 1:1 after very thorough shaking) to visualize  “ 3 lines ” : the 
ventral side of the spinal cord, the ligamentum denticulatum and 
the posterior surface of the dural sac (Figure  23.2 ).   

     Figure 23.1.     Anatomic representation of cordotomy: 
(a) needle placement between C1 and C2, 
(b) location of the tractus spinothalamicus lateralis in 
the anterolateral part of the spinal cord, (c) maximum 
extent of the area, where pain can be treated by left -
 sided cordotomy. Illustration: Rogier Trompert, Medical 
Art, www.medical-art.nl.  

     Figure 23.2.     Needle placement for cordotomy: lateral view. Note the myelogram 
at the level of the ligamentum denticulatum.  

 Depending on the position of the needle, a second spinal needle 
may be introduced. This should be inserted, using a stylet, 1 to 
2   mm ventral to the ligamentum denticulatum, at a right angle 
to the spinal cord, where the tractus spinothalamicus lateralis is 
situated. 

 The (Levin) thermocouple electrode is inserted after the stylet 
has been removed. It is connected to the radiofrequency genera-
tor, after which the tip of the electrode is inserted into the spinal 
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The procedure should be repeated one or two times, depending 
on the size and intensity of the analgesic area. 

 Edema development in the spinal cord may result in side 
effects, including persistence or increase of the pain, so regularly 
checking the patient ’ s pain level is a precondition for optimum 
treatment. In view of the complexity of the pain syndrome, 
and the risk that previously masked pains may become mani-
fest, adjusting the pharmacologic treatment on the basis of the 
patient ’ s complaints may be required. Special care should be taken 
with patients who are being treated with high opioid dosages, for 
whom rapid adjustment of the dosage is often required to prevent 
respiratory depression.  

  Technique for  CT  -  g uided  c ordotomy 
 For a description of this technique we refer to Kanpolat et al.  28      

  Upper  a bdominal  p ain  d ue to  c ancer of the 
 p ancreas/ s tomach 

  Introduction 
 Pancreatic carcinoma usually leads to death within a relatively 
short time, as the diagnosis is often established at a time when 
cancer is already in an advanced stage, where tumor resection 
is no longer an option. Patients often fi rst present with upper 
abdominal pain, although in the advanced stages they also fre-
quently complain of back pain. Cancer of the pancreas is also 
associated with anorexia, loss of appetite, sleeping problems and 
weight loss. 

 Upper abdominal pain may also be caused by metastases of 
stomach cancer. 

 The plexus coeliacus is the network of orthosympathetic (sym-
pathetic) nerve fi bers located in front of the aorta at the level of 
truncus coeliacus. The plexus is formed from the nervi splanch-
nici, which arise from the thoracic truncus sympathicus. Plexus 
coeliacus block was fi rst described by Cappis in 1914 for the treat-
ment of upper abdominal pain after abdominal surgery. It is most 
currently applied in patients with cancer, usually due to pancre-
atic carcinoma.  

  Diagnosis 

  History  t aking and  c linical  s ymptoms 
 If a patient presents with severe upper abdominal pain and also 
complains of loss of appetite, sleeping problems and unexplained 
weight loss, the doctor should fi rst seek to confi rm the cause of 
the pain. 

 The pain is worse when the patient lies down and subsides as he 
or she sits up or bends forward. 

 Patients will report indistinctly localized, deep - seated pain, 
which resembles pinching, cramps or colic. Other symptoms 
include referred pain, such as shoulder pain, which occurs as the 
tumor invades the diaphragm, and is caused by stretching, com-
pression or invasion of visceral structures.  

     Figure 23.3.     Defi nitive needle position for percutaneous cordotomy: note the 
increase in impedance as the needle is advanced into the spinal cord. Illustration: 
Rogier Trompert, Medical Art, www.medical-art.nl.  
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cord with the free hand, while measuring the impedance. Imped-
ance suddenly rises from 150 to 300  Ω  in the CSF to 1,200 to 1,500 
 Ω  in the spinal cord (Figure  23.3 ). The needle often encounters 
a rubbery kind of resistance at this point. Sedation can now be 
terminated.   

 Stimulation at a frequency of 50   Hz causes a contralateral 
heat sensation (hot or burning sensation or chill) at stimula-
tion thresholds  < 0.1   V. These sensations should be perceived in 
or above the area to be treated. The patient should preferably not 
feel any stimulation responses in the ipsilateral musculus trape-
zius and neck muscles (due to stimulation of the cornu anterius 
medullae spinalis) or the arms and legs (tractus corticospinalis) 
at a frequency of 2   Hz at 0.5 to 2   V, as this could result in paresis if 
the lesion is made. If these conditions are met, the needle has been 
correctly inserted in the anterolateral quadrant at a safe distance 
from the tractus corticospinalis. 

 Radiofrequency treatment is applied for 10 seconds at a tem-
perature of between 80 and 90 ° C, after which the contralateral 
analgesia is checked by means of pinprick. Muscle force in the 
ipsilateral arm and leg should also be checked after each lesion. 
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a neurolytic block were signifi cantly lower than in the group 
receiving pharmacological treatment. In the longer term up to 90 
days after randomization, the difference in VAS pain score disap-
peared. The opioid consumption, however, remained signifi cantly 
lower in the neurolytic block group over the complete follow - up 
period. There were no differences in quality of life between the 
two groups.  33   

 An open randomized comparison of clinical effectiveness of 
protocol - driven opioid analgesia, plexus coeliacus block, or tho-
racoscopic splanchnicectomy in patients with pancreatic and 
other abdominal malignancies showed no differences in outcome 
between the 3 groups at 2 months follow - up.  34   The results of this 
latter study differ from previous fi ndings. The reported mortal-
ity rate within the 2 months follow - up suggests that the popula-
tion studied consists of patients whose cancer is in a far advanced 
stage. 

 A comparative study found that ethanolization of the nervus 
splanchnicus was superior to plexus coeliacus block in terms of 
pain relief and quality of life in patients with a pancreatic tumor.  35   
Therefore, this technique may be recommended, although further 
research is required to confi rm the results.  

  Complications 
 Although there have been reports of transient hypotension or 
diarrhea, as well as local pain, percutaneous plexus coeliacus 
block appears to be a relatively safe technique. There have been 
only a few reports of serious complications like pareses, paresthe-
sias (1%), hematuria, pneumothorax, and shoulder pain (1%).  30   
There are case reports of paraplegia due to plexus coeliacus 
block.  36 – 38   

 A recently published case report described hemorrhagic gas-
tritis and duodenitis following plexus coeliacus neurolysis. The 
patient had a known history of gastritis and duodenitis and devel-
oped severe upper GI bleeding immediately following the plexus 
coeliacus neurolysis. It was speculated that inhibition of the sym-
pathetic tone caused increased blood fl ow to the GI system, which 
resulted in active bleeding from previously indolent hemorrhagic 
gastritis and duodenitis.  39   

 Relieving abdominal pain may cause other pains to become 
manifest. Although this means that it is often not possible to com-
pletely terminate analgesic treatment, considerable dosage reduc-
tions may be achieved. 

  Contraindications for  p lexus  c oeliacus 
or  n ervus  s planchnicus  b lock 
    1     hemorrhagic diatheses.  
  2     local infections.  
  3     patient ’ s inability to lie in prone position.  
  4     tumor invasion into the insertion site.      

  Other  t reatment  o ptions 
 Initial treatment of upper abdominal pain due to pancreatic car-
cinoma consists of analgesics like nonsteroidal anti - infl ammatory 
drugs and opioids, which may be administered in various forms.  

  Physical  e xamination 
 Although physical examination is irrelevant to the pain syndrome, 
it is important to ascertain whether the pain is indeed situated in 
the upper abdomen. Additional radiation of the pain to the lower 
abdomen or back due to a primary upper abdominal process 
is not a contraindication for nerve blocks/neurolysis. Patients 
should also be checked for local anatomic abnormalities (severe 
scoliosis) and infections at the level of the intended puncture site. 
In addition, the patient must be able to lie in prone position for 
the duration of the procedure.  

  Additional  t esting ( m ultidimensional) 
 Basic additional examination includes medical imaging, whether 
or not followed by laparoscopic examination, during which any 
obstructive symptoms can be treated. The technical examination 
required for accurate assessment of the cause of the pain should 
have been completed by the referring doctor. The examination 
should yield an accurate understanding of the situation before 
interventional pain control techniques are applied.  

  Differential  d iagnosis 
 Pain related to nononcologic problems are not eligible for neuro-
lytic plexus coeliacus block.   

  Treatment  o ptions 

  Interventional  m anagement 
 A meta - analysis of 24 studies assessing the effectiveness of plexus 
coeliacus block among a total of 1,145 patients with various types 
of cancer was published in 1995.  30   This analysis showed that 89% 
of the patients report reduced pain after 2 weeks, with complete 
relief reported by 58% of the patients. The corresponding fi gures 
after 3 months were 90% and 56%, respectively. Later publications 
based on double - blind RCTs have confi rmed the conclusions of 
the meta - analysis that plexus coeliacus block leads to reduced 
pain scores and/or reduced opioid consumption. Reported effects 
on quality of life have been variable. A meta - analysis evaluating 
the effect size of the treatment showed that plexus coeliacus block 
reduces the pain, but does not remove the need for opioids.  31   It 
concluded that plexus coeliacus block is not a substitute for phar-
macologic treatment. 

 A double - blind randomized controlled trial compared the effi -
cacy of conventional analgesic treatment and sham intervention 
with plexus coeliacus block and analgesic treatment. Pain reduc-
tion was greater in the group receiving active plexus coeliacus 
block at 1 week and over time. Opioid consumption and quality 
of life were not signifi cantly different between groups. One year 
after randomization 16% of patients in the plexus coeliacus block 
group were still alive compared with 6% in the conventional treat-
ment group, this difference was, however, not signifi cant.  32   

 The effi cacy of CT - guided neurolytic plexus coeliacus block 
was compared with pharmacological treatment of pain due to 
pancreatic cancer. In the short term (1 to 14 days after the inter-
vention) the VAS score of patients in the group having received 
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 The skin, subcutaneous tissues and muscles are anesthe-
tized with a local anesthetic at the site, where the needles will be 
inserted. For the sake of patient comfort, spinal anesthesia with a 
short - acting local anesthetic may be considered. 

 A 20 or 22G, 15   cm stylet needle is inserted from the left. The 
needle is initially oriented at an angle of 45 °  to the midline and 
about 15 °  cranially to make contact with the L1 corpus vertebrae. 
As soon as the needle touches the bone, its depth of insertion is 
noted, after which the needle is retracted to the subcutaneous 
tissue. It is then repositioned slightly laterally (at about 60 °  to the 
midline) to pass along the lateral surface of the L1 corpus ver-
tebrae. All this is carried out under fl uoroscopic guidance. The 
needle is now cautiously advanced until aortic pulsations are felt 
in the needle. The stylet is then removed from the needle, and the 
needle is advanced so as to perforate the aortic wall. Blood emerg-
ing from the needle indicates it is in intraaortic position. The 
needle is advanced until no more blood emerges, indicating that 
the needle tip is in preaortic position. A  “ click ”  may be felt as the 
needle perforates the aortic wall. It is important to use anteropos-
terior as well as lateral views to ensure correct needle placement. 

 After the needle has reached its correct position, the stylet is 
removed and the hub is checked for blood and CSF, lymph fl uid 
and urine. A small amount of contrast medium is then injected 
and its distribution pattern is checked with the help of the C - arm. 
If the contrast medium shows insuffi cient dispersion bilaterally, it 
may be necessary to introduce another needle from right side for 
the instillation of the neurolytic agent. 

 In the anteroposterior view, the contrast medium should show 
up in the midline, concentrated around the Th12 to L1 corpora 
vertebrae. The contrast medium should not spread beyond the 
contours of the corpora vertebrae on the fl uoroscopic image. The 
lateral view of the corpus vertebrae should show a smooth pos-
terior outline. The contrast medium should not spread dorsally 
toward the nerve roots. 

 Alternatively, if the procedure is carried out under CT - guidance, 
the contrast medium should appear laterally and behind the 
aorta. If the contrast medium is present only in the retrocrural 
space, the needles should be advanced deeper, to reduce the risk 
of local anesthetic or the neurolytic agent spreading to the 
somatic nerves.  

  Paravertebral ( r etrocrural)  a pproach 
 The Th12 corpus vertebrae is identifi ed in a posteroanterior view 
and marked. The C - arm is then rotated to an oblique position 
(about 45 ° ) on the side, where the needle is to be inserted. The 
image should show the side of the diaphragm lateral to the corpus 
vertebrae. Observe the diaphragm movements as the patient 
breathes in and out. If the diaphragm obscures the Th12 vertebra 
and rib, identify the Th11 rib. For both levels, the needle inser-
tion site on the skin is located at the point, where the connection 
between rib and vertebral body cross each other. 

 After the skin at this site has been anesthetized, a 14G, 5   cm 
extracath (as an introducer) is inserted under fl uoroscopic 
guidance, in such a way that the catheter moves toward the target 

  Evidence for  i nterventional  m anagement 
 The evidence for interventional management of upper abdominal 
pain due to cancer is summarized in Table  23.3 .     

  Recommendations 
 We recommend the use of plexus coeliacus block or nervus 
splanchnicus block to reduce pain or opioid use in patients with 
upper abdominal pain due to malignancy. This treatment may be 
considered as soon as opioid treatment is started. Plexus coeliacus 
or nervus splanchnicus block may be repeated if necessary. The 
choice between these two techniques depends on the preferences 
and experience of the attending physician. 

  Technique 

  Plexus  c oeliacus  b lock 
 Various techniques to approach the plexus coeliacus have been 
described. Literature reports do not indicate one to be superior 
to the others, although the results of nervus splanchnicus block 
at the Th11 level appear to be better than those of the transaortal 
approach.  35   The sections below discuss the posterior transaortal, 
paravertebral (retrocrural), and transdiscal techniques for plexus 
coeliacus block and nervus splanchnicus block. 

 Plexus coeliacus plexus block can also be implemented surgi-
cally and endoscopically (by a gastroenterologist), but these tech-
niques are beyond the scope of this article. Also, there is a growing 
experience with anterior, ultrasound - guided techniques. 

  Posterior  t ransaortal  t echnique 
 The patient is lying in prone position, with support under the 
abdomen to achieve thoracolumbar kyphotic position. This 
increases the distance between the ribs and crista iliaca and 
between the processus transversus of the adjoining vertebral 
bodies. For the sake of comfort, the patient ’ s head is turned side-
ways with the arms hanging down along the body or placed above 
the head. 

 It may be useful to mark the following reference points on the 
skin with a marking pen: the crista iliaca, the 12th rib, the dorsal 
midline, the corpora vertebrae, and the lateral limit of the par-
aspinal muscles. It is also useful to mark the intersection of the 
12th rib and the lateral border of the paraspinal muscles on the 
left side (which usually corresponds to the L2 level). A steel ruler 
can then be used to draw bilateral lines parallel to the lower edge 
of the 12th rib. These lines, which cross the L1 corpus vertebrae, 
serve to indicate the direction of the needle. The surgery site is 
prepared and covered with sterile drapes. 

  Table 23.3.    Summary of evidence for interventional treatment of upper 
abdominal pain due to cancer. 

   Technique     Evaluation  

  Neurolytic plexus coeliacus block    2A +   
  Neurolytic nervus splanchnicus block    2B +   
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like the head of a needle. After the extracath has been inserted to 
two - third of its length, the stylet is removed and replaced by a 
20 or 22G, 15   cm stylet needle. The C - arm is kept in oblique 
position. An extension tube is connected to the needle. The needle 
tip is advanced anteriorly in short (0.5   cm) increments, with the 
needle tip continuing to slide along the corpus vertebrae. Both 
needles are advanced further, under fl uoroscopic guidance, past 
the Th12 to L1 corpus vertebrae. Check for blood or CSF by 
means of aspiration. The fi nal needle location is checked on lateral 
views. After the contrast medium has been injected, the lateral 
view should show it in prevertebral position, whereas the antero-
posterior view should show it within the contours of the spine 
(Figures  23.4 – 23.6 ). A neurolytic agent can now be gradually 
injected (see below).    

  Transdiscal  t echnique 
 This approach was fi rst described by R. Plancarte,  40   but needs to 
be further assessed for effi cacy and safety. 

 The transdiscal procedure is also carried out under fl uoro-
scopic or CT - guidance. The patient lies in prone position with 
a support underneath the crista iliaca to widen the access to the 
intradiscal space. Fluoroscopy is used to identify the Th12 to L1 
level. The C - arm is then rotated obliquely to the left at an angle 
of 15 to 20 ° . It is important to align the inferior endplates using 
a cranio - caudal projection. The needle insertion site is 5 to 7   cm 
from the midline. After the skin and subcutaneous tissues have 
been locally anesthetized, the needle is advanced under tunnel 
view to the inferior aspect of the facet joint. After the disk has 

     Figure 23.4.     Neurolytic plexus coeliacus block: needle position in 
anteroposterior view. The needles enter at the L2 level and point obliquely upward 
toward L1 (a stent is present in the ductus choledochus).  

     Figure 23.5.     Neurolytic coeliacus plexus block: lateral view showing dispersion 
of contrast medium around Th12 to L1, both pre -  and retro - aortic.  

     Figure 23.6.     Neurolytic plexus coeliacus block: anteroposterior view showing 
dispersion of contrast medium within the spinal contours. Note the characteristic 
vacuole - like bright areas indicating correct placement.  
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  Aftercare 
 After the procedure, patients may experience pain at the insertion 
site, (orthostatic) hypotension or diarrhea. Patients should there-
fore be suffi ciently hydrated and hospitalized for a night to check 
for signs of hypotension.      

  Visceral  p ain  d ue to  p elvic  t umors 

  Introduction 
 Patients with extensive tumors in the small pelvis often perceive 
little benefi t from oral or parenteral analgesics, or may experi-
ence intolerable side effects at the required dosages. This may 
necessitate a plexus hypogastricus block. Pain relief in the small 
pelvis is possible because afferent tracts innervating the organs 
in the small pelvis run along the sympathetic nerves, bundles 
and ganglia, making them easily accessible to neurolytic blocks. 
As visceral pain is often a major component of the pain due to 
tumors in the small pelvis, these neurolytic techniques deserve to 
be more commonly used for patients in the advanced stages of 
cancer in the small pelvis. The superior plexus hypogastricus is 
located bilaterally in the retroperitoneum, along the 3rd to 5th 
lumbar vertrebrae, often extending to the upper third part of the 
fi rst sacral vertebra.  

  Diagnosis 

  History  t aking and  c linical  s ymptoms 
 Plexus hypogastricus block may be considered for patients with a 
tumor in the small pelvis and pain in the lower abdomen. Patients 
with mostly visceral pain report ill - defi ned, dull, indistinctly 
localized pain.  

  Physical  e xamination 
 Examination should concentrate on the anatomy of the lower 
back and os sacrum, and try to detect signs of infection and 
superfi cial tumor growth. Areas to which the pain radiates 
should be assessed to identify secondary and primary pains. The 
examiner should also assess whether the patient is able to lie 
in prone position for the duration of the treatment without the 
risk of collapse.  

  Additional  t esting 
 The location of the pain must be very carefully identifi ed. If the 
patient suffers from radicular pain or very extensive painful zones 
in the lower abdomen or lower body, the preferred treatment 
option is epidural or intrathecal pain control. Pain in the higher 
parts of the upper abdomen should preferably be treated with 
plexus coeliacus block. 

 The technical examination requires accurate assessment of the 
cause of the pain and should have been completed by the referring 
doctor. This examination should yield an accurate understanding 
of the situation before interventional pain control techniques are 
applied. 

been penetrated, 0.5   mL contrast medium (iohexol) is injected to 
check the position of the needle in the disk. The needle is then 
advanced until  “ loss of resistance ”  is perceived, indicating that the 
needle has exited the Th12 to L1 disc. After the fi nal needle posi-
tion has been checked with the help of contrast medium, 10   mL 
phenol in 10% saline (or 10% phenol in glycerin) is injected, 
followed by injection of 2 to 3   mL of air to prevent intradiscal 
leakage of the neurolytic agent. 

 Diagnostic prognostic blocks with the retrocrural technique 
are carried out by injecting 12 to 15   mL lidocaine 1% or 0.25% 
ropivacaine through both needles. Most researchers recommend 
carrying out therapeutic blocks by fi rst injecting 10 to 16   mL of 
local anesthetic, followed by 10 to 16   mL of 96% ethyl alcohol, 
or a 10% solution of phenol in telebrix (10% phenol in glycerin 
in U.S.) via both needles. Many researchers have simultaneously 
injected a contrast medium to check the dispersion of the neu-
rolytic agent. Before injecting the neurolytic solution, the area 
around the needle should be covered with wet gauze, followed by 
fractionated injection of the solution in 1   mL aliquots. This pre-
vents the neurolytic agent from spreading to surrounding struc-
tures, and thus reduces the risk of complications. We recommend 
the use of 10% phenol in telebrix or in glycerin as a reference. 
After the neurolytic agent has been injected, each needle should 
be fl ushed with physiologic serum, or a local anesthetic to prevent 
fi stula formation.   

  Nervus  s planchnicus  b lock 
 An alternative to the paravertebral (retrocrural) approach is 
the nervus splanchnicus block technique proposed by Abram 
and Boas.  41   This blocks the nervi splanchnici, branches of the 
thoracic truncus sympathicus and the nerve supply to the plexus 
coeliacus. 

 The patient is lying in prone position with support under the 
abdomen to achieve thoracolumbar kyphotic position. The Th11 
corpus vertebrae is identifi ed, after which the C - arm is rotated 
from the anteroposterior orientation in a caudal and lateral direc-
tion, allowing the concave mice - portion of the corpus vertebrae 
to be visualized without being obscured by ribs or the processus 
transversus. 

 A 20 or 22G, 15   cm needle is inserted paravertebrally, using 
a tunnel view, in the direction of the concave mid - portion of 
the corpus vertebrae. Try to make contact with the corpus ver-
tebrae. Under lateral fl uoroscopy, the needle is advanced to the 
anterolateral aspect of the Th11 corpus vertebrae. Radiographic 
imaging should show the tip of the needle just within the contour 
of the Th11 corpus vertebrae in an anteroposterior view, just at 
the anterior border of the Th11 vertebra in a lateral view. A small 
volume of contrast medium is injected to check dispersion along 
the anterolateral aspect of the corpus vertebrae. Before the neu-
rolytic agent is injected (as described above), the area around the 
needle is covered with wet gauze, after which the neurolytic solu-
tion can be injected in fractions, preferably together with contrast 
medium. The same procedure is repeated on the other side. The 
needles then have to be fl ushed with saline, or a local anesthetic. 
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  Recommendations 
 We recommend the use of plexus hypogastricus block for patients 
with visceral pain due to pelvic tumors. 

  Technique 
 The patient is lying in prone position on a radio transparent 
table, with a support underneath the pelvis to reduce lumbar 
lordosis. It might be useful to apply lumbar spinal or epidural 
anesthesia before starting the plexus hypogastricus block proce-
dure, to reduce the discomfort caused by the puncture. Alterna-
tively, the deep paravertebral muscles may be infi ltrated with local 
anesthetics. 

 The fl uoroscopy tube is positioned in such a way as to allow the 
promontory or the concave mid - portion of the L5 corpus verte-
brae to be seen in tunnel view from the needle insertion point 5 
to 7   cm lateral of the midline, at the L4 level. This means that the 
tube has to be angulated by about 45 ° , both in anteroposterior 
and cranial view. 

 A 20 or 22G, 15   cm needle is positioned at the front of the L5 
to S1 intervertebral space, under radiographic guidance (tunnel 
view). Use aspiration to check its position, to avoid injecting into 
the iliac blood vessels. The radiographic images should show 
the tip of the needle paravertebrally at the level of the L5 to S1 
intervertebral space in anteroposterior view, whereas a lateral 
view should show the tip just touching the anterior border of the 
L5 to S1 vertebra (Figures  23.7 – 23.9 ). At this point, it is useful to 
inject a water - soluble contrast agent to confi rm the correct posi-
tion of the needle and avoid intravascular injection. The contrast 
medium should not disperse beyond the lateral confi nes of the 
L5 corpus vertebrae, or in a dorsal direction toward the nerve 
roots. A diagnostic plexus hypogastricus block can be carried out 
using 6 to 8   mL bupivacaine 0.25% to 0.5%. A therapeutic block 
is carried out using 6 to 8   mL 10% phenol solution in telebrix (in 
glycerin in U.S.) on each side of the vertebra. The safety of the 

 Before deciding to carry out a neurolytic block, the physician 
should apply a diagnostic block with a local anesthetic, which 
should produce a 50% reduction of the pain for the normal dura-
tion of action of the anesthetic.  

  Contraindications 
    1     Hemorrhagic diatheses.  
  2     Serious infections in the area, where the needle is to be inserted.  
  3     Extensive tumor invasion in the area, where the needle is to be 
inserted.     

  Diff\erential  d iagnosis 
 Pain complaints related to nononcologic problems are not eligible 
for treatment with plexus hypogastricus block.   

  Treatment  o ptions 

  Interventional  m anagement 

  Plexus  h ypogastricus  b lock 
 Plexus hypogastricus block has only been evaluated in obser-
vational studies. The study with the largest number of patients 
was that by Plancarte et al.  42   Of the 277 patients included in their 
study, 51% reported satisfactory pain relief. One study compared 
the effects of plexus hypogastricus block with those of phar-
macologic treatment,  43   and found a favorable effect of plexus 
hypogastricus block on both pain and opioid consumption. The 
data provided, however, do not allow the specifi c effectiveness of 
plexus hypogastricus block to be evaluated. All studies involving 
more than 10 patients reported at least 60% of patients showing 
considerable pain reduction.  2     

  Complications 
 Plexus hypogastricus block is a relatively safe technique pro-
vided it is carried out under X - ray or CT - guidance. Neurolysis 
of somatic nerves or intravascular injection of neurolytic agent 
is possible. 

 Bilateral superior plexus hypogastricus block can cause sexual 
dysfunction in men.  44   There are several cases of lumbar plexopa-
thy with hip fl exor weakness (AW Burton and B Hamid, unpub-
lished data) due to injection into the musculus psoas major 
laterally, and the operator must be careful to inject the neurolytic 
solution medially enough to avoid the psoas compartment.  

  Evidence for  i nterventional  m anagement 
 The evidence for interventional management of visceral pain due 
to cancer is summarized in Table  23.4 .     

  Table 23.4.    Summary of the evidence for interventional management of visceral 
pain due to pelvic tumors. 

   Technique     Evaluation  

  Neurolytic plexus hypogastricus block    2C +   
     Figure 23.7.     Needle position for plexus hypogastricus block: oblique view.  
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damage to the nerves controlling bladder and rectum func-
tion, with potentially serious consequences. That is why the 
technique is usually considered only as a last resort, after all 
other forms of oral or parenteral pain control have been tried 
and either proved ineffective or have caused intolerable side 
effects.  

  Diagnosis 

  History  t aking and  c linical  s ymptoms 
 Lower end block may be considered for patients with perineal 
pain due to tumors of the small pelvis. The technique is often con-
sidered only after the anus has already been surgically removed 
and the patient has been fi tted with a stoma and a permanent 
bladder catheter.  

  Physical  e xamination 
 The lower back and sacral zone must he carefully inspected to 
check for any infections or tumor invasion. Check whether the 
patient is able to sit up during the procedure and is cooperative. 
The patients must be able to accurately report sensory percep-
tions in the lower limbs.  

  Additional  t esting 
 Perineal pain should be of mainly somatic origin, and no other 
suitable therapy should be available. A precondition for the use 
of this technique is pre - existing urinary and fecal incontinence or 
the presence of a bladder catheter and an artifi cial anus.   

  Treatment  o ptions 

  Interventional  m anagement 
 Although lower end block is described in textbooks,  45,46   no high -
 quality studies on the subject have been published in the past 20 
years. Three recent case reports included a limited number of 
patients. The results in these reports were variable: the median 
duration of the effect was 3 months, but opioid dosages could be 
reduced to 60%.  47 – 49    

  Complications 
    1     Loss of sensory function, sometimes with dysesthesias of the 
lower limbs and/or the buttocks.  
  2     Loss of urinary or anal sphincter function.  
  3     Muscle weakness.     

  Contraindications 
    1     Life expectancy  > 6 months.  
  2     Blood coagulation defi ciencies.  
  3     Extensive tumor invasion.  
  4     Extensive infection in the needle insertion area.     

  Evidence for  i nterventional  m anagement 
 The evidence for interventional management of perineal pain due 
to pelvic tumors is summarized in Table  23.5 .     

procedure can be improved by fractionated injection, with con-
tinuous monitoring of the dispersion of the phenol by means of 
contrast medium. Care must be taken to avoid the psoas compart-
ment laterally at L5 to S1 level.      

  Perineal  p ain  d ue to  p elvic  t umors 

  Introduction 
 Perineal pain caused by tumors may be treated with intrathe-
cal phenolization of the lower sacral roots of the cauda equina 
(lower end block or saddle block). Physicians have hesitated to 
use this technique, however, because of the risk of permanent 

     Figure 23.8.     Needle position for plexus hypogastricus block: anteroposterior 
view.  

     Figure 23.9.     Plexus hypogastricus block: lateral view.  
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  Spinal  p ain  r elated to  v ertebral  c ompression 
 f racture (with or  w ithout  p athologic  t umor 
 i nvasion) 

  Introduction 
 Many cancer patients suffer morbidity due to skeletal metastasis, 
pain, and vertebral compression fractures. Skeletal complications 
are very common in multiple myeloma regardless of stage, and in 
metastatic breast, prostate, and other solid tumors. 

 Extradural metastases account for some 95% of secondary 
spinal tumors. The primary sources of metastatic neoplasms to 
the spinal axis vary among the published series with 65% coming 
from carcinoma of the breast, lung, and prostate. Renal cell carci-
noma and myeloma also occur and together account for 10% of 
spinal metastases.  50    

  Diagnosis 

  History  t aking and  c linical  s ymptoms 
 Patients with cancer who develop signifi cant axial spinal pain 
merit imaging studies via their oncologist to rule out metastatic 
disease or pathological fracture. Focal spinal pain in a cancer 
patient nearly always mandates some sort of radiological workup. 
Vertebral compression fracture pain is typically incidental, and 
nonradiating. Patients with neurologic defi cit, band - like pain, 
or any loss of bowel and bladder control may have spinal cord 
compression and merit an immediate neurosurgical evaluation to 
include imaging studies.  

  Physical  e xamination 
 Patients with cancer - related vertebral fracture should have a 
complete neurologic exam to ensure that the spinal cord is not 
compromised prior to consideration of these techniques. Further-
more, the pain should be concordant with the level of pathology.   

  Treatment  o ptions 

  Interventional  m anagement 
 Pathologic spinal involvement without fracture is usually treated 
with conventional radiotherapy. A spinal vertebral compression 
fracture with tumor is often treated with the same way, but the 
mechanical pain can be refractory to the radiation therapy. In 
these cases, percutaneous vertebroplasty (PV) or kyphoplasty can 
be helpful. In cases involving neurologic compromise or signifi -
cant epidural disease, open surgical treatment may be indicated. 

  Percutaneous  v ertebroplasty and  k yphoplasty 
 Indications for PV have expanded to include osteoporotic com-
pression fractures and painful vertebral metastasis. Kyphoplasty 
is a modifi cation of PV; it involves the percutaneous placement 
of balloons (called  ‘  ‘ tamps ’  ’ ) into the corpus vertebrae with 
an infl ation/defl ation sequence to create a cavity prior to the 
cement injection. Percutaneous kyphoplasty (PK) may restore 

  Recommendations 
 A lower end block should only be considered for the treatment 
of cancer patients who experience pain in the small pelvis and 
have lost normal bladder or rectal function. As there have been no 
formal studies of the effectiveness of the treatment and the dura-
tion of the effect, we recommend using this technique only in the 
context of an experimental study or in cases of compassionate use 
with no other available forms of effective pain relief available with 
good informed consent. 

  Technique 
 The patient should be able to respond normally when being 
spoken to or asked questions during the procedure. There should 
be enough nursing staff present to place and hold the patient in 
the correct position and to change the patient ’ s position during 
the procedure. All regulations for implementing aseptic pro-
cedures must be strictly observed. An intravenous line must be 
inserted to allow medication to be administered, and precautions 
for resuscitation must be in place. 

 The lower lumbar spinal segments must be in kyphotic posi-
tion, so as to achieve maximum curvature. A large area should be 
disinfected and covered with a sterile surgical drape with an 
opening. The skin is anesthetized. A 22G spinal needle is inserted 
in the L5 to S1 intervertebral space at median level (midline 
approach), and carefully advanced until CSF fl ows from the 
needle. The phenol solution (6% in glycerin) is then freshly 
drawn into a 2   mL syringe with accurate volume graduation 
lines. The phenol syringe is connected to the spinal needle. The 
patient ’ s position must now be adjusted. The patient is asked 
(assisted by the nursing staff) to lean backward at an angle of 
45 ° , so that the back is at a 45 °  angle to horizontal. This requires 
considerable effort on the part of nursing staff. Phenol is now 
injected in 0.2   mL aliquots into the intrathecal space, to a total 
volume of 1   mL over a period of 5 minutes. Infi ltration should 
be immediately stopped if the patient indicates sensory changes 
in the lower limbs, or the buttocks. In some cases, injection must 
be continued to a maximum total volume of 1.5   mL. The spinal 
needle is then removed and the patient should remain seated at a 
backward angle of 45 °  for the next 6 hours. Their blood pressure 
must be regularly checked, and some fl uid replacement may be 
required. 

 Changes in pain perception should be checked by monitoring 
the VAS score for pain. Oral or parenteral analgesics should only 
be gradually reduced in the course of the following days, if the 
treatment has an analgesic effect. It is rarely possible to end anal-
gesic use completely, as successful treatment often causes other 
pains to become manifest.    

  Table 23.5.    Summary of the evidence for interventional management of perineal 
pain due to pelvic tumors. 

   Technique     Evaluation  

  Intrathecal phenolization of lower sacral roots of cauda equina    0  
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Europe. First published by McGraw et al.  56   and updated by Gangi 
et al.  57       

  Evidence for  v ertebroplasty or  k yphoplasty 
 Recent reviews and editorials have called for a more critical evalu-
ation of these procedures in view of some recent studies question-
ing the effi cacy of these procedures in noncancer situations. 

 Table  23.7  summarizes the level of evidence.     

  Recommendations for  v ertebroplasty or  k yphoplasty 
 In summary, we view PV/PK as valuable adjunctive therapies for 
cancer patients with painful vertebral compression fractures from 
all etiologies. The overall complication rate is low and effi cacy 
acceptable. 

  Technique 
 The technique of both vertebroplasty and balloon kyphoplasty 
has been described in Peh et al.  51      

  Summary 

 Interventional pain management techniques in the treatment 
of refractory oncologic pain syndromes are indicated if oral or 
parenteral analgesics cause such severe side effects that a satisfac-
tory quality of life and satisfactory pain relief cannot he reached. 

 All of the techniques described in this article should only be 
considered in a specifi c multidisciplinary pain centre, with all 
capacities of a thorough clinical follow - up. 

 These Interventional techniques require high attention, great 
care and thorough specialist knowledge as well as extensive exper-
tise. The clinical center needs to meet all requirements for the safe 
implementation of interventional techniques. 

 Effective nursing assistance, a specially equipped operating area 
and effective aftercare are required to satisfy all safety regulations.  

  References 

     1.       Christo   PJ  ,   Mazloomdoost   D  .  Interventional pain treatments for 

cancer pain .  Ann N Y Acad Sci.   2008 ; 1138 : 299  –  328 .  

     2.     Landelijke richtlijnwerkgroep Pijn bij kanker. Pijn bij kanker. Lan-

delijke richtlijn. In: Landelijke richtlijnwerkgroep Pijn bij kanker. 

 2008 : 1  –  168 . ISBN: 978 - 90 - 8523 - 168 - 4.  

corpus vertebrae height and reduce the kyphotic angulation of 
the compression fracture prior to bone cement injection.   51,52   
A recent prospective trial in noncancer VCF ’ s shows good effi -
cacy, with signifi cant reduction in pain and improved function.  53   
Several smaller case series show good pain improvement with 
these procedures.  54     

  Complications 
 Complications are rare, but can be serious and the exact inci-
dence is unknown. Most case series report  asymptomatic  polyme-
thyl methacrylate (PMMA) extravasation rates of around 10% to 
15%.  52,55   The Society for Interventional Radiology (SIR) divides 
complications for these techniques into minor and major. Minor 
complications are those considered to require no therapy and 
having no consequence, such as PMMA extravasation into the 
disk. Major complications are those requiring therapy, includ-
ing an unplanned increase in the level of care needed, or having 
ongoing permanent sequelae (eg, PMMA into the spinal canal 
with neurologic defi cit). SIR noted published complication rates 
for  major  complications to be less than 1%, except in those with 
neoplastic involvement of the vertebrae, where the reported level 
of major complications is less than 5%.  56,57   

  Indications/ r elative and  a bsolute  c ontraindications 
 The indications and contraindications are summarized in Table 
 23.6 . This table is based on the different guidelines from the SIR 
and Cardiovascular and Interventional Radiological Society of 

  Table 23.6.    Indications and contraindications for percutaneous vertebroplasty. 

  Indications 
 Painful osteoporotic vertebral compression fracture refractory to 3 weeks of 
analgesic therapy 
 Painful vertebrae due to benign or malignant primary or secondary bone tumors 
 Painful vertebral compression fracture with osteonecrosis (Kummel ’ s disease) 
 Reinforcement of vertebral body prior to surgical procedure  *   
 Chronic traumatic vertebral compression fracture with nonunion  *   

 Absolute contraindications 
 Asymptomatic vertebral compression fracture 
 Patient improving on medical therapy 
 Ongoing Infection 
 Prophylaxis in osteoporotic patient 
 Uncorrectable coagulopathy 
 Myelopathy due to retropulsion of bone/canal compromise 
 Allergy to PMMA or opacifi cation agent 

 Relative contraindications 
 Radicular pain 
 VCF    >    70% height loss  *   
 Severe spinal stenosis, asymptomatic retropulsion of bony fragment 
 Tumor extension into canal/epidural space 
 Lack of surgical backup  *    

   Modifi ed from McGraw et al.  54   and updated by Gangi et al.  53  . Recommendations 
from the more recent update (Gangi 2006 are marked with  * ).   

  Table 23.7.    Summary of the evidence for interventional management of 
vertebral compression fractures with or without pathologic tumor invasion. 

   Technique     Evaluation  

  Vertebroplasty    2B +   
  Kyphoplasty    2B +   



CHAPTER 23 Pain in Patients with Cancer

189

  22.       Jackson   MB  ,   Pounder   D  ,   Price   C  ,   Matthews   AW  ,   Neville   E  .  Percutane-

ous cervical cordotomy for the control of pain in patients with pleural 

mesothelioma .  Thorax .    1999 ; 54 : 238  –  241 .  

  23.       Sanders   M  ,   Zuurmond   W  .  Safety of unilateral and bilateral percuta-

neous cervical cordotomy in 80 terminally ill cancer patients .  J Clin 

Oncol .    1995 ; 13 : 1509  –  1512 .  

  24.       Slavik   E  ,   Ivanovic   S  ,   Grujisic   D  ,   Djurovic   B  ,   Nikolic   I  .  Microsurgical 

spinothalamic chordotomy in the treatment of cancer pain .  J Buon .   

 2005 ; 10 : 223  –  226 .  

  25.       Stuart   G  ,   Cramond   T  .  Role of percutaneous cervical cordotomy for 

pain of malignant origin .  Med J Aust .    1993 ; 158 : 667  –  670 .  

  26.       Meeuse   JJ  ,   Vervest   AC  ,   van der   Hoeven   JH  ,   Reyners   AK  .   Five    - year 

follow - up of a cordotomy .  Pain Res Manag .  2008 ; 13 : 506  –  510 .  

  27.       Raslan   AM  .  Percutaneous computed tomography - guided radiof-

requency ablation of upper spinal cord pain pathways for cancer -

 related pain .  Neurosurgery .    2008 ; 62 : 226  –  233  discussion  233  –  224 .  

  28.       Kanpolat   Y  ,   Ugur   HC  ,   Ayten   M  ,   Elhan   AH  .  Computed tomography -

 guided percutaneous cordotomy for intractable pain in malignancy . 

 Neurosurgery .    2009 ; 64 : 187  –  193  discussion  193  –  184 .  

  29.       Jones   B  ,   Finlay   I  ,   Ray   A  ,   Simpson   B  .  Is there still a role for open 

cordotomy in cancer pain management?   J Pain Symptom Manage .   

 2003 ; 25 : 179  –  184 .  

  30.       Eisenberg   E  ,   Carr   DB  ,   Chalmers   TC  .  Neurolytic celiac plexus block for 

treatment of cancer pain: a meta - analysis .  Anesth Analg .    1995 ; 80 : 290  –

  295 .  

  31.       Yan   BM  ,   Myers   RP  .  Neurolytic celiac plexus block for pain control 

in unresectable pancreatic cancer .  Am J Gastroenterol .    2007 ; 102 : 430  –

  438 .  

  32.       Wong   GY  ,   Schroeder   DR  ,   Carns   PE  , et al.  Effect of neurolytic celiac 

plexus block on pain relief, quality of life, and survival in patients 

with unresectable pancreatic cancer: a randomized controlled trial . 

 JAMA .    2004 ; 291 : 1092  –  1099 .  

  33.       Zhang   CL  ,   Zhang   TJ  ,   Guo   YN  , et al.  Effect of neurolytic celiac plexus 

block guided by computerized tomography on pancreatic cancer 

pain .  Dig Dis Sci .    2008 ; 53 : 856  –  860 .  

  34.       Johnson   CD  ,   Berry   DP  ,   Harris   S  , et al.  An open randomized compari-

son of clinical effectiveness of protocol - driven opioid analgesia, celiac 

plexus block or thoracoscopic splanchnicectomy for pain manage-

ment in patients with pancreatic and other abdominal malignancies . 

 Pancreatology .    2009 ; 9 : 755  –  763 .  

  35.       Suleyman Ozyalcin   N  ,   Talu   GK  ,   Camlica   H  ,   Erdine   S  .  Effi cacy of 

coeliac plexus and splanchnic nerve blockades in body and tail 

located pancreatic cancer pain .  Eur J Pain .    2004 ; 8 : 539  –  545 .  

  36.       Abdalla   EK  ,   Schell   SR  .  Paraplegia following intraoperative celiac 

plexus injection .  J Gastrointest Surg .    1999 ; 3 : 668  –  671 .  

  37.       Kumar   A  ,   Tripathi   SS  ,   Dhar   D  ,   Bhattacharya   A  .  A case of revers-

ible paraparesis following celiac plexus block .  Reg Anesth Pain Med .   

 2001 ; 26 : 75  –  78 .  

  38.       van   Dongen   RT  ,   Crul   BJ  .  Paraplegia following coeliac plexus block . 

 Anaesthesia .    1991 ; 46 : 862  –  863 .  

  39.       Pello   S  ,   Miller   A  ,   Ku   T  ,   Wang   D  .  Hemorrhagic gastritis and duo-

denitis following celiac plexus neurolysis .  Pain Physician .    2009 ; 12 :

 1001  –  1003 .  

  40.       Plancarte - Sanchez   R  ,   Mayer - Rivera   F  ,   del   Rocio Guillen Nunez   M  , 

  Guajardo - Rosas   J  ,   Acosta - Quiroz   CO  .  Transdiscal percutaneous 

approach of splanchnic nerves .  Cir Cir .    2003 ; 71 : 192  –  203 .  

  41.       Abram   SE  ,   Boas   R  .  Sympathetic and visceral nerve blocks . In: 

  Benumof   J  , ed.  Clinical Procedures in Anesthesia and Intensive Care . 

 Philadelphia :  Lippincott ;  1992 : 787 .  

     3.       Ballantyne   JC  ,   Carwood   CM  .  Comparative effi cacy of epidural, 

subarachnoid, and intracerebroventricular opioids in patients 

with pain due to cancer .  Cochrane Database Syst Rev.   2005 ; 1 :

 CD005178 .  

     4.       Mercadante   S  ,   Intravaia   G  ,   Villari   P  ,   Ferrera   P  ,   Riina   S  ,   David   F  , 

et al.  Intrathecal treatment in cancer patients unresponsive 

to in mutiple trials of systemic opioids .  Clin J Pain .    2007 ; 23 : 

793  –  798 .  

     5.       Pasutharnchat   K  ,   Tan   KH  ,   Abdul Hadi   M  ,   Ho   KY  .  Intrathecal anal-

gesia in patients with cancer pain — an audit in a tertiary institution . 

 Ann Acad Med Singapore .    2009 ; 38 : 943  –  946 .  

     6.       Staats   PS  ,   Yearwood   T  ,   Charapata   SG  , et al.  Intrathecal ziconotide in 

the treatment of refractory pain in patients with cancer or AIDS: a 

randomized controlled trial .  JAMA .    2004 ; 291 : 63  –  70 .  

     7.       Raffaeli   W  ,   Sarti   D  ,   Demartini   L  ,   Sotgiu   A  ,   Bonezzi   C  .  Italian regis-

try on long - term intrathecal ziconotide treatment .  Pain Physician .   

 2011 ; 14 : 15  –  24 .  

     8.       Stearns   L  ,   Boortz - Marx   R  ,   Du   Pen   S  , et al.  Intrathecal drug delivery 

for the management of cancer pain: a multidisciplinary consensus of 

best clinical practices .  J Support Oncol .    2005 ; 3 : 399  –  408 .  

     9.       Krames   ES  .  Practical issues when using neuraxial infusion .  Oncology 

(Williston Park) .  1999 ; 13 : 37  –  44 .  

  10.       De   Pinto   M  ,   Dunbar   PJ  ,   Edwards   WT  .  Pain management .  Anesthesiol 

Clin .    2006 ; 24 : 19  –  37   vii .  

  11.       Mercadante   S  .  Problems of long - term spinal opioid treatment in 

advanced cancer patients .  Pain .    1999 ; 79 : 1  –  13 .  

  12.       Yaksh   TL  ,   Horais   KA  ,   Tozier   NA  , et al.  Chronically infused intrathecal 

morphine in dogs .  Anesthesiology .    2003 ; 99 : 174  –  187 .  

  13.       Abs   R  ,   Verhelst   J  ,   Maeyaert   J  , et al.  Endocrine consequences of long -

 term intrathecal administration of opioids .  J Clin Endocrinol Metab .   

 2000 ; 85 : 2215  –  2222 .  

  14.       Ruppen   W  ,   Derry   S  ,   McQuay   HJ  ,   Moore   RA  .  Infection rates 

associated with epidural indwelling catheters for seven days or 

longer: systematic review and meta - analysis .  BMC Palliat Care .   

 2007 ; 6 : 3 .  

  15.       Aprili   D  ,   Bandschapp   O  ,   Rochlitz   C  ,   Urwyler   A  ,   Ruppen   W  .  Serious 

complications associated with external intrathecal catheters used in 

cancer pain patients: a systematic review and meta - analysis .  Anesthe-

siology .    2009 ; 111 : 1346  –  1355 .  

  16.       Mullan   S  ,   Lichtor   T  .  Percutaneous microcompression of the trigemi-

nal ganglion for trigeminal neuralgia .  J Neurosurg .    1983 ; 59 : 1007  –

  1012 .  

  17.       Boersma   F  ,   Van   Kleef   M  ,   Rohof   O  ,   Stolker   R  ,   Touw   P  ,   Zuurmond  

 W  .  Richtlijnen anesthesiologische pijnbestrijding . Groningen  ,  The 

Netherlands :  Drukkerij van Denderen BV ;  1996 . ISBN: 90 - 71353 - 

06 - 0.  

  18.       Zuurmond   WW  ,   Perez   RS  ,   Loer   SA  .  Role of cervical cordotomy 

and other neurolytic procedures in thoracic cancer pain .  Curr Opin 

Support Palliat Care .    2010 ; 4 : 6  –  10 .  

  19.       Nagaro   T  ,   Amakawa   K  ,   Yamauchi   Y  ,   Tabo   E  ,   Kimura   S  ,   Arai   T  .  Per-

cutaneous cervical cordotomy and subarachnoid phenol block 

using fl uoroscopy in pain control of costopleural syndrome .  Pain .   

 1994 ; 58 : 325  –  330 .  

  20.       Amano   K  ,   Kawamura   H  ,   Tanikawa   T  , et al.  Bilateral vs. unilateral 

percutaneous high cervical cordotomy as a surgical method of pain 

relief .  Acta Neurochir Suppl (Wien) .  1991 ; 52 : 143  –  145 .  

  21.       Crul   BJ  ,   Blok   LM  ,   van   Egmond   J  ,   van   Dongen   RT  .  The present role 

of percutaneous cervical cordotomy for the treatment of cancer pain . 

 J Headache Pain .    2005 ; 6 : 24  –  29 .  



CHAPTER 23 Pain in Patients with Cancer

190

  50.       Dahan   A  ,   Yassen   A  ,   Bijl   H  , et al.  Comparison of the respiratory effects 

of intravenous buprenorphine and fentanyl in humans and rats .  Br J 

Anaesth .    2005 ; 94 : 825  –  834 .  

  51.       Peh   WC  ,   Munk   PL  ,   Rashid   F  ,   Gilula   LA  .  Percutaneous vertebral aug-

mentation: vertebroplasty, kyphoplasty and skyphoplasty .  Radiol Clin 

North Am .    2008 ; 46 : 611  –  635   vii .  

  52.       Kvarstein   G  ,   Mawe   L  ,   Indahl   A  , et al.  A randomized double - blind con-

trolled trial of intra - annular radiofrequency thermal disc therapy — a 

12 - month follow - up .  Pain .    2009 ; 145 : 279  –  286 .  

  53.       Bae   H  ,   Shen   M  ,   Maurer   P  , et al.  Clinical experience using Cortoss 

for treating vertebral compression fractures with vertebroplasty and 

kyphoplasty: twenty - four - month follow - up .  Spine (Phila Pa 1976) . 

 2010 ; 35 : E1030  –  E1036 .  

  54.       Lim   BS  ,   Chang   UK  ,   Youn   SM  .  Clinical outcomes after percutane-

ous vertebroplasty for pathologic compression fractures in osteolytic 

metastatic spinal disease .  J Korean Neurosurg Soc .    2009 ; 45 : 369  –  374 .  

  55.       McKiernan   F  ,   Faciszewski   T  ,   Jensen   R  .  Quality of life following verte-

broplasty .  J Bone Joint Surg Am .    2004 ; 86A : 2600  –  2606 .  

  56.       McGraw   JK  ,   Cardella   J  ,   Barr   JD  , et al.  Society of Interventional Radi-

ology quality improvement guidelines for percutaneous vertebro-

plasty .  J Vasc Interv Radiol .    2003 ; 14 : S311  –  S315 .  

  57.       Gangi   A  ,   Sabharwal   T  ,   Irani   FG  ,   Buy   X  ,   Morales   JP  ,   Adam   A  .  Quality 

assurance guidelines for percutaneous vertebroplasty .  Cardiovasc 

Intervent Radiol .    2006 ; 29 : 173  –  178 .   

 
  

  42.       Plancarte   R  ,   de   Leon - Casasola   OA  ,   El - Helaly   M  ,   Allende   S  ,   Lema   MJ  . 

 Neurolytic superior hypogastric plexus block for chronic pelvic pain 

associated with cancer .  Reg Anesth .    1997 ; 22 : 562  –  568 .  

  43.       de   Oliveira   R  ,   dos   Reis   MP  ,   Prado   WA  .  The effects of early or late neu-

rolytic sympathetic plexus block on the management of abdominal or 

pelvic cancer pain .  Pain .    2004 ; 110 : 400  –  408 .  

  44.       Plancarte   RS  ,   Mayer - Rivera   FJ  .  Radiofrequency procedures for sacral 

and pelvic region pain .  Pain Practice .  2002 ; 2 : 248  –  249 .  

  45.       Cousins   M  ,   Bridenbaugh   P  .  Neural Blockade in Clinical Anesthesia 

and Management of Pain .  3rd ed .  Philadelphia :  Lippincott Williams 

 &  Wilkins ;  1998 .  

  46.       deLeon Casasola   O  .  Cancer Pain: Pharmacological, Interventional, 

and Palliative Approaches .  1st ed .  Philadelphia :  Saunders Elsevier ; 

 2006 .  

  47.       Candido   K  ,   Stevens   RA  .  Intrathecal neurolytic blocks for the 

relief of cancer pain .  Best Pract Res Clin Anaesthesiol .    2003 ; 17 : 

407  –  428 .  

  48.       Rodriguez - Bigas   M  ,   Petrelli   NJ  ,   Herrera   L  ,   West   C  .  Intrathecal 

phenol rhizotomy for management of pain in recurrent 

unresectable carcinoma of the rectum .  Surg Gynecol Obstet .    1991 ; 173 :

 41  –  44 .  

  49.       Slatkin   NE  ,   Rhiner   M  .  Phenol saddle blocks for intractable pain at 

end of life: report of four cases and literature review .  Am J Hosp Palliat 

Care .    2003 ; 20 : 62  –  66 .  



191

  24    Chronic Refractory Angina Pectoris  

  Maarten     van     Kleef  ,     Peter     Staats  ,     Nagy     Mekhail   and     Frank     Huygen   
 
   

   Introduction 

 Angina pectoris is severe chest pain that is often accompanied 
by a heavy oppressive feeling. Angina pectoris occurs because of 
insuffi cient blood supply to the heart muscle. In most cases, this 
is caused by a constriction of the coronary arteries. It often coin-
cides with physical exertion or emotional strain, which causes the 
heart to beat more rapidly and is associated with higher oxygen 
consumption. The pain occurring in case of a sudden occlusion 
of a coronary artery because of a thrombus or embolus is usually 
more severe. A complete occlusion eventually leads to a myocar-
dial infarction. Risk factors of angina pectoris include smoking, 
obesity, hypertension, diabetes mellitus, and hypercholestero-
lemia. Besides coronary obstruction, coronary spasms may also 
cause symptoms of angina pectoris. 

 Angina pectoris can be treated with vasodilating drugs or by 
the reduction of exertion. A reduction of the blood pressure also 
leads to a lower cardiac workload and to decreased angina symp-
toms. Presently, a large number of pharmacological therapies are 
available. In addition, revascularization procedures, such as per-
cutaneous coronary angioplasty and coronary artery bypass graft-
ing (CABG), can help with angina attacks if a single or several 
discrete areas of obstruction can be identifi ed. 

 Angina pectoris is termed refractory if the conventional thera-
pies mentioned above have insuffi cient or no effect. Patients 
with refractory angina pectoris generally have a long history of 
coronary disease and are usually clearly limited in their physical 
activities. In addition to extensive anti - anginal pharmacologi-
cal treatment, these patients have often undergone one or more 
percutaneous coronary angioplasties or even CABG. Strikingly, 
most patients with refractory angina pectoris are relatively young, 
predominantly male, and sometimes have a limited ejection 
fraction.  1,2   

 In Europe, the annual prevalence of class III and class IV Cana-
dian Cardiovascular Society (CCS; angina pectoris upon mild 
exertion and at rest,) symptoms are estimated to be approxi-
mately 100,000.  3   

 Spinal cord stimulation (SCS) is considered a reasonable treat-
ment option for patients with chronic angina not responsive to 
more conservative strategies who are not candidates for coro-
nary revascularization surgery. Since its fi rst publication in 1987, 
several publications have demonstrated the safety and effi cacy in 
patients with severe coronary artery disease.  4    

  Diagnosis 

  History 
 The clinical signs of angina pectoris are typical. They are 
provoked by exertion and disappear at rest. Patients with severe 
coronary disease may experience various symptoms during exer-
tion, usually located substernally and sometimes radiating to 
adjacent areas, especially on the left side, such as the arms, neck, 
throat, jaw, or even the teeth. The pain sensation is often accom-
panied by other symptoms such as perspiration, nausea, and, 
sometimes, vomiting. Some patients suffering from angina pec-
toris are able to estimate the amount of exertion that will cause 
an attack of angina pectoris. The maximum exercise tolerance is 
closely related to the degree of coronary constriction in the main 
vessels. At rest, the angina pectoris threshold is clearly infl u-
enced by emotional stress, exposure to cold, meals, and smoking. 
These aspects of pain sensation suggest a dynamic stenosis of the 
coronary artery. The variability of the angina pectoris threshold 
suggests that a combination of fi xed and variable obstructions of 
the coronary vessels plays a role. Therefore, it can generally be 
stated that angina pectoris is not a specifi c indicator of the degree 
of coronary constriction but that angina pectoris can be an 
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often treated with anticholesterol drugs and platelet aggregation 
inhibitors.  

  Interventional  m anagement 

  Spinal  c ord  s timulation 
 A therapy that has anti - anginal effects, enhances the quality of life 
of patients with refractory angina pectoris, and is not harmful is 
a valuable treatment. An additional argument is that patients in 
this category show an annual mortality between 5% and 8%.  1   The 
population that should be treated includes patients who expe-
rience substantial limitations because of their angina pectoris 
despite exhaustive conservative and surgical intervention. 

 The mechanism of action of SCS remains as yet unsolved. 
The obtained pain reduction is related to the increased release of 
inhibitory neuropeptides such as GABA, dopamine, and glycine, 
and a reduced release of stimulating neuropeptides such as sub-
stance P and acetylcholine.  6,7   

 It has recently been suggested that the effects of SCS in angina 
pectoris are in part attributed to the protection of the myocardium 
and the normalization of the intrinsic nerve system of the heart 
muscle.  8   Studies have shown that patients treated with SCS have 
less angina symptoms, a lower use of short - acting nitrates, and 
an improved exercise tolerance.  9,10   Moreover, clear anti - ischemic 
effects have been demonstrated, such as an increased exercise 
time without a deterioration of the myocardial symptoms and an 
increased tolerance for arterial pacing. The reduced myocardial 
ischemia and reduced myocardial oxygen consumption (MVO 2 ) 
result in delayed angina pectoris symptoms.  11,12   

 SCS in patients with refractory angina pectoris results in 
reduced attacks that may be caused by the increased angina pec-
toris threshold as a result of the reduced MVO 2  and possibly the 
redistribution of the coronary blood fl ow. 

 It has also been suggested that angiogenesis would take place 
under the infl uence of SCS.  13   Redistribution of the myocardial 
blood fl ow has been demonstrated in three studies,  11,12,14   and it 
is proposed that some of the redistribution may be because of 
the formation of collaterals. Also, there are a number of studies 
that demonstrate that SCS does not mask acute myocardial 
infarction.  15 – 17    

  Effi cacy of  s pinal  c ord  s timulation  t reatment 
 The effi cacy of the treatment has been investigated in two pro-
spective, randomized studies.  9,10   The fi rst study was a prospective, 
randomized clinical study in 17 patients conducted between 1990 
and 1994. One group was implanted immediately after inclusion. 
The other group was implanted after a period of 8 weeks. Inclu-
sion criteria of both studies were: (1) angina pectoris, (2) coro-
nary angiogram in which coronary angioplasty or CABG was no 
longer an option, (3) New York Heart Association classifi cation 3 
or 4, (4) an exercise test with reversible ischemia, and (5) optimal 
pharmacological treatment for at least 1 month. The results 
demonstrated that the exercise capacity in the SCS group was 
better than in the control group and that the quality of life 

inconsistent, nonspecifi c phenomenon, determined by a variety 
of causes. 

 Angina pectoris is considered refractory if constant reversible 
myocardial ischemia and pain occur despite optimal anti - anginal 
therapy in cases with substantial stenosis of a signifi cant coronary 
artery (more than 75% stenosis in one or more of the main coro-
nary arteries).  

  Physical  e xamination 
 Physical examination is mainly directed at excluding other disor-
ders in the differential diagnosis. By the time the pain physician 
is involved, the patient will have had an extensive workup by a 
cardiologist.  

  Additional  t ests 
 Angina pectoris can be diagnosed when ischemia is identifi ed 
on an electrocardiogram when the patient is experiencing symp-
toms. Exercise stress tests, such as a bicycle ergometer test or a 
stress echo test and angiography, are examples of the wide variety 
of options that cardiologists can apply to evaluate the symptoms. 
The gold standard for the diagnosis of coronary disease is a coro-
nary angiogram or a computed tomography angiogram.  

  Differential  d iagnosis 
 All patients considered for SCS with refractory angina pectoris 
should have been seen by a cardiologist. In practice, patients who 
are eligible for SCS have often undergone comprehensive inter-
ventions, such as CABG and PTCA procedures. Patients with 
small vessel disease should be considered for SCS if medical treat-
ment is unsatisfactory. The differential diagnosis includes but is 
not limited to  5  :
    •      Pulmonary disorders: pulmonary hypertension, pulmonary 
embolism, pleuritis, pneumothorax, and pneumonia.  
   •      Nonischemic cardiac disease, mitral valve prolapse, and cardiac 
syndrome X.  
   •      Gastrointestinal disorders: peptic ulcer, pancreatitis, esophageal 
spasms, esophageal refl ux, cholecystitis, and cholelithiasis.  
   •      Musculoskeletal related: costochondritis, Tietze ’ s syndrome, 
thoracic trauma, cervical arthritis with or without radiculopathy, 
myositis, and cancer.  
   •      Spinal cord injury and thoracic radiculopathy.  
   •      Acute aortic dissection.  
   •      Herpes zoster with post - herpetic neuralgia.  
   •      Panic disorder.      

  Treatment  o ptions 

  Conservative  m anagement 
 All therapies for (refractory) angina pectoris aim to improve 
the myocardial ischemia by means of either the reduction of 
oxygen demand ( β  blockers, calcium channel blockers) or the 
increase of oxygen supply (nitrates, revascularization procedures, 
coronary angioplasty, or CABG). In addition, the patients are 
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malignancy, or cognitive disorders, that do not allow the patient 
to operate the spinal cord stimulator.  

  Evidence for  i nterventional  m anagement 
 The summary of the evidence for the interventional management 
for chronic refractory angina pectoris is given in Table  24.1 .     

  Recommendations 

 Based on the present literature, SCS is recommended in patients 
with chronic refractory angina pectoris that does not respond to 
conventional therapy who are referred by a cardiologist. 

  Clinical  p ractice  a lgorithm 
 Figure  24.1  represents the treatment algorithm for refractory 
angina pectoris based on the available evidence.    

  Technique(s) 
 The intervention takes place under strictly sterile conditions 
and antibiotic prophylaxis, eg, 1,000   mg of a cephalosporin intra-
venously. The patient is placed in a prone position on an operat-
ing table suitable for X - ray screening. The T8 – T9 vertebral level 
is identifi ed by means of a C - arm. A Tuohy needle is inserted 
under X - ray guidance to fi nd the epidural space, and a four - 
contact or eight - contact electrode array is placed with its cepha-
lad tip at the T2 – T3 level left of midline. Subsequently, test stimu-
lations are performed; the test stimulations should overlap the 
areas that are painful during angina attacks. The electrode is 
normally located in the T1 – T4 area. When the correct level has 
been found, the lead is fi xated, and the pacemaker is inserted in 
the left or right buttock, or in the upper abdomen. The electri-
cal continuity is then restored via an extension lead. The patient 
is hospitalized and treated with antibiotics for 24 hours. The 
patient can be discharged the following day. The treatment does 
not include a period of test stimulation. The system is implanted 
directly.   

  Summary 

 Angina pectoris is termed refractory if conventional treatment 
fails. 

 In case of persisting symptoms, spinal cord stimulation can be 
recommended after extensive multidisciplinary evaluation.  

variables in both groups were better after 12 months compared 
with baseline. 

 Mannheimer et al. ’ s Electrical Stimulation versus coronary 
artery BYpass surgery in severe angina pectoris study  9   was a pro-
spective, randomized study in 104 patients. The inclusion criteria 
were patients with angina pectoris refractory to pharmacological 
treatment in cases with no proven benefi t from CABG and with 
an increased risk of surgical complications. Group I, consisting of 
51 patients, was treated with CABG, and group 2, consisting of 53 
patients, received SCS. This study had a remarkably long follow -
 up of 5 years.  18   The results of this study showed improvement of 
symptoms in both groups after 1 year. There was reduced myocar-
dial ischemia, but only in the CABG surgery group. The mortality 
in the CABG group was higher than in the spinal cord stimulation 
group (seven and one cases of death, respectively). It should be 
mentioned that three patients died before their operation took 
place.With respect to morbidity, slightly more cerebrovascular 
accidents were reported in the CABG group. The long - term results 
demonstrated an improvement in anginal symptoms and of the 
quality of life in both groups. A prospective Italian publication 
of spinal cord stimulation in 104 patients with severe refractory 
angina showed a signifi cant improvement of angina symptoms in 
73% of the patients after a 13.2 - month follow - up.  19   Based on the 
above studies of effi cacy, it can be concluded that SCS can be con-
sidered an alternative to surgical intervention in a select patient 
population. SCS may also be a viable option in patients in whom 
surgery is not possible. 

 The indications for SCS in angina pectoris are controver-
sial. An open - label, randomized study compared the effi cacy of 
SCS to percutaneous myocardial laser revascularization. In this 
study, two groups of 30 patients each were followed for 1 year. 
Both groups demonstrated improved pain control and improved 
exercise tolerance. However, no signifi cant difference of effi cacy 
was observed between the groups.  20   Critics point out that the 
available randomized controlled trials are rather dated (10 to 
14 years old). During that time, it is possible that the improve-
ment in the anticholesterol drugs or anti - anginal drugs may have 
made SCS for angina obsolete. Also, the quality of percutaneous 
angioplasty has clearly improved, which makes the compara-
tive therapy less defi nitive. A recent cohort study shows that this 
therapy may have good results on a longer term as well.  21   It can be 
concluded that there is a need for a new prospective, randomized 
study.   

  Complications of  i nterventional  m anagement 
 The complications of SCS treatment are limited to minor compli-
cations in approximately 6.8% of the patients receiving the treat-
ment and include lead migrations, electrode fractures, battery 
failure, and subcutaneous infection.  1,10,18,22   

 Major complications have not been described in previously 
published studies. There are, of course, absolute contraindica-
tions for this treatment, including implantable cardioverter defi -
brillator pacemaker, irreversible bleeding diathesis, neuraxial 

  Table 24.1.    Summary of the evidence for interventional management of chronic 
refractory angina pectoris. 

   Technique     Evaluation  

  Spinal cord stimulation    2 B +   
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   Introduction 

 Pain takes a central position in a varied group of disorders, due to 
insuffi cient blood supply to the extremities. It results in ischemia 
of the peripheral tissues, which causes pain and often functional 
limitation in the patient. Pain is a signal indicating a serious 
problem. Two important groups of disorders can be distinguished: 
critical vascular disease  1   and the Raynaud ’ s phenomenon.  2 – 4   The 
latter can be subdivided into a primary and a secondary type.  2,3   
The context and the cause of each of these three groups is differ-
ent, which means that good diagnostics are essential to identify 
and infl uence the prognosis.  

  Epidemiology 

 Since there are two subgroups, the incidence and epidemiology of 
these groups is also different. 

  Critical ischemic vascular disease  is most common in patients 
over 55 years old as a result of arterial vascular disease. The 
annual incidence is 0.25 to 0.45 patients per 1,000 population. 
The disease initially presents as vague pain in the extremities, but 
ends in necrosis and amputation of the extremity in the course 
of 5 years. 

  Raynaud ’ s phenomenon  occurs frequently in our society with 
an incidence of 3% to 21%. 

 There is a primary form, also termed Raynaud ’ s disease, in 
which no underlying cause for the symptoms can be found. The 
secondary form, indicated with the general term Raynaud ’ s syn-
drome, does have an underlying cause. It is usually associated 
with systemic pathology, in particular rheumatic pathology. 

 The main pathophysiology is impaired perfusion of the periph-
eral parts of the extremities. Initially, it manifests itself as white 

discoloration of the fi ngers or toes and later as blue discoloration 
leading to ulcers. The most important diseases to consider include 
systemic diseases such as generalized sclerosis and scleroderma. 
In 90% of the cases with these diseases, Raynaud ’ s phenomenon 
is the fi rst symptom. Thromboangiitis obliterans or Buerger ’ s 
disease  5   can also be classifi ed under secondary Raynaud ’ s. The 
age at onset is usually under 45 years. It is an immune - mediated 
arteritis of which the pathology is not fully known, but smoking 
or smoke cessation can seriously affect the symptomatology. 
The incidence of the diseases varies considerably throughout 
the world. In the U.S. and Europe, the incidence is 0.5% to 15%, 
whereas the incidence mounts to 60% in some Asian countries. It 
is not clear how this large difference can be explained; it may be 
related to smoking and the type of tobacco used.  

  Etiology 

 As indicated above, the etiology of the diseases is different. 
  Critical ischemic disease  is often caused by arteriosclerosis 

due to hypertension or diabetes. Prevention by means of proper 
health hygiene is important and can infl uence the incidence and 
severity as well as the prognosis. 

  Primary Raynaud ’ s  is idiopathic and will be diagnosed as such 
if underlying systemic pathology has been excluded. 

  Secondary Raynaud ’ s  is often a manifestation of a systemic 
disease. It is essential to try to establish a diagnosis as soon as pos-
sible in order to infl uence the evolution of the disease. A sclerotic 
disease can indeed have a large impact on the functioning of vital 
organs such as the lungs, liver, or kidneys. Because secondary 
Raynaud ’ s also occurs in other disorders such as Buerger ’ s disease 
or even as an expression of a paraneoplastic phenomenon, these 
should always be considered. In some cases, it can be an adverse 
effect of chemotherapeutics.  6   
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intermittent claudication followed by an increasingly serious 
symptomatology over the years. Eventually, slow - healing ulcers 
will develop. 

 Critical ischemic disease predominantly occurs in the older 
population. This is in contrast to Buerger ’ s disease in which the 
fi rst symptoms are also atypical pain with eventual discoloration 
and ulceration. Patients with Raynaud ’ s phenomenon mostly 
complain of pain in the distal parts of extremities, often accom-
panied by white discoloration of the extremities. At a later stage, 
the discoloration darkens and ulcers may eventually develop.  

  Physical  e xamination 
 Ischemic pain is usually accompanied by a discoloration of the 
extremities. This is mostly a white discoloration of the distal parts 
of extremities, but it may change to a dark blue, color. Also impor-
tant is that there are no arterial pulsations in the affected area. 
The extremity will feel colder and may show skin lesions that heal 
very poorly in a later stage. The distal peripheral parts may show 
a tendency to necrosis. 

 General examination to evaluate the patient ’ s health (weight 
loss, malignancy) is relevant. The blood pressure should be meas-
ured and examination focusing on disorders of the connective 
tissues or on peripheral vascular disease should be carried out. 
The hands and feet should be inspected (wounds, ulcers); pres-
ence of dilated capillaries in the nail bed is also important.  

  Additional  t ests 
 Additional laboratory testing (sedimentation, antibodies, renal 
function) focusing on autoimmune disorders can best be per-
formed by an internist/rheumatologist. 

 In case of critical ischemic vascular disease, the imaging of 
the coronary arteries will be important, because it provides 
information about the prognosis and about whether surgical 
intervention could be useful. Imaging is less relevant in cases of 
Buerger ’ s disease and Raynaud ’ s phenomenon; clinical and labo-
ratory examination will provide suffi cient information to make 
the diagnosis. 

 Once the diagnosis has been established, the evolution can be 
followed by means of capillaroscopy, which determines both the 
number of capillaries and the rate of red blood cell circulation. 
The determination of the transcutaneous oxygen saturation is 
also a parameter indicating the severity of the disease; it can also 
be used to demonstrate improvement in the microcirculation 
resulting from particular treatments.  

  Differential  d iagnosis 
 In cases of secondary Raynaud ’ s especially, it is important to dem-
onstrate or exclude concomitant disorders. Severe vascular disease 
may lead to organ damage. Medicinal therapy is often indicated. 
The primary form may resemble acrocyanosis (blue discoloration 
of the nails) and primary livedo reticularis (red - blue discolored 
skin in a reticular pattern); both are caused by reduced perfusion 
of the skin and are enhanced by cold exposure and emotional 
stress.   

 Buerger ’ s disease appears to be an immune - mediated pathol-
ogy, occurring both in men and in women. The symptoms already 
present at an early age, but are predominantly determined by 
smoking behavior. The fi rst step in the treatment is therefore to 
refrain from tobacco use. 

 Table  25.1  gives an overview of the differences between primary 
and secondary Raynaud ’ s phenomenon, based on a recent publi-
cation by Pope.  7      

  Pathophysiology 

 The exact pathophysiological mechanism remains as yet largely 
unclear. However, it has been shown that the physiological vaso-
constriction on noradrenaline is enhanced by cold and that there 
is an increased sensitivity to  α  2  - agonists and serotonin. The 
vasoconstrictive endothelin - 1 would also be involved, and the 
Calcitonin Gene Related Peptide (CGRP) and Cyclooxygenase 
supposedly play a (modulating) role.  8   

 The primary or idiopathic form (Raynaud ’ s disease) often 
presents without an apparent cause and has a favorable course 
over time. In case of the secondary form (Raynaud ’ s syndrome), 
there is often a disorder of the connective tissue, collagen or a 
rheumatic disease, often with autoimmune features (scleroderma, 
Sj ö gren ’ s disease, rheumatoid arthritis, systemic lupus erythema-
tosus, polymyositis) or a peripheral vascular disease (throm-
boangiitis obliterans or Buerger ’ s disease). In rare cases, it occurs 
in combination with a malignancy or chemotherapy (cisplati-
num, bleomycin, and vincristine).  

  Diagnosis 

  History 
 The clinical history will mainly include pain in the extremities. In 
case of critical ischemic disease due to arteriosclerosis, patients 
often indicate evolution of nonspecifi c pain in the extremities 
while walking that disappears at rest. The fi rst symptom is usually 

  Table 25.1.    Differences between primary and secondary Raynaud ’ s 
phenomenon. 

        Primary     Secondary  

  Incidence    3% to 5%    0.2%  
  In combination with other diseases    No    Yes  
  Associated with antibodies    No    Often  
  Dilated capillaries in nail bed    No    Often  
  Familial predisposition    Yes    Yes  
  Connective tissue disorders in family    Yes    Yes  
  Medicinal treatment necessary    Rarely    Often  
  Complications    No, rarely    Yes  
  Improves after some time    Yes, often    Sometimes  

 From Pope JE  9   Reprinted by permission of the publisher. 
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et al.,  14   including 60 successive surgical lumbar sympathectomies, 
showed good results (no rest pain, healing of ulcers and no major 
amputations) in 48% of the patients after 6 months. 

 Keane  15   performed lumbar chemical sympathectomy using 
phenol 6% under X - ray guidance in 132 patients with critical 
ischemic vascular disease. Favorable results (no rest pain, warm 
extremity, and no amputation) were obtained in 52% of the 
patients after a follow - up of 16 months. Mashiah  16   studied 373 
patients with critical ischemic vascular disease who were treated 
with lumbar chemical sympathectomy. Success (no pain, healing 
of ulcers after 6 to 12 months and no amputation) was achieved 
in 58.7% of the patients. The amputation ratio was 20% and the 
mortality was 9%. Although the effect of sympathectomy in criti-
cal ischemic vascular disease is not consistent, several studies have 
shown a trend toward better pain reduction and ulcer healing, 
which justifi es its consideration.  

  Spinal  c ord  s timulation 
 Spinal cord stimulation (SCS) has been used to treat a variety of 
chronic pain syndromes since 1967. The effect of SCS is prob-
ably based on several mechanism of action.  17   In 1996, Jivegard 
et al.  18   published a randomized study on the effect of SCS in 51 
patients with critical ischemic vascular disease with a follow - up of 
18 months. He concluded that SCS resulted in better pain reduc-
tion than treatment with analgesics, but there was no signifi cant 
difference in amputation rates between both groups. A subgroup 
analysis in patients without arterial hypertension did show a sig-
nifi cant difference in amputation percentages. 

 A Belgian national study by Suy et al.  19   showed no signifi -
cant difference in amputation percentages, although there was a 
tendency favoring fewer amputations in the group receiving SCS. 
A randomized study by Klomp et al.  20   including 120 patients with 
critical ischemic vascular disease showed that SCS with phar-
macological treatment was not signifi cantly better with respect 
to amputation scores at 2 - year follow - up than the group receiv-
ing pharmacological treatment alone. In 2001, the same research 
group published the results of a subgroup in whom the differ-
ence in transcutaneous pO 2  between a lying and a sitting posi-
tion was  > 15   mm   Hg, and who showed a signifi cant amputation 
reduction.  21   Several nonrandomized studies have demonstrated 
a signifi cantly lower amputation percentage in SCS groups.  1,22 – 24   

 A Cochrane Review of 2005 concluded that SCS in critical 
ischemic vascular disease: (1) leads to fewer amputations; (2) pro-
vides better pain relief; and (3) restores more patients to Fontaine 
stage II.  1   Patients receiving conservative treatment exhibited more 
adverse effects due to medication, including: (1) gastrointestinal 
hemorrhage; (2) nausea; and (3) dizziness. It should be noted that 
SCS also is associated with complications including implantation 
problems, as well as additional intervention due to lead migra-
tion and infection. SCS is more expensive: 36,500 Euros (SCS) vs. 
28,600 Euros (conservative). 

 Spinal cord stimulation may reduce amputation rate and 
pain in selected patients with critical ischemic vascular disease 
that is refractory to conservative and minimally invasive pain 
treatment.   

  Treatment  o ptions 

  Conservative  m anagement for  i schemic 
 v ascular  d isease 
 Patients with pain due to a vascular disease initially receive con-
servative and pharmacological therapy that aims at treating the 
underlying cause. If the symptoms persist, it may be decided to 
perform vascular surgery. The patient group discussed in this 
chapter concerns inoperable, vascular patients with pain at rest 
and/or ulcers (Fontaine III en IV)  9   (Table  25.2 ).    

  Interventional  m anagement for  i schemic 
 v ascular  d isease 
 The treatment of these patients is aimed at pain reduction and 
cure of the ulcers in order to prevent amputation. The literature 
mentions two methods:
   1     Sympathectomy  
  2     Spinal cord stimulation    

  Sympathectomy 
 Sympathectomy primarily has a vasodilatatory effect on the col-
lateral circulation resulting from a reduced sympathetic tone. 
Improved oxygenation of the tissues leads to less tissue damage, 
which results in decreased pain and increased healing of the 
ulcers. Pain reduction also occurs due to the interruption of sym-
pathetic nociceptive interaction. 

 Three randomized studies were reported in the literature. 
Only Cross and Cotton  10   found signifi cant pain reduction in the 
group treated with chemical lumbar sympathectomy compared 
to the control group (bupivacaine injection) (66.7% vs. 23.5%), 
but no changes in the anklebrachial index. The two other ran-
domized controlled trials (RCTs) did not show any objective 
advantages.  11,12   

 Over the years, however, several cohort studies have been con-
ducted examining the effect of sympathectomy, either surgical or 
chemical. Sanni et al.  13   concluded in their review that although the 
RCTs did not support its use, many cohort studies have shown a 
positive effect of sympathectomy in patients with critical ischemic 
vascular disease. A retrospective study by Repealer van Driel 

  Table 25.2.    Classifi cation of perfusion disorders in peripheral arterial vascular 
disease according to Fontaine. 

  Stage I    No symptoms (suffi cient peripheral circulation)  

  Stage II    Pain upon exertion, intermittent claudication  

  IIa    ability to walk  > 100   m  

  IIb    ability to walk  < 100   m  

  Stage III    Pain at rest in the extremity concerned and in the supine position 
due to a poor muscle perfusion. The pain often temporarily 
decreases if the leg is dependent  

  Stage IV    Trophic disorders such as necrosis/gangrene  
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  Complications of  i nterventional  m anagement for 
 i schemic  v ascular  d isease 
 Complications of sympathectomy and SCS are described in the 
chapter,  “ Complex Regional Pain Syndrome (CRPS). ”   25    

  Evidence for  i nterventional  m anagement 
for  i schemic  v ascular  d isease 
 The summary of the evidence for the interventional management 
of extremity pain due to vascular disease is given in Table  25.3 .    

  Recommendations for  i schemic  v ascular  d isease 
 A sympathetic nerve block can be considered in patients with crit-
ical ischemic vascular disease after extensive conservative treat-
ment, preferably in the context of a study. If this has insuffi cient 
effect, SCS can be considered in a selected patient group. In view 
of the degree of invasiveness and the costs involved, this treatment 
should preferably be applied in the context of a study, with trans-
cutaneous pO 2  measurements recommended.  

  Clinical  p ractice  a lgorithm for 
 i schemic  v ascular  d isease 
 Figure  25.1  represents the treatment algorithm for ischemic vas-
cular disease.    

  Technique(s) 
 We refer to the chapter on  “ CRPS ”  for the techniques.  25    

  Conservative  m anagement for 
 r aynaud ’ s  p henomenon 
 The treatment of the primary form of Raynaud ’ s phenomenon 
is usually conservative and not pharmacological. In case of 
primary Raynaud ’ s, it is generally suffi cient to inform the patient 
well and advise them to avoid provoking factors by wearing 
warm clothes, stopping smoking, taking suffi cient exercise and 
avoiding vasoconstrictive medication. If pharmacological treat-
ment is required, the vasodilators nifedipine (Ca - antagonist) and 
prazosin ( α  1  - blocker) have been studied most, but their effects 
have been disappointing.  2,3   The main problems encountered 
with these drugs are the adverse effects and the loss of long -
 term effi cacy. 

 The treatment of secondary Raynaud ’ s is initially aimed at the 
underlying disease. Figure  25.2  presents an algorithm for the con-
ventional treatment of Raynaud ’ s disease.    

  Table 25.3.    Summary of the evidence for interventional management for 
ischemic vascular disease. 

   Technique     Evaluation  

  Sympathectomy    2B ±   
  Spinal cord stimulation    2B ±   

     Figure 25.1.     Clinical practice algorithm for the treatment of critical ischemic 
vascular disease.  

     Figure 25.2.     Clinical practice algorithm for the conventional treatment of 
secondary Raynaud ’ s disease.   

Ca-antagonistCa-antagonist
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  Interventional  m anagement for  r aynaud ’ s 
 p henomenon 

  Sympathectomy 
 Sympathectomy is not often performed in patients with Ray-
naud ’ s. However, it can be considered in patients with dystrophic 
changes leading to ulceration. The literature does not include 
any RCTs. In their retrospective study ( n     =    28), Matsumoto et 
al.  26   found an initially favorable result in 92.9% after endoscopic 
thoracic sympathectomy (ETS); however, recurrent symptoms 
were subsequently noted in 82.1%. Despite recurrent symp-
toms, these patients did not exhibit ulcerations during the study 
period. Maga et al.  27   showed a long - lasting positive effect (follow -
 up 5 years) on microcirculation after ETS (Th2 - Th4). Although 
symptoms returned in 28% of patients, no ulcerations were seen. 
A recent retrospective ( n     =    34) study by Thune et al.  28   demon-
strated that most patients (83%) experience an immediate posi-
tive effect after thoracoscopic sympathectomy. In their study, this 
effect persisted in 33% of patients after a mean follow - up of 40 
months.   

  Other  t reatments 

  Botulinum  t oxin a  i njections 
 A study by Van Beek et al.  29   describes 11 patients with rest pain 
and fi nger ulcers who received perivascular injections with botu-
linum toxin A. There was an immediate favorable effect on the 
pain in 100% of the patients. In nine patients (82%), the ulcers 
healed spontaneously and this effect was still present in these 
patients after follow - up of as long as 30 months.   

  Complications of  i nterventional  m anagement for 
 r aynaud ’ s  p henomenon 
 Complications of sympathectomy are described in the chapter 
 “ CRPS. ”   25    

  Evidence for  i nterventional  m anagement for 
 r aynaud ’ s  p henomenon 
 The summary of the evidence for the interventional management 
of extremity pain due to vascular disease is given in Table  25.4 .    

  Recommendations  r aynaud ’ s  p henomenon 
 Sympathectomy can be considered in the treatment of Raynaud ’ s 
phenomenon, but only after multidisciplinary evaluation of the 
patient and in close consultation with the patient ’ s rheumatolo-
gist, vascular surgeon or internist.  

  Clinical  p ractical  a lgorithm of  r aynaud ’ s  p henomenon 
 The algorithm for the interventional management of Raynaud ’ s 
phenomenon is illustrated in Figure  25.3 .    

  Technique 
 Both, the technique of SCS and of sympathetic nerve blocks are 
described in the chapter on CRPS.  25     

  Table 25.4.    Summary of the evidence for interventional management for 
Raynaud ’ s phenomenon. 

   Technique     Evaluation  

  Sympathectomy    2C +   

     Figure 25.3.     Clinical practice algorithm for the treatment of Raynaud ’ s 
phenomenon.  

  Summary 

 Patients with pain due to  critical ischemic vascular disease  should 
fi rst receive conservative and medicinal treatment directed at the 
underlying cause. A sympathetic nerve block can be considered 
in inoperable vascular patients with refractory rest pain and/or 
ulcers. 

 Considering the degree of invasiveness, SCS can be considered, 
preferably in the context of a study. 

 Treatment of the primary form of  Raynaud ’ s  is generally con-
servative and nonmedicinal. 

 Treatment of secondary Raynaud ’ s phenomenon is initially 
aimed at the underlying cause. 

 Sympathectomy can be considered in patients with refractory 
pain after extensive multidisciplinary evaluation and in consul-
tation with the patient ’ s rheumatologist, vascular surgeon or 
internist.  
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   Introduction 

 The pancreas consists of acini, islets of Langerhans, and ducts. 
Acini are units of approximately 20 acinar cells with a few cen-
troacinar cells. Several pancreatic enzymes are produced in the 
acinar cells: amylase in an active form, lipases, nucleases, and pro-
teolytic enzymes (trypsins) in an inactive form. The centroacinar 
cells produce bicarbonate. The A cells in the islets of Langerhans 
produce glucagon and the B cells insulin. The regulation of the 
pancreas is controlled by hormones and the autonomic (sympa-
thetic and parasympathetic) nervous system. The hormone chole-
cystokinin (CCK) is released from special intestinal cells and has 
a stimulating effect on the exocrine function of the pancreas. The 
release of CCK is stimulated by CCK - releasing peptide, a protein 
that is intraluminally active and denatured by trypsin. 

 Innervation of the pancreas consists of sympathetic fi bers from 
the nervi splanchnici and parasympathetic fi bers from the nervi 
vagi. The intrapancreatic acinar plexus contains both sympathetic 
and parasympathetic fi bers. Parasympathetic fi bers stimulate exo-
crine as well as endocrine secretion. Sympathetic fi bers mainly 
have an inhibiting effect on this release. A rich sensory network is 
located in the pancreas around the acinar cells.  1 – 3   

 Chronic pancreatitis is defi ned as a progressive infl ammatory 
response of the pancreas that leads to irreversible morphologi-
cal changes of the parenchyma (fi brosis, loss of acini and islets of 
Langerhans, and the formation of pancreatic stones), as well as 
the pancreatic duct (stenosis and pancreatic stones). 

 In contrast to acute pancreatitis, in which the acute infl amma-
tory damage is transient, chronic pancreatitis involves a progres-
sive process. Although these two clinical pictures may overlap 
(recurrent episodes of acute pancreatitis may lead to chronic pan-
creatitis), they each have a different pathological picture, etiology, 
and course.  4   

 Also in contrast to acute pancreatitis, which involves a neu-
trophilic infl ammatory reaction, chronic pancreatitis is charac-
terized by mononuclear infi ltration and fi brosis. Fibrosing of the 
parenchyma accompanied by the loss of acini and islets of Lang-
erhans eventually leads to loss of function. This functional loss 
can be both exocrine (resulting in lipase defi ciency with steator-
rhea, diarrhea, and weight loss) and endocrine (causing diabetes 
mellitus [DM] in case of insulin defi ciency). This functional loss 
only occurs when 90% of the acini or islets of Langerhans are lost, 
respectively. Moreover, the fi brosing process can lead to strictures 
in the structures next to the pancreas, such as the duodenum, 
ductus choledochus, and colon. Fibrosis around the vena lienalis 
can cause thrombosis of this vein, eventually resulting in hemor-
rhages from gastric (fundal) varices. Morphological changes of 
the ductus pancreaticus may lead to a rupture resulting in pseu-
docysts, ascites, and fi stulas. Two to three per cent of the patients 
with chronic pancreatitis ultimately develop a pancreatic carci-
noma. The most common symptoms, however, are exocrine pan-
creatic insuffi ciency and pain.  5 – 8   

  Epidemiology 
 The incidence of chronic pancreatitis in the Western world 
amounts to 10/100,000. It is more common in men (3:1), and 
presents mostly between ages 40 and 50. Chronic pancreatitis 
cannot be cured. Ten years after the disorder has been diagnosed, 
30% of the patients will have died. Death rarely results from mul-
tiple organ failure or sepsis in case of an acute exacerbation, sur-
gical complications or late complications of DM. It is more likely 
that premature death is caused by the patient ’ s lifestyle. These 
patients have an increased risk to develop lung cancer or esopha-
geal cancer as a result of nicotine and alcohol abuse. In addition, 
they have an increased risk of cardiovascular disease and alcohol -
 related accidents. Finally, these patients have an increased risk to 
develop a pancreatic carcinoma.  9 – 11    
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parenchyma was determined before surgery or partial pancreatic 
resection. Although higher pressures were found in the patients ’  
parenchyma and the pressures were lower after the procedure, 
there was no consistent correlation with the pain.  17 – 19   

 Other factors that may cause nociceptive pain in chronic 
pancreatitis include: obstruction of the duodenum or ductus 
choledochus, infi ltration of the retroperitoneum, pseudocyst for-
mation with compression of the surrounding organs, obstruction 
of the ductus pancreaticus due to fi brosis/stones/protein plugs, 
pancreatic ischemia due to atherosclerosis, gastric or duodenal 
ulcers, and meteorism due to malabsorption.  20,21   

  Neuropathic pain  involves a change of the sensory nerves or the 
central nervous system itself. This change or damage is caused by 
(but is not dependent on for perpetuation) nociceptive activation. 
It has been shown that changes occur in the neurons innervat-
ing the pancreas that are located in the ganglia spinalia (dorsal 
root ganglia).  22   Patients with chronic pancreatitis appear to show 
generalized hyperalgesia, possibly based on deep sensitization.  23   

  Neurogenic infl ammation  is another proposed mechanism for 
pain. Cell death and tissue infl ammation cause changes in the 
pH and the release of ions and infl ammatory products such as 
cytokines and ATP. These infl ammatory substances have direct 
as well as indirect effects on the nerve fi bers and their ganglia 
once neuropathic pain develops. Neurogenic infl ammation itself 
induces the production and increased release of neuropeptides, 
which then reinforces the infl ammatory reaction in the tissues.  24     

  Diagnosis 

  History 
 Patients with chronic pancreatitis can be free of pain for long 
periods of time (acute pancreatitis is always painful). This 
occurs in 20% of the patients with chronic pancreatitis and exo-
crine pancreatic insuffi ciency. These patients mainly suffer from 
diarrhea, foul - smelling stools that are diffi cult to fl ush (fl oating) 
and weight loss. Steatorrhea may lead to defi ciencies of fat - soluble 
vitamins (A, D, E, and K) and vitamin B12. Also, chronic pancrea-
titis can cause insulindependent DM. This usually occurs later in 
the course of the disease. The risk of developing early DM appears 
to be increased in patients with a positive family history for DM 
and in patients with chronic pancreatitis and multiple pancreatic 
calcifi cations upon imaging. As the production of glucagon is dis-
turbed in chronic pancreatitis, this form of DM includes a higher 
risk of hypoglycemia. Diabetic ketoacidosis and nephropathy are 
rare, but neuropathy and retinopathy are very common.  6,25,26   

 Patients with pain typically complain of epigastric pain that 
radiates through to the back. The pain may deteriorate 20 to 30 
minutes after a meal and is often accompanied by nausea and 
vomiting. Two patterns of symptoms are described in patients 
with alcoholic chronic pancreatitis. Type I is pain presenting in 
episodes of one to several weeks duration with pain - free intervals 
that can last for months or years. Type II is persistent pain with 
exacerbations requiring hospitalization.  27    

  Etiology 
 Chronic pancreatitis is associated with (excessive) alcohol use in 
70% to 80% of the patients. The mechanism of how alcohol causes 
pancreatitis is not yet clear. A large number of alcoholics do not 
develop pancreatitis, so a genetic factor may also be involved. It 
has been diffi cult to unravel the mechanism that causes alcohol -
 associated pancreatitis because there is no animal model in which 
the symptoms can be reproduced to simulate human alcoholic 
pancreatitis. It has been possible, however, to use animal models 
to show that alcohol increases the severity of pancreatitis that has 
been induced in another way.  12   

 Alcohol does not play a role in 30% of the patients. In approxi-
mately half of these patients, the etiology can be established 
(Table  26.1 ); the other patients are considered to have idiopathic 
chronic pancreatitis.  13     

 Pain is one of the most important symptoms of chronic pancre-
atitis. The pathogenesis of this pain can only partly be explained 
and it is therefore often diffi cult to treat this symptom. Pain in 
pancreatitis may be caused by different mechanisms.
   1     Nociceptive pain  
  2     Neuropathic pain  
  3     Neurogenic infl ammation    

  Nociceptive pain  occurs after the activation of primary afferent 
neurons that respond to a chemical or mechanical stimuli. The 
pain is proportional to the degree of stimulation. Chronic pan-
creatitis involves infl ammatory infi ltration of sensory nerves. In 
human and animal models with chronic pancreatitis, perineural 
infi ltrates are found with a high percentage of eosinophils in 
which the degree of infi ltrative disorder correlates with the sever-
ity of the pain.  14   In the presence of infl ammation, ischemia, 
increased pressure and release of, for instance, bradykinins, pros-
taglandins and substance P, nociceptors are activated, generating 
action potentials, and nociceptive pain thus develops.  15   

 One theory argues that high pressure in the ductus pancreati-
cus leads to pain due to obstruction. Obstruction of the ductus 
pancreaticus can cause an  “ overpressure ”  proximally. This expla-
nation of the pain is the basis for endoscopic and surgical drain-
age procedures. In 1970, an article was published about a patient 
in whom pain could be induced by injecting salt solutions in a 
drainage catheter located in a pancreatic fi stula.  16   

 Subsequently, several studies into overpressure in the ductus 
pancreaticus were carried out (preoperatively and during endo-
scopic retrograde cholangio pancreatography with manometry 
of the ductus pancreaticus), which showed inconsistent results. 
There are three studies in which the pressure in the pancreatic 

  Table 26.1.    Possible etiologies of chronic pancreatitis. 

  Alcoholic pancreatitis  
  Hereditary pancreatitis  
  Autoimmune pancreatitis  
  Metabolic pancreatitis (hypercalcemia, hyperlipidemia)  
  Tropical pancreatitis  
  Idiopathic pancreatitis  
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   •      Duodenal obstruction with passage problems. Treatment: 
gastrojejunostomy.    

 The initial treatment of pain in chronic pancreatitis consists 
fi rst of all of lifestyle adjustments and analgesics.  

  Lifestyle  a djustments 
 In view of the association between alcohol abuse and pancreatitis, 
total abstinence from alcohol is recommended (also in patients 
with chronic pancreatitis in whom another etiology has been 
found). This may result in pain reduction, and in better survival-
rates.  6,38,39   However, there are no prospective randomized studies 
or systematic reviews that prove this assertion.  

  Analgesics 
 All treatment guidelines for pain in chronic pancreatitis follow 
the 3 - step ladder of the World Health Organization for the treat-
ment of chronic pain. 

 The treatment should start with monotherapy. If this has 
insuffi cient effect, a combination therapy can be applied. Periph-
erally acting medication is then combined with centrally acting 
medication. 

 The fi rst step in cases of limited - to - mild pain consists of non-
opioid analgesics. The second step is applied in cases of mild -
 to - moderate pain and combines a nonopioid analgesic with a 
weak opioid. Titration is performed until the result is satisfac-
tory. In cases of severe pain, a strong opioid such as morphine 
is prescribed (Step 3). The three steps can be combined with co -
 analgesics: an antiepileptic or a tricyclic antidepressant drug. 

 There are no randomized studies that compare the effi cacy 
of the analgesics mentioned above for the treatment of pain in 
chronic pancreatitis. It is important to prescribe long - acting 
instead of short - acting morphinomimetics because of the ten-
dency of this patient group to become addicted. It is also essential 
to register the effect of pain medication, for example by means of 
the visual analog score. The pain medication should preferably be 
prescribed by only one doctor to monitor the effect and reduce 
the risk of doctor - shopping behavior and addiction. 

  Paracetamol 
 Paracetamol (acetaminophen) is the pain medication of fi rst 
choice. It has good analgesic and antipyretic properties and few 
side effects, especially no gastrointestinal side effects in the rec-
ommended dosage. However, paracetamol does not have any 
activity on cyclooxygenase (COX) and thus no anti - infl ammatory 
activity.  

  Nonsteroidal  a nti -  i nfl ammatory  d rugs 
 The mechanisms of pain in chronic pancreatitis described above 
(nociceptive pain, neuropathic pain, and neurogenic infl amma-
tion) justify the prescription of antiinfl ammatory analgesics. 
Nonsteroidal anti - infl ammatory drugs (NSAIDs), compared to 
the prototype aspirin, exert COX - 1 and COX - 2 - inhibiting activ-
ity in varying degrees. Therefore, they possess a pain - relieving, 
antipyretic as well as anti - infl ammatory activity. NSAIDs are 

  Physical  e xamination 
 Physical examination usually does not reveal more than pain with 
pressure applied to the epigastrium. 

 Fever or a palpable mass suggests a complicated course of 
chronic pancreatitis (pseudocyst).  

  Additional  t ests 
 Because the pancreas is not encapsulated, acute pancreatitis can 
spread rapidly in a normal pancreas from parenchymal edema via 
surrounding fat (fat necrosis) to the retroperitoneal areas. In case 
of a chronically infl amed pancreas, a possible additional acute 
infl ammatory component may be limited to a small area due to 
fi brosis of the pancreas. Therefore, routine laboratory examina-
tion does not play an important role in the diagnosis of chronic 
pancreatitis because amylase, lipase, and infl ammatory param-
eters can be completely normal or only slightly elevated.  28   

 A decreased exocrine function due to chronic infl ammation 
can be demonstrated by means of a determination of elastase and 
fecal fat excretion. Glucose/HbA1c determination can be used 
to assess the endocrine pancreatic function. In case of chronic 
pancreatitis, the exocrine function is usually affected sooner and 
more severely than the endocrine function.  29   

 Imaging techniques that may contribute to the diagnosis of 
chronic pancreatitis include: ultrasound, CT, MRI, and endo-
scopic ultrasound (EUS). The diagnosis is established by means 
of imaging and functional evaluation. Ultrasound and CT can be 
used to demonstrate abnormalities in the pancreatic parenchyma, 
such as calcifi cations, pseudocysts, and tumors. Magnetic reso-
nance cholangio pancreatography examination can show abnor-
malities in the ductus pancreaticus, such as strictures, dilatations, 
and intraductal concrements. If the diagnosis of pancreatitis is 
doubted, EUS can be used to perform a puncture of the focal 
lesions or cysts to exclude malignancies.  30 – 34    

  Differential  d iagnosis 
    1     Pancreatic carcinoma  
  2     Peptic ulcer  
  3     Symptomatic gallstone disease  
  4     Irritable bowel syndrome      

  Treatment  o ptions 

  Conservative  m anagement 

  Causal  t reatment 
 The following symptoms and complications of chronic pancreati-
tis should be treated fi rst.  35 – 37  
    •      Pseudocysts, if they are causing pain because of their location 
or if their size increases. Treatment: endoscopic, radiological or 
surgical drainage.  
   •      Obstruction of the ductus choledochus. Treatment: endoscopic 
stenting or surgical choledochoenterostomy.  
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has an effect on the development or deterioration of acute or 
chronic pancreatitis.  41 – 44   

 Patients with chronic pancreatitis often suffer from depression 
due to their chronic pain symptoms. Tricyclic antidepressants 
have an effect on neuropathic pain as well as on depressive symp-
toms and can therefore contribute substantially to the treatment 
of pain in chronic pancreatitis. 

 Anticonvulsive drugs, gabapentin in particular, appear to be 
effective in the treatment of neuropathic pain in DM. Gabapentin 
is now frequently prescribed in cases of chronic pain in pancrea-
titis.  44      

  Interventional  m anagement 
     •      Anesthesiological: radiofrequency (RF) treatment of the nervi 
splanchnici and spinal cord stimulation (SCS).  
   •      Endoscopic: stenting, stone extraction possibly in combination 
with lithotripsy.  
   •      Surgical.    

  Anesthesiological  p ain  t reatment 

  Relevant  a natomy 
 The sympathetic innervation of the abdominal organs starts from 
the anterolateral horn in the spinal cord. Preganglionar (pre-
ganglionic) fi bers of Th5 to Th12 leave the spinal column after 
merging with the ramus ventralis. Together with these communi-
cating rami they course in the direction of the truncus sympathi-
cus (sympathetic chain). The fi bers do not form synapses in the 
sympathetic chain, but run through it. The formation of synapses 
occurs more peripheral to the level of the ganglia: ganglion coe-
liacum, ganglion aorticorenale, ganglion mesentericum superius. 

 Preganglionar nerves confl uence into three nervi splanchnici 
(major, minor, imus) that course along the paravertebral border 
(Table  26.2 ).   

 Just below the level of the crus of the diaphragm, the nervi 
splanchnici confl uence with the vagal preganglionar parasympa-
thetic fi bers, sensory fi bers of the nervus phrenicus, and postgan-
glionar sympathetic fi bers to the plexus coeliacus that are draped 
around the aorta abdominalis, especially at the anterior side. 
Figure  26.1  provides an image of the innervation of abdominal 
organs.   

 The nervi splanchnici are localized in a narrow pyramid of 
which the medial edge is formed by the lateral border of the 
vertebra, the lateral edge by the medial pleura and the crus of 
the diaphragm forms the basis of the triangle. The anterior side 
is formed by the posterior wall of the mediastinum and the 

therefore considered the fi rst choice for nociceptive pain. Theo-
retically, NSAIDs can also play a positive role in reducing neuro-
genic infl ammation. 

 However, the possible advantages of NSAIDs should be 
weighed against the disadvantages compared to, for instance, 
paracetamol. The side effects of NSAIDs vary from dyspepsia 
and skin disorders to gastric ulcerations and renal toxicity. Renal 
toxicity depends especially on the glomerular fi ltration rate. This 
implies that patients with renal disorders, liver cirrhosis and heart 
failure have an increased risk of nephrotoxicity. Risk factors for 
gastrointestinal side effects include: advanced age, liver cirrho-
sis, and additional factors that infl uence coagulation. If NSAIDs 
are chronically prescribed, it is generally recommended to add a 
proton pump inhibitor to the therapy.  

  Selective  COX  - 2  i nhibitors 
 Recent data show overexpression of COX - 2 in chronic pan-
creatitis.  40   The contribution of COX - 1 inhibitors should not be 
underestimated in the treatment of pronociceptive factors such 
as prostaglandins as part of the treatment of chronic pancreatitis. 
Moreover, long - term use of selective COX - 2 inhibitors presum-
ably increases the risk of cardiac disease, and they are therefore 
not indicated in the treatment of chronic pancreatitis. There are 
case reports that suggest COX - 2 inhibitors induce fl ares of acute 
pancreatitis.  

  Opioids 
 If NSAIDs do not result in suffi cient pain relief, opioids can be 
prescribed. Long - acting preparations are preferred. If necessary, 
a fast - acting morphine preparation can be prescribed. Nausea 
and vomiting may occur when these preparations are started, 
but the side effects will soon disappear and can be treated with 
low doses of a centrally acting antiemetic or haloperidol. In 
cases of constipation caused by medication, laxatives can be 
added to the therapy. Opioids therapy might be controversial in 
chronic pancreatitis patients as there is often a coincidence with 
addiction. 

 Opioids are active by binding to one of the known opioid 
receptors (mu, kappa, and delta). Opioid receptors are also 
present in the sphincter of Oddi. The sphincter of Oddi is a mus-
cular valve in the duodenal wall that controls the release of bile 
and pancreatic juice, which is infl uenced by the hormone CCK. 
There is a tonic rest pressure as well as phasic antegrade con-
tractions in this sphincter. Opioids result in an increase of the 
contraction frequency, amplitude and rest pressure. As this effect 
can only partly be counteracted by naloxone (μ - antagonist), 
it is likely that the effect of morphine on the sphincter of Oddi 
is mediated by several opioid receptors. The degree to which 
various morphinomimetics infl uence the pressure in the sphinc-
ter of Oddi has been studied. The results vary, partly also because 
different manometric techniques were used. From the different 
studies, it can be concluded that all opioids cause an increase of 
the sphincter pressure. However, there are no studies that justify 
the conclusion that increased pressure of the sphincter of Oddi 

  Table 26.2.    Nervi splanchnici and preganglionair fi ber level. 

   Nervus splanchnicus division     Preganglionar fi ber level  

  Nervus splanchnicus major    Th5 to Th9  
  Nervus splanchnicus minor    Th10 to Th11  
  Nervus splanchnicus imus    Th11 to Th12  
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  Spinal  c ord  s timulation 
 The use of SCS to treat visceral pain was initially described in 
case reports.  47 – 52   A recent publication of a retrospective review of 
35 patients who received a trial with SCS reported that 30 patients 
experienced  ≥ 50% pain relief at the end of the trial.  53   In the 28 
patients who received a permanent implant, one was lost to fol-
low - up and fi ve had the lead and generator removed for various 
reasons. Nineteen of the 22 patients were followed for more than 1 
year. Over the complete evaluation period pain scores and opioid 
use remained low, suggesting that SCS for chronic abdominal 
pain of various causes may provide consistent long - term improve-
ments. A national survey on SCS for chronic abdominal pain 
that followed this retrospective study included 76 case reports and 
its results were consistent in technical aspects of SCS implantation, 
as well as the opioid use and pain score improvements.  53,54   Both 
studies described SCS leads positioned with their tips mostly at the 
level of Th5 corpus vertebrae. Pain relief exceeded 50% in most 
of the patients and long - term opioid use decreased by more than 
two - thirds.  53,54   Another interesting feature noted in both studies 
is the presence of the large treated population of the patients 
with severe chronic pancreatitis.  53,54   There were 26 of 35 patients 
in a retrospective, and 26 of 70 patients in survey study who had 
diagnosis of chronic pancreatitis. Analyzed effects of SCS in this 
subgroup of the patients helped to conclude that the improve-
ments in opioid use and pain scores were similar to those of 

posterior wall by the attachment of the pleura parietalis on the 
lateral wall of the vertebrae.   

  Nervus  s planchnicus  b lock 
 The specifi c anatomy in which the nervi splanchnici are located 
in a narrow compartment allows a targeted denervation. The use 
of neurolytic agents — in patients with nonmalignant pain — has 
gradually been abandoned because of possible complications. RF 
thermolesioning, in which denervation only takes place at the tip 
of the electrode, seems more suitable for this indication. 

 The use of RF nervus splanchnicus treatment has been 
described in two patient series.  45,46   Raj et al.  45   reported on 107 
patients who underwent RF treatment of the nervi splanchnici 
as a treatment of upper abdominal pain. The involvement of the 
nervi splanchnici was confi rmed by means of a diagnostic block 
with a local anesthetic. Seventy - three patients were followed pro-
spectively. Thirty - eight patients only received a block with a local 
anesthetic and 31 received RF treatment. In both groups, a pain 
relief of  > 50% was found in 40% of the patients. 

 Garcea et al.  46   described 10 patients who underwent RF nervus 
splanchnicus denervation as a treatment of chronic pancreati-
tis with a mean follow - up of 18 months (12 to 24 months). A 
signifi cant pain reduction was observed, accompanied by a clear 
decrease in the need for opiates and acute hospitalization. Moreo-
ver, the parameters of the quality of life improved as well.  

     Figure 26.1.     Innervation of the abdominal organs. Illustration: Rogier Trompert, Medical Art, www.medical-art.nl.  
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saturation monitoring are installed. Also, the patient is provided 
with 3   L/minute O 2  via nasal cannula. The procedure takes place 
under sedation with propofol or remifentanyl and spontaneous 
respiration. 

 Th12 and L1 are identifi ed in a posteroanterior position and 
the vertebral endplates are aligned. The C - arm is rotated 5 °  to 10 °  
to the side to be treated. The patient is asked to breathe in and 
out deeply. The attachment of the diaphragm is identifi ed at mid -
 Th12 level. The needle placement site is located where the rib is 
attached to vertebrae Th11 and Th12, and above the diaphragm. 
The entry site is marked with a pen. The skin and the deeper 

patients with other sources of their chronic visceral abdominal 
pain.   

  Complications of  i nterventional  m anagement 

  Complications of  RF   n ervus  s planchnicus  b lock 
 The data available are insuffi cient to provide information about 
the incidence of complications. No major complications have 
been reported. Taking the information about neurolytic blocks 
into account, RF treatment can also induce postprocedural neu-
ritis. This usually disappears within a few weeks and should be 
treated with medication. Hypotension and diarrhea may occur 
shortly after the intervention, but can be treated easily. As in all 
procedures at thoracic level, one should be alert to possible pneu-
mothorax. A control radiograph of the thorax should therefore 
be made no more than 1 hour after the procedure. The patient 
may report a subjective feeling of dyspnea, which is attributed to 
a high position of the diaphragm, caused by the anesthetization 
of the nervus phrenicus.

    Ductus thoracicus injury : upon aspiration a yellowish, turbid 
fl uid is noted.  

   Intradiscal and intravascular injection : this should always be 
verifi ed with a contrast.  

   Paresthesia : when contacting lumbar or thoracic roots.     

  Complications of  SCS  
 The main complications of SCS are migration and breakage of 
the electrode. Additionally, infection is possible, which includes 
anything from local cellulites to epidural abscess.   

  Evidence for  i nterventional  m anagement 
 The summary of the evidence for the interventional management 
of chronic pancreatitis is given in Table  26.3 .     

  Recommendations 

 Radiofrequency (RF) nervus splanchnicus block can be consid-
ered in patients with chronic pancreatitis that is refractory to con-
ventional treatment. 

 Spinal cord stimulation can be applied in the context of studies 
in patients with symptoms that cannot be treated by means of RF 
nervus splanchnicus block. 

  Clinical  p ractice  a lgorithm 
 Figure  26.2  represents the treatment algorithm for painful chronic 
pancreatitis based on the available evidence.    

  Technique(s) 

  Percutaneous  RF   n ervus  s planchnicus  t reatment 
 The intervention is performed under X - ray guidance. The patient 
is placed in prone position on a translucent table with a pillow 
underneath the abdomen to reduce lumbar lordosis. Prior to the 
procedure, an intravenous infusion line is placed and an ECG and 

  Table 26.3.    Summary of the evidence for interventional management of pain 
due to chronic pancreatitis. 

   Technique     Assessment  

  Radiofrequency nervus splanchnicus block    2 C +   
  Spinal cord stimulation    2 C +   

     Figure 26.2.     Clinical practice algorithm for the treatment of chronic pancreatitis.  

Life style changes  insufficient 
pain relief 

Pharmacological treatment 
according to WHO ladder 

Radiofrequency (RF) nervus 
splanchnicus blockade 

Insufficient pain relief 

Spinal Cord Stimulation (SCS) in 
study context 

Painful chronic pancreatitis 

Gastroenterologic assessment of 
potential role of endoscopic or 
surgical treatment 



CHAPTER 26 Pain in Chronic Pancreatitis

208

layers are infi ltrated with 5   mL of a local anesthetic (eg, lidocaine 
2%) with a 22 - G needle. 

 The treatment is performed with a 10 -  to 15 - cm 22 - G blunt or 
sharp curved needle with an active tip of 10   mm. As these patients 
are often very lean, a 10 - cm needle is usually of suffi cient length. 
The direction of the curve is visualized by a red dot at the hub of 
the needle. If a curved blunt needle is used, an intravenous 14 - G 
catheter (as an introducer) is fi rst inserted in perfect  tunnel view  
aiming for a needle position just beside the corpus vertebrae. 
When the catheter has been inserted two - thirds into the patient, 
the stylet is removed and the needle depth checked in lateral view. 
The needle must stay posterior to the foramen intervertebrale. 
The needle placement site is located where the rib is attached to 
the vertebrae Th11 abd Th12 and above the diaphragm. The infra-
costal appraoch is preferred but if the angle between the vertebra 
and the rib is too sharp, supracostal approach is also possible. 

 The C - arm is returned to the tunnel view. Subsequently, the 
RF cannula is inserted through the introducer. It is advanced 
maintaining the tunnel view. Initially, the bent tip of the needle 
is turned outwards to prevent needle passage into the foramen 
intervertebrale. Once the needle has passed beyond the foramen, 
it is turned such that the curve faces medially to maintain close 
contact with the corpus vertebrae. The needle depth is regularly 
monitored (every 0.5   cm) in lateral view of the fl uoroscopy. The 
fi nal position of the needle tip is against the corpus vertebrae 
at the junction between the anterior and middle one - third of 
the vertebra (Figures  26.3  and  26.4 ). It should also be regularly 
checked as to whether any blood, cerebrospinal fl uid (CSF) or 
chyle appears from the needle depending on the catheter depth. If 

     Figure 26.3.     Radiofrequency nervus splanchnicus block at Th11 and T12 level: 
anterioposterior view.  

     Figure 26.4.     Radiofrequency nervus splanchnicus block at Th11 and T12 level: 
lateral image.  

any CSF or chyle is noticed, the procedure should be discontinued 
and a new session can be considered a few days later.   

 One milliliter of nonionic, non - neurotoxic contrast fl uid 
(iohexol) is injected. The needle is located in posteroanterior view 
just over the lateral vertebral edge. The contrast should show an 
overlapping sausage - shaped image between the thoracic verte-
brae over the lateral vertebral edge. The contrast fl uid will fan out 
in case of an intrapleural location. 

 Initially, a diagnostic block will be performed by injecting 
bupivacaine 0.5% 3   mL (up to 5   mL). Higher volumes result in an 
increased incidence of false - positive blocks. This can also lead to 
additional anesthesia of the nervus phrenicus, which may cause 
an elevation of the diaphragm with secondary respiratory prob-
lems. 

 If the diagnostic block had positive results, RF treatment can 
be performed at a second session. The needle is positioned at the 
same location under fl uoroscopic control. Once a good location is 
verifi ed in tunnel and lateral view, the needle position is then also 
checked by electrical stimulation. 

 The RF device is connected to the needle and a grounding 
plate applied to the patient. The impedance should be lower 
than 250    Ω . The patient will feel a vibrating epigastric sensation 
at 50   Hz and a threshold of  < 1   V. If the electrical sensation is noted 
in the intercostal area, the needle should be moved further ventral. 
In addition, motor stimulation is applied at 2   Hz, focusing mainly 
on intercostal stimulation. Normally, no stimulation is felt. 

 If the test results are positive, local anesthetics are administered 
(2 to 3   mL of lidocaine 2% or bupivacaine 0.5%). The RF treat-
ment can be carried out after several minutes. The needle position 
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  Other  t reatments 
 The results of the treatments discussed below (pancreatic enzyme 
supplementation, octreotide, and antioxidants) are not unambig-
uously proven in randomized studies. 

  Enzyme  s upplementation 
 The assumed mechanism of action of pancreatic enzymes 
with respect to pain relief refl ects the role they play in the 
negative feedback of the pancreatic exocrine function. A CCK -
 releasing peptide is released in the duodenum and denaturized 
by trypsin. In patients with chronic pancreatitis, there is a 
reduced release of this trypsin, a reduced breakdown of CCK -
 releasing peptides with increases in pancreatic enzymes and 
fl ow in the ductus pancreaticus resulting in pain. Oral pancre-
atic enzymes lead to an increased breakdown of CCK - releasing 
peptides. 

 Two old studies show that treatment with pancreatic enzymes 
actually does lead to pain reduction.  65,66   The best response was 
obtained in young women with idiopathic chronic pancreatitis 
without steatorrhea. Four other studies found no effect of enzyme 
preparation on pain. Meta - analysis of these six randomized, 
double - blind placebo - controlled studies did not show a relevant, 
signifi cant effect of treatment with enzyme preparations.  67   Strik-
ingly though, the two studies showing an effect of pancreatic 
enzymes used nonenteric - coated preparations whereas the other 
four studies used enteric - coated preparations.  

  Octreotide 
 Octreotide — a somatostatin - analog with a prolonged half -
 life, stronger action, and the option to be administered 
subcutaneously — has been investigated for its effi cacy in chronic 
pancreatitis. Octreotide inhibits exocrine pancreatic function. 
However, these studies could not establish a signifi cant effect on 
pain reduction.  44    

  Antioxidants 
 Lower plasma levels of several antioxidants (eg, selenium, vitamin 
A, vitamin E, and beta carotene) have been demonstrated in 
patients with chronic pancreatitis. There was a lower expression 
of antioxidants in the pancreatic tissue of patients with chronic 
pancreatitis than in healthy pancreatic tissue. Lower antioxidant 
levels may activate oxygen radicals, which may cause metabolic 
changes resulting in pancreatic ischemia. Oxidative stress is one of 
the assumed causes of pain produced by chronic pancreatitis. Two 
studies achieve pain reduction with dietary supplements contain-
ing antioxidants.  44,68   

 Allopurinol, which reduces the formation of oxygen radicals 
by inhibiting xanthineoxidase, has been investigated in a cross -
 over double - blind study in 13 patients with chronic pancreatitis. 
Allopurinol was proven to be ineffective. However, another study 
in which allopurinol was combined with intramuscular pethidine 
showed a signifi cantly better effect compared to treatment with 
pethidine alone.  69,70      

is monitored in the lateral view. For each level, the treatment con-
sists of three 90 - second cycles at 80 ° C. The needle is fi rst turned 
with its curve in cranial direction, then neutral, and fi nally in 
caudal direction as a maximum area can thus be treated.  

  Spinal  c ord  s timulation 
 The technique for SCS is described in the chapter on CRPS of 
this series.  55      

  Other  t reatment  o ptions 

  Endoscopy 
 It is possible to bypass endoscopic obstructions of the ductus pan-
creaticus due to stones or stenosis. It is important in this respect 
to realize that no correlation has been shown between pain and 
the presence of intraductal stones nor are there any guidelines 
stipulating which degree of obstruction justifi es or requires endo-
scopic intervention. Three recent studies into the effect of pan-
creatic stenting, either alone or combined with lithotripsy and/or 
sphincterotomy, showed a decrease of the pain  56,57   or no effect.  58   
The effect of therapy on pain is often good in the short term, but 
soon decreases. Five years after endoscopic treatment, only 14% 
of the patients are still free of pain.  59   In recent literature, a block of 
the plexus coeliacus via EUS is increasingly used for cancer pain 
but also for pancreatitis. 

 Two reviews on endoscopic US - guided plexus coeliacus neu-
rolysis (celiac plexus neurolysis [CPN]) in pancreatic cancer as 
well as chronic pancreatitis patients were published recently.  60,61   

 Local anesthetics alone or in combination with steroids are 
injected. In a few cases, alcohol was injected. These studies have 
had a short effect and short follow - up periods, except for the study 
of Gress et al.  62   Endoscopic US - guided CPN is often described 
as safe. Diarrhea and hypotension are minor and transient side 
effects. Also empyema has been described. Recently a case report 
of infarction of the spleen, pancreas, and gastric antrum was pub-
lished.  63   An ischemic injury occurred due to diffusion of ethanol 
into the truncus coeliacus with subsequent arterial vasospasm. 
Paraplegia, a rare but well - established adverse side effect of CPN, 
is thought to be secondary to diffusion of the neuroablative 
alcohol into the arteries supplying the spinal cord.  1 – 3   

  Surgery 
 Pain can be treated by means of various techniques involving 
drainage (Puestow procedure) or resection (pancreaticoduo-
denectomy, total pancreatectomy with autotransplantation of the 
islets of Langerhans) or a combination of both (Frey procedure). 
Drainage procedures are intended to reduce pain by decompres-
sion of the ductus pancreaticus. The theory behind pain relief due 
to resection is that infl ammatory activity causes pain as a result 
of qualitative and quantitative changes of the nerve fi bers. Two 
recent randomized studies show that these surgical procedures 
lead to better results.  59,64   The percentage of patients who are free 
of pain after 5 years is 40%.   
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  Summary 

 Chronic pancreatitis is a progressive infl ammatory reaction of the 
pancreas that causes irreversible morphological changes of the 
parenchyma (fi brosis, loss of acini and islets of Langerhans, and 
pancreatic stone formation) as well as the ductus pancreaticus 
(stenosis). 

 Pain in chronic pancreatitis requires a multidisciplinary 
approach, in which lifestyle changes are essential. 

 If the patient suffers from pseudocysts, obstruction of the 
ductus choledochus or the duodenum, this should be treated fi rst. 

 Treatment with pancreatic enzyme supplementation, octre-
otide, and antioxidants can be considered, but results have not 
been proven unambiguously in randomized studies. 

 The use of analgesic medication generally, and opioids in par-
ticular, should be accompanied by evaluation of the degree of 
addiction and, if indicated, close supervision. 

 Radiofrequency treatment of the nervi splanchnici can be con-
sidered in patients with pain that is refractory to conservative 
treatment.  
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