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This book is case-based presentation on the management of chronic pain syn-
dromes. The book starts with a nice overview of the evaluation of patients 
with pain. It is followed by pain syndromes in the head and neck, shoulder 
and hand, chest, abdomen, pelvis, and inguinal region, then back, buttock, 
and lower extremity pain. Total body pain, neuropathic and cancer pain, and 
pain managed by intrathecal medications are also discussed. The chapters 
follow a similar format. They begin with an introduction, then a case presen-
tation; diagnosis vis-à-vis the patient’s history, physical examination, and 
laboratory and imaging studies; pathophysiology; treatments including phar-
macologic, interventional, and other modalities; and finally end with a con-
cluding paragraph. The references, for a case-based manuscript, are more 
than adequate. They range from 17 to over 70 references.

Books on chronic pain have run the gamut from standard texts, reviews, 
case presentations, question and answer format, or on specific topics such as 
complications. The availability of these different formats is to adapt to the 
preferences and needs of the clinician or researcher. Each format has its own 
unique style, advantages, and disadvantages. Some clinicians prefer the case- 
based approach as it provides similarities with patients that they encounter 
and improved recall of the available tools for management of their patients 
with difficult pain syndromes. As such, this book has a definite role in a busy 
clinician’s library.

This book by Dr. Tariq Malik provides an opportunity for the reader to 
gain insights on the signs and symptoms, available therapeutic options, dif-
ficulties to be encountered, and possible results of management of the differ-
ent chronic pain syndromes. The efforts of Dr. Malik and the chapter authors 
should be recognized and appreciated.

 Honorio T. Benzon, MD
Professor Anesthesiology
Northwestern University  
Feinberg Medical School

Chicago, IL, USA

Foreword
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Divine is the task to relieve pain.

—Hippocrates

Chronic pain is still an enigma. It is poorly understood and poorly man-
aged. The situation is no different than that of general anesthesia, where the 
physiology and mechanism of general anesthetics is poorly understood but 
still millions of patients are being administered general anesthesia for various 
surgical procedures. Same way, millions of people are suffering from chronic 
pain , they visit primary care clinics, emergency rooms, and pain clinics , and 
are given various therapies but with little understanding of the underlying 
disease and even less evidence of support for the various therapies they are 
being administered. Chronic pain is the most common disease in the world 
but somehow is quite underappreciated in its burden on humanity and hence 
poorly taught in medical school, and even during postgraduate medical train-
ing. The epidemic nature of the condition is bound to get worse with the 
inevitable change in demographics that is bound to happen worldwide as the 
incidence of this condition increases with age. There is a plethora of books on 
chronic pain management out there. The books range in sizes from being very 
small to huge. But at the end of the day, a clinician wants a practical way to 
manage a patient.

This book has been written keeping that aspect in mind. It’s not a textbook 
explaining theory or mechanism of painful conditions. Nor is it a manual of 
injection techniques. The text is focused on problem-based disease manage-
ment. The idea is how treat a painful condition in a step-by-step manner and 
what is the thought process and evidence behind each intervention.

The book covers 45 common painful conditions. Chapters have been writ-
ten by various physicians who come from various backgrounds. The main 
focus is to keep the approach evidence based and provide level of evidence 
for each intervention.

It’s a humbling experience to write a book on chronic pain as one gets to 
know how little is known and how far we have still to go. In the end, I thank 
everyone who has contributed to this book, as without their effort, nothing 
would have been possible.

Chicago, IL, USA Tariq Malik 

Preface
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ABCs of Chronic Pain Evaluation

Tariq Malik

Chronic pain is a debilitating disease. It is the 
most prevalent chronic disease all over the world. 
It affects about 20 percent of US adults and 8 per-
cent of them would rate it as high-impact chronic 
pain—meaning pain limited at least one major 
life activity per a mail survey conducted in 2016 
[1]. It costs US economy roughly 635 billion dol-
lars a year [2]. Chronic pain is quite different 
from acute pain which is a symptom and is a hall-
mark of tissue injury, self-limited and quite 
responsive to medical management invariably. 
The management of acute pain is directed at the 
underlying disease causing tissue injury. Chronic 
pain is not a symptom but a disease itself. It is 
poorly understood and poorly characterized. 
Even with all the current treatment options avail-
able, less than half of the chronic pain sufferers 
may have their pain alleviated by about 30–40% 
on average, rest continue to suffer.

Our understanding of chronic pain as a disease 
influences how we evaluate a chronic pain patient. 
Medical schools and medical field in general are 
traditionally trained to think in terms of mechani-
cal disorder, no different than an auto mechanic 
who wants to fix a car. Clinicians, and the lay 
public alike, look for some underlying pathology 
to account for the chronic pain. Their focus on 

thorough history and physical examination, fol-
lowed, by laboratory tests and diagnostic imag-
ing procedures, is an attempt to identify or 
confirm the presence of any underlying pathol-
ogy that causes the symptom—the so-called pain 
generator. This focus on locating an identifiable 
pathology creates frustration in the mind of 
chronic pain patients who are looking for 
answers, which leads to frustration, emotional 
distress, an illusion of chronic pain being as a 
psychosomatic illness, financially drain patients, 
and their loss of faith in the medical system. It is 
not unusual for the chronic pain patients to doctor 
shop in desperation. This mechanistic view of 
diseases in medical practice, dating back at least 
to Descartes in 1644, who in the era of Kepler 
and Newton thought human body works like a 
machine or a clock, just like the solar system, and 
most likely may follow the same laws as the uni-
verse does. It is, however, incomplete and is not 
supported by available research or the current 
understanding of chronic pain [3]. The current 
model of pain has evolved from specificity theory 
of pain, to gate theory of pain to neuromatrix 
theory of pain. The poor comprehension of 
chronic pain disorder is a direct result of the poor 
understanding of human brain and human mind. 
So far, we do not have the tools to understand 
brain physiology. To paraphrase a neuroscientist, 
“we understand how the action potential happens 
in a nerve fiber, but how all these action poten-
tials lead to emotions, thoughts or dreams is not 
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understood at all.” Brain is more or less a black 
hole for us so far. This leads to the main problem 
in chronic pain management—poor pain evalua-
tion. Chronic pain evaluation is purely a clinical 
affair. There is no lab testing or imaging process 
that can quantify chronic pain burden. This 
injects subjectivity in the whole assessment. 
Chronic pain is a complex, multifaceted disease 
which affects not only body and mind of the 
patient, but also has feeds of patient’s interaction 
with his surroundings both at home and at work. 
Effective treatment can only come from a com-
prehensive assessment of the biological etiology 
of the pain in conjunction with the patient’s spe-
cific psychosocial and behavioral presentation, 
including their emotional state (e.g., anxiety, 
depression, and anger), perception and under-
standing of symptoms, and reactions to those 
symptoms by people around them [3–5].

 Evaluating a Chronic Pain Patient

The evaluation starts with a referral from a pri-
mary care physician (PCP). The idea is that the 
PCP should ensure that there is no medical dis-
ease that is responsible for the patient’s illness. In 
short, they should rule out any tumor-related, 
rheumatological, infectious, or ischemic issues. 
Pain evaluation is in general no different from 
any other medical evaluation. The main end point 
is to arrive at a diagnosis. The process of inquiry 
or evaluation should continue till a diagnosis is 
accurate and complete. The key question is what 
is a complete and accurate diagnosis? One prob-
lem that is commonly encountered in chronic 
pain evaluation is that patients are given pre-
sumptive diagnosis without much thought and 
over times the patient is convinced that he or she 
has that disease. The author has developed the 
rule that patient should be given a diagnosis 
unless it can be backed by evidence acceptable in 
a court of law, i.e., knowing that it is hard to be 
sure every time, at least the diagnosis should be 
backed by evidence that is beyond a reasonable 
doubt with reasonable degree of medical cer-
tainty. The second element deals with complete-
ness of diagnosis. This is important to appreciate 
as once done, further work is not needed. A com-

plete diagnosis has certain components. (1) It 
should point out the organ of dysfunction or the 
pain generator. (2) It should account for the 
pathophysiology in the organ causing pain. (3) It 
should account for the extent of dysfunction. (4) 
It should account for the suffering/loss of func-
tion (pain catastrophizing, pain disability, coping 
skills, and other emotional stresses) [6].

To achieve these endpoints, information is 
gathered from the patient not only using a stan-
dard format of history and physical examination, 
but also using many standardized assessment 
instruments/ questionnaires. The idea is to evalu-
ate the “whole person” or the disease and not just 
the pain or symptom. As there is no “algometer” 
or a lab test that can quantify suffering or severity 
of pain experienced by the patient, it can only be 
assessed by the patient’s overt communication, 
both verbal and nonverbal. Regardless of whether 
a biological basis for the pain can be ascertained, 
or whether psychosocial problems were caused 
by, or resulted from pain, the assessment process 
can be helpful in identifying how biomedical, 
psychosocial, and behavioral factors interact to 
influence the nature, severity, persistence of pain 
and disability, and response to treatment.

 History and Physical Examination

As already mentioned, chronic pain evaluation is 
completely a clinical process. Just like a psychol-
ogist or psychiatrist, it is all between the pain 
physician and the patient; the physician has to 
totally rely on his or her clinical skills. Other than 
gathering data, the aim of this clinical interview 
is to develop trusting relation with the patient. 
The general goals of this clinical interaction are 
as follows: (i) determine the pain generator or 
pathology; (ii) determine the need for any addi-
tional diagnostic testing; (iii) determine extent of 
loss of quality of life, (iv) examine all previously 
tied treatments and results of those interventions; 
(v) determine dosage of medications used and 
any side effects; and (vi) educate the patient 
about the plan to manage the problem for which 
there might not be any cure. Physical  examination 
is more important to develop bond with the 
patient than to diagnose a chronic pain disorder. 

T. Malik
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A great number of patients that report chronic 
pain tend to have no positive finding on plain 
radiographs, computed axial tomography scans, 
or on electromyography, making a precise patho-
logical diagnosis difficult or impossible [7].

 Standard Questionnaires

In addition to this standard medical evaluation 
approach, an appropriate patient assessment 
requires an evaluation of patient’s mental condi-
tion, coping skills, and disability from pain. A 
number of questionnaires are available to com-
prehensively evaluate the patient. These ques-
tionnaires are easy and inexpensive to administer, 
quickly assess a wide range of behaviors, obtain 
information about behaviors that patients may 
feel uncomfortable about disclosing (sexual rela-
tions) or are unobservable (thoughts, emotional 
arousal) and, most importantly, their reliability 
and validity can be assessed. These question-
naires are not a substitute for clinical interview. 
They complement the clinical interview as the 
findings may suggest issues that would require 
greater or more detailed exploration during a sub-
sequent visit or referral to another specialist.

There are a plethora of screening tools avail-
able. They vary in which domain of pain they tar-
get. They are not only useful as a screening tool 
but are also very helpful in gauging patient 
response to any intervention.

Pain intensity scales are limited in their value 
as in general they do not give the complete pic-
ture. The information depends upon the context 
as some patients would mark the score based on 
the worst pain score since the last physician visit 
while others would mark it based on the pain they 
are experiencing while sitting in the chair at the 
physician’s office. It is important to ask the 
patient about the pain score if the score reflect 
resting pain, worst pain during activity, or overall 
average pain (Table 1.1). It is more important to 
ask and document pain during various activities 
and compare the pain score change with interven-
tions. Pain intensity daily diary would be truly 
helpful if properly filled but many patients forget 
to follow the instructions and the data is not that 
useful then.

 Pain Quality

Characterizing pain quality is helpful in some situ-
ations (characterizing a neuropathic pain), but in 
general does not make a huge difference in patient 
management. Various questionnaires have been 
developed to diagnose neuropathic pain such as 
pain DETECT(PD-Q), Leeds Assessment of 
Neuropathic Symptoms and Sign Scale (LANSS), 
the Douleur Neuropathique 4 (DN4), and the stan-
dardized evaluation of pain (StEP) questionnaire. 
Screening tools are comprised of an interview 
component and, in some cases, the addition of a 
brief bedside clinical assessment. Many of these 
tools have been translated for application in other 
languages and populations. There is no recognized 
objective gold standard for assessing NP. However, 
the Special Interest Group on Neuropathic Pain 
(NeuPSIG) of the International Association for the 
Study of Pain has set out a grading system, which 
is not often used in routine clinical practice, to 

Table 1.1 Commonly used tools for chronic pain 
assessment

Pain intensity measurement
(a)  Numerical Rating Scale (NRS) 0–10, 0–100
(b) Verbal Rating Scale (VRS) mild, moderate, severe
(c)  Visual Analog Scale (VAS) pain intensity using 10 

or 100 mm line
(d)  Facial Pain Scale (FPS) pain intensity using a range 

of facial expressions
Pain quality
(a) McGill Pain Questionnaire
(b) Neuropathic Pain Scale (NPS)
(c) Regional Pain Scale (RPS)
(d)  Leeds Assessment of Neuropathic Symptoms and 

Sign Scale (LANSS)
(e) Pain DETECT(PD-Q
(f) Douleur Neuropathique 4 (DN4)
Effect on life
(a) Pain Disability Index
(b) Brief Pain Inventory
(c) Functional Independence Measure
(d) Short-Form Health Survey (SF-36 or SF-12)
Disease-specific pain assessment
(a)  Western Ontario McMaster Osteoarthritis Index 

(WOMAC)
(b) Fibromyalgia Impact Questionnaire
(c)  Roland-Morris Disability Questionnaire (for back 

pain)
Psychosocial measures
(a) Beck Depression Inventory
(b) Pain Catastrophizing Scale
(c) Coping Strategies Questionnaire

1 ABCs of Chronic Pain Evaluation
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guide clinical assessment and diagnosis of neuro-
pathic pain. This approach involves multiple steps 
including obtaining a clinical history of pain, using 
any of the standard screening questionnaire, which 
would be suggestive of neuropathic pain (grade I: 
neuropathic pain possible), assessing the neuro-
anatomical plausibility of pain, using sensory 
assessments during physical examination, loss or 
diminished sensation to touch, vibration, tempera-
ture, or pinprick, to confirm nervous system 
involvement (grade II:probably neuropathic pain), 
and running diagnostic tests (skin biopsy to look 
for reduced intraepidermal nerve fiber density; 
neurophysiological tests such as nerve conduction 
velocity, heat and laser evoked potentials, nerve 
excitability tests, R1 blink reflex demonstrating 
neural function compromise; microneurography to 
show aberrant nociceptor activity; and genetic 
tests confirming a hereditary neuropathic pain dis-
order such as inherited erythromelalgia) [8]. In 
general, the screening tools are helpful in pointing 
toward a direction point but do not make much 
impact in patient outcome as all neuropathic pain 
are managed more or less the same.

The McGill Pain Questionnaire (MPQ) [9] 
assesses three categories of word descriptors of 
pain qualities (sensory, affective, and evaluative) 
and includes a body diagram for patients to iden-
tify the area of their pain. Patients may take 
10–15  minutes to fill the original form, so a 
revised and version of this scale, Short-Form 
McGill Pain Questionnaire revised (SF-MPQ-2) 
was developed and is one of the most frequently 
used measures to assess pain characteristics [10].

 Functional Limitations

This is the most important aspect of evaluation 
and is the main target of all chronic pain interven-
tions. Chronic pain invariably affects patients’ 
personal physical capacities such as affecting 
their activities of daily living (ADL), as well as 
their ability to perform an adult role in the family 
like keeping a job, supervising, or driving kids to 
and from school or games. Most patients with 
chronic pain acknowledge that their overall phys-
ical functioning was much below par because of 
their pain, supporting the recommendation that 

assessment of functioning should be an integral 
part of pain assessment [11, 12]. The inability to 
perform necessary and desired functions and stay 
involved in family activities significantly impact 
quality of life. This negative effect cannot be eas-
ily picked by physical examination and is the rea-
son that that has led to the development of 
self-report functional status measures to quantify 
symptoms, function, and behavior directly, and 
the severity of pain when performing specific 
activities (e.g., ability to walk upstairs or lift spe-
cific weights, sitting for specific periods of time) 
associated with different types of painful condi-
tions (e.g., osteoarthritis, low back pain).

Research has shown the importance of assess-
ing overall quality of life in chronic pain patients 
in addition to function [13]. A number of such 
questionnaires are available, some are general in 
application and can be used in any chronic pain 
condition, namely, Short-Form Health Survey 
(SF-36) [14] or Pain Disability Index [15]. 
Disease-specific functional assessment tools are 
also available, namely, Western Ontario 
McMaster Osteoarthritis Index (WOMAC) [16] 
or Roland-Morris Back Pain Disability 
Questionnaire (RDQ) [17]; these tools are very 
good measure of assessing disease-related pain 
burden as well as any improvement after an inter-
vention. The whole purpose of using these ques-
tionnaires is to have a more complete picture of 
chronic pain patient’s life which cannot be 
achieved by a clinical interview solely.

 Pain Coping Assessment/Behavioral 
Assessment

The chronic pain invariably leads to emotional 
distress, particularly depression, anxiety, anger, 
and irritability, and sleep disorder [18]. These 
emotional and psychological issues not only com-
plicate pain evaluation but also complicate how to 
interpret efficacy of a pain intervention. The pres-
ence of fatigue and impairment realted to the cog-
nitive issues can come from medications so 
assessing them upfront is quite important. Beck 
Depression Inventory (BDI) or the Profile of 
Mood States (POMS) can be used to assess men-
tal health of chronic pain patients. Equally impor-
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tant is to screen for anxiety disorder or presence 
of pain catastrophizing trait using screening tools 
(Pain Catastrophizing Scale) [19].

 Conclusion

The multidimensional nature of chronic pain 
requires a multidimensional assessment. The 
proper assessment is crucial in making a proper 
management plan, and without a proper treatment 
plan, the treatment is bound to fail. Given the sub-
jective nature of pain, the assessment of pain is 
always a subjective process and totally relies on 
optimum communication between the patient and 
the pain physician. Despite having a good rela-
tion, it is quite often that the patient cannot totally 
express him or herself or cannot convey effec-
tively the loss or suffering in his or her life. In 
addition to having to express his suffering effec-
tivley, the ability to recall an event or pain experi-
ence is flawed or inconsistent and depends on the 
emotional state of the patient. It is because of all 
these confounding factors that use self- reported 
questionnaires are very helpful in developing a 
complete picture of a patient; they should be used 
to track progress of the patient during subsequent 
visits. They add an element of objectivity to a very 
subjective assessment and can be used to assess 
an effectiveness of any intervention employed.

At the end of the day, all these questionnaires 
or screening tools are just what they are—just 
screening or assessment tools and requires care-
ful clinical interpretation. They are data points 
and by themselves do not mean anything. They 
still require a clinician who can put these data 
points in proper context and make a sense out of 
them. To interpret these data points and make use 
of this formation in order to help the patient, one 
still needs to practice art of medicine for medi-
cine is a still a for a large part a social science and 
not a pure physical science yet.
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A 40-Year-Old Woman with Chronic 
Recurrent Headache (Migraine)

Adam S. Sprouse Blum

 Case Description

Karla M. is a 40-year-old attorney. She was a 
healthy child, with the exception of asthma which 
resolved as she got older. She experienced men-
arche at 11  years old and developed headaches 
around the same time. Through high school she 
occasionally missed class because of severe head-
aches. In college she tended to have attacks 
around exams, particularly if she stayed up all 
night studying, and around menses. Changes in 
weather also seemed to precipitate attacks. At 
22  years old, she was diagnosed with irritable 
bowel syndrome. At 28 and 34 years old, she gave 
birth to her two children. Headaches improved 
dramatically during both pregnancies. Her second 
pregnancy was complicated by pre- eclampsia, 
which was effectively managed. Within a month 
of giving birth to her second child, she noticed a 
change in her headaches. Her headache frequency 
and severity increased and the location of  her 
head pain shifted from being centered around her 
left or right temple to involving her entire head as 
well as her mid face and upper neck. She now 
experiences some amount of head pain most days, 
4–6 days per month they are severe.

Up to 24 hours prior to an attack, her sense of 
smell is heightened, she feels fatigued, and she has 

difficulty concentrating. With some, but not all, 
attacks she experiences tingling numbness affect-
ing her right upper extremity and the right side of 
her face and tongue. She also reports difficulty 
expressing herself verbally with these attacks. 
These symptoms last 5–10 minutes and occur at 
the onset of headache. Occasionally, she will have 
these symptoms without headache. When she does 
experience headaches, they usually involve her 
entire head and are throbbing in nature, severity 
achieves 7–8/10, and light and noise bother her for 
which she seeks a dark quiet room. Associated 
symptoms frequently include nausea (though she 
rarely vomits) as well as a sense of disequilibrium. 
Most attacks last 4–6  hours but lingering non-
headache symptoms may persist all day. After an 
attack, she feels exhausted.

Karla is now trying to become a partner in her 
law firm, but is finding it increasingly difficult to 
“just push through.” Her headaches are interfer-
ing with her career goals which is why she has 
come to you for help.

 What Is Your Preliminary Diagnosis?

Karla’s most likely diagnosis is migraine with 
aura. Migraine is three times more common in 
women [1] and tends to emerge or shift around a 
hormonal milestone, as is the case above with 
onset around menarche. Karla has a history of 
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both asthma and irritable bowel syndrome, both 
which are more common in people with migraine 
[2, 3]. Other conditions that are more common in 
people with migraine include depression, anxi-
ety, Raynaud’s phenomenon, obstructive sleep 
apnea [2], idiopathic gastroparesis [4] and inter-
stitial cystitis [5], among others.

Karla identified specific migraine triggers 
including stressful life events, lack of sleep, men-
ses, and changes in weather. These are common 
migraine triggers [6]. During pregnancy, migraine 
is often variable during the first trimester but 
improves during the second and third [7]. Pre- 
eclampsia is more common in patients with 
migraine and may share a common pathophysiol-
ogy [8]. Migraine often shifts after giving birth, 
as it did for Karla, in terms of frequency, severity, 
or presentation [9].

Prior to attacks, Karla experiences a height-
ened sense of smell (osmophobia), fatigue, and 
difficulty concentrating. These are common com-
ponents of the migraine premonitory phase which 
is of variable duration and occurs prior to attacks 
(Fig. 2.1). Karla also experiences migraine aura 
in the form of both a sensory disturbance (unilat-
eral tingling numbness) and a speech disturbance. 
By definition [10], migraine aura must last at 
least 5  minutes. Migraine aura occurs in about 

one-third of migraine sufferers [11, 12] and clas-
sically presents just prior to the headache phase 
but may occur during headache or without head-
ache. During an attack, Karla reports pain affect-
ing her entire head including her mid face and 
upper neck. Mid face pain is common in migraine 
but often mistaken for sinus disease [13]. Pain at 
the upper neck is another commonly misdiag-
nosed and overlooked migraine symptom. It is 
thought to be due to the connections between the 
trigeminal nerve and the upper two cervical 
nerves in the trigeminal nucleus in the pons [14], 
which may be sensitized in migraine [15]. After 
an attack, many patients experience a migraine 
“postdrome” consisting of various symptoms 
including fatigue, difficulty concentrating, and 
stiff neck [16].

 How Is the Diagnosis Confirmed?

Migraine is a clinical diagnosis made based on 
the patient’s report of their symptoms. The 
International Classification of Headache 
Disorders 3rd edition (ICHD-3, available online 
at: www.ichd-3.org) is a detailed hierarchical 
classification created as a diagnostic reference 
for clinicians and researchers.

Aura

Headache

Moderate Severe Postdrome

Time

Fatigue
Cognitive changes

Neck stiffness

Severe, throbbing pain
Nausea

Photophobia
Phonophobia
Osmophobia

Fully reversible
neurological
changes of

various
severity

Mood changes
Fatigue

Cognitive changes
Food craving

Yawning
Neck stiffness

MildPremonitory
symptoms

ResolutionEarly
symptoms

Fig. 2.1 Phases of a migraine attack. (Adapted from Ong et al. [54], with permission)
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Keep in mind that both light and noise sensi-
tivity are required to fulfill criterion D.2. When a 
patient is missing one of criteria A through D, 
they are classified as having “probable” migraine.

Applying the ICHD-3 criteria, Karla’s symp-
toms of repeated attacks of headache lasting at 
least 4  hours, that  are pulsating (throbbing) in 
nature, with moderate to severe pain intensity, 
associated with nausea, light and noise sensitivity 
meet criteria for migraine.  When making a 
migraine diagnosis, it is also important to clarify 
whether aura is present  since aura is associated 
with increased risk of ischemic stroke and may 
have important treatment ramifications. Karla's 
experience of  right-sided sensory changes 
and speech disturbance lasting at least 5 minutes 
meet criteria for migraine aura.

 What Is the Pathophysiology of This 
Condition?

Our understanding of migraine pathophysiology 
has evolved over time. For decades, migraine was 
believed to be a purely vascular condition involv-
ing dilation or stretching of cerebral blood ves-
sels. However, as imaging techniques improved 
we understood that some, but not all subjects 
experience changes in the caliber of cerebral ves-
sels during attacks [17–19]. This recognition 
gave rise to the theory that migraine is a primary 
problem of the nervous system. The nervous sys-
tem theory of migraine is supported by observa-
tions of both anatomical [20] and functional [21] 
changes in the brain of subjects with migraine. 
However, the nervous system theory ignores the 
vascular changes that also occur. We now think of 
migraine as a neurovascular disorder, appreciat-
ing the changes observed in both systems [15]. 
However, connecting these systems into a unified 
theory has proven enigmatic.

In an attempt to explain the changes observed 
in both the vascular and nervous systems in 
migraine, one prominent theory suggests 
migraine is due to a cascade of events set off by a 
process called cortical spreading depression 
(CSD). CSD is a slow moving (2–5  mm/min) 
wave of depolarization that spreads through the 

gray matter of the brain resulting in a decrease in 
spontaneous cortical activity [22]. CSD has pre-
viously been shown to be the cause of migraine 
visual aura [23]. CSD has also been shown to 
induce the release of inflammatory mediators 
[24]. These inflammatory mediators are believed 
to cause migraine by diffusing toward the surface 
of the brain to induce a sterile inflammatory reac-
tion of the dura [15]. The dura, unlike the brain, 
is pain sensitive. Nociceptive information from 
the dura is transmitted by sensory afferents that 
travel primarily through the V1 (ophthalmic) 
branch of the trigeminal nerve to the trigeminal 
cervical complex then via second order neurons 
to multiple brainstem structures (e.g., thalamus, 
hypothalamus, basal ganglia nuclei) which then 
project to multiple  cortical areas  (e.g., somato-
sensory, insula, auditory, visual, olfactory corti-
ces)  involved in processing these nociceptive 
signals and contributing to the varied symptoms 
of the migraine syndrome [15, 25].

While the current theory successfully con-
nects the neural and vascular systems, some clin-
ical observations still must be reconciled. For 
example, most subjects with migraine do not 
experience aura, aura may occur in isolation 
(without headache), and aura may occur simulta-
neously with other symptoms of migraine [27], 
leaving room for modification to the current 
theory.

 How Is This Problem Managed?

The pharmacologic management of migraine can 
be divided into acute treatment and preventive 
therapy.

 Acute Treatment
Three groups of medications are commonly used 
in the acute treatment of migraine: (1) “migraine- 
specific” treatments (e.g. triptans, gepants, 
ditans), (2) nonsteroidal anti-inflammatory drugs 
(NSAIDs), and (3) dopamine antagonists. We 
often provide patients with one agent from each 
group, then allow the patient to decide which 
agent or combination they prefer for a particular 
attack. Allowing the patient to choose their treat-

2 A 40-Year-Old Woman with Chronic Recurrent Headache (Migraine)
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ment based on the severity of attack is referred 
to as stratified care, and is the preferred approach 
to acute treatment [26]. Many patients prefer to 
take an NSAID for a low-severity headache and a 
migraine-specific treatment such as a triptan plus 
an NSAID and/or dopamine antagonist for a 
severe attack. There are currently seven triptan 
medications available. Some triptans are available 
in more than one mode of delivery (e.g., tablet, 
oral dissolving tablet, nasal spray, nasal powder, 
subcutaneous injection). For patients with nausea 
with vomiting, a non-oral route is preferred. In 
general, triptans should be taken as early as pos-
sible into an attack and may be repeated after 
2  hours for incomplete relief. Common side 
effects include flushing, paresthesia, and chest or 
jaw discomfort or tightness [28]. Contraindications 
include ischemic heart disease (e.g., angina, myo-
cardial infarction) and cerebrovascular syndromes 
(e.g., stroke, transient ischemic attack). Dopamine 
antagonists are effective for both the nausea and 
headache of migraine [29]. Common side effects 
include drowsiness and restlessness. The risk of 
tardive dyskinesia increases with duration of 
exposure and cumulative dose [30].

 Preventive Therapy
Pharmacologic preventive therapy of migraine can 
be divided into nutraceuticals and pharmaceuticals.

The currently recommended nutraceuticals 
are magnesium citrate (400–600 mg/day), ribo-
flavin (400 mg/day), and coenzyme Q10 (300 mg/
day) [31].

Pharmaceutical agents which are FDA 
approved for migraine prevention include topira-
mate (100  mg/day) [32], divalproex sodium 
(1000  mg/day) [33], propranolol (80–240  mg/
day) [34], timolol (10–30 mg/day) [35], onabotu-
linumtoxinA (155 units every 12 weeks) [36], ere-
numab (70–140 mg/month) [37], fremanezumab 
(225 mg/month or 675 mg/3 months) [38], galca-
nezumab (240  mg loading dose then 120  mg/
month) [39], and eptinezumab (100 mg/month or 
300 mg/3 months) [40]. While these are the only 
currently available FDA-approved options for 
migraine prevention, many others have demon-
strated benefit with variable levels of evidence 
[41–44] and are used off-label. Agents commonly 
used for migraine prevention off-label include 

anti-epileptics (e.g., zonisamide, levetiracetam), 
beta blockers (e.g., metoprolol, nadolol), tricyclic 
antidepressants (e.g., amitriptyline, nortriptyline), 
calcium channel blockers (e.g., verapamil), sero-
tonin-norepinephrine reuptake inhibitors (e.g., 
venlafaxine, duloxetine), and angiotensin recep-
tor blockers (e.g., candesartan).

Migraine prevention should be offered when a 
patient has 6 or more days with headache per 
month and should be considered with fewer head-
ache days when impairment exists and the risk/
benefit ratio favors initiation of therapy [1]. When 
counseling a patient about starting preventive 
migraine therapy it is important to inform them 
that prevention typically does not work quickly, 
often requiring 6–8 weeks at an effective dose to 
achieve full benefit. Two or more agents may be 
required to provide sufficient relief. It is important 
for prescribers to become familiar with the effec-
tive dose of common migraine- preventive medica-
tions as insufficient doses render patients without 
relief and higher doses carry an increased risk for 
side effects without additional benefit. The start 
low and go slow principle should be followed, 
titrating to the effective dose over time to limit the 
development of side effects. Migraine prevention 
may not be needed indefinitely and attempts to 
eliminate layers of migraine prevention should be 
considered periodically. We typically recommend 
9–12 months of “good” control before discontinu-
ing an effective migraine preventive. If migraine 
returns, prevention may be restarted.

 What Is the Prognosis of This 
Condition?

The natural history of migraine is highly vari-
able. For some, migraine presents around puberty 
then fades over time or presents only occasion-
ally, such as around menses or during times of 
increased stress. For others, migraine is more 
pervasive, sometimes becoming a daily debilitat-
ing disease. There is some evidence that migraine 
improves after menopause [45]; though this is 
certainly not always the case and occasionally 
migraine first presents during perimenopause.

While the patient is the best gauge of treat-
ment success, a 50% reduction in migraine fre-
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quency is a common goal used in studies of 
migraine-prevention. Objective measures of 
migraine specific disability, such as the Headache 
Impact Test (HIT-6™), may be used to track 
patient progress [46]. We also utilize a simple 
headache log in which patients indicate, once 
daily (usually at the end of their day), whether 
they had a headache that day and the highest 
severity it achieved. This simple log may be pref-
erable to more complex diaries as it avoids 
patients feeling the need to constantly log their 
symptoms, but provides sufficient detail to help 
guide management.

 Discussion

 Prevalence

Headache disorders are the most common neuro-
logic disease in the world [47] and the second 
leading cause of global disability (second only to 
low back pain) [48]. Migraine affects 1  in 10 
people worldwide [49]. The prevalence of 
migraine is three times greater in women 
(Fig. 2.2).

 Differential Diagnosis

While migraine is exceedingly common, its man-
ifestations are protean. As such, the diagnosis 
and treatment of migraine are often delayed or 
missed all together. The “SNOOP” mnemonic 

(Table  2.1) is a commonly utilized tool [50] to 
identify headache red flags, suggesting the pos-
sibility of a secondary headache. When a red flag 
exists, further workup should be considered.

 Predictive Value of Different Clinical 
Features (Both on History 
and Physical Exam) and Lab Testing/
Imaging

 History
Migraine is a heritable polygenic disease. Asking 
about a family history is often helpful in support-
ing a new migraine diagnosis. Because migraine 
often emerges or shifts around hormonal mile-
stone (e.g., menarche, birth of a child, or meno-
pause), asking about these milestones in female 
patients is informative and recommended. Head 
trauma, even minor head trauma, can lead to 
chronic headaches. Post-traumatic headaches 
generally have a phenotype of tension-type, 
migraine, or a combination of the two. Treatment 
should be tailored to which ever phenotype the 
patient’s headaches most closely resemble.

 Physical Exam
The neurologic exam of a patient with migraine 
should be normal. An abnormality on neurologic 
exam should prompt further evaluation for a sec-
ondary headache.

 Lab Testing
Routine blood work should not be obtained in sub-
jects who meet ICHD-3 criteria for migraine and 
who do not have a red flag. 

Table 2.1 “SNOOP” mnemonic: red flags associated 
with secondary headaches

Systemic symptoms (fever, weight loss, myalgias)
Secondary risk factors (HIV, cancer, pregnancy)
Neurologic exam (focal deficit, confusion, seizures)
Onset (sudden/thunderclap)
Older (new or progressive headache, especially over 50 
years)
Pattern change (new symptoms in previously stable 
pattern)
Precipitants (Valsalva maneuver, position change, 
sexual activity)

Adapted from Dodick [56], with permission

24.4%

22.2%

Males
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16.0%

5.0%
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6.5%7.4%
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12-17 18-29 30-39 40-49 50-59 60+

Age

Fig. 2.2 Migraine prevalence in males and females over 
time. (Adapted from Lipton et al. [1], with permission)
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Imaging
The American Headache Society “Choosing 
Wisely” recommendations are clear on this point 
[51]: “Don’t perform neuroimaging studies in 
patients with stable headaches that meet criteria for 
migraine” and “Don’t perform CT imaging for 
headache when MRI is available, except in emer-
gency settings.” Patients with migraine are four 
times more likely to have white matter abnormali-
ties on MRI [52]. White matter lesions increase 
with increasing migraine frequency in some, but not 
all studies, and have not been associated with cogni-
tive changes. As such, patients with these lesions 
should be reassured [53].

 Strength of Evidence for Different 
Treatment Modalities

The most recent evidence-based guideline from 
the American Academy of Neurology and the 
American Headache Society was published in 
2012 and found that “divalproex sodium, sodium 
valproate, topiramate, metoprolol, propranolol, 
and timolol are effective for migraine prevention 
and should be offered to patients with migraine to 
reduce migraine attack frequency and severity 
(Level A).” [41] Lamotrigine was established as 
not effective in migraine prevention (Level A) 
and should not be offered. This guideline is cur-
rently in the process of being updated.

 Future Directions or Clinical Trials 
in Progress

The future is bright for people suffering with 
migraine. In 2018, the FDA approved the first 
new drug class for migraine prevention in over 
25 years, the CGRP/CGRP receptor antagonists. 
These new drugs are the only agents on the mar-
ket that were created specifically for migraine 
prevention. All other currently available migraine 
preventives were created for another purpose and 
subsequently found to be effective. In 2019 and 
2020, the FDA approved  two new classes of 
migraine acute treatments, the gepants (e.g., 
ubrogepant and rimegepant) and a ditan (lasmidi-

tan). The gepants are oral CGRP receptor antago-
nists. They  are particularly relevant  in subjects 
who do not tolerate or have contraindications to 
triptans.  Lasmiditan  is an oral 5-HT1F agonist. 
The ditans are related to triptans but exhibit mini-
mal effect on vascular tone and may have a par-
ticular role in patients with cardiovascular 
disease, though they carry a warning to avoid 
driving  or operating machinery  for at least 8 
hours after taking which may be prohibitive [55].

Other novel classes of medication for migraine 
are also in development including agents that tar-
get the pituitary adenylate cyclase activating 
polypeptide (PACAP) and transient receptor 
potential cation channel (TRPM8) systems, 
though much work remains to be done before 
these drugs end up in the hands of patients suffer-
ing with migraine.

 Conclusion/Summary

Migraine is a highly prevalent and disabling dis-
ease for which clear clinical diagnostic criteria 
and effective treatments exist. All patients with 
migraine should be offered an acute treatment 
regimen for attacks, typically a  “migraine- 
specific” drug (e.g., triptan, gepant, ditan), an 
NSAID, and/or a dopamine antagonist. These 
agents can be taken individually or in combina-
tion and should be chosen based on the severity of 
the attack. Prevention should be offered, particu-
larly when patients have headache 6 or more days 
per month in order to limit the frequency and 
severity of attacks and related migraine disability. 
Pharmacologic migraine prevention consists of 
nutraceuticals and pharmaceuticals. Prescribers 
should become familiar with the effective dose of 
commonly prescribed agents, and patients should 
be reminded that migraine prevention often takes 
6–8 weeks to take full effect. More than one layer 
of migraine prevention may be required to achieve 
satisfactory migraine control. The SNOOP mne-
monic can be used to identify headache red flags. 
When a red flag exists, secondary headaches 
should be considered.

The future of migraine care looks bright as our 
understanding of its pathophysiology is quickly 
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advancing and several new treatment options 
are on the horizon.
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Cluster Headache

Sonia Gill and Tariq Malik

 Case Description

A 41-year-old man presents to clinic with a 
3-week history of several “stabbing” right-
sided headache with eye pain, conjunctival 
injection, and tearing of his R eye. Each epi-
sode lasts about 20 minutes, and occurs a few 
times per day, more often at night. “Those are 
the worst minutes of my life and I’ve honestly 
thought about jumping out a window head first, 
that’s how bad they are,” he states. His past 
medical history was unremarkable until 1 year 
ago, when he has been diagnosed with hyper-
tension, hyperlipidemia, and stable angina for 
which he sees a cardiologist regularly. His 
medications include amlodipine, carvedilol, 
atorvastatin, and an as-needed sublingual 
nitrate for chest pain. He drinks alcohol occa-
sionally, and denies other drug use. His blood 
pressure is well controlled in clinic and his 
exam is unremarkable.

 What Is Your Preliminary Diagnosis?

Chief complaint of headache carries a long list of 
possible diagnosis. It is always important to sys-
tematically evaluate the patient to ensure that no 
life-threatening condition or easily treated condi-
tion is missed. Using the International Headache 
Society criteria, the preliminary diagnosis is a 
cluster headache [1]. The International 
Classification of Headache Disorders defines 
cluster headache as a strictly unilateral headache 
lasting 15–180  minutes, localized within or 
above the orbit, often accompanied by at least 
one ipsilateral autonomic symptom or agitation, 
or both. Autonomic symptoms include conjuncti-
val injection, lacrimation, nasal congestion, rhi-
norrhea, miosis, ptosis, eyelid edema, and 
forehead or facial sweating. They occur up 
between once every other day to as frequently as 
eight times a day (third international). These fre-
quent, recurrent headaches can be debilitating, 
affecting quality of life and sometimes, inciting 
suicidal thoughts [2].

 How Is Diagnosis Confirmed?

Diagnosis of CH is based on careful history that 
elicits the clinical features of attacks with ipsilat-
eral associated symptoms and a cyclic nature. 
Brain MRI with detailed study of the pituitary 
area and cavernous sinus is recommended for all 
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trigeminal autonomic cephalgias (TACs) includ-
ing CH, because even a clinically typical CH can 
be caused by structural lesions [3].

 What Is the Pathophysiology of This 
Condition?

The exact pathophysiologic mechanism of CH is 
unknown, but the prior theory of inflammation of 
the cavernous sinus has been replaced by the the-
ory of a complex neurovascular process that 
involves a synchronized abnormal activity in the 
hypothalamus, the trigeminovascular system, and 
the parasympathetic nervous system [4]. 
Understanding some of the pathophysiology has 
guided novel treatment modalities.

Studies of hormone and biomarker levels, as 
well as neuroimaging studies, suggest the role of 
the anterior hypothalamus [4–10]. The involve-
ment of the hypothalamus, in particular, the 
suprachiasmatic nuclei that govern circadian 
release of hormones, is thought to be involved 
with gender differences, seasonal variation of 
headaches, and timing of headaches that is some-
times related to circadian rhythm [11].

A genetic alteration might predispose an indi-
vidual to cluster headache, as epidemiologic 
studies show a tendency for cluster headaches to 
affect families, but the exact mutation and its 
mode of inheritance has not been identified [4]. 
There is preliminary data to suggest that a muta-
tion in the HCRTR2 gene which codes for hypo-
crein- 2 receptor might be involved, but these data 
have not been confirmed [4].

Studies in the last decade suggest that anoma-
lies in the metabolism of tyrosine and complex 
biochemical pathways may play a role in the 
pathogenesis of CH [12]. In these patients, the 
levels of tyramine and other elusive amines are 
elevated. Their interactions with trace amine- 
associated receptors, which are expressed in sub-
cortical centers and blood vessels, modulate the 
release of dopamine and norepinephrine, which 
may result in the abnormal activation of the auto-
nomic system and hypothalamus [12].

Higher sympathetic tone has been shown dur-
ing neurostimulation of the sphenopalatine gan-
glion preceding cranial autonomic symptoms or 
cluster pain, while during cluster pain increased 
parasympathetic activity has been observed [13]. 
This severe unilateral pain involves activation of 
the trigeminal-autonomic reflex, via the first 
(ophthalmic) division of the trigeminal nerve. 
The associated autonomic symptoms including 
lacrimation, nasal congestion, and rhinorrhea are 
due to the activation of the cranial parasympa-
thetic outflow from the seventh cranial nerve 
[14]. These nerve fibers synapse in the spheno-
palatine ganglion, making stimulation of the 
sphenopalatine ganglion a target for treating CH 
pain and symptoms.

Activation of the trigeminovascular system 
leads to neuropeptide release, including calcito-
nin gene-related peptide (CGRP), vasoactive 
intestinal peptide (VIP), and pituitary adenylate 
cyclase-activating peptide (PACAP) [15]. 
Patients with spontaneous or nitroglycerine- 
induced CH attacks were found to have increased 
calcitonin gene-related peptide (CGRP) levels in 
the external jugular vein that was normalized 
after O2 inhalation or treatment with subcutane-
ous sumatriptan [15]. The release of these pep-
tides leads to a number of downstream effects 
including arteriolar vasodilation, plasma protein 
extravasation, and degranulation of mast cells 
[15].

Cluster headache is associated with psychiat-
ric comorbidities of which depression, anxiety, 
and aggressive behavior are the most common. 
The mechanism of the suicidal ideation experi-
enced by some is also unclear, but may be due to 
the psychological impact of recurrent attacks, a 
lack of sleep, or possibly, more complex mecha-
nism like an alteration in serotonergic pathways 
or the production of cytokines.

Attacks occur spontaneously and may be pro-
voked by alcohol, histamine, nitroglycerin, or 
organic compounds such as perfume and paint. In 
over half of patients, small quantities of alcohol, 
particularly red wine, will precipitate an attack, 
usually within an hour of ingestion [3].
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 How Is This Problem Managed?

The mainstay of therapy is to abort attacks 
quickly once they have begun, as there are often 
a few minutes between onset and peak of symp-
tom intensity, and to prevent future attacks [3].

The 2016 American Headache Society cluster 
headache treatment guidelines catergorize only 3 
Level A recommendations for acute therapy: 
sumatriptan subcutaneous, zolmitriptan intrana-
sal, and high flow oxygen. High flow oxygen and 
triptans are the most effective therapies for an 
acute cluster headache attack. About 60–70% of 
CH patients respond to inhalation of 100% oxy-
gen via a non-rebreathing face mask. It takes 
15  minutes to work and if effective, will com-
pletely abort the attack. It is used as first-line 
treatment when triptans are contraindicated. 
Unlike triptans, there is no limit as to how often it 
can used to abort CH attack. Sumatriptan, a 
5-HT1B/D agonist, 6  mg injected subcutane-
ously, is considered the gold standard to abort 
ongoing CH attacks, and works within 15 min-
utes. Injected route is more effective than other 
routes like nasal (zolmitriptan 5–10 mg dose or 
sumatriptan nasal dose 20 mg) which takes upto 
30  minutes to work; oral route is effective but 
takes longer than 30  minutes to work. There is 
evidence of tachyphlaxis with escalating doses, 
and it is contraindicated in those with cardiovas-
cular or cerebrovascular disorders or hyperten-
sion [16]. Intranasal lidocaine has been tested in 
few trials with good response; optimal dose and 
concentration is not known. It can be used as a 
spray, drop, or using a cotton swab. It is used if 
oxygen fails to abort the attack and triptans are 
contraindicated. Corticosteroids are sometimes 
prescribed to temporarily improve symptoms 
while a preventive medication takes effect. One 
of the older treatments for CH is oral ergotama-
nine. An intravenous version, dihydroergotamine, 
can stop attacks in 3 days in about two-thirds of 
patients [16]. Melatonin might be a useful adjunct 
as well [17]. Octreotide 100 microgram adminis-
tered subcutaneously has been found to be effec-
tive abortive therapy and is well tolerated. 

However it is usually considered second line of 
therapy after triptan and is used when triptans 
have failed to abort the CH attack.

High-dose oral steroid (prednisolone 1 mg/kg 
or at least 40 mg orally a day) is quite effective in 
preventing recurrence of attacks. The oral steroid 
is given over 1–3 weeks. Single dose of predniso-
lone (30 mg/kg) given IV can be equally effec-
tive. Occipital nerve block done with bupivacaine, 
and triamcinolone can also provide a longer last-
ing relief when combined with abortive therapy.

Avoidance of alcohol, napping, and nitrates 
like nitroglycerine when possible are some of the 
preventative methods. First-line preventive drugs 
include verapamil and lithium, but ergot medica-
tions, topiramate, and valproic acid may also be 
used. While corticosteroids are effective in pre-
venting headaches, caution should be used when 
considering long-term preventive solutions.

Verapamil has Level C recommendation from 
American Headache Society (AHS) but Level A 
from the European Federation of Neurological 
Societies (EFNS) as an effective preventive inter-
vention. Its usual dose is 240–960 mg a day given 
in divided doses, and median effective dose is 
480 mg a day. It takes 2 weeks to work, and usual 
side effects are constipation, hypotension, periph-
eral edema, and heart block. Verapamil is usually 
better tolerated than lithium, and with fewer side 
effects, though an EKG should be performed 
because of a risk of heart block. Lithium has 
Level C recommendation from AHS and Level B 
from EFNS. Target dose is 600–1500 mg a day. 
The drug has narrow therapeutic index and 
requires serum level monitoring. Common side 
effects are diarrhea, tremors, and polyuria [3]. 
Melatonin (dose 10–20  mg a day) has Level C 
recommendation from both societies as though it 
has better side effect profile than the previous two 
drugs, but is less effective.

Up to 20% of chronic CH is resistant to pharma-
cological treatments, in which case interventional 
procedures that target the various nerves should be 
considered. The number of different injections or 
surgcial procedures include block, stimulation of 
the vagus nerve, occipital nerve, sphenopalatine 
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ganglion, and deep brain stimulation of the hypo-
thalamus) radiofrequency, stereotactic radiosur-
gery, and vidian neurectomy [18]. These therapies 
may be considered for episodic CH that is refrac-
tory to standard medical therapy [18]. External 
vagus nerve stimulation (nVNS) is an FDA-
approved therapy to abort an acute CH attack as 
well as to be used an adjunctive therapy for cluster 
headache prevention. The device is used provide 
three 2-minute stimulation which are self-adminis-
tered by the patient by applying the device over the 
carotid pulsation just below the jaw.

Novel methods like onabotulinum toxin A, 
neurostimulation including sphenopalatine gan-
glion stimulation, hypothalamic deep brain stim-
ulation, occipital nerve stimulation, and 
monoclonal antibodies against calcitonin gene- 
related peptide, a crucial neurotransmitter of the 
trigeminal system, are under investigation for the 
preventive treatment of cluster headache [2].

In 2018, the FDA approved a number of 
monoclonal antibodies targeted at the CGRP, for 
migraine treatment. Galcanezumab showed 
effectiveness in preventing episodic cluster head-
ache, although has not yet been submitted to the 
FDA for this indication [19]. Clonidine, an 
α1receptor antagonist, significantly reduces the 
number of CH attacks [20].

 What Is the Prognosis of This 
Condition?

What is the long-term outcome – complete cure, 
recurrent, or chronic persistent problem?

The most common presentation is the epi-
sodic form, in which attacks occur daily for 
weeks or months, with complete remission for 
months or years. Some patients describe one to 
two episodes a year. Approximately one-fourth 
of patients will experience only a single epi-
sode, and 80% of patients have an episodic pat-
tern of headaches. If the episode does not remit 
within 1  year, it is characterized as a chronic 
cluster headache [2]. A study of patients who 
had cluster headaches for 20  years or longer 
showed that one-third of patients will experi-
ence complete remission, one-third will have a 

decrease in the severity of headaches and may 
not require medications, and one-third will 
remain unchanged [17].

 Discussion

 Prevalence

Cluster headache is not as common as migraine 
but is not rare and is often misdiagnosed and hence 
mismanaged. The prevalence of cluster headache 
is approximately 0.1% of the general population. 
One study showed that 85% of patients who suffer 
from cluster headaches are cigarette smokers, but 
the link is unclear, as abstinence from nicotine has 
not been shown to improve symptoms. Men are 
more frequently affected than women, with a male 
to female ratio of about 3:1; however, this ratio is 
decreasing with more women being diagnosed. It 
is unclear if this reflects a change in diagnostic 
accuracy. In women, it is often misdiagnosed as 
migraine, as photophobia and nausea may also 
occur with cluster headache. Though patients can 
get CH at any age, attacks typically start in those 
20–40 years of age.

There seems to be a hereditary or familial 
nature in some cases of CH. First-degree relatives 
of CH patients has an estimated 10- to 50-fold 
increased risk of developing CH.  Several genes 
have been identified as potential source of prob-
lem but none have been validated. A genome- 
wide analysis study suggested that a variant of the 
pituitary adenylate cyclase-activating polypeptide 
(PACAP) receptor gene ADCYAP1R1 could be 
relevant to cluster headache, which initially was 
considered a very promising finding, but studies 
produced conflicting results. The inheritance pat-
tern also seems to vary from autosomal recessive 
to autosomal dominant. Neuroimaging studies 
and neuromodulatory therapies are improving our 
understanding of the disease.

 Differential Diagnosis

It is important to have a conclusive diagnosis 
and other diseases are excluded. The list of dis-
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eases include temporal arteritis, migraines, 
other TACs, sinusitis, glaucoma, and structural 
lesions in the mid and posterior cranial fossa, 
including  pituitary tumors, aneurysms, AV 
malformations, carotid dissection, and cavern-
ous sinus pathology [3, 17]. Migraine and tri-
geminal neuralgia are most often confused 
with CH. More importantly, some patients may 
have both conditions.

 Predictive Value of Different Clinical 
Features (Both on History 
and Physical Exam) and Lab Testing/
Imaging

Eighty percent of patients have lacrimation and 
conjunctival injection. Nasal stuffiness or rhinor-
rhea occurs in at least two-thirds of patients. In 
3–5% of cases, there is no associated autonomic 
symptom [21].

 Strength of Evidence for Different 
Treatment Modalities

Sumatriptan to abort ongoing CH attacks has 
support from both – from data reported in double- 
blind, placebo-controlled trials and from clinical 
practice [22, 23]. Few randomized clinical trials 
have investigated preventive drugs in CH, and 
much of preventive therapy is based on clinical 
experience. Surgical procedures should be con-
sidered with great caution because there are no 
reliable long-term observational data and because 
they can induce trigeminal neuralgia or contralat-
eral cluster headaches.

 Future Directions or Clinical Trials 
in Progress

Phase III clinical trials with CGRP monoclonal 
antibodies are underway for the preventive treat-
ment of episodic and chronic CH (NCT03107052, 
NCT02797951).

 Conclusion/Summary

Cluster headache is a debilitating condition 
requiring prompt diagnosis and medical atten-
tion. Nicknamed the “suicide headache,” 
patients with CH fear recurrence of attacks and 
have contemplated taking their own lives, with 
some actually having committed suicide. It is 
often an ipsilateral headache in the temporal or 
orbital region with associated autonomic symp-
toms. The exact mechanism is not known, but 
there have been discoveries showing a complex 
neurovascular pathology, involving the hypo-
thalamus, autonomic pathways, signaling mol-
ecules, and resulting tissue and vascular 
changes. Successful treatment of attacks 
includes oxygen administration and sumatrip-
tan. There are a number of preventive strategies 
including pharmacologic ones (verapamil and 
lithium being the most common) and nonphar-
macologic ones (avoidance of triggers). Some 
patients may require escalating doses, multiple 
medications and may even be refractory to 
medications, warranting the use of nerve blocks 
or nerve stimulation as part of a preventive 
strategy.
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Atypical Facial Pain/Persistent 
Idiopathic Facial Pain

Brady Still and Tariq Malik

 Case Description

A 35-year-old woman presents to your pain clinic 
with 6  months of daily left facial pain. She 
describes the pain as deep, dull, and burning in 
quality. She indicates it generally begins next to 
her nose, but often spreads to other parts of her 
face in a non-dermatomal pattern. She cannot 
recall anything that may have triggered the pain, 
though she has had facial botulinum toxin injec-
tions in the past. She denies pain on the right. The 
pain is not changed with chewing or talking, and 
she experiences no difficulties with facial move-
ment or sensation. She denies current or prior 
rashes or blisters on her face. She saw her regular 
dentist last month, who told her there were no 
issues with her teeth or gums. She takes no medi-
cations. Her only other medical problems are 
anxiety and depression, for which she sees a 
therapist.

 What Is Your Preliminary Diagnosis?

Facial pain or headache is a very common com-
plaint. Common conditions causing pain in this 
location are migraine, trigeminal neuralgia, 

sinusitis, or dental related. The patient in the case 
presented would need a thorough evaluation by a 
medical doctor including an ENT or dental con-
sultation if needed. After such complete evalua-
tion including imaging of the head or face, should 
she be referred to a pain clinic. The preliminary 
diagnosis is atypical facial pain (AFP), also 
called persistent idiopathic facial pain (PIFP). As 
defined by the International Headache Society 
(IHS), PIFP is “[p]ersistent facial and/or oral 
pain, with varying presentations but recurring 
daily for more than 2 hours per day over more 
than 3 months, in the absence of clinical neuro-
logical deficit” [1]. This pain is typically ill- 
defined, both in character and in location, but is 
often dull and unilateral. It notably does not fol-
low a dermatomal distribution. Though the dis-
ease is persistent in nature, patients often describe 
exacerbations during periods of stress. Motor 
function is preserved, and there are no sensory 
deficits. Patients often endorse minor maxillofa-
cial trauma or procedures preceding the onset of 
pain, though many patients are unable to defini-
tively establish an inciting event. Psychiatric 
comorbidities, particularly anxiety and depres-
sion, are common [2–5]. The IHS further notes a 
proposed variant of PIFP, atypical odontalgia, 
referring to “continuous pain in one or more teeth 
or in a tooth socket after extraction,” but does not 
provide formal diagnostic criteria due to a dearth 
of research [1].
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The formal IHS diagnostic criteria for PIFP 
are as follows [1]:

 A. Facial and/or oral pain fulfilling criteria B 
and C.

 B. Recurring daily for >2  h per day for 
>3 months.

 C. Pain has both of the following characteristics:
 1. Poorly localized, and not following the 

distribution of a peripheral nerve.
 2. Dull, aching, or nagging quality.

 D. Clinical neurological examination is normal.
 E. A dental cause has been excluded by appro-

priate investigations.

There are no other diagnostic criteria in com-
mon clinical use.

 How Is the Diagnosis Confirmed?

As PIFP is a diagnosis of exclusion, there is no 
confirmatory testing. Other common causes of 
facial pain, including temporomandibular dys-
function, regional myofascial pain, trigeminal 
neuralgia, and the common headache disorders, 
must be excluded via a thorough history and 
physical and appropriate imaging. Particular care 
should be given to establishing a lack of sensory 
changes, which would suggest the more common 
entities of trigeminal neuralgia and trigeminal 
neuropathy [3, 5]. Magnetic resonance imaging 
(MRI) may be useful in ruling out central ner-
vous system or trigeminal pathology.

 What Is the Pathophysiology of This 
Condition?

The pathophysiology of PIFP, like many idio-
pathic chronic pain conditions, is poorly under-
stood, and is thought to result from a combination 
of biological and psychological factors [5–7]. 
PET imaging of patients with PIFP exposed to a 
thermally noxious stimulus reveals differences in 
activity suggestive of globally altered processing 
of noxious stimuli [8]. More specifically, 
derangements in striatal dopaminergic signaling 
are thought to play a key role [9]. Habituation of 

the blink reflex (BR), a process under dopaminer-
gic control, is often deficient in patients with 
PIFP; in addition, D1- and D2-labeled PET imag-
ing of patients with PIFP demonstrates abnor-
malities in dopaminergic signaling [6, 9, 10]. 
Quantitative sensory testing (QST) additionally 
reveals that many patients with PIFP have abnor-
malities in small-fiber function [10]. Though the 
exact small-fiber abnormality seen in QST is 
highly variable, the most common finding is ther-
mal hypoesthesia [10]. These findings are similar 
to those in patients with overt trigeminal neurop-
athy, leading some to hypothesize that PIFP and 
trigeminal neuropathy may represent a contin-
uum of pain pathology [10]. Unlike the trigemi-
nal neuralgias and neuropathies, there is limited 
to no evidence of neurovascular compression of 
the trigeminal nerve in patients with PIFP [11].

 How Is This Problem Managed?

As PIFP is a chronic, persistent pain syndrome 
with both biological and psychological compo-
nents, a multidisciplinary pain management strat-
egy incorporating both pharmacologic agents and 
cognitive behavioral therapy is recommended [2, 
3, 5, 7]. Medical management includes the fol-
lowing agents:

 A. Amitriptyline: Dose: 25  mg once per day, 
titrated to symptom relief and side-effect tol-
erance to a maximum of 100 mg once per day 
[5, 12]. Side effects include sedation, head-
ache, gastrointestinal upset.

 B. Fluoxetine: Dose: 20 mg once per day, with 
no consensus as to titration strategy [7]. Side 
effects include sexual dysfunction, headache, 
gastrointestinal upset, and discontinuation 
syndrome.

 C. Venlafaxine: Dose: 75 mg once per day, with 
no consensus as to titration strategy [13]. Side 
effects include sexual dysfunction, headache, 
gastrointestinal upset, and insomnia.

Anticonvulsant agents such as gabapentin and 
pregabalin have been trialed in individual 
patients; however, no compelling evidence exists 
for their use in PIFP [5].
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Cognitive-behavioral therapy is recommended 
in conjunction with medical management as out-
lined above [5, 7].

Invasive strategies, including trigeminal vas-
cular decompression surgery and deep brain 
stimulator placement, are generally ineffective. 
Despite this, many patients with PIFP have 
undergone invasive procedures in an attempt to 
treat their facial pain by the time they present to a 
pain specialist [3].

The most commonly used interventional pain 
strategy is pulsed radiofrequency (PRF) treat-
ment of the sphenopalatine ganglion (SPG). In 
this interventional strategy, the SPG is ablated 
under fluoroscopic guidance following a diag-
nostic local anesthetic block [14].

No clear treatment guidelines have been pro-
mulgated by the IHS or other professional societ-
ies. Reviews of PIFP emphasize the primacy of 
combined medical/psychological intervention, 
with a role for PRF of the SPG in patients whose 
pain is refractory to these interventions [2, 3, 5, 
7]. There are case reports of percutaneous periph-
eral neuromodulation having some success in 
treating atypical facial pain in refractory patients, 
but the level of evidence is poor and effectiveness 
not well documented.

 What Is the Prognosis of This 
Condition?

As with many idiopathic chronic pain syndromes, 
cure is not possible and prognosis is poor. Few 
patients achieve complete remission, though 
many do attain partial response to the treatment 
modalities outlined previously.

 Discussion

 Prevalence

As with many chronic pain conditions, especially 
those that are diagnoses of exclusion, the exact 
epidemiology of PIFP remains difficult to deter-
mine. A population-based study of 3336 German 
citizens found a prevalence of 0.03% (1 of 3336) 
[15]. A prospective, clinic-based study of 307 

patients with side-locked headache found a prev-
alence of 3%, with no statistically significant dif-
ference between male and female patients [16]. A 
large retrospective examination of the Integrated 
Primary Care Information Database of approxi-
mately 800,000 Dutch patients found 362 patients 
with chronic facial pain, of which 11.3% (41 of 
362) were diagnosed as having PIFP. 75.6% of 
these patients were female, suggesting a female 
predominance. The same study found an inci-
dence rate of 4.4 per 100,000 person-years (PY), 
with a peak incidence between age 30 and 39 
[17]. A cohort-based study of 53 patients diag-
nosed with PIFP at the Danish Headache Centre 
found that 75% (40 of 53) were female, with a 
mean age of 49.8 [4]

 Differential Diagnosis

As PIFP is a diagnosis of exclusion with often 
nonspecific features, the differential diagnosis is 
broad, including but not limited to [1, 3]:

 A. Headache disorders
 (a) Migraine with or without aura
 (b) Cluster headache
 (c) Cervicogenic headache

 B. Trigeminal neuropathies/neuralgias
 (a) Posttraumatic trigeminal neuropathy 

(PTTN)
 (b) Trigeminal neuralgia

 C. Temporomandibular disorders
 D. Dental and gingival pathologies
 E. Ocular disorders

 (a) Glaucoma
 F. Infectious etiologies

 (a) Herpes zoster
 (b) Sinusitis

 G. Regional myofascial pain (RMP)
 H. Central facial pain

 Predictive Value of Clinical Features

The clinical features of PIFP are relatively non-
specific, and individual features lack predictive 
value. The literature is limited with regard to the 
test characteristics of clinical features of PIFP.
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 Strength of Evidence for Treatment 
Modalities

Studies evaluating the treatment modalities for 
PIFP are limited. The primary evidence for each 
of the three primary pharmacologic treatments 
and the one interventional management are out-
lined in the following:

 A. Amitriptyline: Single crossover RCT, n = 32. 
Patients randomized to amitriptyline 30  mg 
once per day (“low dose”) versus placebo, 
amitriptyline 150  mg once per day (“high 
dose”) versus placebo, or amitriptyline 
150  mg versus amitriptyline 30  mg. 
Statistically significant decrease in pain rela-
tive to placebo occurred for both the low dose 
and high dose group, with no difference in the 
direct comparison group [12].

 B. Fluoxetine: Single RCT, n  =  178. Patients 
randomized to fluoxetine 20 mg once per day, 
CBT alone, CBT plus fluoxetine 20 mg once 
per day, or placebo. Fluoxetine reduced pain 
intensity; CBT in addition to fluoxetine 
reduced patient distress and functional inter-
ference [7].

 C. Venlafaxine: Single crossover RCT, n  =  30. 
Patients randomized to venlafaxine 37.5–
75 mg once per day (titrated as patient toler-
ated) followed by placebo, or placebo 
followed by venlafaxine 37.5–75 mg once per 
day. Modest relief of pain on one rating scale 
was achieved, though no statistically signifi-
cant difference was observed on the pain 
scale used as the primary outcome [13].

 D. Radiofrequency ablation of the sphenopala-
tine ganglion. Single retrospective analysis of 
patients with chronic head and face pain who 
underwent RFA, n = 46. 21% reported com-
plete pain relief; 65% reported mild to mod-
erate pain relief [14].

 Future Directions

Given that PIFP remains a poorly understood 
entity, much of the literature emphasizes the need 
for further neuroimaging to better elucidate the 

pathophysiology of the condition. The paucity of 
high-quality randomized controlled trials addi-
tionally limits effective treatment of the condi-
tion; further trials are needed to determine both 
the ideal agents and ideal doses. An area of active 
research with regard to interventional pain man-
agement is the application of peripheral nerve 
field stimulation (PNFS) in patients with PIFP. In 
one retrospective study of PNFS of patients with 
facial pain, the single patient with PIFP demon-
strated an improvement in VAS pain score from 7 
to 3 following implantation of an infraorbital 
nerve stimulator [18].

 Conclusion/Summary

Atypical facial pain (AFP) or persistent idio-
pathic facial pain (PIFP) is a chronic pain syn-
drome characterized by persistent facial and/or 
oral pain not clearly attributable to other facial or 
dental pathology. It appears to have a female pre-
dominance, with onset in middle age. There are 
no pathognomonic or highly suggestive clinical 
features or imaging findings associated with the 
condition, and it remains a diagnosis of exclu-
sion. Prognosis is generally poor, though positive 
results have been achieved with amitriptyline, 
fluoxetine, and venlafaxine. RFA of the spheno-
palatine ganglion remains the interventional 
strategy of choice in patients who fail medical 
management. Further work will aim to better 
determine the pathophysiology of the condition, 
as well as determine effective treatments.
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A 75-Year-Old Woman 
with Frequent Fleeting Face Pain 
(Trigeminal Neuralgia)

Armen Haroutunian, Kenneth D. Candido, 
and Nebojsa Nick Knezevic

 Case Description

This is a case report of a 75-year-old female pre-
senting to the pain management department with 
the description of a 10-year history of intermit-
tent, sharp, stabbing left-sided facial pain radiat-
ing along the cheekbone and her jawbone all the 
way to her chin. The patient described that on 
most days she had mild pain and denied any 
baseline pain between the episodes of pain exac-
erbation. Aggravating factors included eating, 
swallowing, brushing her teeth, washing her face, 
clenching her teeth, light touch, and cold/windy 
weather. She denied any pain while sleeping, or 
waking up from the pain. She described trigger 
points including touching her left cheek and a 
few intra-oral points. Her dental history revealed 
a diagnosis of trigeminal neuralgia controlled 
with carbamazepine 100 mg twice daily, which 
relieved her pain temporarily. The patient stated 
that she often forgot to take her medication and 

had started to experience similar pain over the 
course of the last 6 months, gradually increasing 
in intensity. Her past medical history was only 
significant for hypertension, and occasional 
migraines, controlled with oral pharmacologic 
therapy. She denied any past surgical history. 
Review of systems is negative.

The patient’s vitals were within normal limits. 
Physical examination demonstrated a patient in 
visible distress. Cranial nerves were intact, as 
well as the remainder of the neurologic examina-
tion. On oral examination, pain was present on 
palpitation of the mandibular and maxillary alve-
olar ridge and on the left side of the tongue. 
Review of her brain magnetic resonance imaging 
did not demonstrate any abnormalities. The deci-
sion was made to proceed with a Gasserian gan-
glion nerve block under computed tomography 
(CT) guidance (Fig. 5.1). She tolerated the proce-
dure well and reported an excellent response with 
complete resolution of symptoms.

 What Is Your Preliminary Diagnosis?

The preliminary diagnosis, exacerbation of tri-
geminal neuralgia, was based primarily on the 
history of the patient. Patients often described the 
pain as stabbing, momentary, and electric-like, 
often coming in clusters with periods of remission 
that may lasted a few months to a few years [1].
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 How is the Diagnosis Confirmed?

The pain is unilateral and upon examination the 
provider should confirm that the pain is in the dis-
tribution of the trigeminal nerve. Laboratory, radio-
logic, or electrophysiologic testing was not needed 
to confirm the diagnosis of TN, since patients with 
the characteristic signs and symptoms with a nega-
tive neurologic examination could  commence 
treatment [2]. Preoperative MRI should be ordered 
to rule out other etiologies such as tumor or demy-
elinating disease. In most cases, no specific labora-
tory tests are needed, unless therapy with 
carbamazepine is started at which point blood 
count and liver function tests are required [2].

 What Is the Pathophysiology of This 
Condition?

The trigeminal nerve is the sensory supply to the 
face as well as sensory and motor supply to the 
muscles of mastication. The three major divi-
sions of the trigeminal nerve are the ophthalmic 
(V1), maxillary (V2), and mandibular (V3) 
nerves (Fig.  5.2). In 35% of patients, the pain 
typically radiates only to the maxillary or man-
dibular divisions accompanied by a brief spasm 
or tic [2]. The nerve exits at the level of the mid- 
lateral pons with its ganglion (the Gasserian gan-
glion) located at the trigeminal fossa (also known 
as Meckel’s cave) (Fig.  5.3). These first-order 

a

c

b

d

Fig. 5.1 (a–d) Gasserian ganglion block for trigeminal neuralgia under CT guidance

A. Haroutunian et al.



29

V3–Auriculo-
temporal n.

V2
V1

V3–Buccal n.

V3–Mental n.

C. 2, 3—Trans. cervical n.
(Ant. cutaneous n.

of neck)

C. 2, 3—Great auricular n.

Zygomatico-
temporal n.

Zygomatico-
facial n.

Supra-orbital n.

Supratrochlear n.

Lacrimal n.

Infratrochlear n.

External nasal n.
Infra-

orbital n.

Fig. 5.2 Sensory 
Innervation of the 
branches of the 
trigeminal nerve

inferior alveolar
nerve

buccal nerve

deep temporal nerves

masseteric nerve

Anterior

mylohyoid
nerve

lingual nerve

auriculotemporal nerve

ANTERIOR
AURICULAR

BRANCHES TO 
MEATUS

PAROTID
BRANCHES

COMMUNICATING
TO FACIAL

AURICULO
TEMPORAL

MYLOHYOID LINGUAL

MENTAL

INFERIOR
ALVEOLAR

BUCCINATOR

POSTERIOR TEMPORAL
ZYGOMATICOFACIAL

TEMPORAL BRANCH
OF BUCCAL

INFRAORBITAL

posterior

Fig. 5.3 The Gasserian 
ganglion and branches 
of the trigeminal nerve. 
(From Carter HV, Gray 
H, Anatomy of the 
Human Body, 1918)

5 A 75-Year-Old Woman with Frequent Fleeting Face Pain (Trigeminal Neuralgia)



30

neurons carry pain, temperature, and touch [2]. 
The majority of TN is caused by vascular com-
pression of the nerve root, known as classic 
TN. Other causes of TN are schwannoma, menin-
gioma, epidermoid cyst, aneurysm, and AV mal-
formation [3]. The pathogenesis of neuropathy 
seems to be related to demyelination secondary 
to the area compressed and resultant ectopic 
impulse generation; however, the exact mecha-
nism remains unclear [4]. Higher order complex 
pain mechanisms and central sensitization are 
also believed to play a role [5, 6]. Knowledge of 
the pathogenesis is important and can help direct 
treatment; structural compression can be 
addressed with surgical decompression while 
abnormal neuronal firing can be treated with anti-
convulsant medications, and hypersensitivity can 
be treated with ablative techniques [7].

 How Is the Problem Managed?

Management of TN is multimodal and includes 
pharmacologic therapy, percutaneous proce-
dures, surgery, and radiation therapy. Medical 
management is often the initial treatment in 
patients with classic or vascular compressive 
TN. The first drug of choice is carbamazepine, 
an anticonvulsant that stabilizes neurons by 
blocking sodium channels. Studies demonstrate 
complete or near complete control of the pain in 
60–100% of patients as compared to placebo [8]. 
Doses of 100–200 mg are started for two or three 
times daily, and are increased in increments of 
200 mg until pain relief is achieved. The maxi-
mum recommended daily dose is 1200 mg daily. 
Side effects include dizziness, nausea, and vom-
iting. Laboratory analysis and blood count can 
reveal leukopenia, and rarely, aplastic anemia. 
Screening in the Asian population is recom-
mended as the HLA-B 15:02 haplotype is asso-
ciated with development of Stevens-Johnson 
syndrome or life-threatening toxic epidermal 
necrolysis [4]. Oxcarbazepine, an anticonvulsant 
that also blocks sodium channels, is as equally 
effective as carbamazepine [4]. The starting dose 
is 600 mg daily, increased in 300 mg increments 
to a total dose of 1200–1800 mg daily. A second-

ary medication, baclofen, binds the gaba-B 
receptor and blocks mono-and-polysynaptic 
reflexes by acting as an inhibitory neurotrans-
mitter, hyperpolarizing the terminal, thus reliev-
ing muscle spasticity [4]. The starting dose is 
typically 15  mg daily in three divided doses, 
titrated up to 60 mg daily. Side effects include 
dizziness, sedation, and dyspepsia. The drug 
should be discontinued slowly since abrupt stop-
page can cause seizures and hallucinations. If 
symptoms fail to subside, then tertiary medica-
tions such as lamotrigine, phenytoin, valproic 
acid, gabapentin, pregabalin, and clonazepam 
should be considered. Lamotrigine has been rec-
ommended as the drug of choice in patients with 
secondary TN caused by multiple sclerosis [9]. 
Opioids such as morphine, hydromorphone, and 
oxycodone are sometimes required to help treat 
the acute exacerbation of pain lasting days to 
weeks. When used in combination with neuro-
pathic medications, opioids are more effective at 
lower doses [4].

When medical management does not provide 
adequate relief and the pain becomes refractory, 
surgery may be indicated. The two main surgical 
categories include microvascular decompression 
or ablative procedures (rhizotomy, radiosurgery, 
peripheral neurectomy, and nerve blocks) [4]. 
Ablative techniques are less invasive; however, 
recurrence may be more common. Microvascular 
decompression is achieved with a craniotomy 
and most frequently requires mobilization of the 
superior cerebellar artery loop, which is often the 
culprit responsible for the compression of the TN 
nerve [10]. A study in 1996 in the New England 
Journal of Medicine demonstrated that microvas-
cular decompression is safe and effective, with a 
high rate of long-term success [11]. The most 
common complication is aseptic meningitis 
(11%), followed by hearing loss (10%) and sen-
sory loss (7%) [4].

Ablative procedures include rhizotomy, 
radiosurgery, peripheral neurectomy, and nerve 
block. Rhizotomy can be achieved with radiofre-
quency thermocoagulation, mechanical balloon 
compression (Fogarty catheter), or chemical 
(glycerol) injection. With these procedures, a 
cannula is passed through the foramen ovale, 
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and the sensory division of the trigeminal nerve 
is destroyed by one of the aforementioned meth-
ods. Initial pain relief can be as high as 90%, 
declining to 68–85% by 2 years, and by 54–64% 
in 3 years [8]. A major complication is meningi-
tis, occurring in 0.2% of patients. Paresthesias 
can occur in up to 12% [4]. Radiosurgery 
describes the use of Gamma Knife to deploy 
high-dose radiation to the cisternal portion of the 
trigeminal nerve. Placement of a head frame and 
use of stereotactic MRI allow for specific nerve 
identification. These beams cause degeneration 
and death of the nerve axon. Pain relief can 
sometimes take up to 1  month to evolve [12]. 
Pain relief at 1 year was 69%, and 52% at 3 
years. Worsening sensory impairment can occur 
in 9–37% of patients [4]. Peripheral neurectomy 
describes ablation of the branches of the trigemi-
nal nerve (supraorbital, infraorbital, alveolar, 
and lingual nerves) via alcohol injection, cryo-
therapy, incision, or radiofrequency lesioning 
[4]. The evidence for each of these respective 
techniques is inconclusive.

Patients who do not respond well to medica-
tion or patients who are not suited for surgical 
decompression are often good candidates for tri-
geminal nerve block [13]. The peripheral nerve 
block can also be diagnostic as well as therapeu-
tic for other conditions as well, such as recalci-
trant herpes zoster ophthalmicus and postherpetic 
neuralgia [14]. Contraindications to the block 
include patient refusal, active anti-coagulation 
therapy, antiplatelet medications, or in pregnant 
women. Complications include hematoma, intra-
vascular injection, or total spinal anesthesia. For 
these reasons, performing the block under image 
guidance is crucial [15]. Instead of blocking the 
trigeminal ganglion, the branches of the TN cor-
responding to the distribution of pain are blocked 
(typically V2 and V3 branches).

 Trigeminal Nerve Block Technique

 Ophthalmic Branch (V1) Nerve Block

In clinical practice, the branches of the ophthal-
mic nerve are blocked to treat pain around the 

eyes and nose. The nerve splits into lacrimal, 
frontal, and nasociliary branches. The frontal 
nerve further divides into the supraorbital and 
supratrochlear nerves. The supraorbital nerve 
supplies sensation to the forehead, scalp, and 
upper eyelid. The supratrochlear nerve supplies 
sensation to the upper nose, as well as the upper 
eyelid and conjunctivae. These two divisions of 
the frontal nerve are the main treatment targets in 
upper facial pain [1]. With the patient prepped 
and draped in the supine position, the supraor-
bital notch is palpated or identified using ultra-
sound guidance, and a short (1/2  in. or 3/4  in.; 
22- or 25-gauge) needle is placed and advanced 
until contact with  the bone is made, then with-
drawn 1 mm. After negative aspiration, 1.5 mL of 
a combination of local anesthetic and steroid are 
injected (typically 0.25% bupivacaine with 20 mg 
of triamcinolone) [1]. Either a particulate steroid 
such as triamcinolone or nonparticulate such as 
dexamethasone can be used without any differ-
ence in outcomes or neurologic sequelae [16]. By 
needle redirection to the upper medial aspect of 
the superior orbital bone, the supratrochlear 
nerve is encountered, which sits just lateral to the 
base of the nose. With the same entry point used 
for the supraorbital nerve injection, injecting 
1.5 mL of the local anesthetic and steroid mixture 
is undertaken [1].

 Maxillary (V2) and Mandibular (V3) 
Nerve Block

With the patient in the supine position on the 
fluoroscopic table (alternative is to use ultrasound 
guidance), palpitation of the groove under the 
zygomatic arch will allow for identification of the 
coronoid notch. After 2–3 mL skin infiltration of 
local anesthetic, a 22-gauge 2.5-inch blunt 
(Whitacre, or equivalent) spinal needle is 
advanced under fluoroscopy at a perpendicular 
plane until contact with the pterygoid plate is 
made. The needle should be slightly withdrawn, 
and 1–2 mm and 3 mL of contrast is injected with 
confirmation of appropriate spread on imaging. 
Then, a mixture of local anesthetic and steroid 
(2  mL 0.25% bupivacaine with 20  mg 
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 triamcinolone) should be administered [1]. This 
will target the mandibular division (V3) of the 
trigeminal nerve. Redirection of the needle ante-
rior and superior (approximately 1  cm past the 
pterygoid plate) will target the maxillary division 
(V2). Repeat the same injection technique with 
the mixture of local anesthetic with steroid. 
Again, proper needle placement prior to injection 
is critical, as advancement into the orbit can 
result in catastrophic outcomes [1].

 What Is the Prognosis of This 
Condition?

The prognosis of disease is variable and episodes 
may last weeks to months. Recurrence of symp-
toms characterized as “waxing and waning” 
is  common in the setting of background facial 
pain [4]. Lack of response to treatment therapy or 
pain in the V1 distribution are poor predictors of 
outcome. However, up to 90% of patients are 
pain-free soon after any of the operations, and the 
pain relief lasts longer with surgical decompres-
sion [17]. The chronic pain associated with the 
disease can cause depression or affect daily func-
tioning, sometimes leading to death or suicide [2].

 Discussion

 Prevalence

Trigeminal neuralgia was first described by Dr. 
Johannes Laurentis Bausch in the mid- 
seventeenth century, who, in the midst of suf-
fering from the disease himself, managed to 
detail the course of illness. Coined as “tic dou-
loureux” by Nicolaus Andre in 1704, the con-
dition is characterized by brief episodes of 
electric shock-like pain in one or more of the 
divisions of the trigeminal nerve, occurring in 
paroxysms, sometimes associated with facial 
spasms. The pain is typically unilateral and is 
often along the distribution of V2 and V3 
branches of the TN, rarely affecting V1. 
Touching of certain trigger zones can lead to 

attacks, as can simple tasks such as chewing, 
talking, and grimacing. Seasonal changes, 
resulting in temperature changes and wind 
exposure, can precipitate attacks. The condi-
tion is rare (4–13 per 100,000 people) and 
affects women more than men in a 1:1.5–1:1.7 
ratio [4]. It is more common after the age of 50, 
but can start as early as the second decade. 
There is weak evidence linking hypertension 
and migraine headaches as risk factors [18–
20]. Patients who develop the disease during 
the second to fourth decade are more likely to 
be suffering from multiple sclerosis [2].

 Differential Diagnosis

Based on the International Headache Society’s 
(IHS) 3rd Edition of Classification of Headache 
Disorders, TN is divided into classic TN (or 
primary) and painful trigeminal neuropathy 
(secondary). Classic TN entails idiopathic TN 
as well as vascular compression as the causes 
of TN. Painful trigeminal neuropathy, however, 
is caused by lesions other than vascular com-
pression, such as postherpetic trigeminal neu-
ropathy, acute herpes zoster, post-traumatic 
trigeminal neuropathy, multiple sclerosis, and 
space- occupying lesions [4]. Diagnostic crite-
ria (as defined by the IHS third edition) are as 
follows [4]:

 1. Three attacks of unilateral face pain that must 
fulfill criteria 2 and 3.

 2. Pain occurs along the distribution of the tri-
geminal nerve.

 3. The pain has at least three of these following 
features:
 (a) Recurrent attacks lasting from a second to 

two minutes.
 (b) Severe in intensity (VAS ≥ 8/10).
 (c) Shock-like or stabbing in nature.
 (d) At least three attacks precipitated by stim-

ulus that is not noxious in nature.
 4. No neurologic deficit.
 5. Not accounted for by another ICHD-3 

diagnosis.
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 Predictive Value of Different Clinical 
Features and Lab Testing/Imaging

MRI with and without contrast is recommended 
for patients who meet the clinical criteria in order 
to differentiate classic TN from painful trigemi-
nal neuropathy. Imaging can help identify or rule 
out multiple sclerosis, mass effect, vascular com-
pression at the nerve root, and ultimately aid in 
preoperative planning.

 Strength of Evidence for Different 
Treatment Modalities

The decision to pursue a certain therapy is multi-
faceted and depends on clinical findings and the 
underlying pathology, at which point an individu-
alized treatment plan can be instituted. First-line 
therapy is medical management with carbamaze-
pine; however, 15% of patients do not derive any 
benefits from this medication. Younger patients 
with classic TN refractory to medication treat-
ment are good candidates for surgical decom-
pression and can sometimes achieve complete 
cure. For elderly patients with active comorbidi-
ties, ablative therapies carry low risk and can pro-
duce quick relief.

 Future Directions or Clinical Trials 
in Progress

There is much hope for future therapy. A 2014 
literature review identified injection of botulinum 
toxin type A as an effective treatment therapy for 
patients refractory to medical management [17]. 
Already used to treat headaches and a number of 
other pain conditions, botulinum toxin type A 
inhibits the release of acetylcholine at the neuro-
muscular junction and decreases substance P, cal-
citonin gene-related peptide (CGRP), and 
glutamate. Although more studies are needed to 
substantiate its use, it does show much promise in 
the future treatment of TN [17]. Another emerg-
ing novel pharmacologic option currently under 
investigation is a sodium channel blocker 
(CNV1014802), shown to decrease paroxysmal 

attacks by 60% and pain scores by 55% [21]. 
Future nonpharmacological options include tran-
scranial direct current stimulation or repetitive 
transcranial magnetic stimulation [22].

The sphenopalatine ganglion (SPG) block has 
recently re-emerged as a treatment option for 
patients with headache and face pain [23]. 
Described in 1908 by Dr. Sluder at Washington 
University and first used for treatment of trigemi-
nal neuralgia by Dr. Ruskin in 1925, the SPG is 
the parasympathetic ganglia found in the ptery-
gopalatine fossa, located posterior to the middle 
nasal turbinate [24, 25]. Although the mechanism 
is not exactly understood, interference with the 
parasympathetic outflow as well as modulation 
of the trigeminal nucleus caudalis via the afferent 
sensory fibers (believed to play a role in central 
sensitization) are two supported theories behind 
how the SPG block works [26]. The most com-
mon methods for SPG blockade include the 
transnasal, transoral, and lateral infratemporal 
approaches. The injectate is a local anesthetic, 
either alone or in combination with a depot ste-
roid. Although the transnasal approach is the sim-
plest and is typically devoid of major 
complications while being well tolerated, ana-
tomic variability in patients creates uncertainty in 
the efficacy of the procedure and includes rare 
complications such as epistaxis and even rarer 
possible infection [27]. However, a new transna-
sal applicator, the Tx360, allows for a more pre-
cise delivery of analgesics and has popularized 
the technique due to its inexpensive, fast, and 
easy-to-use interface [28]. Further investigations 
comparing the new application to traditional 
techniques are still warranted.

 Conclusion

Facial pain affects many people worldwide with 
costs of many billions of dollars per year. The 
pain causes an extensive burden on the individ-
ual, families, society, healthcare, and healthcare 
providers. In addition, trigeminal neuralgia 
causes debilitating disease, depression, and sui-
cide if left untreated. The diagnosis is made based 
upon clinical judgment and imaging helps iden-
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tify underlying disease and helps guide therapy. 
Treatment options include pharmacologic and 
nonpharmacologic therapies. First-line medica-
tion is with carbamazepine. Surgery is reserved 
for patients refractory to medical management. 
Emerging new pharmacologic and interventional 
therapies provide much promise in the treatment 
of trigeminal neuralgia.
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A Patient with Chronic Pain 
in the Back of the Head

Usman Latif

 Case Description

A 43-year-old woman presents to chronic pain 
clinic with complaint of chronic headache. She 
has a history of diabetes mellitus, hypertension, 
gastroesophageal reflux disease, seasonal aller-
gies, and childhood asthma. She denies any drug 
allergies. She takes metformin, lisinopril, panto-
prazole, and cetirizine on a daily basis. She also 
takes Aspirin 81 mg on most days. She does not 
smoke. She drinks a few glasses of wine per 
month. She works a software developer and 
spends a lot of time seated at a workstation. She 
has several family members with a history of 
breast cancer.

She reports pain from the occiput extending 
over the scalp towards her forehead. The pain is 
over the entire scalp, but is worst on the left side. 
On the left side, it feels as the pain is shooting 
forward towards the eye. The pain is described as 
shooting, electric, and tingling. She states that 
her scalp feels very sensitive to touch at times. 
Pressure over the back of the head can be painful. 
Brushing her hair and lying on a pillow can also 
be uncomfortable at times.

Sometimes, she feels that the pain triggers 
generalized headaches. She denies any photo-
phobia, phonophobia, nausea, or vomiting. Her 

headaches are not preceded by an aura. There is 
no clear trigger for the headaches. She does not 
believe there is any correlation with food, drink, 
or alcohol intake. She denies any other associated 
neurologic symptom. She cannot recall any spe-
cific injury to her head or neck.

 What Is Your Preliminary Diagnosis?

Every headache complaint should be thoroughly 
evaluated to rule out concerning pathology. 
Symptoms that might increase need for further 
workup include headache onset after the age of 
50, loss of consciousness or collapse, description 
as first or worst headache patient has experi-
enced, thunderclap nature of headache, focal 
neurologic deficit, papilledema, neck stiffness, an 
immunocompromised state, personality changes, 
headache after trauma, new onset of severe head-
ache in pregnancy or postpartum, and headache 
that is worse with exercise, cough, or sexual 
intercourse [1, 2]. Patients with sudden onset of 
the first or worst headache of their life should be 
evaluated with computed tomography of the head 
without contrast. Immunocompromised patients 
with severe headache should be evaluated with 
magnetic resonance imaging with and without 
contrast.

The differential diagnosis should initially 
include migraine, cluster headache, tension-type 
headache, temporal arteritis, and hemicrania 
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 continua. Following exclusion of these and other 
possibilities, occipital neuralgia can be consid-
ered. C2 neuralgia can also have a very similar 
presentation with occipital pain, but is more likely 
to have associated ciliary injection and ipsilateral 
lacrimation [3]. Postherpetic neuralgia involving 
the C2 root can be investigated by examining the 
scalp for lesions and eliciting a history to evaluate 
for prior shingles in the distribution. The upper 
cervical facets, particularly C2–3, can potentially 
be the cause of a dull, aching occipital head and 
neck pain. Medial branch blocks could be 
employed to differentiate facetogenic pain.

 How Is Diagnosis Confirmed?

The International Headache Society diagnostic 
criteria for occipital neuralgia provide some 
guidance for making a diagnosis of occipital neu-
ralgia [4]. Criteria include unilateral or bilateral 
pain located in the distribution of the greater, 
lesser, and/or third occipital nerves, associated 
with dysesthesia and/or allodynia during innocu-
ous stimulation of the scalp and/or hair and either 
tenderness over the affected nerve branches or 
trigger points at the emergence of the greater 
occipital nerve or in the area of distribution of 
C2. The pain must have at least two of the follow-
ing three characteristics: recurring paroxysmal 
attacks of a few seconds to minutes, severe inten-
sity, and a shooting, stabbing, or sharp quality of 
the pain. Pain should be eased temporarily with 
local anesthetic block of the affected nerve.

There is some overlap with migraine and other 
headache syndromes. Therefore, the headache 
symptoms should not be better accounted for by 
another diagnosis. Additionally, in some patients, 
lying on a pillow and hyperextending the neck 
may result in pain [5]. This is termed the pillow 
sign. The use of ultrasound to aid in diagnosis has 
been reported in the literature [6]. Sonographic 
visualization of the GON or LON at the origina-
tion or anywhere along the course to the occiput 
may reveal neural edema, entrapment, or adja-
cent muscle spasm. This could potentially be of 
utility in the hands of a practitioner experienced 
in ultrasound of the posterior head and neck.

 What Is the Pathophysiology of This 
Condition?

The greater occipital nerve (GON) originates 
from the medial branch of the dorsal ramus of C2 
[3]. It then runs between the inferior oblique 
capitis muscle and the semispinalis capitis. It 
then travels lateral and deep to the trapezius 
before piercing it just inferior to the superior 
nuchal ridge. The GON is medial to the occipital 
artery. Sensory innervation is provided by the 
GON from the occipital protuberance to the 
vertex.

Branches of C2 and C3 in the cervical plexus 
come together to form the lesser occipital nerve 
(LON) [3]. The nerve runs along the posterior 
border of the sternocleidomastoid muscle. The 
lateral scalp superior and posterior to the ear is 
innervated by the LON. The third occipital nerve 
arises as a branch from C3 and provides sensa-
tion over the upper neck and lower occipital 
scalp.

Occipital neuralgia results with irritation of 
the nerve and can be primary or secondary. Some 
possible causes of occipital neuralgia may 
include trauma to the greater or lesser occipital 
nerves, upper cervical facet arthritis, tumors 
affecting the C2 and C3 nerve roots, history of 
radiation to the neck, diabetes, gout, vasculitis, 
irritation of the C1/2 nerve roots by an aberrant 
branch of the inferior cerebellar artery, dural AV 
fistula at the cervical level, bleeding from a bul-
bocervical cavernoma, fenestrated vertebral 
artery pressing on the C1/2 nerve roots, aberrant 
course of the vertebral artery, schwannoma in the 
craniocervical junction or of the occipital nerve, 
C2 myelitis, multiple sclerosis, cervical osteo-
chondroma, osteolytic lesion of the cranium, and 
muscle tension at the occiput [5, 7]. Prolonged 
and frequent periods of keeping the head in a for-
ward and downward position can also be associ-
ated with occipital neuralgia.

Occipital neuralgia typically involves a pain 
from the base of the head, or occiput, across the 
scalp towards the front of the head. It can 
approach near the forehead. It is also possible to 
have pain which shoots forward from the poste-
rior scalp towards the eye. Pain may be unilateral 
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or bilateral. The pain may be described as elec-
tric, tinging, aching, burning, throbbing, and 
shooting. Patients may have continuous aching, 
throbbing, or burning along with intermittent 
shooting or shock-like pains. Alternately, there 
may be intermittent pain episodes with no pain in 
the intervening periods.

Sensitivity to light, scalp tenderness, and pain 
with movement of the neck can be associated 
with the condition. Headaches associated with 
occipital neuralgia can occasionally be confused 
with other headache syndromes and are most 
commonly misdiagnosed as migraines or tension 
headaches. In particular, this can be possible 
when a practitioner does not recognize that pain 
behind the eye can potentially be attributed to 
occipital neuralgia in the appropriate setting.

Associated symptoms can be broad due to 
connections with the VIII, IX, and X cranial 
nerve and can include vision impairment/ocular 
pain (67%), tinnitus (33%), dizziness (50%), 
nausea (50%), and congested nose (17%) [5].

Imaging is generally not helpful in making the 
diagnosis of occipital neuralgia, but may be of 
utility in evaluating associated concerning neuro-
logic symptoms or excluding other pathologies. 
There should be a low threshold to order mag-
netic resonance imaging of the brain in the pres-
ence of headache with any concerning or severe 
symptoms. Plain radiographs of the cervical 
spine can also be helpful in ruling out other 
abnormalities of the spine and cranium, such as 
Arnold-Chiari malformations [7]. Occipital neu-
ralgia is generally a clinic diagnosis and may 
require exclusion of other headache pathologies.

 How Is This Problem Managed?

Initial management is conservative and includes 
heat, rest, physical therapy, NSAIDs, and muscle 
relaxants [8]. In some cases, massage might be 
helpful, but sensitivity in the area may limit utility 
or exacerbate the condition in some patients. 
Pharmacologic treatment can include serotonin 
reuptake inhibitors, tricyclic antidepressants, and 
anticonvulsants such as gabapentin, pregabalin, 
and carbamazepine [5]. Because many cases 

respond to interventional treatment, it is not unrea-
sonable to defer pharmacologic trial until after ini-
tial injection therapy as it might spare the patient 
from chronic medication. Ultimately, the order and 
prioritization of the various treatments should be 
customized to the patient and their preferences.

Occipital nerve diagnostic and therapeutic 
blocks can be employed for diagnosis and treat-
ment of this condition. Loukas et  al. determine 
the ideal injection site with a large study of 100 
cadavers [9]. The ideal injection site was found to 
be 2 cm lateral and 2 cm inferior to the occipital 
protuberance. At this location, the occipital artery 
should be palpable laterally. To identify the LON, 
a line can be envisioned running from the mas-
toid to the occipital protuberance [3]. The LON 
should lie at the one-third mark closest to the 
mastoid [10]. There is great variability of the 
course of the nerves described in the literature 
[5]. One study performed dissection on embalmed 
cadavers and then employed a 3D digitizer [11]. 
The authors found that the most medial branch of 
the GON was 33.5 mm from the external occipi-
tal protuberance (EOP). The mean distance 
between the occipital artery and the EOP was 
37.4 mm. This indicated that the GON was gen-
erally about 4 mm medial to the occipital artery. 
This study also concluded that on the EOP- 
mastoid process line, the medial third mark cor-
responded to the GON and the lateral third mark 
to the LON.  Because of variation in anatomy, 
these injections should be considered field blocks 
to maximize coverage.

Diagnostic blocks can be performed with the 
clinician’s choice of local anesthetic, and this 
author prefers bupivacaine 0.5% with 0.75 mL at 
each site. Published accounts advocate for a wide 
range of volumes of injection as high as 3–4 mL 
per side, but low-volume injections are also sup-
ported in the literature [7]. For therapeutic blocks, 
a solution of local anesthetic combined with ste-
roids can be utilized. This author prefers a solu-
tion of 1  mL lidocaine 2%, 1  mL bupivacaine 
0.5%, and 1  mL dexamethasone (10  mg), with 
0.75 mL injected at each of the bilateral greater 
and lesser occipital nerves. For strictly unilateral 
pain, the procedure is performed only on the 
affected side.
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The risk of adverse reactions is increased with 
steroid injection and can include alopecia and 
cutaneous atrophy [3]. Because of the proximity 
to the occipital artery, aspiration should be per-
formed prior to injection. Common side effects 
can include dizziness, lightheadedness, soreness 
at the injection site, and as with most injection 
procedures, the possibility of vasovagal syncope.

A small study evaluated efficacy and found 
80% or greater pain relief acutely with duration 
lasting from 1  week to 4  months [3]. Another 
study, retrospectively analyzed 184 patients and 
demonstrated a mean duration of benefit of 
31 days [3]. There are published reports of pain 
resolving with diagnostic blocks only. Injections 
with local anesthetic only can be repeated every 
2–4 weeks, and some published protocols advo-
cate for a frequency as often as every week for 
initial treatment [12]. Injections with corticoste-
roids should be limited to once every 3 months.

Ultrasound-guided technique is also possible, 
but rarely employed due to the relative ease and 
success of the anatomic-guided approach, the 
minimal depth of insertion, the field block nature 
of the block, and patient aversion to having ultra-
sound gel in their hair. The occipital artery is pal-
pated at the superior nuchal ridge. A linear 
high-frequency transducer is placed in transverse 
orientation to the ridge and overlying the occipi-
tal artery. The greater occipital nerve should be 
proximal to the occipital artery on the medial 
aspect. The artery should appear as pulsatile and 
may be partly compressible due to its small size. 
The nerve will appear hypoechoic and noncom-
pressible [7].

A needle can be inserted in plane once the 
nerve is optimally visualized. A 2-inch 25-gauge 
needle can be used, but the author prefers a 1.75- 
inch 27- or 25-gauge needle on a 3 mL syringe. 
The needle should then be advanced to the peri-
osteum in close proximity to the nerve. The nee-
dle is then retracted slightly and after aspiration, 
0.25 mL of injectate can be injected in the area 
with visualized perineural spread. The remaining 
0.5 mL of injectate can be injected in a fan-like 
distribution in the area as the greater occipital 
nerve branches extensively as it moves superiorly 
over the skull.

The probe can then be moved laterally and 
inferiorly in relation to the occipital artery. The 
lesser occipital nerve should be apparent overly-
ing the semispinalis capitis muscle. Following 
negative aspiration, 0.25  mL of inject can be 
injected in the area with visualized perineural 
spread. The remaining 0.5 mL of injectate can be 
injected in a fan-like distribution in the area.

Contraindications to injection include infec-
tion, malformations such as hemangioma at the 
injection site, allergy to the medications to be 
administered, and patients on anticoagulants or 
with medical conditions which significantly 
increase the risk of bleeding. Consideration 
should be taken with patients who are pregnant or 
breastfeeding, and, generally, it is best to coordi-
nate any interventional and pharmacological 
plans with the obstetrician. Additionally, patients 
with certain conditions such as ulcerative colitis, 
active infection, hypertension, congestive heart 
failure, renal disease, and psychiatric illness are 
more likely to have side effects [10].

Complications are rare but can include those 
which are common to most nerve blocks such as 
infection, bleeding, and allergic reaction to injec-
tate. Since the scalp is well vascularized and the 
block is performed in the vicinity of the occipital 
artery, local anesthetic toxicity is a possibility, 
particularly when performed with larger volume 
injectate. Post-injection pressure in the punctured 
areas will help reduce bleeding and ecchymosis 
incidence [7].

While there has long been ample evidence that 
occipital nerve injection can be beneficial for 
occipital neuralgia, the 2016 American Headache 
Society Guidelines now also recommend suboc-
cipital steroid injections as prophylactic treat-
ment for cluster headaches [13, 14]. It is the only 
prophylactic treatment with Level A evidence for 
that indication.

Pulsed radiofrequency (PRF) has also been 
employed in the treatment of occipital neuralgia. 
Conventional radiofrequency (CRF) is typically 
not an option due to the superficial nature of the 
occipital nerves. PRF can be considered in cases 
where patients respond to anesthetic blocks of 
the GON and/or LON but have insufficient or no 
long-term relief with corticosteroid injection. 
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Unlike CRF, PRF is hypothesized to act through 
a temperature-independent, neuromodulatory 
process which alters synaptic transmission and 
pain signaling via the emission of electric fields 
with little or no tissue destruction [15]. Case 
reports and small trials have shown anywhere 
from 50% to 70% improvement in pain for dura-
tions of 4–6 months [16]. Reviews of PRF as a 
treatment for occipital neuralgia are promising, 
but further research is needed to support its use 
[15, 16]. In particular, high-quality randomized, 
controlled trials are lacking [16]. At this time, the 
Congress of Neurological Surgeons Guidelines 
recommend occipital nerve stimulation as a Level 
III recommendation for patients with medically 
refractory occipital neuralgia [17].

Two studies have evaluated the efficacy of 
botulinum toxin type A for the treatment of 
ON. One retrospective study of 6 patients demon-
strated a reduction of 6 points on the VAS for a 
mean duration of greater than 16  weeks [3]. A 
prospective pilot study of 6 patients with a 
12-week follow-up found some improvement in 
sharp, shooting pain and quality-of-life mea-
sures, but no improvement in dull pain or pain 
medication usage. Given the small sample sizes 
and variable results, botulinum toxin A injection 
is not routinely utilized in the occipital neuralgia 
treatment algorithm, but it is may be of utility in 
select patients, and future research will hopefully 
provide further insight into efficacy. Ultrasound- 
guided techniques have been described in the lit-
erature to facilitate targeted botox injection of 
muscles in presumed areas of occipital nerve 
entrapment [6].

Surgical management might include micro-
vascular decompression if mechanical vascular 
compression of the nerve is felt to be the underly-
ing pathology. In this case, displacement of the 
vessel away from the nerve may be of benefit. 
Neuromodulation with stimulator leads placed in 
the posterior scalp superficial to the cervical 
muscular fascia in the suboccipital area in prox-
imity to the greater and lesser occipital nerves 
can be considered in limited cases [18]. This pro-
cedure carries the benefit of being less invasive 
than other surgical options, but risks include 
bleeding, infection, lead migration, difficulties 

with insurance coverage, and possibility of poor 
efficacy. Use of neurostimulation is FDA 
approved, but not for headache and craniofacial 
pain [12]. Therefore, occipital nerve stimulation 
is an off-label use.

There are also some nontraditional treatments 
which are not well supported in the literature due 
to a lack of studies in the subject areas, but there 
are case studies, series, and small studies support 
other alternate treatments. One report advocates 
for transcutaneous electrical nerve stimulation 
with three sessions per week [14]. Maintenance 
treatment consisted of physical therapy, deep tis-
sue massage, and muscle relaxants. In this case, 
there was resolution of pain at the 12-month 
follow-up.

 What Is the Prognosis of This 
Condition?

A study in the Dutch population reported an inci-
dence of 3.2 per 100,000 people [5]. There was 
some increased female representation, but it was 
not significant. Eighty-five percent of patients 
have unilateral involvement. The GON is 
involved in 90% of cases, the LON in 10%, and 
both nerves in 9% [3].

Prognosis and cure rate varies widely and is 
not well elucidated in the literature. There are 
varying descriptions of the course of the condi-
tion including resolution with a single or series of 
injections, a recurring condition with intermittent 
periods of resolution, and a chronic, recalcitrant 
pain [10].

 Conclusion/Summary

Occipital neuralgia is a relatively uncommon 
condition in the general population but more 
prevalent among the subset of patients with 
 cephalgia. While there are many characteristic 
features, it is also a diagnosis of exclusion. 
Multiple treatment modalities exist including 
pharmacologic, physical therapy, and interven-
tional treatment. Occipital nerve blocks are the 
most common and prevalent treatment with 
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reasonable evidence supporting efficacy. Other 
interventional treatments include pulsed radio-
frequency, neuromodulation, and surgical 
procedures.
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A 35-Year-Old Man with Neck Pain 
Since a Car Accident (Whiplash 
Injury)

David H. Kim, Jonathan Church, 
and Adam C. Young

 Case Presentation

A 35-year-old male presents to your clinic with 
new onset neck pain and headaches. His symp-
toms began 3 week prior when he was involved in 
a motor vehicle collision. He was a restrained 
driver, stopped at a stop sign when a vehicle 
going 20 miles per hour struck his vehicle from 
behind. He did not lose consciousness, his air-
bags did not deploy, and he was ambulatory at the 
scene. He noted neck pain that required emer-
gency room evaluation at that time. He received 
an X-ray (Fig. 7.1) and was diagnosed with cervi-
cal myofascial strain. The emergency room phy-
sician prescribed cyclobenzaprine 5  mg three 
times daily as needed for muscle spasms and sug-
gested he apply heat as well. He was instructed to 
follow up with his primary care provider should 
his symptoms worsen or continue. Over the next 
few weeks, he experienced worsening neck stiff-
ness, which is worse in the morning and with 

moving his head in any direction. He complains 
of headaches that radiate from the occiput to the 
vertex and throb continuously. Lastly, he reports 
that his sleep has been interrupted because of the 
pain.

His past medical history is significant for 
well-controlled gastroesophageal reflux disease. 
His surgical history is significant for a right knee 
meniscectomy at age 31. Current medications 
include ranitidine 75 mg BID prn for dyspepsia, 
cyclobenzaprine 5  mg TID prn for muscle 
spasms, and acetaminophen 500 mg TID prn for 
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Fig. 7.1 Lateral view radiograph in a 35-year-old man 
with neck pain
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pain. He is allergic to penicillin. Social history is 
significant for alcohol use 6 drinks per week, no 
tobacco or illicit drug use; he works as a financial 
advisor. Review of systems is positive for neck 
pain, muscle stiffness, and headaches. He specifi-
cally denies and numbness, tingling, or weakness 
of the upper extremities.

 How Do You Evaluate the Patient?

Detailed history and physical examination is 
always important. History should include eluci-
dating mechanism of injury, speed of vehicle at 
the time of accident, any loss of conscious, out-
come of evaluation by the first ER visit, and any 
imaging done and its result. Idea is to look for 
any sign of neck instability or any other major 
injury. How the patients are managed since the 
accident and any other follow-up recommended 
and its outcome is important to know to avoid any 
duplication of effort.

This patient noticed new onset pain in the 
head and neck after being rear-ended. Negative 
X-ray of the spine and absence of neuro-deficit is 
quite reassuring. In presence of negative spine 
X-ray and absence of any other symptoms, the 
next step would be to focus on detailed physical 
examination.

 What Do You Expect on His Physical 
Examination?

Physical examination findings of patients with 
suspected whiplash injury are variable. These 
findings are often used to classify severity of 
whiplash-related disorders and to follow improve-
ment in the condition with treatment. It can range 
from a completely normal physical examination 
to limited range of motion, weak muscles, pres-
ence of trigger points, delayed or absence 
reflexes, and altered pain or touch threshold.

After neck and neuro stability has been estab-
lished during initial evaluation, i.e., by an ER 
visit, focus should be on evaluation range of 

motion of neck in all directions, looking for any 
trigger points, evaluating muscle strength, and 
any other neurodeficits (reflexes/sensory loss/
weakness) in the upper extremities.

 How Do You Establish Diagnosis?

Whiplash-associated disorder is a clinical 
diagnosis. There are no pathognomonic signs 
or symptoms. It is a diagnosis of exclusion and 
is established using history of acceleration- 
deceleration as mechanism of injury in the 
absence of any other disorder. There is imag-
ing or any other test that establishes the diag-
nosis except they are done to rule out other 
pathologies.

 When Would You Order Additional 
Tests?

Additional tests are ordered to elicit information 
that can alter treatment plan. Patients with nor-
mal physical examination do not need additional 
imaging or any nerve conduction studies. About 
half the patients with whiplash pain after car 
accident may have cervical facet joint pain. This 
pain can only be diagnosed with diagnostic injec-
tions, which should be done if the conservative 
therapy fails to improve patients.

 What Is the Natural Prognosis of This 
Condition?

A majority of people (>75%) complain of neck 
pain after a car accident. Roughly 80% of them 
are asymptomatic within 3 months. It becomes a 
chronic problem in 10–15% of patients. Intense 
initial pain is a strong predictor of poor outcome. 
Other factors predicting chronicity or poor out-
come include older age, female gender, intense 
psychological response to initial pain, litigation, 
multiple pain complaints, and unprepared at the 
time of impact.
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 What Is the Underlying 
Pathophysiology of This Condition?

The underlying pathology is unclear. The imag-
ing studies reveal no obvious damage. Cervical 
facet joints are source of nociception in certain 
patients and can be easily diagnosed using diag-
nostic injection techniques, but in others source 
of pain is not clear. Imbalance of muscle move-
ments or abnormal muscle recruitment has been 
proposed. This includes less contribution from 
deeper cervical muscles putting more strain on 
superficial cervical muscles, excessive activation 
of trapezius muscle, and switch to fast-twitch 
muscle fibers from slow-twitch fibers resulting in 
easy fatigability. Sensorimotor symptoms of par-
esthesia, allodynia, and hyperalgesia may be due 
to central sensitization of both nociceptive and 
non-nociceptive sensory pathways. Psychological 
factors may contribute to the above physiological 
abnormalities. Whiplash-related pain condition is 
often associated with depression, anxiety disor-
der, and fear of pain with work.

 How Is the Condition Managed?

Whiplash-associated pain is poorly understood. 
The first step is comprehensive medical evalua-
tion of patient including psychological aspects. 
Mainstay of treatment is to restore range of 
motion, strength, and endurance of the muscles. 
In acute phase, within 3 weeks of injury, nonste-
roidal and muscle relaxer agents help, but these 
agents have no proven role in chronic phase. 
Manual manipulation, chiropractor therapy, acu-
puncture, and trigger point injections all are 
equally effective in short term. Best long-term 
relief comes from RF ablation of medial nerve 
branches resulting in denervation of cervical 
facet joints when done in patients in whom diag-
nostic blocks provide complete relief. Early 
mobilization is encouraged and results in better 
long-term outcome. Cognitive behavior therapy 
should be employed along with physical therapy 
whenever indicated. Active physical therapy is 
the focus of treatment.

 Background

Whiplash or whiplash-associated disorder 
(WAD) is a relatively prevalent condition with an 
estimated 3.8/1000 people are affected [1]. The 
incidence of the condition is high with close to a 
million people per year evaluated and treated for 
neck strain injury in US emergency departments 
[2]. Many patients experience symptoms that can 
be protracted, some being severe enough to lead 
to disability [3]. Economic impact and litigation 
involved with this condition is also remarkably 
high with motor vehicle accidents as one of the 
leading causes of personal injury and 29 billion 
dollars per year spent on whiplash injuries and 
litigation alone in the United States [4]. Whiplash- 
associated disorder (WAD) is defined as by the 
Quebec Task Force in 1995 as an acceleration- 
deceleration mechanism of energy transfer to the 
neck resulting in bony or soft tissue injuries, 
which may in turn result in a variety of clinical 
manifestations [5]. The disorder encompasses the 
cervical spine and nervous system injuries that 
arise from inertial forces being applied to the 
head in from the rapid back and forth motion of 
the head and neck. The force of this whiplash 
motion can result in damage to bony or soft tissue 
structures, which include the intervertebral discs, 
face joints, muscle, ligaments, and dorsal root 
ganglia; common sources of pain include cervi-
cal spine ligaments, cervical spine muscles, or 
facet joints. The clinical manifestations of whip-
lash include principally neck pain, headache, and 
decreased neck range of motion. In addition, 
other symptoms include tenderness and pain in 
the shoulders and upper extremities, paresthesias 
in the upper extremities, visual symptoms, tinni-
tus, dizziness, fatigue, cognitive impairment, and 
mood disorders. WAD is classified according to 
the Quebec classification based on both signs and 
symptoms (Table 7.1). Of note, the pain associ-
ated with WAD may not develop immediately 
with one study reporting that complete reporting 
of neck pain after neck injury can take up to 
72  hours. [6] This is similarly reflected in the 
clinical spectrum of whiplash-associated disor-
ders per the Quebec Task Force, which has  timing 
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of presentation correlated with severity of pathol-
ogy and symptoms [5].

The etiology of chronic pain in WAD is incon-
clusive. It has been theorized that the delayed but 
sometimes persistent pain in whiplash is second-
ary to cervical facet joint synovitis [7, 8]. This 
theory is supported by clinical response to cervi-
cal zygapophyseal injections [9]. Other potential 
etiologies include persistent posterior branch irri-
tation of cervical nerve roots or muscle spasm 
causing impingement of the nerve roots. It has 
also been shown that pre-existing disc degenera-
tion on MRI is not correlated with clinical pre-
sentation or prognosis for WAD [10]. However, it 
appears that there may be a central nervous sys-
tem component to the development of pain. An 
MRI study comparing healthy controls with 
WAD patients demonstrated regional decreases 
of gray matter volume in several cortical regions 
and was also correlated with behavior and physi-
ologic measures such as cognitive performance, 
maladaptive pain response, central sensitization, 
hyperalgesia [11]. This is also supported by a 
study demonstrating altered regional cerebral 
blood flow PET scans in WAD patients [12].

Besides the aforementioned theories of cervi-
cal facet joint synovitis and muscular dysfunc-
tion, another theory of the etiology of neck pain 
is neck musculature contraction and subsequent 
chronic compression of the cervical nerve roots. 
The symptom of neck pain can also be attributed 
to neck muscle dysfunction and degeneration. 
One study has demonstrated correlation of mus-
cle fatty infiltrates in the cervical multifidi mus-
cles after whiplash with degree of symptoms 

[13]. Functional measures of control of head 
movements is also altered in whiplash patients 
with average time to peak force significantly lon-
ger for flexion and extension movements of the 
neck. This has also been followed up in the reha-
bilitation literature with reduction in neck 
strength and extensor endurance [14].

The numerous associated symptoms of WAD 
may be attributed to cranial nerve dysfunction, 
central nervous system, cervical radiculopathy, 
and/or plexopathy. Headaches are one of the 
more common symptoms, occurring in up to 
70% of these patients. The etiology of occipital 
headaches associated with WAD can be attrib-
uted to zones of reference from the cervical 
facet joints. Evidence of this is response to anes-
thetic blockade of the C2/C3 facet in cervico-
genic headache [15]. Furthermore, surgical 
decompression of the occipital nerve has allevi-
ated chronic headaches in WAD patients [16]. In 
addition, the C2 nerve root has a known ana-
tomic connection through the spinal trigeminal 
nucleus that may mediate headache in the tri-
geminal nerve distributions [17, 18]. This may 
similarly lead to numbness of loss of sensation 
in the face in whiplash with one study demon-
strating altered thermal sensitivity in facial dis-
tributions in whiplash patients [19]. For 
cervicogenic headache, neural blockade of the 
C2/C3 nerve roots and greater occipital nerve 
has also been shown to be effective in treating 
headache symptoms [20].

Visual symptoms may also occur with whip-
lash and are typically self-limited but may be 
relatively common. One prospective case series 
of 39 patients with whiplash injury tested for 
ophthalmic and oculomotor function demon-
strated that 10 of the 39 patients had ocular 
symptoms and signs, which fully resolved in all 
but 2 patients by 9 months [21]. The most com-
mon complaint was blurry vision. This may be 
due to eye coordination, gaze stability, or con-
vergence insufficiency. In one study of 20 WAD 
patients and 20 asymptomatic controls, signifi-
cant deficits in gaze stability and eye coordina-
tion were noted in the WAD patients during head 
rotation and sequential head and eye movements 
[22]. However, other studies have demonstrated 

Table 7.1 Quebec classification of whiplash injuries

Grade Clinical presentation
0 No complaint of neck pain. No physical signs.
I Neck pain, stiffness, tenderness. No physical 

signs.
II Neck complaints. Musculoskeletal signs 

including decreased range of motion or point 
tenderness.

III Neck complaints. Neurological signs including 
decreased deep tendon reflexes, weakness, 
sensory deficits

IV Neck complaints. Fracture or dislocation.

From Spitzer et al. [5], with permission
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no differences between WAD patients and con-
trols for examinations of smooth pursuit eye 
movements or convergence [23, 24]. One study 
has linked restricted cervical movements and 
differences in proprioceptive information from 
the cervical spine with oculomotor dysfunction, 
which may explain why significant results were 
seen in the aforementioned study with head rota-
tion and movements, while stationary oculomo-
tor testing in the latter two studies had 
non-significant differences [25]. Similarly, lim-
ited neck movement has been correlated with 
reduction of the cervico- ocular reflex in these 
patients.

Complaints of dizziness and vertigo may be 
attributed to neck dysfunction with altered cervi-
cal proprioception. Significant differences in pos-
tural stability have been quantified in whiplash 
patients compared to controls [26]. Additionally, 
head extension has been linked with postural 
instability in whiplash patients [27]. Given the 
possible cervical etiology of dizziness and ver-
tigo in WAD patients, it has also been demon-
strated that cervical medial branch blockade can 
alleviate presumed cases of cervicogenic vertigo 
[28]. The etiology of dizziness and vertigo may 
also be due to cervicocranial junction compres-
sion secondary to ligament laxity, which has also 
been noted in other cervicocranial disorders such 
as Chiari malformation.

In the absence of imaging or neurophysio-
logic findings consistent with a radiculopathy, 
central stenosis, cervical myelopathy, or 
plexopathy, complaints of arm pain or numb-
ness may be attributed to referred pain from 
cervical facet joints. One study examined upper 
extremity reaction time, movement speed, 
accuracy, coordination, and tapping speed and 
found no difference in WAD patients aside from 
reaction time [29].

 Differential Diagnosis

The differential diagnosis for whiplash injury 
includes those that affect the cervical spine, skull, 
and central nervous system. They can be related 
to the muscular, ligamentous, neurological, or 

bony structures. Diagnosis is often based on 
physical exam and history, and supported by 
radiologic findings. These include the following:

• Whiplash injury
• Cervical spondylosis
• Cervical herniated nucleus pulposus
• Cervical facet syndrome
• Cervical myofascial strain
• Cervical radiculopathy
• Cervical central canal stenosis
• Cervical myelopathy
• Fracture
• Thoracic outlet syndrome
• Vascular injury (vertebral or carotid 

dissection)
• Referred shoulder or acromioclavicular joint 

pain
• Referred pain from myocardial infarction
• Inflammatory rheumatologic diseases
• Malignancy of cervical spine
• Infection (e.g., meningitis, herpes zoster)
• Traumatic brain injury
• Malingering, factitious disorder, psychogenic 

pain

 Confirming the Diagnosis

The diagnosis of WAD is clinical. No single 
radiologic, electrophysiologic, or physical test is 
sensitive and specific for the condition. Per the 
Quebec task force, whiplash is defined as “bony 
or soft tissue injury from an acceleration- 
deceleration mechanism of energy transfer to the 
neck” [5]. The clinical history should elicit fac-
tors such as mechanism of injury and symptoms 
such as neck pain, limited neck mobility, head-
aches, upper extremity pain and paresthesia, 
visual disturbances, dizziness and vertigo, tem-
poromandibular joint dysfunction, cognitive 
impairment, and mood disorders. No physical 
examination finding is specific to WAD.  The 
physical examination should focus on range of 
motion and exclusion of other diagnoses such as 
signs of cervical myelopathy, radiculopathy, 
plexopathy, facet arthropathy, and occipital neu-
ralgia. Radiologic findings are often not present 
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in the acute phase. Certain findings such as loss 
of cervical spine lordosis may be correlated with 
WAD.

X-ray, CT, and MRI may be used to identify 
structural injuries associated with WAD.  The 
lack of correlation with radiologic evidence is 
shown by the Quebec classification of whiplash 
injuries, which relies on radiologic findings in 
only Grade IV (Table 7.1). X-ray of the cervical 
spine is the first line of assessment and can be 
used to rule out significant bony injury as seen in 
WAD IV. CT may be a better option for patients 
with more acute trauma with high probability of 
injury or fractures requiring rapid evaluation. 
MRI can be used to better evaluate soft tissue and 
neurologic structures of the cervical spine, which 
may reveal ligamentous injuries or the cause for a 
neurologic deficit [30]. Radiologic testing should 
be guided by clinical necessity at time of acute 
injury and clinical suspicion for other etiologies 
at the subacute and chronic phases. Imaging may 
help rule out other etiologies such as malignancy, 
infection, or vascular injuries in addition to rela-
tively common cervical spine pathology. 
Prolonged peripheral motor latency on electro-
physiologic testing may be present but is not 
specific.

 Treatment

The treatment of whiplash includes several dif-
ferent modalities with varying degrees of evi-
dence, clinical indications, and efficacy. A 
comprehensive five-part review is provided by 
Teasell et al. in 2010 [31]. To summarize, current 
evidence supports exercise, physiotherapy, and 
mobility training programs. Other therapies have 
equivocal or conflicting studies or are limited by 
low number of studies with small sample sizes. 
For patients presenting within 3 months of Grade 
I-III WAD, initial recommendations to patients 
should include advice, reassurance, encourage-
ment to resume normal activity, and cervical 
spine exercises. For those with persistent symp-
toms for greater than 3 months, supervised exer-
cises with advice are recommended.

In the acute setting, within 2 weeks of injury, 
there are several treatments that have been tested. 
Educational interventions have had conflicting 
results. Physical therapy and active exercise 
treatment have been shown to have significant 
effects on reducing pain and disability scores 
post-acute phase [32]. In one study of 200 
patients with acute WAD, patients who received 
physiotherapy for 2 weeks, as opposed to cervi-
cal immobilization with a soft collar, experienced 
a 50% reduction in pain and disability at 6-month 
follow-up [33]. One well-designed randomized 
controlled trial with 200 acute WAD patients 
compared soft collar immobilization for 1 week 
versus physiotherapist instruction for mobiliza-
tion for 1 week. Patients with early mobilization 
significantly lowered mean pain intensity, dis-
ability, neck pain, headache, and shoulder pain 
[34]. In terms of pharmacologic treatment, one 
study has examined steroid use in a series of 40 
acute WAD patients and demonstrated significant 
reduction of symptoms, sick days, and sick leave 
with methylprednisolone infusion for the first 
23  hours after initial presentation [35]. Other 
interventions such as pulsed electromagnetic 
field therapy and laser acupuncture lack evidence 
to support their use.

For management of chronic whiplash, exer-
cise remains the standard non-interventional 
treatment. Multiple randomized controlled trials 
have examined the use of guided exercise pro-
grams for chronic WAD. In one randomized con-
trolled trial with a treatment regimen of 12 
exercise sessions over 6  weeks, significant 
improvements were made in pain, disability, and 
functional disability. However, in this particular 
study, these improvements were not maintained 
at 1-year follow-up [36]. This may imply that 
exercise must be sustained to have a sustained 
effect on pain control. A review of chiropractic 
manipulation has found that although there are a 
number of articles and studies that support chiro-
practic manipulation in whiplash associated dis-
order, the quality of evidence is low [37]. 
Although a number of cognitive behavioral, 
counseling, and psychologic interventions have 
been trialed, the varying interventions make it 
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difficult to formulate conclusions. In general, 
psychologic intervention is associated with 
improvement in pain, disability, return to work, 
and coping. Biofeedback training has promising 
evidence for its use. One case series of 11 patients 
demonstrated clear improvements in pain in the 
neck and upper back region and a non-significant 
trend towards decreased disability [38].

Interventional therapies for whiplash span 
injection-based therapies, radiofrequency neu-
rotomy, to surgical options such as cervical spine 
fusion and occipital nerve decompression. For 
injection-based therapies, various agents have 
been attempted including water, saline, and botu-
linum toxin A injections into trigger points and 
steroid and local anesthetic injections into zygo-
pophyseal joints and selective nerve blocks. 
Botulinum toxin A has had several randomized 
controlled trials with two demonstrating no sig-
nificant difference between botulinum toxin A 
and placebo injections and one demonstrating 
improvement in pain scores and cervical range of 
motion [39, 40]. The cumulative evidence is 
inconclusive regarding the efficacy of botulinum 
toxin A for whiplash-associated disorder. A meta- 
analysis of trigger point injections including bot-
ulinum toxin A studies and local anesthetic 
studies similarly was inconclusive regarding the 
benefit of trigger point injections [41].

Facet joint injections have a modicum of evi-
dence in favor of their usage. One study by 
Slipman et  al. demonstrated that intra-articular 
injections of corticosteroids were able to reduce 
headache frequency in 61% of patients [42]. 
However, this study was limited by its retrospec-
tive structure and small sample size of 18 patients. 
In addition, one study has attempted to stimulate 
regeneration of the zygapophyseal joints via intra-
articular dextrose-lidocaine injections, which had 
significant improvements in pain and function that 
persisted through 12 months of follow- up [43]. It 
has been hypothesized that the injection of local 
anesthetic alone is equally efficacious as when ste-
roid is added; a prior study with whiplash patients 
and intra-articular injection of betamethasone did 
not demonstrate any significant improvement in 
pain relief compared with local anesthetic [44].

Occipital nerve or C2/C3 nerve root blocks 
have been used successfully to treat the cervico-
genic headache associated with whiplash. In con-
trast to injections or blockade of the facet joints 
or medial branches, radiofrequency neurotomy 
of the cervical medial branches has had robust 
data demonstrating pain relief that persists for 
several months to years [45–47]. Improvements 
in several studies also included reduction in dis-
ability measures, cervical range of motion, and 
muscle strength.

Surgical interventions are highly variable in 
terms of treatment offered with oftentimes a sin-
gle supporting study regarding any given tech-
nique. Occipital nerve decompression has been 
successfully utilized for whiplash-related head-
ache. Another study has examined surgical fasci-
ectomy of the trapezius muscle with neurolysis 
of the spinal accessory nerve with improvements 
in pain, headaches, insomnia, weakness, and 
stiffness [48]. Cervical fusion has a select few 
studies that demonstrate improvement in pain 
[49]. These studies had relatively few patients but 
also had subjects who had been refractory to 
other forms of treatment and were screened and 
selected based on symptoms and signs demon-
strating a potential affected segment in the cervi-
cal spine.

All interventions are meant to improve range 
of motion and strength of muscles which is ulti-
mately achieved through an active exercise pro-
gram. The aim of the program is to prevent 
development of chronic pain behavior and 
improve functionality. The program usually 
focuses on improving mobility, muscle coordina-
tion and proprioception, and endurance.
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A 45-Year-Old Man with Chronic 
Neck Pain of Insidious Onset

Joseph Graham and Tariq Malik

 Case Description

A 45-year-old male is referred to the pain clinic 
with complaints of bilateral neck and upper back 
pain of slow onset over the last 6 months by his 
primary care physician. There is no precipitating 
factor. He denies any trauma. He played football 
in high school and college and never had few 
neck pain episodes back then, but they were self- 
limited and resolved with no intervention. He 
recently has changed desk jobs, and has been 
working longer hours at the office but nothing 
unusual. His PCP first prescribed him a short 
course of NSAIDs and recommended he com-
plete comprehensive physical therapy for his 
neck pain. The pateint states that he gets only 
short-lived pain relief from the medications, but 
his pain always returns later that day. He feels 
physical therapy helped his strength and flexibil-
ity, but his pain was worse after each session. He 
tried massage which helped for a few days, but 
again, the pain returned. He describes the pain as 
fluctuating between dull and achy to intermittent 

stabbing sensation in his neck, and surrounding 
his shoulder blades bilaterally. His pain is worse 
with prolonged sitting, especially at his desk, 
sleeping on his side with his arms relaxed, and 
most all arm movements, including over-head 
activities. On examination, he displays slightly 
asymmetry in shoulder height and exaggerated 
cervical lordosis. Palpation of his neck and back 
reveal multiple discreet tender bands of muscle 
tissue located in his trapezius, rhomboids, and 
latissimus dorsi muscles. He has good range of 
motion but feels some pain at the end of neck 
flexion, extension, and rotation.

 What Is Your Preliminary Diagnosis?

In any patient presenting with pain, it is impor-
tant to rule out serious pathology from CNS 
abnormality or malignancy. In the absence of red 
flag symptoms such as new onset objective weak-
ness, radicular pain, bowel/ bladder incontinence, 
weight loss, skin changes, or fever, pain with pal-
pation of soft tissues and active range of motion 
is likely musculoskeletal in origin. MSK pain 
carries a wide differential. Underlying bony 
pathology including trauma, facet arthropathy, 
other arthritic conditions, and alignment issues 
can all lead to musculoskeletal pain [1–5]. 
Specific to myofascial pain, confounding diagno-
ses such as muscle spasm, and fibromyalgia carry 
similar presentations and can make diagnosis 
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more challenging. Myofascial pain typically is 
associated with underlying structural or postural 
abnormalities which must be considered during 
the diagnostic and treatment process. Patients 
may have a history of traumatic incident (acute 
sprain or strain), general overuse, whiplash, or 
chronic underlying postural issues which can 
predispose them to developing myofascial pain. 
It is important to look for medical conditions that 
predispose patients to musculoskeletal injury. 
Any rheumatological disease, hypermobility dis-
orders, metabolic disorders (parathyroid disease, 
Vita-D deficiency), or mechanical issues (scolio-
sis, leg length discrepancy, joint disease). In the 
case above, the patient has been working at his 
desk, likely with poor posture and poor ergonom-
ics which have placed strain on his cervical para-
spinals, scapular stabilizers, and trapezius 
muscles. This patient’s history and physical 
examination are highly suggestive of myofascial 
pain syndrome resulting from chronic postural 
changes.

 How Is Diagnosis Confirmed?

The hallmark feature of myofascial pain syn-
dromes is the presence of myofascial trigger 
points (MTrPs) in conjunction with a supporting 
history. Trigger points are defined as hyperirri 
nodules which can cause local or referred pain 
spontaneously or when palpated with manual 
compression [6]. Another defining feature of trig-
ger points is the presence of fasciculation when 
dry needled or stimulated with snapping palpa-
tion [7, 8]. Patients will complain of pain with 
postural changes, stretching, and compression/
massage of the area. Myofascial pain is often 
described as dull, achy, or deep. Often times, a 
supporting history includes insidious onset of 
worsening axial pain with areas of tenderness 
located over soft tissues.

Physical examination is used to rule in/out 
axial and joint pathology that could be contribut-
ing to a patient’s pain, and is also used to confirm 
the presence of trigger points, if myofascial pain 

syndrome is suspected. The original diagnostic 
approach and criteria by Simons and Travell were 
recently revised in 2018. This revision proposed 
that myofascial pain is present when two of the 
following are found on physical exam: taut band 
of tissue, hypersensitivity, and/or referred pain 
[9]. Palpation of tissues is done with the examin-
er’s fingers perpendicular to the muscle fibers. 
Slow dragging over the deep muscular structures 
around the area of pain may reproduce the pain, 
or cause a radiation of pain in a consistent distri-
bution. Through this palpation, the examiner can 
ask questions to fulfill the diagnostic criteria for 
trigger points. Asking if the pain produced is sim-
ilar to their typical complaints, and if the pain 
radiates, allows the examiner to determine how 
many of the diagnostic factors are present. 
Diagnosis of myofascial pain syndrome is heav-
ily dependent on the examiner’s ability to obtain 
a comprehensive history, as well as execute man-
ual palpation accurately enough to identify trig-
ger points.

Imaging is useful in the workup of myofascial 
pain to help rule in or out underlying structural 
conditions that may be contributing to the etiol-
ogy of the myofascial syndrome. Imaging usually 
begins with plain film X-ray of surrounding 
structures to evaluate for occult fracture, degen-
erative changes, or congenital structural abnor-
malities. Patients with any of these conditions 
can present with subsequent myofascial pain 
stemming from muscular compensation. Because 
myofascial pain is a soft tissue disorder, X-ray, 
CT, and MRI are of little utility in actual diagno-
sis of the condition. MRI may show soft tissue 
edema, but this is not specific enough to myofas-
cial pain syndrome to make the diagnosis. 
Ultrasound evaluation of the tender areas may 
show changes in the muscle body, but is less 
diagnostic and more commonly used for 
anatomy- directed treatment. One low-powered 
study showed evidence of soft tissue changes in 
MTrPs. Trigger points appeared as focal, 
hypoechoic regions on ultrasound, and displayed 
reduced vibration amplitude indicating localized 
stiff nodules [10].
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 Clinical Features of Myofascial Pain

 What Is the Pathophysiology of This 
Condition?

The exact pathophysiology of trigger point gen-
eration is unknown. The accepted explanation is 
that it develops after a muscle is supramaximally 
loaded or exposed to repeated low-level stress. 
Taut bands develop within the muscle that later on 
develop trigger points. Trigger points are called 
active if pain is present without putting any pres-
sure on the muscle, or latent trigger point, if pain 
is present only on palpation. Taut muscle bands 
develop from local micro-injury to the muscle that 
result in capillary leak, inflammation, ischemia, 
and hypoxia causing a sustained local contraction. 
Excess activity by the acetylcholine at the NM 
junction and or abnormal calcium channel modu-
lation leading to excess calcium influx is also 
claimed – all leading to sustained contraction. The 
local inflammation or release of inflammatory 
chemicals may even precipitate sensitization of 
afferent peripheral nerve fibers as well as central 
sensitization as demonstrated by lower pain per-
ception threshold and pain referred to distant part 
of the limb, across the body, or from dorsal to ven-
tral side of the body. Biochemistry of the trigger 
point studied using micro-dialysis probe reveals 
elevation of substance P, CGRP, bradykinin, sero-
tonin, and cytokines. The disturbed concentration 
is confined to within 1  cm of the trigger point 
area. The trigger point region pH is found to be 
low [4–5]. This is said to be due to poor blood 
flow leading to ischemia and hypoxia in the area. 
Biopsy of the muscle from the trigger point in ani-

mal shows contracted sarcomeres, torn muscle 
fibers, and longitudinal stripes  – but these have 
been replicated in humans. This is attributed to 
excess activity of acetylcholine. In one human 
study, biopsy of muscle showed nonspecific myo-
pathic changes: fiber size variation, cell death, 
and moth-eaten fibers. Mitochondrial changes 
were also seen in some.

In short, acitivities that cause sudden or sus-
tained muscle use lead to muscle damage by cre-
ating areas of energy supply vs demand mismatch 
within the muscle tisssue, triggering series of 
event from release of number of biochemical 
which create swelling, worsening capillary flow 
and ischemia, to sustained muscle contraction 
from abnormal calcium ion influx, poor activity 
of acetylcholinesterase from low pH, activation 
of nociception that eventually leads to peripheral 
sensitization causing pain in the muscle and 
twitch response and central sensitization that 
cause referred pain and even pain in other muscle 
from affecting synaptic transmission at the dorsal 
horn of spinal cord most likely via glutamate 
receptor over activity.

As stated above, myofascial trigger points are 
the hallmark feature of myofascial pain syn-
dromes. They are postulated to exist in two clini-
cal stages, active and latent. Their active form is 
the main cause for patient presentation to a 
healthcare practitioner; however, latent trigger 
points have been shown to affect patients func-
tion as well. Active trigger points cause local pain 
and radiating pain to surrounding tissues when 
palpated. Active trigger points may also display 
overlying autonomic skin changes such as red-
ness, sweating, and goose bumps. Trigger points 
in their latent stage do not cause spontaneous 
pain, but will be painful locally or with radiation 
when deeply palpated [9]. Latent trigger points 
display mechanical hyperesthesia, pressure/pain 
hyperalgesia, and vibration hypoesthesia [11]. 
Latent trigger points do not cause spontaneous 
pain, and therefore are not typically the reason 
someone will present to a healthcare provider. 
They do however alter the activation patterns of 
muscles and can cause weakness and restricted 
range of motion [12]. Active trigger points can 
also limit range of motion. It is thought that mus-

 1. Palpable taut band
 2. Tenderness on palpation (trigger point)
 3. Referred pain  – partial or full on 

palpation
 4. Local twitch on palpation or injection
 5. Weakness in the muscle group
 6. Restricted range of motion both passive 

and active

8 A 45-Year-Old Man with Chronic Neck Pain of Insidious Onset
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cles with active MTrPs exhibit limited extensibil-
ity, and this has a negative effect on involved 
joints, resulting in functional limitation [13].

Current research supports local sensitization 
of low-threshold mechanosensitive afferents in 
the motor endplates of the trigger points. These 
travel to the centrally sensitized dorsal horn neu-
rons in the spinal cord [9, 14].

 How Is This Problem Managed?

Management of most all pain conditions consists 
of a step-wise escalation of care. Conservative 
treatments can be tailored to the condition and 
often times can address patient’s complaints suf-
ficiently. Conservative approaches for myofascial 
pain and general musculoskeletal pain alike 
include a comprehensive routine of stretching, 
massage, ice/heat, and gradual range of motion 
exercises. If these simple approaches fail, mov-
ing to pharmacologic therapies and formal physi-
cal therapy would be an appropriate next step. 
Physical therapy is useful and effective in the 
treatment of myofascial pain syndromes if the 
patient can tolerate the treatment. Physical ther-
apy should be targeted toward mobility, stretch-
ing of affected areas, and strengthening of core 
and extremities. Attention to correcting aggravat-
ing postural and biomechanical factors is also 
important. Use of deep tissue massage, as well as 
ultrasound massage, can improve blood flow and 
help relax tight muscles and taut muscle bands 
associated with myofascial pain syndrome. 
Modalities include phonphoresis, EMG biofeed-
back, electrical muscle stimulation, and transcu-
taneous electrical nerve stimulation (TENS) [3].

If patients are unable to tolerate physical 
activity due to pain, a combination of therapy and 
oral agents together can produce pain relief suf-
ficient to participate in formal physical therapy. 
Oral analgesics such as Acetaminophen can 
improve pain related to general musculoskeletal 
pain, arthritis, and other ligament/tendon issues, 
including myofascial pain. NSAIDs can be used 
more specifically to target pain generated from 
muscle pathology such as trigger points, sprains, 

and spasms. Ibuprofen 600 mg TID or Naproxen 
250 mg TID for a short 5–7-day course is appro-
priate, with careful consideration for side effects 
of nephrotoxicity and gastrointestinal irritation. 
Addition of gentle muscle relaxants such as 
Tizanidine or Baclofen can be employed next. 
Tizanidine has less sedating side effects, but a 
trial of both is warranted prior to more invasive 
treatments.

When patients fail the conservative treatments 
listed above, they are appropriate for evaluation 
by a pain physician. Interventional treatments for 
myofascial pain syndromes are targeted at trigger 
points in the muscle tissue as well as addressing 
any underlying structural or psychological con-
tributing factors. After collecting a thorough his-
tory and physical, and making the diagnosis of 
myofascial pain syndrome, the pain physician 
must determine location of trigger points in the 
muscle tissue. As addressed above, discrete bands 
of hypersensitive tissue are located and marked. 
Trigger points may be addressed with dry nee-
dling or wet needling. Wet needling involves an 
injectate of local anesthetic, corticosteroid, or a 
combination of both [15]. Ultrasound guidance 
can aid in the localization of the muscle targeted, 
and help to avoid vasculature and underlying 
lung tissue. Botulinum toxin is also used if initial 
needling only gives short-term relief. The ran-
domized controlled studies on the effectiveness 
of botulinum use were variable in quality, used 
different doses, small in size, and had mixed 
results. In open non-randomized trials, the results 
were positive. In general, there is no difference in 
outcome irrespective of what is injected – local 
anesthetic with or without steroids, botulinum 
toxins, or just dry needling.

When injecting trigger points, certain precau-
tions must be taken. Avoiding non-targeted tis-
sues such as vasculature, lungs, and nerves is 
paramount to reduce patient’s discomfort and 
adverse outcomes. Diabetic patients benefit from 
reduced corticosteroid dose, due to hyperglyce-
mic side effects of systemic absorption. Patients 
with diabetes should be counseled to monitor 
blood glucose levels closely over the days fol-
lowing any injection with corticosteroid.
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 What Is the Prognosis of This 
Condition?

When addressed properly, myofascial pain syn-
drome can be cured. Because of the multifaceted 
nature of the disease, myofascial pain requires a 
multifaceted approach. The patient may have 
chronic complaints of pain, underlying structural 
and postural abnormalities, and psychological fac-
tors contributing to their overall state. Myofascial 
pain is a cyclical issue that compounds, as more 
pain causes more muscular/postural compensation 
and guarding, which ultimately worsens the condi-
tion. Myofascial interventions are aimed to break 
this cycle, and allow for a reset of the tissue. Once 
trigger points are treated and underlying causes are 
addressed, the patient can make a full recovery to 
a pain-free life. When patients present to a pain 
clinic, the problem is often chronic, and therefore 
difficult to resolve quickly. The underlying patho-
genesis of chronic myofascial pain is unknown, 
hence hard to cure. There is significant similarity 
with fibromyalgia syndrome at that time, and it is 
hard to know if myofascial pain is a version of 
fibromyalgia or is coexisting with it. Careful con-
sideration in diagnosis with a stepwise holistic 
approach to the patient’s treatment plan can pro-
duce satisfactory results.

 Discussion

 Prevalence

Due to the wide differential diagnosis of muscu-
loskeletal pain that can present similarly to myo-
fascial pain, and the wide range of etiologies that 
can be associated with or cause myofascial pain, 
prevalence is difficult to determine. In primary 
care clinic setup, the prevalence was noticed to 
be around 9%, while in a rehab clinic setup, it 
was reported at 85%. The presence of trigger 
points were found in 61% of patients with CRPS, 
in 67% of patients with post stroke central pain, 
and high incidence was also found after many 
upper limb or chest surgeries. No gender differ-
ence in trigger point prevalence has been noticed. 

A cross-sectional population study of patients 
with presenting complaints of pain found a prev-
alence of around 30% fulfilling diagnostic crite-
ria for myofascial pain syndrome [16].

Very likely a number of cases of myofascial 
pain go undiagnosed for a number of reasons. A 
patient’s symptoms may not be severe enough to 
present to a healthcare provider who is able to 
make the diagnosis, or the patient may self man-
age the condition with over-the-counter reme-
dies. Additionally, if a patient’s myofascial pain 
syndrome is chronic and trigger points are in the 
latent stage, the patient may continue living life 
with modified function to compensate for any 
decreased range of motion and minor weakness 
the MTrPs cause.

 Differential Diagnosis

The differential diagnosis of myofascial pain 
syndrome includes a number of conditions that 
present similarly to MPS. Fibromyalgia, muscle 
overuse, and muscle spasm can mimic myofas-
cial pain syndrome. Fibromyalgia typically pres-
ents with chronic widespread musculoskeletal 
pain, fatigue, psychiatric symptoms, and multiple 
somatic symptoms. Etiology and pathophysiol-
ogy of this condition are unknown, but it is pos-
tulated that fibromyalgia is a disorder of pain 
regulation, and is a form of central sensitization. 
Muscle overuse and muscle spasm tend to have a 
more clear etiology, and tend to be isolated to 
specific muscle groups with clearer inciting 
events or activities [17].

Additionally, patients with myofascial pain 
often have other underlying conditions that are 
contributing to their myofascial pain that can 
cloud the diagnosis. Often, the underlying abnor-
malities are more readily diagnosed and may gar-
ner more focus of treatment initially. These 
conditions include, but are not limited to, facet 
arthopathy, peripheral osteoarthritis, spondylolis-
thesis, disc bulge, scoliosis, and poor posture. 
While these carry their own diagnostic workup 
and treatment, if present, they must be addressed 
in the treatment of myofascial pain syndrome.

8 A 45-Year-Old Man with Chronic Neck Pain of Insidious Onset
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 Predictive Value of Different Clinical 
Features (Both on History 
and Physical Exam) and Lab Testing/
Imaging

Predictive factors for diagnosing myofascial pain 
syndrome lie mostly in the thorough history and 
physical. Factors include age, gender, previous 
trauma (whiplash, falls, and fractures), and occu-
pation with prolonged positioning, hobbies with 
repetitive motions, posture, and time course of 
symptoms. Physical exam findings of regional 
tenderness which is responsive to position 
changes and palpation, discreet taut bands of 
muscle, as well as pain limited range of motion 
are predictive. Imaging findings showing under-
lying abnormalities that contribute to the syn-
drome are predictive, but not diagnostic to 
myofascial pain syndrome.

 Strength of Evidence for Different 
Treatment Modalities

A systematic review of literature comparing nee-
dling techniques was conducted in 2000, which 
showed efficacy of dry needling for treatment of 
active trigger points. This review included 23 
papers which all included dry needling with vary-
ing injected substances. Different combinations 
of local anesthetic, saline, and corticosteroids 
were included. Effects of dry needling were inde-
pendent of injected substance, but showed dry 
needling to be an effective treatment [15].

Without clear guidelines, selection of injected 
substance remains largely provider preference, 
and is typically based on training, experience, 
and other anecdotal evidence.

In a randomized, double-blind prospective 
study of botulinum toxin type A versus injection 
of normal saline was conducted in 1998. The 
study was low power, with only 33 total subjects, 
and no statistically significant benefit of botuli-
num toxin injection was found over placebo [18]. 
However, this study did note a high incidence of 
patients who were asymptomatic after a second 
botulinum injection into previously symptomatic 
trigger points.

 Future Directions or Clinical Trials 
in Progress

Current literature on myofascial pain suffers 
from lack of objective criteria to diagnose the 
condition. The key diagnostic feature is physical 
examination and suffers from great inter-observer 
variability. There is no pathognomic laboratory 
or microscopic findings, exact mechanism is 
unknown. There is need for basic and clinical 
research to better characterize the disease.

There is an urgent need for clinical research to 
develop evidence-based guidelines for treat-
ments. Currently there are small-power studies 
providing some guidance, as well as anecdotal 
evidence of treatment efficacy. There is a need for 
larger, higher power studies looking into the effi-
cacy of treatment modalities of myofascial trig-
ger points in myofascial pain syndrome.

Additionally there is a need for studies focus-
ing on better detection and diagnosis of myofas-
cial pain in patients with other pathological 
conditions, both structurally and psychologically 
to determine comorbidities and predisposing 
conditions that may lead to or contribute to myo-
fascial pain syndrome.

 Conclusion/Summary

Myofascial pain syndrome is a painful disorder 
that is a common reason for pain clinic visits. It 
can affect all skeletal muscles in the body, but is 
most commonly located in the back. It is involved 
in many cases of chronic pain, but the diagnosis 
is often missed. Pain is typically regional and has 
associated tightness in muscle tissue with tender-
ness to palpation, decreased range of motion, and 
muscle weakness without atrophy. Myofascial 
trigger points are at the center of the pathology 
and exist in two forms, active and latent. Active 
trigger points account for the vast majority of 
presenting complaints of patients. These points 
are discreet areas of taut muscle tissue which can 
exhibit hypersensitivity and referred pain. The 
pathophysiology of myofascial pain syndrome is 
not well understood, but current research sup-
ports sensitization of motor endplates, and the 
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dorsal horn in the spinal cord. The diagnosis of 
the syndrome relies heavily on the ability of the 
healthcare provider to take an accurate history 
and physical. Radiographic imaging is of little 
utility in the diagnosis of the syndrome, but can 
be helpful in identifying underlying conditions 
that coexist with or contributing to the myofas-
cial pain. First steps in management include con-
servative measures such as physical therapy, oral 
analgesics, and lifestyle/postural modifications. 
Once conservative measures are failed, patients 
may benefit from interventional procedures. 
Current research is limited and consensus guide-
lines do not exist for interventional treatment; 
however, there are small studies and anecdotal 
evidence which support dry needling and wet 
needling with a range of injected substances. 
These interventions have been shown to provide 
symptomatic relief and improve function tempo-
rarily. As stated above, careful consideration 
must be made to underlying structural, postural, 
or psychological factors that may be contributing 
to the syndrome. Further investigative efforts are 
needed to establish consensus guidelines outlin-
ing which injected substances provide the most 
relief, and overall efficacy of treatments in this 
condition.
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Cervical Spondylosis

Andrew Wendahl and Alaa Abd-Elsayed

 Case Description

A 75-year-old man presents to your clinic com-
plaining of neck pain. Past medical history 
includes hypertension, hyperlipidemia, hypothy-
roidism, and a 50 pack-year smoking history. He is 
on appropriate medications for his conditions but 
has been on the same doses for years. This patient 
has had a total knee surgery in the past year but has 
not otherwise had regular medical follow-up. He 
reports that he has had dull aching pain for as long 
as he can remember with no precipitating event. 
He denies any recent eliciting event. He does 
endorse a motor vehicle accident 25 years ago in 
which he believes he did suffer a whiplash injury. 
The patient denies weakness to his extremities or 
loss of bowel or bladder function. He does endorse 
inability to sit still for long because of the nagging 
neck pain that gets worse. The neck pain is often 
associated with headache radiating up the back of 
his head, bilateral shoulder pain, and achiness 
between his shoulder blades.

 What Is Your Preliminary Diagnosis?

An elderly patient with neck pain with no injury 
most likely has a degenerative process causing 

neck pain. However other pathologies such as 
infection, tumor, and any other neurological dis-
order should be ruled out. It is important to 
inquire about weight loss, fever, or any history of 
tumor. A careful history includes symptom and 
severity, mechanism of injury and was there 
trauma or loss of consciousness, number of epi-
sodes, sites and boundaries of the pain, radiation, 
frequency of pain, aggravating factors, alleviat-
ing factors, and specific characterization of the 
symptoms. Does the patient exhibit or complain 
of any sympathetic symptoms? Severe accelera-
tion/whiplash-type injury can lead to hypertonia 
of the sympathetic nervous system [1, 2]. The top 
of your differential should include cervical spon-
dylosis, cervical spinal stenosis, and cervical disc 
herniation [2]. Spondylosis (also called spondy-
losis deformans) is present in 60% of those older 
than 45  years and 85% of those older than 
65 years old [3]. Symptoms of this osteoarthritis 
usually do not manifest until 60 years of age or 
older. Examination begins with careful observa-
tion of the patient’s motion and posture, specifi-
cally head and neck. Do they have the normal 
lordotic curvature (~30–40 degrees) and is the 
head in the midline? [4] Physical examination 
should actively rule out or rule in any evidence of 
neurological compression or injury. Look for any 
sign any muscle spasticity, atrophy, or asymme-
try in the upper limb muscles. Evaluate passive 
and active neck range of motion. Look for differ-
ences in range of motion and willingness to do 
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the movement. Range of motion decreases with 
age, except for at C1 to C2, and females tend to 
have greater active range of motion [5]. The 
examiner may apply passive overpressure to test 
the end feel of the movement while remaining 
vigilant of vertebral artery compression which 
can lead to a decrease in blood supply to the 
brain.

Key tests can be performed on the cervical 
spine depending on suspected pathology. 
Foraminal compression (Spurling’s) test is a 
popular test that has been reported as 28% sen-
sitive and 100% specific for radicular symp-
toms. The brachial plexus compression test is 
useful in ruling in more distal compression 
causing upper extremity symptoms. Pain at the 
site is not diagnostic; the test is positive only if 
pain radiates into the shoulder or upper extrem-
ity [6]. Shoulder abduction test, relieve of pain 
when painful arm is placed on head is sugges-
tive of foraminal stenosis. Neck distraction test, 
relieve of pain when distraction is applied to 
the cervical spine with patient lying supine 
favors foraminal stenosis pathology. The shoul-
der pathology can mimic or exacerbate neck 
pain. Detailed shoulder evaluation is important 
whenever neck pain is being evaluated. 
Shoulder evaluation is covered in another chap-
ter in the book. Presence of hypo- or hyperre-
flexia should be ruled out. Patient with any 
radiation down the arm should have their sen-
sory dermatome carefully evaluated. Palpation 
is an important part of the examination in order 
to rule in or out point tenderness. It is done to 
look for the presence of trigger points or facet 
joint tenderness. Primary purpose of history 
and physical examination is to diagnose the site 
and pathology of the pain generator as this will 
lead to organized ordering of tests to confirm 
the diagnosis.

 How Is the Diagnosis Confirmed?

A diagnosis for cervical spondylosis is suggested 
by the history and physical examination. This 
diagnosis should be considered in patients with 
chronic age-related cervical pain. Cervical facet 

is the other chronic pain condition most prevalent 
in this age group. Cervical spondylosis is diag-
nosed by ruling out cervical facet disease using 
diagnostic injection. This is further discussed in 
the book in another chapter. The following rec-
ommendations are based off of the North 
American Spine Society’s Evidence-Based 
Clinical Guidelines for Multidisciplinary Spine 
Care. To begin, the question you need to answer 
is, “What are the most appropriate diagnostic 
tests and when are these tests indicated?” 
Provocative tests including the shoulder abduc-
tion and Spurling’s tests may be considered in 
evaluating patients with clinical signs and symp-
toms consistent with spondylosis. MRI is sug-
gested for the confirmation of correlative 
compressive lesions (disc herniation and spondy-
losis) in cervical spine patients who have failed a 
course of conservative therapy. In the absence of 
reliable evidence, it is the work group’s opinion 
that CT may be considered as the initial study to 
confirm a correlative compressive lesion if MRI 
is contraindicated. The evidence is insufficient to 
make a recommendation for or against the use of 
EMG for patients in whom the diagnosis of cervi-
cal radiculopathy is unclear after clinical exam 
and MRI [7].

 What Is the Pathophysiology of This 
Condition?

The pathophysiology of spondylosis is not com-
pletely understood. A widely cited theory states 
that the sequence of degenerative changes seen in 
spondylosis begins with desiccation of the verte-
bral disc, estimated to be 90 percent water in 
early adult life, but an estimated 69 percent water 
by the eighth decade. As this disc loses water, the 
annulus fibrosis weakens and disc height depres-
sion occurs. This leads to increased stress at the 
zygapophyseal joints, vertebral end plates, and 
the uncovertebral joints (joints of Luschka). The 
increased stress is hypothesized to lead to osse-
ous and ligamentous hypertrophy and osteopathy 
formation. Osteophyte formation is most com-
monly found in mobile cervical and lumbar 
regions, supporting this theory [8].
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Pain centered in the neck with radiation into 
the upper thoracic region could be from any 
source so it is imperative to think through the 
associated anatomy. The cervical spine is divided 
into two areas, the cervicoencephalic for the 
upper cervical spine and the cervicobrachial for 
the lower cervical spine. Cervicoencephalic inju-
ries have the potential of involving the brain, 
brainstem, and spinal cord presenting with symp-
toms of headache, fatigue, vertigo, poor concen-
tration, hypertonia, and irritability. This 
presentation is expected to be acutely related to 
some injury and should be emergently referred to 
neurosurgery. The lower cervical spine is called 
the cervicobrachial area, often referring pain into 
the upper extremity [4]. This is more likely the 
source of our patients pain as pathology in this 
region often leads to neck pain alone, arm pain 
alone, or both. Associated symptoms commonly 
include neck and/or arm pain, headaches, 
restricted range of motion (ROM), paresthesia, 
altered myotomes and dermatomes, and radicular 
signs. Cognitive and cranial nerve dysfunction 
are alarm signs and should not be associated with 
this region. There are seven vertebrae in the cer-
vical spine with the body of each vertebra (except 
C1) supporting the weight of those above it. The 
facet joints bear some weight of the vertebrae 
above, although the weight is minimal if the nor-
mal lordotic posture is maintained. However, 
even a slight amount of weight bearing can lead 
to spondylitic changes at these joints.

 How Is This Problem Managed?

Cervical spondylosis is a broad diagnosis used to 
include soft tissue, disc degeneration, and degen-
erative bony lesions (osteophytes). Degenerative 
changes are widespread, often apparent on radio-
graphs of adults over the age of 30. There is a 
broad continuum from normal aging to the 
overtly pathologic state. There is poor correlation 
between the degree of radiographic change and 
severity [9]. After ruling out neurologic compro-
mise, it is a multimodal approach to pain man-
agement that is best for treating general chronic 
osteoarthritic pain. Conservative management 

(nonsurgical) is the initial approach following a 
thorough evaluation and can be broken down into 
two components: conservative therapy and epi-
dural glucocorticoid injections. Conservative 
therapy generally includes a combination of the 
following modalities: physical therapy with exer-
cise and gradual mobilization, avoidance of pro-
vocative activities, and a short course of oral 
prednisone and oral analgesics. There is not a 
consensus regarding the proper sequence of con-
servative modalities. There is no proper order or 
combination of modalities that has been estab-
lished with society guidelines. Following is an 
example of how a treatment regimen could be 
instituted. Treatment can begin with oral analge-
sics and avoidance of provocative activities. 
Some providers will add in a short course of oral 
prednisone at this time if pain is severe at this 
time. Analgesics may include NSAIDs as first- 
line therapy. Neuropathic medications including 
gabapentin and pregabalin may be used in treat-
ing cervical pain if there seems to be a compo-
nent of radiculopathy, although evidence is weak 
for this indication. Based on your examination 
and history, if the patient has a component of 
spasticity there may be benefit to adding in a 
muscle relaxant such as cyclobenzaprine. Dosing 
typically starts at 5 mg two to three times per day 
in order to reduce drowsiness. Depending on the 
nature of the patient’s spasticity, the dose may be 
doubled if adequate relief is not achieved. Once a 
point of relief is met, the patient should begin 
physical therapy with strengthening and mobili-
zation. Prolonged inactivity is widely believed to 
delay recovery. This conservative regimen may 
be prescribed for 6–8 weeks, and if there is no 
improvement, the patient should be reexamined. 
At this time and if not done already, neuroimag-
ing and electrodiagnostic studies should be per-
formed. Careful assessment of weakness and 
myelopathic findings are prudent if refractory or 
progressive symptoms are apparent at this time. 
Progressive neurologic deficit could be an indica-
tion for surgery and the patient should be referred 
for surgical evaluation. Other symptoms on 
reevaluation that warrant surgical evaluation 
include progressive motor weakness or signs of 
myelopathy (in the presence of imaging studies 
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showing a surgically anatomical spinal cord com-
pression) [10]. Persistent cervical radicular pain, 
with or without radiculopathy, may benefit from 
epidural glucocorticoid injections, despite mixed 
data [11]. Treatment begins with a single injec-
tion followed by assessment of response. Clinical 
practice is variable; however, one approach is to 
repeat one or two times if needed separated by 
3 weeks between each injection [12]. Fluoroscopic 
guidance is mandatory during these interventions 
due to the rare but serious complications with 
cervical epidural glucocorticoid injections. Well- 
documented reports exist of death or severe neu-
rologic sequelae from hemorrhage or infarction 
involving the brain, brainstem, cerebellum, or 
spinal cord [13, 14].

Cervical spondylosis is a prevalent age- 
degenerative process that may reach nearly 95% 
by the age 65. This process is driven by the for-
mation of osteophytes and compression of the 
spinal cord. These changes are associated with 
disc protrusion, neuroforaminal narrowing, and 
spinal cord counter changes in up to 78% of 
asymptomatic individuals [15]. The treatment 
guidelines should follow those of the specific dis-
orders spondylosis causes including radiculopa-
thy, facet joint pain, disc herniation, and 
spondylitic myelopathy.

 What Is the Prognosis of This 
Condition?

There are not an abundance of randomized con-
trolled studies. One trial of 205 adults with acute 
cervical radiculopathy found physical therapy 
and home exercises for 6 weeks or a cervical col-
lar and rest for 3–6  weeks was superior to no 
treatment (control) for reduction in neck and arm 
pain [16]. Small prospective and retrospective 
observational studies suggest that transforaminal 
or interlaminar epidural glucocorticoid injections 
are associated with relief 6 months or longer in 
40–60% of patients [17, 18]. These studies do not 
distinguish between treatment improvement ver-
sus the natural history of cervical radiculopathy 
complicating the picture. This is a point of further 
investigation.

 What Is the Long-Term Outcome: 
Complete Cure, Recurrent or Chronic 
Persistent Problem?

Degenerative changes leading to spondylosis and 
facet pain are chronic anatomical changes. These 
changes of the cervical spine are seen in approxi-
mately 10% of individuals by age 25 and in 95% 
by the age of 65. The levels most commonly 
affected by both disc herniation and chronic 
spondylosis are C6/C7 followed by C5/C6 as 
these are the cervical segments where the most 
extension and flexion occurs [19]. Relief is often 
obtained over time. Although data are limited, 
many patients struggling with compressive radic-
ulopathy improve without specific treatment 
[20]. Nondegenerative radiculopathy can be 
related to diabetes mellitus, tumor infiltration, 
demyelination, and other causes that are influ-
enced by the natural history and dependent on the 
response to treatment of the condition.

 Discussion

 Prevalence

The lifetime prevalence of spinal pain has been 
reported as 54% to 80%, with as many as 60% of 
patients continuing to have chronic pain 5 years 
or longer after the initial episode [21]. Myelopathy 
occurs in 5 to 10 percent of patients with symp-
tomatic cervical spondylosis [22].

 Differential Diagnosis

The differential diagnosis is broad for neck/arm 
pain and must be narrowed down based on a thor-
ough history and physical examination. One can 
begin to narrow this down by first thinking 
through the broader categories including degen-
erative spinal disorders, soft tissue disorders, 
inflammatory disorders, infections, tumors, intra-
spinal disorders, systemic disorders with referred 
pain, shoulder and elbow pathology, peripheral 
nerve entrapment syndromes, thoracic outlet syn-
drome, and psychogenic pain. For the purpose of 
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this chapter, one should narrow our differential 
down to those in the degenerative versus soft tis-
sue disorders. The degenerative spinal disorders 
differential should include discogenic pain, 
radiculopathy, myeloradiculopathy, and myelop-
athy. The differential within the soft tissue disor-
ders category should include sprains, myofascial 
pain syndromes, fibromyalgia, and whiplash syn-
drome [23]. Cervical spondylotic myelopathy 
(also called radiculomyelopathy) must remain on 
the differential as it can damage spinal nerve 
roots as well as the cord itself. The C5-7 regions 
are most commonly affected, so the lower motor 
neuron or segmental signs would generally be 
observed in these myotomes.

 Predictive Value of Different Clinical 
Features (Both on History 
and Physical Exam) and Lab Testing/
Imaging

Provocative tests including the shoulder abduc-
tion and Spurling’s tests may be considered in 
evaluating patients with clinical signs and symp-
toms consistent with the diagnosis of cervical 
radiculopathy. This is a Grade C recommenda-
tion from the North American Spine Society 
(NASS) guidelines published in 2010. NASS also 
published Grade B recommendations in their 
2010 guidelines promoting CT, CT myelography, 
or MRI in the face of dermatomal arm pain 
because the predictive value is not specific for 
identifying pathologic level in patients with cer-
vical radiculopathy. MRI is suggested for the 
confirmation of correlative compressive lesions 
(disc herniation and spondylosis) in cervical 
spine patients who have failed a course of conser-
vative therapy and who may be candidates for 
interventional or surgical treatment. CT myelog-
raphy is suggested for the evaluation of patients 
with clinical symptoms or signs discordant with 
MRI findings. CT myelography is also suggested 
in patients with contraindication to MRI.  The 
evidence is insufficient to make a recommenda-
tion for or against the use of EMG for patients in 
whom the diagnosis of cervical radiculopathy is 
unclear after clinical exam or MRI [24].

 Strength of Evidence for Different 
Treatment Modalities

Selective nerve root block with specific dosing 
and technique protocols may be considered in the 
evaluation of patients with cervical radiculopathy 
and compressive lesions identified at multiple 
levels on MRI or CT myelography to discern the 
symptomatic level(s) or differentiate in the face 
of discordant symptoms or imaging findings [22].

 Future Directions or Clinical Trials 
in Progress

Future progress should be directed toward 
focused diagnosis and treatment with the goal of 
improving upon success rates. The field of pain 
medicine continues to need studies to improve 
upon strength in recommendations for treatment.

 Conclusion/Summary

Cervical spondylosis refers to a progressive 
degenerative process affecting the vertebral bod-
ies and intervertebral discs which can lead to ste-
nosis of the central spinal canal. Progression of 
this disease can result in compression of the cer-
vical spinal cord leading to a syndrome of spinal 
cord dysfunction known as cervical spondylitis 
myelopathy. Cervical spondylotic myelopathy is 
the most common cause of myelopathy in adults 
over 55, leading to disability and impaired qual-
ity of life [22]. Once this difficult diagnosis is 
made, the patient should be immediately referred 
to surgery. Other less emergent sequelae of cervi-
cal spondylosis lead to osteophyte formation 
leading to neck pain, cervical radiculopathy, and 
degeneration of intervertebral discs resulting in 
disc herniation. Additionally, ossification and 
hypertrophy of the posterior longitudinal liga-
ment and ligaments flava occur. Society guide-
lines recommend 6–8  weeks of conservative 
management before referral for surgical evalua-
tion or interventional pain procedures. Imaging 
should be pursued in the case of refractory or 
progressive symptoms. MRI is recommended by 
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the North America Spine Society, unless contra-
indicated or non-diagnostic at which time they 
recommend going to CT myelography. There is 
no cure for the condition. Cervical epidural ste-
roid injection helps for term only. Surgery is only 
indicated in the presence of instability or signs of 
nerve compression. In the absence of nerve 
injury, the role of surgery is inconclusive.
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A 65-Year-Old Man with Chronic 
Neck Pain (Cervical Facet Disease)

Andrew Wendahl and Alaa Abd-Elsayed

 Case Description

A 65-year-old man walks into your clinic com-
plaining of a headache with dull posterior neck 
pain radiating to the mid back region and limited 
range of motion. The patient has had limited 
improvement with conservative management 
over the past year including physical therapy, chi-
ropractic treatment, massage, acupuncture, and 
NSAID use. He endorses a constant 7/10 on the 
visual analog scale and reports it is limiting to his 
daily activities. The patient denies any recent 
trauma including whiplash, motor vehicle acci-
dent, or any other isolated event. On exam, the 
patient had positive facet loading test of the cer-
vical spine with tenderness on palpating the cer-
vical vertebrae just lateral to the spinous process. 
The patient had a cervical spine series prior to 
chiropractic treatment to rule out any fracture or 
tumor. No other imaging has been done up until 
this point.

 What Is Your Preliminary Diagnosis?

My preliminary diagnosis would include facet 
joint pain while keeping in mind other pain gen-
erators in the anatomical region [1–4]. These 

include intervertebral disks, ligaments, muscles, 
and nerve roots. Other syndromes overlapping 
with signs and symptoms include cervicodynia, 
cervical myofascial pain syndrome, cervical 
degenerative disk disease, ligamentous laxity, 
neck strain, compression fracture, cervical radic-
ulopathy, and cervical stenosis [1].

 How Is the Diagnosis Confirmed?

Diagnosis is confirmed by putting many elements 
together including the clinical exam, imaging 
techniques, and the use of diagnostic blocks. 
Before performing any tests on a patient with 
chronic spinal pain, the clinician should decide 
whether testing for facet pain is the priority, or if 
other sources should be investigated.

Diagnosis is made including a thorough his-
tory and physical exam, imaging techniques, and 
the use of diagnostic blocks. The pain distribu-
tion and quality produces a “pain map” as well as 
joint provocation on physical exam. The pain 
maps of the specific joints and nerve distributions 
overlap considerably, so although they provide 
clues to origin they do not specify exact location 
[4]. The first diagnostic study should include 
radiographs in the neutral, flexed, and extended 
positions with a documented range of motion 
exam. Although cervical spine MRI may reveal 
degenerative changes consistent with cervical 
facet arthropathy, imaging alone cannot reveal 
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the facet joints [1]. Cervical facet joint injections 
are often performed to test the hypothesis that the 
target joint is the source of pain. The cervical 
facet joints can be anesthetized with local anes-
thetic injected directly into the intraarticular joint 
space or with anesthetizing the medial branches 
of the dorsal rami innervating the corresponding 
joint [5, 6].

 What Is the Pathophysiology of This 
Condition?

The facet joint is also referred to as a zyga-
phophysial joint (ZJ) which are paired synovial 
joints that link the posterior elements of the spine 
from the C2-3 level down to the lowest spinal 
motion segment, L5-S1. The ZJ is made up of 
two bony processes or apophyses, a superior and 
an inferior articular process, each of which has an 
articular surface (or facet) lined with hyaline car-
tilage about 1–2 mm thick. The nerve supply of 
the ZJ is via the medial branches of the dorsal 
rami of the spinal nerves. The joint capsules are 
richly innervated by sensory afferent fibers (first 
order neurons) which transmit neural impulses 
from each joint via the medial branch nerves to 
their cell bodies in the dorsal root ganglia and 
then on to synapse with second-order neurons in 
the dorsal horn of the spinal cord; from there 
impulses transmit via central pathways to the 
sensory cortex [4]. Facet pain is typically dull 
and aching in quality indicating local somatic 
pain although can also be referred to more distant 
regions.

 How Is This Problem Managed?

A rehabilitation program is pertinent to the treat-
ment of a patient with cervical facet disease. One 
should begin with a conservative approach. 
Conservative management includes reducing 
pain and inflammation while increasing pain-free 
range of motion and functionality. Pertinent to 
this phase of recovery is strength and flexibility 
training. Application of ice during the acute 
phase can decrease blood flow, hemorrhage into 

local tissues, and therefore reduces local edema. 
Therapeutic modalities, such as ultrasound 
scan and electrical stimulation, manual therapy, 
joint mobilization, soft tissue massage, and mus-
cle stretching are often helpful. Medication 
 management should be instituted in certain cir-
cumstances. Non-steroidal anti-inflammatory 
medications may be started at the lowest possible 
doses to decrease inflammation and pain in the 
acute setting. The American Geriatric Society 
(AGS) suggests that NSAIDs should be avoided 
when possible to decrease the risk of gastropa-
thy,  nephrotoxicity, and increased cardiac risk 
in  chronic use [7]. Acetaminophen, Para-
acetylaminophenol, can be helpful as part of a 
multimodal analgesic regimen but is not an anti- 
inflammatory in contrast to NSAIDs. Gabapentin 
and pregabalin have proven efficacy versus 
 placebo in several neuropathic conditions. 
Gabapentin has been primarily studied and found 
effective in post-herpetic neuralgia and painful 
diabetic neuropathy. Treatment with gabapentin 
should be initiated at a low dose with gradual 
increases until pain relief, dose limiting adverse 
effects, or 3600  mg per day in three divided 
doses. An adequate trial of gabapentin can require 
2 months or more [8].

If a conservative approach does not suffice, 
then more invasive procedures should be consid-
ered and used. These options include therapeutic 
facet joint injections, with intraarticular facet 
joint injections, medial branch blocks, or medial 
branch neurotomy. The duration of pain relief 
from intraarticular facet joint injection varies 
among investigators. Medial branch blocks have 
also been used therapeutically in the cervical 
spine. If positive response is seen, a series of 
three medial branch blocks should be performed 
over 12–18  weeks to document length of time 
with good response. If a patient has significant 
relief lasting 2–3 months, they may need a main-
tenance program. A positive response with quick 
dissolution may be an indication for radio fre-
quency ablation in hopes for longer term relief 
usually maxing at 4 treatments per year.

Medial branch neurotomy has been described 
with many trials with inconclusive results 
reported. Many investigators in the field have 
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found radio frequency thermocoagulation of 
medial branches to be safe and efficacious. This 
lesioning is performed with continuous or pulsed 
mode radio frequency. Radio frequency neurot-
omy denervates the facet joint by coagulating the 
medial branch of the dorsal ramus, thus denatur-
ing the nerve proteins. The dorsal root ganglion is 
preserved, not destroyed, so the cell bodies 
remain intact and the nerve may grow back in 
6–9  months. This could reproduce facet joint 
pain and repeating neurotomy could be a viable 
option [9]. Cervical fusion should only be con-
sidered after failed aggressive nonsurgical care. 
This treatment is less successful in treating cervi-
cal facet disease than for radicular pain.

Complications are associated with facet joint 
injections, as with all invasive procedures includ-
ing headache, syncope, hypotension, nausea, 
sweating, flushing, and lightheadedness. 
Bleeding is a rare complication but if a patient 
has a bleeding disorder, is anticoagulated, or vas-
cular proximity to injection location can increase 
risk. Infection is rare with <1–2% of injections 
resulting in minor infection and 0.1–0.01% 
resulting in severe infection with the most serious 
being epidural abscess and bacterial meningitis. 
Worsening of pain symptoms may occur, and this 
may include pain at the injection site. The most 
feared complication includes nerve or spinal cord 
damage or paralysis from direct needle trauma. 
Complications of radio frequency thermoneurol-
ysis are rare and include the above risks as well 
as deafferentation pain, sensory or motor deficits, 
and allodynia [10].

The facet or zygapophysial joints are paired 
diarthrodial articulations between posterior ele-
ments of adjacent vertebrae. These joints are well 
innervated by the medial branches of the dorsal 
rami, contain free and encapsulated nerve end-
ings, and nociceptors and mechanoreceptors. 
Based on controlled diagnostic blocks of facet 
joints, in accordance with the criteria established 
by the International Association for the Study of 
Pain (IASP), facet joints have been implicated as 
responsible for spinal pain in 54–67% of patients 
with neck pain [11].

Society treatment guidelines were discussed 
in the aforementioned management section. The 

highlights included first beginning with conser-
vative management. In case of continued refrac-
tory or progressive symptoms, it is important to 
acquire imaging and pursue more serious pathol-
ogy including ruling out surgical indications 
before attempting invasive interventional pain 
procedures.

 What Is the Prognosis of This 
Condition?

Prognosis referring to the whiplash-induced facet 
pain has been studied. In a study in the United 
Kingdom, the most important predictors of pain 
at 1 year were severity at the time of rear-end col-
lision [12]. In addition to pain symptoms, neck 
mobility is another important risk factor that pre-
dicts disability 1 year after whiplash injury [13].

Abstracted from the 2013 ASIPP guidelines 
and recommendations, the current evidence 
shows the prevalence utilization criteria of 
75–100% pain relief to range from 36 to 67% in 
cervical facet joint pain based on diagnostic 
blocks [14].

 Discussion

 Prevalence

Facet or zygapophysial joints have been impli-
cated as the source of chronic spinal pain in 
54–67% of heterogeneous groups of patients 
with chronic neck pain.

 Differential Diagnosis

Pain generators in the cervical spine include 
intervertebral disks, facet joints, ligaments, mus-
cles, and nerve roots. Other painful conditions 
can overlap in symptoms including cervicodynia, 
cervical myofascial pain syndrome, cervical 
degenerative disk disease, ligamentous laxity, 
neck strain, compression fracture, cervical radic-
ulopathy, and cervical stenosis [1]. Manchikanti 
et  al. evaluated a sample of 56 patients from a 
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previous study population with neck pain under-
going cervical diskography and facet joint nerve 
blocks at the same level for diagnostic purposes. 
The findings were that 64% of disk disease iden-
tified with diskography had a positive cervical 
medial branch block. Further results concluded 
the 41% of patients had a symptomatic disk and a 
symptomatic facet joint at the same segment, and 
an additional 23% had a painful facet joint with-
out associated same level disk pain [15].

 Predictive Value of Different Clinical 
Features (Both on History 
and Physical Exam) and Lab Testing/
Imaging

Predictive factors for persistent neck pain 
including greater age, accompanying low back 
pain, neck trauma, headache, radiation of pain, 
being employed, and prior episodes of neck 
pain are described by Schellingerhout [16]. 
Psychosocial and neurophysiological factors 
including having a depressed mood, weak cer-
vical muscle endurance, and impaired pain 
inhibition were positive factors for developing 
chronic neck pain. Also, poor sleep is a compli-
cating comorbidity found in 70% of patients 
with chronic neck pain [17, 18].

 Strength of Evidence for Different 
Treatment Modalities

Diagnostic cervical facet joint nerve blocks are 
recommended in patients with somatic or non- 
radicular neck pain or headache and upper 
extremity pain, with duration of pain of at least 
3 months. This is without preponderance of evi-
dence of discogenic pain, disc herniation, or 
radiculitis [19]. Controlled diagnostic blocks 
with two local anesthetics (or placebo-controlled) 
are the only means of confirming the diagnosis of 
facet joint pain. The hypothesis that testing a 
patient first with lidocaine and subsequently with 
bupivacaine provides a means of identifying the 
placebo response has been tested and proven. The 
specificity of the effect of cervical and lumbar 

facet joint blocks was demonstrated in controlled 
trials [11]. Based on the updated guidelines for 
interventional techniques in the Pain Physician 
journal, indicated evidence for radio frequency 
neurotomy and cervical medial branch blocks is 
fair. This is based upon one randomized, double- 
blind, active-controlled trial, and one prospective 
evaluation. Based on two RCTs, the evidence for 
cervical intraarticular injections is limited [19]. 
Consequently, the recommendation is that thera-
peutic facet joint nerve blocks or conventional 
radio frequency neurotomy may be provided 
based on the response from controlled diagnostic 
blocks.

 Future Directions or Clinical Trials 
in Progress

Future clinical trials are warranted in order to 
improve accuracy of diagnosis and treatment 
while decreasing complication rates.

 Conclusion/Summary

Cervical facet disease, otherwise referred to as 
the zygapophyseal joint disease, can cause axial 
pain and some experts say the most common 
cause of headaches and whiplash-related neck 
pain [20–22]. Patients will often present with a 
history of trauma with an abrupt flexion- extension 
type injury or an occupation requiring persistent 
neck extension. Pain symptoms often refer to the 
occiput, shoulders, periscapular region, or proxi-
mal limbs. Axial symptoms are greater than 
extremity symptoms, as is the case with cervical 
discogenic pain. There is no specific examination 
or imaging finding to provide confirmatory diag-
nostic information. Diagnosis is difficult and 
requires putting all aspects together including a 
thorough history and physical exam, imaging 
techniques, and diagnostic blocks. 
Fluoroscopically guided intraarticular injection 
with local anesthetic or ablation of the innerva-
tion to the joint are the definitive diagnostic tests. 
This is done by injecting local anesthetic either 
directly into the joint space or anesthetizing the 
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medial branches of the dorsal rami of a corre-
sponding joint. However, there is limited evi-
dence for intraarticular injection. Therapeutic 
nerve blocks should be provided based on 
response from controlled diagnostic blocks. 
Potential risks and complications can be disas-
trous related to needle placement and administra-
tion of various drugs. For this reason, meticulous 
safety guidelines and proper use of fluoroscopic 
imaging are indispensable for effective injection 
of cervical anatomy.
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Cervical Radicular Pain

Andrew Wendahl and Alaa Abd-Elsayed

 Case Description

A 35-year-old woman walks into your clinic 
complaining of neck and right arm pain since a 
recent fall on ice from a standing position. 
Besides pain, the patient also complains of weak-
ness with using a screwdriver in her right hand. 
This is important to her job description involving 
furniture restoration. Since the fall, she reports 
difficulty sleeping due to neck stiffness. Pain 
between the shoulder blades has become com-
monplace. She has trialed conservative manage-
ment with nonsteroidal anti-inflammatories and 
acetaminophen. She has undergone 4  weeks of 
physical therapy exercises as prescribed with 
minimal improvement. She reported temporary 
improvement with heating pad therapy.

 What Is Your Preliminary Diagnosis?

The diagnosis begins with the history and physi-
cal exam. Clinical features should guide the 
exam. The acute onset following an antecedent 
event leads me down the path of a herniated 
nucleus pulposus versus spondylosis which is 
often more indolent. However, most cases have 
no readily identifiable precipitant. The first aim is 

to find evidence of weakness and sensory distur-
bance in myotomal and dermatomal patterns as 
well as to catch any signs of myelopathy from 
cord compression. Assess passive and active 
range of motion if any shoulder weakness or 
wasting is apparent. Spurling’s maneuver (neck 
compression) is performed by extending and 
rotating the neck to the side of pain with a down-
ward pressure [2]. This test is positive if limb 
pain or paresthesias are reproduced. Neck pain 
alone is nonspecific and constitutes a negative 
test. The Spurling’s test is highly specific but sen-
sitivity is low to moderate. Another test, with low 
to moderate sensitivity and moderate to high 
specificity is the shoulder abduction relief test 
based on a 2006 systematic review [3].

 How Is Diagnosis Confirmed?

Cervical radiculopathy is a clinical diagnosis and 
made on the basis of history and physical find-
ings. Neuroimaging and electrodiagnostic testing 
are indicated for most patients if myotomal 
weakness or myelopathy, increased risk of or sus-
picion for an atypical underlying nondegenera-
tive cause (i.e., neoplastic, infectious, or 
inflammatory), or when symptoms persist beyond 
4–6 weeks of conservative therapy. In the proper 
setting of radiculopathy symptoms, imaging 
studies of the cervical spine can confirm the diag-
nosis. MRI is currently the study of choice for 
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initial neuroimaging evaluation of the cervical 
spine, unless contraindicated. CT myelography is 
the superior study for diagnosing foramina com-
pression for its distinction of osteophyte from 
soft tissue material [4]. Plain radiographs are 
rarely diagnostic because soft tissue is not well 
visualized. Radiculopathy is nondiagnostic, but 
usually confirmed by electromyography. This 
study usually consists of nerve conduction stud-
ies (NCS) and a needle EMG of the upper arm 
and neck [5].

 What Is the Pathophysiology of This 
Condition?

A radiculopathy is a pathologic process affect-
ing the nerve root. The causes of radiculopathy 
can be divided into nondegenerative and com-
pressive etiologies. The two main causes of 
compressive radiculopathy are cervical spon-
dylosis and disk herniation. Compressive 
radiculopathy is by far the most common 
pathophysiology, but nondegenerative disor-
ders should always be considered.

Cervical spondylosis is a general term for non-
specific, degenerative changes of the spine. 
Degenerative changes occur in the vertebral disks, 
the zygapophysial (facet) and uncovertebral joints, 
and the vertebral bodies. Bone formation occurs in 
these areas as osteophytes [5]. Spondylosis is the-
orized to be from increased stress from the aging 
process leading to osseous and ligamentous hyper-
trophy and osteophyte formation. Disk herniation 
is another common cause of compressive radicu-
lopathy as prolapsed material presses on a nerve 
root. This root compression with radicular symp-
toms is most likely to occur if herniation occurs 
laterally. In a large epidemiological survey of 
patients with cervical radiculopathy, disk protru-
sion was found to be the case in 21.9% of patients 
[6]. Nondegenerative radiculopathy can be from 
causes including infectious processes (i.e., herpes 
zoster and Lyme disease), nerve root infarction, 
root avulsion, infiltration by tumor, granulomatous 
tissue infiltration, and demyelination. Deficits 
associated with nondegenerative radiculopathy 
often spans multiple myotomes and dermatomes. 

This is more complete than a typical compressive 
radiculopathy due to the more diffuse ventral and 
dorsal affect [5].

 How Is This Problem Managed?

Recommendations for diagnosis and treatment of 
cervical radiculopathy from degenerative disor-
ders have been described by the North American 
Spine Society (NASS) Clinical Guidelines, 2010. 
It is recommended that diagnosis be considered 
in patients with arm pain, neck pain, scapular or 
periscapular pain, paresthesias, numbness and 
sensory changes, and weakness or abnormal deep 
tendon reflexes in the arm. This grade B recom-
mendation was based off of the findings pre-
sented by Henderson et  al. following a 
retrospective observational study reporting 
results in the treatment of 736 patients with cervi-
cal radiculopathy. Of these patients, the reported 
symptoms were as follows: arm pain (99.4%), 
neck pain (79.7%), scapular pain (52.5%), ante-
rior chest pain (17.8%), and headache (9.7%). 
Dermatomal arm pain alone is not specific in 
identifying the pathologic level in patients with 
cervical radiculopathy. For this reason, CT, CT 
myelography (CTM), or MRI is suggested prior 
to any surgical decompression. This suggestion is 
of course after a failed course of conservative 
therapy in most cases. Modic et al. conducted a 
prospective study comparing the accuracy of 
MRI, CTM, and myelography in the evaluation 
of cervical radiculopathy. This study included 52 
patients who underwent MRI, myelography, and 
CTM; 28 went on to surgery. Findings confirmed 
in surgery identified diagnostic accuracy rates of 
74% for MRI, 85% for CTM, and 67% for 
myelography. The author concluded that MR 
with CTM used jointly was a viable alternative to 
myelography with 90% of patients having diag-
nostic agreement with surgical findings [7]. CT 
alone is recommended by work group consensus 
if MRI is contraindicated. Evidence is insuffi-
cient to make a recommendation for or against 
the use of EMG for patients in whom the 
 diagnosis of cervical radiculopathy is unclear 
after clinical exam and MRI [8].
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Selective nerve root block with specific dosing 
and technique protocols may be considered in the 
evaluation of patients with cervical radiculopathy 
and compressive lesions identified at multiple lev-
els on MRI or CT myelography to discern the 
symptomatic level(s). Selective nerve root block 
may also be considered to confirm a symptomatic 
level in patients with discordant clinical symptoms 
and MRI or CTM findings [9, 10]. There are no 
studies to adequately address the role of physical 
therapy, exercise, chiropractic manipulation, or 
massage therapy in the management of cervical 
radiculopathy from degenerative disorders. The 
aforementioned treatment modalities should be 
considered carefully given case reports of adverse 
outcomes including radiculopathy, myelopathy, 
disk herniation, and vertebral artery compression 
with manipulative therapy. Transforaminal epi-
dural steroid injections using fluoroscopic or CT 
guidance may be considered when developing a 
medical/interventional treatment plan for patients 
with cervical radiculopathy from degenerative dis-
orders. There are many studies reporting up to 
65% of patients reporting good or excellent results 
with regard to pain relief and many opting out of 
surgery. For instance, Lin et al. described a retro-
spective case series of 70 patients considered 
potential surgical candidates for cervical radicu-
lopathy, underwent cervical transforaminal epi-
dural steroid injections, of which the 65% with 
good or excellent results was abstracted [11]. 
Ancillary treatments such as bracing, traction, 
electrical stimulation, acupuncture, and transcuta-
neous electrical stimulation have been associated 
with improvements in uncontrolled case series. 
These modalities may be considered recognizing 
that no improvement relative to natural history of 
cervical radiculopathy has been demonstrated. 
Overall, surgical intervention is suggested for the 
rapid relief of symptoms of cervical radiculopathy 
from degenerative disorders when compared to 
medical/interventional treatment.

There is good evidence for cervical epidural 
steroid injections for radiculitis secondary to disk 
herniation with local anesthetics and steroids. 
Manchikanti et  al., in a large randomized trial 
with 120 participants receiving cervical interlam-
inar epidural steroid injections under fluoroscopy 

with long-term follow-up yielded positive results. 
Outcome measures showed significant improve-
ment in pain relief and functional status >50% at 
3, 6, and 12 months out [12].

 What Is the Prognosis of This 
Condition?

The North American Spine Society work group 
found no validated outcome measures to be uti-
lized in prognostication of the subset of patients 
with cervical radiculopathy from degenerative 
disorders. The Neck Disability Index (NDI), 
SF-36, SF-12, and VAS are recommended out-
come measures for assessing treatment of cervi-
cal radiculopathy from degenerative disorders, 
with a grade A recommendation [11].

The majority of radiculopathies arise from 
nerve root compression; the two predominant 
mechanisms are cervical spondylosis and disk 
herniation. Although data are limited, some, if 
not most, patients with compressive cervical 
radiculopathy improve without specific treatment 
[13–15]. Evidence that improvement is not treat-
ment specific comes from a population-based 
study of 561 patients with cervical radiculopathy 
from Rochester, Minnesota. This was not a natu-
ral history study, since most patients received 
some treatment and 26 percent had surgery for 
cervical radiculopathy. Nevertheless, at last fol-
low- up, 90 percent of patients were asymptom-
atic or only mildly incapacitated.

 What Is the Long-Term Outcome: 
Complete Cure, Recurrent or Chronic 
Persistent Problem?

Symptoms of cervical radiculopathy recur in up 
to one-third of patients after initial improvement 
[14]. Conservative management should be reem-
ployed when symptoms recur, unless a signifi-
cant motor deficit or myelopathy is present. 
Abstracted from the 2013 ASIPP guidelines, 
most evidence indicates that between 50 and 75% 
of people who have neck pain initially also report 
pain 1 to 5 years later [16].
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 Discussion

 Prevalence

One of the largest epidemiological studies of cer-
vical radiculopathy was a retrospective 
population- based review of 561 patients (332 
men and 229 women) with cervical radiculopa-
thy seen from 1976 to 1990  in Rochester, 
Minnesota [14]. All patients with complaints of 
neck pain were screened, and clinical criteria 
using symptoms, signs, and diagnostic testing 
were used to retrospectively make the diagnosis 
of definite, probable, or possible cervical radicu-
lopathy. A total of 561 cases (332 men and 229 
women) with cervical radiculopathy were 
identified.

The following observations were reported in 
an epidemiological review [14]:

• The mean age at diagnosis was 47.9  years 
(range 13–91 years).

• Average annual incidence rates per 100,000 
people for men and women were 107.3 and 
63.5, respectively; the male to female ratio 
was 1.7:1.

• Age-specific incidence rates per 100,000 
people were highest for the 50–54 year age 
group, 245.1 in males and 164.5 in females, 
and declined steeply after the age of 
60 years.

• Lower cervical roots, particularly C7, are 
more frequently affected by compression than 
higher cervical roots. In a series of cases that 
came to surgery, the following observations 
were made [15]:
 – C7 was the most frequently affected nerve 

root, accounting for approximately 70 per-
cent of patients with cervical 
radiculopathy.

 – C6 root involvement was found in approxi-
mately 20%.

 – Involvement of the C5, C8, and T1 levels 
together accounted for the remaining 10 
percent.

 Differential Diagnosis

As mentioned, cervical radiculopathy is a clinical, 
and to some extent subjective, diagnosis made on 
the basis of history and clinical findings. Typical 
findings of solitary root lesions may include pain, 
numbness, weakness, reflex changes, as well as 
overlapping dermatomes. Neuroimaging and 
electrodiagnostic studies are indicated for most 
especially in the setting of significant neurologic 
deficit, suspicion for an atypical underlying (non-
degenerative) cause, or when persistent symptoms 
do not resolve with 4–6  weeks of conservative 
therapy. The differential should include entrap-
ment neuropathy, zygapophyseal (facet) joint 
pain, brachial plexus syndromes, nondegenerative 
etiologies (neoplastic, infectious, or inflamma-
tory), myalgia, nerve root infarction, root avul-
sion, demyelination, and traumatic causes to 
name a few other possible etiologies.

 Predictive Value of Different Clinical 
Features (Both on History 
and Physical Exam) and Lab Testing/
Imaging

• MRI is currently the study of choice in most 
patients for the initial neuroimaging evaluation 
of the cervical spine. CT myelography is supe-
rior to MRI in the distinction of osteophyte 
from soft tissue and remains superior to MRI.

• The diagnosis of radiculopathy is usually con-
firmed by needle electromyography, fre-
quently involving a myotomal pattern of 
denervation. Nerve conduction studies alone 
are not sensitive for radiculopathy and should 
be done beyond 3  weeks of symptoms to 
improve sensitivity.

• Due to a high prevalence of asymptomatic 
degenerative changes in the cervical spine, an 
imaging evaluation revealing evidence of degen-
erative changes or disk herniation can only sup-
port the diagnosis of cervical radiculopathy and 
cannot by itself establish a diagnosis [17].
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 Strength of Evidence for Different 
Treatment Modalities

In summary, the evidence for cervical epidural 
injections is good for radiculitis secondary to 
disk herniation with local anesthetics and ste-
roids, fair with local anesthetic only; whereas it is 
fair for local anesthetics with or without steroids 
for axial or discogenic pain, pain of central spinal 
stenosis, and pain of post-surgery syndrome [12].

 Future Directions or Clinical Trials 
in Progress

Future clinical trials are needed to describe 
improved and effective nonsurgical means of 
treating radicular pain. While serious complica-
tions of cervical interlaminar epidural procedures 
are rare, future research should be directed at 
improved complication rates. A cervical spinal 
cord injection of corticosteroids is a devastating 
complication, and multiple cases of intramedul-
lary injection have been described after interlam-
inar approach [12].

 Conclusion/Summary

Cervical radiculopathy is a term applied when a 
nerve root is inflamed, irritated, and has produced 
a clinically significant motor or sensory neuro-
logic deficit in that nerves distribution. The most 
common cause for this includes disk protrusion 
and cervical spondylosis. The common view is 
that this compressive force on the affected nerve 
is what leads to common symptoms being numb-
ness, paresthesia, weakness, and hyporeflexia by 
blocking conduction and causing ischemia. There 
is another theory that inflammatory markers are 
irritants of the spinal nerves leading to pain. 
History and physical exam are critical to the 
diagnosis although dermatomal patterns are often 
overlapping. Many specialized tests exist includ-
ing the Spurling’s compression test, Lhermitte’s 

sign, neck distraction test, shoulder abduction 
test, Adson’s test, and Hoffmann’s sign [17]. 
Imaging is the most useful in diagnosis, and MRI 
is the society-supported gold standard. The prev-
alence of abnormalities on MRI in asymptomatic 
individuals is of concern, however [18]. 
Multimodal conservative therapy is always the 
first recommendation. Interventional pain man-
agement has been described with substantial dif-
ferences in technique and outcomes. Thus, 
characteristics applicable to each technique 
including interlaminar and transforaminal 
approaches are considered as separate entities. 
Response has also been found quite variable to 
epidural injections depending on pathologic con-
dition (i.e., disk herniation, radiculitis, disco-
genic pain without herniation, spinal stenosis, 
and post-surgery syndrome) [1]. One must be 
attentive to the severity of complications when 
considering invasive techniques [19]. Surgery is 
typically indicated when all of the following cri-
teria are met: MRI or CT myelography indicating 
compressive etiology, pain persistence after 
6–12 weeks of conservative treatment; a progres-
sive motor deficit; or cervical spinal cord com-
pression on imaging and/or clinically significant 
myelopathy. There is no good consensus on 
proper timing of surgery, however [12, 20].
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Temporomandibular Joint 
Dysfunction

Ahmad Khattab and Tariq Malik

 Case Description

A 50-year-old female patient presents to your 
pain management clinic with 3  months of pain 
over her left jaw, just anterior to the ear. Pain 
started insidiously, with no known precipitating 
factors. She has been to her primary care physi-
cian who then referred her to an ENT specialist, 
but all the work-up is negative. She reports the 
pain is an intermittent, dull ache that occasionally 
radiates to her left ear and chin. The pain is made 
worse with chewing food and when she clenches 
her teeth in stressful situations. She also has 
noticed that her left jaw sometimes “pops” when 
she opens her mouth. Pain is affecting her appe-
tite and mood now. She has tried over-the-counter 
medications such as acetaminophen and ibupro-
fen but has not had adequate relief.

 What Is Your Preliminary Diagnosis?

In the absence of negative medical work-up, the 
most likely preliminary diagnosis is temporo-

mandibular joint (TMJ) dysfunction. This is a 
chronic dysfunction of TMJ joints. Exact etiol-
ogy of pain is unknown and is multifactorial 
encompassing biological and psychological fac-
tors. Quite often there is a myofascial pain dys-
function of the muscles of mastication. Patients 
with TMJ dysfunction commonly present with 
pain in the joint area that may radiate into the 
mandible, the ear, the neck, and the tonsillar pil-
lars [1]. The pain is usually described as a dull 
ache and can be triggered by chewing and teeth 
clenching. Palpation over the TMJ itself or the 
surrounding muscles of mastication may repro-
duce the pain. The American Association for 
Dental Research has recommended that the 
diagnosis of TMJ dysfunction should be primar-
ily based on the presenting patient’s history and 
physical exam findings, but imaging modalities 
may also be helpful in confirming the suspected 
diagnosis. Furthermore, TMJ dysfunction 
should be distinguished from other common 
facial pain syndromes that may present simi-
larly clinically [2].

 How Is Diagnosis Confirmed?

 Diagnostic Criteria
The first diagnostic criteria for TMJ disorders 
were established by a panel of TMD experts and 
published in the Journal of Craniomandibular 
Disorders in 1992 and they were termed the 
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Research Diagnostic Criteria for Temporoman-
dibular Disorders (RDC/TMD) [3]. The RDC/
TMD criteria were built upon a dual axis assess-
ment. Axis I described standard diagnostic crite-
ria for TMD based on clinical presentation of the 
patient. Axis II described using psychosocial and 
behavioral patient factors to help further identify 
patients with TMD. The RDC/TMD Axis I crite-
ria group temporomandibular disorders into three 
subcategories as described below [3]:

 A. Group 1: Muscle Disorders
 (a) Myofascial pain

• Pain reported by the patient in masti-
catory muscles, including jaw, tem-
ples, face, preauricular area, or inside 
the ear

• Pain with palpation in at least three 
sites, with at least one site being on the 
side that the patient is reporting the 
pain
1. There are 20 sites total, 10 sites on 

each side: posterior, middle, and 
anterior temporalis; origin, body, 
and insertion of masseter; posterior 
mandibular region; submandibular 
region; lateral pterygoid; tendon of 
temporalis.

 (b) Myofascial pain with limited opening
• Myofascial pain
• Pain-free unassisted opening 

<40 mm and passive stretch >5 mm 
where the examiner uses their index 
finger and thumb to passively stretch 
the patient’s mouth to open wider 
than unassisted opening. The patient 
uses a hand signal to indicate 
discomfort.

 B. Group 2: Disc Displacements
 (a) Disc displacements with reduction

• Lack of pain in the joint
• Reproducible click on excursion with 

opening or closing
• With click on opening or closing 

(unless excursive click confirmed):
1. Click on opening happens at greater 

than or equal to 5 mm interincisal 
distance than on closing

2. Clicks eliminated by protrusive 
opening

 (b) Disc displacements without reduction 
with limited opening

• History of locking or catching that 
interferes with eating

• No TMJ clicking
• Unassisted opening less than or equal 

to 35 mm and passive stretch less than 
or equal to 4 mm

• Contralateral excursion <7  mm OR 
uncorrected ipsilateral deviation on 
opening

 (c) Disc displacements without reduction 
without limited opening
• History of locking or catching that 

interferes with eating
• Presence of TMJ sounds excluding 

DDR clicking
• Unassisted opening >35 mm and pas-

sive stretch >4 mm
• Contralateral excursion greater than or 

equal to 7 mm
• Optional imaging (arthrography or 

MRI) to confirm disc displacement
 C. Group 3: Other Common Joint Disorders

 (a) Arthralgia
• Pain with TMJ palpation either later-

ally or intra auricular
• Self-reported joint pain with or with-

out jaw movement
• Absence of crepitus and possibility of 

clicking
 (b) Osteoarthritis

• Pain as described for arthralgia
• Crepitus on any movement OR radio-

logic evidence of joint changes, 
which include erosion of cortical 
delineation, sclerosis of parts or all 
the condyle and articular eminence, 
flattening of joint surfaces, and osteo-
phyte formation.

 (c) Osteoarthrosis
• Crepitus on any movement OR radio-

logic evidence of joint changes, which 
include erosion of cortical delineation, 
sclerosis of parts or all the condyle 
and articular eminence, flattening of 
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joint surfaces, and osteophyte 
formation.

• No reported joint pain
• No pain on any movement

These criteria were used for a number of years 
until around the mid-2000s. A multi-site 
Validation Project was initiated in an attempt to 
assess the validity of the RDC/TMD criteria as 
compared to the gold standard criteria. The gold 
standard diagnoses for pain-related TMD were 
established by consensus between two TMD and 
orofacial pain experts at three different sites 
using patient history, physical exam findings, and 
panoramic radiograph. They concluded that the 
Axis I criteria needed improvement [4]. Listed in 
Tables 12.1 and 12.2 are the revised criteria, 
which are now referred to as the Diagnostic 
Criteria for Temporomandibular Disorders [5].

 What Is the Pathophysiology of This 
Condition?

The pathophysiology of TMD is not well under-
stood. Due to the complex nature of the joint itself 
and the multifactorial causes of symptoms, there 
is no known single etiology that is found com-
monly among all TMD. However, there are many 
factors that have been studied that potentially 
could contribute to the development of TMD.

Direct trauma to the joint, such as that experi-
enced in mandibular fractures causing disc dis-
placement, intubation, and prolonged yawning or 
significant mouth opening, have all been reported 
in patients with TMD [6]. Some forms of micro- 
trauma, such as teeth grinding, teeth clenching, 
and other forms of abnormal posturing of the 
mandible have also been thought to contribute to 
TMD [6]. Malocclusion of the structures sur-
rounding the TMJ were historically thought to 
lead to dysfunction of the joint but recent data 
suggests that occlusive disorders such as over-
bite, crossbite, and occlusal sliding may develop 
as a result of joint disease progression rather than 
being the cause [6].

Disorder History Exam findings
Sensitivity: 
89%

Headache in 
temporal area 
modified by 
jaw movement, 
function, or 
parafunction

Report of familiar 
headachec in temple area 
with (1) Palpation of 
temporalis muscle(s) or 
(2) Maximum unassisted 
or assisted opening, right 
or left lateral, or 
protrusive movement(s). 
Note: A diagnosis of 
pain-related TMD must 
also be present (e.g., 
myalgia, arthralgia)

Specificity: 
87%

From Schiffman and Ohrbach [5], with permission
aMyalgia can be subclassified into three disorders: local 
myalgia, myofascial pain, and myofascial pain with refer-
ral; only myofascial pain with referral has been validated. 
See Schiffman et al., 2014, for diagnostic criteria for local 
myalgia and myofascial pain
bFamiliar pain is similar to the pain the patient has been 
experiencing. The intent is to replicate the patient’s pain 
complaint
cFamiliar headache is similar to the headache the patient 
has been experiencing. The intent is to replicate the 
patient’s headache complaint

Table 12.1 (continued)

Disorder History Exam findings
Myalgiaa

Sensitivity: 
90%

Pain in a 
masticatory 
structure 
modified by 
jaw movement, 
function, or 
parafunction

Report of familiar painb 
in temporalis or masseter 
muscle(s) with: (1) 
palpation of these 
muscles, or (2) 
maximum unassisted or 
assisted opening 
movements(s). Note: 
Assessment of other 
masticatory muscles may 
be indicated in some 
clinical situations.

Specificity: 
99%

Myofascial pain with referral
Sensitivity: 
86%

Same as for 
myalgia

(1) Report of familiar 
painb with palpation of 
the temporalis or 
masseter muscle(s) and 
(2) Report of pain at a 
site beyond the boundary 
of the muscle being 
palpated (e.g., referral to 
a tooth)

Specificity: 
98%

Arthralgia
Sensitivity: 
89%

Same as for 
myalgia

Report of familiar painb 
in TMJ with (1) 
Palpation of the TMJ or 
(2) Maximum unassisted 
or assisted opening, right 
or left lateral, or 
protrusive movements.

Specificity: 
98%

Headache attributed to TMD

Table 12.1 Validated Axis I Pain-Related TMD 
Diagnoses
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TMJ extracellular matrix (ECM) is a form of 
fibrocartilage tissue that serves as a lubricant for 
the joint. The ECM may become compromised 
and become inflamed due to factors such as direct 
mechanical injury, hypoxia-reperfusion injury, 
and neurogenic inflammation [7]. Furthermore, 
some studies have shown that patient with degen-
eration of the TMJ had increased levels of 
Interleukin 1β (IL–1β), IL-6, TNF-α, IL-8, and 
Endothelin-1  in the TMJ synovial fluid [6, 7]. 
These cytokines contribute to the degradation of 
cartilage and bone within the joint by facilitating 
release of proteinases and inflammatory media-
tors [6, 7].

 How Is This Problem Managed?

Treatment for TMJ disorders can be divided into 
three general categories – non-medication man-
agement, pharmacologic therapies, and interven-
tional modalities.

 Non-medication Management
Patients with TMJ disorders should be educated 
about the disease process and the non-invasive 
treatment options should be targeted to the sus-
pected underlying cause of each patient’s pain 
process. Every patient should be given techniques 
to deal with behavioral issues (such as teeth 
clenching, teeth grinding, stress-related habits, 
and diet) that may be contributing to the symp-
toms [8]. Any underlying anxiety disorders should 
also be addressed. Physical therapy techniques 
involving range of motion exercises and manual 
therapies targeting the TMJ and muscles of masti-
cation and cervical spine muscles can be helpful 
in reducing pain by strengthening and improving 
mobility in the muscles [9, 10]. If a patient has 
known issues with malocclusion, then they may 
benefit from occlusal splints and occlusal adjust-
ments by promoting stability of the joint and min-
imizing joint-traumatizing factors [8].

 Pharmacologic Therapies
Multiple options for oral medications exist for 
the treatment of TMJ disorders. NSAIDs such 
as Ibuprofen and Naproxen are commonly 

Table 12.2 Validated Axis I TMJ Diagnoses

Disorder History Exam Findings
Disc displacement with reduction
Sensitivity: 
34%

TMJ noise(s) 
present

Clicking, popping, or 
snapping noise present 
with: (1) Opening and 
closing, or (2) Opening 
or closing and lateral or 
protrusive movements

Specificity: 
92%

Disc displacement with reduction with intermittent 
locking
Sensitivity: 
38%

(1) TMJ 
noise(s) present, 
and (2) Jaw 
locks with 
limited opening 
and then 
unlocks

Same as disc 
displacement with 
reduction. Note: When 
the jaw gets lock in the 
clinic, maneuver is 
required to open the 
mouth.

Specificity: 
98%

Disc displacement without reduction with limited 
opening
Sensitivity: 
80%

(1) TMJ locking 
with limited 
opening, and 
(2) Limitation 
severe enough 
to interfere with 
the ability to eat

Maximum assisted 
opening (passive 
stretch) <40 mm. Note: 
Maximum opening 
includes inter-incisal 
opening plus vertical 
overlap of incisors

Specificity: 
97%

Disc displacement without reduction without limited 
opening
Sensitivity: 
54%

(1) TMJ locking 
with limited 
opening, and 
(2) Limitation 
severe enough 
to interfere with 
the ability to eat

Maximum assisted 
opening (passive 
stretch) >40 mm. Note: 
Maximum opening 
includes inter-incisal 
opening plus vertical 
overlap of incisors

Specificity: 
79%

Degenerative joint disease
Sensitivity: 
55%

TMJ noise(s) 
present

Crepitus ∗ present 
during maximum active 
opening, passive 
opening, right lateral, 
left lateral, or 
protrusive 
movement(s). Note: 
Crepitus is defined as 
crunching, grinding, or 
grating noise(s)

Specificity: 
61%

Subluxation
Sensitivity: 
98%

TMJ locking or 
catching in a 
wide open 
position that 
resolves with a 
specific 
maneuver (e.g., 
moving the jaw)

Note: When the jaw 
gets stuck in a locked 
position in the clinic, 
maneuver is required to 
close mouth

Specificity: 
100%

From Schiffman and Ohrbach [5], with permission
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used to address the inflammatory aspect of 
pain with TMJ disorders. The benefit of using 
NSAIDs should be weighed against the poten-
tial risks associated with long-term NSAID 
use, and using NSAIDs should only be consid-
ered if the benefits outweigh those risks. 
Muscle relaxants such as Cyclobenzaprine 
may also play a role in reducing pain and 
symptoms in patients with primarily a myofas-
cial component to their TMJ disorders [11]. 
Antidepressant and anticonvulsant medica-
tions such as Amitriptyline and Gabapentin 
may also be beneficial in offering a multi-
modal approach to treating the neuropathic 
aspect of TMJ pain [11]. Benzodiazepines 
such as Diazepam and Clonazepam may also 
provide benefit in treatment, although the data 
is not conclusive and the risk of sedation, mis-
use, and drug interactions likely outweighs the 
potential benefit from long-term use [11].

 Interventional Modalities
If more-conservative therapies fail to improve 
pain and quality of life in patients with TMJ dis-

orders, advanced-level injections/procedures can 
be considered. Risks associated with injections 
should always be discussed with patients and 
include bleeding, infection, damage to the intra- 
articular disc, and failure to relieve the pain. 
There are various injection techniques that can 
be used to inject the joint to help improve pain in 
the TMJ disorder. Injections can be performed 
with the aid of fluoroscopy, CT guidance, or 
ultrasound guidance. Figure  12.1 depicts the 
approach to performing an intra-articular TMJ 
injection [1].

Intra-articular injections with either local 
anesthetic plus steroid mixture or hyaluronate 
can be used to relieve symptoms of TMJ disor-
ders, specifically those with internal derange-
ments [12]. A literature review looking at nine 
randomized control trials of patients receiving 
intra-articular injections with corticosteroids 
and/or hyaluronate showed that patients had 
improved pain levels after the injections, but 
some studies did not reflect statistically signifi-
cant results [12]. Another systematic review 
looking at multiple studies involving hyaluronate 

Torn and inflamed
articular surface

Temporal
mandibular joint

External
auditory meatus

Fig. 12.1 The approach 
to performing an 
intra-articular TMJ 
injection. (From 
Waldman [1], with 
permission)
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injections in patients with TMJ disc displace-
ments and inflammatory-degenerative disorders 
found that all groups of patients had a decrease in 
their pain levels for anywhere between 15 days to 
24 months [13].

If the patient’s underlying TMJ disorder is pri-
marily attributed to spasms of muscles of masti-
cation, one may consider performing botulinum 
toxin A injections. These injections are primarily 
performed in the lateral pterygoid muscle but can 
also be targeted toward surrounding muscles of 
mastication that may be contributing to TMJ dys-
function. A review article looked at lateral ptery-
goid botulinum toxin A injections in 24 studies 
and found that, regardless of the number of injec-
tions or dosages used, patients had a decreased 
amount of clicking sounds, pain, hyperactivity, 
and dysfunction [14].

If patients fail to have relief of symptoms with 
injections, then surgical procedures addressing 
deformity of the TMJ and its contents may be 
considered. Arthrocentesis is a minimally inva-
sive procedure that involves a sterile needle being 
advanced into the joint and draining the fluid, fol-
lowed by flushing the joint with sterile solution to 
evacuate debris and inflammatory cytokines. 
Arthroscopy, another minimally invasive proce-
dure, can also be performed to evaluate the dam-
age within the joint, to help stage the severity of 
TMJ disease, and also to break up intra-articular 
adhesions to restore function and range of motion 
to the joint [15].

 What Is the Prognosis of This 
Condition?

The prognosis of TMJ disorders is overall good. 
It is estimated that about 5–10% of patients with 
TMJ disorders require or seek treatment and up 
to 40% have spontaneous resolution of their 
symptoms [16]. For those patients that do seek 
conservative treatment, there is anywhere 
between a 50–90% pain relief response [16]. A 
longitudinal study looking at 195 patients 
treated conservatively found that after 2  years 
about two- third of the patients had complete 
resolution of symptoms, about one-fourth had 

slight symptoms that persisted, and 3% of 
patients had intermittently recurring symptoms 
[17]. Ultimately, the prognosis of this complex, 
multifactorial disease process is dependent on 
the patient’s  underlying cause of symptoms, the 
patient’s risk factors, and the chronicity of the 
condition.

 Discussion

 Prevalence

It is estimated that anywhere from 5% to 25% of 
adults experience symptoms of TMJ disorders, 
with peak incidence at 20 to 40 years of age and 
sometimes as late as 50  years of age [8, 16]. 
There is a much higher incidence in females as 
compared to males with reported ratios of any-
where between 2:1 to 8:1 [8, 16]. It is difficult to 
establish an accurate prevalence of TMJ disor-
ders because, although many people may have 
symptoms, only a small proportion of those peo-
ple will actually seek treatment for the symptoms 
they are experiencing [8]. Furthermore, this com-
plex disease process may be confused with other 
disease processes that may present in a similar 
fashion, leading to underestimation of the preva-
lence of the disease.

 Differential Diagnosis

The best way to diagnose TMJ disorders is by 
virtue of performing a detailed history and physi-
cal exam. This will help the practitioner rule out 
the many other disease processes that may pres-
ent similarly to TMJ disorders. Findings that sup-
port a TMJ disorder include clicking sounds with 
mouth opening, crepitus or locking of the TMJ, 
abnormal movement of the mandible, decreased 
range of motion of the mandible, tenderness to 
palpation of the muscles of mastication, pain 
with dynamic loading, and signs of bruxism [16]. 
The differential diagnosis for TMJ disorder 
should include the following: dental conditions 
(infections, cavities, dry socket), giant cell arteri-
tis, mandibular malignancies/tumors, migraine 
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headache, glossopharyngeal neuralgia, post- 
herpetic neuralgia, trigeminal neuralgia, otitis, 
complex regional pain syndrome, salivary stone, 
and sinusitis [1, 16]. Many of these differential 
diagnoses may be ruled out with history/exam 
findings as well as obtaining imaging of the head 
and neck structures surrounding the TMJ with 
modalities such as CT scan or MRI.

 Predictive Value of Different Clinical 
Features and Lab Testing/Imaging

Listed earlier in Tables 12.1 and 12.2 are the 
diagnostic criteria for the spectrum of TMJ disor-
ders with their respective specificities and sensi-
tivities for each TMJ sub-classification. A review 
article looked at seven main articles to determine 
sensitivity, specificity, and negative/positive like-
lihood ratios for findings such as joint sounds, 
pain in the TMJ, and movements of the TMJ [18]. 
They found that each of these findings had a wide 
range of predictability and that most of the arti-
cles they looked at compared findings within the 
TMJ disorder spectrum (osteoarthritis vs. joint 
effusion vs. disc displacement). Unfortunately, 
there are no major studies comparing these find-
ings with patients who have TMJ disorders com-
pared to patients with non-TMJ disorders.

Many different imaging modalities can be 
used as part of the diagnosis and treatment of 
TMJ disorders. These modalities include but are 
not limited to conventional radiography, CT scan, 
MRI, and ultrasonography. In general, starting 
with a plain radiograph is recommended and will 
help identify most acute fractures, dislocations, 
or severe degenerative changes within the joint 
[16]. CT scans are more sensitive for detecting 
fractures or bony abnormalities when compared 
to the other imaging modalities. MRI is overall 
the best imaging modality for comprehensive 
joint evaluation, with up to a 95% correlation 
between MRI findings and structural joint issues 
in symptomatic patients [16]. However, false 
positive findings can be found in up to 34% of 
asymptomatic patients. Ultrasonography can be 
considered when MRI or CT are not available, 
and offers the benefit of examining the TMJ in a 

dynamic setting, which may reveal issues that 
may not be evident on a static image performed 
with the other imaging modalities [16].

 Strength of Evidence for Different 
Treatment Modalities

There are currently no publications by any pro-
fessional societies regarding the strength of evi-
dence for the treatment modalities for TMJ 
disorders. The recommendations are to start with 
conservative treatments and attempt more inva-
sive treatments if conservative modalities are 
unsuccessful [16].

 Future Directions or Clinical Trials 
in Progress

The most recent interesting development in 
addressing TMJ disorders involves tissue- 
engineering strategies that involve the TMJ disc. 
The biggest challenge in addressing TMJ disor-
ders where disc thinning and degeneration has 
occurred is that the treatments are palliative but 
not curative. There have been animal studies con-
ducted with tissue-engineered implants derived 
from allogenic costal chondrocytes that have 
shown promising results [19]. At 8  weeks post 
implantation, the implants showed complete sta-
bility and no evidence of breakdown or fragmen-
tation. There was also minimal immune response 
to the tissue-engineered implants and no acute 
implant rejection was noted [19]. This strategy 
could prove to be promising in addressing TMJ 
disorders involving disc thinning in the early 
phases to help prevent advancement of joint 
degeneration.

 Conclusion/Summary

TMJ disorders are chronic pain syndromes with 
complex etiologies that primarily affect the 
TMJ and surrounding musculoskeletal struc-
tures and in severe cases can significantly affect 
quality of life. The diagnosis of TMJ disorders 
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has historically been challenging due to the 
wide spectrum of presenting signs and symp-
toms, as well as the differential diagnoses that 
present similarly. Treatment consists of a vari-
ety of conservative treatment modalities such as 
behavior modification, oral occlusal splints, 
and physical therapy. There are a number of 
pharmacologic drug classes such as NSAIDs, 
muscle relaxants, and neuropathic agents that 
have been shown to help relieve symptoms as 
well. If symptoms are not relieved with conser-
vative therapies, there are different injections 
into or around the TMJ that may offer benefit. 
Surgery should only be considered when 
addressing severe internal derangements and 
significant symptoms not relieved with other 
modalities. Further research is needed to 
develop additional pharmacotherapies and 
interventions to help treat TMJ disorders.

References

 1. Waldman SD. Temporomandibular joint dysfunction. 
In: Atlas of common pain syndromes: Philadelphia, 
PA: Elsevier; 2019. p. 42–6.

 2. The TMJ Association, Ltd. http://www.tmj.org/
Page/37/19.

 3. Dworkin SF, LeResche L.  Research diagnostic cri-
teria for temporomandibular disorders: review, cri-
teria, examinations and specifications, critique. J 
Craniomandib Disord. 1992;6(4):301–55.

 4. Truelove E, Pan W, Look JO, et  al. The research 
diagnostic criteria for temporomandibular disor-
ders. III: validity of axis I diagnoses. J Orofac Pain. 
2010;24(1):35–47.

 5. Schiffman E, Ohrbach R. Executive summary of the 
diagnostic criteria for temporomandibular disorders 
(DC/TMD) for clinical and research applications. J 
Am Dent Assoc. 2016;147(6):438–45. Epub 2016 Feb 
26.

 6. Chang CL, Wang DH, Yang MC, Hsu WE, Hsu 
ML. Functional disorders of the temporomandibular 
joints: internal derangement of the temporomandibu-
lar joint. Kaohsiung J Med Sci. 2018;34(4):223–30.

 7. Milam SB, Schmitz JP.  Molecular biology of 
temporomandibular joint disorders: proposed 

mechanisms of disease. J Oral Maxillofac Surg. 
1995;53(12):1448–54.

 8. Meghan MK, MacBarb RF, Wong ME, Athanasiou 
KA.  Temporomandibular joint disorders: a review 
of etiology, clinical management, and tissue engi-
neering strategies. Int J Oral Maxillofac Implants. 
2013;28(6):e393–414.

 9. McNeely ML, Armijo Olivo S, Magee DJ. A system-
atic review of the effectiveness of physical therapy 
interventions for temporomandibular disorders. Phys 
Ther. 2006;86:710–25.

 10. Rocabado M. The importance of soft tissue mechan-
ics in stability and instability of the cervical spine: a 
functional diagnosis for treatment planning. Cranio. 
1987;5:130–8.

 11. Ouanounou A, Goldberg M, Haas 
DA.  Pharmacotherapy in temporomandibular disor-
ders: a review. J Can Dent Assoic. 2017 Jul;83:h7.

 12. Machado E, Bonotto D, Cunali PA.  Intra-articular 
injections with corticosteroids and sodium hyal-
uronate for treating temporomandibular joint dis-
orders: a systematic review. Dental Press J Orthod. 
2013;18(5):128–33.

 13. Manfredini D, Piccotti F, Guarda-Nardini 
L.  Hyaluronic acid in the treatment of TMJ disor-
ders: a systematic review of the literature. Cranio. 
2010;28(3):166–76.

 14. Ataran R, et al. The role of botulinum toxin A in treat-
ment of temporomandibular joint disorders: a review. 
J Dent (Shiraz). 2017;18(3):157–64.

 15. Tanaka E, Detamore MS, Mercuri LG. Degenerative 
disorders of the temporomandibular joint: eti-
ology, diagnosis, and treatment. J Dent Res. 
2008;87(4):296–307.

 16. Gauer RL, Semidey MJ, Womack Army Medical 
Center, Fort Bragg, North Carolina. Diagnosis and 
treatment of temporomandibular disorders. Am Fam 
Physician. 2015;91(6):378–86.

 17. Garefis P, Grigoriadou E, Zarifi A, et al. Effectiveness 
of conservative treatment for craniomandibular dis-
orders: a 2-year longitudinal study. J Orofac Pain. 
1994;8(3):309–14.

 18. Reneker J, Paz J, Petrosino C, Cook C.  Diagnostic 
accuracy of clinical tests and signs of temporomandib-
ular joint disorders: a systematic review of the litera-
ture. J Orthop Sports Phys Ther. 2011;41(6):408–16. 
Epub 2011 Feb 18.

 19. Vapniarsky N, et al. Tissue engineering toward tem-
poromandibular joint disc regeneration. Sci Transl 
Med. 2018;10(446) https://doi.org/10.1126/scitrans-
lmed.aaq1802.

A. Khattab and T. Malik

http://www.tmj.org/Page/37/19
http://www.tmj.org/Page/37/19
https://doi.org/10.1126/scitranslmed.aaq1802
https://doi.org/10.1126/scitranslmed.aaq1802


85© Springer Nature Switzerland AG 2020 
T. Malik (ed.), Practical Chronic Pain Management, https://doi.org/10.1007/978-3-030-46675-6_13

A 45-Year-Old Patient 
with Persistent Shoulder Pain 
(Rotator Cuff Injury)

Teresa M. Kusper, Nebojsa Nick Knezevic, 
and Kenneth D. Candido

 Case Description

A 45-year-old previously healthy construction 
worker presented to the clinic with a complaint of 
severe pain and weakness in his right shoulder for 
1 month’s duration. He reported dragging a heavy 
piece of equipment across the construction site 
when he felt a sudden “pop” followed by an 
intense pain in his shoulder. Since the injury, he 
was unable to use his arm at work, especially 
raising his arm overhead. He had been treating 
his pain with hot packs and over-the-counter 
acetaminophen and ibuprofen, but his pain con-
tinued especially at nighttime and during work. 
On visual inspection, the shoulders appeared 
symmetrical, and there were no signs of swelling, 
ecchymosis, muscle atrophy, or deformity noted. 
Physical exam was significant for mild tender-
ness to palpation over the anterior aspect of the 
glenohumeral joint, positive Jobe’s, Hornblower’s 
and Shrug signs, positive drop arm test, and 
weakness in external rotation of the arm at the 

right shoulder. Spurling’s test, cross arm test, sul-
cus sign, apprehension sign, Neer’s and Hawkins 
tests were all negative. Neurologic exam demon-
strated intact and symmetric sensation along all 
dermatomes and normal strength of the biceps, 
triceps, and intrinsic hand muscles.

 What Is Your Preliminary Diagnosis?

Given the history of injury, clinical presentation, 
and pertinent findings noted on the physical 
exam, a provisional diagnosis of rotator cuff tear 
was made. The provocative tests were employed 
to help elucidate the diagnosis and the extent of 
the tear. A positive Jobe’s, Hornblower’s, and 
drop arm tests along with weak external rotation 
are consistent with a complete rotator cuff tear 
possibly involving all four muscle tendons.

 How Is the Diagnosis Confirmed?

The clinical diagnosis of rotator cuff tear can be 
confirmed with the use of plain radiography, 
ultrasound, magnetic resonance imaging (MRI), 
and computed tomography (CT) imaging. Plain 
radiography is considered the initial imaging test 
of choice, as it may support the diagnosis of the 
rotator cuff tear but also offer important informa-
tion about other structures, which may be used to 
guide medical management. Ultrasound is a 
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quick and inexpensive diagnostic tool, which can 
be used at the bedside to visualize the rotator cuff 
components, (Fig. 13.1a–d) and to diagnose rota-
tor cuff injuries, specifically full- and partial- 
thickness rotator cuff tears [1].

 What Is the Pathophysiology of This 
Condition?

The exact mechanisms leading to rotator cuff 
injuries are most likely multifactorial and encom-
pass both intrinsic and extrinsic factors, although 
the former ones appear to play a greater role [2]. 
Extrinsic factors include traumatic events caus-
ing tear(s) in one or more tendons. The most 

common inciting event is a fall onto an out-
stretched arm and it most frequently occurs in 
younger males (average age 54.7) [3]. Among the 
traumatic rotator cuff tears, supraspinatus tendon 
is the most commonly implicated (84%), fol-
lowed by subscapularis (78%), and infraspinatus 
(38%) [3]. Other extrinsic factors include pos-
tural abnormalities, anatomical variants of the 
acromion, altered humeral or scapular kinemat-
ics, rotator cuff and scapular performance defi-
cits, decreased extensibility of the pectoralis 
minor or posterior shoulder, and internal impinge-
ment of the tendons between the humeral head 
and glenoid [4]. Intrinsic mechanisms leading to 
rotator cuff tendinopathy include alterations in 
biology, morphology, vascularity, and mechanics 

a

c

b

d

Fig. 13.1 (a–d) Ultrasonographic evaluation of the rota-
tor cuff complex. Superior (a, b) and anterior (c, d) place-
ment of the transducer and corresponding ultrasound view 

delineating main muscles of the rotator cuff complex. 
(Photo courtesy of Ian M. Fowler, MD)
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[4]. Rotator cuff (RC) degeneration is a well- 
described intrinsic factor, which may arise due to 
the irritation or inflammation of the rotator cuff 
tendons or subacromial bursa leading to dimin-
ished tensile strength of the RC fibers, and ulti-
mately resulting in RC tears [5]. In his landmark 
publications, Neer hypothesized that most rotator 
cuff injuries (95%) arise due to the irritation of 
the rotator cuff tendons and subacromial bursa 
from the overlying acromion, hence the name 
subacromial impingement syndrome (SIS) [6, 7]. 
Stage I SIS involves the inflammation of the sub-
acromial bursa (acute bursitis) associated with 
rotator cuff tendinopathy. Stage II SIS character-
izes fibrosis and partial tear of the rotator cuff 
tendons, whereas Stage III SIS denotes a full- 
thickness tear of the rotator cuff [8].

 How Is the Problem Managed?

Decision-making in the management of rotator 
cuff tears hinges upon a detailed assessment and 
robust physical evaluation to exclude the com-
mon etiologies of shoulder pain. The key ele-
ments of the history include information about 
the location of the pain and radiation pattern, 
duration of the pain, the course of pain progres-
sion, and response to prior therapy and interven-
tions. It is important to ask questions about hand 
dominance, occupation, level of physical activity, 
participation in any athletic activities, and history 
of trauma or injuries. A complete physical exam 
should be conducted in a systematic fashion and 
consist of inspection, palpation, range of motion 
evaluation, neurologic exam, and provocative 
testing [9]. Radiographic imaging can be used to 
exclude other causes of shoulder pain, whereas 
both ultrasound and magnetic resonance imaging 
are useful in confirming the diagnosis and quan-
tifying the extent of the tear, since the manage-
ment might be different for small partial and 
large full rotator cuff tears [10].

The management of RCTs includes nonsurgi-
cal conservative therapy and surgical measures 
(partial repair and/or debridement, open or 
arthroscopic repair, reconstruction, and arthro-

plasty) [11]. Nonsurgical conservative treatment 
generally is employed for small partial RCTs and 
seldom for large RCTs, whereas the surgical 
approach is reserved for cases involving large 
full-thickness tears (citation). Activity modifica-
tion (avoidance of overhead activity, heavy load-
ing of the shoulder, bench pressing, overhead 
throwing, and kayaking), anti-inflammatory 
medications, corticosteroid injections with or 
without local anesthetics, and physical therapy 
are the main pillars of the conservative approach 
to RCT management [12]. Adequate pain control 
is imperative to allow the participation in physi-
cal therapy and successful progression of the 
treatment. Non-steroidal anti-inflammatory 
drugs (NSAIDs) are the first-line option, which 
reduces pain in 3–4 weeks but does not improve 
function [10]. Main adverse effects of the 
NSAIDs therapy include gastrointestinal (ulcers, 
bleeding, perforations, and colitis), [13] renal 
(acute and chronic renal failure, renal papillary 
necrosis, nephrotic syndrome with interstitial 
nephritis, electrolyte and fluid retention leading 
to increased blood pressure), and cardiovascular 
side effects (risk of hypertension, atrial fibrilla-
tion, myocardial infarction, stroke, and thrombo-
embolic event) [14]. Although these effects are 
influenced by the dosage and type of the NSAID 
(Cox-1 vs. Cox-2 or combined selectivity), it is 
recommended to limit the duration of the therapy 
to a short period of time (<1  month). Possible 
complications of joint and tendon injections 
include septic arthritis, post-injection flare/syno-
vitis, pain or swelling at the side of injection, ten-
don weakening/rupture, muscle wasting, fat 
atrophy, nerve/blood vessel injury, steroid 
arthropathy, and skin pigment changes [15, 16]. 
Systemic effects of corticosteroid injections 
include, among others, elevated blood pressure, 
increase in blood glucose, Cushing’s syndrome, 
insomnia, and steroid psychosis [17–19].

Patients should be regularly assessed to deter-
mine their response to the conservative therapy 
and the need for referral to an orthopedic special-
ist. Based on the clinical assessment, the follow-
ing recommendations have been made regarding 
the reasonable waiting period before referral for 
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an orthopedic evaluation: (a) intact rotator cuffs 
should be treated conservatively for 3–6 months; 
(b) small tears should be treated conservatively 
for 12  weeks; and (c) patients with large tears, 
history of trauma or dislocation, young healthy 
active individuals without history of tears, and 
those with tears >50% should receive a prompt 
referral and undergo surgical treatment [12, 20].

 What Is the Prognosis of This 
Condition?

The literature shows improved structural and 
functional recovery after operative treatment 
compared to the nonoperative approaches. The 
natural course of unoperated rotator cuff tears 
involves progressive tear extension, muscle atro-
phy, fatty infiltration, and degeneration of the long 
head of the biceps tendon, which correlate with 
poorer functional outcome [21, 22]. In certain 
instances, the tears might advance with time from 
operable to inoperable [23]. Moosmayer et  al. 
examined 89 patients with nonsurgical manage-
ment of rotator cuff tears (mean follow-up of 
8.8 years), and reported a mean increase in tear 
size of 5.0–9.9 mm in 33 patients, 10.0–19.9 mm 
in 8 patients, and >20.0  mm in 8 patients [21]. 
Twenty-three patients initially treated with phys-
iotherapy required surgical intervention at a later 
date. The same author investigated the course of 
asymptomatic full-thickness tears in 50 patients 
and described a development of symptoms in 18 
cases [22]. Intuitively, symptomatic patients dem-
onstrated larger cuff tears, and higher rates of 
muscle atrophy, fatty degeneration, and biceps 
tendon pathology than the asymptomatic counter-
parts. Mall et al. followed a cohort of 195 subjects 
with asymptomatic rotator cuff tears over a period 
of several years, and reported a development of 
pain and progression of the disease in 44 patients 
[24]. In the newly symptomatic group, 18% of 
full-thickness tears increased by >5.0 mm, and in 
40% of subjects the pathology progressed from a 
partial to full-size tears. Moreover, significant 
changes were noted in the glenohumeral kinemat-
ics, such as decrease in all shoulder motions 
except external rotation at 90 degrees of abduc-

tion, and pain-related increase in compensatory 
scapulothoracic movement during early shoulder 
abduction. These findings raise a question about 
the utility of prophylactic surgical repair of 
asymptomatic rotator cuff tears in preventing the 
development of pain, progressive anatomic dete-
rioration, and impairment of function.

Several prognostic factors have been identi-
fied, which influence the outcome and recovery 
after the surgical repair (Table 13.1) [25–31]. The 
main factors are larger size of the rotator cuff 
tears [25, 32] and older age of the patients [25]. 
Park et al. gave the following predictive cut-off 
values for the increased failure rate after the oper-
ative treatment of rotator cuff tears: age >69 years 
and tear size >2 cm (90% specificity) [33, 34]. A 
prospective analysis of 105 patients with chronic 
rotator cuff tears (11 massive, 38 large, 40 
medium, and 16 small-size) who underwent open 
surgical repair and acromioplasty demonstrated 
substantial pain relief and improvement in active 
abduction and external rotation in 96 cases [32]. 
Sixty-eight patients rated the results as excellent, 
16 as satisfactory, and 21 as unsatisfactory. A sys-
tematic review by Mall et  al. shows good post- 
surgical outcomes in patients with traumatic 
rotator cuff tears, with the improvement in active 
forward elevation from 81 to 150 degrees [3].

Table 13.1 Prognostic factors influencing recovery after 
surgical repair of rotator cuff tears

Demographic Clinical
Patient age
Gender
Duration of symptoms
Length of the follow-up

Bone mineral density
Body mass index
Diabetes mellitus
Hypercholesterolemia
Smoking
Level of physical activity
Pre-op range of motion
NSAIDs

Structural Surgical
Size of the rotator cuff 
lesion
Retraction of the cuff 
(acromiohumeral 
distance)
Fatty infiltration of the 
muscles
Multiple tendon 
involvement

Timing of the intervention
Concomitant biceps or AC 
joint procedure
Platelet-rich plasma 
injection

Data from [26, 28–34]
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 Discussion

 Prevalence

Rotator cuff injuries are one of the leading causes 
of shoulder pain and disability accounting for 4.5 
million physician visits in the United States each 
year [35]. Several epidemiological studies show 
increasing prevalence of rotator cuff repairs in 
different regions of the world. For example, an 
increase of 204% was noted in Finland between 
1998 and 2011, [36] and 141% increase was 
recorded in the United States between 1996 and 
2006 [37]. It is challenging to establish the exact 
prevalence of the condition, which is attributed to 
the fact that only a portion of the rotator cuff tears 
is symptomatic. The reported prevalence of rota-
tor cuff tears in the general population ranges 
between 7.6–36%, [38–40] and it is higher for the 
asymptomatic versus symptomatic tears [41–43]. 
The prevalence increases with age for both gen-
ders, albeit it is higher for males in the fifth and 
sixth decades [42]. A systematic review of 6112 
shoulders by Teunis et  al. showed the overall 
prevalence of RC abnormalities in individuals 
<20 years of age compared to 62% in those above 
the age of 80 [39]. Additionally, the size of the 
tears varies based on the age of the subjects as 
well. Small-sized tears are more common in 
patients in the 50s, while large-sized tears are 
more prominent in the subsequent decades. The 
supraspinatus tendon tear is most frequently 
affected (13.8% of patients), with whole tendon 
tear in 7.4% of subjects, anterior half tear in 
3.6%, and posterior half tear in 2.8% shoulders 
[42]. Rotator cuff tears are associated with older 
age, males, smoking, hypercholesterolemia, arm 
dominance, posture, occupational dispositions, 
history of trauma, contralateral arm tears, posi-
tive impingement sign, diminished active for-
ward elevation, and weakness in abduction and 
external rotation of the affected limb [11, 41]. 
Patients over the age of 60 presenting with two 
out of three of the following findings: weak exter-
nal rotators or supraspinatus muscles, or signs of 
impingement (difficulty elevating the arm, 

inflamed subdeltoid bursa, or positive provoca-
tive tests) have 98% chance of having a rotator 
cuff tear [44]. Large tears are associated with 
older age, diminished preoperative active motion 
and weakness, distal clavicular excision, and 
transposition repair techniques [25].

 Differential Diagnosis

Rotator cuff tendinopathy typically manifests as 
shoulder pain with movement or at rest, painful 
overhead reaching, shoulder dyskinesis and stiff-
ness, weakness (usually secondary to pain), and 
nighttime pain while lying on the affected shoul-
der or with the arm positioned overhead. The 
pain might radiate to the lateral mid-humerus or 
anterolateral acromion [45]. Shoulder pain, 
weakness, and loss of motion are shared with 
many pathologies involving structures other than 
the rotator cuff complex. Therefore, the differen-
tial diagnosis includes any condition related to 
the shoulder and other nearby structures: gleno-
humeral joint instability, glenohumeral joint 
arthritis, and adhesive capsulitis (frozen shoul-
der), coracoacromial injury, acromioclavicular 
injury, suprascapular impingement syndrome, 
subacromial/subdeltoid tendinitis/bursitis, bicipi-
tal tendinopathy, and cervical radiculopathy. A 
detailed, structured physical exam can help eluci-
date a potential etiology of the shoulder pain. For 
example, active and passive range of motion test-
ing differentiates between the two separate etiol-
ogies: glenohumeral instability and rotator cuff 
injury. In the former, both active and passive 
ROMs are impaired, whereas rotator cuff injuries 
result in reduction or loss of active ROM. Each 
rotator cuff muscle plays distinct functional role 
in the rotator cuff complex: abduction (supraspi-
natus m.), external rotation (subscapularis m. and 
teres minor m.), and internal rotation (infraspina-
tus m.). Therefore, strength and motion testing in 
abduction and external and internal rotation will 
allow for isolation of a specific muscle of the 
rotator cuff complex that is contributing to the 
pathology.
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 Predictive Value of Different Clinical 
Features and Lab Testing/Imaging

Distinct provocative maneuvers have been devel-
oped that, when positive, aid the physician in 
developing an accurate clinical diagnosis. Van 
Kampen et  al. conducted a prospective cohort 
study of 169 patients with shoulder complaints to 
examine the diagnostic value of clinical tests in 
evaluating for rotator cuff tear [46]. Twenty-five 
different tests were performed by an orthopedist 
and final diagnosis was confirmed with magnetic 
resonance arthrography (MRA). The study 
revealed that advanced age and a positive Neer’s 
test are the most important independent predic-
tors of rotator cuff tear. The overall accuracy of 
the clinical tests in picking up RCTs ranges 
between 61% and75%, and the “empty can test” 
(Jobe’s test) is the most sensitive (68.4%), 
whereas the lift-off and the drop arm tests are 
most specific in diagnosing RCTs. Select tests 
and their sensitivity and specificity are presented 
in Table 13.2.

Imaging studies are an invaluable tool allow-
ing one to confirm a suspected diagnosis, and 

guide surgical and non-surgical treatment by 
detailed visualization of the changes indicative of 
impingement or rotator cuff tendon tears. 
Conventional radiography is the initial study of 
the radiological assessment before other, more 
detailed exams are utilized [47]. X-ray of the 
shoulder may be preceded or supplanted by the 
sonographic study, which is a convenient, quick, 
non-irradiating, inexpensive, and reliable way of 
assessing rotator cuff pathologies in an office set-
ting. Smith et al. assessed the diagnostic accuracy 
of ultrasonography (USG) in a meta-analysis of 
6066 shoulders and found a sensitivity of 84% 
and specificity of 89% for partial and full tendon 
tears [48]. Another meta-analysis by De Jesus 
et  al. (n  =  140) showed a similar sensitivity of 
85.1 and specificity of 86.1 for partial and full 
tendon tears [49]. Superior accuracy of USG has 
been reported in detecting large tendon tears 
compared to small partial tears [49–52].

Magnetic resonance imaging (MRI), espe-
cially when combined with arthrography, offers 
more detail and clarity than USG and enables to 
visualize morphology not readily evident on the 
USG pictures. MRI has higher positive predictive 

Table 13.2 Characteristics of the main clinical tests used for the diagnosis of rotator cuff tears

Provocative clinical tests

Test name Purpose of the test Maneuvers Positive finding
Diagnostic 
value

Drop arm test Supraspinatus and 
infraspinatus tendons; 
rotator cuff tear

Passive abduction of the shoulder 
to 180 degrees.

Arm drop Sensitivity: 
10–73%
Specificity: 
77–100%

Empty can test 
(Jobe’s)

Supraspinatus and 
infraspinatus tendons; 
rotator cuff tear

Shoulder abduction to 90° 
scapular plane and full internal 
rotation. Thumbs pointing 
downward.

Pain or weakness 
during applied 
resistance by the 
examiner

Sensitivity: 
53–89%
Specificity: 
65–82%

Hornblower’s 
sign

Teres minor tendon; 
rotator cuff tear

Arm supported at 90° of 
abduction with elbow flexed at 
90°. Patient externally rotates 
against the resistance.

Wrist drops when 
released while elbow 
supported

Sensitivity: 
100%
Specificity: 
93%

Hawkin’s sign Impingement syndrome Forward flexion of the humerus 
of 90° with forced internal 
rotation of the shoulder

Pain Sensitivity: 
72–92%
Specificity: 
44–78%

Neer’s sign Impingement syndrome Forced forward elevation while 
scapular rotation prevented.

Pain Sensitivity: 
68–89%
Specificity: 
49–98%

Data from [46, 54–59]
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value (PPV) in detecting rotator cuff tears com-
pared to USG (92% versus 88%); [53] however, 
many studies revealed a comparable diagnostic 
accuracy in detecting full tears for the two modal-
ities, although USG is more accurate and cost- 
effective technique in evaluating partial tendon 
tears [49, 52, 53]. MR arthrography is the most 
sensitive and specific among the three modalities, 
but the utility is limited by the invasiveness and 
discomfort of the study [49, 54–59].

 Strength of Evidence for Different 
Treatment Modalities

Nonsteroidal anti-inflammatory drugs (NSAIDs) 
and corticosteroid injections are considered the 
first-line options for rotator cuff disease. A rec-
ommendation is made for the use of both NSAIDs 
(Strength of recommendation (SOR) (B) and ste-
roid injections (SOR A) for the acute treatment of 
SIS Stage I [60–63]. Good evidence has been 
presented supporting the benefits of nonsurgical 
management of Stage II and Stage III SIS [64, 
65]. A short-term benefit of NSAIDs has been 
demonstrated after 1–2 weeks of therapy (Level 
of evidence II) [60, 61]. The effectiveness of glu-
cocorticoid injections has been extensively stud-
ied and is supported by clinical trials and 
systematic reviews [63, 66–68]. Injections using 
steroids and local anesthetics are efficacious in 
relieving pain and improving function in rotator 
cuff injuries (Level of recommendation B) [10]. 
Studies reveal similar short-term effectiveness 
between corticosteroid injections and NSAIDs 
(Level of evidence IA) [69, 70]. Corticosteroid 
injections are superior to physical therapy for the 
treatment of painful rotator cuff conditions (Level 
of evidence II) [66, 67].

In regard to physical therapy, a systematic 
review and meta-analysis of 21 studies reported 
possible pain relief, but unclear improvement in 
function, for rotator cuff tendinopathy (Level of 
evidence IA) [71]. No statistical difference has 
been noted between physical therapy and surgi-
cal repair in patients with rotator cuff tendini-
tis/tendinopathy (Level of evidence IIA) [8]. 

For full- thickness RC tears, physical therapy 
provides a long-term pain relief and improved 
functional abilities (Strength of recommenda-
tion B) [8].

 Future Directions or Clinical Trials 
in Progress

As with many other pain syndromes, a growing 
interest and application of regenerative therapies 
can be observed for the non-surgical manage-
ment of rotator cuff tears. The number of studies 
and reports describing potential benefits of 
platelet- rich plasma and stem cell engineering 
continue to increase. As illustrated by several 
publications, these treatment options show a 
great deal of promise in the successful recovery 
of rotator cuff injuries by promoting regeneration 
of the rotator cuff tendons. The utility of mesen-
chymal stem cells (MSCs) was examined in a 
trial involving 20 patients, who received an intra-
tendinous injection of the autologous adipose- 
derived mesenchymal stem cells for symptomatic 
rotator cuff disease [72]. The results demon-
strated a 71% reduction in pain in the high-dose 
group, and 80% and 77% decrease in the Shoulder 
Pain And Disability Index (SPADI) in the mid- 
and high-dose groups, respectively as well as and 
83% and 90% decrease in the articular and bursal 
defects in the mid- and high-dose groups, respec-
tively. Structural improvements were investigated 
by Kim et  al. in 35 patients treated with 
arthroscopic rotator cuff repair alone compared 
to 35 patients treated with the arthroscopic repair 
with an injection of MSCs, but no clinically sig-
nificant differences in outcomes were noted [73]. 
The value of platelet-rich plasma in the treatment 
of chronic tendinopathy was evaluated by a meta- 
analysis of RCTs (18 studies; n = 1066) [74], and 
a systematic review of 389 articles [75]. The for-
mer publication noted strong evidence support-
ing the administration of platelet-rich plasma 
under ultrasound guidance for the management 
of tendinopathy, whereas the latter work revealed 
benefits for patellar and lateral epicondylar but 
not for Achilles and rotator cuff tendinopathy.
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 Conclusion

Rotator cuff disease is a common cause of shoul-
der pain, functional loss, and disability affecting 
a large percentage of population. Rotator cuff 
injuries, also known as subacromial impingement 
syndrome, encompass several abnormalities 
including subacromial bursitis, RC tendinopathy, 
RC tendinitis, and various degrees of RC tears. 
Although these pathologies have been a focus of 
extensive and active research, more work needs 
to be completed to fully elucidate the mecha-
nisms governing the pathophysiology of the RT 
injuries, understand the progression of the dis-
ease, and gain knowledge of the most optimal 
therapeutic options available.
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A 75-Year-Old Man with Chronic 
Shoulder Pain (Shoulder Arthritis)

Behnoosh B. Rahavard, Nebojsa Nick Knezevic, 
and Kenneth D. Candido

 Case Description

The patient is a 75-year-old male with chronic 
progressive right shoulder pain. He mentioned 
that pain is aggravated by physical activity espe-
cially following the period of resting and he 
experienced morning stiffness, which lasted less 
than 30 minutes. The patient has pain on palpa-
tion and decreased range of motion (ROM), 
especially external rotation due to pain, and 
crepitus was felt on ROM examination of his 
shoulder.

 What is the Your Preliminary 
Diagnosis?

Clinical diagnosis of osteoarthritis had been 
made based on patient’s history and physical 
exam findings.

 How Is Diagnosis Confirmed?

Although a clinical diagnosis of osteoarthritis 
had been made based on the patient’s history 
and physical examination, shoulder X-ray was 
done in order to rule out other differential 
diagnosis.

 What Is the Pathophysiology of This 
Condition?

The common contributing factors for OA have 
been identified including systemic factors such as 
genetics, estrogen therapy, and bone density as 
well as biomechanical factors such as obesity, 
joint laxity, and muscle weakness [1, 2]. 
Furthermore, it has been shown that cytokines [3, 
4] and chondrocytes [5] play the primary role in 
the pathogenesis of OA.

In one study, the OA following trauma and 
shoulder instability was studied [6]. Older age 
and time from injury to surgery were identified as 
independent predictors for shoulder OA in 
patients with shoulder instability. However, no 
association was found between the direction of 
instability and the presence of osteoarthritis. In 
summary, the most common risk factors for 
shoulder OA discussed in the literature include 
genetics, female sex, past trauma, advancing age, 
and obesity.
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 How Is the Problem Managed?

After the diagnosis of shoulder OA had been con-
firmed, the patient was consulted for lifestyle mod-
ifications including weight loss and regular 
exercise. Non-pharmacologic therapies were 
started for the patient, beginning first with exercise 
with the main focus on muscle strengthening and 
improving range of motion. Oral acetaminophen 
was started later using a dose of 650 mg, four times 
per day. Patient’s liver function had been tested 
every 6 months since acetaminophen had been ini-
tiated for him. Considering the patient’s age and 
borderline glomerular filtration rate, NSAIDs were 
not prescribed. Due to inadequate pain relief, the 
patient was referred to a physical therapist and a 
shoulder joint intra- articular corticosteroid injec-
tion was tried (Fig. 14.1). The patient experienced 
immediate pain relief following the injection, 
which lasted 9–10 weeks. Intra-articular corticoste-
roid was repeated every 3 months, and the patient 
was satisfied with the results.

 What Is the Prognosis of This 
Condition?

Continuing the multimodal pain management 
including lifestyle modifications, physical ther-
apy, oral acetaminophen therapy, and intra- 
articular corticosteroids injection, the more 
invasive methods, including surgical treatments, 
had been reserved for the more progressive stages 
of shoulder OA, when other less invasive modali-
ties did not improve the patient’s OA symptoms 
sufficiently.

 Discussion

 Prevalence

Chronic shoulder pain is a very prevalent condi-
tion and is usually associated with a multifacto-
rial pathology and can lead to high costs and 
patient burden. OA has become a very prevalent 

a b

Fig. 14.1 (a and b) Fluoroscopic images of left shoulder corticosteroid injections
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pathology in the United States as the population 
ages and becomes more obese.

An estimated 15% (40 million) of Americans 
had some form or arthritis in 1995. By the year 
2020, an estimated 18.2% (59.4 million) will 
have been affected [7]. The prevalence and inci-
dence of shoulder pain were studied in a system-
atic review study [8], and the incidence of 
0.9–2.5% and prevalence of 6.9–26% had been 
reported. In another study, the higher prevalence 
of shoulder OA was reported in elderly patients 
and patients with OA in other joins (e.g., knee 
OA) [9].

The total costs for the management of chronic 
shoulder pain in 2000 was reportedly approxi-
mately $7 billion in the United States [10]. 
Approximately 16% of all musculoskeletal com-
plaints of patients are due to shoulder pain [11], 
and the yearly incidence of 1.5% for patients is 
seen in primary care settings [12].

 Differential Diagnosis

The common manifestation of shoulder OA, in 
addition to shoulder stiffness, is chronic pain 
with insidious onset. Pain is aggravated in the 
morning, with weather changes and increased 
physical activity, especially following a period of 
rest that has been termed the “gelling phenome-
non.” OA can cause morning stiffness, which 
usually lasts less than half an hour as compared 
to morning stiffness in rheumatoid arthritis that 
lasts for 45 minutes or longer [13]. Shoulder OA 
is often asymmetric.

Patients with shoulder OA may complain of 
shoulder joint locking or instability. Pain and 
stiffness of the shoulder can lead to loss of func-
tion of the joint and limit the physical activity of 
patients with shoulder OA.

The most common pathologies that can lead to 
persistent shoulder pain either in combination or 
as a separate entity are bursitis, tendinitis, rotator 
cuff tear, adhesive capsulitis, impingement syn-
drome, avascular necrosis, glenohumeral osteo-
arthritis (OA), and other causes of degenerative 
joint disease or from a traumatic injury. Among 

all these pathologies, rotator cuff injuries (10%), 
adhesive capsulitis (6%), and glenohumeral OA 
(2–5%) are more prevalent and associated with 
more complex etiologies. A focused medical his-
tory and physical examination combined with 
imaging studies can be utilized to differentiate 
these pathologies [14].

OA is a common degenerative disorder of the 
articular cartilage with multifactorial pathology 
that is caused by a heterogeneous group of condi-
tions associated with the loss of integrity of artic-
ular cartilage and defective changes at the joint 
margins and underlying bone that leads to hyper-
trophic changes in the bone [15].

 Predictive Value of Different Clinical 
Features and Lab Testing/Imaging

Considerations for physical examination start 
with a thorough inspection of the entire shoulder 
girdle for visualizing any deformity or posture 
changes that may be affecting the biomechanics 
of the shoulder, as well as investigations for scars 
from previous trauma, surgery, or atrophy of 
supraspinatus and infraspinatus as the potential 
indicators of rotator cuff pathology. Pain on range 
of motion and limitation of range of motion, 
especially external rotation as well as crepitus on 
range of motion, are common findings on the 
physical exam in patients with shoulder OA [16].

Shoulder OA can be complicated by second-
ary adhesive capsulitis due to incongruous joint 
surfaces, osteophytes, and capsular scarring. 
Both active and passive range of motion should 
be checked and compared to the contralateral 
side.

Acromioclavicular (AC) joint should be pal-
pated for swelling, deformity, and instability as 
the signs for AC joint arthritis, and the positive 
“cross body adduction test” would be an indica-
tor of this pathology. “Compression rotation test” 
could be another indicator of shoulder OA and 
can be performed as a part of physical examina-
tion by positioning the patient in the lateral decu-
bitus with the affected side up. The shoulder is 
internally and externally rotated as the humeral 
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head is compressed into the glenoid. The test 
would be positive if pain is elicited by the 
 compression of the arthritic glenohumeral sur-
faces [17]. The results of this test will be more 
specific following subacromial injection of lido-
caine to minimize the contributing effect of sub-
acromial bursitis [18].

The rotator cuff should also be examined 
properly as subacromial bursitis can be a contrib-
uting factor for the patient’s pain. Therefore, 
active external rotation, internal rotation, abduc-
tion, and forward flexion strength should be 
examined.

The anterior and posterior apprehension and 
relocation tests should be performed in the case 
of shoulder instability.

Shoulder OA is primarily a clinical diagno-
sis; however, plain radiography can aid in con-
firming the diagnosis and to rule out other 
pathologies. Advanced imaging studies includ-
ing computed tomography (CT) or magnetic 
resonance imaging (MRI) are not usually 
required unless there is a suspicion for another 
pathology. For instance, MRI is more practical 
for diagnosing the conditions that cause a rapid 
change in bone, such as avascular necrosis or 
subchondral insufficiency fracture, in addition 
to being able to evaluate the soft tissue such as 
the rotator cuff, biceps tendon, and glenoid 
labrum. Despite the high sensitivity of MRI, the 
specificity of this imaging modality has been 
shown to be low for the determination of articu-
lar cartilage lesions in the shoulder [19]. 
Ultrasound can be utilized for rapid assessment 
of joints and inflammatory arthritis. CT is faster 
than MRI and can provide an assessment of the 
extent of arthritic deformity, osteophyte forma-
tion, and subchondral bone; however, it involves 
the use of ionizing radiation [20].

Laboratory studies are not needed to confirm 
the shoulder OA diagnosis, and inflammatory 
markers including erythrocyte sedimentation 
rate (ESR) and C-reactive protein (CRP) levels 
are usually normal. Immunologic tests, includ-
ing antinuclear antibodies (ANA) and rheuma-
toid factor (RF) are not recommended to be 

ordered unless there is evidence for autoimmune 
arthritis such as shoulder joint inflammation or 
synovitis. Uric acid levels should be tested only 
if there is a suspicion for gout. Due to the false 
positive results of these laboratory tests in the 
low pretest probability of shoulder gout or auto-
immune arthritis, ordering unnecessary tests can 
lead to misunderstanding and confusion. 
Furthermore, it would be against the American 
College of Rheumatology guidelines to order an 
arthritis panel routinely for patients with joint 
problem [21].

True glenohumeral AP, scapular “Y”, and 
axillary X-rays should be shown in the plain 
radiographs [18]. The radiographic classification 
of shoulder OA has been described as follows 
[22]. In stage I, the radiographs are normal; how-
ever, some arthroscopic evidence of articular car-
tilage changes exists. Minimal narrowing of the 
joint space associated with concentricity of the 
humeral head and glenoid would be seen in stage 
II.  Moderate joint space narrowing with early 
inferior osteophyte formation can be shown by 
plain radiographs in stage III. Stage IV is associ-
ated with severe loss of joint space with osteo-
phyte formation and loss of concentricity of the 
humeral head and glenoid.

The classification of shoulder OA, accord-
ing  to arthroscopic evidence, is based on the 
Outerbridge classification.

Grade I is defined as the softening or blister-
ing of the articular cartilage, while fissuring and 
fibrillation of the articular surface is classified 
as grade II.  Grade III is associated with deep 
ulceration of articular cartilage without exposed 
bone. Loss of full thickness of cartilage with 
exposed subchondral bone can be seen in grade 
IV [23].

Shoulder OA treatment falls into four main 
categories including nonpharmacological, phar-
macological, complementary and alternative, and 
surgical strategies [21].

Treatment should begin with less invasive and 
safer therapies. Therefore, nonsurgical manage-
ment should be attempted as the first step for the 
treatment of patients with shoulder OA.

B. B. Rahavard et al.
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 Strength of Evidence for Different 
Treatment Modalities

The most common noninvasive strategies recom-
mended are anti-inflammatory medication ther-
apy, physical therapy, and steroid injection. Early 
studies are assessing and encouraging viscosup-
plementation injections [24]. Surgical strategies 
should be utilized as the last resort for patients 
who do not improve with behavioral and pharma-
cological therapies and have intractable pain and 
loss of function.

American and British specialty societies have 
recommended clinical practice guidelines for a 
stepped care approach for treating OA starting 
with nonpharmacologic therapies [25, 26].

Nonpharmacologic therapies for patients with 
shoulder OA often begin with exercise with the 
main focus on muscle strengthening and range of 
motion improving. Swimming, elliptical training, 
and upper body exercise may be helpful. Other 
nonpharmacologic therapies, including bracing 
and splinting of the shoulder in order to support 
the painful or unstable joint, have been offered in 
some studies.

Acetaminophen is the mainstay of pharmaco-
logic treatment for mild shoulder OA.  It is an 
effective, inexpensive, and relatively safe medi-
cine. In a review, it was shown that Acetaminophen 
was more effective than placebo for treating mild 
OA and was equal to non-steroidal anti- 
inflammatory drugs (NSIADs) with less gastroin-
testinal side effects [27].

NSAID therapy is recommended if shoulder 
OA is moderate to severe and Acetaminophen 
fails. Caution should be undertaken for the 
adverse effects of NSAIDs. Opioids, due to the 
potential for abuse, should be used only if 
Acetaminophen and NSAIDs fail or if patients 
cannot tolerate these medications because of 
adverse side effects. Low doses of opioids should 
be started first and monitored closely to assess for 
potential dependence. Corticosteroid and hyal-
uronic intra-articular injections are other modali-
ties used to treat shoulder OA.  Corticosteroid 
intra-articular injection can cause short-term pain 
relief lasting 4–8  weeks. The efficacy of this 

treatment has been proven for the treatment of 
knee OA, but may not be as effective for shoulder 
OA. The local anesthetics (mostly Lidocaine) can 
be utilized in combination with corticosteroids 
for intra-articular injections, which can lead to 
immediate pain relief. However, patients should 
be warned for a potential initial flare-up of symp-
toms in the first 24 hours, followed by improve-
ment after 48 hours. Intra-articular injections can 
be repeated at the same joint, although in the 
usual practice, the number of annual injection is 
limited to four [28].

Intra-articular hyaluronic acid injections have 
been shown to be more effective than corticoste-
roids injection for knee OA [29], but may not be 
as effective for osteoarthritis of the shoulder [30]. 
Repeat injections can be done in the same joint; 
however, it is usually limited to four injections 
over a year [28]. It has been shown that intra- 
articular corticosteroid injection has better short- 
term outcome (1–4 weeks), while intra-articular 
hyaluronic acid injection has superior results in 
the long-term (8 weeks or longer) [29]. Thus, in 
patients with stable OA who develop acute flare- 
ups of OA, intra-articular corticosteroids injec-
tion may be a better choice, and intra-articular 
hyaluronic acid can be used in patients with 
chronic OA.

No promising results for long-term efficacy of 
acupuncture for the treatment of OA have been 
shown in different studies [31].

In a review, the effects of balneotherapy, 
defined as a heterogeneous group of treatments 
known as spa therapy or mineral baths, were 
demonstrated for the treatment of OA. However, 
due to methodologic flaws in the reviewed stud-
ies, the results may not be reliable [32].

Capsaicin cream has been shown to be supe-
rior to placebo when combined with standard 
treatment of OA [33].

Surgery should be reserved for patients with 
chronic pain and disability despite conservative 
therapies. Total joint replacement is considered 
as the most effective surgical intervention for 
patients with OA [13, 34, 35]. The average 
expected length of joint prostheses to function 
well is 15–20 years [36].

14 A 75-Year-Old Man with Chronic Shoulder Pain (Shoulder Arthritis)
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Other surgical options have not been shown to 
be as effective as total joint arthroplasty for the 
treatment of OA [37].

Shoulder arthroscopy, as one of the less inva-
sive surgical strategies, should be considered in 
patients with severe shoulder OA, who are will-
ing to avoid major surgeries or who are not good 
candidates for arthroplasty due to activity level or 
young age. Patients who undergo shoulder 
arthroscopy experience faster recovery [38, 39].

All the loose bodies, chondral flaps, and 
degenerative tissues are removed during the 
arthroscopic surgery of the arthritic glenohu-
meral joint [18]. Pain improvement due to the 
diluting effect of arthroscopic lavage and 
removal of debris on degenerative enzymes in 
OA is a hypothesis that has been discussed 
recently [22].

Subacromial bursitis frequently exists concur-
rently with glenohumeral OA; therefore, sub-
acromial decompression surgery can be utilized 
as another strategy for the management of shoul-
der OA [22].

 Future Directions or Clinical Trials 
in Progress

Biologic resurfacing has been offered and dis-
cussed recently for the management of shoulder 
OA. Interposing a synthetic or biologic scaffold 
of sufficiently high tensile strength and repopula-
tion by the host cells have been discussed as the 
main goals of this new treatment [40].

Furthermore, utilizing the regenerative tissue 
matrix for arthroscopic resurfacing has been 
recently studied and postoperative arthroscopic 
results showed fibrocartilage ingrowth after 
3 months [40].

In another article, a bovine patch had been uti-
lized for arthroscopic resurfacing, which led to 
50 degrees increase in abduction and 60 degrees 
increase in forward flexion of the shoulder in 
patients with shoulder OA [41].

In another study, the arthroscopic lateral 
meniscal allograft resurfacing was studied for 

patients with OA; the results showed a promising 
short-term outcome [42].

 Conclusion

OA has become a very prevalent pathology in the 
United States as the population ages and becomes 
more obese. Shoulder OA is primarily a clinical 
diagnosis; however, plain radiography can aid 
confirming the diagnosis and to rule out other 
pathologies.

Treatment should begin with less invasive and 
safer therapies. Therefore, nonsurgical manage-
ments should be attempted as the first step in the 
treatment of patients with shoulder OA. Surgery 
should be the reserved for patients with chronic 
pain and disability that persists despite conserva-
tive therapies.
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A 35-Year-Old Man with Persistent 
Pain After Hand Injury (Complex 
Regional Pain Syndrome)

Xiaoying Zhu and Lynn R. Kohan

 Case Description

A 35-year-old man with no significant past medi-
cal history presented to a tertiary medical center 
pain clinic with right wrist and hand pain follow-
ing a right wrist fracture and subsequent internal 
fixation surgery. A few weeks after surgery, the 
patient’s pain still persisted even though the sur-
gical wound healed well. His pain was described 
as sharp, burning, throbbing, and constant. It was 
located in the entire right hand and wrist, and 
sometimes in the forearm. He rated his pain as a 
constant 7 out of 10 on the Visual Analog Scale 
(VAS), going up to a 9 out of 10 with movement 
and cold air. It was worse at night, and he got 
little sleep due to his pain. In addition to pain, the 
patient also noticed his right hand felt freezing 
cold, turned dark purple, and swelled without any 
triggers. He stated that his hand had limited range 
of motion, felt weak, and had muscle twitches. 
He reported the area was extremely sensitive to 
touch even with clothing or wind. He could 
barely use his right hand due to pain and weak-
ness. He was on lidocaine patch and oxycodone/
acetaminophen with mild relief. He followed up 
with his surgeon who prescribed him Meloxicam 
and ordered an X-ray and ultrasound of his wrist. 

The X-ray showed osteopenia, and his ultrasound 
was unremarkable for vascular problems. He was 
referred to the pain clinic for management of his 
pain. Physical exam showed a well-healed scar at 
the palmar aspect of the right wrist, mottled pur-
ple color and edema at right wrist and hand, and 
no obvious hair or nail changes between his two 
hands. His right hand was colder to touch than 
the left and he had 2+ pulses. Other pertinent 
findings included positive allodynia to light 
touch, limited extension and flexion of right wrist 
and fingers, and weak hand grip. Temperature: 
Right hand dorsum 28.9 °C, Left Hand dorsum 
26.7 °C.

 What Is Your Preliminary Diagnosis?

The preliminary diagnosis was complex regional 
pain syndrome (CRPS) based on his reported 
symptoms and clinical findings. He had pain out 
of proportion to the inciting event as well as sen-
sory, motor, vasomotor, and sudomotor changes.

 How Is Diagnosis Confirmed?

He was diagnosed with right upper extremity 
CRPS type I based on the Budapest Criteria for 
diagnosis of CRPS [1] (Table 15.1). CRPS is a 
clinical diagnosis based on a person’s medical 
history, symptoms, and signs. Currently there is 
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no specific test that can confirm CRPS.  Since 
other conditions can cause similar symptoms, 
careful examination is important, and testing may 
be used to help rule out other conditions, such as 
vascular disease, muscle disease, or nerve injury. 
This patient had an unremarkable ultrasound 
exam and normal nerve conduction study/
electromyography.

 What Is the Pathophysiology of This 
Condition?

CRPS is a systemic disease involving both the 
central and peripheral nervous systems. The 
pathophysiology underlying CRPS remains 
unclear and controversial despite many advances 
in the understanding of CRPS in recent years. 
CRPS appears to be multifactorial with evidence 
pointing to components of inflammation, periph-
eral and central sensitization, autoimmune fac-
tors, altered cutaneous innervation, autonomic 

dysregulation, and neuronal plasticity [2, 3]. 
Symptoms change through the course of CRPS 
as a result of the varying pathophysiology.

Clinically, there appear to be two subtypes of 
CRPS, warm CRPS and cold CRPS. And warm 
CRPS can “transition” into cold 
CRPS.  Inflammatory mechanisms seem to con-
tribute prominently to warm CRPS [4].

Inflammation Exaggerated inflammation is 
likely involved in CRPS.  Tissue injury with or 
without nerve injury in CRPS seems to lead to 
the release of pro-inflammatory cytokines and 
neuropeptides. These substances act on blood 
vessels, local immune cells, and neural struc-
tures, subsequently increasing plasma extravasa-
tion and vasodilation, producing inflammatory 
signs of CRPS – erythema, elevated temperature 
(warm CRPS), edema, pain, and impaired func-
tion [5]. At the same time, these substances also 
activate local nociceptors, resulting in enhanced 
sensitivity of peripheral tissue to non-noxious 
and noxious stimuli (allodynia and hyperalgesia) 
(peripheral sensitization) [6, 7]. However, it is 
not clear whether inflammation is a state of 
chronic pain or a primary mediator of 
CRPS. Moreover, there is no evidence to show a 
higher level of inflammatory mediators in the 
affected limb than the unaffected limb [7].

Central Sensitization The persistent and 
intense noxious stimulation of peripheral noci-
ceptors results in sensitization of the central ner-
vous system. This is mediated by the release of 
neuropeptides such as substance P, bradykinin, 
and glutamate by peripheral nerves, which sensi-
tize and increase the excitability of peripheral 
and secondary central nociceptive neurons, 
resulting in allodynia and hyperalgesia [8]. 
Studies have shown that CRPS patients demon-
strate a significantly greater windup to repeated 
stimulation of the affected limb compared to the 
contralateral limb [9].

Autoimmunity Autoantibodies against surface 
antigens on autonomic neurons have been shown 
to be present in the serum of patients with CRPS 
suggesting that autoimmunity may play a role in 

Table 15.1 Budapest clinical diagnostic criteria for 
CRPS

1.  Continuing pain, which is disproportionate to any 
inciting event

2.  Must report at least one symptom in three of the 
four following categories:

  Sensory: Reports of hyperesthesia and/or allodynia
  Vasomotor: Reports of temperature asymmetry and/

or skin color changes and/or skin color asymmetry
  Sudomotor/edema: Reports of edema and/or 

sweating changes and/or sweating asymmetry
  Motor/trophic: Reports of decreased range of 

motion and/or motor dysfunction (weakness, tremor, 
dystonia) and/or trophic changes (hair, nail, skin)

3.  Must display at least one sign at the time of 
evaluation in two or more of the following 
categories:

  Sensory: Evidence of hyperalgesia (to pinprick) and/
or allodynia (to light touch and/or deep somatic 
pressure and/or joint movement)

  Vasomotor: Evidence of temperature asymmetry 
and/or skin color changes and/or asymmetry

  Sudomotor/edema: Evidence of edema and/or 
sweating changes and/or sweating asymmetry

  Motor/trophic: Evidence of decreased range of 
motion and/or motor dysfunction (weakness, tremor, 
dystonia) and/or trophic changes (hair, nail, skin)

4.  There is no other diagnosis that better explains the 
signs and symptoms.

From Harden et al. [1], with permission

X. Zhu and L. R. Kohan



105

the development of CRPS [10]. Goebel et al. pos-
tulated that, in CRPS patients, pathogenic auto-
immune  features likely develop in the preexisting 
circulating antibodies after exposure to certain 
antigens following trauma [11].

Altered Cutaneous Innervation Studies [12, 
13] have demonstrated a reduction in cutaneous 
nociceptive (C-type and Aδ-type) nerve fiber den-
sity and altered innervation of hair follicles, sweat 
glands, and vasculature in the CRPS-affected 
limb compared to the unaffected limb. And the 
decrease in C-type and Aδ-type fibers is associ-
ated with an increase in aberrant fibers of unknown 
origin. It has been hypothesized that the amplified 
pain sensation may be due to altered function of 
these fibers [12]. It is not clear whether the reduc-
tion in nociceptive fiber density is an epiphenom-
enon or directly related to the condition.

Autonomic Dysregulation Transition of clini-
cal features from warm CRPS to cold CRPS may 
be related to alterations in catecholamine and the 
sympathetic system [14]. In warm CRPS, there is 
a reduction in the circulating plasma norepineph-
rine level in the CRPS-affected limb compared to 
the unaffected limb [15]. This results in compen-
satory upregulation of peripheral adrenergic 
receptors, causing exaggerated sensitivity to cir-
culating catecholamines [16]. Consequently, 
excessive vasoconstriction and sweating occur 
following exposure to catecholamines, giving 
rise to the characteristic cyanosed and clammy 
extremity seen during cold CRPS. Studies have 
also demonstrated impaired endothelial function 
and vascular reflexes causing exaggerated vaso-
constriction in CRPS-affected limbs [12, 17, 18]. 
Vasoconstriction may further contribute to tissue 
hypoxia and trophic changes [19]. Animal studies 
have shown that adrenergic receptors are 
expressed on nociceptive fibers following nerve 
trauma, which may contribute to sympathetic- 
nociceptive coupling, a possible mechanism for 
the sympathetically mediated pain in CRPS [14]. 
This has been demonstrated in patients with sym-
pathetically mediated CRPS pain where high 
sympathetic nervous system activity increases 
spontaneous pain and hyperalgesia [20].

Neuronal Plasticity In addition to peripheral 
mechanisms, the central nervous system seems to 
be implicated in the pathogenesis of CRPS. The 
progressively worsening signs of impaired recog-
nition, neglect, and motor dysfunction in patients 
with CRPS point to an important role of the CNS 
[21]. For example, people with long-standing 
CRPS tend to perceive their affected limb to be 
larger than it really is [22]. They also report dis-
tortions of the mental image of their limb, like 
missing parts, alterations in shape, posture, and 
temperature of the whole limb, or of discrete 
parts of the limb [23]. The motor dysfunctions 
associated with CRPS commonly mimic those of 
movement disorders: tremors, dystonia, and 
sometimes myoclonus, suggesting the basal gan-
glia is implicated in the development of CRPS 
symptoms [24]. In line with these clinical find-
ings, neuroimaging studies of patients with 
CRPS have demonstrated a decrease in area rep-
resenting the CRPS-affected limb in the somato-
sensory cortex compared to the unaffected limb 
[25, 26]. The sensory representation of the 
affected limb, as part of the Penfield’s homuncu-
lus, is distorted, with shrinkage and shifting of 
the area [26]. The extent of reorganization sig-
nificantly correlates with the intensity of pain 
and hyperalgesia experienced by the patient, and 
these alterations return to normal following suc-
cessful CRPS treatment [26, 27]. Furthermore, 
despite its unilateral clinical manifestation, it has 
been shown that, in CRPS, alterations in cortical 
excitability occur bilaterally, both in sensory and 
motor regions. Therefore, a more widespread 
and bilateral pattern of CNS reorganization 
appears to characterize CRPS, which may be 
related to dysfunctions in the basal ganglia or in 
thalamo-cortical structures [21].

 How Is This Problem Managed?

At the patient’s first visit, he was started on gaba-
pentin and slowly increased to 600  mg three 
times a day (TID) (Table  15.2) as tolerated. 
Diclofenac gel was prescribed in place of 
Meloxicam because of stomach upset 
(Table 15.3). Lidocaine patches were discontin-

15 A 35-Year-Old Man with Persistent Pain After Hand Injury (Complex Regional Pain Syndrome)



106

ued due to lack of effect. He was sent for more 
physical therapy and scheduled for right stellate 
ganglion block (SGB) under Fluoroscopy 
(Fig. 15.1), three in a row, about 2 weeks apart.

Four weeks later, the patient presented for the 
first SGB.  He reported that the Diclofenac gel 
helped some with his pain, and he had been on 
the goal dose of gabapentin and noticed minimal 
benefits, but no side effects. He was instructed to 
increase his gabapentin dose to 1200  mg TID 
(Table 15.2) in a similar manner. His first SGB 
with 10 ml of 1% lidocaine was technically suc-
cessful and provided about 60–70% relief for 
5  days. During that time, his right hand felt 
warmer and stronger. He was able to use his hand 
more and tolerated gentle rubbing. Then the 
effect abated and his pain returned to baseline.

When he presented for the second SGB, he 
stated that he did not get much pain relief from 
Gabapentin at 1200 mg TID. At this point, he was 
instructed to stay on it for longer and amitriptyline 

was added to his regimen. He was to increase the 
amitriptyline to 50 mg once a day at bedtime (QHS) 
(Table  15.2). For this second block, clonidine 
50  mcg was added to 10  ml of 1% lidocaine to 
hopefully achieve better and longer-lasting relief.

Two weeks later, the patient presented for the 
third SGB.  He reported he was taking 
Amitriptyline 50 mg QHS, which helped with his 
pain and sleep, but caused intolerable dry mouth 
(Table 15.3). Instructions were given for him to 
wean off of Amitriptyline, then start Duloxetine 
and increase to 60  mg QHS (Table  15.2). He 
stated the second SGB provided 70% pain relief 
and functional improvement for 1.5 weeks with-
out side effects. For the third block, 100 mcg of 
clonidine was added. Following the block, there 
was significant rise in temperature in his right 
upper extremity, just like his previous blocks. He 
had good immediate pain relief too. The plan was 
for him to follow up in the clinic in 4 weeks to 
discuss further treatments.

Table 15.2 Typical doses and titration schedule for medications

Medication Starting dose Titration Medium dose Maximum dose
Gabapentin 300 mg QHS Increase by 300 mg/day every 

3–5 days
600 mg TID 1200 mg TID

Topiramate 25 mg QHS Increase by 25 mg/day every week 100 mg BID 200 mg BID
Amitriptyline 25 mg QHS Increase by 25 mg/day every week 50 mg QHS 100 mg QHS
Duloxetine 30 mg QHS Increase by 30 mg/day every week 60 mg QHS 120 mg QHSa

Baclofen 10 mg QHS Increase by 10 mg/day every 
3–5 days

10 mg TID 10 mg TID

Meloxicam 7.5 mg BID Not needed
Ketamine infusion 0.1 mg/kg/h Increase by 0.1 mg/kg/h every 2 h 0.5–0.7 mg/kg/h

Increase medication dose as tolerated. For patients who are sensitive to medications, lower starting and goal doses, and 
slower increases are recommended
aSome studies suggest no difference in pain relief between 60 and 120 mg

Table 15.3 Common side effects of medications

Medications Common side effects
Gabapentin Fatigue, ataxia, nystagmus, peripheral edema, nausea, vomiting
Topiramate Fatigue, somnolence, dizziness, impaired cognition, paresthesia, mood disorder, loss of appetite, 

weight loss
Amitriptyline Somnolence, dizziness, headache, blurred vision, constipation, xerostomia, weight gain
Duloxetine Fatigue, somnolence, insomnia, dizziness, headache, diaphoresis, xerostomia, nausea, vomiting, 

diarrhea, constipation, hypertension
Meloxicam Dizziness, headache, abdominal pain, indigestion, nausea, vomiting, constipation, diarrhea
Baclofen Fatigue, dizziness, somnolence, headache, weakness, hypotension, nausea, vomiting, constipation
Ketamine 
infusion

Hallucination, vivid dreams, nightmare, confusion, agitation, anxiety, flashback, dysphoria, 
insomnia, disorientation, psychotic episodes, hypertension, tachycardia, nystagmus, diplopia, 
nausea, vomiting, constipation, anorexia, salivary hypersecretion, elevated liver enzymes, cystitis
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In the clinic, the patient reported that he 
received about 70% pain relief for 1 week from 
his third block. He also stated Duloxetine at 
60 mg QHS helped with his pain and mood. He 
continued physical therapy with some improve-
ment in his right hand range of motion, but the 
muscle twitches and tightness remained. He 
weaned himself off of oxycodone/Acetaminophen 
due to the fear of addiction. He did not think 
Gabapentin provided any benefits. After discus-
sion with the patient, the plan was to continue his 
home exercise program, Duloxetine, and add 
Baclofen (Table 15.2) for muscle twitches. Next 
he was instructed to wean off of Gabapentin by 
decreasing by 300  mg/day every 3  days. After 
being off of Gabapentin for a few days, he was to 
start Topiramate and increase to 100 mg twice a 
day (BID) (Table 15.2). He was also referred to 
pain psychology. At the same time, ketamine 
infusion and spinal cord stimulation (SCS) were 
discussed. Patient was hesitant about these two 
therapies.

At the patient’s follow-up appointments, 
Topiramate was weaned off because of  intolerable 
tingling in the hands and feet (Table  15.3). 

Baclofen was continued as it provided good relief 
of the muscle twitches and tightness without side 
effects. His pain remained and was rated as 8 on 
the VAS. At this point, the patient decided to pro-
ceed with a ketamine infusion.

After psychological evaluation, the patient 
was admitted to a regular ward for continuous 
intravenous low-dose ketamine infusion 
(Table 15.2) for 6 days. His pain and other symp-
toms resolved 3  days into the infusion therapy. 
He was able to use his hand to eat, comb hair, get 
dressed, etc. Sometimes his hand was still a little 
sensitive to touch. He had near complete relief 
for about 3 months, then the pain and other symp-
toms returned, and was back to baseline 4 months 
after the treatment. He subsequently received a 
repeat ketamine infusion therapy with similar 
relief lasting for only 1 month.

At the follow-up appointments, SCS was 
revisited, and patient became interested. After 
passing a psychological evaluation, the patient 
underwent permanent SCS trial (Fig.  15.2). 
During the 7-day trial, he had 80–90% pain relief 
and significant functional improvement. 
Subsequently, the patient received a spinal cord 

a b

Fig. 15.1 Fluoroscopy-guided right stellate ganglion block at C6 following contrast injection (a) and medication injec-
tion (b)
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stimulator implant with substantial pain relief. At 
his next two follow-up appointments, the SCS 
programs were further optimized. He had nearly 
complete relief of pain and other symptoms. He 
was continued on Duloxetine, Baclofen, and 
home exercise. Instructions were provided for 
him to slowly wean down/off of the medications 
as tolerated. Four months later, his pain remained 
to be nearly completely relieved, his function was 
back to baseline, and he weaned off of both medi-
cations. He was very satisfied.

 What Is the Prognosis of This 
Condition?

The outcome of CRPS is highly variable. 
Sandroni et al. reported that 74% of patients with 
CRPS underwent resolution, often spontaneously 
[28]. However, in another study by De Mos et al. 
[29], at an average of 6 years (range from 2.1 to 
10.8  years) since onset, only 30% of CRPS 

patients considered themselves recovered, 54% 
were stable, and 16% still reported severe pro-
gressive disease. The disease also highly 
impacted patients’ ability to work, with 31% 
incapable of work permanently and 28% requir-
ing working adjustments. CRPS outcome was 
worse in patients with the involvement of the 
upper extremity, a precipitating injury other than 
fracture, and cold CRPS. If not well controlled, 
CRPS can spread to affect a wider area over time. 
The largest systematic study on spreading of 
CRPS showed 48% of 185 CRPS patients dis-
played spreading of CRPS to second limb or 
more, 49% contralateral spread, 30% ipsilateral 
spread, 14% diagonal spread, and spread trig-
gered by additional trauma in 37–91% of the 
patients [30]. A recent review of studies on the 
outcome of CRPS type I concluded that many 
CRPS patients recovered within 6–13  months, 
but a significant number of patients experienced 
some lasting symptoms, and some experienced 
chronic pain and disability [31].

a b

Fig. 15.2 Fluoroscopy-guided spinal cord stimulator leads placement. Two 8-contact leads entered at T3-4 interlami-
nar space with tips placed at C2 anterior-posterior view (a) and lateral view (b)
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 Discussion

 Prevalence

There have been several studies on the epidemio-
logical occurrence of CRPS in recent years, with 
varying results. The first study by Sandroni et al. 
showed the overall incidence of CRPS I to be 5.46 
per 100,000 person years (0.55%) [28]. A subse-
quent study by de Mos et al. reported the overall 
incidence of CRPS to be 26.2 per 100,000 person 
years (2.62%) in the Netherlands [32]. More 
recently, Elsharydah et al. conducted a nationwide 
retrospective analysis of inpatient databases from 
2007 to 2011, which showed an overall incidence 
of CRPS I to be 0.07% [33]. All these studies 
demonstrated that CRPS more commonly affected 
women than men and the upper extremity more 
than the lower extremity [28, 32, 33]. A variety of 
studies indicated that extremity fracture and sur-
gery were common inciting events of CRPS 
I. Seven percent of patients who suffered a single 
fracture of the wrist or ankle developed CRPS I 
[34]. Following closed reduction of a distal radius 
fracture and casting, 32.2% of patients developed 
CRPS [35], 4.36% of patients developed CRPS I 
following elective foot and ankle surgery [36], 
and 8.3% following carpal tunnel release surgery 
[37]. All these studies were done in 2011 or prior 
on patients who were diagnosed with CRPS 
according to the IASP Criteria instead of the 
stricter Budapest Criteria. This indicates that the 
results from these studies may be falsely high.

 Differential Diagnosis

The differential diagnoses include arthritis, Lyme 
disease, generalized muscle diseases, deep vein 
thrombosis, Raynaud’s disease/phenomenon, 
nerve injury, infection, or neuropathy.

 Predictive Value of CRPS Diagnostic 
Criteria

The diagnosis of CRPS relies on clinical mani-
festations, and can be challenging. The original 
International Association for the Study of Pain 

(IASP) Criteria proved to be able to identify 
most cases of CRPS with a sensitivity of 0.99, 
but had poor specificity and led to over-diagno-
sis [38]. The improved Budapest Criteria retains 
a sensitivity of 0.99, but has a specificity of 
0.79, in contrast to the original IASP criteria’s 
specificity of 0.41 [1]. Unfortunately, there is no 
confirmatory testing or imaging for diagnosing 
CRPS.

 Strength of Evidence for Different 
Treatment Modalities

Although CRPS symptoms may spontaneously 
improve, aggressive treatment should not be 
delayed because progressive worsening of symp-
toms is associated with poor outcome. CRPS is a 
poorly understood and phenotypically variable 
disease. Treatment of CRPS is often very chal-
lenging and needs a multimodal approach includ-
ing physical therapy, psychological therapy, 
medical management, and interventional proce-
dures (Tables 15.4 and 15.5). Because research 
into medical therapies specifically in CRPS has 
been scarce, medical treatment for CRPS has 

Table 15.4 Risks and complications of interventions

Intervention Risks and complications
Stellate 
ganglion 
block

Infection, hematoma, trauma to carotid, 
vertebral artery, and internal jugular 
vein, injury to vagus nerve and brachial 
plexus roots, pneumothorax, 
hemothorax, chylothorax, esophageal 
perforation, intravascular injection, 
epidural and intrathecal injection, block 
of the brachial plexus, recurrent 
laryngeal nerve and phrenic nerve

Spinal cord 
stimulation

Infection, bleeding, dural puncture, 
nerve injury, spinal cord injury, 
defective lead, lead migration, lead 
fracture, battery failure, battery site 
discomfort

DRG 
stimulation

Infection, bleeding, dural puncture, 
nerve injury, temporary motor 
stimulation, defective lead, lead 
migration, lead fracture, device failure, 
battery site discomfort

Intrathecal 
drug therapy

Infection, bleeding, nerve injury, spinal 
cord injury, fractured catheter, pump 
failure, cerebrospinal fluid leak, 
hygroma, granuloma (from intrathecal 
opioid)
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been largely based on therapeutic strategies 
adapted from neuropathic pain states.

 Future Directions

The following treatment modalities can poten-
tially be used for upper extremity CRPS in the 
future. Low-quality evidence supports the effi-
cacy of bisphosphates in treating CRPS pain 
[39]. Recently there was a multicenter clinical 
trial on bisphosphate infusion in treating 
CRPS.  The results are not known yet. There is 

high-quality evidence that DRG stimulation pro-
vides superior pain relief to SCS for CRPS in the 
lower limb, offering more posturally stable stim-
ulation and precise paresthesia coverage [40]. 
DRG stimulation has not been used to treat upper 
extremity CRPS yet. Intrathecal drug therapy has 
been used to treat severe refractory CRPS, mostly 
in lower extremities, but very rarely in upper 
extremities. Evidence on intrathecal drug therapy 
is limited to lower extremity CRPS.  Moderate- 
quality evidence supports that intrathecal 
baclofen decreases pain, improves dystonia, and 
improves quality of life [3]. There is low-quality 
evidence suggesting that intrathecal ziconotide 
relieves pain and symptoms of CRPS [41].

 Summary

CRPS is a very complicated disabling disease 
that is far from being fully understood. Although, 
in recent years, discovery of its pathological 
mechanisms has resulted in much better under-
standing of the disease, the management of this 
disease remains challenging. A broad modalities 
of treatment have been used in treating CRPS 
clinically; however, most of the evidence for 
most treatments is of low or very low quality. 
This has led clinicians to adopt a trial and error 
approach toward managing this syndrome. More 
studies are needed to further advance our under-
standing of the pathophysiology. And well 
designed and meticulously conducted RCTs are 
needed to investigate the existing therapies, and 
therapies on the horizon. Society guidelines 
would be very helpful.
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A 75-Year-Old Woman with Hand 
Grip Weakness

Evan Goodman and Tariq Malik

 Case Description

This is a 75-year-old woman with past medical 
history of hypertension, hyperlipidemia, and 
osteoarthitis who presents with complaint of 
numbness/tingling, grip weakness, and pain in 
her right hand roughly 6 months in duration. She 
is unsure what brought her symptoms on. At 
times she has noticed numbness in her thumb, 
index, and middle finger. She describes that dur-
ing these episodes she often “shakes” her hand. 
The symptoms are most noticeable at late at night 
or early in the morning, but recently reported 
dropping objects with her right hand and at times 
difficulty with writing. She denies any tobacco 
products, and states one glass of red wine in the 
evening. On further questioning, she does admit 
to similar symptoms a few years ago while work-
ing as an administrative assistant prior to retiring. 
Physical examinations reveal symmetrical 
strength and reflexes in the upper limb, with pos-
sible weakness in the right hand.

 What Is Your Preliminary Diagnosis?

The symptoms are suggestive of compression 
neuropathy. The distribution area of paresthesia 
in the lateral three digits suggests median nerve 
neuropathy or cervical radiculopathy affecting 
C6 or C7. But the absence of other accompanying 
features of radiculopathy, i.e., pain shooting from 
the shoulder down the arm or weakness in the 
muscles and intact reflexes, makes it an unlikely 
diagnosis. Median nerve can be entrapped at or 
around elbow either by two heads of pronator or 
an anomalous fibrous band. Wrist arthritis or that 
of carpometacarpal joint of the thumb can also 
present as wrist pain and weakness. Tendonitis or 
tenosynovitis of various tendons can behave 
similarly.

In the absence of any obvious swelling or 
focal tenderness, with symptoms confined to dis-
tal to the wrist, median nerve entrapment (also 
called carpal tunnel syndrome) at the wrist is the 
most likely diagnosis.

 How Is Diagnosis Confirmed?

Diagnosis is confirmed by ruling out other condi-
tions that can account for the patient’s symptom 
as well as demonstrating positive findings on 
physical examination and testing if needed.

Carpal tunnel can be a seemingly straightfor-
ward presentation and is still largely considered 
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a clinical diagnosis. However, according to the 
American Academy of Orthopedic Surgeons 
clinical guidelines and recommendations, his-
tory and physical exam bears only grade C evi-
dence [1]. Even so, the clinical interview is still 
vital for gathering appropriate patient informa-
tion, medical history, functional history, and 
occupational information. In the course of early 
CTS, sensory complaints are common within 
the distribution of the median nerve (Figs. 16.1 
and 16.2). Patients may describe burning, numb-
ness, or tingling classically in the thumb, index, 
middle, and radial ring finger [2–5]. Symptoms 
of paresthesia may be worse in the evening 
hours, though sensitivity (51–96%) and speci-
ficity (27–68%) of these features, when com-
pared against conduction studies, are poor and 
range widely [2–5].

Patients may also complain of dropping 
items [6]. And though patients may state dis-
comfort of the entire hand, the fifth digit is 
rarely involved [7].

Careful cervical spine examination is done to 
evaluate for the presence of radiculopathy or tho-

racic outlet problem. Elbow area is examined for 
any entrapment neuropathy of median (by the 
pronator teres or ligament of Struthers) or radial 
nerve at or around elbow joint.

Compression of median nerve will spare all 
forearm muscles as well as sensation over the 
thenar eminence. However, abductor pollicis bre-
vis and opponens pollicis are affected. Thenar 
eminence atrophy is a strong evidence for ruling 
in carpal tunnel syndrome [1, 7]. This finding is 
very late in the course of chronic carpal tunnel 
syndrome. At this point, it is further advisable to 
check the abductor pollicis strength as it is com-
monly affected [7]. This is best performed with 
the patient’s affected hand in the supine position. 
Ask the patient to bring their first digit straight 
upward toward the ceiling. The examiner then 
performs the test with resistance at the base of the 
first digit.

Regarding the use of special tests, the exam-
iner should keep in mind that there are a plethora 
of special tests that have been documented. This 
chapter is not exhaustive regarding special tests, 
and below are some of the more common tests 

Fig. 16.1 Cross-section across the wrist. (From Gray [67])
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highlighted. For increased accuracy they should 
be combined [7].

Tinel’s test, originally described by Dr. J. Tinel 
to detect neuromas in 1915, involves tapping over 
the course of median nerve for about 2–3  cm 
starting the distal wrist crease in an attempt to 
elicit symptoms along the distribution of the 
median nerve. This test’s precision is lacking, as 
the findings differ depending on the examiner 
and pressure applied. The range of sensitivities 
and specificities again varies (23–76% and 
55–100%, respectively) [3, 4, 8–13].

With flexion at the wrist crease by bringing 
the hands together with palms facing, the patient 
is performing Phalen’s test. This action causes 
supposed compression of the median nerve 

underneath the transverse carpal ligament. A pos-
itive test is elicited when symptoms present 
themselves in less than 1 minute along the median 
nerve distribution. The sensitivity is around 70% 
and specificity ranges from 20% to 80%. As 
above, not a strong independent testing measure 
[3, 4, 10, 11, 14–16].

Reverse Phalen’s test is opposite of Phalen’s 
test, where compression is achieved by complete 
dorsiflexion of the wrist for 1 minute with a lower 
sensitivity of around 43% and specificity of 
around 74%. Carpal compression test involves 
direct compression of the median nerve at the 
wrists using sustained pressure for up to a min-
ute. The sensitivity and specificity of this test are 
both around 90%.

Fig. 16.2 Nerves of the 
hand. (From Sobotta 
[68])
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Kuhlman looked at six common physical find-
ings comparing them against electromyography/
nerve conduction velocity (EMG/NCV; Phalen’s 
test, Tinel’s test, numbness of index finger, weak-
ness of abductor brevis, compression test, square- 
shaped wrist) and found each sign not sensitive 
but fairly specific. He found square-shaped wrist 
sign as the most sensitive feature.

Given the clinical suspicion for CTS, one 
may refer for complementary investigation 
including NCS/EMG examination. This chapter 
is not comprehensive regarding the diagnostic 
criteria for CTS.  However, NCS/EMG studies 
are very helpful for determining the severity of 
carpal tunnel syndrome and confirming the site 
of nerve compression. One may see the sensory 
nerve affected prior to the motor nerve, and a 
decrease in conduction velocity [7]. It has been 
reported that sensory latencies measured by 
stimulating the palm and measuring at the wrist 
is a sensitive test [17].

According to a study from Muscle & Nerve 
2010, the “CSI” (combined sensory index) may 
have the highest sensitivity and specificity [18]. 
The CSI is a summation of three comparison 
studies analyzing differences in sensory latencies 
of the median, ulnar, and radial nerves from three 
locales. Recordings are taken from the ring finger 
(median and ulnar), thumb (median and radial), 
and transplanar studies (median and ulnar). Even 
with considerable investigation to diagnose CTS, 
however, in mild cases there has been a reported 
15% false negative [19].

US examination may be beneficial for evalua-
tion depending on the skill of the examiner and is 
gaining popularity in its use. A meta-analysis 
examining 28 trials and just shy of 4000 wrists 
determined that a cross sectional area of the 
median nerve at the carpal tunnel inlet greater 
than 9 mm2 is a significant diagnostic tool with 
odds ratio 40.4, sensitivity 87.3%, and specificity 
83.3% [20].

Other sonographic studies have attempted to 
quantify mild, moderate, and severe carpal tunnel 
syndrome. One such study evaluated 164 patients 
measuring the inlet and outlet of the carpal tunnel 
using ultrasound. Their findings were in close 
agreement with using a cutoff value of 8.5 mm2 at 

the inlet and outlet for carpal tunnel syndrome 
[21]. It is worth noting in this study the patients 
were diagnosed prior with NCS/EMG testing 
[21]. Nevertheless, they were unable to use sono-
graphic assessment in the proper grading of mild, 
moderate, or severe CTS [21]. Another study by 
Klauser, Halpern, and De Zord et al. states a 99% 
sensitivity and 100% specificity for CTS if a 
2  mm2 cross-sectional difference exists at the 
median nerve between the carpal tunnel and pro-
nator quadratus [22].

MRI of the wrist can show swelling/compres-
sion of the nerve. Rarely vascular studies of the 
area may reveal or confirm a vascular pathology 
causing compression neuropathy.

 What Is the Pathophysiology of This 
Condition?

Carpal tunnel syndrome encompasses a constel-
lation of symptoms secondary to compression of 
the median nerve affecting digits 1–3 and some-
times the radial half of digit 4. The pathophysiol-
ogy is complex and continues to be investigated. 
The carpal tunnel is superiorly bordered by the 
flexor retinaculum, and inferiorly by the carpal 
bones. The four flexor superficialis tendons, four 
flexor profundus tendons, flexor pollicis longus 
tendon, and median nerve traverse this area. 
Symptoms arise as a result of compression and 
traction of the median nerve at the carpal tunnel, 
leading to a median mononeuropathy at the wrist 
[23]. The compression of the median nerve is 
thought to be secondary to fibrous hypertrophy of 
the flexor synovium due to repetitive wrist move-
ments [23]. Interestingly, from a 1980s small 
study analyzing carpal pressures, they found 
increased pressure in neutral, flexion, and exten-
sion in symptomatic patients compared to control 
[24]. They also determined that, in symptomatic 
patients, pressure was elevated the most with 
wrist extension [24]. As an aside, acute and 
chronic trauma both to the lunate causing dislo-
cation or subluxation have resulted in compres-
sion of the median nerve [25]. The two areas 
where median nerve commonly gets compressed 
are one under the proximal flexor retinaculum 
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that is exacerbated by wrist flexion and the other 
distally at hook of the hamate [23].

With compression and traction of the median 
nerve, it is believed that intraneural microcircula-
tion is altered [23]. Also, myelin and axonal inju-
ries may result causing dysfunction of the nerve 
and supporting tissues [23].

 How Is This Problem Managed?

The management depends upon the severity of 
the clinical feature. There are a variety of treat-
ments available for CTS, ranging from bracing, 
alternative therapies, oral medications, and 
injections to surgical intervention. Non-surgical 
interventions are often offered to patients diag-
nosed with mild to moderate symptoms [26]. 
Whereas surgical intervention may be offered to 
patients who have failed conservative treatment 
or who have severe CTS with signs of acute 
denervation [27].

In a stepwise fashion, bracing and/or splinting 
is common, as patients suffering from carpal tun-
nel are recommended to immobilize the affected 
side with orthosis. There is strong evidence that 
outcomes are improved [6]. In one study of auto 
assembly workers, a 6  week trial of nocturnal 
splinting compared to ergonomic control cohort 
experienced significantly reduced discomfort, 
which was maintained a year out [28]. 
Interestingly, improvement occurred in the 
splinted group regardless of baseline impairment 
[28]. In another study, a Cochrane review of 21 
trials and 884 included subjects found relief 
using a brace after only 4 weeks [26]. In terms of 
splinting positioning, there is not a conclusive 
recommendation for neutral vs. slight extension 
[29]. Wearing a brace full-time does not seem to 
benefit the patient more than at night [26, 29].

Besides bracing as an initial intervention, oral 
over-the-counter pain medication are commonly 
used – up to 50.8% NSAIDs seen in CTS treat-
ment [30]. But Cochrane review did not find 
NSAIDs to be of benefit [26]. Regarding other 
PO medications, there has been moderate evi-
dence of the short-term effectiveness of oral ste-
roids with prednisolone 20 mg/d for 2 weeks and 

then 10 mg/d for 2 weeks compared to splinting 
alone regarding short-term function [31]. But 
when prednisolone as prescribed above was com-
pared to prednisolone 20 mg daily for 2 weeks 
and then placebo for 2 weeks, there was no dif-
ference long term, up to 12 months [32]. And it 
was seen that the 2 weeks of oral steroid was as 
effective as the 4 week prescription in the short 
term [32]. The side effects of PO steroids must be 
heavily considered.

Regarding manual interventions, there has 
been small sampled evidence that carpal bone 
mobilization significantly improved symptoms 
after 3 weeks [26]. There is also limited evidence 
to the effectiveness of tendon and nerve gliding 
exercises [29].

Patients seem to benefit from injection for 
symptom relief. Per Cochrane, local corticoste-
roid injection provided greater relief than pla-
cebo injection at 1 month [33]. It was further seen 
that local injections provided greater benefit up to 
3 months than oral steroids [33]. But, an injection 
does not have a significant improvement when 
compared to anti-inflammatory and splinting at 
2  months [33]. No seen increased benefit from 
two injections [33]. It is important to remember 
that, with local steroid use, there is a risk of atro-
phy and injury to the median nerve and systemic 
absorption, preceding the potential for Cushing 
syndrome with steroid use [34].

Recently, the regenerative movement is gain-
ing popularity. There are studies that have shown 
therapeutic benefit from platelet-rich plasma in 
neuropathies both in the laboratory and clinical 
setting [35–39].

Within the last few years, one such study of 14 
participants investigated a single injection of 
PRP 1–2  ml under US guidance for mild CTS 
[40]. At 1 month follow-up, 8 patients had either 
“full” or “almost full” recovery on VAS and 3 
with “great” improvement [40]. Then at 3 month 
follow-up, pain was not greatly improved in 3 
patients [40].

For severe CTS, there is strong evidence for 
surgical intervention with evidence of median 
nerve denervation [27]. There may even be a 
place for surgery for moderate CTS [7]. However, 
it remains unclear whether surgical intervention 
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should be offered earlier in the course [41]. But 
when it comes to choosing approach, there may 
not be a significant difference in the long term 
between open vs. endoscopic [7]. It has been 
stated in a systematic review by Huissted et  al. 
2010 that surgical intervention may be more 
effective than “prolonged” conservative interven-
tions over time [41]. Some studies have shown 
better result from surgery over steroids and 
splinting for symptom relief and outcome [42, 
43]. Prior to surgery, those patients who 
responded to steroid injection favorably seem to 
have a better response to surgery [44]. Like many 
surgical interventions, there is the risk for bleed-
ing and infection. Regarding approach and risks 
from surgical intervention, endoscopic release 
was seen with possibly more neuropathic com-
plaints, i.e., neuropraxia and sensory complaints 
[45]. Whereas with an open approach, there is 
potential for negative wound healing [45].

 What Is the Prognosis of This 
Condition?

Given that CTS syndrome is a very common 
neuropathy, up to 90% of all neuropathies that 
present to a variety of clinic settings, prognosti-
cation of the condition is vital [7]. Burton et al. 
attempted to investigate prognostic factors in 
CTS patients who were treated conservatively 
vs. no treatment analyzing up to 16 cohort stud-
ies [46].

Of 9 conservatively treated patient studies, 
they found a wide range (23–89%) of studies 
with negative outcomes at 3  years [46–55]. 
Various studies defined negative outcomes differ-
ently with worsening symptoms, needing sur-
gery, or missing work [46–55]. About 4 studies 
showed that surgical intervention was needed 
57–66% of the time after conservative treatment 
between a 6 month and 3 year follow-up period 
[50, 56–58]. They did have consensus in 3 or 
more cohorts that symptom duration, positive 
Phalen, and thenar wasting was associated with 
decreased benefit of conservative treatment, but 
many studies were affected by various forms of 
bias, and this needs to be further studied [46]. 

They however were unable to substantiate NCS/
EMG severity as a negative predictor for failed 
conservative treatment [46, 49, 54, 55, 57, 59].

With regard to no intervention, two studies of 
untreated CTS patients found negative outcomes 
between 32% and 58% at 1  year [48, 49]. 
Interestingly, the four studies of untreated 
patients displayed a percentage of 28–62% that 
stabilized or improved with no treatment [59–
62]. Their analysis displays the course and prog-
nosis of CTS to be highly variable [46].

 Discussion

CTS is likely the most common nerve entrapment 
and neuropathy of the upper limb [63]. Depending 
on one’s definition, CTS may be seen in 5.3% of 
women and 2.1% of men, or CTS affects women 
3 times more than men [64, 65]. There is an esti-
mated incidence of 1–3 cases per 100 subjects 
per year [63]. CTS has been linked to a variety of 
other medical conditions, including DM, thyroid 
disease, and pregnancy. Even if the clinical pic-
ture seems clear, one must be aware of other 
diagnosis that may have similar symptomatol-
ogy; these include pronator teres syndrome, tho-
racic outlet syndrome, and anterior interosseous 
compression. The examiner should keep in mind 
the possibility of the double crush phenomenon 
including CTS at the wrist but perhaps including 
other pathology affecting the patient proximally 
(Table 16.1).

CTS presents initially with sensory manifesta-
tions early in the course, often most discomfort-
ing at night [2]. In more advanced cases the 

Table 16.1 Differential diagnosis of CTS

Tendonitis Pain and swelling along the tendons
Wrist arthritis Tender along the joint, abnormal 

X-ray
Thumb CMC 
arthritis

Tender at joint, crepitus, X-ray 
findings

De Quervain’s 
tenosynovitis

Tenderness and swelling along the 
radial aspect of the wrist joint

Ganglion cyst Palpable mass, MRI
Wartenberg’s 
syndrome

Superficial radial nerve entrapment 
at mid forearm causing pain at the 
wrist, ulnar deviation of the hand
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patient may complain of weakness, and possibly 
even thenar atrophy [1, 7]. For improved sensitiv-
ity and specificity, the examiner should combine 
multiple special tests with the physical exam [7]. 
EMG/NCS is a good supplemental diagnostic 
tool, specifically to grade severity of CTS 
(Table 16.2). Keep in mind that one may need to 
perform the “CSI” if clinically concerned for 
CTS. Even still, false negatives up to 15% have 
been reported [19]. But using NCS/EMG as a 
prognostic factor for outcomes from conservative 
management remains inconclusive [46].

With symptomatic CTS, there is a wide range 
of patients that have stabilized or improved in a 
small group of studies without treatment [18–
21]. Determining which patients will improve 
without intervention remains difficult[46]. 
Regardless, patients may benefit from bracing 
for a period of 4–6 weeks [26–28]. For a short 
period of symptom control, corticosteroid injec-
tion has shown symptom improvement [33]. If 
the patient has a favorable response and the 
patient goes on to have surgical intervention, 
they may have a better outcome [44]. 
Unfortunately prior studies have shown that 
even with conservative management, patients 
may eventually have surgery, 57–66% by 3 years 
[50, 56–58]. Surgery is recommended for severe 
CTS and for patients without benefit from pro-
longed conservative interventions [27]. 
Compared to conservative measures with splint-
ing, one high-quality randomized control trial 
showed statistically significant benefit from sur-
gery at 3 and 6 months up to a year [41, 66].

Even if the perception of carpal tunnel syn-
drome may seem simplistic, the challenge 

remains in its properly selected treatment. It still 
remains to be seen why certain individuals may 
improve with no intervention or with conserva-
tive measures. Still causing physician and patient 
frustration is why a significant percentage of 
people may need surgical intervention even after 
conservative measures. Various surgical interven-
tions and approaches continue to be investigated 
as new technologies and techniques are created. 
Perhaps one eventually displays superiority. One 
particular aspect being explored, the timing of 
surgery, may have significant importance on 
management, particularly for those with moder-
ate severity. Significant interest regarding the 
regenerative medicine movement using PRP/
stem cell will most likely continue, and research 
into its efficacy and safety is needed as it may 
have a role in the treatment of CTS one day.

 Conclusion/Summary

CTS is a common condition that can be easily 
misdiagnosed. Each case should be properly 
evaluated. Mild cases can be managed conserva-
tively. Steroid injection provides only short-term 
relief. Surgery is the only definite treatment that 
should be considered if motor symptoms are 
present, pain is intense, or NCV/EMG show evi-
dence of axonal loss.
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A 55-Year-Old Woman with Little 
Finger Numbness and Pain 
for 6 Months

Tariq Malik

 Case Report

A 55-year-old woman is referred to the pain 
clinic for pain in her left hand. The pain started 
6 months ago with no inciting event. She has a 
desk job and works on a computer all day. Her 
symptoms are the worst early in the morning and 
toward the end of the day. She has a history of 
diabetes and hypertension, but both are well con-
trolled. She has tried a wrist-splint followed by 
an elbow-splint as suggested by her primary care 
physician, but despite trying it for a month, she 
has noticed no relief. She has been referred to the 
pain clinic for further evaluation and manage-
ment of her symptoms.

On close questioning, she describes most of 
her symptoms confined to ring and little finger, 
but at times all over the hand. She denies any 
weakness but acknowledges easy fatigability 
when typing or writing. She also noticed weird 
feeling in her hand when she is driving for a long 
time. She has tried over-the-counter medication 
but with no relief. She is sleeping OK but wakes 
up infrequently with a sensation that her fingers 
are numb or dead.

 What Is Your Diagnosis?

The patient has symptoms very suggestive of 
entrapment neuropathy. The common sites of 
nerve entrapment are at or around elbow and at 
the wrist. The median, ulnar, and radial nerves or 
their branches quite often get entrapped. The 
diagnosis of nerve entrapment requires localiza-
tion of the nerve involved, site of entrapment, 
extent of nerve dysfunction, and the pathophysi-
ology of nerve entrapment.

History and physical examination are quite 
important in  localizing the site, nerve involved, 
and the extent of nerve dysfunction. The detailed 
knowledge of anatomy of the nerve course and its 
innervation is very helpful to make a clinical 
diagnosis. The median nerve has no motor or sen-
sory branches in the arm, but it innervates the 
flexor and pronator muscles in the anterior com-
partment of the forearm (except the flexor carpi 
ulnaris and part of the flexor digitorum profun-
dus, innervated by the ulnar nerve). It also sup-
plies innervation to the thenar muscles and lateral 
two lumbricals in the hand. Its palmar cutaneous 
branch innervates the lateral aspect of the palm, 
and the digital cutaneous branch innervates the 
lateral three and a half fingers on the anterior 
(palmar) surface of the hand. The radial nerve 
innervates most of the skin of the posterior side 
of forearm, the dorsal surface of the lateral side 
of the palm, and dorsal surface of the lateral three 
and a half digits. It also provides the motor 
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 innervation to the triceps brachii and the extensor 
muscles in the forearm. Ulnar nerve has no sen-
sory or motor branches in the arm, but as it enters 
the forearm behind the medial epicondyle, it 
passes the two heads of the flexor carpi ulnaris, 
innervating it. Ulnar nerve supplies the medial 
half of flexor digitorum profundus and majority 
of the small muscles of the hand, and is the sen-
sory nerve for the medial side of the hand.

The patient symptoms are confined to the ring 
and little finger. She denies any weakness in wrist 
flexor muscle group. She has noticed fatigability 
when she types or drives for long distance. This 
makes it more likely that ulnar nerve is dysfunc-
tional most likely at or below the elbow after the 
branches to the forearm muscles have left the 
main nerve.

 How Would You Prove Your 
Diagnosis?

The history is very suggestive of ulnar nerve dys-
function. A careful physical examination should 
focus on sensory and motor exam of each major 
nerve supplying the forearm and the hand. In case 
of ulnar nerve, the focus should be on testing 
flexor carpi ulnaris, hypothenar muscles, adduc-
tion/abduction of the fingers, and the sensory 
testing of hypothenar eminence and of the medial 
most two digits. The physical findings may or 
may not be positive depending upon the extent of 
nerve dysfunction. Special tests to evaluate nerve 
compression include Tinel’s sign and Froment’s 
sign. Froment’s sign is a test of adductor pollicis 
function; to compensate for loss of this muscle 
function results in flexion of interphalangeal joint 
of the thumb, a positive Froment’s sign. This is 
elicited when patient is asked to pinch a piece of 
paper between the thumb and index finger. 
Percussion of ulnar nerve at the site of compres-
sion can elicit paresthesia or tingling sensation 
along the nerve.

It is important to rule out other potential 
causes. Review of system is important to look for 
any rheumatological disorders, orthopedic joint–
related issues, neurological problems, thoracic 
outlet syndrome, and cervical spine foraminal 

issues causing radicular pain, and any other dis-
ease like tumor irritating the brachial plexus and 
mimicking ulnar nerve neuropathy. It is extremely 
important to ensure that the patient does not have 
another coexisting nerve entrapment problem or 
masquerading as ulnar nerve pain.

 Do You Need Any Testing?

Ulnar nerve entrapment is a clinical diagnosis. 
Part of the evaluation is to look for any contribut-
ing factors, confirm the exact site of entrapment, 
document the extent of nerve dysfunction for 
prognosis and recovery, and any underlying dis-
ease process causing or contributing to the prob-
lem, i.e., physical injury, infection, tumor, bone 
deformity, or any immune-mediated process.

Physical examination should include com-
plete upper extremity examination including 
neck range of motion, shoulder and elbow joint 
examination, as well as hand examination. 
Physical examination is good at excluding other 
issues but still may not be able to rule out certain 
disease processes. X-ray of the elbow joint may 
exclude any bony problem. Blood work is not 
needed unless systemic disorder is suspected, in 
which case its better ordered and managed by the 
rheumatologist or the primary care physician.

EMG/NCV study is useful in  localizing the 
site of nerve entrapment as well as type of lesion 
(demyelination vs. axonal loss). If the symptoms 
are mild (predominantly sensory and little to no 
motor dysfunction/weakness) electromyography 
study does not need to be done. In case of severe 
symptoms and when planning for surgery, it is 
very helpful to have the study done to localize the 
site of ulnar nerve entrapment as it would help to 
plan for the site and extent of nerve decompres-
sion. It is imperative to the study if the diagnosis 
is less than clear to rule out brachial plexopathy 
or any other neurological problem not only to 
avoid a futile surgery but also for proper manage-
ment of the patient. The study is also helpful in 
tracking the recovery after surgery. Therefore, 
preoperative study is quite helpful for later com-
parison. Severe abnormalities in preoperative 
study are a marker of poor recovery.
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Ultrasound of the nerve has also been found to 
be helpful. It is operator dependent, and data is still 
limited. The nerve is scanned along the length for 
any swelling or echogenic deformity. The sensitiv-
ity has been found to be better than EMG/NCV.

MRI is done to evaluate the nerve and any 
other pathology. T2 sequence is used to look for 
any swelling or deformity. It has reportedly 
extremely high sensitivity. It can also help in 
evaluating any other pathology around the nerve 
that could be causing the problem.

 What Is the Pathophysiology of This 
Condition?

The nerve is damaged by either compression, trac-
tion, or stretching. Stretching seems to be the most 
common mechanism. The nerve has long tortuous 
course especially in and around elbow. When the 
elbow is moved from full extension to full flexion, 
the nerve needs to stretch around 30% from its 
baseline at rest. This traction can be worse if there 
is accompanying elbow joint pathology after frac-
ture, dislocation, arthritis, or from valgus defor-
mity. The stretch may compromise blood flow to 
the nerve causing demyelination and or axonal 
loss. The range of movement from extension to 
flexion can cause the nerve to dislocate in and of 
the ulnar groove causing mechanical irritation and 
damage. The movement also causes narrowing of 
the space between the medial epicondyle and olec-
ranon process; the space is bridged by the origin of 
flexor carpi ulnaris muscle with the ulnar nerve 
underneath the muscle. The pressure around the 
nerve under the muscle has been measured at 
200 mmHg either at full flexion or during isomet-
ric forearm muscle contraction.

The nerve is also exposed in the retro- epicondylar 
area and is open to direct trauma or to repetitive 
micro-trauma during a regular day’s work.

 How Do You Manage This Condition?

The management depends upon the underlying 
reason. Quite often, there is no secondary issue. 
The most common reason for ulnar nerve dysfunc-

tion is profession related (work or athletic). It is 
important to evaluate biomechanics of the work 
place environment. Avoiding extreme flexion of 
the elbow is helpful. In general, acetaminophen 
and NSADIs are attempted but there is no evi-
dence they are helpful in case of chronic nerve 
entrapment. Role of membrane stabilizing drugs 
has also not been tested in any study. Splints are 
helpful in special situations. Unintentional pro-
longed elbow flexion like when asleep or at work 
can be avoided if an elbow splint is worn to remind 
and to prevent extreme flexion.

 Any Role for Injection Therapy?

The role of injection therapy is not clear. In gen-
eral, in the few studies that evaluated it, it was not 
very effective. Injection does have a diagnostic 
value in localizing the site of compression. Quite 
often, steroid is injected to treat any inflamma-
tory component that could be making the nerve 
compression worse. If it helps, it is worth repeat-
ing it as long the relief is significant and for a 
long time without any worsening symptoms. 
Normally the relief is short lived and there is 
always a danger of making the matter worse by 
injuring the nerve with needle or intraneural 
injection. Ultrasound guidance is quite helpful 
though does not guarantee that it will not 
happen.

 When Should the Patient Be Referred 
for Surgery?

A patient should be referred for surgery when the 
patient has failed 3–6  months of conservative 
therapy depending upon severity of the symp-
toms. When motor weakness is present, surgery 
should be done earlier than later. If the sign of 
axonal loss is present on initial evaluation, the 
patient should be referred for surgical evaluation 
right away. The surgical outcome is much better 
when done early. The most important step before 
surgical intervention is proper diagnosis as 
decompression at the wrong site will not help, 
and extensive decompression can jeopardize the 
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health of the nerve by damaging its blood supply. 
Also, in the absence of nerve entrapment pathol-
ogy, the surgery will not work. The surgical inter-
ventions vary from minimal decompression to 
anterior transposition.

 Discussion

Ulnar neuropathy is the second most frequent 
entrapment neuropathy in adults [1]. In a study in 
the general population in Italy, incidence was 
20.9%, with males affected more than females 
[2]. The nerve has long and tortuous course and 
can be compressed at many points from elbow to 
the wrist. The ulnar nerve comes from the lower 
trunk of the brachial plexus and its fibers come 
from C8 to T1 nerve roots. The nerve runs medial 
to the brachial artery in the upper arm, in close 
proximity to the median nerve. The nerve inner-
vates no structure in the arm. The nerve runs 
between the medial head of the triceps and medial 
intermuscular septum on its way to the medial 
epicondyle. Close to the elbow, it runs through 
the retro-epicondylar groove between the medial 
epicondyle and olecranon process. It then passes 
under the humero-ulnar aponeurotic arcade 
(HUA), also called the Osborne ligament, which 
is a dense aponeurosis between the tendon attach-
ments of the flexor carpi ulnaris (FCU). The area 
beneath the Osborn ligament is also called the 
cubital tunnel. The nerve then passes through the 
belly of the FCU muscle and out through the 
deep flexor-pronator aponeurosis. The nerve 
innervates the FCU and the flexor digitorum pro-
fundus (FDP) in the forearm. In the distal fore-
arm, the palmar ulnar cutaneous branch (PUC) 
and the dorsal ulnar cutaneous (DUC) branch 
come off the ulnar nerve before it enters the hand 
ventral to the Guyon canal. The ulnar nerve then 
enters through the Guyon canal at the level of the 
distal wrist crease. The flexor retinaculum and 
hypothenar muscles define the floor, while the 
roof consists of the volar carpal ligament. The 
lateral (radial) border is defined by the hook of 
the hamate, while the pisiform, pisohamate liga-
ment, and abductor digiti minimi muscle belly 
compose the medial (ulnar) border. The ulnar 

nerve passes through the Guyon canal with the 
ulnar artery.

In the canal, the nerve separates into the super-
ficial sensory branch and the deep palmar motor 
branch. The superficial sensory branch provides 
sensory innervation to the palmar aspects of the 
medial half of the fourth digit and the fifth digit. 
Before the nerve exits through the pisohamate 
hiatus, the motor fibers branch off from the deep 
palmar motor branch to innervate the hypothenar 
muscles (abductor digiti minimi, flexor digiti 
minimi, opponens digiti minimi, and palmaris 
brevis). The deep palmar branch gives motor 
innervation to the adductor pollicis, the deep 
head of the flexor pollicis brevis, the third and 
fourth lumbricals, and the three palmar and four 
dorsal interossei muscles [3].

The anatomic factors put the nerve at risk of 
damage along its long course. Its exposed at the 
cubital tunnel and subject to trauma. The nerve is 
subject to compression at medial intermuscular 
septum, ulnar groove, cubital tunnel, and the 
flexor-pronator aponeurosis. Among all these 
compression points, cubital tunnel is the most 
common site of ulnar entrapment [4].

The pressure within the cubital tunnel 
increases [5], and the nerve needs to lengthen to 
accommodate for increase in the distance as the 
elbow goes from extension to flexion. Several 
anatomic variations of the HUA can contribute to 
ulnar nerve compression. The HUA retinaculum 
connecting medial epicondyle and olecranon 
may be either hypertrophied, compressing the 
nerve, or absent, allowing sub-luxation of the 
nerve from the groove during elbow flexion [6]. 
Displacement or dislocation of the ulnar nerve 
occurs in 5–30% of normal individuals and can 
be associated with nerve injury [7]. Dislocation 
usually occurs bilaterally and thus has no local-
izing significance. A unilaterally dislocated ulnar 
nerve can be an important clinical sign. The HUA 
retinaculum may be replaced by an accessory 
muscle, the anconeus epitrochlearis (5–30% in 
cadaver studies), which is proposed to cause 
ulnar neuropathy in some cases [8].

The ulnar nerve entrapment presents as inter-
mittent numbness and tingling in the ulnar nerve 
distribution unless precipitating factor is a 
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trauma. It is usually associated with elbow flex-
ion, particularly at night. Pain is not a dominant 
feature, but patients may complain of pain due to 
overuse of the forearm flexors. The symptoms 
become continuous if the entrapment progres-
sively gets severe. The natural history of entrap-
ment is unknown. In general, patients with only 
sensory symptoms do not progress and did not 
require surgery at 100 months of follow-up [9]. 
Motor symptoms are a late presentation. The 
motor weakness affects pinching movement of 
the thumb, dexterity of fingers, and strength of 
grasp movement. The wrist flexion is not affected 
significantly due to preservation of flexi carpi 
radialis muscle. On physical examination, sen-
sory deficit can be demonstrated in the ulnar 
nerve distribution. Motor sign of weakness is 
seen in the form of positive Froment’s sign (due 
to weak adductor pollicis), clawing of hand due 
to unopposed extension at metacarpophalangeal 
joint, and unopposed flexion at the interphalan-
geal joints. Palmaris brevis wrinkle sign is posi-
tive, which is wrinkling of the skin over the 
hypothenar eminence when patient abducts the 
little finger. Forced flexion of the elbow and sus-
tained pressure over the various points of ulnar 
nerve are equivalent to median nerve compres-
sion test and Phalen test. These two tests together 
have very high sensitivity (91%) in diagnosing 
ulnar nerve entrapment [10]. Weakness of the 
third palmer interosseous results in abduction 
posture of little finger, which is an early sign and 
called Wartenberg’s sign. Compression at the 
wrist results in a variety of findings from pure 
sensory findings to mixture of motor and sensory 
signs to pure motor signs. The most common 
type of ulnar neuropathies at the wrist is com-
pression of the deep palmar branch. Ulnar neu-
ropathies of the wrist and hand are divided into 
three types. Type I lesion involves deep and the 
superficial branches of the ulnar nerve just proxi-
mal to or within the Guyon canal; this causes 
mixed motor and sensory deficits and weakness 
of hand muscles. Type II is from a lesion involv-
ing the deep branch which causes a pure motor 
deficit. Type III lesion is confined to the superfi-
cial branch, causing sensory deficits to the pal-
mar aspect of the medial half of the fourth digit 

and the fifth digit. The sensory loss in type I and 
type III lesions spares the dorsal aspect of the 
hand and fingers and the hypothenar eminence 
[11].

Ulnar nerve entrapment is a clinical diagno-
sis, but the clinical features are not reliable and 
anatomical variations make any symptom or sign 
to be fool proof. The physical signs have low 
diagnostic accuracy [12]. This makes electro-
physiological studies invariably needed. The 
study serves many purposes. It can document 
presence of mono-neuropathy, localize the site 
of entrapment, rule out other diseases like 
motor neuron disease, and type of damage 
(demyelination vs. axonal loss). The study has 
variable sensitivity from 37% to 90% with 
specificity at around 95% [13]. The sensitivity is 
low in mild cases and high in severe cases. 
The American Association of Neuromuscular 
and Electrodiagnostic Medicine (AANEM) 
Guidelines are frequently cited in most studies 
of ulnar neuropathy at the elbow. The AANEM 
guidelines [14] for the diagnosis of ulnar neu-
ropathy at the elbow recommend performing 
ulnar sensory nerve conduction studies and 
motor nerve conduction studies to the abductor 
digiti minimi. Elbow position during testing 
(with flexion between 70° and 90° recom-
mended) should be recorded and adequate warm-
ing maintained. A minimum of 10 cm should be 
present between the above-elbow and below-
elbow sites of stimulation. The diagnosis of 
ulnar neuropathy at the elbow can be made when 
the conduction velocity across the elbow is 
greater than or equal to 10 m/s slower than the 
wrist to below-elbow segment. Other supportive 
findings include a drop in CMAP amplitude of 
greater than 20% across the elbow. The sensitiv-
ity can be improved if the 10  cm above and 
below the elbow distance is explored at 2  cm 
intervals. Needle electromyography is not as 
sensitive as velocity conduction studies but helps 
to confirm ulnar neuropathy by demonstrating 
normal activity in non-ulnar innervated muscles. 
Lately, the role of ultrasound is being evaluated 
in the diagnosis of ulnar entrapment. The focal 
enlargement is used to diagnose nerve pathol-
ogy. The main issue is finding cut-off limits for 
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the diagnostic purposes as the extent of normal 
size variation is not known. Beekman et al. pro-
posed cross-sectional area of 10 mm2 and diam-
eter of 2.4 mm as upper limits of normal. Using 
these criteria, the ultrasound was found to have 
sensitivity similar to that to EMG/NCV (80%). 
Volpes et al. found CSA of 14.6 mm2 ± 5 mm in 
diseased nerve vs. 7.1 mm2 ± 2 mm in normal 
subjects. They also found that there was a corre-
lation between the nerve surface area and sever-
ity of the nerve dysfunction as seen on 
electrophysiological study  – larger the nerve 
size, more the severity of entrapment. The ultra-
sound imaging is also useful in excluding false 
negative NCV study. Mapping the nerve before 
the study can diagnose a dislocated ulnar nerve. 
This helps measure the exact length of the nerve 
when performing NCV study, which otherwise 
would have been spuriously fast due to nerve 
subluxation [15]. MRI is also a useful imaging 
modality [16]. The T2 sequence is used to look 
for any sign of hyperintensity at the site of nerve 
dysfunction. The size of the nerve can be mea-
sured more reliably than ultrasound, which is an 
operator-dependent technique. The MRI sensi-
tivity has been found to be around 83–85%. MRI 
can help localize the lesion when EMG cannot 
localize its exact site. MRI can also help evaluate 
mild lesions when EMG study is negative as well 
as pick up false positive EMG study. There is a 
current trend to replace EMG/NCV study with 
either ultrasound or MRI but even though the 
studies are promising there is not enough infor-
mation available for these imaging modalities to 
replace EMG/NCV test yet.

Various systems have been proposed to cate-
gorize ulnar nerve entrapment severity. McGowan 
proposed his grading system in 1950, which is 
still widely used (Table  17.1). Dellon proposed 
his 10-point system to categorize disease inten-
sity using objective findings on physical exami-
nation. These grading systems are used to 
evaluate response of patients to therapy.

Management of the nerve entrapment is based 
on two basic principles: lower the pressure or 
decompress the nerve. The conservative approach 
is used in the absence of severe symptoms. This 
consists of patient education on biomechanics 

that increase pressure on the nerve at the elbow 
level. This includes educating the patient to avoid 
posture that requires extreme or prolonged elbow 
flexion like during reading or telephoning, help-
ing him modify the work environment by opti-
mizing the height of the work surface and to pad 
surfaces on which the elbow and the forearm rest, 
as well as, splinting the elbow during sleep to dis-
courage prolonged flexion. Steroid injections 
have not been found to be helpful [17–19]. 
Surgery is the definite solution if done at the 
proper site of compression. Various surgical tech-
niques are used from in situ release, to medial 
epicondylectomy, to anterior transposition. 
Despite an extensive body of literature, the pre-
ferred approach to decompress the ulnar nerve at 
the elbow is still unknown. The results of each 
technique are comparable. However, decompres-
sion with the nerve transposition is associated 
with more wound infections than simple decom-
pression [20]. Simple decompression is associ-
ated with smaller incision, shorter operative time, 
less intraoperative manipulation of the nerve, and 
a lower risk of nerve devascularization. Campbell 
et al. have stressed the importance of the proper 
surgical approach by ensuring to localize the 
exact site of nerve entrapment [21].

Most reports in the surgical literature are opti-
mistic with satisfactory improvement or com-
plete recovery achieved in 80–90% of patients 
undergoing decompression by a variety of means. 
The duration of symptoms before surgery is an 
important predictor of surgical success. A history 
of trauma to the elbow, the presence of muscle 
atrophy, and epineural fibrosis found intra-opera-
tive correlate with poor outcome [22].

Table 17.1 McGowan classification of ulnar neuropathy 
at the elbow

GARDE Sensory symptoms Motor examination
1 Mild paresthesia or 

sensory loss
No weakness

2A Moderate sensory 
loss

No intrinsic atrophy, 
mild weakness

2B Moderate sensory 
loss

3/5 Intrinsic strength, 
moderate weakness

3 Severe sensory loss 
or paresthesia

Severe intrinsic atrophy 
and weakness

Data from Goldberg et al. [23]
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 Conclusion

Ulnar nerve is a very common mono-neuropathy 
due to its unique anatomical location, which 
exposes itself to nerve damage. Diagnosis is usu-
ally straightforward if proper physical examina-
tion is performed. However, due to anatomical 
variation, it could be challenging. Majority of 
cases resolve with conservative measures. If 
symptoms are severe or surgical intervention is 
planned, EMG/NCV should be done to find the 
exact site of compression. MRI and/or ultrasound 
can be useful in narrowing down the site of 
entrapment. Steroid injection is not helpful. 
Proper surgical technique depends upon identify-
ing the exact site of compression before the sur-
gery, otherwise it will fail. All surgical techniques 
are equally good options. Surgical outcome 
depends upon the duration of symptoms and 
severity of the symptoms before the surgery.
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A 68-Year-Old Man with Chronic 
Wrist Pain

Evan Goodman and Tariq Malik

 Case Description

A 68-year-old, right-hand-dominant man pres-
ents to the pain clinic with the chief complaint of 
right wrist pain with significant range of motion 
limitation. His pain has slowly progressed over 
the past 5 years, which has ultimately led to him 
retiring from his job in the auto industry, where 
he worked on an assembly line. His pain has pre-
viously been managed with NSAIDs. He 
describes the pain as being a constant 6/10 ache 
in his wrist which is worsened by activity. He 
denies any previous trauma but endorses that the 
nature of his work required him to partake in 
repetitive motions of his hands. On exam, he dis-
plays significant tenderness to palpation of the 
dorsal aspect of the hand with mild swelling and 
limitation of flexion, extension, and rotation due 
to pain.

 What Is Your Preliminary Diagnosis?

In the absence of any red flag in the history, i.e., 
weight loss, fever, swelling, discoloration of the 
skin, or major trauma, chronic joint pain is most 
likely from wear and tear of the joint. The pre-
liminary diagnosis in this patient would include 
either idiopathic or post-traumatic osteoarthritis 
of the wrist or thumb. Idiopathic causes include 
avascular necrosis of the carpal bones, congeni-
tal deformities of the wrist causing abnormal 
loading patterns of the carpal bones, and local-
ized scaphotrapezium-trapezoid arthritis. Post- 
traumatic osteoarthritis is the result of damage 
to the ligaments and bones of the wrist, which 
ultimately leads to distorted loading patterns of 
the carpal bones causing progressive arthrosis 
of the joints, which can be described in a staging 
format [1–3].

 How Is Diagnosis Confirmed?

The confirmation of diagnosis first begins with a 
thorough history focusing on the age of the 
patient, hand dominance, time course of symp-
toms, hobbies and occupation, as well as activi-
ties or specific motions which exacerbate 
symptoms. This is then followed by a physical 
exam focusing on limitations in range of motion, 
loss of strength, exercises which reproduce 
symptoms and palpation for areas of tenderness, 
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crepitus, erythema, and/or swelling. The focus of 
the physical exam should be to pinpoint the spe-
cific joints involved in producing the patient’s 
symptoms and to rule out any other diagnosis. 
Specific exams include Watson’s test which 
assesses scaphoid lunate instability in patients 
with SLAC wrist (scapholunate advanced col-
lapse), tenderness over the anatomical snuff box, 
and pain with pronation and supination, which 
are associated with SNAC wrist (scaphoid non- 
union advanced collapse). Following a detailed 
history and physical exam, radiographic X-ray 
imaging plays the role in identifying the cause of 
wrist osteoarthritis as well as establishing joint 
involvement and extent of pathology [4]. More 
extensive exams with CT or MRI are rarely per-
formed; however a CT arthrogram has utility 
prior to limited wrist fusions to evalaute the joint 
spaces of the joint at the writs as well as quality 
of the bones that would be fused. MRI is only 
indicated in patients with Keinbock’s disease 
(carpal avascular necrosis) when evaluating for 
the utility of a proximal row carpectomy [4]. 
Additionally, local anesthetic/steroid joint injec-
tions play a role in diagnosis as they may assist in 
pinpointing the specific joints involved.

 What Is the Pathophysiology of This 
Condition?

The wrist is a complex joint made up of 7 carpal 
bones and more than 30 ligaments arranged into 
proximal and distal rows with connections with 
the distal radius and ulna or metacarpal bones, 
respectively. Although the osteoarthritic pro-
cesses that affecting these joint spaces share the 
same pathophysiology, the ultimate etiology that 
begins the process is what differs. Osteoarthritis 
of the wrist can be categorized as occurring either 
as the result of an idiopathic or traumatic process. 
Idiopathic conditions include Keinbock’s disease 
resulting in avascular necrosis of the lunate and 
congenital malformations of the carpal bones 
causing altered joint kinematics. Any trauma to 
the carpal bones or their associated ligaments 
may result in altered kinematics and loading con-
ditions of the carpal bones facilitating an osteoar-

thritic process. Watson and Ballet described a 
progressive osteoarthritic process as a result of 
chronic scapholunate tears known as scaphoid 
lunate advanced collapse of the wrist (SLAC), 
which starts at the radial styloid-scaphoid junc-
tion and then progresses to involve each carpal 
joint [1]. Additionally, fracture and nonunion of 
the scaphoid bone has also been described to 
result in a similar progression of osteoarthritis of 
the wrist, and this has been termed scaphoid non- 
union advanced collapse (SNAC). Regardless of 
the inciting event, the pathophysiology behind 
the osteoarthritic process is the same.

The pathophysiology of osteoarthritis begins 
in the cartilage surrounding the joint space. With 
mechanical stress and injury, chondrocytes 
undergo altered gene expression producing 
increased amounts of inflammatory cytokines 
including IL-1B and TNF alpha and matrix 
degrading enzymes such as collagenase and 
ADAMTS-5, which break down the cartilage sur-
face. As collagen fragments are released, more 
cytokines and chemokines become present as an 
inflammatory process occurs, thus continuing to 
promote an environment of cartilage catabolism. 
Early stages of osteoarthritis are characterized by 
abnormalities in the cartilage surface. With pro-
gression of disease, this then results in erosion, 
which can progress all the way to the subchon-
dral bone, which becomes activated and thickens. 
Osteophytes also develop at the margins of the 
joint spaces, which can be seen on X-ray images. 
These are areas of new cartilage formation, which 
ultimately ossifies due to neurovascular invasion 
from bone [5].

 How Is This Problem Managed?

The management of osteoarthritis of the wrist is 
focused on relief of pain and improving func-
tion. Most patients are disturbed by pain and less 
by loss of functionality from losing range of 
motion. Key aspect of the management is to 
assess the effect of wrist pain on patient’s life. 
Various interventions are available, but none 
reverses the underlying pathology. Most inter-
ventions are treating the symptoms only. A step-
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wise approach to the management of 
osteoarthritis of the wrist begins with non-surgi-
cal interventions such as activity modification, 
physical and occupational therapy, and splinting. 
Analgesics such as topical and oral non-steroidal 
anti-inflammatory agents are the first line agents 
for pain relief as recommended by both the 
American College of Rheumatology and the 
National Institute for Health and Care Excellence. 
These medications include Diclofenac, 
Indomethacin, Ibuprofen, and Naproxen. 
Although a meta-analysis supports the efficacy 
of oral NSAIDs with a moderate effect size of 
0.29 (95% CI 0.22–0.35) [6], chronic use is asso-
ciated with gastrointestinal, cardiovascular, and 
renal toxicity. Special consideration needs to be 
taken when prescribing these agents to patients 
as those with a history of peptic ulcer disease 
may benefit from a selective COX-2 inhibitor 
while an individual with a history of cardiovas-
cular disease may benefit from a non-selective 
COX inhibitor, as selective COX-2 inhibitors are 
associated with increased risk of myocardial 
infarction, stroke, and mortality. The European 
Society for Clinical and Economic Aspects of 
Osteoporosis and Osteoarthritis (ESCEO) devel-
oped a treatment algorithm (Fig. 18.1) for assist-
ing in the prescribing of appropriate NSAID 
agents to patients with osteoarthritis and can be 
an invaluable tool when prescribing NSAID 
agents to patients with risk factors [7]. Given the 
risks associated with oral NSAID therapy, topi-
cal preparations of NSAIDs are now playing a 
larger role in the treatment of osteoarthritis as 
their risk profile is less significant than their oral 
counterparts, and their pooled effect size from a 
meta-analysis published by Zhang et  al. was 
greater at 0.44 (95% CI 0.27, 0.62).

The next step to consider in the management 
of osteoarthritis is the utility of intra-articular 
injections of a mixture of a local anesthetic and 
steroid. These injections play a role in being 
diagnostic and therapeutic in part that, if the cor-
rect joint is injected, the patient will experience 
immediate relief from the local anesthetic and 
lasting relief from the long acting steroid. Most 
evidence in support of the efficacy of joint injec-
tions for the treatment of osteoarthritis of the 

wrist is anecdotal; however, an RCT by Meenagh 
et  al. showed no clinical benefit gained from 
intra-articular steroid injections to the first CMCJ 
patients with moderate to severe osteoarthritis in 
comparison to a placebo injection [8]. 
Interestingly, although VAS scores were not 
reduced in either group, beneficial effects on the 
patient’s general well-being were observed in 
both groups. Although this study focused on 
injection of the first CMJ joint, other joints which 
can be injected under ultrasound guidance 
include the radiocarpal joint, distal radioulnar 
joint, and carpal joints. The magnitude of relief 
as well as the time course is variable between 
patients. The goal of the injection is to provide a 
period of relief to both increase the mobility of 
the infected joint and allow the patient to con-
tinue to participate in physical therapy and occu-
pational therapy to strengthen the supporting 
muscles and ligaments around the affected joint. 
Repeat injections can occur every 3  months; 
however, if the injections and medical manage-
ment provide minimal relief, the patient may 
require surgical intervention. Complications 
associated with intra-articular and periarticular 
injections include bleeding, infection, pain, tro-
phic changes in the skin, and failure to provide 
relief.

Should medical management and injections 
fail to provide the patient with relief of symp-
toms, the next step is surgical intervention. The 
goal of surgery is to preserve as much mobility 
of the joint as possible while providing pain 
relief. The surgical techniques involved are 
selected based upon the progression of the dis-
ease, age of the patient, current joint mobility, 
and functional demands of the patient. The 
mobility-preserving surgical techniques include 
total wrist arthroplasty, proximal row carpec-
tomy, partial fusion, and wrist denervation. The 
non-mobility preserving technique is a total 
wrist fusion, which is undertaken in patients 
with severe disease [9]. Although preservation of 
wrist mobility is important, a study by Laulan 
et al. revealed that 59% of patients are willing to 
sacrifice mobility for pain relief and that after 
surgery persistent pain is the main source of dis-
satisfaction with the procedure [10].
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 What Is the Long-Term Outcome – 
Complete Cure or Recurrent/Chronic 
Persistent Problem?

Osteoarthritis of the wrist is progressive disease 
process, which may be asymptomatic in its early 
stages with pain not presenting until later stages 
when significant joint damage has occurred or 
multiple joints have become involved. Early con-
servative management is often only temporary as 
wear and tear continues to be imparted on affected 
joints and oral and topical analgesics and local 
anesthetic/steroid injections become less effec-
tive. Surgical interventions become the next 
method of treatment; however, these too are only 
palliative. Mobility-preserving procedures using 

implantable hardware eventually begin to break 
down ultimately necessitating the patient to a 
total wrist fusion or wrist denervation as defini-
tive therapy.

 Discussion

 Prevalence

Due to the progressive nature of the disease pro-
cess where early stages may be asymptomatic or 
tolerable, the prevalence is difficult to determine. 
It also varies with age and with occupation. 
Among manual workers, it is the most common 
complaint along with back pain. A systematic 
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oped a treatment algorithm. (From Bruyère et al. [7], with permission)
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review of 4000 radiographs found a prevalence of 
5% [1], and a randomized cross-sectional national 
prevalence survey found a lifetime prevalence of 
3.58% in employed individuals [2].

 Differential Diagnosis

The wrist is a complex joint formed by the distal 
radius, distal ulna, seven carpal bones with mul-
tiple ligamentous attachments, and the base of 
the five metacarpal bones. It also forms the carpal 
tunnel containing the median nerve. The com-
mon generators of pain include the multiple artic-
ular surfaces of the carpal and metacarpal bones 
and their associated ligaments, the median nerve, 
and the tendon and muscular attachments of the 
first digit. Given the complexity of the joint and 
its diverse structural contents, there may be inter-
relating etiologies of a patient’s wrist pain. In 
addition to osteoarthritis, the multiple articular 
surfaces contained within the wrist are also sus-
ceptible to rheumatoid arthritis and rarely gout 
and pseudogout. RA is an inflammatory process 
usually involving both wrist joints and may also 
result in deformity of the joint. Although rare, 
gouty arthritis and pseudo gout can affect the 
joints of the wrist [11]. It is the result of the depo-
sition of uric acid and calcium pyrophosphate 
dihydrate crystals, respectively, in the joint space. 
Symptoms include an acute mono-arthritis with 
significant joint pain, erythema, and swelling.

The carpal bones themselves and their asso-
ciated ligaments are also susceptible to injury 
secondary to trauma or metabolic processes 
such as Keinbock’s disease, which results in 
avascular necrosis of the lunate. Another com-
mon generator of pain in the wrist includes an 
overuse injury of the first carpal metacarpal 
joint, which can result in both an osteoarthritis 
and/or de Quervain’s tenosynovitis affecting 
the abductor pollicis longus and extensor polli-
cis brevis tendons. Entrapment of the median 
nerve in the carpal tunnel is another generator 
of wrist pain and weakness of thumb abduction. 
Lastly, the presence of ganglion cysts, which 
are fluid-filled collections of modified synovial 
or mesenchymal cells that occur at the syno-

vial-capsular interfaces of the joints of the 
wrist, which occur in response to repetitive 
minor injury should also be in the diffrential of 
causes resulting in wrist pain [12].

 Predictive Value of Different Clinical 
Features (Both on History 
and Physical Exam), and Lab Testing/
Imaging

Predictive factors for diagnosing osteoarthritis of 
the wrist include age, gender (M vs. F), previous 
injury, right vs. left handedness, occupation or 
hobbies requiring repetitive motion, and the time 
course of symptoms. Physical exam findings 
such as pain with motion or palpation over spe-
cific joint spaces, limitation in range of motion, 
or erythema and/or swelling over joints are also 
predictive. Imaging findings of joint changes, 
including reduced joint space and the presence of 
osteophytes, are also predictive factors of a diag-
nosis of osteoarthritis.

 Strength of Evidence for Different 
Treatment Modalities

Currently, the management of osteoarthritis 
begins with conservative therapy, which includes 
medication management with oral and topical 
regimens of NSAIDs, occupational and physical 
therapy, and splinting. With persistence in pain 
and limitation in joint range of motion, the next 
step to therapy involves intra-articular joint injec-
tions. Given the progressive nature of osteoarthri-
tis of the wrist, these treatment modalities often 
become less effective over time, thus necessitat-
ing surgical interventions, which include total 
wrist arthroplasty, proximal row carpectomy, 
partial fusion, and wrist denervation. Currently, 
there is no literature comparing the effectiveness 
of conservative medical management vs. joint 
injections and surgical interventions of the man-
agement of osteoarthritis for the wrist. Most of 
the evidence is anecdotal and extrapolated from 
studies involving osteoarthritis of major joints 
such as the knee and shoulder.
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 Future Directions or Clinical Trials 
in Progress

As stated previously, evidence for intra-articular 
steroid injections is anecdotal. The first RCT 
published by Meenagh et  al. investigating the 
effect of intra-articular steroid injection of the 
first CMCJ, which was underpowered and ended 
early due to recruitment issues, did not find any 
benefit of steroid injection over placebo [9]. 
Future clinical trials are necessary to evaluate 
the efficacy of intra-articular steroid injections 
as well as other injectable regenerative interven-
tions such as prolotherapy and platelet-rich 
plasma, which are currently gaining interest for 
the treatment of osteoarthritis. Prolotherapy was 
described by George Hackett in the 1940s and 
consists of injecting dextrose into the ligaments 
and tendons around an affected joint to stimulate 
the development of fibrous tissue and bone cells, 
thus strengthening the joint [13]. A retrospective 
uncontrolled observational study by Hauser 
et al. evaluating 31 patients who underwent pho-
totherapy for chronic wrist pain found that 90% 
achieved greater than 50% relief and 88% felt 
improvement in stiffness levels at an average of 
22 months following their last treatment, which 
necessitates the need for future randomized clin-
ical trials [12]. PRP therapy is the process of 
injecting a solution of concentrated autologous 
platelets into joint spaces with the goal of reduc-
ing the inflammatory process and modifying the 
balance of anabolism and catabolism in the 
affected joint space [14]. A non-controlled pilot 
study by Loibl et  al. found that in 10 patients 
who underwent PRP therapy for osteoarthritis of 
the trapeziometacarpal joint, there was a statisti-
cally significant decrease in VAS scores from 
6.2  ±  1.6 to 5.4  =/−  2.2 at 6  month follow-up 
(P  <  0.05) and that Mayo Wrist scores also 
improved from 46.5  ±  18.6 to 67.5  ±  19.0 at 
6  month follow-up [9]. This again points to a 
necessity for future clinical trials of another 
injectable therapy, which may provide analgesia 
while maintaining or improving mobility.

 Conclusion/Summary

Osteoarthritis of the wrist is a non-inflammatory 
process, which results in the destruction of car-
tilage of the affected joint, eventually resulting 
in mechanical pain, reduced strength, and range 
of motion. The etiology of osteoarthritis of the 
wrist can be separated into traumatic and idio-
pathic causes. A stepwise approach to diagnosis 
includes starting with a thorough history paying 
special attention to hand dominance, occupa-
tional risk factors, functional requirements and 
the progression of pain, and any limitations in 
range of motion. The next step includes a physi-
cal exam pinpointing the pain-generating joints. 
Radiographic imaging is then used to detect the 
location and pattern of degenerative changes 
and therefore guiding management. The first 
steps in management begin with conservative 
management such as physical and occupational 
therapy, splinting, and oral analgesics. Although 
most of the evidence for intra-articular steroid/
local anesthetic injections are anecdotal, they 
have provided patients with symptomatic relief 
while preserving function temporarily. As the 
disease process advances, definitive surgical 
interventions are often required, which are 
selected based upon the joints involved, the age 
of the patient, and functional requirements. 
Investigation into the efficacy of joint injections 
and the use of alternative injectable agents such 
as prolotherapy and hyaluronic acid are what 
represents the future of the management of wrist 
osteoarthritis with the goal of reducing pain 
while preserving function.
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A 45-Year-Old Patient with Chronic 
Chest Wall Pain

Daneel M. Patoli and Tariq Malik

 Case Description

A 45-yr-old man is referred to the pain clinic for 
intractable chest wall pain, which is unresponsive 
to conventional therapy. He has no medical 
issues, never had any surgery or trauma to his 
chest wall area. He denies any history of illness, 
sickness, or any other issues in the past. He 
describes the pain as a vague, dull sensation, 
extending from the right side of his middle back, 
and extending along to the side of the chest wall. 
There is no skin discoloration, and his previous 
work up by his primary care physician is negative 
for any cardiac, pulmonary, or gastrointestinal 
disorder. The pain is aggravated by any type of 
physical activity, and he states there are no allevi-
ating factors. Sleeping has not been an issue in 
general, but lately the pain has been keeping him 
up at night. He likes to exercise but has been cut-
ting back on it as it is uncomfortable to exercise 
with the pain.

 What Is Your Preliminary Diagnosis?

A detailed history and physical exam is the cor-
nerstone of managing any chronic pain disorder. 
It is important to rule out serious conditions that 
may require emergent medical or surgical treat-
ment. This is especially true in a patient with 
chronic chest pain. With a broad differential diag-
nosis ranging from myocardial infarction to cos-
tochondritis, the history should focus on ruling 
out emergent pathology by asking key questions 
including presence of dyspnea on exertion, 
fevers, night sweats, unexpected weight loss, and 
past cardiac/pulmonary history. It is important to 
ask and look for other joints’ involvement to 
account for any rheumatological disorder. Next, 
the goal should be to try to elicit any inciting 
event that may have led to the start of this pain, 
namely any trauma including minor falls, fights, 
and history of fever or flu-like symptoms. 
Furthermore, the patient’s activity routine includ-
ing exercise and the job function should be ascer-
tained in detail. The idea is to determine any 
aggravating or relieving factors that can point 
toward the source of pain generator. In general, if 
pain is mechanical in nature, i.e., gets worse with 
activity, it tends to come from the musculoskele-
tal system. Pain that is dermatomal in distribution 
tends to point to nerve root irritation from various 
pathologies. There is always a possibility that he 
has post-herpetic neuralgia even in the absence of 
a rash and young age.
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Physical exam should reveal any element of 
nerve dysfunction like sensory loss or excitability 
like allodynia or hyperalgesia favoring neuro-
pathic pain as a cause of pain. Presence of tender-
ness in the intercostal area, at the costochondral 
junction, along the ribs or paraspinal area favors 
musculoskeletal etiology as the source of pain. 
The absence of any radicular or musculoskeletal 
symptoms, with the predominance of vague back 
and chest wall pain, would lead to the prelimi-
nary diagnosis of thoracic discogenic pain syn-
drome without nerve impingement.

 How Is Diagnosis Confirmed?

Cardiac, pulmonary, and gastrointestinal issues 
should be ruled out with the help of a medical 
specialist. In their absence, a chest X-ray or CT 
of the chest should be done to rule out rib frac-
ture, or an intra-thoracic malignancy. Patients 
with prior history of rheumatologic disorders 
should consult with their rheumatologist to rule 
out a rheumatologic cause for their pain. Studies 
may include plasma levels of ESR and CRP 
along with checking for multiple immunologic 
markers such as anti-neutrophil antibodies 
(ANA). Once cardiac, pulmonary, infectious, 
malignant, and immunological disorders have 
been actively ruled out, the most likely etiology 
would be degenerative disorder of the discs or 
other parts of the musculoskeletal system. An 
MRI of the thoracic spine would be required to 
confirm the diagnosis, showing mild to moderate 
herniation of one or multiple intervertebral discs 
impinging on the nerve roots leading to the inter-
costal nerves (Fig. 19.1).

 What Is the Pathophysiology of This 
Condition?

While more rare than both lumbar and cervical 
disc herniations, a thoracic disc herniation is pos-
sible and is the root cause of thoracic disc pain 
syndrome leading to chronic chest wall pain. It is 
believed that when the thoracic vertebrae are 
stressed, with either repeated physical activity or 

any type of trauma, the outer ring of the disc, 
called the annulus fibrosis, herniates posteriorly 
into the spinal canal. While this herniation may 
lead to impingement of the intercostal nerve 
roots, this is not always the case. Because of the 
sensory innervation of the annulus fibrosis from 
nociceptive fibers, lack of nerve impingement 
can still cause pain secondary to the disc hernia-
tion itself. This is seen as a more vague, dull pain 
sensation in the middle of the back, and may 
cause some radiation to the chest wall, such as 
seen with our patient. If herniation persists lead-

Fig. 19.1 Herniation of the T7-8 intervertebral disc seen 
on a sagittal section of a thoracic MRI
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ing to further swelling, impingement of the inter-
costal nerve roots can occur, leading to the classic 
radicular pain.

 How Is the Problem Managed?

There are generally two approaches to manage-
ment of chronic pain, and they include the con-
servative and invasive approaches. This is also 
true for patients with non-radicular thoracic dis-
cogenic pain syndrome.

 Conservative Management
 1. Identification and elimination of aggravating 

factors: With thoracic discogenic pain, often-
times there will be identifiable aggravating 
factors. These include but are not limited to 
poor posture, poor form when performing 
exercise routines, and supra physical work 
expectations. Identification of these factors 
and then taking steps to avoid the cause is the 
first step in preventing further propagation of 
the pain and disease process.

 2. Physical therapy: Disc herniations, with and 
without nerve impingement, can resolve on 
their own time. However, pain is often a limit-
ing factor and usually leads to restrictions to 
activities of daily living. Physical therapy 
should be used in these patients to alter their 
current regimen, and overcome their pain. 
Therapy regimens include incorporating back 
stretches and core muscle training to improve 
and stabilize the back. Electrical stimulation 
should be used only initially as it can disrupt 
the proper restoration of back function if used 
for prolonged periods of time.

 3. Anti-inflammatory medication: Patients with 
disc herniation can often have debilitating 
pain leading to avoidance of daily activities 
including physical therapy. Therefore, it is 
recommended to use low to medium dose 
anti-inflammatory medications such as 
Ibuprofen to overcome the pain and continue 
to remain active. However, it is important to 
note that if the pain does not resolve after 
more than 6 weeks, anti-inflammatory medi-
cation should be discontinued and a different 

treatment option should be considered, given 
the increasing risks associated with long-term 
use of such medications, including GI bleeds.

 4. Heat/Ice Packs: Can help relax paraspinal 
muscles that will spasm as a reflex protective 
mechanism in the setting of disc herniations.

 5. Opioids, muscle relaxants: Medications such 
as Oxycodone, Hydrocodone, Tramadol, and 
Cyclobenzaprine should only be used spar-
ingly and for uncontrollable pain. High risk 
for addiction is seen with these medications.

 Invasive Interventions
If conservative management fails to provide ade-
quate pain relief, a stepwise approach should be 
taken when considering invasive interventions. 
Prior to initiating invasive interventions, a 
detailed conversation with the patient should 
take place discussing the risks/benefits of all the 
procedures, and thorough understanding of the 
outcomes of these interventions. The patients 
should be made aware that most procedures 
come with their own downfalls, and that if the 
pain is tolerable, conservative management 
should continue instead of pushing forward with 
invasive interventions. If invasive interventions 
are chosen, the following are the considerations, 
though all of them have weak evidence to sup-
port their cause:

 1. Thoracic epidural steroid injection – Typically 
done under fluoroscopic guidance in an 
accredited pain clinic, thoracic epidurals are 
quick procedures in which a needle is guided 
into the epidural space, and a solution con-
taining a long-acting steroid and short-acting 
local anesthetic is used to both diagnose and 
confirm the pathology. Immediate relief points 
to a positive diagnosis.

 2. Intercostal nerve blocks – Performed at the 
level of the offending rib. It is done both for 
diagnostic and for therapeutic reasons. A sig-
nificant pain releif after the injection help. 
Procedure performed by finding inferior bor-
der of the offending rib and injection of local 
anesthetic solution along the inferior border to 
saturate the intercostal nerve. The procedure 
can also be performed by isolating the inter-
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costal nerve root at its origin near the spinal 
cord and performing the block there.

 3. Microdiscectomy – Performed in the operat-
ing room, a microdiscectomy is a minimally 
invasive procedure under fluoroscopic guid-
ance in which portions of the offending tho-
racic disc are removed to relieve impingement, 
leading to resolution of symptoms.

 4. Spinal cord stimulation – Operates by sending 
a constant stimulation signal to the spinal cord 
to impede the afferent pain pathways that are 
causing the patient to feel chest pain. Initially 
a stimulator trial is placed in the OR under 
moderate sedation and trialed for approxi-
mately 1–4  weeks. If good resolution of 
symptoms is seen, and the patient is able to 
resume normal activities of daily living, a per-
manent stimulator can then be placed under 
fluoroscopic guidance.

 5. Radiofrequency/Cryoablation – Performed 
either in the operating room or in a pain clinic, 
the procedure consists of using high- frequency 
radio waves to ablate the offending nerve 
roots. Similarly, cryoablation utilizes the con-
cept of extreme cold (−60 °F) to destroy the 
offending nerve root at the level of its origin.

 6. Laminectomy – Invasive surgical procedure 
used in severe refractory cases of thoracic dis-
cogenic pain syndrome in which the thoracic 
lamina are removed to decompress the spinal 
canal and relieve impingement. Due to the 
anatomy of the thoracic vertebrae including 
narrow spinal canal, small epidural space, and 
thick spinal cord traversing through, there is a 
high risk for spinal cord injury with this oper-
ation. Typical approaches to the procedure 
include the anterior trans-sternal or trans- 
thoracic approach, the lateral costrotransver-
sectomy approach, and the posterolateral 
transpedicular or trans facet with pedicular 
sparing approach [1].

 Long-Term Outcome
Due to the rare incidence of thoracic disc hernia-
tions when compared to cervical and lumbar disc 
herniations, there is limited data on the long-term 
prognosis of the condition. Most data seems to 
suggest that prognosis for patients with this con-

dition vary tremendously. Younger patients with a 
traumatic cause of thoracic disc herniation may 
later progress to having myelopathy; although, 
they are also the more favorable group in terms of 
full recovery. Middle-age to older patients who 
tend to get this disease secondary to disc degen-
eration have a more protracted, progressively 
worsening course. Oftentimes, these patients 
require surgical intervention to relieve the symp-
toms, though relief is not guaranteed. Overall, 
most patients without myelopathic symptoms 
should receive just conservative treatment includ-
ing physical therapy, and NSAIDs, with around 
80% recovering to previous activity levels.

 Discussion

 Prevalence

Thoracic disc herniations are significantly rarer 
than their counterparts, cervical and lumbar disc 
herniations. Interestingly, most thoracic disc her-
niations are found incidentally on MRI scans 
intended for other purposes. According to 
Malanga et  al., autopsy studies have found 
asymptomatic disc herniations in 7–15% of 
patients that were examined, while Wood et  al. 
found asymptomatic disc herniations on MRI 
scans in up to 37% of patients [2, 3]. Symptomatic 
disc herniation is much less common, and accord-
ing to Fogwe et al., make up approximately 0.25–
0.75% of all disc ruptures [4]. Of these patients, 
80% of patients usually present in the third or 
fourth decades of their life [5]. In addition to 
being rarer than cervical and lumbar discecto-
mies, the intervention upon these herniations is 
less common as well. Approximately 0.2–0.4% 
of all discectomies performed in the United 
States are upon thoracic intervertebral discs [3].

 Differential Diagnosis

The differential diagnosis for patients with chest 
wall pain syndrome must include both diseases 
involving the chest wall and associated neuro-
vascular bundles along with non-chest wall 
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 pathologies that can lead to chest pain. A com-
prehensive list of differential diagnoses should 
include but not be limited to the following [6]:

• Cardiac – Acute myocardial infarction, angina 
pectoris, aortic regurgitation, mitral valve pro-
lapse, HOCM, pericarditis, sickle cell crisis, 
thoracic aortic dissection/aneurysm

• Pulmonary – Tracheal bronchitis, bronchiec-
tasis, pulmonary embolism, pneumonia, pneu-
mothorax, pleurisy, lung abscess, atelectasis, 
and carcinoma

• GI – Esophagitis, GERD, sphincter of Oddi 
dysfunction (referred chest pain), esophageal 
laceration, carcinoma, hiatal hernia, esopha-
geal dysmotility disorder, peptic ulcer disease, 
perforated ulcer, biliary colic, cholecystitis, 
pancreatitis

• Neurologic – Intramedullary/extramedullary 
lesion, epidural spinal cord compression, her-
pes zoster infection/post herpetic neuralgia, 
nerve compression/radiculopathy, neurogenic 
tumors, CRPS, intercostal neuralgia

• Bone – Rib/sternal fracture, neoplasm, arthri-
tis, ankylosing spondylitis, costochondritis, 
Tietze syndrome, unidentified inflammatory 
diseases, slipped rib syndrome

• Muscle – Myofascial pain syndrome, muscle 
spasms, contractures, dermatomyositis, 
polymyositis

• Skin – Burns, postoperative pain, mastodynia, 
post mastectomy syndrome, post thoracotomy 
syndrome, scleroderma, psoriatic arthritis

• Psychiatric – Conversion disorder, anxiety, 
depression, hypochondriasis

• Extrathoracic disorders – Posterolateral/
anterolateral/posterior thoracic disc protru-
sion, osteoarthritis, thoracic outlet syndrome, 
Pancoast tumor and syndrome, gas entrap-
ment syndrome, post radiotherapy chest pain, 
subphrenic abscess

 Predictive Value of Different Clinical 
Features

Due to the nature of the disease process, with 
incidence of symptomatic pathology being very 
rare, and the association of symptoms to a wide 

variety of potential diagnoses, the sensitivity and 
specificity of each exam is not entirely known or 
beneficial. Rather, the diagnoses should be made 
after a comprehensive workup including history 
and physical exam, pertinent lab workup, and 
imaging studies are performed and reviewed. 
Some key signs/symptoms to be aware of include 
the following.

 History and Physical Exam
Pain is a common symptom patients with tho-
racic discogenic pain syndrome complain of, and 
is seen in approximately 60% of patients. 
Radicular pain symptoms in a thoracic dermato-
mal distribution point highly to a disc herniation 
with radiculopathy. Patients with myelopathy 
including hyperreflexia, muscle weakness, and 
absence of pain sensation in the lower extremities 
with clear demarcation at the thoracic dermato-
mal regions should be highly suspicious for 
myelopathy secondary to cord compression. 
Furthermore, patients with annular tears may 
have referred pain despite compression of nerve 
roots based on the location of the tear. According 
to Schellhas et  al., anterior annular tears may 
refer pain to the ribs, chest wall, sternum, or vis-
ceral structures, while lateral tears can produce 
radicular pain to visceral structures, and posterior 
tears can produce back pain in a localized or dif-
fuse pattern [7, 8]. Provocative maneuvers such 
as the Spurling maneuver (cervical compression, 
extension, and ipsilateral rotation) to rule out cer-
vical radiculopathy and the straight leg raise test 
to rule out lumbosacral radiculopathy may aid in 
ruling out other etiologies of chest wall pain, and 
point more toward a thoracic discogenic pain 
syndrome [7].

 Lab Tests
There are no specific lab tests to rule in or out 
thoracic discogenic pain syndrome, although 
other lab tests should be ordered to rule out other 
causes of chest pain. These include but are not 
limited to complete blood count, comprehensive 
metabolic panel including LFTs, troponin assay, 
lipase, amylase, ESR, and CRP.  Cultures from 
blood, urine, and sputum can be obtained to rule 
out an infectious process as well.
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 Imaging
The gold standard for diagnosing thoracic disc 
herniations is an MRI of the thoracic spine. It is 
an extremely sensitive test when searching for 
disc abnormalities, and a negative MRI essen-
tially rules out thoracic disc herniation. However, 
a common downfall seen with MRI imaging is 
over reading the extent of thoracic disc hernia-
tion. A study by Brown et  al. evaluating 55 
patients with MRIs of the thoracic spine showing 
disc herniation went on to show that 40 of those 
patients did well with simple conservative man-
agement, while 15 patients required surgery [9]. 
Other imaging tests include chest X-ray looking 
for particular disc space narrowing and osteo-
phyte formation in the thoracic vertebra, CT 
myelograms to look for cord compression, and 
thoracic discograms.

 Strength of Evidence for Treatment 
Modalities

In short, because of the rarity of symptomatic 
thoracic disc herniations, it is difficult to measure 
the strength of different treatment modalities due 
to the lack of power for these respective studies. 
For example, only one study has looked at the 
efficacy of thoracic epidural steroid injections in 
the treatment of thoracic discogenic pain syn-
drome. The study by Manchikanti et  al. looked 
more at the efficacy of epidural local anesthetic 
injection alone vs. steroid plus local anesthetic 
[10]. While the study showed both groups to have 
pain relief greater than 50%, the study was not 
designed to characterize the strength of the treat-
ment in and of itself. More invasive treatment 
options such as laminectomy and discectomy 
have shown more promise but are counteracted 
by dangers of the procedure, such as risk for cord 
injury and damage to cardiovascular and pulmo-
nary structures in the thorax. Haufe et al. looked 
at percutaneous laser disc decompression in their 
study as a minimally invasive approach to discec-
tomy for thoracic disc herniations, hoping to 
avoid major surgical complications [2]. 
Conclusions of the study included no adverse 
events such as pneumothorax, discitis, and nerve 

injury, while 6 out of 10 patients reported a sig-
nificantly lower pain level at 18–31  months. 
Spinal cord stimulation has been brought up as an 
intervention to limit pain from thoracic radicu-
lopathy as it has been shown to do in cervical and 
lumbar pain, but studies are still being conducted 
at this time.

 Future Directions

The goal of the future would be to find an appro-
priate, minimally invasive, low-risk procedure to 
eliminate thoracic discogenic pain. Up and com-
ing procedures such as spinal cord stimulation 
and percutaneous laser disc decompressions 
offer a promising treatment option, but further 
studies must be done to truly quantify the effi-
cacy of these procedures. This is of course lim-
ited by the lack of large numbers of patients with 
symptomatic thoracic disc herniations. 
Eventually, enough small studies performed can 
be reviewed in a meta-analysis to attain strong-
enough data to bring these treatment options to 
the forefront.

 Conclusion

To wrap up, thoracic discogenic pain syndrome 
secondary to disc herniations is a condition sig-
nificantly more rare than lumbar and cervical 
disc herniations. Therefore, studies explaining 
the disease process and measuring the efficacy of 
certain treatment options are in their infancy. A 
standard approach to chest wall pain secondary to 
thoracic discogenic pain syndrome should take 
place in a stepwise manner. More serious cardiac, 
pulmonary, and GI disorders should be ruled first. 
Imaging studies such as CXR, CT, and MRI 
scans can be attained to aid in the diagnosis of 
thoracic disc herniation. Initial treatment options 
should focus on non-invasive measures such as 
physical therapy, anti-inflammatory medications, 
hot/cold compresses, and sparing use of muscle 
relaxants and opioids. If pain continues to persist, 
more invasive interventions can then be dis-
cussed. While data regarding the efficacy of 
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interventions such as thoracic epidural steroid 
injections, spinal cord stimulation, and surgical 
discectomy/laminectomy is still being derived, 
there are small studies to support the use of these 
interventions, and can be considered on a case by 
case basis.
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A 45-Year-Old Woman 
with Persistent Pain After 
Mastectomy

Arjun Ramesh, Jonathan Church, Adam C. Young, 
and Tariq Malik

 Case Presentation

A 38-year-old woman is diagnosed with breast 
cancer and after oncologic workup undergoes 
mastectomy with primary reconstruction along 
with lymph node removal. She has history of 
general anxiety disorder and a 20 pack year his-
tory of smoking. Her post-operative period is 
complicated by pain issues but does well overall. 
She follows up with her oncologist and surgeon 
who eventually refers her to pain clinic as pain at 
the surgical site is not abating. In the pain clinic, 
she describes the pain as a persistent, dull, burn-
ing sensation at the surgical site and in the axilla. 
She notes that her left arm has been difficult to 
move and activities such as combing her hair is 
challenging. On physical examination, the surgi-
cal scar has healed well, but she has areas of allo-

dynia and hyperalgesia in and around the surgical 
area along with numbness in the axilla. There is 
no area of discoloration. Shoulder movement is 
limited by pain but arm strength and sensations 
are intact. The pain can be extreme at its worst, 
rated at 10/10, and is exacerbated by movements 
of the left arm. Current alleviating factors include 
avoiding use of her left arm, ice, and amitripty-
line. She presents to your pain clinic for further 
workup.

 What Is the Most Likely Diagnosis?

The patient is a young female who had surgery 
with poor pain control postoperatively, without 
any regional anesthesia, and has anxiety disorder. 
Her recovery is uneventful but tissues have healed 
well. On physical examination she shows ele-
ments of somatosensory nerve dysfunction. In 
the absence of any nociceptive tissue damage 
(recurrence of tumor, infection, rib damage, etc.), 
she has developed chronic postsurgical pain syn-
drome, which is a type of neuropathic pain.

 How Can the Diagnosis 
Be Confirmed?

Most chronic pain conditions are diagnosed clini-
cally. There is no lab test or imaging that can 
clinch the diagnosis. In case of cancer patients, it 
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is imperative that recurrence of tumor is ruled out 
conclusively. This should be done with the help 
of the oncologist. In the presence of negative 
tumor recurrence or infection workup, the diag-
nosis of chronic past mastectomy pain is con-
firmed. Clinical symptoms and signs associated 
with neuropathic pain have been studied over the 
decades. Common symptoms reported by the 
patients are pain (burning, sharp, shooting), dys-
esthesia (pins, needles, numbness, tingling), and 
sensitivity to touch. In one study of about 500 
patients, the most common symptoms were burn-
ing pain (65%), paroxysmal sharp pain (57%), 
and pain to touch (55%).

 Is There Any Role for Testing?

All neuropathic pain conditions are diagnosed 
clinically. A good history and physical examina-
tion is key to establishing diagnosis. According 
to Neuropathic Pain Special Interest Group, pain 
is neuropathic if history and physical examina-
tion correlate and corroborate with a nerve lesion. 
Symptoms-based questionnaires are used to 
screen for and diagnose neuropathic pain (Leeds 
Assessment of Neuropathic Symptoms and 
Signs, the Neuropathic Pain Questionnaire, Pain 
DETECT). Imaging, neurophysiologic testing, 
punch biopsy, and quantitative sensory testing 
(QST) are important research tools that may help 
in confirming pathology but cannot explain cause 
of pain or help decide a treatment plan or help 
with prognosis of the condition. Imaging can rule 
out cause (rib fracture, recurrence of tumor, 
infection), electrophysiological testing can evalu-
ate weakness by testing large fibers, QST can 
objectively evaluate small fibers by testing touch 
and pain threshold, and punch biopsy can iden-
tify small fiber loss.

 What Is the Pathophysiology 
of the Condition?

The exact etiology of PMPS is unknown. It is a 
neuropathic pain disorder. Poorly controlled 
pain in the immediate post-operative period can 

lead to sensitization of the peripheral nerves due 
to neuroplasticity resulting in chronic pain. 
Damage to the nerves during surgical dissec-
tion, like intercostobrachial nerve, can lead to 
the loss of peripheral nerve fibers resulting in a 
de- afferentation pathophysiology with sprout-
ing of new connections with the spinal cord pro-
ducing hyperalgesia and allodynia along with 
numbness. Damage to the nerves can lead to 
neuroma development causing persistent pain. 
Phantom breast pain is purely a central pain 
phenomenon. In general, pathophysiology var-
ies among patients and may change over the 
course of time.

 How Is the Condition Managed?

The condition is best managed using a multi- 
disciplinary approach. The most important 
intervention is patient education and develop-
ing a trusting relationship with the patient. 
Focus is on rehabilitating functional status. By 
the time the patient comes to the pain clinic, 
they have tried NSAIDs, Tylenol, and various 
other remedies. It is important to compile a list 
of interventions that have been tried and failed. 
It is also crucial to find out why a therapy has 
failed (i.e., due to side effect or improper dose 
was tried).

Multidisciplinary approach includes occupa-
tional therapy to improve shoulder function and 
use of physical modalities like massage, TENS 
unit, tissue ultrasound, acupuncture to help regain 
upper extremity function. There are no RCT to 
back them up. Patients with pain catastrophizing 
symptoms should be referred to pain psycholo-
gist for cognitive behavior therapy.

Neuro-SIG of the IAPS, Canadian Pain 
Society, and the European Federation of 
Neurological Societies (EFNS) all have pub-
lished evidence-based guidelines for the pharma-
cological management of neuropathic pain, 
which are quite similar in general (Tables 20.1, 
20.2, and 20.3).

The role of injection therapies in managing 
neuropathic pains is not well defined. The inter-
ventions (nerve block, epidural steroid injections, 
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neuromodulation therapy, intrathecal therapy) 
commonly employed by pain physicians were 
reviewed by IAPS and found that they were 
backed by poor-quality evidence and none got 
strong recommendation from the IAPS. There is 
renewed interest in managing PMPS with neuro-
modulation therapy but the evidence for the 
effectiveness of spinal cord stimulation is lacking 
and there is just one case report for the successful 
treatment of PMPS using dorsal root ganglion 
technique.

 Discussion

Breast cancer is the most common malignancy in 
women worldwide, and treatment often requires 
surgery [1, 2]. Breast cancer can be treated with 
radical mastectomy, modified radical mastec-
tomy, or lumpectomy with possible axillary dis-
section or sentinel node biopsy [2, 3]. Although 
treatment has improved survival rates, post- 
operative complications such as post mastectomy 
pain syndrome (PMPS) can greatly diminish 
patients’ quality of life. PMPS results in chronic 

Table 20.1 Neuro-SIG (IASP) guidelines for the phar-
macological management of neuropathic pain

First line TCA (amitriptyline)
SNRI (Venlafaxine, Duloxetine)
Anticonvulsant (gabapentin, pregabalin)
Topical lidocaine 5%

Second 
line

Tramadol
Opioid (low dose)

Third 
line

Bupropion, Paroxetine, Citalopram
Carbamazepine, Lamotrigine, 
Oxcarbazepine,
Topiramate, Valproic acid)
Topical low-concentration capsaicin, 
dextromethorphan, memantine,
Mexiletine

Table 20.2 Canadian Pain Society guidelines for the 
pharmacological management of neuropathic pain

First line Anti-depressants (TCA)
Anticonvulsant (gabapentin, pregabalin)

Second line SNRI (Venlafaxine, Duloxetine)
Topical lidocaine 5%

Third line Tramadol
Long-acting opioid

Fourth line Cannabinoids
Methadone
Lamotrigine, Oxcarbazepine,
Topiramate, Valproic acid)

Table 20.3 Stepwise approach to treating patients with neuropathic pain

Step 1
  (a) Establish diagnosis
  (b) Identify external and internal stresses
  (c) Identify co-morbidities
  (d) Patient education
Step 2
  (a) Treat underlying disease contributing or causing neuropathic pain
  (b) Initiate treatment with first line drugs (TCA, SSNI, gabapentin, pregabalin)
  (c) Lidocaine if pain localized to one spot
  (d) Initiate nonpharmacological interventions (OT, CBT, etc.)
Step 3
  (a) Reassess pain and functional improvement frequently
  (b)  If significant pain relief (e.g., average pain reduced to ≤3/10) and tolerable adverse effects, continue 

treatment; if partial pain relief (e.g., average pain remains ≥5/10) titrate doses of the first line drugs.
  (c)  If no or inadequate pain relief (e.g., <30% reduction) at target dosage after an adequate trial, switch to an 

alternative first-line medication.
  (d) If first-line drugs fail, switch to first-line drugs in combination.
Step 4
  (a) If first-line drugs fail alone or in combination, try second- and then third-line drugs.
  (b) Referral to interventional pain clinic for injection therapy.
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post-operative neuropathic pain and has a 
reported incidence ranging from 25% to 60% [4]. 
As with other neuropathic pain syndromes, pain 
from PMPS will present as burning, tingling, 
shooting, stinging, or stabbing [2]. Pain is local-
ized to the chest wall, axilla, and upper extremity 
ipsilateral to the breast surgery. It is often related 
to injury of the intercostobrachial nerve (ICBN), 
but also the medial pectoral, lateral pectoral, tho-
racodorsal, long thoracic nerves [5]. The most 
common location for pain is the medial arm with 
an incidence of 70%, followed by the shoulder 
and anterior surface of the chest, with incidences 
of 55% and 52%, respectively [6]. Pain can be 
moderate to severe with a negative impact on 
activity and quality of life [7]. To make the diag-
nosis, pain must be present for 3 months or more. 
If inadequately treated, patients can develop 
lymphedema or adhesive capsulitis of the ipsilat-
eral shoulder as a result of immobility.

Risk factors for PMPS are numerous and 
multifactorial. Risk factors have been identified 
in the preoperative, intraoperative, and postop-
erative periods. In the preoperative period, risk 
factors include young age (<50 years old) [8], 
presence of preoperative breast pain or other 
chronic pain syndromes, and obesity. The most 
significant intraoperative risk factor has been 
identified as performance of axillary lymph 
node dissection [9]. These procedures com-
monly include stretch, ligation, or division of 
the ICBN, which has been theorized to lead to 
the ultimate development of PMPS in vulnera-
ble patients [10]. In the postoperative period, 
uncontrolled acute postoperative pain, cancer 
recurrence, local metastasis, lymphedema, 
implant-related pain, and muscle spasm have 
been indicated as risk factors. Adjuvant therapy 
with radiation can lead to plexopathy, neuritis, 
or local necrosis/myositis. Adjuvant chemother-
apy can lead to the development of neuropathy. 
Surgical complications play a role as infection 
or hematoma can lead to inflammation or irrita-
tion of both muscle and fascial planes leading to 
somatic symptoms. Psychological factors, 
including anxiety, depression, and catastrophiz-
ing have been described as increasing the devel-
opment of PMPS [2, 8].

 Differential Diagnosis

The differential diagnosis for PMPS is numerous 
and includes any other injury that can cause 
shoulder or chest wall pain. As PMPS is a diag-
nosis of exclusion, it is essential to rule out other 
pathologies prior to making the diagnosis. Other 
etiologies of pain which can mimic that of PMPS 
include the following:

• Shoulder musculoskeletal disorders such as 
bursitis, adhesive capsulitis, tendonitis, or 
rotator cuff injury

• Cervical radiculopathy
• Chemical neuropathy
• Herpes zoster
• Local infection
• Breast cancer bone metastasis lymphedema
• Rib necrosis
• Complex regional pain syndrome of the upper 

extremity
• Axillary hematoma
• Breast cancer recurrence (although it should 

be noted pain is not a common presenting 
symptom)

 Confirming the Diagnosis

PMPS should be entertained when a patient com-
plains of neuropathic symptoms, sharp or lanci-
nating pain, burning pain, or hypersensitivity 
across the surgical incision or surgical site. It has 
been suggested that the pain must be at least 4 on 
a 10 point pain scale and be present for at least 
3 months. Pain symptoms can affect any or all of 
the ipsilateral chest wall, arm, axilla, and are 
present at least 50% of the time [10]. Patients 
endorse poor sleep and difficulty performing 
activities of daily living. A thorough physical 
exam should be undertaken to rule out alternate 
causes of pain in the region. An examination of 
the surgical site can inspect for signs of local 
infection or tumor recurrence. The scar should be 
investigated for possible neuroma. Attention 
should be paid to the shoulder, as sub-acromial 
bursitis, adhesive capsulitis, and rotator cuff 
injury can mimic the pain of PMPS.  Physical 
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examination is quite useful in ruling out shoulder 
pathologies. Physical exam should also be used 
to evaluate for specific nerve injuries to the previ-
ously mentioned nerves. Although pain from 
PMPS often presents with symptoms in the dis-
tribution of the ICBN (axilla and medial aspect of 
proximal upper extremity), other nerve injuries 
must be ruled out as well. The long thoracic nerve 
(C5, C6, C7) innervates the serratus anterior, and 
injury can be identified by a winged scapula. A 
winged scapula can be identified by applying an 
inline force against a forward outstretched arm. 
Lateral (C5, C6, C7) and medial (C8, T1) pecto-
ral nerves innervate the pectoralis major and 
minor. Injuries to the pectoral nerves may present 
with pectoralis muscle atrophy and weakness. 
The thoracodorsal nerve (C6, C7, C8) supplies 
the latissimus dorsi, and injury may present with 
atrophy and weakness of the muscle. If rotator 
cuff injury or cervical radiculopathy is suspected, 
further testing with magnetic resonance imaging 
(MRI) or electromyography (EMG) will more 
accurately characterize and localize the site of 
injury [11]. Plain radiographs of the chest and/or 
shoulder can demonstrate rib or shoulder inva-
sion or fracture, positron emission tomographic 
scans can show recurrence or metastasis, MRI 
neurography can reveal injuries to the brachial 
plexus, and ultrasound can show fluid collections 
such as abscess or hematoma in the axilla. In the 
absence of alternate explanation for the pain, a 
diagnosis of PMPS can be made.

 Treatment

Physical therapy (PT) is an important aspect of 
treating PMPS. PT should be targeted at preserv-
ing range of motion of the ipsilateral shoulder, 
increasing strength, and minimizing limitations. 
It is useful when started immediately after sur-
gery in order to prevent the development of 
PMPS. However, the exact timing of initiation of 
therapy is a topic of debate. Early physical ther-
apy has been associated with increased wound 
drainage and seroma formation, which could 
potentially trigger pain via compression of the 
ICBN. However, in the group of patients with 

pain secondary to lymphedema, early physical 
therapy has been shown to improve outcomes. An 
appropriate treatment plan could include passive 
range of motion exercises until drains are 
removed, at which time active stretching and 
strengthening can be initiated. Initiation of physi-
cal therapy in the postoperative period is also 
useful to prevent bursitis and adhesive capsulitis, 
which may complicate diagnosis of PMPS in 
patients with persistent pain after breast surgery 
[2].

Treating PMPS also includes a multimodal 
medical regimen, with attention to neuropathic 
pain medications. Anticonvulsants, such as gaba-
pentin or pregabalin, should be instituted at low 
dose, and escalated gradually until symptoms are 
better controlled, or side effects preclude increas-
ing the dosage. A suggested starting dose is 
300 mg per day for gabapentin [12] and 75 mg 
per day for pregabalin. Treatment with tricyclic 
antidepressants, as well as serotonin- 
norepinephrine reuptake inhibitors, has been 
shown to reduce pain scores in this patient popu-
lation, and should be started at low doses and 
increased as tolerated. Studies have shown 
improvement in PMPS pain with amitriptyline at 
25 mg per day, increasing to 100 mg per day over 
4 weeks and with venlafaxine 18.75 mg per day 
[4]. Non-steroidal anti-inflammatory medica-
tions as well as acetaminophen may be added to 
the therapy as they may help with some of the 
inflammatory pain that accompanies PMPS 
in local muscles and ipsilateral shoulder. Topical 
lidocaine or capsaicin can be considered as these 
both treat superficial symptoms such as allodynia 
or hyperesthesia, but will likely have little or no 
effect on deeper or more complex symptoms.

PMPS is a disease of the nervous system, so it 
should come as no surprise that these patients 
will often respond to blockade of multiple tar-
gets. Although large, formal, well-designed tri-
als are lacking to support any one specific 
intervention, there are several reports of periph-
eral nerve blocks that help these patients. Blocks 
targeting the ICBN are attractive as injury to the 
ICBN is felt to be the inciting event for the 
development of PMPS. ICBN blocks have been 
described by locating the intercostal nerve as it 
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exits the thorax via the second intercostal space 
with ultrasound. In a series of six patients, half 
experienced greater than 50% reduction in pain. 
Although expected to have short-term effects, 
three patients in this study reported that their 
pain was improved from baseline even 1  week 
after injection [13]. If a patient does respond to 
ICBN block, radiofrequency ablation or cryo-
neurolysis of the nerve may provide sustained 
relief. At present, there is a lack of evidence to 
support this practice aside from anecdotal 
reports. Serratus plane blocks (SPB) have 
recently gained some traction as a treatment for 
PMPS. SPB targets cutaneous branches of inter-
costal nerves 2–6 as they pass through the serra-
tus anterior muscle, which covers the T2 
branches that contribute to the intercostobrachial 
nerve [14]. Zocca et al. found that PMPS treated 
with serratus plane blocks showed 25% to com-
plete relief in all eight patients included for a 
duration ranging from 2  days to 12  weeks. 
Although blockade of the serratus plane is antic-
ipated to be of short duration, many of these 
patients claimed their pain improved from base-
line or were using less breakthrough medication. 
The study also found serratus plane blocks par-
ticularly useful for patients suffering chronic 
pain as a result of a reconstructive implant. They 
attributed inconsistency of the magnitude of 
effect in their study to scarring in the planes of 
the targeted nerves from radiation [15]. It has 
been suggested that neurolysis within the serra-
tus plane may be useful in end of life situations 
but is limited in other situations due to possible 
inclusion of the long thoracic nerve, resulting in 
scapular winging [14, 15]. Intercostal nerve 
blocks have limited evidence to support their use 
[16]. Intercostal blocks targeting the regions of 
the patient’s pain symptoms appears to be a rea-
sonable strategy, as opposed to targeting the first 
and second intercostal nerves (the contributions 
to the ICBN). Of the four case series reporting 
on intercostal nerve blocks to treat PMPS, half 
of patients achieved complete pain relief from 
local anesthetic alone [16]. Should the pain 
return, it would be reasonable to consider cryo-
neurolysis or radiofrequency denervation of the 
intercostal nerves. Should a patient have bilat-

eral PMPS, it is strongly suggested that a tho-
racic epidural injection with a larger volume 
(e.g., 8 mL) be attempted, as opposed to bilateral 
intercostal nerve blocks, to achieve a multi-level 
bilateral intercostal block. The latter of which 
could predispose a serious situation should the 
patient suffer pneumothoraces. The lone study 
investigating paravertebral blocks (PVB) was 
underpowered but still demonstrated complete 
relief of PMPS pain symptoms in two of the ten 
patients included. Scar neuroma injections can 
be easily performed in the office as well and 
have the potential to improve pain that is local-
ized to the incisional scar only.

As the pain from PMPS is at least partially 
mediated by the sympathetic nervous system, 
diagnostic and therapeutic stellate ganglion 
blocks (SGB) have been considered [16, 17]. 
However, at this time there is not enough compel-
ling evidence to recommend the routine use of 
these blocks in the management of these patients. 
If a patient does receive relief from a diagnostic 
stellate ganglion block, repeat blocks can be con-
sidered to prolong relief. It should be noted that 
in one of the two published studies on SGB for 
treatment of PMPS, gabapentin provided better 
relief than SGB.

Other treatment modalities that have shown 
promise include acupuncture and pulsed laser 
therapy [3]. The same goes for local infiltration 
of the pectoralis muscle with botulinum toxin, 
which has been described in one case report to 
have decreased pain and increased ROM of the 
arm at the shoulder, but no large trials have been 
conducted to further support this practice [18]. 
Operative fat grafting has been a topic of research 
in the treatment of PMPS. It has been shown to 
improve scar softness and improve pain control 
in other neuropathically mediated pain states. In 
the setting of PMPS, it has been shown to provide 
a significant reduction in pain scores, but the 
mechanism is poorly understood. It is thought 
that infusion of mesenchymal stems cells can aid 
in pain control by improving loose connective 
tissue regeneration, with subsequent release of 
nerve entrapment, and by reducing radiation- 
induced inflammation with concomitant reduc-
tion in pain [2]. In theory, the application of 
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neuromodulation, in the form of spinal cord stim-
ulation (SCS), could provide patients with PMPS 
a chance at durable relief. SCS is approved to 
treat chronic, neuropathic pain states that have 
failed to respond to more conservative treatment, 
which on its surface would appear to include 
PMPS.

The use of opioid medications to treat PMPS 
is a topic of debate. While opioids have shown 
utility in controlling acute postoperative pain 
 following breast surgery, routine and long-term 
use of these medications has not been shown to 
provide significant benefit [2, 7, 19]. Additionally, 
with the current concerns over opioid misuse and 
abuse, caution should be used when instituting 
long-term opioid therapy. The benefits of opioids 
for the treatment of chronic, non-cancer pain 
should be weighed carefully against the risks of 
long-term use, addiction, and misuse.

All chronic pain states include a psychologi-
cal component; a formal mental health evaluation 
can be useful in the management of 
PMPS.  Cognitive behavioral therapy, with an 
emphasis on self-management training, has been 
shown to be beneficial in this patient population. 
Self-management training focuses on helping the 
patient develop problem-solving and symptom 
management skills, while also building self- 
confidence. The ultimate goal is to allow the 
patient to manage and handle their pain in a way 
that is beneficial, without the need for provider 
input. These sessions can be carried out one on 
one or in a group therapy setting at the discretion 
of the mental health professional [2].
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Chronic Pain and Postherpetic 
Neuralgia

Beth VanderWielen and Alaa Abd-Elsayed

 Case Description

A 75-year-old woman presents with persistent 
chest pain of 8 months duration. It started after 
she developed a rash which lasted few weeks. 
She was diagnosed with shingles by her primary 
care physician and was treated with antiviral 
medicines. The rash healed but pain never way. 
Pain is severe, persistent and keeps her up at 
night. There are no other symptoms. The skin in 
the painful part is sensitive to touch and she is 
having hard time wearing clothes. She is referred 
to the pain clinic for pain management.

 What Is Your Preliminary Diagnosis?

She has most likely chronic pain from posther-
petic neuralgia, which is especially common 
especially after age 50. History of shingles fol-
lowed by pain usually clinches the diagnosis. It 
is always important to rule out other causes. 
Pain can be from a fractured rib, an underlying 

chest wall tumor, or radicular pain from nerve 
root irritation from any other pathology. It is 
important to rule out other pathologies using 
history and physical examination including 
imaging if needed.

 How Is Diagnosis Confirmed?

Diagnosis of postherpetic neuralgia is made 
based on clinical presentation.

Since this disease is actually a resurgence of 
the varicella zoster virus (VZV) which clinically 
presents as chicken pox, it is important to first 
discuss the original clinical diagnosis of infection 
as history can often be helpful to inform a diag-
nosis of subsequent sequela.

Chicken pox is diagnosed based on clinical 
symptoms which presents as a diffuse, pruritic, 
fluid-filled, vesicular rash which typically lasts 
5–7 days after which the lesions crust over and 
become scabs [1]. Transmission occurs with 
direct contact of the fluid from the vesicles 
which contains VZV or through droplets from 
nasopharyngeal secretions from infected indi-
viduals [1]. Patients are considered contagious 
from 48 hours prior to onset of rash and until 
the lesions have fully crusted over. Bacterial 
super-infection of lesions, encephalitis, or 
Reye’s syndrome are known complications of 
infection [1].
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After this systemic illness resolves, later 
resurgence of symptoms often years after the ini-
tial infection includes pain, fever, and/or malaise, 
followed by painful or pruritic skin lesions. The 
skin lesions, commonly referred to as shingles, 
generally start as erythematous papules or mac-
ules which progress from vesicles to pustules, 
followed by crusted lesions which occur 14–
21 days post infection [2]. Shingles is due to the 
reactivation of the VZV virus. Unlike the original 
chickenpox infection which is spread diffusely 
across the body, shingles presents in one or two 
dermatomes and does not cross midline [3].

Postherpetic neuralgia is the most common 
sequela of VZV infection, affecting approxi-
mately 20 percent of individuals who present 
with shingles with pain existing beyond 
1–3 months after the resolution of the skin lesions 
[2–4]. The presentation of postherpetic neuralgia 
varies based on the particular nerves affected 
(Table 21.1) [2, 5]. Factors which contribute to 
the intensity of postherpetic neuralgia include 
rash severity, age, immunosuppression, and co- 
existing inflammation [2].

Pain from postherpetic neuralgia can be 
described as severe and can dramatically affect a 
person’s ability to perform activities of daily liv-
ing, impair sleep, and potentially trigger depres-
sion [2]. Concurrent bacterial infection by 
common organisms including staphyloccous 
aureus or streptococcus pyogenes can also exac-
erbate the pain [2].

 What Is the Pathophysiology of This 
Condition?

Though not entirely understood, the reactivation 
of VZV is the cause of shingles ,while the initial 
infection with VZV causes chickenpox [3]. Once 
the initial chickenpox lesions resolve, VZV can 
hide within the sensory dorsal root ganglion 
stealthily avoiding immune attack. In healthy, 
immunocompetent individuals, T-cell lympho-
cytes are activated and form “memory” during 
the initial infection to subsequently provide pro-
tection against resurgence of the virus [2]. 
However, this “memory” or activation, prolifera-
tion, and protection of the T lymphocytes can 
wane over time leading to an unfortunate resur-
gence of symptoms in approximately 30% of 
affected individuals [6]. Additionally, as other 
conditions or circumstances are acquired which 
hinder the immune system such as human immu-
nodeficiency virus (HIV), concomitant immuno-
suppressive disease, cancer, inflammatory bowel 
disease, or use of immunosuppressive drugs, the 
dormant herpes zoster virus is allowed to escape 
the watchful T lymphocytes. The virus then 
tracks along the nerve root reaching the epider-
mis and causes the skin vesicles to form. These 
skin vesicles contain viral particles and can be 
transmitted to others when exposure occurs [2].

For unclear reasons, the thoracic level is most 
commonly affected followed by the lumbar, cer-
vical, and sacral dermatomes [2]. In severe dis-
ease, systemic dissemination can be fatal occur 
and involve any organ system including the ner-
vous, cardiovascular, gastrointestinal, and/or pul-
monary systems [2].

 How Is This Problem Managed?

While it has been shown that antivirals help to 
heal vesicular herpetic lesions and decrease 
symptomatology, efficacy in the prevention of 
postherpetic neuralgia remains unclear. Prompt 
treatment with antiviral medications within 
72-hours of initial infection is recommended to 
shorten the duration of rash and therefore the 
infective phase of the disease [2] (Table  21.2) 

Table 21.1 Characteristic physical exam findings

Cranial nerve 
involved Syndrome Symptoms
Ophthalmic 
division of the 
trigeminal 
nerve (V1 
branch)

Herpes zoster 
ophthalmicus

Visual loss; can be 
preceded by vesicles 
on the tip or lateral 
side of the nose 
called Hutchinson’s 
sign

Facial nervea Ramsay Hunt 
syndrome

Facial nerve palsy, 
otalgia, vesicular 
eruptions in the 
auricle

Auditory nervea Vertigo, 
sensorineural hearing 
loss, tinnitus

aOften occur concurrently due to close proximity
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[7–10]. If acyclovir resistance develops, second- 
line antivirals may be used including foscarnet 
and cidofovir [2].

Systemic corticosteroids in combination with 
an antiviral agent have been shown to be effective 
in reducing the duration of dermatomal pain, 
recovery of hearing impairment, and improvement 
of facial nerve function in the case of Ramsay 
Hunt syndrome [2]. Unfortunately, systemic corti-

costeroids not been shown to be effective in pre-
venting postherpetic neuralgia [11].

Other multimodal agents to help manage the 
pain from postherpetic neuralgia are frequently 
utilized for symptomatic pain control (Table 21.3) 
[12–24].

Invasive interventional treatments remain 
experimental but have been trialed with limited 
success for postherpetic neuralgia pain 

Table 21.2 Antiviral medications for herpes zoster. All medications and formulations require renal adjustment for 
decreased glomerular filtration rate

Antiviral 
medication Dosage Common side effects ≥ 5% prevalence
Acyclovir PO: 800 mg 5 times/day × 7–10 days

IV: 10 mg/kg q8h × 8 days
PO: malaise, nausea
IV: nausea/vomiting, phlebitis, increase of BUN/Cr

Famciclovir 500 mg q8h × 7 days Headache, nausea/vomiting, fatigue, diarrhea, 
dysmenorrhea

Valacyclovir 1000 mg q8h × 7 days Headache, nausea/vomiting, abdominal pain, increased 
ALT/AST, nasopharyngitis, fatigue, depression, skin 
rash, dysmenorrhea, arthralgia

Data from references [6–10]
PO per os, IV intravenous, q8h every 8 hours, BUN blood urea nitrogen, Cr creatinine, ALT alanine transaminase, AST 
aspartate aminotransferse

Table 21.3 Pharmacologic treatments of postherpetic neuralgia

Treatment 
modality Recommended dose Common side effects Evidence
Gabapentin Immediate release: 

300–1800 mg qday
Titrated to effect, BID or 
TID
Extended release: 300–1800 
qday
Titrated to effect

>10% frequency: dizziness, 
drowsiness, ataxia, fatigue

Lexicomp® Online [12]; 
Rauck et al. [13], Fan et al. 
[14]

Pregabalin Immediate release: 
150–600 mg qday
Titrated to effect, BID or 
TID dosing
Extended release: 165–
660 mg qday
Titrated to effect

>10% frequency: peripheral edema, 
dizziness, drowsiness, headache, 
fatigue, weight gain, xerostomia, 
visual field loss, blurred vision

Lexicomp® Online [15]

Amitriptylinea 10–25 mg qhs or BID; 
increase dose 10–25 mg 
every 2–7 days; max dose 
200 mg/day

Frequency not defined: arrhythmias, 
CNS dysfunction, rash, diabetes, 
SIADH, hepatitis, weakness, tremor, 
NMS, serotonin syndrome

Lexicomp® Online [16]

Nortriptylinea 10–20 mg qhs, may increase 
every 3–5 days in 10 mg 
qday increments; max 
160 mg/day

Frequency not defined: arrhythmias 
agitation, anxiety, dizziness, 
drowsiness, SIADH, weight changes, 
ileus, thrombocytopenia, 
agranulocytosis, increased LFTs, 
tremor, visual changes

Lexicomp® Online [17]

(continued)
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(Table  21.4) [25–30]. Generally invasive meth-
ods are considered a treatment of last resort due 
to the limited evidence and higher risk of 
complications.

 Vaccination

The luxury of vaccination against herpes zoster 
has afforded an opportunity to discuss prevention 
of postherpetic neuralgia rather than treatment. 
The CDC recommends the VZV vaccine for all 
children 12  months of age or older who lack 
immunity to VZV [3]. It is important to recognize 
that children who have received the VZV vaccine 
remain at risk to develop subsequent herpes zos-

ter, though their risk is significantly lower than 
those children who endured infection [3]. Per the 
Center for Disease Control and Prevention, 
99.5% of individuals born in 1978 or earlier have 
been infected with wild-type (or non-vaccine 
acquired) VZV [3]. It is estimated that 33% of the 
US population will develop herpes zoster over 
the course of their lifetime with approximately 
one million new cases annually [6]. Per the CDC, 
herpes zoster rates are increasing in the USA for 
unclear reasons [3].

To proactively prevent herpes zoster infection, 
adults aged 50 years and older should receive two 
doses 2–6  months apart of shingles vaccine 
(Shingrix®). Shingrix® is new 2017 FDA- 
approved vaccine formulation and is recom-

Table 21.3 (continued)

Treatment 
modality Recommended dose Common side effects Evidence
Desipraminea 12.5–25 mg qday or BID, 

increase dose every 
2–7 days up to max 150 mg/
day

Frequency not defined: arrhythmias, 
stroke, ataxia, confusion, fatigue, 
diaphoresis, skin rash, SIADH, weight 
changes, urinary retention, 
constipation or diarrhea, 
thrombocytopenia, agranulocytosis, 
increased LFTs, tremor, visual 
changes

Lexicomp® Online [18]

Capsaicin 8% 
patch 
(Qutenza®)

Apply patch to painful area 
for 60 mins (up to 4 patches 
for coverage); repeat 
≥3 months for symptom 
control

>10% frequency: localized erythema, 
local pain

Lexicomp® Online [19]

Lidocaine 5% 
patch

Apply to most painful area, 
can stay on up to 12 hrs over 
a 24-hr interval; up to 3 
patches at once may be 
applied

>10% frequency: erythema, petechia Lexicomp® Online [20]

Cobalaminb 1.00 mg/2 ml local 
subcutaneous injection × 
28 days

Bleeding/bruising at injection site Xu et al. [21]

Ascorbic Acidb 
(Pascorbin®)

IV: 7.5 g/50 ml; 2–4 
treatments/week × 2 weeks

Itching/burning at injection site, 
paresthesia, urticaria

Schencking et al. [22]

Zinc sulfateb IV 10–20 mg IV qday or 
35 mg 3x/week × 3 weeks 
followed by oral elemental 
zinc 10–20 mg/day × 
2 months

No noted side effects in case reports; 
frequency not defined, though 
dizziness, headache, nausea, vomiting 
have all been reported

Lexicomp® Online [23], 
Lin et al. [24]

qday daily, BID twice daily dosing, TID three times daily dosing, CNS central nervous system, SIADH syndrome of 
inappropriate antidiuretic hormone secretion, NMS neuroleptic malignant syndrome, LFTs liver function tests
aOff label or experimental use
bAdjuvant therapy to neuromodulators and antivirals + off label use

B. VanderWielen and A. Abd-Elsayed



159

mended even if patients received the previous 
live attenuated Zostavax® vaccine [3]. Shingrix® 
is 90% effective compared to 51% effective for 
Zostavax [3, 29]. Furthermore, Shingrix has sus-
taining efficacy over time, while Zostavax wanes 
to 18% effective in persons greater than 80 years 
old [3, 31]. In addition, Shingrix® contains an 
adjuvant component called AS01B, which helps 
to boost the immune system to increase duration 
of effectiveness [32].

 What Is the Prognosis of This 
Condition?

Debilitating pain from postherpetic neuralgia is 
well documented and of variable duration [2, 3, 
5]. Permanent complications from herpes zoster 
infection vary and are associated with the loca-
tion of the affected dermatome and type of medi-
cal care received at symptom onset. It is estimated 
that 6% of cases that affect the eye result in per-

Table 21.4 Interventional treatments of postherpetic neuralgia

Intervention Inclusion group Outcomes Common risks Evidence
Intrathecal and epidural injections
2 mg of midazolam (ITa) + 60 mg 
of methylprednisolone (EP) single 
shot

Patients w/
persistent 
allodynia for 
3–6 months

Analgesia ≤1 month Sedation, PDPH Dureja et al. 
[25]

80 mg methylprednisolone acetate 
+10 mg bupivacaine (EP) single 
shot

Acute herpes 
zoster (rash 
<7 days)

Analgesia ≤1 month; 
ineffective for 
prevention of PHN

Dizziness, flushing, 
headache, backache

Van Wijck 
et al. [4]

IV acyclovir 10 mg/kg TID × 
9 days + prednisolone 60 mg q/
day w/ taper for 21 days vs.
6–12 cc 0.25% bupivacaine q6-8h 
or 12 h + methylprednisolone 
40 mg q3–4 days via EP catheter 
for 7–21 days

Acute herpes 
zoster (rash 
<7 days)

22.2% incidence of 
pain after 1 year in 
acyclovir +steroids vs. 
1.6% after epidural 
+steroids

Acyclovir + steroids: 
nausea, vomiting, 
diarrhea, dyspepsia
Steroids+ epidural: 
sweating, fainting, 
neck pain, paresis, 
oliguria

Pasqualuccci 
et al. [26]

Nerve blocks and epidural injections
PVB vs. stellate ganglion block 
vs. single epidural steroid 
injection vs. continuous epidural

Heterogeneous 
mix; 
meta-analysis

PVB and continuous 
or repeated epidurals 
decreased duration of 
pain and incidence of 
PHN at 3, 6, and 
12 months; no 
improvement of pain 
w/stellate ganglion or 
single epidural 
injection

Dizziness, headache, 
backache, PDPH

Kim et al. [27]

Cryotherapy
30 second liquid nitrogen spray in 
affected dermatome weekly 
ranging from 1–20 treatments

Heterogeneous 
mix; PHN 
1 week to 
>1 month of 
symptoms

Reduction in pain by 
≥70% achieved in 
75% of patients, 
unclear duration of 
sustained pain relief

None cited Calandria [28]

Spinal cord stimulation PHN >2 years 82% achieved 
long-term pain relief 
(median 29; range 
9–38.5 months)

None cited; though 
lead failure, 
migration, infection, 
pain, wound 
breakdown all cited 
with stimulators [29]

Harke et al. 
[30]

IT intrathecal, EP epidural, PDPH post-dural puncture headache, PVB paravertebral block, PHN postherpetic neuralgia, 
qday dosed once daily, BID twice daily dosing, TID three times daily dosing
aOff label use, preservative free hydrochloride solution
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manent visual loss [33]. Other common compli-
cations of eye involvement include conjunctivitis, 
keratitis, scleritis, uveitis/iridocyclitis, and ante-
rior uveitis [34]. Herpes zoster affecting the facial 
nerve may leave permanent palsies in 50% of 
patients. Secondary infection affects up to 30% 
of individuals [34]. Several other known compli-
cations of herpes zoster includes, but not limited 
to, myositis, Guillian-Barré syndrome, limb 
paresis, foot drop, voiding dysfunction, stroke, 
and jaw osteonecrosis [34]. Mortality from her-
pes zoster is estimated to be 0.017–0.465/100,000 
person-years [33].

 Discussion

 Prevalence

Herpes zoster is extremely common with one 
third of all people developing infection during 
their lifetime; 20% of these affected individuals 
will develop postherpetic neuralgia [2, 3].

 Differential Diagnosis

The differential diagnosis of herpes zoster 
includes impetigo, contact dermatitis, folliculitis, 
scabies, insect bites, papular urticaria, candida 
infection, dermatitis herpetiformis, drug erup-
tions, or vesicular exanthemas caused by cox-
sackie or echo virus. Zoster is also often confused 
with the rash of herpes simplex virus (HSV), 
including eczema herpeticum [6, 35].

 Predictive Value of Different Clinical 
Features (History and Physical Exam) 
and Lab Testing/Imagining

Herpes zoster is considered to be a clinical diag-
nosis based on symptoms and presence of a 
vesicular rash in a dermatomal distribution. 
While techniques including electron microscopy 
and the Tzanck smear can confirm the diagnosis 
of herpes viral infection, these techniques are 
rarely used clinically due to cost and accessibil-

ity. A Tzanck smear has a sensitivity of ≥80% 
and specificity of ≥90% with a positive predic-
tive value of ≥0.88 and negative predictive value 
of ≥0.82. However, these methods cannot distin-
guish the difference between herpes simplex 
virus and varicella zoster virus [2, 35].

Other confirmatory techniques which are 
more commonly used clinically for disseminated 
disease include polymerase chain reaction (PCR), 
direct immunofluorescense assay, skin biopsy, or 
viral culture [2]. PCR has a high sensitivity (95%) 
and specificity (100%) due to the detection of 
viral DNA and is often readily available if the 
clinical diagnosis is in question [6].

 Strength of Evidence for Different 
Treatment Modalities

Evidence for capsaicin 8% patches, gabapentin, 
pregabalin, amitriptyline, nortriptyline, and 
desipramine have consistent, good-quality 
patient-oriented evidence for clinical use, also 
known as a grade A rating as determined by the 
American Academy of Family Physicians 
(AAFP). Antivirals including acyclovir, valacy-
clovir, and famciclovir have inconsistent or 
limited- quality patient-oriented evidence in 
decreasing the duration of symptoms and severity 
of pain related to postherpetic neuralgia, consis-
tent with a grade B rating [6].

 Role of Sympathetic Block

Often commonly practiced and suggested, sym-
pathetic blocks have no proven role in preventing 
or treating postherpetic neuralgia. There is no 
randomized study, few outcome studies, or retro-
spective reports published. Level of evidence is 
reported at level 2C.

 Role of Neuromodulation

Kurklinksy et al. [36] published a review of lit-
erature on this topic. In his article, he found 20 
original reports that described 309 patients with 
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PHN who were treated with SCS. Sixteen reports 
had a permanent implantation of SCS, with a 
total of 255 patients, out of which 120 had long- 
term pain relief. There were six reports of subcu-
taneous PNS for PHN (in a thoracic area). Four 
reports provided data on success rates where all 
five patients received complete pain relief. 
Pulsed radiofrequency has also been reported in 
case reports as an effective intervention by 
applying the modality at DRG level. Overall, the 
strength of evidence for neuromodulatory ther-
apy is 2C.

 Future Directions or Clinical Trials 
in Progress

Future topics for investigation include delineat-
ing sustained duration of vaccination effective-
ness, especially in light of the newly released 
Shingrix vaccine. In addition, the factors related 
to triggers of zoster infection remain largely 
unknown. While we know that age has a clear 
link to emergence of the herpes zoster virus, it 
remains unclear if recommendations for earlier 
vaccination should occur in specific groups of 
younger individuals. Immunocompromised indi-
viduals have been identified to be at high risk of 
zoster infection, yet it remains unclear what trig-
gers the disease in healthy individuals.

Despite a significant number of medications 
available to treat postherpetic neuralgia, many of 
these medications have significant side effects 
which preclude their use in certain individuals. 
As of May 2018, 146 trials investigating new 
treatments for postherpetic neuralgia are regis-
tered with ClinicalTrials.gov36. Six of these clini-
cal trials are actively enrolling patients; three are 
investigating drug treatments and three are inves-
tigating invasive treatment modalities. The drug 
treatment groups include EMA401, a competitive 
antagonist of the angiotensin II receptor, 
3VM1001 Cream, which includes a low concen-
tration of copper, as well as ABX-1431 affecting 
neuromodulation. Invasive techniques undergo-
ing evaluation include transcranial magnetic sim-
ulation for facial pain related to HSV affecting 
the trigeminal nerve, performance of a lumbar 

sympathetic block under fluoroscopy, and effec-
tiveness of electroacupuncture for intractable 
neuropathic pain [37].

 Conclusion/Summary

Herpes zoster is a pervasive, debilitating disease 
which disproportionally affects older individuals 
and those suffering from immunosuppression. It 
can affect eyesight and neurological function, 
and cause such severe pain that quality of life can 
suffer immensely. While new technology and 
vaccination availability is continually improving, 
many people around the globe do not have access 
to these medical therapies or they remain cost 
prohibitive. Even among infected individuals 
with access to treatment, medication side effects 
can limit their use. Further investigation into 
more favorable and easily tolerated treatment 
methods is ongoing and details regarding the 
long-term efficacy of the new herpes zoster vac-
cination remains unclear.
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Functional Abdominal Pain 
(Chronic Abdominal Pain)

Tariq Malik

 Case Description

An 18-year-old woman presents to the pain man-
agement clinic with complaints of recurrent 
abdominal pain for the past 1 year. She describes 
her pain as central abdominal pain, non- radiating, 
crampy in nature, accompanied by nausea but no 
vomiting. Pain is worsened by eating and last 
from few minutes to few hours, nothing helps 
when its severe and she often end up going to the 
ER where intravenous analgesic helps. She has 
been going to the ER more often lately and has 
also missed many school days. She does not 
remember if there was a triggering event such as 
infection, surgery, or trauma. It came on insidi-
ously and has not left since it started. The pain is 
not associated with certain foods or with a change 
in bowel habits. She was previously evaluated by 
her pediatrician who reported that an abdominal 
ultrasound and CBC were unrevealing for an 
obvious cause. She was referred to a gastroenter-
ologist who did upper gastrointestinal scope and 
did not find any pathology. She was found to have 
no food allergy and rest of her labs done over the 
years by various consultants has been consis-
tently negative. She does not take any medica-
tions and is otherwise healthy. She is a senior in 

high school and has been very worried about col-
lege acceptance and picking a career path. She is 
concerned about how this abdominal pain will 
affect her quality of life at school.

 What Is Your Preliminary Diagnosis?

The patient has been extensively evaluated by 
various consultants and all her laboratory tests 
and imaging have been negative. She is not los-
ing weight and has no constitutional symptoms 
such as fever, blood in stools, or night sweats. 
Her symptoms are consistent with gut dys-
motility and functional bowel disorder. The 
preliminary diagnosis is most consistent with 
functional abdominal pain (FAP), also known 
as centrally mediated abdominal pain syn-
drome. Abdominal pain can vary widely in eti-
ology and presentation; however, recurrent 
pain without obvious cause and associated 
with stress is likely functional abdominal pain. 
FAP is pain that persists for at least 6 months, 
without evidence of structural or metabolic 
disease, has no relationship to events (diges-
tion, menstruation, bowel movements), and 
interferes with daily functioning [1]. The pain 
is constant or frequently recurring. It has a 
higher comorbidity with psychiatric disorders; 
and would even satisfy a pain criterion toward 
that diagnosis of a somatization disorder [2].
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 How Is Diagnosis Confirmed?

A detailed HPI should be obtained on presenta-
tion, including pain location, quality, frequency, 
duration, and any exacerbating/alleviating fac-
tors. The physical exam should review vital signs 
(noting tachycardia, presence of fever), and 
obtain a thorough abdominal exam (presence of 
peritoneal findings). FAP is not usually associ-
ated with physical exam findings consistent with 
organic causes of abdominal pain such as fever, 
jaundice, abdominal masses, blood in stool, etc.

 Description of Pain
FAP patients often describe their pain in emo-
tional terms [2], as constant, not relating to any 
physiological process (eating, defecation), and in 
a large area of the abdomen vs a precise location. 
It is constant or very frequent, pain is often severe 
and compromises daily functioning. There may 
also be descriptions of other extraintestinal pain.

 Symptom Behavior
These behaviors are typical of FAP patients but 
are neither sensitive nor specific and have limited 
diagnostic values. They include urgent reporting 
of intense symptoms, minimizing potential role 
for psychosocial contributors, seeking healthcare 
frequently, requesting narcotics, wanting com-
plete symptom relief, requesting diagnostic stud-
ies, and taking limited personal responsibility for 
self-management [2].

 Psychosocial Features and Assessment
It is helpful to evaluate psychosocial history and 
identify any stressors (death, divorce, or trauma/
abuse). Patients may exhibit anxiety, depression, 
or somatization. However, unlike patients with 
these primary diagnoses, patients with FAP do 
not often want to accept that these could contrib-
ute to their prevention [2].

In addition, the ROME IV criteria can be used 
to diagnose FAP (Table 22.1). It should be noted 
that the most recent edition of the ROME criteria 
published in 2016, refers to FAP as “Centrally 
mediated abdominal pain syndrome” to highlight 
its strong central component and lack of evidence 

for abdominal structural/mechanical/metabolic 
disease process [3]. The ROME IV criteria allow 
for a clinical diagnosis of FAP and related func-
tional conditions (irritable bowel syndrome, 
functional dyspepsia, abdominal migraine). As a 
change from the prior Rome III criteria, FAP can 
be diagnosed based on symptoms “after appro-
priate medical evaluation the symptoms cannot 
be attributed to another medical condition” rather 
than the previous criteria’s requirement that there 
“is no evidence for organic disease” [4].

Diagnostic studies may also be done to 
exclude organic and physiological causes, but 
may not always be necessary in the absence of 
alarming symptoms. Imaging studies such as 
ultrasound, CT, or endoscopic studies or labora-
tory studies (CBC, liver panel, lipase, urinalysis) 
can determine if there is a potential abdominal 
process at work (Table 22.2).

 What Is the Pathophysiology of This 
Condition?

Like many chronic pain conditions, the etiology 
and pathophysiology of FAP is not well under-
stood [2], but is thought to be due to impaired 
nociception involving a central process resulting 
in visceral hyperalgesia. The condition is best 
explained using biopsychosocial model. The 
condition may be precipitated by some event that 
initiates a hypersensitivity which is then sus-
tained. The sensitivity could come from low 
grade inflammation affecting nerve endings, or 

Table 22.1 Diagnostic criteria for FAP, based on ROME 
IV

ROME IV criteria
Continuous or nearly continuous abdominal pain
No or only occasional relationship of pain with 
physiological events (eating, defection, menses)
Pain limits some aspects of daily functioning
Pain is not feigned
Pain is not explained by another structural or functional 
GI disorder or other medical condition

Must include ALL of the above; criteria fulfilled for the 
last 3 months with symptom onset at least 6 months before 
diagnosis
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repeated chemical irritation from the breakdown 
products of food/bile acids, or repeated bowel 
distention. The increased sensitivity leads to per-
sistent sensory neuronal input in the dorsal horn 
of the spinal cord which may become abnor-
mally excitable and hyperalgesic due to several 
factors including persistent activation of NMDA 
receptor [1]. There may be alterations in endog-
enous pain modulation systems, including dys-
function of descending pain modulation and 
cortical pain modulation circuits [2]. Whatever 
the mechanism, the presence of this sensitization 
leads to complaints of pain along with symptoms 
of bloating or indigestion and/or altered bowel 
frequency [4]. Role of enteric plexus cannot be 
discounted. In normal gut, serotonin is released 
from enetrochromaffin cell and activates peri-
staltic reflex. Vagal and spinal afferent are also 
involved in modulating bowel peristalsis. The 
eneteric reflex involves release of excitatory 
(acetylcholine, tachykinins) or inhibitory neu-
rotransmitters (vasoactive intestinal peptides, 
nitric oxide). Imbalance in these neurotransmit-
ters either from serotonergic dysfunction or food 
mediated release of these chemicals in maladap-
tive neuronal circuitry can account for many 
symptoms of functional abdominal pain. Belief 

systems and coping mechanisms typically seen 
in FAPS patients are consistent with the possibil-
ity of altered influences of cortical networks 
(including prefrontal and parietal cortical 
regions) on limbic and pain modulation circuits. 
Early life stresses (parental loss, physical or ver-
bal abuse) or adult life psychological stresses 
(divorce, bereavement) can affect brain-gut axis, 
creating hypersensitive gut by facilitating affer-
ent transmission by lowering activity in the 
descending inhibitory pathways [2]. There is no 
proof that these psychological traits have any 
causal relation. At the very least, they contribute 
to behavior which involve preoccupation with 
symptoms, catastrophization, and frequent use 
of healthcare resources.

Repeated injury can cause abdominal nerve 
receptors to become overly sensitized. Patients 
who have had multiple abdominal surgeries, pro-
cedures, or insults (e.g., infection), can perceive a 
later painful experience as more painful/out of 
proportion to what is expected.

Psychological factors are thought to play a 
role in amplifying pain signals and causing per-
ception of pain with low-level inputs and persis-
tence of pain after the inputs have ended. Stressors 
such as death, divorce, or abuse can precipitate 
episodes, and times of added stress can make 
symptoms worse. Furthermore, the pain itself 
may act as a stressor, participating in a positive 
feedback loop.

Diagnostic testing should be limited. In the 
absence of alarming symptoms, the risk of miss-
ing an organic cause is less than 5%. Celiac dis-
ease can be ruled out using blood test (tissue 
tranglutaminase antibodies) or duodenal muco-
sal biopsy. Somehow celiac disease is more 
uncommon in patients with functional gut disor-
der than in the general population. Inflammatory 
bowel disease is highly unlikely(less than 1% 
chance) if C-reactive protein level or fecal cal-
protectin levels are low along with clinical fea-
tures of functional symptoms. Colorectal cancer 
is also very unlikely if there are no accompany-
ing alarming symptoms (weight loss, blood in 
the stool).

Table 22.2 Chronic abdominal pain algorithm

1.  Does pain improves with defecation? Does patient 
has altered stool consistency or frequency

a. If yes, then Irritable bowel syndrome
b. If no Move to next question
2.  Is pain upper abdominal along with sensation of 

satiety or fullness or feeling of heart burn with eating
a. Yes Functional dyspepsia
b. No Next question
3.  Constant or frequent vague or crampy abdominal 

pain with no evidence of malingering
a. Yes Functional abdominal pain
b. No Look for
4.  Increased pain with contraction or palpation of the 

abdominal wall muscles (Carnett’s sign)
a. Yes Muscle wall pathology/ 

somatic pain
b. No See if
5. Increased pain with opioid use
a. Yes Narcotic bowel
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 How Is This Problem Managed?

Treatment is often very difficult and frustrating. 
Most patients seek care from multiple physi-
cians and seek validations of their sickness as 
all tests tend to come back within normal range. 
There is no treatment modality to cure 
FAP. However, there are helpful ways that clini-
cians can provide relief. Management is based 
on a therapeutic, trusting physician-patient rela-
tionship and can also include medications that 
act centrally [2] (Table 22.3). Treatment is best 
when multi- faceted and can include both psy-
chological and pharmacological approaches. 
The best intervention is extensive education of 
the patients on the pathophysiology and nature 
of functional abdominal pain. It is important to 
stress the benign nature of the disease. Many 
physicians start by encouraging patients to keep 
a diary to identify possible triggers (emotional 
or situational) that precipitate worsening of 
symptoms.

Psychological treatment options include cog-
nitive behavioral therapy or psychotherapy, 
relaxation techniques, or hypnosis. Furthermore, 
reassurance and education on dietary modifica-
tions, stress reduction, and coping mechanisms 
also help.

Pharmacologically, antidepressants, particu-
larly, low-dose daily tricyclic antidepressants 
(TCAs) or SSRI/SNRIs, can help provide symp-
tomatic relief for chronic abdominal pain [2]. 
The mechanism by which these medications to 
relieve FAP is not understood [4]. One proposed 
mechanism is serotonin-mediated effects on the 
GI tract, such as increased motility, another, for 
TCAs, is a norepinephrine-mediated decrease in 
pain sensitivity as is hypothesized for their use in 
other pain disorders, and a third potential mecha-
nism is through their anticholinergic effects on 
the GI system [4]. In a Cochrane meta-analysis, 
59% of the patients improved on TCA vs 39% in 

the control group. Amitriptyline was found to be 
most helpful in dose range 25–150 mg daily. The 
beneficial effects may take 4–6  weeks to show 
up. In cases where a psychiatric disorder is also 
present, antidepressants can alleviate depression 
or anxiety contributing to symptoms, providing 
additional benefit. SSRIs have not shown to make 
a difference in abdominal pain but do help by 
improving sense of well-being and have better 
side-effect profile compared to TCA.  SRNIs 
(venlafaxine/duloxetine) have shown to improve 
pressure tolerance of colonic balloon distention 
but no effect on abdominal pain. They are used in 
refractory abdominal cases. Opioids do not have 
a role in managing FAP, and can lead to addic-
tion, dependence, or narcotic bowel syndrome.

 What Is the Prognosis of This 
Condition?

As stated above, FAP is not curable, but treat-
ments are aimed at improving symptoms and 
overall quality of life. FAP does have a chronic 
course. FAP can negatively affect general health, 
personal relationships, psychological well-being, 
with patients often developing or having co- 
existing psychiatric disorders. Distress and dis-
ability overall is a concern in these patients.

 Discussion

 Prevalence

The epidemiology of FAP is difficult to determine. 
It is generally considered less common than other 
functional gastrointestinal disorders such as irrita-
ble bowel syndrome or functional dyspepsia. 
Reported prevalence figures in North America 
range from 0.5% to 2% [6]. FAP is quite common 
in children, with an estimated worldwide preva-

Table 22.3 Medications for treating functional abdominal psain

Medication
Serotonin effects 
(5-HT)

Histamine effects 
(H-1)

Acetylcholine 
effects

Initial dose 
(mg)

Dose range 
(mg)

Amitriptyline ++ ++ ++++ 10 25–150
Imipramine ++ ++ ++++ 10 25–150
Desipramine ++++ ++ + 10 25–150
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lence of 13.5% in the pediatric population [4]. The 
disorder is more common in females 
(Female:male = 3:2), with prevalence peaking in 
the fourth decade of life [2]. Clinical evidence sug-
gests that there is a strong association of negative 
early life events and certain psychosocial stressors 
with increased pain reports among patients with 
functional gastrointestinal disorders [2].

Furthermore, FAP has a large economic 
healthcare burden. FAP patients in the United 
States missed work a mean of 11.8 days in a year, 
3 times more than subjects without abdominal 
symptoms, and “felt too sick to go to work” at the 
moment of the survey in 11.2% of cases, about 3 
times more frequently than respondents without 
functional gastrointestinal disorders [4].

 Differential Diagnosis

FAP is a diagnosis of exclusion. The differential 
diagnosis includes irritable bowel syndrome (pain 
with abnormal bowel movements), functional dys-
pepsia (pain in upper abdomen, associated with 
symptoms of indigestion), and abdominal migraine 
(sudden onset of severe pain associated with other 
migraine-like symptoms such as sweating, dizzi-
ness, light sensitivity). FAP differs from IBS in 
that pain is the central complaint, rather than 
abnormal bowel movements. Pain associated with 
CAPS may be colicky in nature, as in IBS, 
although it tends to be more prolonged and wide-
spread [5]. Patients with abdominal migraines 
describe their pain as cyclical, rather than constant 
or near-constant in FAP.

 Predictive Value of Different Clinical 
Features (Both on History 
and Physical Exam) and Lab Testing/
Imaging

Since FAP is a diagnosis of exclusion, a detailed 
clinical evaluation is the most helpful in making 
a diagnosis. This is best achieved with the use of 
the ROME criteria. Evaluation of symptom 
behavior and psychosocial features can be help-
ful, but are neither sensitive nor specific for diag-

nosing FAP. In the absence of alarming signs or 
symptoms, laboratory testing or imaging studies 
may not be necessary.

 Strength of Evidence for Different 
Treatment Modalities

There are no randomized control trials to evalu-
ate the effectiveness of various pharmacological 
drugs. Most studies were single center, with 
small sample size, and with heterogeneous meth-
odology, and still most interventions were shown 
to be better than placebo. Based on a systemic 
review and a meta-analysis, the NNT for TCA to 
show improvement in abdominal pain is 5, and 
for overall improvement, NNT is 4.

Nonpharmacological interventions have not 
been studied specially in chronic abdominal pain 
but have been studied in patients with other func-
tional gut disorders. Cognitive behavior disorder, 
hypnotherapy, and stress management have all 
found to be useful in those conditions. These 
interventions may not affect the intensity of pain 
but the overall global score improves.

 Future Directions

More research is needed to better characterize 
patients with FAP, implement diagnostic criteria 
with improved specificity, and further understand 
the central pathophysiological process involved.

 Conclusion/Summary

In conclusion, FAP, is a centrally mediated pain pro-
cess that can have a huge impact of patients’ quality 
of life. It is a clinical diagnosis and one of exclusion, 
using a detailed clinical evaluation with the help of 
the ROME IV criteria. FAP can be distinguished 
from other functional, non- centrally mediated, GI 
disorders such as IBS, functional dyspepsia, and 
abdominal migraines. The mainstay of treatment 
involved both pharmacological and psychological 
approaches to improve symptom management and 
overall quality of life.
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A 35-Year-Old Man with Chronic 
Abdominal Pain (Chronic 
Pancreatitis)

Sumit Jain and Dalia H. Elmofty

 Case Description

A 35-year-old man with a history of alcohol 
abuse presents to his primary care physician for 
chronic abdominal pain. The pain began approxi-
mately 1  year prior and has been relatively 
unchanged in quality since its onset. During this 
time, he has had approximately 35  pounds of 
unintentional weight loss. The pain is mid- 
epigastric and he describes it as a nagging, con-
stant, and dull in nature that worsens 
approximately 30 minutes after meals. The pain 
radiates to his back and associated with nausea 
following meals. He has tried antacids (e.g., 
tums, omeprazole, ranitidine) and pain medica-
tions (e.g., tylenol, ibuprofen, naproxen) with 
some relief of symptoms. He reports that leaning 
forward or sitting straight sometimes relieves his 
discomfort. He denies any associated fevers, 
chills, changes in his bowel habits, diarrhea, con-
stipation, melena, hematochezia, dysuria, or 
polyuria.

 What Is Your Preliminary Diagnosis?

The differential diagnosis of mid-epigastric pain 
is quite broad, and therefore it is essential to 
gather a thorough history to narrow the diagno-
sis. There are several elements in this case pre-
sentation that points toward a potential diagnosis 
of CP. The main complaint in patients with CP is 
abdominal pain, with incidence of approximately 
81.7% [1]. Patients with alcoholic CP have two 
distinguished patterns of abdominal pain. The 
first pattern that is described is of intermittent 
pain episodes that typically last <10  days fol-
lowed by periods without pain, which can last 
greater than 1  year [2]. The second pattern is 
characterized by chronic pain complaints with 
intermittent exacerbations. As the disease pro-
gresses the pain can change from pattern one to 
two, and in some patients the pain can eventually 
stop as the disease burns out and glands are 
destroyed [3]. The pain is epigastric, radiates to 
the back, and occurs 15–30  minutes following 
meals. Although abdominal pain is the most com-
mon complaint, it may not be present in up to 
20% of patients [1, 4]. These patients may pres-
ent with exocrine dysfunction without abdominal 
pain. Other common complaints include loss of 
weight, dyspepsia, nausea, anemia, and new 
onset diabetes [1].

As seen in the case above, one of the most 
common etiologies of CP that can be identified 
on history is alcohol use. In males, alcohol use 
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represents the most common etiology for CP [1]. 
For females, biliary disease is the most common 
etiology [1]. When all patients are considered, 
biliary disease is the most common cause (38.5%) 
for CP [1].

 What Is the Pathophysiology of This 
Condition?

The major hallmarks seen in CP is a combination 
of glandular atrophy, ductal changes, fibrosis, 
and inflammation [5]. Several theories have been 
postulated to provide a unifying synthesis of the 
pathophysiology of CP with the four major tradi-
tional theories being the oxidative stress, toxic 
metabolic, stone and duct obstruction, and 
necrosis- fibrosis models [5]. The oxidative stress 
model postulated by Braganza states that the 
root cause of CP is due to the by-product of 
hepatic oxidases, which in excess result in oxi-
dative stress to the pancreas [6]. This leads to 
inflammation and tissue damage [6]. The major 
limitation of this theory is that there is no evi-
dence that the oxidative stress initiates the dis-
ease process [5]. The toxic-metabolic theory 
proposed by Bordalo et  al. states that alcohol 
directly damages the acinar cell leading to alter-
ations in cellular metabolism [7]. However, there 
is limited literature to support that steatopancre-
atitis seen in alcoholics is a precursor of fibrosis 
[5, 8]. The stone and ductal theory emphasized 
by Sarles et al. states that CP is a separate entity 
from acute pancreatitis [8]. The CP pathogenesis 
is initiated by increased pancreatic exocrine 
function modulated by alcohol [9]. This in turn 
leads to increased pancreatic fluid lithogenicity 
resulting in stone and protein plug formation [5, 
9]. This can cause stasis and obstruction result-
ing in atrophy and fibrosis [5, 9]. One of the 
major flaws within this study is that in early 
stages of pancreatitis, mild fibrosis protein plugs 
were found in less than half of the patients [10]. 
Additionally, causality between protein plugs 
and pancreatic fibrosis has not been well estab-
lished in the literature. The necrosis-fibrosis 
theory states that recurrent episodes of acute 
pancreatitis result in inflammation and necrosis 

leading to scarring, obstruction, and stone for-
mation within the tubules [5].

Newer concepts include the primary duct 
hypothesis proposed by Cavallini. Within this 
theory, the major etiology of ductal destruction is 
an immunologic attack causing fibrosis and scar-
ring [11]. Alcohol may play a role in modulating 
target antigens resulting in this autoimmune 
attack [5, 11]. The sentinel acute pancreatitis 
event (SAPE) hypothesis by Whitcomb et  al. 
incorporates several prior theories (necrosis- 
fibrosis, toxic-metabolic, oxidative stress) in 
order to provide a unifying mechanism for the 
development of CP [5, 12, 13]. Within this the-
ory, the sentinel event is an episode of acute pan-
creatitis that sensitizes the pancreas. If the 
inciting factors are removed, the pancreas can 
heal. However, if there are repeated bouts of pan-
creatitis, the acinar cells continue to secrete cyto-
kines resulting in inflammation and deposition of 
collagen leading to fibrosis [12, 13].

Currently, the pathogenesis of CP appears to 
be multifactorial. It is likely that different etiolo-
gies result in CP through various mechanisms 
[5]. For example, the pathogenesis of CP second-
ary to obstruction may be different than that due 
to alcohol.

 How Is the Diagnosis Made?

 History
Early diagnosis of CP is essential as advanced CP 
has a poor prognosis with a mortality rate twofold 
higher than the general population. Obtaining key 
information from a patient’s history can direct a 
physician toward the diagnosis of CP [14]. 
Approximately 60–80% of cases are related to 
alcohol consumption, usually between 80–120 g/
day [14–16]. Epidemiological studies have shown 
that there is also a dose response relationship 
between the amount of daily alcohol use and risk 
for developing CP [16]. Smoking was also found 
to have a higher prevalence in patients with CP, 
with a multicenter study reporting that nearly half 
of patients with CP were current smokers [17]. 
Other risk factors include chronic renal failure, 
hypercalcemia,  hyperlipidemia, autosomal dis-
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ease (i.e., CFTR and SPINK mutations), recurrent 
acute pancreatitis, and sphincter of oddi 
disorders.

 Laboratory Tests
No single laboratory test is diagnostic for early 
pancreatitis. In acute pancreatitis, measurement 
of pancreatic enzymes is useful. There can be 
elevations in lipase and amylase that are greater 
than three times the upper limit of normal [18, 
19]. However, in CP there is typically loss of exo-
crine function secondary to fibrosis. Therefore, 
the serum concentrations of these enzymes may 
be normal to mildly elevated [19]. Other labora-
tory tests that can assist in the diagnosis of CP 
include elevated total bilirubin, alkaline phospha-
tase, hepatic transaminase, fasting serum glu-
cose, low fecal elastase, and low trypsinogen 
[20]. These tests have low utility as they are nei-
ther strongly sensitive nor specific. The secretin 
stimulation test is the most sensitive available 
option but currently is not commonly available 
[20]. There are no biomarkers that have been well 
established to aid in diagnosis of CP.

 Imaging
Endoscopic retrograde cholangiopancreatogra-
phy remains the gold standard in detecting early 
changes [21]. However, this procedure requires a 
specialized gastroenterology physician who can 
evaluate for ductal changes and is invasive. 
Therefore, it is typically reserved for patients 
with inconclusive testing [21]. The initial imag-
ing modality that can assist in diagnosis of CP is 
a contrast-enhanced computerized tomography 
(CT) scan. Findings of the CT scan include dila-
tion of the main pancreatic duct, pancreatic atro-
phy, pseudocysts, and intraductal calcifications. 
Studies show that the degree of calcifications is 
directly proportional to disease duration [22, 23]. 
CT imaging has a specificity 80–90% and sensi-
tivity between 74 and 100% for detecting 
advanced disease [24].

Other imaging modalities that have a role in 
diagnosing CP include magnetic resonance chol-
angiopancreatography (MRCP) and endoscopic 
ultrasound (EUS). The benefit of MRCP is that 
there is no radiation exposure and has the ability 

to detect parenchymal and ductal changes [25]. 
In combination with the secretin secretion test, 
MRCP has a useful role in diagnosing early CP 
(sensitivity of 77% and specificity of 83%) [26]. 
EUS has an emerging role in the diagnosis of 
early pancreatitis with a sensitivity of 97% and a 
specificity of 60% [20]. Furthermore, the compli-
cation rates with EUS are low in comparison to 
ERCP [20]. The role of EUS has been limited by 
the low interobserver agreement [27].

 How Is This Problem Managed?

Management options for CP can be separated 
into lifestyle, medical, endoscopic, interventional 
pain, and surgical treatment options. The major 
initial emphasis in management of CP focuses on 
having the patient implement lifestyle changes. 
These include alcohol cessation, tobacco cessa-
tion, and low-fat diets with vitamin supplementa-
tion and antioxidants [28]. Support groups are 
essential as patients with CP can oftentimes 
become socially isolated as a result of their dis-
ease [29].

 Medical Management
Medical management of CP focuses on the 
chronic disabling pain which plagues patients. 
One analysis showed that over 85% of patients 
reported pain during their disease course [29]. 
Increasing evidence shows that the pain in CP is 
secondary to peripheral and central sensitiza-
tion. This evolves over time in the setting of 
chronic inflammation and fibrosis triggering 
nociceptive afferent receptors [30]. Pancreatic 
enzyme supplementation has been postulated 
for the treatment of pain related to its negative 
feedback on the pancreas resulting in lower pan-
creatic stimulation and CCK levels [30]. High 
CCK levels have previously been found in 
patients with pain secondary to CP [30]. 
However, the use of pancreatic enzyme supple-
mentation was questioned in a recent systemic 
review. This meta-analysis of five trials found 
that pancreatic enzyme supplementation did not 
relieve abdominal pain compared to placebo 
[31]. The Cochrane review also found no benefit 
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in quality of life, pain, or  steatorrhea in patients 
receiving pancreatic enzyme supplementation 
[32]. The most common side effect of these 
medications is related to development of gastro-
intestinal (GI) symptoms including diarrhea, 
flatulence, nausea, and constipation.

Antioxidants have also been evaluated in the 
treatment of CP, as there are often deficiencies in 
several micronutrients including selenium, vita-
min A, vitamin E, beta-carotene, and xanthine 
[33]. Deficiencies in these antioxidants can result 
in increased oxidative stress, which may worsen 
symptoms. Several systemic reviews have been 
performed on this subject with mixed findings on 
effectiveness. Zhou et  al. performed a meta- 
analysis of 573 patients and found that antioxi-
dants were associated with significant pain relief 
and decreased need for analgesics [34]. A 
Cochrane review on this subject also found slight 
improvement in pain control in individuals 
receiving antioxidants [35]. Other meta-analyses 
have found no significant improvement in pain 
compared to placebo [36, 37]. The major draw-
back associated with antioxidant use was the 
side-effect profile with approximately one out of 
six patients reporting mild adverse effects (e.g., 
headache, GI symptoms) [35]. These side effects 
were sufficient for patients to stop being compli-
ant with use [35]. Currently, there is not sufficient 
literature to draw a conclusion regarding the use 
of antioxidants.

The next line of therapy that has been advo-
cated in use of CP is non-opioid analgesics. This 
aligns with the World Health Organization anal-
gesic ladder established in 1986 for cancer pain, 
which has relevance in providing a framework of 
how to approach a CP patient [38]. The first step 
in the ladder advocates use of medications includ-
ing paracetamol, acetaminophen, and nonsteroi-
dal anti-inflammatory drugs (NSAIDs). NSAIDs 
are better equipped at managing musculoskeletal 
pain than the visceral pain typically seen in 
CP. Additionally, the side-effect profile in long- 
term use of NSAIDs is well established with GI 
complications [39]. This mainly results from the 
inhibition of the COX-1 inhibitor that is found 
throughout the GI tract [39]. Additionally, out-
side of aspirin, NSAIDs also have shown to 

increase the risk of cardiovascular events [39]. 
The major problem with first-ladder medications 
is that they are typically not strong enough to 
manage the pain of patients with CP.

Physicians often employ the use opioid anal-
gesics to manage pain complaints in patients 
with CP. The first choice for treatment of pain in 
CP is typically tramadol at a dose of 25–50 mg 
given its safety profile and weak μ-OR agonist 
activity [30]. Additionally, tramadol has shown 
to have SNRI properties that result in decreased 
pain transmission at the level of the spinal cord 
[30]. Physicians should proceed with caution 
prior to proceeding to stronger opioids. There 
has been no study which has identified that 
patients on chronic opioids have better pain con-
trol in CP. If opioids are prescribed, they should 
be the lowest dose possible and for the shortest 
interval.

The focus on treatment of CP has shifted to 
centrally acting drugs. Medications including 
nortriptyline and gabapentin have shown efficacy 
in treating neuropathic pain, and therefore, may 
have a role in patients with CP. Olesen et al. per-
formed a randomized, controlled trial of 64 
patients with escalating doses of pregablin and 
found statistically significant improvement in 
pain control at 3  weeks in the treatment group 
compared to control [40]. Tricyclic antidepres-
sants (TCAs) have an extensive side-effect pro-
file including anticholinergic (altered mental 
status, dry mouth, mydriasis), CNS (myoclonus, 
syncope), cardiac (tachycardia, orthostatic hypo-
tension), and gastrointestinal (deceased bowel 
motility) effects which both clinicians and 
patients should be aware of before prescribing. 
Other medications which have shown efficiency 
for treating neuropathic pain, but not specifically 
chronic pancreatitis, include serotonin and nor-
epinephrine reuptake inhibitors (SNRIs) (i.e., 
venlafaxine, milnacipran, duloxetine) and nor-
epinephrine and dopamine reuptake inhibitor 
(NDRIs) (i.e., bupropion) [41]. Medications such 
as selective serotonin reuptake inhibitors (SSRIs) 
(i.e., fluoxetine, paroxetine, citalopram, escitalo-
pram, sertraline, fluvoxamine) have not shown to 
be as efficacious as TCAs in treatment of neuro-
pathic pain [41].
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 Endoscopic
When medical management fails, it may be 
necessary to proceed with more invasive mea-
sures to achieve adequate pain control. 
Therapeutic indications to proceed with ERCP 
include treatment of ductal strictures, obstruc-
tive stones, and pseudocysts. However, there is 
no established guidelines of when to proceed 
with ERCP, and currently it is partially based 
on subjective judgment taking into account 
prior treatment attempts and individual patient 
factors [42]. ERCP ductal decompression with 
sphincterotomy or placement of stents has 
shown to provide sustained pain relief that can 
last up to 12  years in some patients [43]. For 
pseudocysts, endoscopic drainage has shown to 
be equivalent to surgical intervention [44]. 
Extracorporeal shock wave lithotripsy (ESWL) 
with or without ERCP has also shown to be 
effective in patients with significant number of 
obstructive stones [44].

 Interventional Pain
Several interventional pain procedures exist that 
can assist in controlling pain for patients with 
CP.  For patients with chronic abdominal wall 
pain (CAWP) secondary to CP, interventional 
pain strategies include transverse abdominis 
plane (TAP) block and trigger point injections 
(TPIs). TPIs contain local anesthetics such as 
bupivacaine or ropivacaine in combination of ste-

roids. The combination of these medications 
results in decreasing localized inflammatory 
response and eliminating abdominal muscle 
spasms [45]. TPIs are performed in a sterile pro-
tocol typically under ultrasound guidance with a 
25–27 g needle to minimize the risk of penetrat-
ing too deep with the needle into the peritoneal 
cavity. TPI is usually safe, especially with use of 
ultrasound, but complications do include intra-
vascular injection leading to local anesthetic tox-
icity, subcutaneous/intramuscular hematoma, 
infection, and lipodystrophy [46]. The local anes-
thetic is injected between the internal oblique and 
transversus abdominis muscles, above the iliac 
crest and below the costal margin at the level of 
the anterior axillary line. This in turn provides 
pain relief to the anterolateral abdominal wall 
extending down from the costal margin to the 
inguinal ligament [46, 47].

The celiac plexus block (Fig. 23.1) involves 
placement of the needle in the anterior and lat-
eral aspect of the L1 vertebral body, and it is the 
preferred interventional pain procedure for con-
trolling pain from CP [45, 48, 49]. In a study by 
Leung et al. approximately half of patients had 
complete analgesia following the block with a 
mean period of relief lasting approximately 
2  months [49]. This injection consists of local 
anesthetic and steroids and is typically per-
formed under fluoroscopy with advancement of 
a 22 g 6–7 inch needle using oblique, anterior-

a b

Fig. 23.1 (a, b) Celiac plexus block with lateral/AP fluoroscopic view showing spread of contrast on lateral side of L1 
vertebrae
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posterior, and lateral views [45]. Approaches can 
also be taken via EUS with similar improvement 
of pain control in comparison to fluoroscopy 
[50]. Rare serious side effects seen in celiac 
plexus blocks include pneumothorax and diar-
rhea [45]. Neurolytic blocks with alcohol or phe-
nol can be administered for prolonged duration 
of relief.

Bilateral T11 splanchnic block has been 
shown to provide longer lasting pain relief com-
pared to the celiac plexus block (Fig. 23.2) [51]. 
If patients have relief with the block, the decision 
can be made to proceed with radiofrequency 
ablation. Splanchnic radiofrequency ablation 
provided prolonged relief of symptoms in 11 out 
of 18 patients in one study with the median relief 
lasting greater than three and a half years [52]. 
The major concern with T11 splanchnic nerve 
block is risk of pneumothorax [52].

Several clinical trials are in progress to deter-
mine more effective treatment regimens for 
CP. Currently, a study in the Netherlands looking 
at patients with large duct CP is evaluating early 
surgical intervention versus a combination of 
endoscopic and medication management [53]. 
Medication management includes the use of cen-
tral acting medications including gabapentin and 
pregabalin [53]. Studies are also looking at the 
usefulness of S-ketamine which also is a central 

acting medication that acts on the N-methyl-d- 
aspartate (NMDA) receptor. A small blinded 
crossover trial of nine patients showed significant 
modulation of hyperalgesia in patients who 
received S-ketamine, and therefore a larger study 
is in progress [54]. In interventional pain, future 
studies are looking at the role of spinal cord stim-
ulation (SCS) which has been utilized for treating 
several pain syndromes in the past [45]. Several 
case reports at this time have shown the utility of 
SCS in treatment of chronic visceral abdominal 
pain [55, 56]. There are no randomized trials on 
the use of SCS for CP at this time and further 
studies are needed. From a surgical standpoint, 
the use of islet auto-transplant is still in its infancy 
and has potential to be a revolutionary therapeu-
tic option in the future.

 Surgical Intervention
Nearly half of the patients with CP will have sur-
gery during their disease course [53]. Surgery is 
often performed to alleviate the abdominal pain 
that plagues patients. It is also used to prevent or 
cure further pancreatic or other organ damage 
typically via biliary, duodenal, or vascular 
decompression [54]. The major surgeries that are 
performed are pancreatic duct drainage and sur-
gical resection of inflamed pancreatic tissue [54]. 
For pancreatic duct disease, the most 

a b

Fig. 23.2 (a) The lateral fluoroscopic view shows the placement of the two needles placed at T11 and T12 (b) with 
corresponding X-ray. (From Kapural and Jolly [45], with permission)
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common surgery performed is a lateral 
 pancreaticojejunostomy, which has been shown 
to provide relief in excess of 60% of patients 
[55]. Few studies have compared surgical versus 
endoscopic intervention, but two small random-
ized controlled trials found that surgery had supe-
rior long-term outcomes in regard to pain control 
than endoscopy [56, 57]. Resection procedures 
commonly focus on the pancreatic head, which is 
often the site of obstructive complications 
(Fig. 23.3) [54]. The Whipple procedure, which 
involves resection of the duodenum and pan-
creas, was previously widely performed, but has 
fallen out of favor for duodenum-preserving pan-
creatic head resections [54]. For patients with 
end-stage CP, duodenum- and spleen-preserving 
total pancreatectomy may be indicated [54]. For 
patients with persistent severe pain, a new surgi-
cal modality recently developed is coupling total 
pancreatectomy and islet auto-transplant [58]. 
Following a total pancreatectomy, islets are iso-
lated from the resected pancreas and placed into 
the patient’s liver. This allows for monitoring of 
ambient blood glucose monitoring and appropri-
ate secretion of insulin [58]. Initial results have 
shown improved quality of life in most patients 
with improved patient survival compared to total 
pancreatectomy alone [58].

 Discussion

The incidence of CP is estimated to be 50–75 
cases per 100,000 patients per year [59]. 
Diagnosing early CP can be difficult but can 
result in improved mortality. The differential 
diagnosis for CP is broad because patients often 
present with upper abdominal pain. The differen-
tial diagnosis to consider for CP includes chronic 
gastritis, peptic ulcer disease, cholelithiasis/cho-
lecystitis, inflammatory bowel disease, myocar-
dial infarction, or mesenteric artery ischemia.

It is therefore essential for physicians to gather 
a thorough history focusing on risks factors that 
increase a patient’s chances of having CP. This 
can be done by keeping in mind the TIGAR-O 
mnemonic. The physical examination does not 
have much of a role as it lacks sensitivity or spec-
ificity in identifying CP.  The lab test with the 
highest sensitivity is the secretin stimulation test, 
but it is difficult to obtain [20]. Imaging can sig-
nificantly aid physicians in diagnosing CP with 
CT, MRI, and EUS all having high sensitivity. 
ERCP has a positive predictive value of 77% and 
can be used in circumstances where imaging and 
pancreatic enzyme testing is inconclusive [60].

Once the diagnosis of CP has been made, the 
initial focus should be lifestyle changes. Patients 
should be aggressively counseled on minimizing 
controllable risk factors with emphasis on halting 
alcohol and tobacco use. Even with halting of these 
risk factors, some patients will continue to have per-
sistent pain. Medical management focuses on using 
central acting medications such as pregabalin with 
avoidance of opioids when possible. Interventional 
pain and endoscopic procedures may need to be 
considered in conjunction with medical manage-
ment to adequately handle pain symptoms. 
Endoscopic procedures including ductal stent 
placement with or without ESWL can provide 
extended relief in several patients. Interventional 
pain procedures with proven efficacy in managing 
pain include celiac plexus and splanchnic blocks. 
Even with aggressive management, approximately 
50% of patients will require surgery at some point 
in their disease process [53]. Newer techniques such 
as the Beger procedure (Fig. 23.3) are being used 
with increasing frequency.

Gallbladder

Pancreas

Duodenum Superior
mesenteric vein

Superior
mesenteric artery

Stomach

Fig. 23.3 The image above represents the Beger proce-
dure in which the pancreatic head is resected, and the duo-
denum is preserved. (From Kleeff et  al. [59], with 
permission)
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 Conclusion

CP is a debilitating disease that can dramatically 
impact a patient’s morbidity and mortality. 
Obtaining a thorough history focusing on the 
chronicity of medical complaints, location of 
pain, and trigger risk factors can narrow down 
the differential diagnosis, enabling the early 
diagnosis of CP. Early imaging studies such as 
an abdominal CT with contrast can aid in diag-
nosis and allow for early intervention. A multi-
modal approach consisting of aggressive 
lifestyle modifications and non-opioid medica-
tions should be utilized. If these interventions 
prove to be unsuccessful, endoscopic and/or 
interventional pain procedures can be consid-
ered given their proven efficacy. Even with these 
measures, patients may continue to have symp-
toms and surgical intervention should be con-
sidered after.
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Pain in the Pelvis

Naveed Mameghani and Tariq Malik

 Case Description

A 35-year-old woman is referred to the pain 
clinic for pelvic pain of 1 year duration. She has 
history of intermittent pelvic pain for many years, 
but the pain has become more intense and con-
stant for the last 1 year. She denies any history or 
trauma, infection, surgery, or any other psycho-
social stresses in her life. She has been worked by 
her primary care physician and by a gynecolo-
gist. All the diagnostic workup has been negative 
so far. She has tried nonsteroid anti-inflammatory 
medicines, acetaminophen, and even marijuana 
but has found no relief. Pain is intense enough 
that she cannot concentrate on her work and has 
called in sick quite a few times. She is sleeping 
poorly and is feeling down quite a lot. She has 
developed low back pain for the last few months 
which is localized, nonradiating, and unaccom-
panied by any other symptom. There are no 
relieving or worsening factors. She does notice 
increase in pain when she is walking or sitting for 
a long time, but no relation to bladder or bowel 
movement. She has been suggested a diagnostic 
laparoscopic surgery, but she is not sure if to go 
ahead with that plan as she has been told it may 
not help and there is a chance pain may get worse.

 What Is Your Preliminary Diagnosis?

The patient is suffering from a chronic pain in her 
lower abdomen and pelvic area. Despite going on 
for a long time, there are no other symptoms sug-
gestive of any malignancy, inflammation, or any 
organ dysfunction. Her symptoms are suggestive 
of pelvic in origin with no obvious pathology. 
Negative workup by her primary care and by her 
gynecologist led credence to the idea that she is 
suffering from chronic pelvic pain syndrome.

 How Is the Diagnosis Confirmed?

Chronic pelvic pain has been historically difficult 
to diagnose as there are several potential causes, 
and they frequently have symptoms that overlap 
[1]. It is defined as pain in the lower abdomen or 
pelvis that has occurred for at least 6 months and 
does not exclusively occur around the menstrual 
cycle or sexual intercourse. The diagnosis 
requires detailed history and physical examina-
tion especially pelvic exam by an expert physi-
cian who specializes in treating chronic pelvic 
pain conditions. The chronic pelvic pain syn-
drome is differentiated from chronic pelvic pain 
which is diagnosed if patient has some underly-
ing pathology that might be contributing to the 
pelvic pain. The most common causes are irrita-
ble bowel syndrome, interstitial cystitis, endome-
triosis, adhesions, and pelvic inflammatory 

N. Mameghani · T. Malik (*) 
Department of Anesthesia and Critical Care, 
University of Chicago, Chicago, IL, USA
e-mail: TMuslim@dacc.uchicago.edu;  
tmalik@dacc.uchicago.edu

24

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-46675-6_24&domain=pdf
https://doi.org/10.1007/978-3-030-46675-6_24#DOI
mailto:TMuslim@dacc.uchicago.edu
mailto:tmalik@dacc.uchicago.edu
mailto:tmalik@dacc.uchicago.edu


180

disease [1]. Dysmenorrhea and dyspareunia have 
higher prevalence in women with chronic pelvic 
pain then those without [1].

Stress, anxiety, sleep disorders, and depres-
sion are also common in these patients and 
patients with other chronic pain states [1, 2]. It is 
thought that an integrative multidisciplinary 
approach to diagnosis is superior to an approach 
where organic causes of the pain are totally 
excluded before other causes such as psycho-
logical, environmental, and dietary causes are 
considered [3]. Practitioners that should be 
involved in an integrative approach include 
gynecologists, pain specialists, physical thera-
pists, psychologists, and nutritionists. Being fix-
ated on a somatic diagnosis is more likely with a 
nonintegrative approach [3]. After a period of 
1 year, it was shown that patients with the inte-
grative approach had significantly greater pain 
relief than the standard treatment group. History 
and physical exam are very important to the 
diagnosis of this condition. Special attention 
should be given to location, quality, intensity, 
and presence of radiation of pain as well as his-
tory of prior pregnancies, sexually transmitted 
diseases, sexual abuse, or surgeries. Any pain 
with sexual intercourse or menses should be 
noted as should signs of depression, anxiety, or 
decreased quality of life. Depression is a predic-
tor of pain severity in this patient population and 
can be an indicator of response to treatment [4]. 
Red flag findings of postcoital bleeding, post-
menopausal bleeding, hematuria, pelvic mass, or 
unintended weight loss should prompt evalua-
tion for systemic disease and malignancy [5]. A 
pain diary kept for several menstrual cycles can 
be useful to discover provoking and alleviating 
factors as well as temporal relationships [6]. 
Time should be spent documenting the patients’ 
baseline functional status and pain levels so 
improvement can be monitored over time. 
Physical exam should attempt to recreate the 
pain by palpation or positioning and should eval-
uate the gastrointestinal, musculoskeletal, repro-
ductive, urinary, and neurological systems [4]. 
Exam should include a complete abdominal and 
pelvic exam as well an attempt to localize trigger 

points, sacroiliac joint or symphysis pubis ten-
derness. If findings are constant with a specific 
disorder, then that specific disorder should be 
evaluated and treated. There is no one set of 
diagnostic tests or labs that should be run on 
every patient with chronic pelvic pain as this has 
not been shown to be effective [4]. Tests should 
only be performed as indicated by history and 
physical exam, and they will change the diagno-
sis or management of the condition [4]. Common 
tests that are ordered include complete blood 
count with differential, erythrocyte sedimenta-
tion rate, urinalysis, Chlamydia and gonorrhea 
testing, and pregnancy testing [5]. Transvaginal 
ultrasound can be used to detect pelvic masses 
that cannot be palpated on exam, adenomyosis, 
and hydrosalpinx which is an indicator of pelvic 
inflammatory disease [5]. MRI can be used to 
further characterize abnormalities found on 
ultrasound such as adenomyosis but is costly and 
is not always effective in finding endometriosis. 
Laparoscopy is very common in the workup of 
patients with severe pain and unclear diagnosis. 
In the past, it was considered the “gold standard” 
for workup but now has become second line and 
is reserved for when other interventions fail [6]. 
The most common diagnoses that result from it 
include endometriosis and adhesions [5]. If 
endometriosis is suspected as the cause of pain, 
then confirmation with laparoscopy is not needed 
and a trial of medical therapy is indicated as dis-
cussed later in this chapter [7]. It is important to 
remember that a negative laparoscopy does not 
automatically mean that the patient does not 
have an active disease process or basis for their 
pain [4]. Pain mapping is a technique where lap-
aroscopy is done under local anesthesia and tis-
sues are pulled and probed with surgical 
instruments while the patient is asked if pain is 
reproduced [5]. This is done in an effort to local-
ize the source of pain to a particular organ or tis-
sue and has been shown to be successful with 
certain cases [8]. Consultations where the 
patients’ ideas and concerns are elicited have 
been shown to result in a better doctor-patient 
relationship and improved concordance with 
evaluation and treatment [6].
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 What Is the Pathophysiology of This 
Condition?

Exact pathophysiology is unknown. It is consid-
ered a functional pain syndrome where because 
of neuroplasticity the peripheral afferent signal-
ing along with central signal processing has been 
altered. Patients with functional disorders have 
been found to have lower threshold to visceral 
stimuli, increased sensitivity during normal organ 
function, and tenderness in the expanded areas of 
somatic referral. These phenomena are explained 
by sensitization of non-nociceptive mechanore-
ceptors, awakening of silent nociceptors in com-
bination with sensitization of central processing 
at the spinal cord, mid-brain, and limbic system 
level. These phenomena have been seen in the 
experimental setting but hard to find proof of 
their presence in clinical setting. What trigger 
such phenomenon is unknown, but it could be 
triggered by minor nociceptive events.

Nociceptive, neuropathic, and inflammatory 
pain all have roles in chronic pelvic pain [9]. 
Studies have shown increased nerve fibers includ-
ing sensory and sympathetic fibers in women with 
endometriosis which highlights the role of noci-
ception [9]. Inflammatory pain is associated with 
cross-sensitization where repeated pain signaling 
from one organ can lead to false pain sensation 
from another organ that is supplied by the same 
dorsal root ganglion [9]. This phenomenon could 
potentially explain the link between chronic pel-
vic pain with irritable bowel and painful bladder 
syndromes. Tumor necrosis factor (TNF), an 
inflammatory mediator involved with chronic pel-
vic pain, has been shown to have higher levels in 
the peritoneal fluid of women with endometriosis, 
and trials using infliximab (monoclonal antibody 
against TNF with side effects of infections and 
reactivation of tuberculosis) in patients with endo-
metriosis showed improvement in their pain [9]. 
Prostaglandins E2 and F2 also play a role by 
mediating inflammation directly and by causing 
increased levels of other mediators such as hista-
mine, serotonin, and nerve growth factors. Studies 
have shown higher COX2 levels, an enzyme 
involved in synthesis of prostaglandins, in women 
with endometriosis [9]. Estrogen also increases 

COX2 activity so it is thought that estrogen antag-
onists can lower prostaglandin levels. Nerve 
growth factor (NGF) plays a role by increasing 
pain receptors, sympathetic ganglia, small nerve 
fibers, and release of substance P [9]. High NGF 
levels were also seen in patients with endometrio-
sis [9]. Mast cells store inflammatory mediators 
and release these factors that go on to cause pain 
and they increase in tissues with endometriosis 
[9]. Some studies have shown high levels of mast 
cells in patients with irritable bowel syndrome 
and interstitial cystitis, and this may be another 
link between these diseases and mast cell-medi-
ated chronic pelvic pain and can be a potential 
target for developing new drugs to treat chronic 
pelvic pain [9]. Neuropathic pain can be related to 
injury to either central or peripheral nervous sys-
tems. Central sensitization is a phenomenon 
where the central nervous system continues to 
receive pain signals even once the source of the 
pain is removed and can manifest in hyperalgesia 
and allodynia which are very common in patients 
with chronic pelvic pain [9].

 How Is This Problem Managed?

Chronic pelvic pain is hard to manage. A multi-
disciplinary approach is employed at the outset. 
Like any other chronic medical condition, each 
patient should be an active participant in the man-
agement of her pain condition.

[6]. Goals should include improving quality of 
life and allowing the patient to take an active role in 
their care. Evidence-based practice in treating 
chronic pelvic pain is often lacking, and many 
times the focus is on improvement of symptoms. 
Even if there is a disease process that can be treated, 
this may not always resolve the pain the patient is 
experiencing [5]. Nevertheless, if a possible con-
tributing disease process is found it should be 
treated. For instance, if a patient is thought to have 
irritable bowel syndrome with gas, bloating, and 
abdominal pain, then a trial of anti-spasmodics 
would be indicated. If the cause of pain remains 
unknown, then a trial of acetaminophen (CNS 
COX activity inhibition with side effects of liver 
toxicity at high doses) or nonsteroidal anti-inflam-
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matory drugs (COX  inhibitors with side effects of 
gastrointestinal bleeding and renal dysfunction) is 
indicated. If this does not help the patient and the 
pain has a cyclical component, then hormone ther-
apy with oral contraceptives, depot medroxypro-
gesterone, or gonadotropin-releasing hormone 
agonists should be tried [5]. These are especially 
useful in patients with endometriosis.

If there is a neuropathic component suspected and 
the patient does not have an underlying mood disor-
der, then medications such as the gabapentinoids 
(such as gabapentin or pregabalin, which reduce cal-
cium currents and have a side effect of sedation), tri-
cyclic antidepressants (blocks serotonin and 
norepinephrine transporters thereby increasing the 
levels of these neurotransmitters with side effects of 
weight loss, sexual dysfunction, dry mouth, drowsi-
ness, tachycardia, and arrhythmias), or serotonin-
norepinephrine reuptake inhibitors (blocks reuptake 
of serotonin and norepinephrine thereby increasing 
their levels with side effects of weight loss, sexual 
dysfunction, and drowsiness) can be used. There is 
no strong evidence for effectiveness of any pharma-
cotherapy in managing chronic pelvic pain. 
Membrane stabilizers and antidepressants are used as 
they have been found to be effective in other chronic 
pain conditions with neuropathic components.

In a small randomized pilot study, gabapentin 
decreased pain and improved mood compared to 
placebo and it was sustained at 6 months of fol-
low- up. In another study comparing amitriptyline 
to gabapentin, patients taking gabapentin (alone 
or combined with amitriptyline) had superior 
pain reduction with lower VAS scores. Side 
effects were lowest in the gabapentin-only group. 
Selective serotonin reuptake inhibitors should be 
reserved for patients with underlying mood dis-
orders as they are more effective for this indica-
tion rather than neuropathic pain [5]. Opioids are 
not ideal for chronic pelvic pain and best avoided, 
and should only be used for patients as a bridge to 
surgery or for postoperative pain. Surgery is gen-
erally a last resort as it is thought to have limited 
benefit, and many patients will have persistent 
pain even after the procedure [5, 10]. Injection of 
local anesthetic and steroid mixtures can be diag-
nostic and therapeutic for issues with peripheral 
nerves. Various injection techniques are reported 

in the literature based on case reports or observa-
tional studies but none are based on evidence. 
Superior hypogastric plexus and ganglion impair 
blocks can also be effective in a select few and in 
carefully selected patients. Neuromodulation can 
be used if there is sacral nerve involvement; how-
ever, studies are still ongoing to determine its role 
in treating chronic pelvic pain [5]. Common non-
pharmacologic interventions for chronic pelvic 
pain include pelvic floor physical therapy, dietary 
changes, TENS, acupuncture, cognitive behav-
ioral therapy (CBT), and mindfulness training. 
There is lack of data on appropriate selection of 
treatment options and patient counseling.

Patients who underwent weekly physical ther-
apy and visits with psychologists over a 10-week 
period experienced significant and long-term 
improvement in pain and ability to work [7]. 
Somatosensory stimulation using acupuncture 
along with psychotherapy has been shown to 
reduce pain in women with endometriosis [11].

 What Is the Prognosis of This 
Condition?

The prognosis of chronic pelvic pain can vary 
greatly. If there is a specific disease process that 
is thought to be causing the patients pain and it is 
appropriately treated, this can sometimes resolve 
the pain. In other instances, the pain is related to 
several different diagnoses and has several differ-
ent contributing factors which all need evalua-
tion, and in these cases treatment is often not 
curative [4]. It is still unknown why some of 
these disorders lead to a chronic pain state in 
some patients while in other patients they are 
cured with initial treatment. Central sensitization 
and psychosocial factors do seem to play a major 
role in patient outcome.

 Discussion

 Prevalence

Chronic pelvic pain is actually more common 
than most would think with up to one in six 

N. Mameghani and T. Malik



183

women experiencing this disorder [6]. Population- 
based survey in the USA reveals prevalence of 
12% and life time incidence of 33%. Worldwide 
prevalence has been reported at 2–24%. It 
accounts for 10% of referrals to gynecology clin-
ics, 33% of laparoscopies, and 12–16% of hyster-
ectomies. Its prevalence is at par with migraine 
and back pain. In over half of the reported cases, 
there is more than one etiology of the chronic 
pelvic pain for that particular patient. There is 
also a large psychosocial component to this dis-
order with about half of the patients experiencing 
it also reporting prior sexual, physical, or emo-
tional trauma and about one-third showing signs 
of posttraumatic stress disorder [5, 12]. Patients 
with posttraumatic stress disorder are more likely 
to report their pain as severe compared to patients 
without this disorder even when there is no medi-
cal basis for the difference in perceived pain lev-
els [13]. It is estimated that every year in the USA 
chronic pelvic pain has medical costs of 2.8 bil-
lion dollars and a total loss of productivity of 15 
billion dollars [14].

 Differential Diagnosis

The differential diagnosis for chronic pelvic pain 
consists of a large number of diverse diagnoses. 
For most patients, the root cause of the pain is due 
to several different sources and not a single disease 
process. This is why it can be difficult to diagnose 
and treat. Nevertheless, some of the most common 
etiologies will be reviewed in this section. Irritable 
bowel syndrome (IBS) is one of the most common 
causes of chronic pelvic pain. Up to 30% of chronic 
pelvic pain patients have IBS, and 40% of this sub-
group goes undiagnosed [15]. It is associated with 
abdominal pain and changes in the patient’s normal 
bowel movements and can be diagnosed with the 
Rome criteria. Patients can experience constipa-
tion, diarrhea, both together or neither condition. 
The cause is not clear but the diagnosis should only 
be made in the absence of red flag symptoms such 
as weight loss, blood in the stool, personal or fam-
ily history of inflammatory bowel disease, or onset 
of symptoms past the age of 50. While there is no 
cure, this disease is typically treated with dietary 

modifications to increase fiber intake, medications 
such as laxatives for constipation and loperamide 
(opioid receptor agonist at the level of the myen-
teric plexus of the large intestine with side effects 
of cramping, nausea, and dizziness) for diarrhea, 
probiotics, and psychotherapy. Endometriosis, the 
presence of endometrial tissue outside of the endo-
metrial cavity is another frequent cause of chronic 
pelvic pain. It is most accurately diagnosed with 
histopathology, and there is up to a 33% prevalence 
of endometriosis in patients with chronic pelvic 
pain. On the other hand, many patients who are 
found to incidentally have endometriosis do not 
have pelvic pain. A type of endometriosis known as 
deep infiltrating endometriosis where there is a 
penetration of the peritoneum of more than a 5 mil-
limeter depth is most associated with pelvic pain 
[9]. The pain related to this is typically from dyspa-
reunia, dysuria, dysmenorrhea, or dyschezia. 
Transvaginal ultrasound is the best tool for diagno-
sis and is much more cost-effective than MRI. 
Adenomyosis is the presence of endometrial glands 
in the myometrium. This is a similar but separate 
entity from endometriosis. It can be either localized 
or spread diffusely throughout the entire uterus. 
When diffusely spread, it can cause the uterus to 
become bulky and heavy. It can also be diagnosed 
with transvaginal ultrasound, MRI, or histopathol-
ogy. Intraperitoneal adhesions are another common 
cause of chronic pelvic pain and are frequently 
diagnosed with laparoscopy. Previous abdominal 
or pelvic surgeries, pelvic inflammatory disease, or 
endometriosis can predispose patients to form 
adhesions. Surgical trauma disrupts mast cells 
which release histamine and kinins that in turn 
increase vascular permeability [16]. Fibrin deposits 
then form and if they are not removed by absorp-
tion or fibrinolysis, then fibroblasts and blood ves-
sels will form [16]. Usually, the fibrin exudates are 
broken down; however, the surgical trauma causes 
a reduction in peritoneal fibrinolysis which will 
lead to formation of adhesions [16]. It is thought 
that adhesions cause visceral pain through reduc-
tion in organ mobility [17]. In many cases, surgical 
lysis of adhesions has not been shown to have a 
significant reduction in pain compared to conserva-
tive management [9]. Laparoscopy alone was also 
shown to be superior to lysis of adhesions in reduc-
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ing pain due to a placebo effect and reduced risk of 
operative complications [18]. Pelvic inflammatory 
disease is an infection involving the uterus, ovaries, 
and fallopian tubes and is another cause of chronic 
pelvic pain. Bacteria spread from the vagina and 
cervix and most commonly involve Chlamydia or 
gonorrhea. Patients may present with fever, uterine 
or adnexal tenderness, and vaginal discharge. It 
may be diagnosed with ultrasound, MRI, labora-
tory tests such as nucleic acid amplification tests 
or enzyme-linked immunosorbent assays to 
detect the pathogens involved, histopathology, or 
laparoscopy. It can lead to chronic pelvic pain 
potentially through the formation of adhesions. 
Interstitial cystitis is a disorder where the patient 
experiences pain in the bladder without any 
organic causes. This disease is poorly understood 
and the cause of it remains elusive. Patients often 
have symptoms of urinary frequency, urgency, 
and dyspareunia along with bladder pain. It is a 
diagnosis of exclusion and there is no cure. 
Symptoms are typically treated with lifestyle 
changes such as stress reduction and diet modifica-
tion along with medications such as NSAIDs and 
neuropathic medications such as amitriptyline. 
These patients often have coexisting psychosocial 
issues and tend to believe they have lower social 
support than control patients, possibly showing a 
role for counseling and close support these patients 
[19]. Myofascial physical therapy, which includes 
internal and external muscle and connective tissue 
manipulation of the abdomen, hip girdle, and pel-
vic floor, has also been shown to be useful in this 
group of patients [20]. Lastly, there can be muscu-
loskeletal causes to chronic pelvic pain such as 
trigger points, pelvic muscle spasms, nerve entrap-
ment, or lumbar degenerative disk disease [21, 22].

 Predictive Value of Different Clinical 
Features (History and Physical Exam) 
and Lab Tests/Imaging

Given the wide range of contributing factors to 
chronic pelvic pain, there can be a variety of 
signs from the history and physical exam that can 
be of predictive value. While the following is cer-
tainly not an exhaustive list, we will review com-

mon history and physical exam findings. On 
history, crampy abdominal pain can be related to 
irritable bowel syndrome (IBS) or inflammatory 
bowel disease. Pain that fluctuates with the men-
strual cycle can be due to endometriosis or ade-
nomyosis, while pain unrelated to the menstrual 
cycle could be from adhesions, interstitial cysti-
tis, IBS, or a musculoskeletal issue. Pain with 
urinary urgency can point to interstitial cystitis. 
Postcoital or postmenopausal bleeding and unex-
pected weight loss can potentially be findings of 
malignancy. Prior abdominal or pelvic surgery or 
infections make adhesions more likely. Moving 
on to the physical exam, the finding of an enlarged 
tender uterus could be due to adenomyosis. Lack 
of uterine mobility on bimanual examination 
could be from adhesions or endometriosis. Pelvic 
floor muscle tenderness is a sign of interstitial 
cystitis. Adnexal or uterine masses could repre-
sent malignancy. Basic laboratory testing such as 
complete blood count with differential, erythro-
cyte sedimentation rate and urinalysis are non-
specific but can hint at an underlying abnormality. 
A positive chlamydia or gonorrhea test is seen in 
pelvic inflammatory disease. Ultrasound can be 
used to detect masses and adenomyosis with 
good predictive value. Laparoscopy, while 
reserved for cases of severe and refractory pain, 
is also very predictive when adhesions or endo-
metriosis are seen.

 Strength of Evidence for Different 
Treatment Modalities

While there are many different treatments for 
chronic pelvic pain, there are varying degrees of 
evidence for their use. Use of acetaminophen for 
somatic pain has grade A and level 1A evidence 
[23]. Evidence shows support for gabapentin and 
pregabalin in treating neuropathic pain (level 1A, 
grade A evidence); however, studies on their use 
for chronic pelvic pain are limited [23]. It has 
been shown that gabapentin along with amitripty-
line in combination is more effective than ami-
triptyline alone [24]. Use of tricyclic 
antidepressants and SNRIs in chronic pelvic pain 
is mostly evidence based on neuropathic pain, 
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and studies are limited on their use for chronic 
pelvic pain; however, their use for neuropathic 
pain has level 1A and grade A evidence [23]. 
SSRIs have been shown to be beneficial for 
depression but not for pain and thus should not be 
used first line for pain [5]. Oral contraceptives, 
progestogens, and gonadotropin-releasing hor-
mone agonists have been shown to be beneficial 
for endometriosis and cyclic pelvic pain [25]. 
Women taking goserelin (GnRH agonist) had 
better pain scores after once year than those tak-
ing progestrogen [25]. A Cochrane review shows 
evidence for use of NSAIDs for inflammatory 
processes (level 1A, grade A evidence) such as 
dysmenorrhea but states that they lack effective-
ness for endometriosis [23, 26]. Women who 
underwent reassurance ultrasound scans and had 
counseling were more likely to report improved 
pain compared to a “wait and see” policy [25]. 
Opioid usage in chronic nonmalignant pain 
remains controversial and should not be used in 
most patients [27]. Use of transcutaneous electri-
cal nerve stimulation has a level 1B and grade B 
of evidence and there is no good evidence for or 
against its use [23]. Neuromodulation for pelvic 
pain currently has a level 3 and grade C evidence 
with its role currently developing with further 
research needed [23]. Nerve blocks also have a 
level 3 and grade C evidence, and they do have a 
role as part of a broad management plan [23]. 
Surgery should be reserved for women with 
severe and refractory pain after trying conserva-
tive and medical management. Local excision of 
endometriosis has had good short-term outcomes 
but in the long term has had a high reoperation 
rate (level 2 evidence) [28].

 Future Directions and Clinical Trials

Chronic pelvic pain is a problem that affects a 
large number of patients and has potentially 
debilitating consequences. It can severely 
impact a person’s quality of life and self-worth 
and has a prominent psychosocial component. 
It is frequently multifactorial in regard to etiol-
ogy and remains difficult to diagnose and treat 
because of this. While there are many available 

therapies which have strong levels of evidence, 
most of these therapies have not yet been 
extensively studied specifically for patients 
with chronic pelvic pain. This is needed so 
practitioners can select the most effective and 
appropriate therapies for their patients. Further 
work in the area of neuromodulation for treat-
ment of chronic pelvic pain also needs to be 
done as this has the possibility of helping these 
patients. This is a disorder which needs a mul-
tidisciplinary approach, and practitioners need 
to be educated about this fact so they can make 
the appropriate specialist referrals in order to 
best serve the patient. While significant work 
remains to be done, with further education, 
research, and awareness we have the potential 
to improve the lives of many.

 Conclusion/Summary

Chronic pelvic pain remains an entity that is dif-
ficult to diagnose and affects more people than 
most would think. This is both due to a lack of 
education and awareness among providers and 
the fact that the differential diagnosis is wide and 
spans several different organ systems. Many 
patients with this disease suffer greatly from 
pain, worsened quality of life, and potentially 
depression stemming from these problems. Many 
patients go undiagnosed. Due to the nature of this 
disease, a multidisciplinary approach is key. 
Counseling and psychosocial support can 
empower these patients and help improve their 
symptoms. Keeping the patient informed and 
involved in their treatment process also improves 
outcomes and patient satisfaction. There are sev-
eral medical and interventional therapies avail-
able to patients; however, most of these therapies 
have not been extensively studied in this patient 
population specifically. Likely a combination of 
medical and interventional therapies along with 
counseling, physical therapy, and psychiatric 
care will be of most benefit to patients compared 
to any one of these single entities alone. Further 
research and improvement in available therapies 
will aid in improving the diagnosis, treatment, 
and patient outcomes related to this disease.
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Interstitial Cystitis/Bladder Pain 
Syndrome

Paul K. Cheng and Tariq Malik

 Case Description

A 65-year-old man presents to your pain manage-
ment clinic with 6 months of pelvic pain wors-
ened when his bladder feels full and is relieved 
after he urinates. He reports increased frequency 
of urination without change in the appearance or 
consistency of his urine. He was previously eval-
uated by his primary care doctor who informed 
him that his urinalysis did not show any abnor-
malities and his prostate was normal. He does not 
take any medications that would affect his urina-
tion and his only other medical problems are 
hypertension, hyperlipidemia, and depression.

 What Is Your Preliminary Diagnosis?

The preliminary diagnosis is interstitial cystitis 
(IC), also known as bladder pain syndrome 
(BPS). Comprising one part of the spectrum of 
chronic pelvic pain, IC/BPS has been historically 
hard to define as various professional society 
guidelines, including those from the American 
Urologic Association, National Institute of 

Diabetes and Digestive and Kidney Diseases, and 
European Association of Urology, describe dif-
ferent diagnostic criteria [1–5]. However IC/BPS 
generally consists of an unpleasant sensation or 
chronic pressure, discomfort, or suprapubic pain 
associated with filling of the bladder that is 
accompanied by urinary symptoms such as urge 
to void, frequency, or nocturia [1]. BPS is a 
chronic condition, though the specific minimum 
time frame for diagnosis varies from 6 weeks to 
6  months based on different guidelines [2, 3]. 
Additionally, it is a diagnosis of exclusion and 
care must be taken to rule out the many diseases 
which may present in a similar fashion [1–4].

 How Is Diagnosis Confirmed?

 Diagnostic Criteria
The diagnostic criteria for IC/BPS differ based 
on the professional society and are summarized 
as follows:

 A. American Urologic Association (AUA) – an 
unpleasant sensation of pain or pressure per-
ceived to be related to the urinary bladder. It 
is associated with lower urinary tract symp-
toms of more than 6  weeks. Patient should 
have no urinary tract infection or other identi-
fiable causes of symptoms [4, 5]. Cystoscopy 
is not required for diagnosis but should be 
considered [4].
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 B. National Institute of Diabetes and Digestive 
and Kidney Diseases (NIDDK) – in addition 
to the clinical symptoms of suprapubic pain 
or discomfort associated with either bladder 
filling or urinary urgency, the patient must 
have glomerulations (punctate petechial blad-
der wall hemorrhages) or classic Hunner’s 
ulcers on cystoscopy (Figs. 25.1 and 25.2) [6, 
7]. Specifically, the patient must have 10 glo-
merulations per quadrant of the bladder wall 
in at least 3 quadrants after distention of blad-
der to 80–100  cm of water pressure for 
1–2 minutes [3, 5].

 C. International Society for the Study of Bladder 
Pain syndrome – IC/BPS is defined as chronic 
pelvic pain, pressure, or discomfort perceived 

to be related to the urinary bladder. It is 
accompanied by at least one other urinary 
symptom (persistent urge to void or urinary 
frequency). Other diseases which may cause 
similar symptoms must be excluded by his-
tory and physical, urinalysis, urine culture, 
uroflowmetry, post-void residual, cystoscopy, 
and biopsy [5].

 D. European Association of Urology (EAU)  – 
The EAU separates IC and BPS into two dis-
tinct entities. BPS refers to the syndrome of 
suprapubic pain related to bladder filling 
which is persistent or recurrent over a 
6-month period, worsened with increased 
bladder volume, and relieved by voiding. 
This suprapubic pain sometimes radiates to 

Fig. 25.1 Cystoscopic image of glomerulations in the 
bladder urothelium. This figure demonstrates the appear-
ance of the bladder wall/urothelium, before (a), during (b 
and c), and after (d) hydrodistension. Glomerulations are 

petechia which develop from distal capillaries and are 
best seen in image d. (From Tamaki et  al. [6], with 
permission)
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the groin, vagina, rectum, or sacrum. Patients 
typically have urinary frequency and always 
have nocturia. The term “interstitial cystitis” 
should be reserved only for the subset of BPS 
patient with signs of chronic inflammation 
extending submucosally on cystoscopy with 
hydrodistention and bladder biopsy [5].

All ages are affected by BPS though middle- 
aged women are the most affected group, particu-
larly those from a lower socioeconomic status 
[3–5]. There is a strong female predominance 
with female to male ratios ranging from 5:1 to 
10:1 [4]. BPS generally presents during the 40th 
decade or after, though a significant number of 
patients younger than 30 are affected and interest-
ingly, symptoms tend to vary by age [3, 4]. 
Patients younger than 30 more commonly 
 experience daytime frequency compared to dys-
uria and urinary urgency. Additionally, those 
younger than 30 are more likely to complain of 
dyspareunia and vulvar pain. For patients 30–50-
years old, nocturia is much more common than 
daytime frequency and dysuria [4, 5, 8]. 
Symptoms are aggravated by certain foods includ-
ing citrus, tomatoes, vitamin C, artificial sweeten-
ers, coffee, tea, carbonated alcoholic beverages, 
and spicy food [5]. Generally foods high in acidic 

content, potassium, and caffeine exacerbate 
BPS.  Sodium bicarbonate and calcium glycero-
phosphate can improve symptoms [3, 8].

 What Is the Pathophysiology of This 
Condition?

Like many chronic pain conditions, BPS has an 
etiology which is poorly understood [2, 3]. 
BPS first appeared in medical literature more 
than 200  years ago and the term “interstitial 
cystitis” was first used in 1876 by Samuel 
Gross, an academic surgeon in Philadelphia 
who wrote about diseases of the bladder, and 
again in 1914 by gynecologist Guy Hunner in 
1914 when he first described bladder epithelial 
damage and ulceration, now known as Hunner’s 
lesions [1, 8].

There are multiple components thought to be 
related to the pathophysiology:

 1. Urothelial and epithelial dysfunction [1, 3, 5, 9]
• The bladder urothelium has protective 

layer of dense glycosaminoglycans (GAG) 
which is reduced in IC/PBS patients.

• GAGs are a family of polysaccharide mol-
ecules forming the framework of extracel-
lular matrix along with other components 
such as collagen, elastin, fibronectin, and 
laminin.

• The GAG layer acts as a hydrated gel cush-
ion in the bladder wall and helps for selec-
tive exchange of certain electrolytes and 
non-electrolytes in urine.

• Impairment of the GAG layer leads to 
imbalance in urine storage which is thought 
to cause frequent urination, reduced urine 
capacity, bladder pain, and increased uro-
thelial permeability.

• The most common GAG molecules in the 
bladder include hyaluronate, keratin sul-
fate, dermatan sulfate, chondroitin sulfate, 
heparin, and heparin sulfate.

• This theory is supported by the finding of 
glomerulations and/or Hunner’s ulcers on 
cystoscopy which are signs of epithelial 
dysfunction and damage.

Fig. 25.2 Illustration of Hunner’s lesions within the 
bladder urothelium. Hunner’s lesions are superficial ulcer-
ations in the bladder mucosa with small vessels radiating 
toward the discrete central scar. Water-fall like bleeding is 
described around the ulcer [1, 2, 7, 8]. (Original illustra-
tion by chapter author)
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 2. Tamm-Horsfall glycoprotein [5]
• The Tamm-Horsfall glycoprotein (THP) is 

an anionic protein found abundantly in urine 
that binds and neutralizes urinary toxins.

• Abnormal or low THP is thought to con-
tribute to the pathophysiology of BPS.

 3. Mast cell activation [3, 5, 9]
• Inflammatory mediators in mast cells such 

as histamine, leukotrienes, serotonins, and 
cytokines are thought to play a role of fre-
quency, pain, and fibrosis.

• Bladder wall biopsies show an increased 
number of mast cells in BPS patients and 
activation of these cells.

 4. Infection [3, 5]
• Many patients with BPS note that their pain 

started with an acute urinary tract infection, 
but their symptoms never resolved with 
antibiotics.

• It is possible that the urinary bladder gets 
sensitized from the inflammation of a UTI 
or the infection itself causes modifications 
in GAGs.

 5. Anti-proliferative factor [5]
• Anti-proliferative factor is a glycopeptide 

found to be elevated in urine of BPS patients.
• APF inhibits proliferation of normal blad-

der epithelial cells and causes epithelial 
thinning.

• APF also decreases heparin-binding epi-
dermal growth factor, a factor which facili-
tates cell migration for epithelial repair.

 6. Genetics [3, 5]
• Twin studies show higher concordance of 

IC among monozygotic twins compared to 
dizygotic twins; therefore, a genetic com-
ponent of the disease is likely.

• Additionally, adult first-degree relatives of 
patients with BPS have a 17-time higher 
rate of developing IC.

 7. Central sensitization of the spinal cord or sen-
sory processing abnormality [5]
• Like most chronic pain conditions, BPS is 

thought to have some contribution from 
central sensitization of the spinal cord or 
abnormality of sensory processing.

• This would also explain the increased inci-
dence of different concurrent chronic pel-
vic pain syndromes in BPS patients.

• Additional non-bladder-related syndromes 
can potentially sensitize the lower spinal 
cord so that the bladder is perceived as a 
site of pain.

 8. Neuroendocrine changes [3]
• Cat models of BPS/IC have been found to 

have upregulation of catecholamines and 
sympathetic nervous system activation.

• These models also had reduced adrenal 
function.

 How Is This Problem Managed?

Treatment for IC/BPS can be divided into four 
general categories  – non-medication manage-
ment, oral medications, intravesicular therapy, 
and interventions/surgeries.

 Non-medication Management
Patients with IC/BPS should be educated about 
the condition, instructed on dietary changes 
such as avoiding food triggers, and taught stress 
management. Care should be taken to get base-
line voiding symptoms and pain levels in order 
to measure the effectiveness of subsequent 
treatments. Physical therapy, development of 
coping strategies, and cognitive behavior ther-
apy are also crucial to management [2, 4, 8]. 
Any psychologic comorbidities should be 
appropriately treated [2]. There are two com-
mon misconceptions in non-medication man-
agement of IC.  First, some patients drink 
cranberry juice thinking it would help their pain 
such as in bacterial cystitis; however, the acidi-
fication of the urine caused by cranberry wors-
ens BPS symptoms [1]. Second, some patients 
do Kegel exercises to strengthen the pelvic 
floor thinking that it can relieve symptoms; 
however, increased pelvic tone can worsen the 
pain of BPS.  The reverse strategy of relaxing 
pelvic wall muscles, called Thiele’s exercises, 
are more helpful [1].

 Oral Medications
Multiple oral medications exist for the treat-
ment if IC/BPS including the classically 
described “triple therapy” of amitriptyline (tri-
cyclic antidepressant), hydroxyzine (antihista-
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mine), cimetidine (histamine H2 receptor 
antagonist) [2, 8]. Pentosan polysulfate, a hep-
arin-like carbohydrate derivative used fre-
quently as an oral therapy, is thought to adhere 
to the bladder wall mucosal membrane and act 
as a buffer to control cell permeability to pre-
vent irritating solutes in the urine from reaching 
the cells of the bladder wall [1, 2]. Cyclosporine, 
a potent immunosuppressant which interferes 
with T-cell function, is used after failing other 
oral therapies [1, 4]. Opioid medications are 
generally not recommended for treatment of IC 
and gabapentinoids, though useful for neuro-
pathic pain, are not effective for IC/BPS [2, 8].

 Intravesicular Therapy
One key treatment modality for IC/BPS is intra-
vesicular instillation of medication during cys-
toscopy. Commonly used medications include 
heparin, lidocaine, hyaluronic acid, chondroitin 
sulfate, hyaluronic acid and chondroitin in com-
bination, and dimethyl sulfate [2, 9]. By applying 
medication directly to the bladder mucosal, you 
can achieve high local drug concentration, 
reduced systemic side effects, and reduced drug- 
drug interaction. Additionally, some injectates 
are thought to directly repair urothelial defects. 
Some downsides of intravesicular therapy include 
the relative impermeability of urothelial cells for 
medication uptake, short duration of action, need 
for frequent administration, and risk of infection 
[9, 10]. Of note hydrodistention, or filling the 
bladder with water in the absence of any medica-
tion, constitutes a treatment modality as well [1].

Common intravesicular pharmacologic thera-
pies include the following:

• Heparin – mimics the GAG lining itself and 
has anti-inflammatory properties as it can 
inhibit fibroblast proliferation, angiogenesis, 
and smooth muscle cell proliferation [9, 10].

• Lidocaine – a local anesthetic provides symp-
tomatic relief as it is applied directly to the 
bladder mucosa [9].

• Hyaluronic acid – also a component of GAG 
layer thought to help rebuild the connective 
tissue of the bladder wall. Hyaluronic acid can 
also inhibit chemotactic and phagocytic func-
tions of leukocytes [8–10].

• Chondroitin sulfate – another component of 
GAG layer [8–10].

• Pentosan polysulfate  – a heparin analog that 
reinforces GAGs and reduces urothelial injury 
[9]. Also both pentosan polysulfate and hepa-
rin are thought to also neutralize toxic factors 
in the urine which may cause urothelial dam-
age [5].

• Dimethyl sulfoxide (DMSO)  – an anti- 
inflammatory molecule which also serves as a 
scavenger of intracellular hydroxyl radicals, 
blocks nerve transmission, and causes both 
smooth muscle relaxation and collagen inhibi-
tion. It is also thought to cause nitric oxide 
release with desensitization of nociceptive 
pathways [9, 10].

• Triamcinolone – synthetic glucocorticoid with 
anti-inflammatory properties [1].

• Botulinum toxin A – potent neurotoxin pro-
duced from clostridium botulinum and pre-
vents neurotransmission at the presynaptic 
membrane of the neuromuscular junction 
causing flaccid paralysis of the detrusor mus-
cle and providing symptomatic relief of blad-
der pain [8–11].

 Interventions/Surgery
If more-conservative therapies fail to control the 
symptoms of IC/BPS, advanced procedures and 
surgeries can be performed. Cystoscopies with 
fulguration/destruction of Hunner’s lesions can 
be effective for patients with one study reporting 
76% improvement in symptoms with destruction 
of Hunner’s lesions [1, 2]. Neuromodulation, 
including sacral or pudendal nerve stimulation, 
has been shown to cause a significant reduction 
in pelvic pain as well as improve symptoms of 
daytime frequency and nocturia though the litera-
ture is somewhat scant at the moment [8, 12, 13]. 
Finally if all other therapies fail, cystectomy can 
be considered [2].

 Guidelines

The various professional society guidelines differ 
on the treatment of IC/BPS. The AUA, RCOG/
BSUG, and EAU guidelines are summarized as 
follows:
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 American Urological Association (AUA) 
2014 Guidelines [1, 4]
These guidelines define six levels of treatment:

 1. Patient education/self-care/behavior modifi-
cations/stress management

 2. Physical therapy and pain management. Oral 
pharmaceutical treatment  – amitriptyline, 
cimetidine, pentosan polysulfate, hydroxy-
zine. Vesicular pharmaceutical treatment  – 
dimethyl sulfoxide, heparin, lidocaine

 3. Endoscopic interventions – bladder hydrodis-
tention (short-duration/low pressure), fulgura-
tion of Hunner’s lesions followed by 
triamcinolone injection

 4. Intravesicular botulinum A toxin or trial of 
neurostimulation followed by permanent 
implantation

 5. Oral cyclosporine
 6. Major surgery  – urinary diversion with or 

without cystectomy

AUA does not recommend the following  – 
pelvic floor exercises, long-term antibiotics, 
Bacille Calmette-Guerin (BCG) intravesicular 
therapy, oral glucocorticoid, or high-pressure/
long-duration hydrodistention. Overall no single 
treatment benefits all or even most patients with 
BPS except for fulguration of Hunner’s lesions.

 Royal College of Obstetricians 
and Gynaecologists (RCOG)/ British 
Society of Urogynaecology (BSUG) 
2016 Guidelines [1]
• Conservative measures should be done first 

such as patient education/stress management 
and pain symptom management.

• Oral medications are the next step with 
emphasis on amitriptyline and cimetidine.

• The third step is intravesicular therapy should 
conservative measures and oral medications 
fail. The strongest evidence exists for lido-
caine, heparin, and botulinum toxin.

• Pain clinic consultation and multidisciplinary 
team discussion is recommended prior to 
more advanced options including fulguration 
of Hunner’s lesions, neuromodulation, cyclo-
sporine A, cystoscopic hydrodistention, and 
major surgery.

 European Association of Urology (EAU) 
2017 Guidelines [1]
• Overall these guidelines emphasize a holistic 

patient-centered approach and are less didac-
tic for a treatment algorithm instead providing 
general guiding principles.

• Patient education is prioritized at the onset 
followed by physical therapy including trans-
vaginal manual therapy of pelvic floor mus-
cles, myofascial therapy, then finally levator 
muscle trigger point injection.

• Female patients may benefit from early refer-
ral for sexual counseling.

• Limited evidence exists for following therapies 
which are not recommended – electromagnetic, 
microwave, extracorporeal shockwave thera-
pies, transcutaneous electrical nerve stimula-
tion (TENS), hyperbaric oxygen therapy.

• Most patients will not have control with 
monotherapy and should have multimodal 
therapy targeted toward symptoms.

• Amitriptyline is the primary recommend oral 
therapy with nortriptyline as the alternative 
choice should the patient develop side effects 
to amitriptyline.

• Oral pentosan polysulfate has shown subjec-
tive improvement, and its effect is enhanced 
with treatment duration and concomitant use 
of subcutaneous heparin.

• Azathioprine can reduce pain and LUTS while 
cyclosporine A and methotrexate can help 
pain but have no benefit for urgency or 
frequency.

• Oral corticosteroids are not recommended.
• Intravesicular treatments can be used for med-

ications which are not active orally for to 
obtain high intravesicular concentration and 
minimize systemic side effects though one 
should always consider the risks of repeated 
catheterization including infection as well as 
high costs. Recommended intravesicular 
agents include local anesthetic, hyaluronic 
acid, chondroitin sulfate, and heparin.

• In particular, a combination of intravesicular 
lidocaine, sodium bicarbonate, and heparin 
has been show to be effective and cause sus-
tained relief in a high proportion of patients.

• Evidence for injected hyaluronic acid or chon-
droitin sulfate is limited.
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• Overall, there is limited evidence for the fol-
lowing oral and/or vesicular pharmacothera-
pies – cimetidine, prostaglandins, L-arginine, 
oxybutynin, duloxetine, clorpactin, DMSO, 
BCG.

• Hydrodistention is recommended as a diag-
nostic, not therapeutic, tool. When used thera-
peutically it has greater benefits when used in 
conjunction with botox.

• Transurethral resection, fulguration, or laser-
ing of Hunner’s lesions is effective overall.

• Major surgery should be the last resort. 
Surgeries include urinary diversion without 
cystectomy, supratrigonal cystectomy with 
bladder augmentation, subtrigonal cystec-
tomy, and cystectomy with ileal conduit 
formation.

 What Is the Prognosis of This 
Condition?

BPS/IC is not curable with treatments aimed at 
improving symptoms and quality of life [1]. 
Unfortunately, IC/BPS is known to negatively 
affect work life, psychological well-being, 
 personal relationships, and general health [4]. 
Patients suffering from this disorder often 
develop depression, sleep dysfunction, catastro-
phizing, anxiety, stress, social functioning diffi-
culties, and sexual dysfunction [4, 8].

 Discussion

 Prevalence

Overall, the disease prevalence for BPS/IC ranges 
significantly due to different clinical definitions. 
One study estimates that in the United States, 
BPS affects 45/100,000 women and 8/100,000 
men, with joint prevalence being 10.6/100,000 
[3]. Another studying using US census data from 
2006, which included 131,691 adult females, 
shows a female-specific prevalence ranging from 
2.7% to 6.5% based on self-reported symptoms, 
translating to 3.3–7.9 million US women 18 years 
or older with BPS.  Interestingly, only 9.7% of 

these patients were actually given a formal diag-
nosis of BPS/IC [5, 9]. The disease prevalence is 
thought to be increasing over the past few decades 
with some population studies showing disease 
rates of 10/100000 (0.01%) in 1975, then 
30/100000 (0.03%) in 1987, and 510/100000 
(0.5%) in 1994 [5]

Very few population studies have been done 
outside the United States; however, one recent 
study by Lee et  al. (2018) evaluated the preva-
lence in Taiwan of BPS to be 21.8–40.2/100000. 
Of note that mean age in this population was 48 
with a 78.7% female predominance [14].

 Differential Diagnosis

BPS is a diagnosis of exclusion which is obtained 
through careful history-taking and various tests 
including urine dipstick, renal tract ultrasound, 
and cystoscopy [1, 2, 4]. The differential diagno-
sis includes the following  – malignancy, infec-
tion, overactive bladder, cystitis caused by 
radiation or drugs, bladder outlet obstruction, 
irritable bowel syndrome, diverticular disease, 
urinary tract stones, urethral diverticulum, pelvic 
organ prolapse, endometriosis, and pudendal 
nerve entrapment [2, 4, 8]. Interestingly UTI is a 
common concurrent disease and many patients 
actually develop BPS following a UTI, though 
careful attention should be paid toward differen-
tiating BPS symptoms from infectious symptoms 
[2]. Another area of diagnostic confusion is dif-
ferentiating BPS and overactive bladder syn-
drome (OAB), as both cause urinary frequency. 
However urinary frequency due to fear of incon-
tinence is generally OAB, while frequency due to 
pain with filling of the bladder is BPS [1]. For 
patients it may be helpful to keep a bladder diary 
or a log of daily voiding frequency and urinary 
volume as well as pain, sexual activity, and anal-
gesic use [1, 2, 8].

BPS/IC can often present concurrently with 
other pain syndromes such fibromyalgia 9–12%, 
chronic fatigue 9.5%, and irritable bowel syn-
drome 7–48%, as well as a variety of gynecologic 
pain disorders including vulvodynia, genital 
pain, and endometriosis [3, 5].
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 Predictive Value of Different Clinical 
Features and Lab Testing/Imaging

Overall 100% of BPS patients have pelvic pain 
and voiding frequency is almost universal, affect-
ing 92% of patients. Urinary urgency is also quite 
common at 84% [4]. Cystoscopy, though fre-
quently done for BPS patients especially to 
exclude other diagnoses, is not in itself diagnos-
tic unless Hunner’s lesions are found [1, 2, 8].

To aid in diagnosis, the National Institute of 
Diabetes and Digestive and Kidney Diseases 
(NIDDK) lists exclusion criteria for IC/BPS 
diagnosis, which are shown below. However due 
to the diversity of symptoms in IC/BSP, using 
this exclusion criteria too strictly can miss up to 
60% of patients regarded by experienced clini-
cians as definitely or likely having IC [5].

 1. Bladder capacity greater than 350  mL on 
awake cystometry using either a gas or liquid 
filling medium

 2. Absence of an intense urge to void with the 
bladder filled to 100 mL gas or 150 mL water 
during cystometry, using a fill rate of 
30–100 mL per minute

 3. The demonstration of phasic involuntary 
bladder contractions on cystometry using the 
fill rate described previously

 4. Duration of symptoms less than 9 months
 5. Absence of nocturia
 6. Symptoms relieved by antimicrobials, urinary 

antiseptics, anticholinergics, or antispasmodics
 7. A frequency of urination, while awake, of 

less than 8 times a day
 8. A diagnosis of bacterial cystitis or prostatitis 

within a 3-month period
 9. Bladder or ureteral calculi
 10. Active genital herpes
 11. Uterine, cervical, vaginal, or urethral cancer
 12. Urethral diverticulum
 13. Cyclophosphamide or any type of chemical 

cystitis
 14. Tuberculous cystitis
 15. Radiation cystitis
 16. Benign or malignant bladder tumors
 17. Vaginitis
 18. Age less than 18 years

 Strength of Evidence for Different 
Treatment Modalities

Table 25.1 summarizes the strength of evidence 
for different treatment modalities based on evalua-
tion from AUA, EUA, the Royal College of 
Obstetricians and Gynaecologists/British Society 
of Urogynaecology (RCOG/BSUG), and Canadian 
Urological Association (CUA) [1, 2, 4, 5, 15].

 Future Directions or Clinical Trials 
in Progress

 Future Oral Therapies
Pharmacologic agents currently being 
researched involve drugs that target specific 
components of the inflammatory cascade. Such 
agents include anti-nerve growth factor, anti-
tumor necrosis factor, and antagonists of Toll-
like receptors [16].

 Future Intravesicular Therapies
A large proportion of current research focuses 
on novel intravesicular therapies. One agent of 
particular interest is the liposome – concentric 
phospholipid bilayers enclosing aqueous inte-
rior. Injection of the empty liposome into the 
bladder has been shown in recent studies to 
reduce bladder hyperactivity induced by prot-
amine sulfate, potassium chloride, or acetic 
acid in an IC/BPS rat model. Liposomes are 
thought mechanistically to use surface ligands 
to attach to injured urothelium and assist in 
repair [9, 10, 16]. Liposomes can also be used 
to carry drugs more effectively to the urothe-
lium. Recent research involves the use of lipo-
some mediated-botulinum toxin, tacrolimus, 
lidocaine, and pentosan polysulfate as intrave-
sicular therapies [9, 16].

Additional intravesicular therapies being 
studied revolve around immunomodulation or 
cellular regeneration. In one case study, autolo-
gous platelet-rich plasma injected into the blad-
der demonstrated significant improvement in 
pain with an increase in urinary IL-8 and vascu-
lar endothelial growth factor. PRP is thought to 
augment urothelial wound healing since it is a 
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source of growth factors and promote angiogen-
esis, increased blood flow, and oxygenation in 
the wound. It recruits macrophages and neutro-
phils which induce neural hypersensitivity of the 
wound then switch to an anti-inflammatory phe-
notype to release anti-inflammatory factors over-
all causing repair of the urothelium and 
decreasing pain [11]. PRP is also thought to treat 
neuropathic pain by releasing platelet and stem 
cell-released factors initiating a complex cas-
cade of wound healing events in which it initi-
ates wound healing, tissue remodeling, and axon 
regeneration [11]. Mesenchymal stem cell intra-
vesicular therapy has also shown promise with 
studies demonstrating that injection of cord-
blood-derived MCSs into bladder of an IC rat 
model showed improvement of urothelium layer. 

MSCs differentiated into epithelial cells and 
stimulated the epithelial growth factor signaling 
cascade [3].

 Future Interventions

From an intervention standpoint, the main treat-
ment currently being evaluated is superior hypo-
gastric plexus radiofrequency ablation. Pulsed 
RF treatment of superior hypogastric plexus pro-
vides nondestructive neuromodulation to the 
nerve plexus which transmits the majority of pain 
signals from pelvic viscera including the bladder 
[17]. The procedure is done by guiding a needle 
under fluoroscopy anterior to the L5 vertebral 
body bilaterally to the superior hypogastric 

Table 25.1 Efficacy of treatment based on medical Literature

IC/BPS treatment
EAU grade of 
recommendation AUA grade of recommendation

RCOG/BSUG grade of 
recommendation

Opioids NR Should be initiated with 
multimodal therapy (no grade 
assigned)

NR

Amitriptyline A B B
Cimetidine NR B B
Hydroxyzine A C B
Pentosan polysulfate A B A
Antibiotics NR NR NR
Gabapentinoids NR NR NR
Cyclosporine A A C D
Intravesicular heparin NR C D
Intravesicular 
hyaluronic acid

B NR B

Intravesicular 
lidocaine

NR B B

Intravesicular DMSO A C C
Intravesicular 
botulinum toxin

NR C B

Intravesicular 
chondroitin sulfate

B NR D

Intravesicular BCG NR NR NR
Hydrodistension C C D
Electrocautery Recommended for Hunner‘s 

lesions (no grade assigned)
C Recommended (no grade 

assigned)
Major surgery NR C D

Data from [1, 2, 4, 5, 15]
This table lists the therapies used for IC/BPS and the grade of recommendation from various professional societies
A = Good scientific evidence suggest benefits substantially outweigh risk. B = At least fair scientific evidence suggest 
benefits outweigh risk. C = At least fair scientific evidence suggest that there are benefits but the balance between ben-
efits and risks are too close to make general recommendations. D = At least fair scientific evidence suggests that the 
risks of the clinical service outweigh the potential benefits. NR = no recommendation
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plexus then injecting local anesthetic for a diag-
nostic block followed by the RF ablation (see 
Fig. 25.3a, b). One case report from Korea dem-
onstrated a 2.5-year improvement in a 35-year- 
old female with BPS unresponsive to regular 
intravesicular chondroitin and oral medications 
(gabapentin, pentosan polysulfate) following two 
pulsed radiofrequency treatments of the superior 
hypogastric plexus [17].

 Biomarkers

Much of the recent research has focused on find-
ing biomarkers for diagnosis of BPS/IC. None of 
the biomarkers have been completely validated to 
the point of being included in diagnostic guide-
lines; however, many hold promise. APF (anti- 
proliferative factor) is the most widely studied 
and elevation of urinary APF has been found to 
be highly specific and sensitive for diagnosis of 
BPS/IC; however, there has been no evidence of 
APF expression during early phases of IC/PBS 
[3, 8]. Pro-inflammatory chemokines and inter-
leukins are increased in IC/PBS, particularly 
interleukin-6. Research shows that increased 

urine levels of IL-6 has a sensitivity of 70%, 
specificity of 72.4%, positive predictive value of 
77.8%, and negative predictive value of 63.6% 
[3]. Urinalysis of patients with IC/BPS also 
shows high levels of EGF, insulin-like growth 
factor-1, insulin-like growth factor-binding pro-
tein- 3, and uroplakin III-delta4 while showing a 
significantly decreased levels of heparin-binding 
epidermal growth factor. Finally, some animal 
studies suggest that inflammatory markers 
including fibroblast growth factor 7 and chemo-
kine ligand 21 are particularly altered in bladder 
wall biopsy samples from IC/PBS patients with 
mRNA levels correlating with disease severity; 
however, more studies need to be done to further 
evaluate these biomarkers [3].

 Conclusion/Summary

Interstitial cystitis or bladder pain syndrome is a 
chronic pelvic pain condition exacerbated by 
bladder distention and accompanied by lower 
urinary tract symptoms. The diagnosis and treat-
ment of IC is informed by guidelines from vari-
ous professional societies including the AUA, 

a b

Fig. 25.3 (a, b) Radiofrequency ablation of superior 
hypogastric plexus. (Original images from chapter 
author). These fluoroscopic images of an RF ablation of 
the superior hypogastric plexus show needle placement 

and appropriate contrast dye spread anterior to the L5 ver-
tebral body from a right-sided approach in the sagittal 
view (a) and the coronal view (b)
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NIDDK, EAU, RCOG, and BSUG and can vary 
significantly. Overall, IC/BPS remains a clinical 
diagnosis with research currently being done to 
evaluate potential biomarkers to aid in diagnosis. 
Management involves both non-pharmacologic 
therapy (patient education, lifestyle changes, 
physical therapy) and oral/intravesicular medica-
tions with more advanced interventions including 
neuromodulation and bladder surgery reserved 
for the proportion of patients that do not respond 
to conservative measures. Further research is 
being done to develop additional pharmacothera-
pies and interventions to help treat IC/BPS.
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Chronic Pain After Hernia Repair

Nicholas Kirch and Maunak V. Rana

 Case Description

A 35-year-old male presents to the pain clinic for 
evaluation of groin pain 3 months after a success-
ful indirect inguinal hernia procedure. His sur-
gery, performed under general anesthesia, with 
mesh repair, was uncomplicated and he was 
noted to be doing well until 2 weeks after the sur-
gery, at which time the patient developed burning 
pain in the scar region radiating down into the 
ipsilateral testicle [1–4]. Physical activity is pain-
ful resulting in a sharp pain, rated 8/10. He has 
tried rest and acetaminophen with hydrocodone 
without benefit.

Examination reveals a well-developed, well- 
nourished male in discomfort while seated. His 
gait is antalgic due to pain in the left inguinal 
region. Evaluation reveals a 2 cm diagonal scar in 
the inguinal region, which is tender to light touch. 
This region is not indurated, warm, or erythemic. 
The patient has been seen by his surgeon and has 
been told that he has healed well. There is no evi-
dence of hernia or palpable mass. The patient has 
a noticeable area of discomfort over the scar, with 

radiating pain into the groin and into the testicle. 
There is no tenderness to palpation over the pubic 
tubercle and no tenderness at the anterior supe-
rior iliac spine. Genital exam reveals normal 
bilateral, descended testes.

 What Is Your Preliminary Diagnosis?

Chronic post-surgical pain is very common after 
hernia repair. There are three nerves (ilioinguinal, 
iliohypogastric, and genitofemoral nerve) in the 
surgical field that makes this surgery as one of the 
most common surgery associated with chronic 
post-surgical pain. The patient meets the criteria 
for the diagnosis of chronic post-surgical pain as 
defined by the International Association for the 
Study of Pain, which defines chronic post- 
surgical pain as pain persisting more than 
3  months after surgery. History and physical 
examination is very suggestive of neuropathic 
pain. There is no obvious pathology, the wound 
has healed well, and there are no other clinical 
findings explaining his condition. Neuropathic 
pain is often described by patients as sharp, 
shooting, stabbing, or burning in nature. There 
may be finding of allodynia, hyperalgesia, or 
hypoesthesia on physical examination. The pain 
distribution or sensory disturbances on exam may 
be in a particular nerve distribution, which may 
help to narrow down the pain to one nerve. It is 
important to exclude non-neuropathic elements 

N. Kirch 
Department of Anesthesiology and Critical Care, 
University of Chicago, Chicago, IL, USA 

M. V. Rana (*) 
Department of Anesthesia and Critical Care, 
University of Chicago, Chicago, IL, USA
e-mail: mrana@dacc.uchicago.edu

26

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-46675-6_26&domain=pdf
https://doi.org/10.1007/978-3-030-46675-6_26#DOI
mailto:mrana@dacc.uchicago.edu


200

of pain including recurrence of hernia, tumor, 
myofascial pain, or entrapped bowel.

In this patient, the most likely diagnosis is 
neuropathic pain, most likely involving ilioingui-
nal nerve.

 How Is the Diagnosis Confirmed?

The diagnosis of chronic post herniorrhaphy pain 
is made based on the clinical history, location of 
pain, as well as ruling out alternative sources of 
pain. Ilioinguinal neuralgia often arises after 
abdominal surgery, pelvic surgery, or inguinal 
hernia surgery. The physical examination of the 
patient allows for the opportunity to differentiate 
between the potential sources of pain. The pres-
ence of allodynia leads to a neuropathic pain 
entity and steers the practitioner away from trig-
ger point–related pain. As to the location of the 
discomfort, the patient has pain over the scar in 
the inguinal region. This could be due to neuroma 
or nerve entrapment either from scar tissue, 
mesh, or sutures. The lack of pain in the pubic 
tubercle region leads away from the diagnosis of 
genitofemoral neuralgia. The lack of discomfort 
over the anterior superior iliac spine would lead 
away from the diagnosis of meralgia paresthet-
ica, as would the location of the pain.

As mentioned above, CPIP can result from 
other etiologies, which must be ruled out. Hernia 
recurrence, while rare, is a possibility. Excessive 
scar formation can result in pain at the site of 
incision that does not follow specific nerve path-
ways. Local factors related to mesh interactions 
with tissues, from tacking suture to the mesh 
itself, can lead to a meshoma or even adhesions 
to surrounding structures like intestines or sper-
matic cord as the source of pain.

Ultrasound is a useful noninvasive imaging 
modality that is very sensitive for the diagnosis of 
occult hernia (Fig. 26.1). It can help differentiate 
any swelling in the area as fluid collection due to 
seroma/infection or recurrence of hernia, but is 
often limited by pain during examination and 
operator’s experience. The presence of anatomi-
cal defects, additional herniation, or development 
of a neuroma, which would appear on ultrasound 

with a characteristic feature around a cut/accessed 
nerve, can easily be assessed [5]. CT is more sen-
sitive than US in exploring anatomy of the area 
and is fewer operators dependent. It can also dif-
ferentiate seroma from infection. MRI is the most 
sensitive imaging option to evaluate anatomical 
pathology. It is much better at evaluating post- 
surgical scarring and can also evaluate the status 
of mesh and surgical repair.

Quite often the imaging is done primarily to 
rule out pathologies like infection, breakdown of 
repair, excessive scarring, or recurrence of hernia 
and not to rule in neuropathic pain. At the end of 
the day, it is a clinical diagnosis and a diagnosis 
of exclusion.

If no other causes of pain can be identified, a 
diagnostic and potentially therapeutic block of 
the nerve can be done. But the injection is pri-
marily done to identify which nerve is most likely 
involved as the source of neuropathic pain.

 What Is the Pathophysiology of This 
Condition?

The development of pain after hernia surgery is 
multifactorial in origin. The underlying mecha-
nism is the same as in other chronic post-surgical 
pains. Damage or prolonged activation of the 
nerve fibers lead to peripheral and/or central sensi-
tization that often involves transcriptional changes 

External oblique

Internal oblique

Transversus
abdominis

Fig. 26.1 Ultrasound of muscle layers of the abdominal 
wall, from top to bottom: external oblique, internal 
oblique, transversus abdominis
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in the cell bodies of the neuron leading to altered 
ion channel receptors expression and altered neu-
rotransmitters release. Prolonged NMDA activa-
tion leads to apoptosis. The cell death leads to 
sprouting of non-noxious nerve fibers into the 
noxious pathways. This leads to the development 
of allodynia and hyperalgesia. The release of che-
mokines, ATP, NO, cytokines by the activated 
astrocytes, and microglia also contribute to the 
maintenance of hypersensitivity. Predisposition 
due to underlying medical conditions may occur 
due to pre-existing neuropathy and medical condi-
tions including diabetes mellitus. The concept of 
hyperalgesic priming, related to the inflammatory 
response to surgery, demonstrates a possible cause 
for the development of chronic pain in subsets of 
patients. A multivariate analysis highlighted the 
role of preoperative pain, type of pain, type of 
anesthesia, among other factors including type of 
mesh utilized that may play a role in the develop-
ment of pain after surgery [6]. Additional risk fac-
tors identified in studies include young age and 
female sex (Table 26.1) [7].

Additionally, iatrogenic causes after surgery 
include tissue injury due to aberrant anatomy, 
nerve injury, or entrapment. This neurotrauma 
may lead to chronic long-term pain, as has been 
suggested based on the literature review [8–11]. 
Based on the theoretical role of nerve injury, and 
in many cases the development of neuroma as a 
causative factor, it has been suggested that neuro-
modulation or even a purposeful resection of the 
ilioinguinal nerve may lead to a decrease in post- 

operative pain and is considered a treatment for 
recalcitrant, chronic pain [12].

 How Is This Problem Managed?

The problem requires multimodal and multidisci-
plinary approach. It is very important to assess 
psychological stresses that work on pain-coping 
skills at the outset. The most important interven-
tion in the management of any chronic pain con-
dition is education of the patient.

In the absence of quality randomized con-
trolled trials, pharmacological and interventional 
pain management strategies are based on small 
studies, case series, and extrapolation of evidence 
from other neuropathic conditions. There are 
general guidelines by the various pain societies to 
treat neuropathic pain but no society has specifi-
cally provided guidelines for post-herniorrhaphy 
pain. These pain societies categorize calcium 
channel modulators (gabapentin/pregabalin), 
topical lidocaine, tricyclic antidepressants (ami-
triptyline, nortriptyline, desipramine), and SSRI 
(duloxetine, venlafaxine) as first line of therapy.

These medications are started after patient has 
failed to respond to over-the-counter analgesics 
(NSAIDS, acetaminophen). Each medication 
should be assessed based on patient-specific 
comorbidities/concerns as well as tolerance to 
medication side effects. Effective dose of gaba-
pentin ranges from 600 to 1200 mg three times a 
day; pregabalin dose ranges from 50 to 200 mg 
three times a day. Renal adjustment is needed for 
both drugs. Lidocaine cream or patch is effective 
for managing allodynia. Amitriptyline effective 
dose ranges from 25 to 150  mg per day. 
Duloxetine is started at 30  mg a day and dose 
titrated up to 120 mg a day if needed. Tramadol is 
a weak mu opioid with SSRI and weak NMDA 
antagonist properties and has been effective in 
many neuropathic pain conditions. Patients who 
fail to respond to these drugs can be tried on other 
channel blockers (Lamotrigine, topiramate, car-
bamazepine, oxcarbazepine, and mexiletine) or 
antidepressants (bupropion, citalopram, and par-
oxetine). They have been found to be variably 
effective in various neuropathic conditions.

Table 26.1 Risk factors for developing chronic pain post 
hernia repair

Risk Factors for developing chronic pain post hernia 
repair [6–8]:
  Young age
  Female sex
  Preoperative chronic pain
  Operation for recurrent hernia
  Less experienced surgeon
  Heavyweight mesh
  Mesh fixation
  Postoperative complications (infection, hematoma, 

neuroma)
  Severe early postoperative pain
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In the setting of pain refractory to conserva-
tive treatment, more invasive techniques includ-
ing nerve blocks have been used. While 
traditionally performed in a field block format, 
the use of nerve stimulator and now the use of 
ultrasound to directly identify tissue planes and 
neurovascular structures have greatly improved 
fidelity and success of this technique. While pre- 
procedure nerve blocks to decrease the develop-
ment of pain after the procedure has also been 
evaluated, in a triple-blinded, placebo controlled 
trial of patients undergoing inguinal hernia repair, 
intraoperative infiltration of local anesthetic did 
not have an effect on postoperative pain [13]. 
Post-procedural nerve blocks serve as diagnostic 
and short-term therapeutic interventions [14].

If a nerve block has successfully been per-
formed to isolate the causative nerve, neurolysis, 
or neuroablation using cryoablation, radiofre-
quency ablation or chemical neurolysis has been 
used to achieve longer pain control [15, 16].

As the indications for neuromodulation con-
tinue to expand, peripheral nerve field stimula-
tion and spinal cord stimulation are increasingly 
utilized to treat refractory pain. While there are 
no large studies treating CPIP, there have been 
case reports and papers showing promise [17, 
18]. With these techniques, patient selection is 
thought to play a role in their success, having 
highly motivated patients who have passed a psy-
chiatric evaluation. An additional benefit to neu-
romodulation is that they are nonpermanent in 
nature, leading to minimal long-term morbidity.

In the surgical literature, neurectomy has 
been advocated with varying results with some 
patients receiving benefit for post-surgical pain 
and others persisting with pain or developing 
new, distinct pain [19]. Due to anatomical dif-
ferences and the complex course of nerves in 
the groin, it is often difficult to isolate a single 
nerve to alleviate the pain, which has led to the 
technique of triple neurectomy, or removal of 
iliohypogastric, ilioinguinal, and genital branch 
of genitofemoral nerve, in addition to mesh 
extraction or tack removal [20]. Some surgeons 
advocate for doing a repeat open procedure to 
best have access to all of these structures in a 
single staged procedure (Fig. 26.2) [21].

 What Is the Prognosis of This 
Condition?

Pain before and immediately after surgery is 
seemingly important in the development and 
analysis of prognosis. Patients who have higher 
postoperative pain scores early in recovery are 
likely to continue with chronic pain in this surgi-
cal population [21, 22]; in addition, patients with 
preoperative pain were found to have increased 
risk for postoperative pain by a factor of 1.5 [23]. 
On evaluation, 26.9% without preoperative pain 
developed chronic pain vs. 76.7% of patients 
with preoperative pain developed chronic post- 
surgical pain [6]. In another study, 88% of 
patients with preoperative pain went on to 
develop chronic pain after surgery [24]. 
Therefore, it is important to make chronic pain 
patients aware of their increased risks prior to 
surgery, as well as to aggressively treat post- 
herniorrhaphy pain [25].

Ultimately, these cases significantly reduce 
quality of life, increase direct and indirect socio- 
economic burdens, as well as increase likelihood of 
being diagnosed with associated affective disor-
ders, such as anxiety and depression [21, 22, 25].

Tiers of treatment:

Rest and analgesics (NSAIDs, acetaminophen, opioids)
+ burning pain (gabapentin, SSRI/SNRI)

Further imaging to rule out infection/neuroma/surgical cause

Referral to pain specialist

Diagnostic/therapeutic nerve block

Repeat block, discuss radiofrequency ablation/chemical
neurolysis/neuromodulation

If above therapies fail, discuss with surgeon about neurectomy
vs management of chronic pain

Fig. 26.2 Tiers of treatment
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 Discussion

 Prevalence

With an annual 800,000 inguinal hernia repairs 
conducted alone in the United States with more 
than 20 million performed around the world, the 
treatment of post-herniorrhaphy inguinal pain 
has become ever more in focus. Studies differ in 
the prevalence of chronic post-surgical pain, 
ranging from 8% to 16%; even some studies are 
as low as 0.2% [1, 3, 6, 22]. These studies differ 
due to definitions of how long one must have pain 
postoperatively to have chronic pain (between 3 
and 6 months) and what constitutes chronic pain 
(any pain vs. the degree it impacts the patient’s 
life), as well as the methods of their studies. 
However, based on these numbers in the United 
States alone 64,000–128,000 patients and even 
based on the most conservative numbers 1600 
patients annually are impacted in some capacity.

 Differential Diagnosis

The differential diagnosis of post-herniorrhaphy 
pain includes scar tissue, neuroma, recurrent her-
nia, myalgia/trigger points, and neuralgias.

 Predictive Value of Different Clinical 
Features and Lab Testing/Imaging

As previously mentioned, there is an increased 
likelihood of developing chronic pain after hernia 
surgery if chronic pain is present prior to surgery 
[23]. However there are no specific tests/imaging 
studies that can be done to help predict which 
non-chronic pain population is more prone to 
develop this condition. There exists variability in 
the literature regarding the age of the patient and 
the development of chronic pain after hernia sur-
gery, with a few studies noting no influence of 
age and some evaluations noting a discernible 
effect of age on the presence of chronic pain after 
surgery [1, 6, 18]. Pre-emptive analgesia has not 
been clearly shown to affect the outcome of 
chronic pain [23]. Additionally, intraoperative 

injection of local anesthetic at the site of surgery 
did not lead to a decrease in pain during the sub-
sequent days after surgery [24]. It is also unclear 
based on multiple studies whether the type of 
repair, open or endoscopic, correlates to the 
occurrence of postoperative pain. In the surgical 
community, many people have speculated 
whether the type of mesh and fixation used in the 
procedure can help mitigate the occurrence of 
chronic pain; however, none of these studies are 
definitive.

 Strength of Evidence for Different 
Treatment Modalities

As mentioned above, data for pre-emptive infil-
tration of local anesthesia has not demonstrated 
consistent results for affecting the development/
persistence of chronic pain. The use of nerve 
blocks after the development of chronic pain also 
has shown conflicting efficacy. There are few ran-
domized, controlled trials available for evalua-
tion of efficacy of nerve blocks.

Additionally, though advocated by surgeons, 
reoperation has not demonstrated significant effi-
cacy. In one evaluation [21], 6 out of 40 patients 
studied still persisted with pain despite re- 
exploration of the surgical site.

The use of analgesics too is difficult to ana-
lyze as the type of pain described is variable. 
Whereas for neuropathic pain, a membrane stabi-
lizer would be a first-line choice, as patients dif-
fer in presentation as highlighted previously. 
There are no current studies comparing the effi-
cacy of different classes of analgesics for chronic 
post-inguinal surgery pain.

 Future Directions or Clinical Trials 
in Progress

Current directions for preventing the develop-
ment of CPIP focus mostly on improving surgi-
cal techniques; as surgeries continue to become 
less invasive, there is a theoretical benefit to less 
tissue damage. Additionally, there is ongoing 
research around the best type of mesh to avoid 
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development of postoperative pain. Treatment 
of post hernia repair chronic pain continues to 
evolve as neuromodulatory techniques continue 
to improve, as well as neuroablative techniques. 
Additional trials will need to be undertaken to 
determine the optimal role of peripheral stimu-
lation. In some European countries the treat-
ment of CPIP is done in dedicated hernia 
centers, where experts in pain management uti-
lize a uniform scaled intervention system from 
conservative management to neuroablative and 
ultimately surgical intervention. This both 
results in early standard of care treatment for 
these patients as well as it allows for data collec-
tion for further studies [4].

 Conclusion/Summary

The management of chronic pain following 
inguinal hernia surgery should start with a thor-
ough physical exam, which may include imag-
ing, to rule out alternative causes of pain as well 
as possible recurrence of the hernia. However, 
once other causes have been excluded, the main-
stay initial treatment of this condition includes 
rest and analgesics. If refractory to conservative 
management, more invasive techniques like 
nerve blocks, nerve ablation, peripheral nerve 
stimulation, and ultimately neurectomy may 
need to be provided. Patients who have chronic 
pain prior to hernia repair are more likely to 
develop postoperative chronic pain, as well as 
patients who develop severe postoperative pain 
early are more likely to continue to transition 
from acute to chronic pain. There are no tests that 
are currently available to determine who is sus-
ceptible to having chronic pain nor are there pre- 
procedural treatments to decrease the likelihood 
of developing long-term pain. There is a need for 
studies performed by experts at dedicated hernia 
centers to determine future best practice guide-
lines regarding surgical techniques as well as to 
continue to develop novel treatment options for 
patients refractory to current therapies.
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A 65-Year-Old Woman with Chronic 
Hip Pain

Khyrie Jones and Tariq Malik

 Case Description

An elderly, obese, and sedentary female presents 
to a local clinic with chronic unilateral hip pain. 
The pain, onset years ago, has gradually worsened 
over time, and is described as a deep, dull, and 
aching soreness that occasionally radiates to the 
groin. Symptoms improve with rest and worsen 
throughout the day after physical activities with 
repetitive motions, prolonged standing, and walk-
ing long distances. Associations include brief 
morning stiffness in the hands (<30 min), swelling 
of the knees, and exacerbated pain when rising 
from a seated position. The patient denies recent 
falls and joint warmth or redness. Past medical and 
surgical histories are noncontributory, and family 
history is unremarkable. Physical exam is signifi-
cant for enlarged bony deformities of the distal and 
proximal interphalangeal joints of the hands, crep-
itus of the knees, and limited range of motion of 
the ipsilateral hip with groin tenderness while 
flexed and externally rotated [8, 10].

 What Is Your Preliminary Diagnosis?

The clinical and physical findings suggest osteo-
arthritis of the hip, especially considering the 
predisposing risk factors of the patient. Certain 
lifestyles (inactivity, heavy manual labor, etc.), 
prior joint injury or trauma, and family history of 
joint disease would have also supported osteoar-
thritis [3–5]. Additional symptoms may also 
include function-limiting hip pain (such as 
diminished walking distance) and mechanical 
instability (examples include a ‘locking’ or 
‘catching’ sensation, shortening of the affected 
leg, or abnormal gait). The pain from osteoarthri-
tis of the hip typically radiates to the groin; how-
ever, direct pressure over the groin does not 
increase pain. Concomitant findings may include 
neck pain associated with limited lateral rotation 
due to osteoarthritis of the cervical spine, lower 
back pain that radiates to the buttocks due to 
osteoarthritis of the lumbar spine, and localized 
knee pain due to osteoarthritis of the knee.

 How Is Diagnosis Confirmed?

Osteoarthritis of the hip is typically diagnosed on 
the basis of clinical and radiographic evidence [2, 
6, 7]. Although osteoarthritis is a clinical diagno-
sis, anteroposterior plain radiography (XR) of the 
hip/pelvis is recommended for confirmation and to 
determine disease progression and  severity, and 
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characteristic findings include joint space narrow-
ing, osteophytes (bony outgrowths due to bone 
remodeling), joint mice (sloughed articular carti-
lage and subchondral bone forming loose bodies), 
and subchondral sclerosis (bone eburnation) or 
cysts [3–5]. Magnetic resonance imaging (MRI) is 
not necessary in most patients with osteoarthritis 
unless additional pathology amenable to surgical 
repair is suspected [2]; however, MRI can identify 
osteoarthritis at the earlier stages of disease before 
radiographic changes (cartilage defects, bone mar-
row lesions) become apparent [8]. No specific 
laboratory abnormalities are associated with 
osteoarthritis; acute phase reactants such as serum 
erythrocyte sedimentation rate (ESR) and c-reactive 
protein (CRP) are within normal limits.

 What Is the Pathophysiology of This 
Condition?

Osteoarthritis is a disease that affects all struc-
tures of the joint: the hyaline articular cartilage, 
subchondral bone, ligaments, capsule, synovium, 
and periarticular muscles (Fig. 27.1). The patho-
genesis involves a combination of mechanical, 

inflammatory, and metabolic factors, resulting in 
structural destruction and painful joints. 
Osteoarthritis is characterized by chondrocyte- 
mediated excessive degradation and inadequate 
repair of articular cartilage at joint surfaces due 
to overactive proteolytic enzymes (e.g., matrix 
metalloproteases) in response to a compromised 
extracellular matrix (disorganized type II colla-
gen, increased water content, decreased proteo-
glycans) and the accumulative presence of 
inflammatory cytokines (e.g., IL-1, IL-6, IL-17, 
TNF-α, TGF-β) in the synovium over time as the 
disease progresses [4, 5]. However, the patho-
physiology of osteoarthritis is not fully under-
stood, and the role of inflammation has been 
acknowledged and generally accepted only in 
recent years. Osteoarthritis is a heterogeneous 
disease with a wide range of underlying path-
ways, which lead to similar outcomes of joint 
destruction. A number of subtypes have been 
proposed on the basis of specific pathological 
processes, which include inflammatory type, 
mechanical overload, metabolic alterations, and 
premature cell death, but most likely it is a com-
bination of all these present in varying degrees in 
different patients.

Normal hip joint

Decreased
joint space

Exposed bone

Worn
Cartilage

Fig. 27.1 (a, b) Osteoarthritis of a synovial joint results 
from aging or prolonged joint wear and tear. These cause 
erosion and loss of the articular cartilage covering the sur-

faces of the bones, resulting in inflammation that causes 
joint stiffness and pain. (From OpenStax College [9])
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Mechanisms of pain in osteoarthritis include 
periosteal elevation, vascular congestion of sub-
chondral bone leading to increased intraosseous 
pressure, synovitis, fatigue in muscles that cross 
the joint, overall joint contracture, joint effusion 
and stretching of the joint capsule, inflammation 
of periarticular bursae, and more [2]. Peripheral 
nociceptive mechanism does not explain pain in 
many patients with osteoarthritis as seen from 
discrepancy between the morphology of joints 
seen on X-ray images and intensity of pain 
experienced by patients. This is explained by 
the presence of neuropathic pain element, which 
involves neuroplastic changes affecting periph-
eral nerves or alerted pain processing affecting 
nerve pathways in the central nervous system. 
The presence of hypersensitization in patients 
with osteoarthritis, measured objectively by 
quantitative sensory testing (QST), has been 
been seen and they corelate with pain intensity 
and functional disability. The extent of sensiti-
zation seems to correlate with the extent of 
symptoms severity. Using self-reported ques-
tionnaire, the prevalence of neuropathic pain 
contribution is around 23% in patients with 
osteoarthritis. Pain sensitization seems to corre-
late with the presence of synovitis and effusion.

 How Is This Problem Managed?

The initial management of osteoarthritis empha-
sizes conservative measures such as aerobic exer-
cise (balance, land-based, aquatic), weight loss 
(for those with BMI >25), and activity modifica-
tion with the goal to alleviate pain and improve 
functional status [2]. A cane or walker can be 
used for the contralateral hand in order to 
decrease the joint reaction force on the affected 
hip [5], and with assistance from physical and 
occupational therapy, the patient can benefit from 
joint-protection and energy-conservation tech-
niques [2]. Long-term adherence to supervised 
physical activity regimens is needed to maintain 
the benefits of exercise, which are sustained for at 
least 3–6 months [11, 12].

Analgesics such as acetaminophen and non-
steroidal anti-inflammatory drugs (NSAIDs) are 

generally indicated as needed for persistent 
symptoms of mild-moderate pain in patients who 
do not adequately respond to conservative treat-
ment [2] (Table  27.1). Although NSAIDs have 
been proven more effective than acetaminophen 
for pain relief [2, 13, 14], neither alter disease 
progression, and both must be considered due to 
the increased risk of gastrointestinal ulcers and 
bleeding from NSAIDs and liver injury from 
acetaminophen [2, 8]. Alternatives include cele-
coxib; a selective cyclooxygenase (COX)-2 
inhibitor designed to alleviate the increased risk 
of gastrointestinal side effects; diclofenac, a topi-
cal NSAID for localized or limited symptoms 
[2]; and an adjuvant proton-pump inhibitor can 
be considered. Opioids, such as tramadol, are 
used judiciously and are generally not recom-
mended due to substantial risk of adverse events 
(nausea, dizziness, drowsiness) and small clinical 
benefit as an efficacious alternative to acetamino-
phen and NSAIDs [15, 16]. Other commonly 
prescribed medications include topical capsaicin 
and naproxen for pain relief, and skeletal muscle 
relaxants (baclofen, tizanidine, cyclobenzaprine). 
The lowest effective dose is recommended for all 
pharmacologic therapy [2], and periodic clinical 

Table 27.1 Pharmacologic recommendations for the ini-
tial management of hip osteoarthritis

We conditionally recommend that patients with hip 
osteoarthritis should use one of the following:
Acetaminophen
Oral NSAIDs
Tramadol
Intraarticular corticosteroid injections
We conditionally recommend that patients with hip 
osteoarthritis should not use the following:
Chondroitin sulfate
Glucosamine
We have no recommendation regarding the use of the 
following:
Topical NSAIDs
Intraarticular hyaluronate injections
Duloxetine
Opioid analgesics

From Hochberg et al. [21], with permission
aNo strong recommendations were made for the initial 
pharmacologic management of hip osteoarthritis. For 
patients who have an inadequate response to initial phar-
macologic management, please see the Results for alter-
native strategies.
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assessments should be performed regularly every 
3  months to assess the effects of treatment on 
symptoms, functionality, and status [17].

Intra-articular corticosteroid injection under 
ultrasound or fluoroscopic guidance is a nonop-
erative therapeutic option that is indicated for 
short-term pain relief of moderate-severe symp-
tomatic osteoarthritis of the hip (Fig.  27.2). 
Although this option is less utilized and studied 
for use at the hip than the knee, up to three injec-
tions to any individual osteoarthritic joint is gen-
erally recommended per year, and each injection 
variably effective between 4 weeks and 3 months 
[18–20]. Controversial evidence exists regarding 
frequent steroid injections and subsequent dam-
age to cartilage (chondrodegeneration) [2]. Other 
nonoperative therapies include injections of 
intra-articular sodium hyaluronate (viscosupple-
mentation) and platelet-rich plasma, which stud-
ies have shown beneficial in regard to pain relief; 
however, these are not currently recommended 
due to cost-effectiveness, limited evidence, and 
lack of clinical efficacy for osteoarthritis of the 
hip [2, 17, 18, 21–23]. Mesenchymal stem cells 

are an investigational treatment of knee osteoar-
thritis; however, they have not yet been cleared 
by the FDA for human clinical application to 
musculoskeletal diseases [2, 24].

Surgical intervention is indicated for patients 
with severe advanced symptomatic osteoarthritis 
who are unresponsive to conservative, pharmaco-
logic, and nonoperative therapy and who have 
significant impairment in their quality of life due 
to osteoarthritis [2, 8]. Total hip arthroplasty 
(replacement) is the preferred treatment for older 
patients with advanced structural changes [2, 4, 
5, 8]. Other noteworthy surgical options include 
hemiarthroplasty for the elderly with femoral 
neck fractures, total hip resurfacing for young 
and active male patients, and hip (periacetabular, 
femoral) osteotomy in select cases of hip devel-
opmental dysplasia or impingement [2, 4, 5, 8].

Chronic pain management is recommended 
for nonsurgical candidates. Duloxetine, thought 
to modulate endogenous pain inhibitory path-
ways by desensitizing central nociceptive pro-
cessing, has been widely used for chronic 
musculoskeletal pain and osteoarthritis in multi-

a

c d e

b

Fig. 27.2 Normal hip joint anatomy under ultrasound (a) 
and fluoroscopy (c); ultrasound-guided intraarticular hip 
injection (b); fluoroscopy-guided intraarticular hip injec-

tion, anterior approach (d) and lateral approach (e). (From 
Brown [23])
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ple joints when other analgesics are inadequate 
or contraindicated [8, 26]. Radiofrequency abla-
tion (rhizotomy) of articular branches of the fem-
oral and obturator nerves is a minimally invasive 
neuromodulative procedure that several studies 
have also successfully shown to be effective for 
relief of chronic hip pain [27–29].

 What Is the Prognosis of This 
Condition?

The prognosis in patients with osteoarthritis 
depends on the joints involved and on the severity 
of the condition, and although joint replacement 
is very favorable, a joint prosthesis may have to 
be revised 10–15 years after placement depend-
ing on the activity level of the patient [2]. 
Preoperative levels of pain, the presence of 
comorbidities and depression, and the presence 
of concomitant pain at other joints are associated 
with an increased risk of an unfavorable pain out-
come after surgery [18, 25]. Complications of 
osteoarthritis generally include pain, bone defor-
mity, and functional impairment [3, 4].

 Discussion

The prevalence of hip osteoarthritis has been esti-
mated to be between 1% and 10% [17, 30]. The 
incidence of symptomatic hip osteoarthritis, 
though variable, has been reported at 88 per 
100,000 per year [5]. The CDC reports that 
arthritis affects 54.4 million adults in the United 
States, osteoarthritis being the most common 
form [1].

Osteoarthritis is diagnosed based on presenta-
tion and plain radiography. The differential diag-
nosis may include inflammatory arthritis 
(rheumatoid or septic), avascular necrosis (osteo-
necrosis), trochanteric bursitis, crystalline 
arthropathy (gout or pseudogout), or trauma 
(fracture, dislocation). All of the above are 
 distinguished by their clinical picture and charac-
teristics on imaging. The earliest affected move-
ment of hip osteoarthritis is frequently internal 
rotation, while typical end-stage deformity 

affects external rotation [8]. The FABER (flex-
ion, abduction, external rotation) test is a physi-
cal examination maneuver for hip pathology, and 
with osteoarthritis present, groin pain on external 
rotation has been elicited with a sensitivity of 
57%, specificity of 71%, and positive likelihood 
ratio of 1.9 [32]. Studies have found that hip pain 
(groin and/or anterior thigh, with/without inter-
nal rotation) is discordant with radiographic evi-
dence of hip osteoarthritis [31]. Radiographs of 
hip osteoarthritis from patients with frequent hip 
pain in the Framingham Osteoarthritis Study 
showed a sensitivity of 15.6%, specificity of 
90.9%, and positive predictive value was 20.7% 
[31]; the Osteoarthritis Initiative showed a sensi-
tivity of 9.1%, specificity of 94.3%, and positive 
predictive value of 23.8% [31]. The disease is 
best managed using biopsychosocial model of 
chronic diseases, i.e., in a multidisciplinary man-
ner that encompasses non-pharmacological, 
pharmacological, and interventional therapies.

Non-pharmacological methods such as educa-
tion and self-management, exercise, weight loss 
if overweight or obese, and walking aids as indi-
cated are unanimously agreed by all guidelines as 
a first-line treatment.

Exercise therapy has been proven to be helpful 
by high-quality studies in decreasing pain and 
improving joint motion, with an effect sizes of 
0.4–0.5 for hip osteoarthritis and knee osteoar-
thritis. Somehow weight loss is more effective for 
knee arthritis than for hip joint. Acetaminophen 
though used as first line of pharmacological 
intervention, in 2017 a meta-analysis concluded 
that given the very small effect sizes (less than 
0.2) compared with placebo, it is of little use. 
Topical NSAIDs are effective for pain relief in 
osteoarthritis compared with placebo, with (cor-
rected) mean effect sizes of 0.30 for pain relief 
and 0.35 for function. If acetaminophen is insuf-
ficient for pain relief, NSAIDs may be more effi-
cacious. Diclofenac and etoricoxib (cox-2 
inhibitor) are the most efficacious NSAIDs for 
pain relief in hip osteoarthritis, producing moder-
ate to large effects. Topical rubefacients are not 
effective and glucosamine or chondroitin prod-
ucts are not recommended. Intraarticular steroid 
injection therapy is effective but benefit is short-
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term, for 4–6 weeks only. They are best used as 
adjuvant. It is most effective when signs of 
inflammation are present. Repeated injection 
may accelerate cartilage erosion or increase risk 
of infection if done before hip replacement sur-
gery. There is little evidence for the clinical use 
of hyaluronic acid injections in the hip joints. 
Acupuncture has little or no effect in reducing 
pain compared with sham treatment. Duloxetine, 
a serotonin and norepinephrine reuptake inhibitor 
with antidepressant, central pain inhibitory, and 
anxiolytic activities, is recommended for neuro-
pathic pain component. Opioids are not recom-
mended as risks outweigh the benefit.

Radiofrequency ablation of the nerve inner-
vating hip joint has been effective in many stud-
ies; review of the data by Bhatia et  al. found 
available evidence mostly based on observa-
tional, non-randomized trials with inconsistent 
description of technique, anatomic landmarks for 
nerve block, and patient selection. They con-
cluded that the therapy is safe and has a great 
potential to relieve pain in patients who are not a 
candidate for surgery because of coexisting med-
ical conditions or does not want surgery.

Arthroscopy of hip joint provides temporary 
relief and is associated with a high conversion 
rate to THA (9.5–50%). Total hip replacement is 
done when all treatments fail. It is a proven effec-
tive and durable intervention with as many as 
95% of prostheses remaining functional at 
10  years. Early hip surgery is suggested when 
indicated as failure rate increases with delay. Hip 
resurfacing is suitable for a very specific subset 
of patients, usually young active men with large 
femoral heads, as an alternative to THA but over-
all it is not an alternative to hip replacement.

 Conclusion/Summary

Osteoarthritis is a major source of bone deformity, 
chronic pain, and functional impairment. An indi-
vidualized multidisciplinary approach, with both 
pharmacologic and non-pharmacologic interven-
tion, best manages osteoarthritis in order to reduce 
morbidity and prevent complications. 
Unfortunately, no disease-modifying or structure- 

modifying intervention has been proved effective 
in osteoarthritis [2]. A significant limitation to 
treating osteoarthritis is the unknowingness of the 
exact etiology or underlying cause of osteoarthri-
tis, as the literature has only recently identified the 
role of inflammation. Further research is needed 
to determine the effectivity of intra- articular 
injections (sodium hyaluronate, platelet- rich 
plasma), muscle relaxants (baclofen, tizanidine, 
cyclobenzaprine), and nutraceuticals (glucos-
amine, chondroitin sulfate). Analgesics, espe-
cially with opioids (tramadol), continue to be a 
sensitive and guarded issue, thus under- 
appreciated. Future directions include the use of 
chondroprotective drugs (MMP inhibitors and 
growth factors) and mesenchymal stem cell 
therapy.
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A 75-Year-Old Man with Chronic 
Knee Pain

Tariq Malik

 Case Description

A 75-year-old male is referred to the pain clinic 
for chronic right knee pain. Pain is localized to 
the knee, worse in the morning, gets a little better 
with walking. He complains of intermittent 
swelling but no discoloration. No history of 
direct trauma or fall. He was quite athletic when 
in high school and college and remembers having 
few knee sprains but that never bothered him 
after college. He is an avid jogger but has been 
cutting down on his run quite a bit due to pain 
and stiffness. He has history of hypertension, 
which is well controlled. He is managing his pain 
with over-the-counter medications. He is referred 
to the pain clinic for an injection therapy as the 
medications are not helping enough.

 What Is Your Diagnosis?

The patient is an elderly man with localized knee 
pain. Pain is mechanical in nature, which is very 
suggestive of pain related to knee joint structures. 
There is no history of infection, trauma, or tumor. 
In the absence of any constitutional symptoms 
and red flags in the history (fever, weight loss), 

the most likely disease process is one of degen-
eration [1]. All synovial joints have the tendency 
to develop arthritic changes. In this context, the 
patient most likely has osteoarthritis of the right 
knee joint [2]. It is important to be thorough 
when evaluating the patient to look for secondary 
causes of osteoarthritis. These include trauma, 
congenital or developmental disorders, calcium 
pyrophosphate dihydrate deposition disease, and 
other bone and joint disorders such as osteone-
crosis, rheumatoid arthritis, gouty arthritis, septic 
arthritis, and Paget’s disease of the bone [3]. In 
the absence of any contributing factor, the condi-
tion is called primary osteoarthritis. It is impor-
tant to properly and thoroughly evaluate the joint: 
range of motion, joint line tenderness, joint 
swelling, neuromuscular intactness, and crepitus 
[4]. But no single clinical feature is absolutely 
sensitive or specific to clinch the diagnosis.

 How Should the Diagnosis 
Be Confirmed?

Osteoarthritis can only be confirmed with an 
image study; however, the American College of 
Rheumatology suggests that a clinician can make 
a secure diagnosis of knee osteoarthritis (OA) 
without radiologic evidence. Clinical features 
may be very suggestive, but an image study is 
required to confirm it and to grade the extent of 
arthritis. Two view X-ray (AP and lateral view) 
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of the knee is obtained to evaluate and confirm 
the diagnosis. Sunrise view of the joint is obtained 
to evaluate patellofemoral arthritis. The presence 
of osteophytes is considered diagnostic; and joint 
space narrowing, an indirect measure of loss of 
joint cartilage, is used to quantify OA as mild, 
moderate, or severe [5]. Joint space is also 
affected by meniscal pathology and is therefore 
not a true representative of severity of joint arthri-
tis. X-ray also helps rule out any other pathology 
that may be causing pain. Imaging should be 
obtained earlier if there is history of tumor in the 
past or there is a suspicion of tumor as bones are 
common sites for metastasis. If any irregularity 
or lesion is seen, it may need evaluation with CT 
or MRI. MRI is very sensitive and evaluates 
every part of the knee including bone marrow, 
ligaments, and other soft tissue structures. At 
times, bone scan is used to evaluate bone turn-
over changes seen with osteophyte formation, 
subchondral sclerosis, subchondral cyst forma-
tion, and bone marrow lesions as well as sites of 
synovitis [6].

Blood workup (CBC, ESR, C-reactive protein 
level, RF titer, and synovial fluid chemistry) is 
negative in primary osteoarthritis. The European 
League Against Rheumatism recommends the 
use of three symptoms (persistent pain, limited 
morning stiffness, and reduced function) and 
three signs (crepitus, restricted range of motion, 
and bony enlargement) for making the diagnosis 
of knee OA. As more factors are present, the like-
lihood of having a diagnosis of OA increases. 
When all six signs and symptoms are present, the 

probability of seeing OA on radiographs is 99% 
[7]. The American College of Rheumatology 
developed clinical criteria in 1998 to standardize 
the diagnosis of osteoarthritis using a combina-
tion of clinical features, lab test, and imaging 
(Table 28.1) [8].

 What Is the Pathophysiology 
of the Disease?

The pathophysiology of this is disease is not 
completely understood. It used to be considered 
primarily a disease of hyaline cartilage with sec-
ondarily bone involvement, caused by overload 
or overuse, but the development of osteoarthritis 
has been found to be much more complicated. 
The role of synovitis and pro-inflammatory 
mediators in the pathogenesis of OA is increas-
ingly being appreciated [9, 10]. The role of syno-
vial inflammation is critical in producing the 
symptoms and structural progression of OA [11]. 
It also correlates with symptom severity, rate of 
cartilage degeneration, and osteophyte develop-
ment [12, 13]. A number of pathways and 
immune mediators are involved in the degenera-
tion of articular cartilage, synovial immuno-
pathogenesis, and in subchondral bone 
degeneration. The interaction of these pro- 
inflammatory cytokines, reactive oxygen species 
(ROS), nitric oxide, matrix degrading enzymes, 
and biomechanical stress are ultimately respon-
sible for the progression of OA in synovial joints. 
Improved understanding of the mechanisms pro-

Table 28.1 The American College of Rheumatology clinical criteria for osteoarthritis

Clinical feature Clinical plus imaging Clinical plus laboratory
Knee pain for most days of the prior month, 
in addition to at least three of the following:
  1. Crepitus
  2.  Morning stiffness less than 30 minutes 

duration
  3. Age > 50 years
  4.  Bony prominence of the knee on 

examination
  5. Tenderness of the knee joint line
  6. No warmth on palpation

Knee pain for most days of the 
prior month, plus osteophytes 
on joint margins on X-ray, in 
addition to one of the following:
  1. Crepitus
  2.  Morning stiffness less than 

30 minutes duration
  3. Age > 50 years

1. Crepitus
2.  Morning stiffness less than 

30 minutes duration
3. Age > 50 years
4. Tender to palpation
5. Enlarged joint
6. No warmth on palpation
7. ESR < 40 mmHg
8. Rheumatoid factor less than 1:40
9.  Synovial fluid (cell count/

crystals – negative)

From Altman et al. [8], with permission
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moting synovial inflammation in OA will eventu-
ally lead to novel therapeutic targets for 
controlling symptoms and slowing structural 
destruction of the joints. The measurement of 
inflammatory markers may also be useful in 
future as surrogate markers of disease activity or 
progression when evaluating effectiveness of an 
intervention [14].

 How Is the Disease Managed?

It is a chronic joint disorder. The underlying 
pathology is elusive in most patients. There is no 
consistent correlation with the degree of pathol-
ogy and extent of pain. The main aim is func-
tional improvement [15]. Part of the clinical 
evaluation is to evaluate the extent of the disease 
burden. This can be done using WOMAC ques-
tionnaire. This questionnaire is also an important 
tool in gauging the extent of improvement after 
an intervention, and also to see progression of the 
disease over time.

The basic principles of management are the 
same as for any other chronic pain condition; it 
starts with conservative management, then medi-
cation, injection therapy, and surgery as a last 
resort.

The American Academy of Orthopedic 
Surgeons (AAOS), in 2013, published second 
edition of a comprehensive clinical practice 
guidelines for the treatment of knee osteoarthri-
tis. The guidelines are quite comprehensive and 
each recommendation is backed by level of 
evidence.

The knee pain is best managed in a holistic 
fashion starting with lifestyle modification with 
focus on adjusting risk factors that can worsen 
osteoarthritis [16]. It is recommended that patient 
loses weight [17] if overweight (BMI > 25), and 
engage in low-impact exercise (biking, swim-
ming) improving knee muscles strength [18]. 
There is plenty of evidence that many physicians 
underutilize nonpharmacological interventions 
when treating knee osteoarthritis [17]. There is 
no good evidence that TENS unit, massage ther-
apy, knee braces, foot insole, or oral chondroitin 
or glucosamine is helpful. The analgesic effect of 

acetaminophen is poor, and NSAIDs (oral and 
topical) are much more effective [19]. Opioid use 
in controlling pain is not supported by evidence. 
There is strong evidence against the use of acu-
puncture in managing knee pain in OA [20, 21].

If these interventions are ineffective, espe-
cially physical therapy and NSAIDs, then injec-
tion therapies are offered. There is variable 
evidence that intraarticular steroid and hyaluronic 
acid injection are effective but the evidence for 
platelet-rich plasma injection is lacking. Total 
knee arthroplasty is needed when function activ-
ity does not improve despite conservative man-
agement and injection therapy [22].

 Discussion

Knee osteoarthritis (OA) is a common and pro-
gressive joint disease affecting more than 250 
million people worldwide. It affects 33% of the 
population aged 65 and above [1]. Women are 
affected more than men. African-Americans are 
more likely to develop painful knees. Obesity and 
strenuous physical activity involving kneeling, 
squatting, or prolonged standing are risk factors 
for developing osteoarthritis [16]. It has signifi-
cant effects on function and considerable societal 
costs in terms of work loss, early retirement, and 
joint replacement. Osteoarthritis is a leading indi-
cation for the use of prescription drugs, which 
costs about $3000 per year per patient.

Pain intensity varies from mild to agonizing, 
intermittent or constant, dull, achy to sharp, with 
or without swelling. Physical examination may 
reveal decreased range of motion, crepitus, ten-
der joint line, weakness, and difficult ambulation, 
especially when climbing steps up or down. 
Patients feel increased stiffness and pain at night 
or after prolonged rest that eases up within 
30 minutes of activity. The diagnosis of osteoar-
thritis is based on clinical findings and imaging. 
The European League against Rheumatism and 
the American College of Rheumatology each 
describe list of criteria to diagnose osteoarthritis 
of the knee. The most frequent radiographic 
grading system is described by Kellgren and 
Lawrence. In this system, Grade 1 is character-

28 A 75-Year-Old Man with Chronic Knee Pain
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ized by doubtful joint space narrowing (JSN) and 
possible osteophytic lipping; Grade 2, by definite 
osteophytes and possible JSN on anteroposterior 
weight-bearing radiograph; Grade 3, by multiple 
osteophytes, definite JSN, sclerosis, and possible 
bony deformity; and Grade 4, by large osteo-
phytes, marked JSN, severe sclerosis, and defi-
nite bony deformity.

The treatment guidelines recommend weight 
loss and exercise as first line of treatment fol-
lowed by non-opioid analgesics orally, which 
include acetaminophen and NSAIDs. The ben-
efit from acetaminophen is quite small and so is 
the analgesic effect of Celebrex. The NSAIDs 
are in general more effective than acetamino-
phen and Celebrex. Despite the extensive use of 
the intraarticular steroid, its benefits are tran-
sient, still debatable, and often patient depen-
dent. Intraarticular hyaluronic acid injection is 
also effective but not recommended by AAOS. It 
is still recommended by others. It works best in 
mild to moderate OA, usually well tolerated, 
with minimal side effects. The intraarticular 
PRP injection has been shown effective when 
compared to steroid or HA, but studies were 
poorly done. Injection of PRP can lead to seri-
ous side effects though the incidence is low 
[23–25]. Use of botulism in knee has been tried 
but studies were of poor quality and not recom-
mended by any society [26, 27]. In general, ste-
roid injection can cause better relief than 
intraarticular hyaluronic acid injection in the 
short term, but at 3–6  months hyaluronic acid 
has better analgesic profile. The functional 
improvement is equivalent.

Patients who fail to respond to conservative 
therapy and are not a candidate for total knee 
replacement or do not wish to have surgery are 
offered thermal ablation of sensory articular 
nerves [28, 29]. The three nerves targeted are 
two on the medial side (superior and inferior 
genicular nerves) and one on the lateral side 
(lateral superior genicular nerve). The loca-
tions of the nerves have been described well 
and can be reliably located and destroyed 
using fluoroscopic guidance. They are purely 
afferent nerves and their destruction causes no 
motor weakness [30]. Patients are good candi-

date if they get more than 50% relief, prefera-
bly 70% relief, after a diagnostic block with a 
low-volume local anesthetic [31]. Open label 
trials have shown better analgesia at 3 months 
compared to control. Cooled radiofrequency 
(RF) by creating larger lesion increases the 
likelihood of complete destruction of these 
nerves and have shown in case series and a 
trial better clinical outcome compared to 
regular RF [32, 33].

 Strength of Various Recommendations

The American College of Orthopedic Surgeons 
published a list of recommendations and graded 
the strength of recommendations as strong, mod-
erate, limited, consensus opinion, and inconclu-
sive based on the quality of evidence.

They gave strong recommendation to physi-
cal activity, and to the use of NSAIDs in symp-
tomatic knee osteoarthritis. They also 
recommended strongly against the use of acu-
puncture, and the use of glucosamine and chon-
droitin due to proven lack of benefit. All patients 
with symptomatic osteoarthritis are recom-
mended to lose weight; the strength of this rec-
ommendation is moderate.

The evidence for the use of knee brace, 
TENS units, or manual therapy to treat pain is 
inconclusive as the evidence comes from low-
quality studies. There is no proven benefit from 
the use of acetaminophen to treat knee pain and 
is not suggested. The evidence for the use of 
intraarticular steroid injection is inconclusive, 
while the society recommended against the use 
of viscosupplementation injection into the joint 
.They could not recommend for or against the 
use of platelet-rich plasma or any other growth 
factor due to lack of good evidence. The docu-
ment does not contain any evaluation of genicu-
lar nerve ablative treatment for chronic knee 
pain as the treatment arrived on the scene more 
recently. Multiple small trials have shown ben-
efits of RF or cooled RF in relieving knee pain 
but trials are small, methodology and assess-
ment inconsistent, and follow-up is usually for 
3–6 months only.
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 Future Directions

Knee pain is a ubiquitous complaint in the elderly 
population. It is a cause of great disability. 
Available treatments are not very effective or do 
not last for long. Total knee replacement does not 
solve the problem in every patient; in fact, chronic 
post-surgical knee pain is a serious problem in 
about 20% of patients after surgery. There are no 
evidence-based guidelines to treat chronic post- 
surgical pain.

The common reason for ineffective treatment 
of chronic knee pain before or after surgery is 
poor understanding of the mechanism of pain 
generation. The problem is intertwined with 
every other chronic pain condition. It maybe that 
chronic knee pain is a syndrome and not a disease 
and therefore has various mechanisms of genera-
tion, explaining poor outcome in many patients 
despite every effort.
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A 55-Year-Old Man with Pain After 
Above Knee Amputation

E. B. Braun, A. Sack, J. M. Foster, T. M. Sowder, 
and T. W. Khan

 Case Description

A 55-year-old male presents to the pain clinic 
with complaint of right lower extremity pain. The 
patient reports pain that began following trauma 
to the right lower extremity due to a motorcycle 
accident 3 months ago. After multiple surgeries 
failed, he was finally treated with above knee 
amputation. He was discharged to a rehab facility 
for gait training with a prosthetic leg. He was 
referred to the pain clinic for better pain control 
as it was interfering in his rehabilitation. He 
recalls having better pain control on oxycodone, 
but once he was weaned off it, he noticed con-
stant pain in his leg. He characterized his pain as 
intermittently sharp and dull in the stump. At 
1  month post amputation, he noticed that his 
missing limb felt shortened and painful. He 
described the pain as tingling and itching, worse 
with stress and weather changes. The patient 
noticed that over time pain character has changed. 
He could notice two distinct pains, ongoing mod-
erate generalized stump pain that was intermit-
tently sharp and dull and paresthesias and itching 
distal to the stump. He also had new-onset severe 
focal pain posterior to the mid incision. This pain 
was described as intermittent, sharp, and burning 

pain that radiated several centimeters. He was 
started on gabapentin and referred to the pain 
clinic for further pain management.

 What Is Your Preliminary Diagnosis?

Most likely, the patient is suffering from post- 
amputation pain. It is still important to take a 
detailed history and perform physical exam to 
rule out any infection, non-healing ulcers, or a 
bony spur causing lingering nociceptive pain. 
Post-amputation pain (PAP) includes residual 
limb pain (RLP, also known as stump pain) and 
phantom limb pain (PLP).

 How Is the Diagnosis Confirmed?

Following amputation, most amputees still report 
feeling the missing limb and often describe these 
feelings as painful. Such experiences have been 
reported since the early sixteenth century, and the 
term “phantom limb” was used by Silas Weir 
Mitchell to describe the symptoms he observed in 
American Civil War soldiers [1]. Given that there 
are no tests to definitively diagnose phantom 
pain, the condition is primarily identified by his-
tory of traumatic or surgical amputation with 
ongoing painful sensations in the absent limb.

Physical exam and diagnostic procedures can 
support the diagnosis of PLP. Areas of sensitiv-
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ity are identified by tapping on areas of known 
peripheral nerve distribution, which can illicit 
pain and/or paresthesias (Tinel’s sign). Injection 
of local anesthetic in the region of the affected 
nerve may provide relief for the approximate 
duration of the local anesthetic, which can assist 
in establishing the diagnosis.

 What Is the Pathophysiology of These 
Conditions?

Phantom pain is a chronic neuropathic pain con-
dition. The exact underlying mechanism is 
unclear. The mechanism for RLP is thought to 
be an abnormal growth on damaged nerve end-
ings (neuroma). Infection at the surgical site, 
poor wound healing, diabetes, or circulatory 
problems increase the likelihood of develop-
ment of RLP [2]. There are several proposed 
mechanisms for PLP believed to be due to a 
combination of morphologic, physiologic, and 
chemical changes in the peripheral and central 
nervous systems.

 Peripheral Mechanism

Typically, when axonal injury has occurred, 
inflammation and the release of pro-nociceptive 
factors, including cytokines, prostaglandins, 
and substance P, cause lowered thresholds of 
nociception and spontaneous discharge of noci-
ceptive pathways [2]. Injured neurons exhibit 
upregulation of sodium channels, downregula-
tion of potassium channels, altered expression 
of transduction molecules, and the development 
of non- functional connections between axons 
[3, 4]. Increased sympathetic discharge and cir-
culating catecholamines may also lead to spon-
taneous pain [5]. In addition, the skin may 
manifest catecholamine sensitivity, and it has 
been suggested that skin temperature is 
inversely related to the intensity of phantom 
limb pain. [6]

Neuronal regeneration then begins, which can 
result in the formation of a neuroma at the proxi-
mal site of the nerve injury. Neuromas can gener-

ate spontaneous ectopic activity, have increased 
mechanical sensitivity, and increased catechol-
amine sensitivity. Neuromas have been impli-
cated in the development of spontaneous and 
provoked pain [7].

Mechanical stimulation of neuromas can lead 
to enhanced RLP and PLP, reinforcing the role 
of peripheral mechanisms in PLP. [8] In addi-
tion, local anesthetic injected to the stump or in 
the region of a neuroma can reduce phantom 
pain, in the same way that surgical excision of a 
neuroma can reduce or eliminate phantom pain. 
[9, 10]

Dorsal root ganglion (DRG) cells also 
undergo significant changes after axonal tran-
section and deafferentation resulting in loss and 
fibrosis of DRG cells [11]. Without inhibition, 
dorsal horn neurons have increased autonomous 
activity and ectopic neurochemical stimulation, 
resulting in the amplification of ectopic signals 
and increasing the likelihood of pain perception 
[7, 12, 13]. Frequently, as with other pain syn-
dromes, PLP is exacerbated during times of 
emotional distress [14].

 Spinal Mechanism

In addition to contributions from the peripheral 
nervous system, substantial evidence exists 
implicating a central component in the develop-
ment of phantom limb pain. Central sensitization 
occurs when C fibers and A-delta afferents con-
tribute to an increase in synaptic responsiveness 
of spinal cord neurons [15]. This process is medi-
ated by the release of glutamate, substance P, and 
neurokinins, which increases activity in 
N-methyl-D-aspartate (NMDA) receptor- 
operated excitatory pathways [16]. These neu-
rotransmitters decrease the threshold for 
activation of NMDA receptors and increase neu-
ronal responsiveness [17]. Intrinsic spinal neu-
rons and primary afferent nerve endings undergo 
downregulation of opioid receptors, decreasing 
the effectiveness of inhibitory pathways [18]. 
This may lead to spinal hyperexcitability in spi-
nal cord segments adjacent to the deafferented 
regions, manifesting as pain in those regions.
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 Supraspinal Mechanism

Similar to the spinal reorganization theory, a phe-
nomenon known as cortical reorganization is 
thought to occur in the brainstem, thalamus, and 
cerebral cortex [19]. Topographical mapping of 
the somatosensory cortex reveals a close associa-
tion between the magnitude of PLP and specific 
alterations of somatosensory patterns [20]. An 
example of cortical reorganization is a patient 
experiencing pain in the affected extremity when 
touched on the cheek.

 How Is This Problem Managed?

Phantom pain is quite difficult to manage. 
Management of PLP requires a multimodal 
approach that may include pharmacotherapy, 
injections, neuromodulation, surgical interven-
tion, complementary and alternative therapies, 
and preventative treatments. Most therapies 
available for treatment of PLP are based on evi-
dence for treatment of other neuropathic pain 
conditions.

 Pharmacotherapy
It is important to use a stepwise approach when 
beginning pharmacotherapy, and the predominant 
pain type should influence the choice of medica-
tion. The World Health Organization Analgesic 
Ladder provides a useful guideline and recom-
mends non-opioid analgesics (e.g., NSAIDs, acet-
aminophen) +/− an adjuvant as the initial 
intervention. In the setting of persistent or increas-
ing pain, a weak opioid (e.g., tramadol, hydroco-
done) can be added with continued optimization of 
non-opioid analgesics and adjuvants. Finally, a 
potent opioid (e.g., fentanyl, morphine) can be tri-
aled in conjunction with non-opioid analgesics 
and adjuvants if pain persists or worsens. Each 
treatment progression should prompt an evalua-
tion of medication regimen efficacy weighed 
against side effects as well as a consideration of 
interventional techniques. This consideration is 
especially important to minimize opioids due to 
their wide range of side effects and potential for 
abuse, tolerance, and dependence [21].

 Anticonvulsant Agents
There is strong evidence for anticonvulsant ther-
apy in the management of neuropathic pain in 
post-amputation patients [22].

Anticonvulsants treat neuropathic pain via 
several mechanisms. Anticonvulsants act both 
centrally and peripherally by inhibiting excit-
atory transmission via the NMDA receptor, as 
well as by antagonizing sodium channel conduc-
tion and enhancing inhibition through the GABA 
pathway. Gabapentin and pregabalin have similar 
tolerability and efficacy to antidepressants in the 
treatment of neuropathic pain [23].

Gabapentin causes inhibition of voltage-gated 
calcium channels in afferent neurons and acts as 
a central GABA agonist [24]. Several trials have 
shown the efficacy of gabapentin in the treatment 
of post-amputation PLP [25]. A common dosing 
strategy starts with 300 mg nightly and adds an 
additional daily dose every 7 days until the dose 
of 300  mg three times per day is reached. The 
typical maximally effective dose is 3600 mg per 
day and is usually well tolerated if gradual titra-
tion is performed [26]. Sedation, fatigue, nausea, 
and weight gain are the most common adverse 
effects. Temporarily suspending dose titration 
may minimize the chronicity of these adverse 
effects. Patients with chronic renal insufficiency 
require dose adjustment based on creatinine 
clearance to avoid supra-therapeutic blood levels 
of the medication.

Pregabalin (isobutyl-GABA) has similar 
mechanisms to gabapentin and may be more tol-
erable than gabapentin for some patients. No 
direct comparison of gabapentin and pregabalin 
has been published, but both have similar effi-
cacy in the treatment of diabetic peripheral neu-
ropathy and postherpetic neuralgia [27]. Small 
case studies have shown benefit of pregabalin in 
the treatment of PLP [28, 29].

Phenytoin, an older anticonvulsant, also sup-
presses ectopic neural discharges but does so 
through inhibition of voltage-gated sodium chan-
nels and suppression of glutamate release [30]. 
Phenytoin is considered an acceptable  second- line 
agent in patients with neuropathic pain, but the 
paucity of evidence in the treatment of other neu-
ropathic conditions combined with the need for 
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serum monitoring noted adverse effects, and the 
introduction of newer, safer agents have decreased 
its use [31, 32].

Carbamazepine, a sodium channel blocker, 
has shown efficacy over placebo in treatment of 
neuropathic pain conditions including post- 
herpetic neuralgia and diabetic peripheral neu-
ropathy and remarkable efficacy in the 
management of trigeminal neuralgia [30]. It has 
been shown to be beneficial for the treatment of 
lancinating-type PLP [33, 34]. During the initial 
period of therapy, adverse effects such as hypo-
natremia, aplastic anemia, and leukopenia may 
develop. Baseline hematologic and electrolyte 
lab values should be checked and periodically 
repeated throughout the treatment [30]. 
Oxcarbazepine, a carbamazepine analogue, may 
have fewer drug interactions and adverse effects 
than carbamazepine [32].

 Antidepressants
Antidepressants are commonly used for treat-
ment of RLP and PLP. These medications inhibit 
the reuptake of neurotransmitters such as dopa-
mine, norepinephrine, and/or serotonin. The 
increased availability of these neurotransmitters 
decreases pain by enhancing descending spinal 
inhibitory pain pathways, which act to suppress 
pain. Treatment of depression may be an impor-
tant secondary effect [31].

Tricyclic antidepressants (TCAs), such as 
amitriptyline and nortriptyline, have multiple 
mechanisms of action and have been used suc-
cessfully for treatment of neuropathic pain. TCAs 
have the disadvantage of multiple potential 
adverse effects, such as anticholinergic effects, 
tachycardia, orthostatic hypotension, and blurred 
vision. Comorbid conditions and a high variabil-
ity in an individual’s response necessitate careful 
initiation and titration.

Selective serotonin reuptake inhibitors, such 
as fluoxetine and citalopram, are typically not as 
effective for the treatment of pain as are agents 
that also inhibit norepinephrine reuptake 
(SNRIs) [35, 36]. However, some case studies 
have shown fluoxetine to completely treat PLP 
[37]. SNRIs, such as duloxetine and venlafax-
ine, appear to have less adverse effects than 

TCAs. Venlafaxine and duloxetine have been 
shown to approach the efficacy of the TCA 
imipramine in treatment of neuropathic pain 
associated with painful polyneuropathy with 
fewer side effects and are among the most com-
monly recommended antidepressants in use 
today for neuropathic pain [36, 38, 39].

Both the provider and patient must exercise 
patience when initiating therapy with antidepres-
sants. They are commonly discontinued too soon 
due to lack of effect prior to reaching therapeutic 
levels, or due to side effects that may resolve with 
more gradual titration [40]. Patients should be 
educated to monitor for common adverse effects 
such as somnolence, decreased salivation, hyper-
phagia, constipation, and urinary retention 
(Table 29.1) [30].

 Interventional Techniques
Trigger Point Injections A trigger point is an 
isolated muscle spasm affecting a small area of 
muscle tissue. The spasming muscle can cut off 
its own blood supply leading to local metabolic 
crisis. Acute trauma or repetitive microtrauma 
may lead to the development of stress on muscle 
fibers and the formation of trigger points. 
Injections into the area relieve myofascial pain by 
decreasing muscular spasm, increasing range of 
motion, and improving blood circulation. The 
basic treatment principle is aimed at breaking the 
spasm-pain-spasm cycle in the muscles and elimi-
nating the trigger point. Though the data is lim-
ited, trigger point injections have been reported to 
be helpful in PAP. One study of 21 patients found 
significant improvement of pain on the Visual 
Analogue Scale in most patients with post-ampu-
tation pain within 5  weeks [41]. Another study 
comparing botulinum toxin to a combination of 
lidocaine and methylprednisolone acetate found 
that both resulted in immediate improvement of 
RLP (not PLP) and pain tolerance, which lasted 
for 6 months in amputees who failed conventional 
treatments [42]. 

Lumbar Sympathetic Blocks The sympathetic 
division of the autonomic nervous  system has 
been implicated in neuropathic pain and visceral 
pain. The lumbar sympathetic chain contains pre-
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Table 29.1 Drugs and their properties

Drugs
Dosage and 
titration

Mechanism of 
action Pharmacokinetics Adverse effect Monitoring

Anticonvulsants
Gabapentin IR Initial dose: 

100–300 mg 
QHS up to TID
Titration: ↑ dose 
300–900 mg/day 
based on efficacy 
and tolerability 
over 2 weeks
Max dose: 
3600 mg/day

Antagonizes 
voltage-gated 
Ca2+channels

Elimination: renal
Dose reduction 
(max dose): CrCl 
30–59 mL/min: 
200–700 mg BID 
CrCl 15–30 mL/
min: 200–700 mg/
day

Edema, 
somnolence, 
dizziness, fatigue, 
weight gain

Serum creatinine

Pregabalin IR Initial dose: 
150 mg/day in 
2–3 divided doses
Titration: may ↑ 
to 300 mg/day 
within 1 week if 
tolerated; further 
↑ to 600 mg/day 
after 2–3 weeks 
may be 
considered
Max dose: 
600 mg/day

Antagonizes 
voltage-gated 
Ca2+ channels (at 
alpha-2-delta 
subunit)

Elimination: renal
Dose reduction 
(max dose): CrCl 
30–60 mL/min: 
300 mg/day CrCl 
15–30 mL/min: 
150 mg/day

Weight gain, 
fatigue, edema, 
somnolence, 
dizziness

Serum creatinine

Carbamazepine Initial dose: 
100 mg BID
Titration: ↑ by up 
to 200 mg/day at 
weekly intervals
Max dose: 
1200 mg/day

Blocks Na+ and 
Ca2+channels, 
modulates 
descending 
inhibition

Metabolism: 
hepatic
Elimination: 
hepatic
Consider dose 
reduction in 
hepatic impairment

Hepatotoxicity, 
diplopia, 
nystagmus, 
memory loss, 
drowsiness, 
nausea, GI upset

CBC, platelets, 
LFT, 
electrolytes, 
TSH

Oxcarbazepine 
IR

Initial dose: 
300 mg/day
Titration: ↑ after 
3 days to 300 mg 
BID, then adjust 
dose in 
increments of 
300 mg every 
5 days
Max dose: 
1800 mg/day

Blocks Na+ 
channel

Metabolism: 
hepatic
Elimination: 
hepatic and renal
Dose reduction: 
CrCl <30 mL/
min – initiate at 
50% of the usual 
starting dose and 
titrate slowly

Hyponatremia, 
rash, sedation, GI 
upset, diplopia

LFT, electrolytes

Topiramate 
(50–600 mg/
day)

Initial dose: 
25 mg QHS
Titration: ↑ 
25 mg/day at 
weekly intervals
Max dose: 
100 mg/day 
divided into two 
doses

Na+ and Ca2+ 
channel blockade, 
GABA 
potentiation, 
glutamate 
blockage

Metabolism: 
hepatic
Elimination: renal
Dose reduction: 
CrCl <70 mL/
min – reduce dose 
to 50% of usual 
dose and titrate 
slowly

Open angle 
glaucoma, 
nephrolithiasis 
(1–5%), dizziness, 
cognitive 
dysfunction, 
weight loss, 
paresthesias

Serum creatinine

(continued)
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Table 29.1 (continued)

Drugs
Dosage and 
titration

Mechanism of 
action Pharmacokinetics Adverse effect Monitoring

Serotonin norepinephrine reuptake inhibitors (SNRIs)
Duloxetine Initial dose: 

30 mg/day
Titration: ↑ to 
60 mg/day after 
1 week as 
tolerated
Max dose: 60 mg/
day (no additional 
benefit noted at 
120 mg/day)

Selective 
reuptake 
inhibition of 
serotonin and 
norepinephrine

Metabolism: 
hepatic
Elimination: renal 
and hepatic
CrCl <30 mL/min: 
avoid use

Nausea, 
somnolence, 
constipation, dry 
mouth, dizziness, 
sweating, 
decreased appetite

Venlafaxine ER Initial dose: 
37.5–75 mg/day
Titration: ↑ by 
75 mg weekly
Max dose: 
225 mg/day

Selective 
reuptake 
inhibition of 
serotonin and 
norepinephrine

Metabolism: 
hepatic
Elimination: renal

Insomnia, sexual 
dysfunction, 
sweating, 
headache, 
anorexia, 
hypertension

Tricyclic antidepressants (TCAs)
Amitriptyline Initial dose: 

25–50 mg QHS
Titration: ↑ as 
tolerated
Max dose: 
150 mg/day

Tricyclic 
antidepressant- 
inhibition of 
serotonin, 
norepinephrine, 
and dopamine

Metabolism: 
hepatic
Elimination: 
hepatic and renal

Urinary retention, 
xerostomia, 
orthostasis, blurry 
vision, weight 
gain, constipation, 
sedation

Serum levels 
may need to be 
monitored at 
higher dosing 
levels or in those 
at higher risk of 
altered 
metabolism such 
as the elderly

Nortriptyline Initial dose: 
10–25 mg QHS
Titration: ↑ as 
tolerated up to 
every 3 days
Max dose: 
150 mg/day

Tricyclic 
antidepressant- 
inhibition of 
serotonin, 
norepinephrine, 
and dopamine

Metabolism: 
hepatic
Elimination: renal

Anxiety, urinary 
retention, 
orthostasis, weight 
gain, blurry vision, 
constipation, 
sedation, most side 
effects are less 
pronounced than 
with amitriptyline

Serum levels 
may need to be 
monitored at 
higher dosing 
levels

Imipramine Initial dose: 
50 mg/day in 1–2 
doses
Titration: ↑ 
gradually as 
tolerated
Max dose: 
150 mg/day

Tricyclic 
antidepressant- 
inhibition of 
serotonin, 
norepinephrine, 
and dopamine

Metabolism: 
hepatic
Elimination: 
hepatic and renal

Dry mouth, 
tachycardia, 
orthostatic 
hypotension, and 
weight gain, 
constipation, 
urinary retention, 
blurred vision, and 
sexual dysfunction, 
most side effects 
are better tolerated 
than amitriptyline

and post-ganglionic fibers to the pelvis and lower 
extremities and is located primarily at the antero-
lateral aspect of the L2-L4 vertebral bodies. 
Blockade of sympathetic ganglia with local anes-
thetic, neurolytic chemicals, neuroablative tech-

niques, and intravenous regional techniques can 
be helpful in reducing post-amputation pain. In a 
small study of patients with post- amputation pain, 
treatment with a single lumbar sympathetic block 
resulted in reduction of both residual limb pain 
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and phantom limb pain as well as perceived dis-
ability on the Pain Disability Index at 3 month 
follow-up in comparison to sham procedure [43]. 
For sympathetic blocks to support lasting 
improvement, they should be combined with con-
comitant physical and behavioral therapies. 
Neuromodulation Peripheral nerve stimulation 
(PNS) delivers an electrical current to a peripheral 
nerve via an array of electrodes placed adjacent to 
the nerve. This results in the sensation of pares-
thesias instead of pain. This technique can be 
especially useful when the pain is confined to the 
distribution of one or two peripheral nerves [44, 
45]. Spinal cord stimulation (SCS) also uses elec-
trical energy, but the electrodes are placed in the 
epidural space superficial to the dorsal columns 
and may provide coverage for a larger area of 
pain. A more recently developed neurostimula-
tion technology involves stimulation of the dorsal 
root ganglion (DRG). The lead is placed through 
the epidural space close to the DRG receiving 
input from the painful area. This method may be 
effective in the treatment of complex regional 
pain syndrome (CRPS) and PLP, including in 
cases of failed conventional spinal cord stimula-
tion [46, 47]. 

Surgical Intervention Stump revision or resec-
tion of distinct pathologic lesions such as neuro-
mas and heterotopic ossification should be 
considered in patients whose pain is refractory to 
conservative treatments. Results of surgical revi-
sion for PAP have historically been mixed with 
some patients reporting short-term relief and 
eventual regrowth of neuroma [47–49]. More 
recent studies have shown promising results using 
surgical revision to treat both PLP [50] and RLP 
[51–53].

Behavioral, Complementary, 
and Alternative Therapies
Cognitive Behavioral Therapy Cognitive 
behavioral therapy (CBT) has long been a part of 
the multidisciplinary approach to the treatment 
of chronic pain conditions. While CBT has been 
reported to be helpful in treating neuropathic 
pain syndromes [54], there is a lack of data evalu-
ating its efficacy in PAP. A small RCT found that 

combining CBT and mirror therapy did not have 
robust effects above those of general psychother-
apeutic interventions [55]. 

Mirror Therapy Mirror therapy (MT) is a 
non- pharmacological treatment that involves 
placing a mirror adjacent to the intact limb to 
create the illusion that the amputated limb is 
present and can be moved without pain. MT is 
believed to treat PAP by influencing cortical 
reorganization. This is thought to occur because 
the brain prefers visual information over 
somatosensory feedback. A meta-analysis of the 
literature, including Medline, the Cochrane 
Database, and Embase identified 20 studies 
examining the efficacy of MT. MT was not rec-
ommended as a first-line treatment of PLP due 
to low-level evidence, but it was noted that 
high-level evidence exists for improvement in 
phantom limb movement [56]. 

Prevention Perioperative epidural catheter infu-
sions with the goal of preventing development of 
chronic PAP have been studied extensively. The 
thought is that blocking nociceptive input after 
peripheral nerve injury might avoid long-term 
sensitization. A prospective study of 65 patients 
undergoing lower-limb amputation revealed 
median PAP at 6 month follow- up to be signifi-
cantly improved if pain was optimized starting 
48 hours pre-operatively with either epidural or 
parenteral analgesia [57]. 

 What Is the Prognosis of This 
Condition?

Patients presenting with extremity injury due to 
trauma who require amputation have lower mor-
tality rates compared with patients with periph-
eral artery disease. A retrospective review of 154 
patients in the Veterans Affairs (VA) system after 
above knee amputation revealed overall survival 
of 78% at 1 year and 55% at 3 years [58]. Absence 
of vascular impairment of the residual limb and 
age less than 65 significantly improve the chances 
of autonomy in mobility as patients progress 
through rehabilitation post AKA [59].
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 What Is the Long-Term Outcome – 
Complete Cure or Recurrent/Chronic 
Persistent Problem?

RLP pain persists beyond 18  months in only 
approximately 15% of cases, and these patients 
are less likely to improve over time [60]. In 
contrast, a prospective study evaluating 58 
patients who underwent limb amputation found 
that PLP persists after 2  years in 59% of 
patients [61]. A meta-analysis of the literature 
revealed a 66% return-to-work rate, with a 
high percentage of those subjects requiring a 
change in occupation [62].

 Discussion

 Prevalence

Post amputation pain is a highly prevalent dis-
ease state. Approximately 1.9 million amputees 
live in the United States, with worldwide projec-
tions expected to double by the year 2050 [63]. 
Vascular pathology accounts for 82% of limb 
loss, followed by trauma at 16.4% [64]. A study 
of 914 patients with limb loss found that up to 
95% pateints suffer from some combination of 
PLP, RLP, or phantom sensations [65]. These 
sensations may be painless and range from vague 
sensations to an appreciation of full limb size and 
position. There is a wide variation in the reported 
incidence of phantom limb pain, possibly due to 
the lack of standardized definition and method of 
reporting the presence of pain [66].

 Differential Diagnosis

While PAP is primarily a clinical diagnosis 
made through detailed history and physical 
exam, there are tests that can assist in ruling out 
certain causes. Ischemic injury must always be 
considered in patients presenting with PAP, as 
many amputees suffer from vascular insuffi-
ciency as their underlying etiology. 
Transcutaneous oxygen tension is indicative of 
ischemia if less than 20 mmHg at the level of the 

residual limb. Infections such as osteomyelitis 
can cause PAP and can be assessed with ESR, 
CRP, and WBC count. A neuroma can be diag-
nosed with a positive Tinel’s sign as well as an 
improvement in pain following injection of 
local anesthetic. Prosthesis-related pain can 
result from changes in stump shape relative to 
the prosthetic mold and can cause skin break-
down. Pressure points and skin breakdown can 
also occur due to pathologic bone formation 
and/or heterotopic ossification. These types of 
anomalous bone formations can be evaluated 
with X-rays. Patients undergoing amputation 
have a higher prevalence of back pain compared 
to the general population [67]. Lumbar radicu-
lopathy, facet arthropathy, sacroiliitis, and hip 
arthritis can present with referred pain and be 
mistaken for PAP [68]. Radiographic evaluation 
of these other anatomic regions with X-ray and 
MRI can help rule these out as causes of pain. 
PLP and CRPS should always be considered, 
but are difficult to test for [69].

 Strength of Evidence for Different 
Treatment Modalities

The 2016 Cochrane Review on Pharmacologic 
interventions for treating PLP reveals an overall 
paucity of data on pharmacologic interventions. 
Conclusions from the review include favorable 
short-term analgesic efficacy for morphine, gab-
apentin, and ketamine with the caveat that the 
results were mostly based on small studies that 
varied considerably and lacked long-term effi-
cacy and safety outcomes. Larger randomized 
controlled trials are needed to make stronger 
recommendations about which medications 
would be useful for clinical practice. There is 
more evidence available for treatment of the 
broader category of neuropathic pain [70]. In 
2015, Finnerup et al. used the GRADE classifi-
cation and found strong evidence for the use of 
gabapentin, gabapentin ER/enacarbil, pregaba-
lin, SNRIs, and TCAs. There was weak evi-
dence for capsaicin patches, lidocaine patches, 
tramadol, botulinum toxin A (subcutaneous), 
and strong opioids. The data was inconclusive 
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for combination therapy, capsaicin cream, car-
bamazepine, clonidine topical, lacosamide, 
lamotrigine, NMDA antagonists, oxcarbaze-
pine, SSRI antidepressants, tapentadol, topira-
mate, and zonisamide. The evidence was weak 
for cannabinoids and valproate and strong for 
levetiracetam and mexiletine [71].

Evidence for newer treatment modalities 
such as neuromodulation is also lacking 
(Fig. 29.1). While there are not any randomized 
clinical trials, there are case reports of using 
PNS to successfully treat PAP. Spinal cord stim-
ulation has been shown to be effective in many 
neuropathic pain states, and a comprehensive 
review of evidence for SCS implanted for the 
treatment of neuropathic pain and CRPS estab-
lishes a 1B+ level of evidence for perception of 
pain relief, reduction in pain scores, quality-of-
life improvement, and patient satisfaction [72]. 
The evidence for its efficacy in the specific set-
ting of PAP is less strong as the current data is 
primarily limited to small case series with vari-
able criteria used to define a successful out-
come. In a randomized controlled trial 
comparing SCS and DRG stimulation, DRG had 

a higher success rate at both 3 and 12 months 
[73]. Motor cortex stimulation in PAP is consid-
ered investigational by the Food and Drug 
Administration but has some promising initial 
studies. A meta-analysis of 155 patients who 
underwent motor cortex stimulation showed 
that 53% of patients with PLP were treated suc-
cessfully [69, 74].

 Future Directions or Clinical Trials 
in Progress

Monoclonal antibody–based therapeutics have 
shown efficacy in the treatment of inflammatory 
and oncologic conditions and could be useful in 
the treatment of PAP. In patients with rheumatoid 
arthritis, anti-interleukin-6 receptor monoclonal 
antibody shows promise in reducing disease 
activity and improving physical function per 
patient reports [75].

Genetic testing also appears to have a role in 
the treatment of pain conditions which should 
become more prevalent in the future. In the 
treatment of migraine headaches, 38 genetic 

Phantom limb & neuropathic pain
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Other antiepileptics Tramadol
Lidocaine/capsaicin patches

Third line
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Fourth line
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Dorsal root ganglion
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Fig. 29.1 Phantom limb pain treatment options
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variants have been identified and it is thought 
that establishing a polygenic risk score may lead 
to personalized treatment of migraine in identi-
fying responders to specific drugs [76]. 
Pharmacogenomic testing revealed that some 
patients exhibit an allele which results in rapid 
metabolism of buprenorphine, necessitating 
higher dosing in the treatment of opioid use dis-
order [77]. Genetic testing could prove useful as 
a clinical decision support tool to assist with 
individualization in the pharmacologic treat-
ment of PAP.

 Conclusion/Summary

PAP occurs with a high prevalence and can be 
a challenge to treat. Multimodal therapy pro-
vides the most comprehensive approach to 
optimize analgesia and improve function. 
Much of the evidence supporting treatment of 
PAP is extrapolated from the literature for 
other neuropathic pain conditions. Further con-
trolled studies that focus on the use of multi-
modal treatments and preventative measures 
could help to improve the management of this 
complex condition.
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A 45-Year-Old Patient with 
Chronic Sole Pain

Wyatt Kupperman and Tariq Malik

 Case Description

This is a 45-year-old woman who presents to the 
pain clinic with complaint of long-standing left 
heel pain. She is an avid marathon runner, but left 
heel pain has prompted her to quit her last mara-
thon and she is afraid to run marathon anymore. 
There was no inciting event. Pain started gradu-
ally and has been there for the last 1 year. Pain is 
worse in the morning and when standing after 
prolonged sitting. It also gets worse toward the 
end of the day. She has been managing her pain 
with over-the-counter pain killers. They help, but 
she is getting tired of taking them every day. She 
tried using different shoes and shoe insert but 
nothing has helped so far. She went to see her 
PCP who did some blood work and foot X-ray 
but saw nothing and referred her to the pain 
clinic. Foot examination is negative for any dis-
coloration, swelling, or deformity but is signifi-
cant for tenderness over the heel and some pain 
with dorsiflexion. Range of motion of the ankle 
and foot is unremarkable; her gait is normal too.

 What Is Your Preliminary Diagnosis?

She has a chronic painful condition of her foot, 
which seems to get worse with weight bearing. 
There are no constitutional symptoms like fever, 
weight loss, swelling of the foot, or major trauma. 
She is tender over the insertion of plantar fascia 
in the heel and when the fascia is stretched with 
dorsiflexion. She is also a runner. This would 
suggest that she most likely has plantar fasciitis.

Heel pain can be from tear or rupture of liga-
ments or tendons but they tend to happen follow-
ing major injury and often accompanied by 
swelling and discoloration. Calcaneus is prone to 
stress fracture from running and can be missed in 
plan X-ray imaging. Tumor of the bone both pri-
mary (Ewing sarcoma) and secondary (from 
lung, stomach, bladder, or endometrial) cannot 
be discounted. But long-standing history of pain 
with no other symptoms and negative foot X-ray 
make it an unlikely diagnosis. Calcaneal bone 
spur is often seen on X-ray in patients with heel 
pain. Though bone spur may cause pain, half the 
patients with bony spur never complain of heel 
pain. Thinning of heel pad can cause pain. Heel 
fat pad is a potent shock absorber, but after age 
40, it starts deteriorating. Obesity and running 
can accelerate heel pad degeneration with age. 
Loss of fat pad cushion causes pain as heel expe-
riences force equal to 110% of body weight dur-
ing simple walking and up to 250% of body 
weight when running. Rheumatological diseases 
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(Ankylosing Spondylitis, Reiter’s disease) can 
cause foot or heel pain but often it causes bilat-
eral foot pain, and other joints of the body are 
also involved and often blood work is positive. 
Entrapment neuropathies (Tarsal Tunnel syn-
drome, Medial calcaneal neuropathy, Baxter’s 
Neuropathy) can cause pain, but often there are 
accompanying symptoms of tingling and 
numbness.

 How Is Diagnosis Confirmed?

Plantar fasciitis is a clinical diagnosis. Plantar 
fasciitis can generally be suspected from 
patient history and examination. It usually 
reveals a slow and gradual onset of discomfort 
along the inferior- medial heel [1–3]. It has 
been reported that pain can be present along 
the plantar fascia distally from the insertion 
point as well [4]. Discomfort is most appreci-
ated after long periods of inactivity at the onset 
of action, i.e., in the morning after sleep with 
the first few steps [4, 5].

On physical examination, there may be acute 
tenderness along the plantar fascia insertion 
along the medial tuberosity of the calcaneus [5]. 
One should examine the plantar fascia superfi-
cially and with deep palpation, as well as in a 
relaxed state with toes flexed and stressed with 
toes extended [5].

The examiner should complete a motor, sen-
sory, and postural assessment of the feet and 
proximal biomechanical chain. One may find 
tightness within the fascia network, and tightness 
of the heel chord [6–8]. Discomfort with reduced 
toe extension and diminished range in dorsiflex-
ion may be appreciated [6–8]. Saban and 
Masharawi found that three office base tests 
(static single leg stance 30  seconds, 10 repeti-
tions of a half squat, and 10 repetitions of heel 
rise may benefit diagnosis of plantar heel pain 
syndrome [9]. On gait assessment, if performed, 
there may be an antalgic gait, and/or the patient 
may show a preference to have the affected foot 
held in plantar flexion with attempts to avoid heel 
strike.

Utility of radiographs has been highly debated 
regarding the diagnostic benefit for plantar fasci-
itis [4].

In one study, Levy et al. found 59.5% of symp-
tomatic patients with calcaneal spur and 46.5% 
with an Achilles spur. This did not lead to changes 
in management [10].

Findings of spurs on imaging continues to 
stir controversy, with Ahmad et  al. finding no 
correlation between the size or shape with com-
plaints [11].

The spurs that are found on imaging may sim-
ply represent other conditions of the foot poten-
tially causing discomfort (Fig.  30.1) [12]. 
Subcalcaneal spurs can even be seen in patients 
who do not have symptoms of PF [13]. According 
to the American College of Foot and Ankle sur-
geons, advanced imaging is usually not required 
to make the diagnosis [4].

Ultrasound (US) investigation for diagnosis 
and treatment is gaining popularity for many 
musculoskeletal conditions. US investigation by 
Radwin et al. found it effective to assess fascial 
structure, but utility to be determined [14]. Fagan 
et al. found US of plantar fascia thickness to be 
superior than clinical diagnosis, though study is 
limited by sample size [15]. In another study, the 
sensitivity and specificity for diagnosing plantar 
fasciitis were found to be 80.9% and 85.7% using 
ultrasound investigation [16]. It has been further 
determined in a systematic retrospective review 

Fig. 30.1 Calcaneal spur. (From https://en.wikipedia.
org/wiki/Plantar_fasciitis)
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by Ali Mohseni-Bandpei et  al. that US may be 
comparable with MRI in diagnosis [17]. If using 
US for fascial assessment, proximal thickness of 
more than 4 mm may be seen in PF [13].

Though PF may be picked up on clinical 
assessment, ultrasound investigation may be a 
helpful adjunct in the hand of a skilled practitio-
ner. Further advanced imaging should be consid-
ered if there is concern for other pathologies 
depending on mechanism of injury that may be 
affecting the osseous and/or soft tissues of the 
foot, including tumor.

 What Is the Pathophysiology of This 
Condition?

The disorder arises secondary to repetitive micro 
tears of the plantar fascia usually near the inser-
tion point on the inferomedial calcaneus [18]. 
Multiple factors have been associated with this 
condition, mainly increased BMI, repetitive 
trauma, pes planus/cavus foot, aging, sedentary 
and active lifestyles [18].

Some do not believe this condition to be 
acute in nature and may reference “plantar fas-
ciosis” as it is believed to be a chronic degenera-
tive process in the active and even sedentary 
individual [13, 19].

The importance of the plantar fascia is for sta-
bilization, particularly regarding the longitudinal 
arch between heal rise and toe off in the gait cycle 
[20]. During the heel rise phase of the gait cylce, 
the phalanges dorsi-flex which reciprocally tight-
ens the plantar fascia, most notably on the medial 
aspect of the foot [20]. This causes an elevation 
of the longitudinal arch [20]. Due to the medial 
attachment site on the heel, one will see hindfoot 
inversion and an externally rotated tibia [21]. 
These accommodations aid in foot stabilization, 
and more effective toe-off [20, 21].

 How Is This Problem Managed?

There are a variety of treatments that have been 
reported for plantar fasciitis with varying evi-
dence and benefit. The goal for treatment like 

many musculoskeletal conditions is to treat 
early in a graduated manner if required. It has 
been shown that 90% of patients will improve 
with conservative measures [19, 22]. However, 
it may take many months for improvement of 
symptoms.

Conservative measures may be initiated 
including such things as rest, OTC pain medica-
tions, ice massage, and stretching exercises for a 
6 week course [23, 24].

In a 2013 National Health and Wellness 
Survey (75,000), 650 respondents stated having 
plantar fasciitis symptoms in a month period 
[25]. Four hundred and sixty-six respondents 
reported using an OTC medication [25]. Still, 
according to Brotzman and Jasko, there is weak 
evidence to support NSAID use [23].

Stretching exercises have been focused on the 
plantar fascia and Achilles tendon. DiGiovanni 
et al. found plantar fascial stretching to improve 
symptoms significantly, up to 92% patient satis-
faction in their prospective study [26]. If the 
patient continues to be symptomatic, a referral to 
a physical therapist may allow for a tailored pro-
gram for the patient, to include education on 
eccentrically controlled exercises with a home 
exercise program and intrinsic foot techniques 
[27]. The physical therapist may further provide 
joint and soft tissues mobilization, which is a 
grade A recommendation by the American 
Physical Therapy Association [28].

Patients may further benefit from foot and 
ankle support. According to McPoil et al., prefab-
ricated/custom foot orthoses provided improved 
function and improved pain for roughly 3 months 
[29]. Further, the American Physical Therapy 
Association (APTA) recommends orthosis for a 
short course, even up to 1 year. [28]. If patients 
can tolerate night splints with sleep, there is mod-
erate evidence for symptoms lasting greater than 
6 months, when the night splints are used for a 
duration of 1–3  months [28]. Night splints are 
recommended by the APTA especially for 
patients who consistently feel pain with the first 
step when walking in the morning [28].

Per Cochrane review, the orthosis type may 
not matter, but custom orthosis with a night splint 
may be effective [30].
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Patients who continue to have discomfort after 
the above conservative measures have been 
explored, and may benefit from corticosteroid 
injection. This injection has been described using 
various duration of action corticosteroids, with 
either a blind technique or under ultrasound guid-
ance. As an example, one may use a mixture of 
2–3  ml of 0.25% bupivacaine and 40–80  mg 
methylprednisolone. Risk of injection is similar 
to other peripheral injections, including bleeding 
and infection. However, there is a risk of plantar 
fascial rupture and fat pad atrophy [31]. In a ret-
rospective review by Chen, Wu, and Yu, includ-
ing Cochrane trials, they concluded that a 
corticosteroid injection was more effective within 
the first month than a PRP injection [32]. But an 
injection of platelet-rich plasma was superior in 
VAS reduction at 6 months [32].

Botox, commonly used for cosmetic proce-
dures and for spasticity management, has been 
investigated for the treatment of plantar fasciitis. 
Babcock et  al.’s randomized controlled study 
determined improvement in symptoms and func-
tion at 3 and 8 weeks after treatment [33].

If the patient is still having significant difficul-
ties, extracorporeal shockwave therapy has also 
been used for chronic plantar fasciitis, possibly 
after 6 months of symptoms with no benefit from 
multiple conservative measures. Kudo et al., in a 
double blind multi-center placebo-controlled 
trial, investigated ESWT on adult subjects with 
failure to conservative treatment for a minimum 
of 6 months. They found a statistical benefit in 
the treatment arm at 3 months compared to pla-
cebo [34]. This intervention, recommended by 
Ogden et al., may be worth considering prior to 
surgical intervention [35].

Surgery is reserved for refractory cases who 
failed to respond to 6–12 months of conservative 
management who continue with moderate to 
severe symptoms [5].

Complications of surgery are rare, but like 
with any other surgical interventions there is 
always a risk of developing wound infection and 
wound dehiscence [5]. Also there have been 
reports of further injury to the plantar fascia, loss 
of the medial arch, injury of lateral plantar nerve, 
and even CRPS [5].

Response to surgical intervention seems to be 
beneficial. According to Kadkia from DeLee and 
Drez’s Orthopedic Sports Medicine, recurrence 
rate is roughly 10% following incomplete plantar 
fasciectomy [5]. Regarding the approach to sur-
gery, if there is concern for nerve compression 
particularly of the first branch of lateral plantar 
nerve, open investigation may be warranted [36]. 
However, it has been seen with endoscopic inves-
tigation that one may return to activities up to 
4  weeks earlier, (6  weeks vs. 10  weeks) [37]. 
Regardless of the approach, a total excision of the 
fascia is normally not performed, as this can lead 
to lateral column syndrome [38].

 What Is the Prognosis of This 
Condition?

The prognosis for treatment of plantar fasciitis is 
quite good, with and overall cure/tolerance rate of 
90% by following conservative measures [31]. 
However, patients will need encouragement, as in 
some cases it may take many months for symptom 
relief. It is a chronic degenerative disease and, 
once pain abates with treatment, requires life-long 
adjustment including life style modification like 
weight control and exercise routine to prevent it 
from recurrence or effecting the other foot.

 Discussion

Approximately 10% in the United States will 
develop plantar fasciitis at some point in their life 
[39]. Incidence seems to be greatest among peo-
ple between 40 and 60  years of age [40, 41]. 
About one million patients consult their physi-
cians for plantar fasciitis management a year. 
Total cost of plantar fasciitis management is esti-
mated at 300 million dollars a year. Plantar fascia 
is a broad fibrous aponeurosis that spans the plan-
tar surface of the foot. It originates from the 
medial and anterior aspects of the calcaneus and 
inserts into the bases of proximal phalanges. It 
acts as a beam when the metatarsals are subjected 
to important bending forces (propulsion) and a 
truss when the foot absorbs forces of impact 
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expanded during landing and in the stance phase 
of gait. It is a common cause of foot pain in 
adults, worsening the patients’ quality of life. It 
affects both sexes, either in professional or recre-
ational athletes, and women are affected slightly 
more often than men. Many different healthcare 
providers (podiatrists, orthopedic surgeons, 
physical therapists, and chiropractors) are 
involved in the treatment of PF.

A number of different conditions can cause 
heel pain as discussed above but can be ruled out 
using history, physical examination, and lab work 
or imaging (Tables 30.1 and 30.2).

Plantar fasciitis can normally be diagnosed 
based solely on history and physical exam find-
ings. Radiographs have been ordered for exami-
nation of osseous structures, but significance of 
spurs is highly debated [4]. US investigation is 
frequently used in the office based setting. It has 
been determined to have sensitivity and specific-
ity of 80.9% and 85.7%, and comparable to MRI 
as previously stated [16, 17]. MRI has the added 
benefit to investigate for stress fracture/bone 
marrow reaction if suspected given history, 
mechanism of injury, and physical exam.

Conservative measures are very effective for 
treating plantar fasciitis. According to the American 
Physical Therapy Association, there is grade A evi-
dence for specific stretching to the plantar fascia 
and gastrocnemius. Foot orthoses are recom-
mended [28]. Further recommendation for night 
splints up to 3 months has been beneficial [28].

For continued symptoms despite above, corti-
costeroid injection has shown good short-term 
benefit, with PRP injection providing perhaps 
more sustained benefit [32]. Prior to surgery, it 
may be worthwhile to discuss a trial of extracor-
poreal shockwave therapy, even with varying 
opinions on the intervention [34, 35].

Surgery referral should be considered follow-
ing failure of conservative modalities, and con-
tinued symptoms for a 6–12 month period.

More research should focus on interventions 
including PRP/stem cell, fat pad atrophy with 
silicone implantation, and botulinum toxin 
injection.

 Conclusion

Plantar heel pain is a common chronic pain con-
dition that transcends multiple medical special-
ties, including orthopedic surgery and primary 
care. Plantar fasciitis is the diagnosis in great 
majority of cases. However, other mechanical, 
rheumatologic, neurologic, and infectious causes 
exist; a comprehensive history and physical 
examination is pivotal to making the correct 
diagnosis. If there is no obvious etiology and pain 
is resistant to therapy, MRI, bone scan, and sero-
logical blood work is ordered. Mainstay of treat-
ment is stretching of plantar fascia, NSAIDs, 
orthoses, and steroid injections. Operative inter-
vention is only indicated after 6 months of failed 
conservative modalities.
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A 33-Year-Old Patient 
with Persistent Back Pain

Muhammad Zubair, Kenneth D. Candido, 
and Nebojsa Nick Knezevic

 Case Description

A 33-year-old male with a past medical history of 
uveitis, psoriasis, and a recent surgical history of 
open inguinal hernia repair presented to the clinic 
for evaluation of chronic, dull, lower back, and 
bilateral hip pain, which started insidiously and 
which was aggravated with rest and alleviated by 
exercise. The pain was located in the bilateral 
sacroiliac (SI) joints and was non-radiating, not 
associated with numbness, tingling, and kept 
changing in sensation or with motor weakness. 
The patient reported a family history of similar 
problems. On examination, he was found to have 
bilateral SI joint tenderness with limited external 
rotation and abduction of the hips bilaterally.

On initial evaluation by the primary care phy-
sician (PCP), the patient was prescribed nonste-
roidal anti-inflammatory drugs (NSAIDs) with 
minimal improvement, and after lumbar spine 
imaging demonstrated SI joint arthropathy, the 

patient was sent home and referred to the pain 
clinic for persistence of pain and suspicion of SI 
joint inflammation. After being evaluated in the 
pain clinic, the patient had an AP X-ray of the 
pelvis taken that was inconclusive. Subsequently, 
an MRI of the lower lumbar spine (as being the 
most symptomatic region) was performed, which 
demonstrated sacroiliitis.

 What Is Your Preliminary Diagnosis?

SI joint inflammation due to ankylosing spondy-
litis (AS).

 How Is the Diagnosis Confirmed?

The diagnosis of this clinical condition can be 
confirmed in two steps: the first step involves a 
detailed history that identifies lower back pain 
(LBP)  of >3  month’s duration, age of onset 
before 45 years, AP radiograph of the pelvis that 
demonstrates sacroiliitis, and involvement of 
the SI joint. The second step involved in the 
diagnosis is taken into account in the patient 
population in whom imaging is inconclusive. 
Clinicians have looked at 11 pertinent clinical 
features (LBP, heel pain, improvement with 
NSAIDs, uveitis, dactylitis, elevated acute 
phase reactants such as ESR and CRP, psoriasis, 
alternating buttock pain, asymmetric arthritis, 
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and Inflamatory Bowel Disease -IBD) and pres-
ence of 4 out of the 11 features is required to 
confirm the diagnosis [1]. In the case described, 
the patient demonstrated both sacroiliitis on the 
pelvic AP film and uveitis, psoriasis, and 
improvement with NSAIDs.

 What Is the Pathophysiology of This 
Condition?

Multiple factors have been implicated in the 
pathogenesis of ankylosing spondylitis. The fac-
tors include a genetic background and its interac-
tion with target anatomic structures, gut microbes, 
and innate immune mechanisms. At the affected 
organs, IL-17, IL-17A, and TNF-alpha have been 
shown to play a significant role [2].

The most significant contribution comes from 
an HLA-B27 gene. However, the presence of 
HLA-B27 gene is not necessary for diagnosing 
the disease, as this disease is also present in 
patients without this gene.

Some of the significant challenges experi-
enced by researchers are, but not limited to, the 
simultaneous bone formation and resorption 
extending to a pathological degree. The osteo-
blastic process eventually leads to syndesmoph-
ytes and, in extreme conditions, can cause rigidity 
of the vertebral column. Below are the three pos-
tulated mechanisms of pathogenesis.

 Genetic Factors
HLA-B27 has been primarily implicated in the 
disease and has been shown to be present in 
85–95% of people who are of a certain ethnicity 
as well as in 6% of the US population [3]. HLA- 
B27 differs from other HLA1 molecules, and 
these differences could be responsible for its 
pathogenesis. The differences include the pres-
ence of an unpaired cysteine at residue 67 and 
this unique configuration allows the human leu-
kocyte antigen (HLA) to form homodimers and 
oligomers of free chains. HLA- B27, as a massive 
loose chain, can exist as a dimer and is involved 
in AS pathogenesis. These dimers are located in 
the gut and joints and when presented to antigen-

presenting cells (APCs) can augment IL-23 cells 
and ultimately produce IL-17 [4]. HLA-B27 has 
also been involved in autophagy.

Non-HLA genes, though not many, may still 
provide the clue about AS.  These non-MHC 
AS-causing genes can be grouped into several 
functional categories: ERAP1 and ERAP2, IL 
23/17, TNF gene family, T lymphocytes.

 Proinflammatory Mediators
The roles of proinflammatory mediators have 
been highlighted in observational studies. COX, 
TNF, and IL17 are the targets of current 
therapy.

 Role of the Gut Mucosa, IL-23, 
and Microbes
In patients with the presence of microscopic 
bowel lesions, the disease process begins within 
the gut where IL-23 receptor (IL-23R)-positive 
innate lymphoid cells (ILCs) that produce IL-17 
(a proinflammatory cytokine) and IL-22, are acti-
vated by spondyloarthritides (SpA)-specific gut 
microbiota [5]. Activated ILCs migrate to the 
joint and regions where they begin an inflamma-
tory process involving the TNF-alpha. The impli-
cated IL-22 activates osteoclasts.

 How Is the Problem Managed?

Taking the treatment of this clinical problem into 
consideration, it has been elucidated in the litera-
ture that the treatment of ankylosing spondylitis 
(AS) is extensive and is separated into medical, 
interventional, and surgical options.

 Non-pharmacological Treatment
Non-pharmacological treatments of joint inflam-
mation and sacroiliitis, resulting from the dis-
ease, are limited to patients with grade 
1A. Physical therapy by trained individuals with 
the help of an exercise program should be started 
for individuals with the minimal disease and as 
an initial treatment. Exercises ranging from 
stretching to hydrotherapy help increase patients’ 
ranges of motion.
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 Pharmacological Therapy
Pharmacological therapy involves either one or 
more of the following agents: NSAIDs, sulfasala-
zine, TNF-alpha inhibitors, and glucocorticoids. 
Indomethacin, as the most effective NSAID, is 
used with the usual dose of 25 mg twice or three 
times daily, and for the extended-release 75 mg 
once daily with a maximum one dose of 50 mg 
and maximum daily dose of 100 mg. The treat-
ment can be used in increments of 25–50 mg per 
week.

Patients who have persistent, active, symp-
tomatic AS should use continuous NSAIDs to 
control symptoms. This approach is in agreement 
with the 2010 Assessment of SpondyloArthritis 
International Society (ASAS)/European League 
Against Rheumatism (EULAR) recommenda-
tions [6]. Analgesics, including opioids, are 
rarely used and are preferable when side effects 
like renal failure, myocardial infarction, gastric 
ulcers, and vision and skin changes have to be 
avoided.

Retrospective studies have highlighted the 
role of low-dose steroids (5 mg daily) used for 
1 week. Low-dose modified-release (MR) pred-
nisone significantly reduced disease activity, 
fatigue, stiffness, and pain in steroid-naïve 
patients with SpA.

Pain management strategies for SI joint 
inflammation or sacroiliitis can be broadly 
grouped into the following:

 1. Non-pharmacological, including exercise reg-
imens with a trained therapist, for example, 
range of motion exercises and hydrotherapy

 2. Pharmacological management with NSAIDs 
as highlighted above

 3. Oral steroids
 4. Disease-modifying agents like sulfasalazine
 5. Sacroiliac joint injections

 Role of SI Joint Injections 
in Sacroiliitis or Hip Pain due to AS

Ankylosing spondylitis in a patient can present as 
hip and bilateral lower back pain, and the pain 
experienced by the patient is due to inflammation 
and spondylitis of the SI joint. The treatment 
aimed at using SI joint injections has proven to be 
beneficial to many (Fig. 31.1) [7].

The SI joint is richly innervated and pain 
sensitive and has a significant amount of mus-
cle insertions. A double diagnostic block of 
sacroiliac joints has been shown to reduce the 
false- positive favorable rates of single diag-

Fig. 31.1 Sacroiliac injection of corticosteroids
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nostic blocks by some 20%. Recently, SI joint 
injections have proven to be beneficial in spon-
dyloarthropathy [8].

A systematic review was performed to evalu-
ate the utility of physical therapy for patients 
with ankylosing spondyloarthropathy, but the 
exact regimen and the type of exercise are still to 
be determined [9].

 Role of Radiofrequency Ablation 
for SI Joint Inflammation

Radiofrequency ablation (RFA) offers a long- 
term effective pain control intervention when the 
side effects of repetitive steroid injections are 
undesirable and also as a long-term pain control 
measure for people not responsive to conven-
tional pain control strategies (Fig.  31.2). Even 
though the sensory innervation of the SI joint is 
still under debate, a significant number of poste-
rior sensory innervation is thought to be transmit-
ted from S1, S2, and S3 dorsal rami via the lateral 
branches and medial branches from L4 and L5 
dorsal rami [10]. The anterior portion of the joint 
is thought to be obtaining sensory innervation 
from the lumbosacral plexus [11]. There are 
schools of thought that believe some regions of 
SI joint are either devoid or receive innervation 
from obturator and gluteal nerves. There are three 

types of RFA: low-intensity RFA, cooled RFA, 
and pulsed RFA.  There are no definitive tech-
niques, as the understanding of the sensory inner-
vation is still evolving. There are no set standards 
or guidelines for specific nerve roots targets. 
However, the three most common techniques, as 
highlighted in the literature, are three puncture 
technique (focused at the lateral upper quadrant 
of S1–S3 dorsal foramina and targeted to dorsal 
rami of L4, L5 and S1-S3 nerves) [12], strip 
lesion technique (continuous lesion pattern from 
L4–L5 dorsal rami to S1–S3 dorsal lateral foram-
inal aperture) [13], and leap frog technique (mul-
tiple probes close together to allow the production 
of consistent and large thermal lesion) [14]. 
Overall, RFA of the SI joint has been shown to be 
beneficial for SI joint inflammation.

 What Is the Prognosis of This 
Condition?

Sacroiliitis due to ankylosing spondylitis seems 
to have a moderate to poor prognosis and is usu-
ally dependent upon the nature of the disease. 
For instance, in people with ankylosing spondy-
litis, the quality of the progression of this dis-
ease determines the overall prognosis. There is 
no complete cure and the treatment is 
symptomatic.

Fig. 31.2 Radiofrequency ablation of SIJ
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 Discussion

 Prevalence

The prevalence of sacroiliac joint pain is esti-
mated to range between 10% and 62% based on 
the setting; however, quite a number of analyzed 
studies suggest a point prevalence of around 
25%, with a false-positive rate for uncontrolled 
blocks of approximately 20%. [15] Up to 10–25% 
of the pain in patients with persistent lower back 
pain below L5 is due to sacroiliac joint 
inflammation.

Lower back pain is a widespread clinical 
problem and accounts for a significant number of 
visits to healthcare providers. Lower back pain 
was found to have a point prevalence of 22–65% 
in a global review performed in 2000. The mean 
overall prevalence of lower back pain is around 
38%. An analysis by the Journal of the American 
Medical Association highlighted that the annual 
cost from lower back and neck pain accounted 
for 87.6 billion dollars (US Spending on Personal 
Health Care and Public Health, 1996–2013).

 Differential Diagnosis

In this review, we have described a 33-year-old 
male patient with ankylosing spondylitis who 
was referred to the pain clinic by his PCP for 
chronic lower back pain and sacroiliac inflamma-
tion. On evaluation, an MRI of the pelvis was 
performed, which implicated sacroiliitis as the 
cause of back pain.

There are multiple etiologies of lower back 
pain, ranging from lumbar radiculopathy to hip 
and lumbar spine syndrome, lumbar stenosis, 
facet arthropathy, sacroiliac joint inflammation, 
and arthropathy.

Lower back pain is a widespread clinical 
problem and is typically multifactorial. Some of 
the common differential diagnoses of lower back 
pain include lumbar radiculopathy, lumbar steno-
sis, sacroiliac joint inflammation, tumor of the 
spinal cord, and facet arthropathy.

 Predictive Value of Different  
Clinical Features and Lab Testing/
Imaging

The presence of four out of the five features in 
patients with lower back pain (onset of back 
pain  before the age of 40, insidious onset, 
improvement with exercise, no improvement 
with rest, and pain at night with improvement 
upon arising) has a sensitivity of 80% and speci-
ficity of 74% for an inflammatory cause of the 
back pain. 

Imaging is important in the workup of patients 
with AS and axial SpA.  Specific radiographic 
and MRI findings are a cornerstone in the diag-
nosis, and these modalities are also useful in 
monitoring the disease. CT is the conventional, 
but insensitive, gold standard method for the 
assessment of structural damage in spine and 
sacroiliac joints, whereas MRI can help in moni-
toring the disease progression [11].

 Strength of Evidence for Different 
Treatment Modalities

Ankylosing spondylitis, primarily responsible 
for sacroiliitis evident in this patient, is a multi-
factorial disease with an interaction of the 
genetic component with gut microbes and 
immune modulation with IL-17 as a critical 
mediator. Understanding the pathogenesis of the 
disease also simplifies the treatment options. The 
treatment options can be divided into non- 
pharmacological and pharmacological treat-
ments. Non-pharmacological treatments include 
physical therapy, such as scheduled and super-
vised physical therapy that was particularly 
shown to be superior to non-supervised physical 
training. A recently published Cochrane review 
was intended to demonstrate an exercise regime 
for the lower back pain resulting from ankylos-
ing spondylitis. However, the authors were 
unable to formulate a specific exercise plan that 
would help the people with lower back pain. 
Pharmacological treatments include first-line 
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drugs such as NSAIDs; however, TNF-alpha 
inhibitors and glucocorticoids have a distinct 
role in suppressing the inflammation.

One of the critical, interventional strategies 
that has helped with the sacroiliac joint inflam-
mation from ankylosing spondylitis is sacroiliac 
joint steroid injection. These steroid injections 
have also helped in diagnosis while alleviating 
the sacroiliac joint pain and swelling. Though the 
evidence is not overwhelming, they seem to be 
helping with pain reduction and may be promis-
ing when used with pharmacological treatment. 
While taking into consideration the aforemen-
tioned strategies for sacroiliitis from ankylosing 
spondylitis, it is also imperative to adhere to and 
manage patients systematically in a stepwise 
approach based on practice guidelines estab-
lished by the American College of Physician and 
the American Pain Society.

Seventy to eighty percent of patients with 
lower back pain have experienced relief, includ-
ing improvement in stiffness, with NSAIDs [16]. 
Analgesics, including opioids, are rarely useful. 
Eighty percent of the patients with AS respond to 
treatment with one of the TNF antagonists, and 
roughly one-half get at least 50% improvement in 
a composite index, modified from the one adopted 
by the Ankylosing Spondylitis Assessment Group 
[17]. The role of sacroiliac joint injections has 
been shown to have moderate benefit; however, 
further studies are needed.

Joint clinical practice guidelines from the 
American College of Physicians and American 
Pain Society has included the following recom-
mendations for the treatment of chronic lower 
back pain [18].

Clinicians should conduct a focused history 
and physical examination to help place patients 
with low back pain into one of three broad cate-
gories: nonspecific low back pain, back pain 
potentially associated with radiculopathy or spi-
nal stenosis, and back pain possibly associated 
with another specific spinal cause. The history 
should include assessment of psychosocial risk 
factors, which predict the risk for chronic dis-
abling back pain (strong recommendation, 
moderate- quality evidence).

Clinicians should not routinely obtain imag-
ing or other diagnostic tests in patients with non-
specific low back pain (strong recommendation, 
moderate-quality evidence).

Clinicians should perform diagnostic imaging 
and testing for patients with low back pain when 
severe or progressive neurologic deficits are pres-
ent or when harsh underlying conditions are sus-
pected from history and physical examination 
(strong recommendation, moderate-quality 
evidence).

Clinicians should evaluate patients with persis-
tent low back pain as well as patients with signs or 
symptoms of radiculopathy or spinal stenosis 
with magnetic resonance imaging (preferred) or 
computed tomography only if they are potential 
candidates for surgery or epidural steroid injec-
tion (for suspected radiculopathy) (strong recom-
mendation, moderate-quality evidence).

Clinicians should provide patients with 
evidence- based information on low back pain 
concerning their expected course, advise patients 
to remain active, and provide information about 
useful self-care options (strong recommendation, 
moderate-quality evidence).

For patients with low back pain, clinicians 
should consider the use of medications with 
proven benefits in conjunction with back care and 
self-care information. Clinicians should assess the 
severity of baseline pain and functional deficits, 
along with potential benefits, risks, and relative 
lack of long-term efficacy and safety data before 
initiating therapy (strong recommendation, mod-
erate-quality evidence). For most patients, first-
line medication options are acetaminophen or 
nonsteroidal anti-inflammatory drugs.

For patients who do not improve with self- 
care options, clinicians should consider the 
addition of non-pharmacologic therapy with 
proven benefits: spinal manipulation for acute 
low back pain; intensive interdisciplinary reha-
bilitation, exercise therapy, acupuncture, mas-
sage therapy, spinal manipulation, yoga, 
cognitive-behavioral therapy, or progressive 
relaxation (weak recommendation, moderate-
quality evidence) for chronic or subacute low 
back pain.
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 Future Directions or Clinical Trials 
in Progress

Future directions and clinical trials are underway to 
determine specific exercise regimens that are tai-
lored to patients with sacroiliitis, as well as for 
immunotherapies targeting the mechanisms 
involved in inciting and progression of the disease.

 Conclusion

In conclusion, there are multiple etiologies regard-
ing lower back pain; however, for patient under 
33 years of age in the presence of history of other 
immune-mediated diseases, the origin of the pain 
is likely due to sacroiliac joint disease of ankylos-
ing spondylitis. The treatment options range from 
non-pharmacologic therapies such as exercise 
regimes and pharmacological options including 
NSAIDs, TNF-alpha inhibitors, and glucocorti-
coids. SI joint steroid injections have an important 
role in ameliorating pain and also for diagnostic 
purposes. Further studies are needed to further 
elaborate on SI joint steroid injections, tailored 
exercise regimes, and disease- modifying agents.
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45-Year-Old Man with Leg Pain 
and Numbness

Robert Fuino and Waqar Waheed

 Case Description

A 45-year-old man presents with a 5-day history 
of right leg pain. He describes the pain as acute in 
onset with constant numbness with overlying 
pins and needles burning involving his anterior 
shin. He has noticed that the toes on his right foot 
have been dragging on the floor, causing him to 
trip. One day prior to presentation, he developed 
similar but milder symptoms on his left leg. He 
denies history of low back pain, trauma, rashes, 
joint pain, constitutional symptoms, polydipsia, 
polyuria, or history of hepatitis. There is no his-
tory of prolonged kneeling, squatting, leg cross-
ing, or prolonged immobility. He has no medical 
problems, takes no medications, and has no fam-
ily history of neurologic problems. He does not 
use any tobacco, alcohol, or any illicit 
substances.

His general examination reveals intact periph-
eral pulses and no joint swelling nor decreased 
range of motion. His strength examination is 
notable for right foot weakness in dorsiflexion 
and eversion, with preserved strength of foot 
inversion, knee flexion and extension, and hip 
abduction. His sensory examination reveals 
diminished sensation over the anterolateral shin 
and dorsum of the foot, sparing high thigh or pos-
terior lower leg. There are similar but milder 
examination findings on his left leg. There are no 
asymmetries in reflexes and his plantar responses 
are downgoing. He walks with a steppage quality 
to his gait on his left.

 What Is Your Preliminary Diagnosis?

The differential diagnosis for unilateral leg pain 
is broad and can be divided into neurologic and 
non-neurological disorders. A thorough history 
and examination are essential to narrow down 
such a broad differential. A history needs to 
include the onset and progression of symptoms, 
location, presence of numbness or weakness, 
and aggravating or alleviating factors. 
Assessment of comorbid medical conditions 
such as diabetes, alcohol use, infections such as 
hepatitis, travel history, and family history of 
neuropathy are useful. The presence of rash, 
weight loss, and constitutional symptoms is also 
helpful. Non-neurologic disorders, such as bur-
sitis, peripheral vascular disease, fibromyalgia, 
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and other musculoskeletal causes, can be con-
sidered initially in this patient prior to the his-
tory. As this patient has signs suggestive of focal 
neuropathic pain, sensory loss, and asymmetric 
foot drop, the diagnosis appears most consistent 
with neurologic causes.

The next step in diagnosis involves the 
physical examination. A general examination, 
including examination of skin for rashes, joint 
examination, and presence of peripheral 
pulses, can also provide additional diagnostic 
clues. A focused neurologic examination is 
needed if a neurologic cause is suspected, 
including strength examination, sensory 
examination, deep tendon reflexes, and obser-
vation of gait.

Prior to examination, his differential diagno-
sis for a neurologic cause of leg pain and foot 
drop depended on the area of the nervous sys-
tem involved. The absence of upper motor neu-
ron signs (increased tone, hyper-reflexia, and 
upgoing plantar response), a sensory level, and 
bowel/bladder involvement suggests that the 
site of the lesion is at or distal to the anterior 
horn cell of the spinal cord. The presence of 
sensory symptoms excludes pure motor disor-
ders such as motor neuron diseases, neuromus-
cular junction, or muscle disorders. The most 
probable site of disease is at the nerve roots, 
plexus, or peripheral nerves.

Atypical L5 radiculopathy could cause pain in 
this distribution, but it is classically associated 
with intermittent radiation and back pain. Disc 
herniation, spinal foraminal stenosis, mass 
lesions, infections (such as Lyme disease or 
tuberculosis), or inflammatory conditions, such 
as sarcoidosis, are potential considerations for a 
radiculopathy. Similarly, causes of a lumbosacral 
radiculoplexopathy were possible, such as struc-
tural lesions, diabetic amyotrophy, and non- 
diabetic lumbar radiculoplexopathy. However, 
absence of findings suggesting multiple nerve 
root involvement within the same limb, such as 
involvement of proximal muscles or calves, 
makes this less likely.

The motor examination narrows down the dif-
ferential diagnosis considerably. It is important to 
perform a neurologic examination as to avoid 
unnecessary testing, interventional procedures, 
and even surgery [1]. Attention can be paid to his 
strength and sensory examination, particularly 
asymmetry in testing. The presence of weakness 
in foot dorsiflexion and ankle eversion indicates 
involvement of the peroneal nerve. However, pre-
served strength of ankle inversion, knee flexion, 
or hip abduction shows integrity of more proxi-
mal tibial, sciatic, and superior gluteal nerves, 
respectively. This examination is suggestive of a 
common peroneal nerve neuropathy, and the sen-
sory examination is also consistent with this 
conclusion.

An approach to evaluating a patient with sus-
pected polyneuropathy is demonstrated in 
Fig. 32.1. Characterizing the patient’s symptoms 
can help diagnose and characterize different 
types of polyneuropathy, which can inform fur-
ther testing to refine the differential diagnosis. 
One should first characterize whether the symp-
toms are sensory, motor, autonomic, or a combi-
nation of these. In addition, the pattern of 
involvement, onset, and progression of symp-
toms can suggest categories of causes of symp-
toms. Finally, as one would do for the evaluation 
of polyneuropathy, inquiring about red flags 
associated with atypical causes is necessary. 
These are also listed in Fig.  32.1 and include 
acute or subacute onset, relapsing or remitting 
course, marked asymmetric pattern of pain, con-
comitant cranial nerve deficits, and upper extrem-
ities being more severely affected than lower 
extremities. The presence of these could suggest 
immune-mediated, vasculitic, neoplastic, or 
paraneoplastic causes. The presence of these his-
torical signs in a neuropathy, rather than a radicu-
lopathy, should lead to prompt neurological 
referral and additional investigations, including 
electro-diagnostic testing and serology. Lumbar 
puncture, expanded serologic evaluation, and a 
potential nerve or muscle biopsy are possible 
additional considerations.
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This patient’s history and examination is 
suggestive of asymmetric bilateral peroneal 
neuropathy, with features suggestive of an 
inflammatory cause such as mononeuritis mul-
tiplex. Further diagnostic testing will be needed 
to determine the cause. A list of diagnostic 
considerations for asymmetric or the beginning 
of a multifocal neuropathy is listed in 
Table 32.1.

 How Is Diagnosis Confirmed?

The differential diagnosis based on this patient’s 
history is confirmed by pertinent diagnostic 
 testing. Imaging of the affected extremity, such 
as an MRI, is an option should a structural cause 

be suspected. Electro-diagnostic testing, includ-
ing electromyography and nerve conduction 
studies with an experienced provider, is neces-
sary to confirm and characterize the diagnosis of 
nerve pathology. It allows insight into the sever-
ity of the process and whether the process is pri-
marily related to axon degeneration or peripheral 
demyelination. Findings of demyelination are 
not consistent with vasculitic neuropathy. This 
information further informs the likelihood of 
certain diagnoses, as well as prognosis and tim-
ing of treatment. Initial evaluation and selected 
additional labs to consider are listed in 
Table 32.2. Given the morbidity associated with 
systemic vasculitis, as well as its long-term 
treatment with immunosuppressant, nerve/mus-
cle biopsy is important for definitive diagnosis 

HISTORY

GENERAL

-Inspection -Strength
-Sensation

-Reflexes
-Gait

-Dermatologic

-Cardiopulmonary

-Active, passive range of motion
-Palpation
-Specific maneuvers, e.g. Mulder’s
 test

MUSCULOSKELETAL: NEUROLOGIC

EXAMINATION

NEUROLOGICAL CAUSES

PERIPHERAL
NERVE:

DERMATOMAL:

MRI, EMG

Ex: diabetic
polyneuropathy,
compressive
neuropathy

-ex: 
lumbar radiculopathy
(single dermatome),
lumbosacral
plexopathy (multiple
dermatomes)

MRI, US, EMG

-ex: Morton’s
neuroma, tumor

-ex: stress fracture,
plantar fasciitis,
tendinitis, tarsal tunnel
syndrome

MRI, CT, X-ray, US Doppler US

LOCALIZED:

Labs, EMG/NCS,
Skin biopsy

MUSCULOSKELETAL: VASCULAR:

NON-NEUROLOGICAL CAUSES

-ex: peripheral
vascular disease

Fig. 32.1 Approach to polyneuropathy
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in the evaluation of a suspected vasculitic 
neuropathy.

In this case, electro-diagnostic testing per-
formed in the patient showed findings consistent 
with moderate-to-severe asymmetric bilateral 
axonal peroneal neuropathies, left worse than 
right, raising concern for a mononeuritis mul-

tiplex pattern. Initial workup showed normal 
hemoglobin A1c, elevated erythrocyte sedimen-
tation rate and C-reactive protein, a negative 
antinuclear antibody, negative hepatitis B and 
C testing, negative rheumatologic markers, and 
otherwise unremarkable labs. A nerve biopsy 
was ultimately pursued, which demonstrated 

Table 32.1 Differential diagnosis of asymmetric or multifocal neuropathy [30, 31]

1. Vascular/ischemic 3. Mechanical
  Vasculitis   Multiple injuries or burns
   Primary systemic vasculitis   Entrapment syndromes
    Microscopic polyangiitis   Wartenberg’s migratory sensory neuritis
    Polyarteritis nodosa 4. Infections
    Granulomatosis without polyangiitis   Viral disease: HBVa, HCVa, HIVa, VZV, CMVa, 

WNV, HTLV-1a

    Granulomatosis with polyangiitis   Lyme diseasea

    Eosinophilic granulomatosis with polyangiitis   Tuberculosis
    Essential mixed cryoglobulinemia   Leprosya

   Vasculitis secondary to other connective tissue disorders   Other
    Rheumatoid arthritis 5. Neoplastica

    Systemic lupus erythematosus   Direct infiltration
    Sjogren’s syndrome   Paraneoplastic syndromes
    Systemic sclerosis   Tumor compression
    Dermatomyositis   Primary AL amyloidosis
    Mixed connective tissue disease   Intravascular large B-cell lymphoma
    Hypocomplementemic urticarial vasculitis syndrome   Lymphomatoid granulomatosis
   Non-systemic vasculitides   Acute leukemia
    Non-systemic vasculitic neuropathy 6. Genetic
    Diabetic radiculoplexus neuropathy   Charcot Marie Tooth variants
    Localized cutaneous or neuropathic vasculitis   Krabbe disease
  Sickle cell anemia   Tangier disease
  Thrombophilic or hemophilic states   Porphyria
  Idiopathic thrombocytopenic purpura   Hereditary neuropathy with liability to pressure 

palsies
  Embolic causes   Mitochondrial disorders
   Cholesterol emboli   Familial amyloid polyneuropathy
   Atrial myxoma 7. Drug-induceda

   Infective endocarditis   Antibiotics: penicillin, sulfonamides, minocycline
2. Inflammation/Immune-mediated   Interferon-alpha
  Sarcoidosisa   TNF-alpha inhibitors
  Behcet’s diseasea   Montelukast and leukotriene receptor antagonists
  Guillain-Barre variants   Amphetamines
  Multifocal motor neuropathy   Cocaine
  Lewis-Sumner syndrome   Heroin
  Inflammatory bowel diseasea   Others
  Other

aOccasionally associated with vasculitis
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mononuclear inflammatory cells with associated 
fibrinoid necrosis of the vessel wall consistent 
with vasculitic neuropathy. After rheumato-
logic consultation, it was determined that there 
was no other organ involvement and he did not 
meet diagnostic criteria for polyarteritis nodosa 
or other systemic vasculitides. Therefore, his 
diagnosis was determined to be mononeuritis 
 multiplex as a consequence of non-systemic vas-
culitic neuropathy.

 What Is the Pathophysiology of This 
Condition?

The pathophysiologies of immune-mediated neu-
ropathies are varied, as are those of the different 
vasculitides. Vasculitis as a disorder can be either 
systemic, affecting multiple organs, or localized 
to the nervous system. When neuropathy occurs 

in absence of a systemic vasculitis, this is referred 
to as non-systemic vasculitic neuropathy 
(NSVN). NSVN is the most commonly reported 
vasculitic neuropathy [2–4]. Systemic vasculitis 
can be a primary disorder, related to inflamma-
tion of small, medium, or large blood vessels. For 
example, neuropathy can affect 60–70% of 
patients with polyarteritis nodosa and eosino-
philic granulomatosis with polyangiitis, whereas 
it can affect 40–50% of patients with microscopic 
polyangiitis [5]. In addition, vasculitis can be 
secondary as a result of infections, drugs, and 
cancers. No specific trigger can be found for 
some.

Primary vasculitic neuropathies represent a 
group of heterogeneous disorders, each with dif-
ferent mechanisms that may not be completely 
understood for each disease. For example, micro-
scopic polyangiitis and non-systemic vasculitic 
neuropathy are caused by separate mechanisms 
involving anti-neutrophilic antibodies and com-
plement pathways, respectively [6]. Whether 
immune complex deposition in vessel walls leads 
to an inflammatory cascade, or cell-mediated 
immunity by T-cell pathways leads to vessel wall 
injury, the final common pathway leads to isch-
emic injury of nerves. Damage of the vasa nevo-
rum, particularly epineurial arteries, leads to 
ischemic injury and resultant degeneration of 
axons [7].

 How Is This Problem Managed?

The primary focus of treatment in immune- 
mediated (including vasculitic) neuropathy is 
based on treating underlying inflammation. 
Treatment of other primary systemic vasculiti-
des is used to guide treatment based on paucity 
of randomized clinical trials for NSVN. This 
often involves immunosuppressive agents such 
as glucocorticoids, cyclophosphamide, ritux-
imab, azathioprine, and methotrexate. The 
approach to treatment, including in NSVN, 
involves two phases. First, remission-induction 

Table 32.2 Laboratory and imaging evaluation when 
immune-mediated neuropathy is suspected [30, 31]

Routine Second line
Complete metabolic panel 
(electrolytes, urea, 
creatinine, liver function 
tests)

Anti double-stranded DNA 
antibody, anti-Smith 
antibody, cyclic 
citrullinated peptide 
antibodies

Complete blood cell count 
(for anemia or 
eosinophilia)

Sinus X-ray

Serum protein 
electrophoresis

Chest CT

Urine protein 
electrophoresis

Anti-SSA/SSB, Schirmer 
test

Hemoglobin A1c or 2-hour 
glucose tolerance test

Angiotensin-converting 
enzyme level

Chest X-ray Porphyria screen
Erythrocyte sedimentation 
rate, C-reactive protein

HIV, West Nile virus, 
Lyme disease, 
cytomegalovirus

Hepatitis B and C 
serologies

Lumbar puncture and CSF 
analysis

Antinuclear antibody, 
antineutrophil cytoplasmic 
antibody, rheumatoid 
factor

Paraneoplastic antibodies

Cryoglobulins, C3, C4 Imaging for malignancy
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therapy is meant to stop inflammatory damage 
from continuing acutely to sub-acutely, usually 
with corticosteroids. This can be accomplished 
with monotherapy of prednisone 1 mg/kg daily 
with prolonged taper. Combination therapy with 
a second agent, such as azathioprine or myco-
phenolate mofetil, can also be used for addi-
tional effects seen later in the course on 
induction and remission. The choice of whether 
to use a second agent in the acute phase depends 
on the severity of disease. For example, less 
intense agents such as methotrexate or myco-
phenolate mofetil can be added for milder cases, 
and plasma exchange can be substituted in for 
severe cases [8].

After induction therapy, maintenance ther-
apy involves continued treatment with these 
medications for at least 18–24 months with the 
aim of reducing the likelihood of clinical 
relapses. Escalation in the intensity of regimen 
(such as addition of plasma exchange, IVIG) is 
guided by the initial severity as mentioned pre-
viously, or also the response to less intense 
therapy. Treatment with maintenance immuno-
suppression with tapering corticosteroids and a 
second agent (azathioprine, methotrexate, 
mycophenolate mofetil, cyclophosphamide, 
etc.) is continued until remission has been 
achieved. If there is associated hepatitis B or C 
infection, treatment with antivirals is war-
ranted, with timing of treatment determined on 
a case-by-case basis.

Multidisciplinary teamwork between neurol-
ogy and rheumatology is important in vasculitic 
neuropathy. Management of immune-mediated 
neuropathy is focused on supportive care as well 
as its underlying cause. Physical and occupa-
tional therapy is helpful for recovery in pres-
ence of sensory and motor deficits. Management 
of analgesic treatment is warranted for pain 
associated with vasculitic neuropathy. Several 
medication classes are options for pain control, 
including anticonvulsants, tricyclic antidepres-
sants (TCAs), serotonin-norepinephrine reup-

take inhibitors (SNRIs), and opioids, which are 
to be discussed later in this chapter. It is impor-
tant to note that symptomatic treatment of pain 
in these conditions is often not based on large, 
randomized controlled trials for each separate 
disease process resulting in neuropathy. Instead, 
symptomatic treatment of pain is often bor-
rowed by successful treatments in studies domi-
nated by more common neuropathic pain 
conditions such as painful diabetic neuropathy 
or post-herpetic neuralgia [9–11]. Please refer 
to prior chapters on diabetic neuropathy for fur-
ther information.

As mentioned previously, the strength of evi-
dence for treatment specific to NSVN is subopti-
mal. More importantly, it is worth noting that 
these trials for primary systemic vasculitides are 
often not focused on neuropathy or appropriate 
measurements of efficacy in neuropathy. 
Therefore, their efficacy is extrapolated for vas-
culitic neuropathy and cannot be definitively 
relied on [12]. Consultation with a rheumatolo-
gist or neurologist is warranted in immunosup-
pressant management.

In summary, treatments are often individual-
ized based on disease process, severity, and 
patient factors. Either corticosteroid monother-
apy or combination with another immunosup-
pressive agent is used in a higher dose induction 
phase, followed by tapering doses over a main-
tenance period. Urgent consultation for treat-
ment regimens with rheumatology or neurology 
is warranted based on the organ systems 
involved.

 What Is the Prognosis of This 
Condition?

The prognosis of a neuropathy depends on its 
cause and its mechanism. As a general principle, 
nerve injury resulting in axonal damage has a 
longer recovery time than damage from demye-
lination. As vasculitic neuropathy is axonal in 
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nature, this underscores the need for prompt 
diagnosis and treatment to mitigate damage with 
prolonged consequences.

NSVN rarely spreads beyond the peripheral 
nervous system to other organs. The relapse rate 
is estimated to be 30% after treatment is started 
[13]. The prognosis is good in those who receive 
treatment. In a cohort study, approximately 13% 
of treated patients become asymptomatic, and 
68% have mild or moderate symptoms while 
remaining independent and ambulatory [14]. 
Mortality is noted to be approximately 10% at 
5  years [14]. Chronic pain is common and 
ranges from 37 to 60% of patients who are 
treated [14, 15].

 Discussion

 Prevalence

The epidemiology of NSVN is poorly studied, 
but it can be estimated based on studies of sys-
temic vasculitides. The annual incidence of 
primary and secondary vasculitis was 140 
cases per million people in a Spanish study. 
Primary systemic vasculitis represented 82 
percent of these cases, [16] with the most com-
mon secondary vasculitis resulting from con-
nective tissue disease. A separate Parisian 
study estimated the prevalence of individual 
primary systemic vasculitides, finding a range 
from 10 to 31 per 1,000,000 adults for each 
disease process [17]. For example, most com-
mon disease was polyarteritis nodosa, with 
prevalence of 30 per 1 million, followed by 
microscopic polyangiitis.

These studies do not account for the preva-
lence of neuropathy in these patients. 
Neuropathy is a common manifestation of some 
primary and secondary vasculitides. As an 
example, it occurs in approximately 74% of 
PAN patients, [18] most commonly resulting in 
a mononeuritis multiplex pattern. The most 

common vasculitic neuropathies include NSVN, 
microscopic polyangiitis, and polyarteritis 
nodosa [2]. It is not uncommon for painful 
asymmetric neuropathy to be a presenting 
symptom for these disorders and the majority of 
presentations of NSVN. [14]

 Differential Diagnosis

The use of the history and physical is important 
to accurately determine whether symptoms are 
related to a polyneuropathy, mononeuropathy, 
radiculopathy, or other neurologic process. The 
differential for polyneuropathies and 
 radiculopathies is beyond the scope of this chap-
ter. A differential diagnosis for asymmetric or 
multifocal neuropathy is listed in Table 32.1.

Compressive or multifocal mass lesions or 
burns should not be missed on history or diagnos-
tic testing. Non-compressive causes can result 
from inflammation, infection, degeneration, and 
infarction. A more detailed list of diagnostic con-
siderations for asymmetric or multifocal neurop-
athies is listed in Table 32.1. Underlying diabetes, 
gammopathies, or alcoholism can result in asym-
metric nerve dysfunction, but more classically 
causes a distal, symmetric polyneuropathy. Non- 
compressive causes can also result from inflam-
matory insults such systemic vasculitides. 
Primary vasculitic disorders associated with neu-
ropathy include polyarteritis nodosa, microscopic 
polyangiitis, ANCA-associated vasculitis, among 
others. Systemic vasculitides can also result sec-
ondarily from connective tissues disease (such as 
rheumatoid arthritis or systemic lupus erythema-
tosus), sarcoidosis, infections, drugs, or malig-
nancy. Finally, non-systemic vasculitis of the 
peripheral nervous system is a syndrome with 
peripheral nerve vasculitis without clinical or 
laboratory evidence of another systemic vasculi-
tis. Diabetic neuropathic injury, if asymmetric, 
classically results in an asymmetric radiculo-
plexus neuropathy, but it can rarely cause 
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individual nerve injury. Once considered a sepa-
rate entity, diabetic radiculoplexus neuropathy 
(also known as diabetic amyotrophy) is classified 
as a form of NSVN.

It is worth noting that an acute or subacute 
mononeuropathy can sometimes be the initial 
phase of mononeuritis multiplex, a syndrome that 
requires an expedited evaluation to reveal the 
underlying cause, many of which are listed in 
Table 32.1.

 Predictive Value of Different Clinical 
Features (Both on History 
and Physical Exam) and Lab Testing/
Imaging

Neuropathy secondary to vasculitis presents 
focally (over a peripheral nerve distribution) and 
painfully over an acute to subacute time period. 
There have been limited studies, often small 
case-control or retrospective cohort studies, 
which have addressed predictors of a vasculitic 
neuropathy. For example, pain is a particularly 
sensitive finding in vasculitic neuropathy, which 
occurs in 90% of patients [14]. Rapid onset, 
defined as symptom onset less than 1 month from 
biopsy, was poorly sensitive and 100 percent spe-
cific in one small retrospective study of 40 
patients [19].

The most common pattern of involvement is 
classically mononeuritis multiplex (multiple 
mononeuropathies), but plexopathy and distal 
sensorimotor polyneuropathy can also occur. 
Asymmetry or multifocal involvement (either 
clinically or by electrodiagnostics) is common 
due to characteristic patchy involvement and is 
one of the more specific characteristics [20–22]. 
However, due to varying EMG definitions and 
small sample sizes, precise estimates of specific-
ity are difficult to assess. In addition, as the neu-
ropathy progresses and more nerves are affected, 
the overall pattern may look similar to a distal 
length-dependent polyneuropathy.

Just as clinical and electrophysiological data 
is not completely sensitive or specific to vascu-

litic neuropathy, laboratory data also has consid-
erable overlap with other diagnoses. Elevated 
erythrocyte sedimentation rate and C-reactive 
protein were studied in two small studies and 
were at least sensitive for vasculitis, although 
they were not specific to this diagnosis [19, 23]. 
In addition, this does not distinguish between 
causes of vasculitic neuropathy, other neuro-
pathic disorders that would result in elevated 
markers, and elevation due to other chronic con-
ditions. No other laboratory or radiographic find-
ings have been studied that have reliable 
predictive value for NSVN. There are additional 
clinical and laboratory data that, conversely, have 
low association with NSVN and systemic vascu-
litic neuropathy. These include demyelination, 
CSF pleocytosis, CSF protein >110 mg/dL, and 
pure motor symptoms [24].

Arguably the most important diagnostic test 
is the nerve and muscle biopsy. One cohort 
study of 70 combined superficial peroneal 
nerve (SPN) and peroneus brevis muscle 
(PBM) biopsies classified biopsy samples as 
positive, suspicious, or negative for vasculitic 
neuropathy. A positive SPN/PBM biopsy had 
60% sensitivity for vasculitic neuropathy, 
while the group of positive or suspicious biop-
sies had a 86% sensitivity and 85% specificity 
[25]. The yield of sural nerve biopsy is less 
robust, [26] perhaps related to this nerve being 
less involved in vasculitic neuropathies. The 
combined nerve and muscle biopsy has also 
been questioned in terms of its yield over nerve 
biopsy alone [4, 25]. It is worth noting that 
these studies are not specific to NSVN and, 
therefore, the exact sensitivity for biopsy in 
NSVN can only be estimated imprecisely, 
some suggest approximately 50% [13].

While the sensitivity and specificity of biopsies 
are imprecise, the diagnosis of vasculitic neuropa-
thy often relies upon the use of histopathologic 
data to establish high confidence in diagnosis 
according to the Brighton Collaboration group 
[27]. In the absence of a classic clinical presenta-
tion with either classic electrodiagnostic or clinical 
exam findings, a biopsy is essential for diagnosis.
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 Strength of Evidence for Different 
Treatment Modalities

As previously mentioned, the evidence for spe-
cific treatments for NSVN is largely based on 
data from treatment of systemic vasculitis, 
although studies did not have reliable outcome 
measures for neuropathy or pain. Therefore, it is 
difficult to accurately extrapolate the quality of 
evidence for vasculitis confined to the peripheral 
nervous system.

Regarding analgesic treatment, evidence for 
specific agents can be borrowed from trials in 
more common neuropathic pain conditions, such 
as diabetic neuropathy or post-herpetic neuralgia. 
These medications include SNRIs, TCAs, anti-
convulsants, and consideration of opioid agents 
with consideration of risks and benefits. 
Discussion of the level of evidence supporting 
these agents can be found in a separate chapter on 
diabetic neuropathy.

As mentioned previously, treatment regimens 
for vasculitic neuropathy utilize corticosteroids 
with or without a second immunosuppressive agent, 
such as cyclophosphamide, rituximab, mycopheno-
late mofetil, or others. Specific regimens can be cus-
tomized to each individual patient and disease 
process, which is beyond the scope of this chapter. 
Rheumatologic or neurologic consultation is war-
ranted for creating treatment regimens.

Recognizing the heterogeneity of disease pro-
cesses, treatment regimens, and strength of evi-
dence surrounding each, in this case of NSVN, 
immunomodulatory treatment is unsurprisingly 
without strong evidence for specific regimen. A 
2007 Cochrane review of immunosuppressive 
treatment of non-systemic vasculitic neuropathy 
found no adequate randomized controlled trials 
[28]. Two retrospective cohort studies have ana-
lyzed corticosteroid monotherapy versus cortico-
steroid plus second-line therapy [14, 29]. One 
study demonstrated that combination (cyclo-
phosphamide plus steroid) therapy was more 
effective than corticosteroid monotherapy in 
achieving sustained improvement at 6 months in 
a cohort of 48 NSVN patients [14].

 Future Directions or Clinical Trials 
in Progress

Future study is warranted on specific treatment 
regimens for specific vasculitic disease entities, 
although the prevalence of individual disorders 
makes design of studies challenging. Registries, 
such as one from the UK and Ireland Vasculitis 
Study group, can be useful in the study and 
understanding of these disorders and their treat-
ments. Research continues to focus on the patho-
genesis of NSVN as it compares to other organ 
vasculitides.

 Conclusion/Summary

Non-systemic vasculitic neuropathy is an iso-
lated vasculitis of the peripheral nervous system. 
It is the most common of the vasculitic 
 neuropathies, which often results in asymmetric, 
painful sensorimotor deficits. History of asym-
metry, rapid progression, or other red flags could 
suggest a vasculitic process, which could result 
in significant morbidity if left untreated. It is par-
amount to evaluate if an underlying systemic vas-
culitis is contributing to avoid damage to other 
organ systems.

Diagnosis is based on history and exam 
findings, supported by laboratory data, and 
often needs confirmation by nerve biopsy. 
The prognosis of vasculitic neuropathy 
depends on the underlying cause and chronic 
pain is common. Control of neuropathic pain 
is possible with the similar agents as other 
neuropathic pain (TCAs, anticonvulsants, 
SNRIs), with consideration of opioids in 
select cases. In addition, control of inflamma-
tion with corticosteroids and immunosuppres-
sants is needed to prevent further progression, 
although the exact treatment regimen has not 
been rigorously studied in NSVN. 
Consultation with neurology or rheumatology 
is needed on an urgent basis. Further research 
is needed into optimal treatment regimens and 
mechanisms of injury.
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A 65-Year-Old Man with Leg Pain 
While Walking

Mary Leemputte and Sophy C. Zheng

 Case Description

A 65-year-old male nonsmoker with past medical 
history of scoliosis, diabetes type II, hyperten-
sion, hyperlipidemia, and depression/anxiety 
presents to the outpatient pain clinic with reports 
of left leg pain while walking.

He has been experiencing cramping pain in 
the buttocks, radiating down the lateral thigh to 
anterior shin on the left leg intermittently for the 
past year but significantly more frequently in the 
last 3  months. The symptoms are most pro-
nounced on walking and ease up on resting. He 
feels his legs get heavy and crampy prompting 
him to sit and take a break. He has rare episodes 
of pain down his right leg as well. The patient 
was previously able to ambulate one to two miles 
without difficulties but now has difficulty com-
pleting two blocks before  resting to relieve his 
symptoms. He reports occasional low back pain 
in the evening while he is lounging on the couch 
in addition to the leg pain. He previously had a 
left knee replacement with occasional residual 
knee pain and was told he has hip arthritis and 

had prior left knee replacement. He denies numb-
ness or tingling. He also denies any fevers or 
chills, redness, skin changes, or wounds. No falls 
or trauma noted around onset of pain and no 
recent travels.

A systematic physical examination reveals a 
morbidly obese male who appears his stated age. 
He walks with a minimally hunched gait. On 
inspection, no skin changes, swelling, or warmth 
noted in either leg. Mild scoliosis can be seen on 
inspection. Sensation is subjectively decreased in 
the left lateral thigh and anterior shin. Strength is 
4/5 in the left first toe compared to the right, oth-
erwise equal. Patellar and Achilles reflexes are 
symmetric 2+ and dorsalis pedis and posterior 
tibial pulses are equal bilaterally. Pain is repro-
duced with extension and lateral bending to the 
left. Bilateral axial loading is positive. Palpation 
of sacroiliac joint, FABERS, and internal and 
external rotations of the hips are negative.

 What Is Your Preliminary Diagnosis?

The patient’s clinical presentation of leg pain with 
walking has a broad differential diagnosis that 
includes spine-related pathologies and vascular 
and musculoskeletal causes. Patient’s symptom of 
crampy pain on walking is called intermittent 
claudication which could be vascular or neuro-
genic in origin. Vascular etiologies such as periph-
eral arterial disease should be  considered, 
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especially in an older individual with cardiovas-
cular risk factors (Table 33.1). One would expect 
not only pain with walking but also often improve-
ment of symptoms upon standing in such case. 
Physical exam findings may also include cool, 
shiny skin, distal extremity pallor on elevation, 
capillary refill, or nonhealing wounds [1]. 
Similarly, deep venous thrombosis should be sus-
pected in a patient with unilateral lower extremity 
pain, especially if risk factors are present.

Musculoskeletal pathologies including hip or 
knee osteoarthritis, sacroiliitis, or stress fracture 
may also cause similar unilateral symptoms 
sometimes that are exacerbated by activities. 
Frequently, physical exam findings such as posi-
tive FABER’s test and Ganslen’s maneuver 
would help confirm diagnosis of sacroiliac dis-
ease, and hip pain is frequently worse with inter-
nal rotation of the hip. Less commonly, knee pain 
from range of causes including arthritis to liga-
mentous injuries on the left side may cause 
referred hip or lower leg pain, although tender-
ness is often maximum around the knee joint and 
rarely extends in dermatomal distribution. 
Diabetic neuropathy is possible in a patient with 
poorly controlled diabetes and with subjective 
sensory changes that follow a sock distribution 
from distal extremity upward, often bilaterally.

A few key features should promptly raise 
the  suspicion of spinal stenosis. Of particular 
concern are age of the pateint (>50), his complain 
of leg heaviness with walking, worsening of leg 
symptoms significantly with back extension and 
radiation of pain/numbness or heaviness in a der-
matomal distribution down the legs. On physical 
examination, his wide-based, hunched gait is also 
important, as it often decreases pain [2]. Broadly 

speaking, spinal stenosis may be central which 
results in bilateral symptoms, or foraminal in 
nature which may result in symptoms only on 
one side. All these clinical findings are suggestive 
but diagnostic of lumbar spinal stenosis, which 
still requires confirmation.

 How Is the Diagnosis Confirmed?

The diagnosis of lumbar spinal stenosis requires 
evidence of anatomical reduction of the lumbar 
spinal canal as determined radiographically. 
However, studies indicate that up to 20% of 
asymptomatic patients have imaging consistent 
with the disease [1]. Many still rely on historical 
criteria published by Verbiest et  al., in which 
relative spinal stenosis occurs with 10–12 mm 
and absolute stenosis less than 10 mm. In vitro 
and in situ studies by Schonstrom et  al. have 
suggested that the diagnosis can be made with 
cross- sectional area of the dural sac. According 
to their criteria, stenosis above 70–80  mm2 is 
unlikely to be symptomatic [2, 3]. The lateral 
recess when less than 4 mm in AP dimension is 
considered significant. In either case, the diag-
nosis can only be confirmed after radiographic 
reports have been correlated with clinical 
symptomatology.

MRI is often considered standard in confirm-
ing diagnosis (Fig. 33.1). It can not only evaluate 
stenosis but also rule out other causes like com-
pression fracture, tumor, and infection. Also it 
can point out the etiology of stenosis like disc 
protrusion, facet joint hypertrophy or facet cyst 
causing lateral recess or foraminal stenosis, and 
extent of ligamentum flavum hypertrophy. This 
information is useful when planning for manage-
ment. MRI provides superior soft tissue differen-
tiation, including the nerve roots and disc versus 
bone material, and often demonstrates location of 
pathology. When MRI is contraindicated, CT 
may be used since it discriminates cortical bone 
from soft tissue, such as the ligamentum flavum 
[4]. Some reports indicate that the latter revealed 
smaller spinal canal areas [4]. With this in mind, 
MRI is often considered first line and would be 
appropriate for our patient.

Table 33.1 Diagnosis for leg pain

Neurogenic Vascular
Pain Neuropathic/nerve 

root based
Tissue/muscle 
ischemia

Distribution Buttock/legs Calf muscles
Relief Flexion of lumbar 

spine
Rest

Diagnosis MRI/CT Angiography
Pulses Normal Weak/absent
Back pain Yes (usually) No (usually)
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In cases for which the diagnosis is less clear, 
additional tests may be warranted. An A1c and a 
diabetic microfilament exam may be indicated to 
assess for diabetic neuropathy. Knee or hip osteo-
arthritis may be seen on X-ray, although patients 
may have both osteoarthritis and spinals stenosis 
simultaneously. Although in this case, physical 
examination was not fully consistent with PAD, 
ankle-brachial index may be performed with 
results <0.5 indicating critical ischemia [1]. The 
clinician may also consider Doppler ultrasonog-
raphy if exam suggests deep venous thrombosis. 
New research has also assessed the utility of elec-
tromyography measurements in those with inde-
terminate radiographic findings. Some studies 
suggest an association between mid-zone steno-
sis and abnormal EMG, but correlation with clin-
ical symptoms remains indeterminate [5].

 What Is the Pathophysiology of This 
Condition?

Lumbar spinal stenosis is commonly explained 
on the basis of physical narrowing of the space 
around the nerves. This may explain some clini-
cal features like worsening pain with extension 
and less pain with flexion, but not many other 
features. There is no correlation between the 
severity of stenosis on MRI and severity of symp-

toms. Many patients with severe stenosis of MRI 
are even asymptomatic. It has also been shown 
that the severity of stenosis on MRI does not even 
correlate with abnormal EMG findings. This lack 
of correlation between stenosis and clinical fea-
tures explains lack of benefit in many patients 
after decompressive surgery.

MRI studies reveal venous dilatation proximal 
to stenosis pointing toward a physical component 
to the pathology. Some cadaveric studies reveal 
thickening of meninges around the nerve roots 
revealing an arachnoiditis-type pathology possi-
bly from chronic compression; histopathological 
studies have revealed loss of axons and demye-
lination of large fibers in the involved nerve roots. 
There is suggestion of microcirculatory distur-
bance from endothelial dysfunction around the 
nerve roots, damaged blood–brain barrier, and 
poor CSF flow around the nerve roots, all con-
tributing to poor health of nerve roots. The role of 
inflammatory mediators like IL-1 and tumor 
necrosis factor in mediating pain is also very 
likely as can be seen from good response to ste-
roid injection in many cases.

Spinal stenosis is classified as primary, when it 
results from congenital pathology or postnatal 
abnormalities. More often etiology is secondary 
or acquired, as majority of the cases results from 
spinal degeneration or less commonly from 
infection, surgery, or trauma [3]. Of these, 

Fig. 33.1 Sagittal image on the left indicates spinal ste-
nosis at L4–L5. Cross-sectional image on the right indi-
cates that this stenosis is asymmetric to the left, and with 

combination of facet arthrosis, there is compression of the 
exiting left L5 nerve root consistent with the patient’s 
symptoms
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chronic degeneration represents the most typical 
cause and may occur at the level of the central 
canal, lateral recess, or foramina.

Central stenosis may result from hypertrophy 
of the ligamentum flavum caused by chronic 
mechanical stress. Studies suggest that fibrosis 
along the dorsal ligamentum flavum may be 
linked with transforming growth factor (TGF)-β 
released from endothelial cells, as well as inter-
leukin (IL)-1β [3]. Decreased disc height may 
also cause anteroposterior or transversal loss of 
diameter, likewise resulting in central stenosis. 
Stenosis also occurs at the lateral recess due to 
degenerative changes, including facet joint hyper-
trophy with or without spondylolisthesis, verte-
bral endplate osteophytosis, and decreased disc 
height. Foraminal stenosis may result from both 
anteroposterior and vertical narrowing. The for-
mer results from disc space narrowing and exten-
sion of structures anterior to the facet joint 
capsule. Vertical stenosis is often due to vertebral 
endplate protrusion, lateral annulus fibrosis, or 
herniated discs compressing the nerve root along 
the superior pedicle. Of note, foraminal stenosis 
occurs most commonly at the L5 nerve root, as 
the L5-S1 foramen is smaller relative to root area 
[3]. While many patients exhibit generalized 
degeneration at multiple levels, those with central 
stenosis are more likely to exhibit bilateral radicu-
lopathy as irritation and compression of both left 
and right dorsal nerve roots are impacted. Those 
with degeneration at the lateral recess or foramen 
experience greater compression unilaterally.

Unique in the presentation of spinal stenosis is 
a dynamic component in which positional changes 
may significantly alter anatomy. Central canal 
space may decrease with extension and with load-
ing. Similarly, foraminal stenosis will increase 
12% with flexion and up to 15% with extension 
[6]. These changes are important in that they 
reflect the dynamic clinical presentation, namely 
pain with extension and with standing.

 How Is This Problem Managed?

Once appropriate imaging has been obtained, the 
physician should assess patient goals to facilitate 

appropriate treatment planning. The management 
of this condition is very personalized. Many 
patients have other comorbid conditions and 
many of them may not be mobile because of 
other issues. Most patients intuitively mange 
themselves by altering their activity, posture, and 
or using walking-assist devices to ambulate 
longer.

Physical therapy has been proposed for those 
with spinal stenosis, although few studies investi-
gate its role as a sole intervention. Researchers 
suggest that it may protect against the further 
deconditioning that patients often experience in 
response to pain and may improve perceived 
recovery, although changes in pain or function 
are indeterminate [7].

In the  SPORT study, subjects who received 
physical therapy along with other conservative 
therapies, in general, did well and were less likely 
to require surgery. The interventions are focused 
on improving range of motion, strengthening 
core and leg muscles, and posture training – all to 
stabilize lumbar spine and minimize lumbar lor-
dosis. Improved activity may promote cardiovas-
cular health and weight loss which is much more 
beneficial in the long run.

There is no proven effective pharmacological 
therapy. First-line options for those with moder-
ate symptoms may include oral medications, 
physical therapy, and bracing. Neuropathic med-
ications, NSAIDs, and muscle relaxants are 
often used. In patients with refractory symp-
toms, opioids may be added as adjunct as well 
[8]. However, as many patients are over 
50–60 years old, these medications are not with-
out risk. Gabapentin improved walking distance 
in one study that was unblended, results of which 
could not be reproduced. In a different  retro-
spective study, gabapentin showed improvement 
in quality of life when patients were interviewed 
using QOL-5 questionnaire. In another observa-
tional study, pregabalin up to 150mg per day was 
given to 57 patients with leg pain more than 3. 
Of the 57 patients, 10 became pain free, 22 
 experienced  pain to less than 2/10, and 15 
reported pain was 3 or less. As a result, gabapen-
tinoids are considered an essential part of con-
servative treatment. Studies in general suggest 
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that they produce improved clinical outcomes 
compared with NSAIDs, including improved 
walking distance, recovery of sensory deficit, 
sleep, and improvement in pain scores [3, 9]. 
However, as with all conservative treatments, it 
is likely most beneficial in those with milder 
symptoms [10].

The use of epidural steroid injections for spi-
nal stenosis has emerged as an important topic, as 
spinal stenosis accounts for up to 30% of all epi-
dural steroid injections [11]. Delport et al. have 
reported improvements in pain scores in those 
receiving epidural steroids [3]. Further studies by 
Abdi et al. have indicated significant short-term 
relief defined as <6 weeks but variable long-term 
benefits [11]. Not surprisingly, there is no corre-
lation between the severity of stenosis and 
response to steroid injection. Most studies and 
meta-analysis find short-term relief from steroid 
injection. A Cochrane review found no benefit of 
injection calcitonin in the epidural space.

Surgical decompression is considered a defi-
nite treatment when patient fails to respond to 
conservative interventions or is showing signs of 
nerve damage. Surgical interventions range from 
minimally invasive to open decompression with 
fusion. Unfortunately there are no guidelines on 
who will benefit from which type of surgery. In 
the 2016 Cochrane meta-analysis of surgical 
intervention versus non-surgical management, 
there was no clear benefit for surgery. The authors 
attributed this to lack of standardization in evalu-
ation, patient selection, surgical management, 
and outcome reporting. The Spine Patient 
Outcome Research Trial (SPORT) revealed that, 
patients who opted for surgery had better pain 
control at year 2 but not much better functional 
status. The Main Lumbar Spine Study found that 
patients who predominantly have leg pain 
from spinal spinal stenosis tends to do better with 
surgical decompression compared to non-surgical 
interventions in the short-term.

Interestingly, spinal stenosis is a leading indi-
cation for spine surgery in older adults. Most 
commonly, the procedure involves a decompres-
sive laminectomy with the goal of removing 
nerve root irritation with resulting success rates 
of 45–72% [12]. For those with multilevel pathol-

ogy or malalignment of the vertebrae, some sur-
geons pursue concurrent fusion to avoid 
instability. The SPORT trial compared laminec-
tomy to NSAIDS, exercise, and education. A 
small improvement in pain was seen at 2 years 
with surgical intervention [13]. Thus, these large 
studies show moderate improvement, but results 
vary based on outcome measured. In general, 
one-third of patients do not fare well after sur-
gery, despite careful selection.

There are quite a few procedures on the mar-
ket to target this condition, including a percuta-
neous or minimally invasive decompressive 
procedure. Their attraction stems from the fact 
that these can be done with minimal sedation and 
do not require post-procedure admission or rehab 
making them much cheaper and with much lower 
complication rates.

Minimally invasive lumbar decompression 
(MILD) is meant to decompress central spinal 
stenosis due to ligamentum flavum hypertrophy. 
It is an image-guided procedure, in which using a 
5  mm cannula, ligament flavum is partially 
removed to improve central canal space. In a 
2014 meta-analysis of available studies, Kreiner 
et  al. found statistical improvement in 
Oswestery  Disability  Index (ODI) and 
Visual Analogue Score (VAS) after the treatment 
[14]. But they found these studies to be of low 
quality and heavily sponsored by industry. Per 
CMS insistence, the safety of the procedure was 
evaluated over a 2-year period. The data was pub-
lished in 2018. It was found that patients fol-
lowed over 2  year demonstrated no higher 
incidence of spinal instability and improvement 
in pain score and ODI was maintained for 2 years.

FDA has also approved interspinous process 
spacer as implantable device to treat spinal steno-
sis. Two such devices are X-STOP and Spurion. 
The devices work by introducing some kyphosis, 
limiting extension but permitting flexion of the 
lumbar spine. When compared to epidural steroid 
injection in 191 patients with mild to moderate 
symptoms, X-STOP provided long-term 
improvement. When compared to decompressive 
laminectomy, the devices have less complication, 
are cheaper, and have lower 90-day complica-
tions, but at 1 year have higher reoperation rates.
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Neuromodulation therapy has also been pro-
posed for nonsurgical candidates not responding 
to conservative therapy. In one study, 91 patients 
underwent spinal cord stimulation trial; among 
them, 60 patients responded with 50% improve-
ment and 41 opted for permanent implant. They 
were followed up for a mean of 34.5  months 
(+/−22  months). Thirty-nine patients continued 
to show 50% or more pain relief.

 What Is the Prognosis of This 
Condition?

The  Spinal stenosis course is very  variable. In 
an  observational  study where patients who 
refused surgery were followed for years, revealed 
a pattern of  fluctuating symptoms with many 
patients showing improvement without any inter-
vention. In another study with patients with neu-
rogenic claudication and myelographically 
proven lumbar spinal stenosis, symptoms 
remained unchanged in 60% of the patients. 
The Maine Lumbar Spine Study also found that if 
a patient opts to delay surgery when indicated, 
he/she still gets equal benefit from it when he/she 
again opts for it. That is, delaying surgery does 
not cause any harm.

Research indicates approximately half of 
patients remain clinically stable, with one-fourth 
exhibiting improvement and one-fourth exhibit-
ing worsening [6]. According to the North 
American Spine Society categorization, 30–50% 
of patients with mild to moderate symptoms 
experience a promising course [6]. However, the 
clinical outcomes of those who present with 
severe symptoms require further investigation.

 Discussion

Lumbar spinal stenosis was first described by the 
Dutch surgeon Henk Verbiest in 1954. He in a 
series of seven patients ascribed symptoms of 
claudication to spinal stenosis. Spinal stenosis is 
a disease of old age, and with changing popula-
tion, its incidence is bound to increase. Currently, 
more than 1 million physician office visits are 

due to lumbar spinal stenosis. About 89,000 lam-
inectomies were performed for neurogenic clau-
dication in 2009. Recent work has attempted to 
elucidate the prevalence of spinal stenosis. 
The Framingham Heart Study cohort revealed that 
only 20% of those under 40 years qualified for 
acquired stenosis compared 47.2% of those who 
were 60–69 years. Of note, those with a 
CT-derived absolute diagnosis were more likely 
to experience back pain [6].

The prevalence is higher in female compared 
to male. In age 70 or older, prevalence of spinal 
stenosis is 40–50% in females compared to 
20–30% in males.

Patients with spinal stenosis represent an 
increasingly relevant cohort within the United 
States. Recently, the fastest growth in lumbar sur-
geries occurred in patients with spinal stenosis 
[1]. As discussed, some studies highlight the 
advantage of surgical intervention with focus on 
decompressive laminectomy over conservative 
treatment. As complex fusion procedures are per-
formed on an aging population with growing 
medical comorbidities, further work is indicated 
to determine which patients best qualify for 
which procedures [1]. Thus, a thorough risk- 
benefit discussion weighing possible complica-
tions should be encouraged with each patient 
presenting clinically. The disease can cripple sig-
nificant portion of older population. Even in 
those who seem to benefit from surgery, the 
effects tend to wear off with time. The benefit of 
repeat surgery is less clear and more complicated 
as older patients tend to have less favorable health 
for a more cumbersome repeat surgery.

Study of the predictive value of clinical symp-
toms has yielded results proposing high risk of 
diagnosis in those >60 years, symptoms for over 
6 months, exacerbation with extension, exacerba-
tion with standing, symptoms that occur with 
walking, and improvement with rest [15].

While no one treatment regimen has been con-
sistently validated in long-term data, conserva-
tive regimens may be attempted for those with 
mild symptoms.  Moderate to severe spinal 
 stenosis is more likely to be symptomatic and rep-
resents the most common indication for epidural 
steroid injection [3]. Surgical treatments include 
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decompressive laminectomy and spinal fusion. 
With the potential for protracted course and sig-
nificant disability, spinal stenosis remains an 
important consideration for future investigation 
in an attempt to pair the appropriate patients with 
the most optimal interventions.

 Conclusion/Summary

Spinal stenosis represents a dynamic decrease in 
the anatomic space afforded by the spinal canal, 
whether at the central canal, lateral recess, or 
foramina. Typically, this results from chronic 
degeneration of the spine and is seen in older 
individuals. Diagnosis includes radiographic evi-
dence of such anatomic narrowing but is largely 
based on correlation with patient history and 
physical exam findings. Because the natural his-
tory of spinal stenosis may be difficult to predict, 
the physician should facilitate shared decision- 
making when assessing goals of treatment.
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Lower Back Pain in an Elderly 
Patient

Hassan Aboumerhi and Tariq Malik

 Case Description

A 70-year-old man presents to your clinic with 
long-standing back pain that has got worse in the 
last 3 months after a hiking trip. He describes his 
pain as intense and achy that is partly relieved by 
resting, but worse with bending, twisting, and when 
standing from sitting position. . He denies any bal-
ance problem or fear of falling. The patient adds 
that his pain shoots down the both legs but not 
below the knees. He denies any weakness or abnor-
mal sensation. The patient denies an inciting event 
or trauma. The patient also denies bowel or urinary 
incontinence. He had similar but much milder flare-
ups in the past but they were all self-limited and 
responded to nonprescription medications. This 
time he has tried oral acetaminophen and ibuprofen, 
but has only been able to obtain minimal relief.

 What Is Your Preliminary Diagnosis?

The patient has pain of long-standing duration. 
There is absence of any red flags, i.e., history of 

weight loss, fever, major trauma, immunosup-
pression, or neurodeficit in his history. These all 
suggest that his pain is most likely from a degen-
erative process. Also his pain is worse with cer-
tain movements that stress the low lumbar spine. 
The fact that it does not radiate down the leg 
means that there is no nerve root irritation. For a 
70-year-old guy with low back pain (LBP), the 
most likely diagnosis is degenerative disc dis-
ease, facet arthropathy, and/or paravertebral mus-
cle pain.

 What Should We Look 
for in the Physical Examination 
of the Patient?

History is very suggestive that sensory motor 
examination is not affected at all. However, it 
should be objectively confirmed with physical 
examination. Focus would be on gait, balance, 
and range of motion of lumbar spine.

He has stable gait and good balance. He has 
good strength in his lower limb muscles and no 
evidence of muscle wasting. Straight leg raising 
test is negative; he has good range of lumbar flex-
ion in his lumbar spine, but extension of lumbar 
spine is limited and more painful than flexion. 
Sensory examination is unremarkable. There is 
no paravertebral tenderness. In the absence of 
any tender muscles, the pain is most likely from 
either the facet disease or the degenerative discs. 
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It is unlikely to be from sacroiliac joint as there is 
no history of trauma and pain is not unilateral; 
but no back pain disease process has any pathog-
nomonic clinical features.

 How Is Diagnosis Confirmed?

It is almost impossible to be certain of a diagno-
sis based on history and physical examination. 
Imaging is obtained to rule out infection, tumor, 
trauma, or inflammatory disorders, but rarely 
imaging confirms an etiology of a chronic pain 
disorder. Imaging can also evaluate the extent of 
degeneration as a marker of a disease process. In 
this patient, it is suspected that pain is either from 
lumbar degenerative disc disease or from facet 
arthropathy. MRI of the lumbar spine will be able 
to evaluate both apart from ruling any tumor pro-
cess since that is always a possibility at advanced 
age like this patient. Computed tomogram can 
also be used if MRI is not possible. Xray of the 
lumbar spine is must if MRI or CT spine cannot 
be done for one reason or another in an elderly 
patient who has worsening of his chronic back 
pain or a new onset back pain to rule out a malig-
nant process even though it is not as sensitive as 
the other two images mentioned above. Pain from 
facet disease is confirmed by performing medial 
nerve branch block at the suspected level. More 
than 75% pain relief after a properly done proce-
dure confirms the pain source is from these joints. 
In the absence of significant pain relief (less than 
50%), pain is most likely coming from the discs.

 What Is the Pathophysiology of This 
Condition?

Facet joints are synovial joints. They can be 
potentially afflicted by all the diseases that can 
affect a synovial joint. The pathogenesis involves 
degradation of hyaline cartilage from overactive 
proteases (collagenases, stromelysins, and gelati-
nases) and the failure of the chondrocytes to 
repair the loss caused by the proteases. 
Inflammatory cells release pro-inflammatory 
chemicals and enzymes that either initiate or 

accelerate the process of cartilage degradation. 
The exposure of the underlying subchondral bone 
results in sclerosis, followed by reactive remodel-
ing changes that lead to the formation of osteo-
phytes. Facet arthropathy is quite often preceded 
by degenerative disc disease. Loss of disc height 
may alter the mechanics that trigger the osteoar-
thritic changes in the facet joints.

 How Is This Problem Managed?

Once the diagnosis is established, it is important 
to find out the factors that potentiate the problem. 
The changes in the facet joint themselves are irre-
versible; hence, it is vital to focus on factors that 
can be modified. Comprehensive evaluation 
should include evalauting the biopsychosocial 
aspects of pain. The main goal is how to improve 
the pateint fucntional status instead of just focus-
sing on the pain score. Treatments may be con-
servative, interventional, or operative.

In general, patient is advised to try over-the- 
counter pain medications. This patient has 
already tried that. In that case the next step is to 
refer him to a physical therapy session to improve 
his biomechanics along with strengthening of his 
core muscles. The purpose of physical therapy 
sessions is to improve endurance of his core mus-
cles. Patient is informed that the improvement in 
pain takes time and there may be a temporary 
increase in pain for 1–2 weeks as he mobilizes 
his painful muscles. He is asked to come back for 
evaluation after 2 months.

 He Comes Back in Months After 
Completing His Physical Therapy 
and Still Has Pain. What Is the Next 
Step?

On close questioning, he admits that pain has 
gone better after physical therapy. He is ambulat-
ing better and sleeping better, but still low back 
pain is holding him back. He cannot play golf 
effectively and is missing on social events with 
his friends. You suggest that since he has failed 
conservative therapy, he should undergo diagnos-
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tic facet block injections, and if he gets good 
relief, he should undergo radiofrequency ablation 
of the facet joints nerves. He agrees with the plan. 
He undergoes radiofrequency ablation procedure 
after a successful diagnostic block and is satisfied 
with the outcome.

 What Is the Prognosis of This 
Condition?

This issue is generally age-related and its onset 
occurs exponentially more frequently in elderly 
patients. Its exact prognosis is unknown but since 
it is a degenerative disorder, once the joint 
develop the degenerative changes, the changes 
are irreversible. The pain from such joint is 
chronic, i.e, it would fluctuate but may not ever 
go away completely. The impact of pain on 
patients’ functionality can be minimized with 
multimodal therapy by addressing any worsening 
factors such as physical, mental, or environmen-
tal. It is a chronic pain disorder and requires life-
long effort on the part of patient and repeated 
denervation if needed.

 Discussion

The facet joints have long been recognized as a 
source of low back pain since Goldthwaite first 
reported that the facet joints could be a signifi-
cant source of back pain in 1911 [1]. Ghormley 
coined the term “facet syndrome,” in 1933, 
describing a low pain with or without leg pain 
after a rotational injury [2]. Hirsch published the 
first account whereby the injection of l-z joints 
reproduced patients’ back pain [3]. The preva-
lence rate of facet joint pain varies widely in the 
literature, ranging from less than 5% to more 
than 90%. The prevalence increases as the age of 
the populations studied increases.

The treatment of facet joint pain, like any 
other chronic pain condition, should consist of a 
multimodal approach comprising conservative 
therapy, medical management, procedural inter-
ventions, and, if indicated, psychotherapy [4, 5]. 
Conservative therapy is the first-line therapy and 

it usually involves myofascial manipulation 
along with non-opioid analgesics. No clinical 
studies have directly assessed the role of pharma-
cotherapy or non-interventional treatment for 
lumbar-facet mediated pain. Data is usually 
extrapolated from the several controlled studies 
evaluating conservative treatment for axial low 
back pain. Guided-exercise programs and yoga 
have shown to reduce pain and prevent relapses 
in patients with chronic axial low back pain. 
Chiropractic manipulation and acupuncture have 
also been shown in randomized trials to provide 
significant benefit in patients with chronic low 
back pain [6]. The data does not identify patients 
who will benefit the most from different treat-
ments. Quite often patients need frequent visits 
and cost becomes an issue.

Nonsteroidal anti-inflammatory drugs and 
acetaminophen are the first-line drugs widely 
considered for the treatment of LBP, with little 
evidence to support one particular drug over 
another [7–9]. Adjuvants have also been shown 
to be effective in relieving LBP. Schintzer et al. 
reviewed published clinical trials evaluating 
pharmacotherapy in low back pain and found 
strong evidence for the use of antidepressants for 
chronic LBP and muscle relaxants in acute back 
pain [10]. Untreated psychopathology can 
adversely affect low back pain treatment out-
comes. Features of depression, anxiety disorder, 
and substance abuse are quite prevalent in 
patients with chronic low back pain [11].

Weight loss is often advocated in these patients 
as being overweight contributes to degenerative 
disease and arthritis-related resultant pain.

Interventional treatment of facet-related pain 
begins with a diagnostic block. Diagnostic 
intraarticular or medial nerve branch block are 
considered the most reliable means to diagnose 
painful facets. Nerve block is in general preferred 
over intraarticular injection as leakage of injec-
tate into the surrounding area has higher potential 
to give false-positive result. Injections are com-
monly performed on two different occasions due 
to high incidence of false positive with single 
injection. There are multiple reasons for the high 
incidence of false positive of these blocks. False- 
positive results can be minimized by judicious 
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use of local anesthetic by numbing the needle 
track, avoiding use of opioids during the diagnos-
tic procedure, positioning properly the needle tip 
lower on the groove to avoid epidural spread, and 
keeping the volume of diagnostic solution less 
than 0.5 ml. It’s asserted that instead of selecting 
pateint who will benefit the most from radiofre-
quency ablation using diagnostic nerve blocks, 
performing the nerve ablation procedure on 
pateints using clinical criteria is economically 
more efficient. This may result in few patients 
getting the abltive procedure who will not benefit 
from it but oveall, skipping the diagnostic nerve 
block step is more cost effective.

The long-term relief of back pain, reported in 
uncontrolled studies, after intraarticular steroid 
injection is variable and ranges from 18% to 63% 
[12]. Relief has also been noticed after plain 
intraarticular LA alone as well as normal saline. 
In the controlled trials, the results were mixed. 
Studies using PET scan to evaluate facet joint 
disease found longer relief when steroids were 
injected as opposed to plain LA, indicating that 
in those subset of patients where inflammation is 
contributing to pain, steroid helps.

Radiofrequency denervation of medial nerve 
branch is an effective treatment for pain originat-
ing from the facet joints. A number of reviews on 
this subject have been done which may provide 
different level of evidence depending upon the 
studies included for analysis and also on the 
opinions of the reviewers [13–16]. In general, 
relief lasts from 6  months to 2  years with a 
median time of 10  months. Radiofrequency 
denervation lasts longer and is more reliable 
compared to pulsed radiofrequency technique 
and is backed by more robust clinical evidence. 
The technical aspects of radiofrequency merits 
close attention. Focus is on achieving a sizable 
lesion which requires proper needle gauge and 
proper needle alignment. Flouroscopic guidance 
is invaluable in proper needle placement. Sensory 
testing of reproducing pain at 0.5 V is not very 
reliable, but reproducing motor twitch of multifi-
dis muscles is a useful sign for proper needle 
placement. Twitch presence is good enough 
response and obtaining twitch at low voltage is 

not necessary. The radiofrequency ablation pro-
cedure can be repeated in future if and when the 
pain comes back at 6 months or longer interval 
and subsequent denervation provides equally 
long and extent of pain relief.

The evidence for intraarticular steroid injec-
tion and radiofrequency ablation of medial 
branch of dorsal ramus is weak to moderate at 
best; and for pulsed radiofrequency of these 
nerves to treat facet joint pain is not there at all 
and is now not recommended.

Facet interventions are low-risk procedures. 
Risk of infection is always there but has not been 
reported. Metabolic effects of repeated steroid 
injections cannot be discounted but have not been 
reported. Few cases of post-dural puncture head-
ache and intrathecal placement of local anesthetic 
have been reported after intraarticular injection. 
Numbness and/or dysesthesias after radiofre-
quency denervation are uncommon and tend to 
be transient and self-limiting [17–19]. Burns 
with radiofrequency procedures are possible and 
result from electrical faults, insulation breaks in 
the electrodes, or generator malfunction. The 
most common complication after facet joint 
radiofrequency is neuritis, with a reported inci-
dence of less than 5%. Administration of cortico-
steroid (methylprednisolone) or pentoxifylline 
may reduce the incidence of post-procedure pain 
after radiofrequency denervation.

Surgery is occasionally performed to treat 
facet arthropathy, despite a lack of evidence sup-
porting fusion for degenerative spinal disorders. 
One reason patients with facet joint pain might 
respond to arthrodesis is because during surgery, 
medial branch often gets destroyed during pedi-
cle screw placement.

 Conclusion/Summary

Low back pain is an issue that affects a majority 
of Americans at some point in their lives and will 
progressively become more relevant to all physi-
cians as our population ages. Healthcare provid-
ers must recognize low back pain as chief 
complaint rather than a diagnosis. Pain originat-
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ing from the facet joints is a recognized source of 
LBP. The facet joints become weak with age and 
changes in their orientation predispose them to 
injury from rotational and bending stresses. The 
three most caudal facet joints, L3–L4, L4–L5, and 
L5–S1, are exposed to the greatest strain and are 
thus more prone to inflammation, joint hypertro-
phy, and osteophyte formation. Osteoarthritis of 
the facet joints is seen commonly in  association 
with degenerative disc disease. There are no 
pathognomonic findings in history and/or physi-
cal examination that are diagnostic for lumbar 
facet syndrome. The pain patterns arising from 
the lumbar facet joints at different levels overlap 
considerably. Along with axial low back pain, 
pain from diseased lower facet joints is associated 
with referred pain to the buttock, thigh, groin, and 
even to leg, whereas that referred from the upper 
lumbar facet joints extends into the flank, hip, 
groin, and lateral thigh. Reports on the correlation 
between CT and MRI evidence of facet arthropa-
thy and the response to diagnostic lumbar facet 
blocks are conflicting. Medial branch blocks have 
diagnostic, therapeutic, and prognostic values. In 
properly selected patients, intraarticular steroid 
injections and radiofrequency denervation are 
good treatment options even if conservative inter-
ventions have failed. The results of surgical thera-
pies including arthrodesis for facet arthropathy 
are discouraging.
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A 55-Year-Old Woman with Chronic 
Gluteal Pain

Hassan Aboumerhi and Tariq Malik

 Case Description

A 55-year-old female presents to your clinic with 
5  months of persistent right-sided gluteal pain. 
She describes her pain as constantly aching, 
especially during activity. The pain is worst on 
transitioning from sitting to standing and when 
climbing stairs. Meanwhile, it is alleviated by 
resting seated or lying down. Acetaminophen and 
non-steroidal anti-inflammatory drugs (NSAIDs) 
originally provided relief, but they have become 
less effective. The pain originates in her right 
upper buttocks and radiates down to her right 
posterior thigh. She denies any weakness, numb-
ness, or paresthesia. The patient denies an incit-
ing event or trauma. The patient also denies 
bowel or urinary incontinence. Of note, the 
patient has a history of Crohn’s disease.

Physical exam reveals tenderness over the 
deep back muscles on the right side. She also has 
tenderness along the right side of the sacrum and 
in the buttock area. The patient exhibits strong, 
symmetrical strength throughout her lower 

extremities with normal sensitivity to pinprick. 
Her gait is stable and she has problem walking in 
the room.

 What Is Your Preliminary Diagnosis?

The key aspects of any diagnostic process are to 
localize pain inciting point (pain generator) and 
the pathological process causing or sustaining it. 
Gluteal pain has a multitude of etiologies. Gluteal 
pain can be mechanical in nature from musculo-
skeletal tissue or visceral in nature being referred 
from the tissues inside the pelvis. It is important 
to consider ischemic disease, especially in a 
patient with a history of coronary artery disease, 
carotid artery disease, or cerebrovascular disease. 
Patients with peripheral artery disease experience 
vascular claudication characterized by progres-
sive pain with activity that is relieved with rest.

The patient points to her gluteal region as the 
site of pain; pain could come from any underlying 
structure namely muscles or joints or it could be a 
referred pain. Pain is associated with movement, 
making it more likely musculoskeletal in origin. 
Pain is insidious in onset without any traumatic 
event and there is no sign of any systemic illness, 
even though she has Crohn’s disease. It is unlikely 
to be a referred pain as she has reproducible ten-
derness in the gluteal area and no sign or symp-
tom of nerve compression or irritation as she has 
no motor weakness or presence of  numbness or 
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paresthesia. This makes it most likely either a sac-
roiliac joint issue or gluteal muscle issue, some-
thing like piriformis dysfunction.

Gluteal muscle strain can present with pain 
and tenderness. This is usually due to strenuous 
overactivity and has a more acute presentation 
and resolution. Piriformis syndrome involves 
spasm of the piriformis muscle with impingement 
on the sciatic nerve. This pain can be reproduced 
by palpating a band-like piriformis muscle and 
performing Patrick’s test (extension, abduction, 
external rotation of the ipsilateral hip). Spinal ste-
nosis can present with gluteal pain that is worse 
with spinal extension and relieved by flexion.

This patient most likely has either sacroiliitis 
or piriformis dysfunction. Sacroiliitis is a disease- 
associated inflammation of the sacroiliac (SI) 
joint. This inflammatory process may be due to a 
number of causes including osteoarthritic degen-
eration, spondyloarthropathy related to inflam-
matory bowel disease, pregnancy, trauma, cancer, 
and infection. Sacroiliitis generally presents with 
lower back or gluteal pain that may or may not 
radiate down the lower extremity. This pain is 
reproducible with palpation of the sacroiliac joint 
or any maneuver that stresses the joint. Piriformis 
muscle dysfunction is usually from direct trauma 
or repeated micro-trauma, leg length discrepancy, 
obesity, pregnancy, and lumbar hyperlordosis. 
Pain in the buttock area that gets aggravated with 
sitting, tenderness to palpation pain on physcial 
examination manuvers that stretch the piriformis 
muscle are very suggestive of piriformis pain 
syndrome.

 How Is Diagnosis Confirmed?

History and physical examination are suggestive 
but not diagnostic. Physical examination of 
patient encompassing stretching of target point is 
quite helpful. It has been shown that tests evaluat-
ing sacroiliac joints may be positive in about 20% 
of asymptomatic subjects. The sensitivity and 
specificity of various tests are variable. The sensi-
tivity and the specificity of these various physical 
examination manuvers have been reported to be in 
low 20s to high 80s. The best use of these tests is 

that they entertain SI joint dysfunction in the dif-
ferential diagnosis. Cibulka found that if three out 
of four commonly used SI joint tests are positive, 
then the sensitivity and specificity of the com-
bined tests are 0.82 and 0.88, respectively, with 
positive predictive value of 0.86 and negative pre-
dictive value of 0.84.

Sacroiliitis is a clinical diagnosis based on 
symptoms in correlation with physical exam. 
Examination should reveal pain in the lower back 
and buttocks reproduced with palpation of the SI 
joint. Sacroiliitis can be confirmed with a diag-
nostic block and can be quantified by imaging. 
There is level III evidence for single diagnostic 
block with local anesthetic providing 75% pain 
relief and level II evidence for double diagnostic 
block providing 70% pain relief [1]. Technetium 
bone scintigraphy can localize the disease. 
Meanwhile, computed tomography (CT) or mag-
netic resonance imaging (MRI) can characterize 
the anatomy and degree of pathology [2].

 What Is the Pathophysiology of This 
Condition?

Pain is either from trauma/injury or from inflam-
mation. This causes damage or disruption of num-
ber of structure. It can cause capsular disruption, 
ligamentous injury, myofascial pain, hypermobil-
ity, microfracture, chondromalacia, and inflam-
mation. Persistent nociception can lead to central 
sensitization contributing to creation of a chronic 
pain state. Intraarticular pathology is usually from 
age-related arthritis or spondyloarthropathies 
causing inflammatory processes in the SI joint. 
Extracapsular pain usually comes from ligamen-
tous. This is more likely the case in age-related 
painful SI joints. Intraarticular structure tends to 
be more painful in younger patients, as in this 
population the etiology tends to be injury from a 
major trauma or a sytemic or local disease process 
causing intense inflammation. The distinction 
may be useful as the ablation of lateral branches 
of posterior division tends to be more effective 
when pain is extracapsular in origin. Trauma, 
infection, and tumor invasion may also propagate 
sacroiliitis when involving the SI joint.
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In the parturient, the SI joint widens and 
stretches with the growing uterus. This factor 
combined with the added weight of the preg-
nancy may inflame the SI joint to result in 
sacroiliitis.

 How Is This Problem Managed?

Sacroiliitis, most often caused by degeneration of 
the SI joint, can be approached via conservative 
and invasive measures. Most cases can be treated 
without surgery. Initial treatment includes proper 
rest and physical therapy to exercise the joint and 
strengthen supporting muscle. Superficial heat and 
ice can be applied over the painful area to soothe 
and decrease inflammation. Oral NSAIDs can be 
taken at safe doses as needed to treat inflammation 
and, along with acetaminophen, decrease pain. In 
the acute phase, ibuprofen 600–800 mg PO three 
times a day as needed is not unreasonable. Patients 
with a history of or at risk of gastric ulcer or renal 
disease should take a reduced dose to avoid exac-
erbation of these diseases. Acetaminophen can be 
taken as 1000  mg three times a day as needed. 
Patients with liver disease may need a reduced 
dose to avoid toxicity and overdose.

If conservative medical management is not 
sufficient in treating sacroiliitis, interventional 
procedures may help. Under fluoroscopic guid-
ance, pain physicians may inject a combination 
of local anesthetic and steroid into the SI joint to 
directly decrease inflammation.

Risks of joint injection are very small, but 
include those generic to interventional therapy 
including bleeding, infection, and nerve damage. 
Generally speaking, patients who are coagulo-
pathic or on chronic anticoagulation are at higher 
risk of developing a bleeding complication. 
Injecting through an infected area such as celluli-
tis may spread infection, just as injecting through 
tumor can seed cancer cells. Targeting the SI 
joint itself leaves nerve damage highly unlikely 
as the needle does not traverse major nerve tis-
sue. The SI joint normally cannot hold more than 
3 cc of volume and so a common anesthetic injec-
tion mixture is 2 cc of 0.25% bupivacaine with 
40  mg triamcinolone. The steroid dose may be 

adjusted in a patient undergoing multiple injec-
tions in the same day or if they are at risk of 
hyperglycemia as with uncontrolled diabetes.

Other forms of interventional therapy include 
cooled radiofrequency ablation, conventional 
radiofrequency ablation, and botulinum toxin 
injection with varying degrees of reported suc-
cess. The surgical option include fusion of the 
joint either via open approach or percutaneoulsy. 
However, it is reserved for pateints who are 
refractory to conservative and interventional 
therapies. These patients can undergo minimally 
invasive SI joint fusion for stabilization and 
increased weight-bearing [3].

 What Is the Prognosis of This 
Condition?

As most cases of sacroiliac joint pain are due to 
age-related degeneration, many persist lifelong. 
Goal therapy is to make pain as tolerable as pos-
sible to ensure quality of life and proper function-
ality. Several Cochrane systematic reviews have 
shown that there is level III–IV evidence that 
intraarticular steroid injections provide pain 
relief with notably more success in the short 
term. There is level II–IV evidence for the effi-
cacy of radiofrequency ablations, but patients 
who pass diagnostic blocks are much more likely 
to respond to this intervention [4, 5].

 Discussion

Gluteal pain is a persistent issue in the American 
population. The etiology, however, is wide and 
varied. Patients may present with gluteal pain in 
the acute or chronic setting. A physician’s differ-
ential diagnosis must be broad to address the 
multitude of possible causes and also as not to 
miss more critical cases.

One of the more morbid reasons for gluteal 
pain is peripheral vascular disease (PVD). Non- 
radicular gluteal pain with activity that predict-
ably resolves with rest is a classic presentation of 
vascular claudication consistent with aorto-iliac 
occlusive disease. This disease is progressive and 
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may be limb- or life- threatening. The American 
Heart Association estimates PVD prevalence at 
close to 12% [6]. According to the American 
College of Cardiology, PVD risk factors include 
age, smoking, diabetes, and known ischemic dis-
ease such as coronary, renal, or cerebrovascular 
disease. Treatment of PVD includes lifestyle 
changes such as diet, smoking cessation, and 
exercise. Management of diabetes and hyperten-
sion is crucial. Many of these patients require 
aggressive antiplatelet therapy. Patients refractive 
to this treatment require revascularization via flu-
oroscopic interventions or bypass surgery. PVD 
patients should be referred to a specialist such as 
a vascular surgeon for proper management [7].

The more common etiologies of gluteal pain 
seen by the pain physician are musculoskeletal or 
neuraxial in nature. Musculoskeletal pain 
includes myofascial pain syndromes such as that 
of the gluteus maximus. This happens as a result 
of strain or overuse and can make sitting or rising 
from the seated position more strenuous. 
Myofascial pain syndrome is a clinical diagnosis 
verified by the reproducibility of pain on palpa-
tion of trigger points in the muscle. Treatment 
includes oral acetaminophen and NSAIDs as 
well as physical therapy. Stretching and strength 
training improve coordination and flexibility, 
which results in greater range of motion [8]. 
These patients may also benefit from massage 
therapy or even trigger point injections. In fact, 
dry needling has been shown to provide similar 
pain relief to physiotherapy [9]. Posture evalua-
tion and ergonomic lifestyle changes can prevent 
myofascial pain occurrence or worsening.

Piriformis syndrome involves spasm of the 
piriformis muscle with impingement on the sci-
atic nerve. Prevalence is estimated at 6.25% of 
patients with low back and buttock pain [10]. 
Common causes include trauma or repeated piri-
formis muscle stress [11]. These patients may 
exhibit gluteal pain that coincides with sciatica, 
increase in pain with prolonged sitting position, 
tenderness over the sciatic notch, and pain on 
manuvers that stretch the muscles. Patrick’s test 
can be used to reproduce the patient’s symptoms. 

The piriformis muscle can be palpated deep in 
the buttock over the greater sciatic notch where it 
runs from the greater sciatic notch through the 
sacral foramen to the greater trochanter. Patients 
with piriformis syndrome may have a very tender 
muscle that feels cord-like. Diagnosis is clinical, 
but EMG, CT, and MRI may show some sort of 
pathology that would corroborate piriformis 
muscle dysfunction. EMG would show a delay in 
H-reflex while CT and MRI would show muscle 
thickening.

As with general myofascial pain, piriformis 
syndrome can be prevented with ergonomics. 
Avoiding sitting on provocative or hard surfaces 
may be imperative in preventing the develop-
ment or progression of this issue in at-risk 
patients. Treatment is also similar in that stretch-
ing and strengthening exercises may prevent or 
improve symptoms. These exercises include hip 
adductor and abductor strengthening [12]. 
Acetaminophen and NSAIDs are helpful in con-
trolling day-to- day pain. Transcutaneous electri-
cal nerve stimulation (TENS) and massage 
therapy may also treat piriformis syndrome. 
TENS is explained by the gate theory of pain 
according to which stimulation of large diameter 
A-beta fibers via a pulsed electrical current 
inhibits nociceptive fibers in the dorsal horn of 
the spinal cord. A-beta cutaneous mechanore-
ceptors inhibit signaling through A-delta and C 
pain fibers, thereby closing a “gate.”

If conservative therapy fails, interventional 
therapy such as via steroid or botulinum toxin 
injection may treat persistent piriformis syndrome. 
These injections are classically performed under 
CT or fluoroscopic guidance, but studies have 
shown ultrasound guidance, which avoids radia-
tion exposure, is more accessible, the ultrasound-
guided injections are just as safe and effective 
when done by trained providers [13]. In extreme 
cases, which are rare, surgical release of the mus-
cle may be warranted [14]. In this scenario, immo-
bilization or release of the muscle is compensated 
for by the surrounding musculature.

Gluteal pain derived from the neuraxiom can be 
either radicular or referred pain. Spinal stenosis 
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can result in radiculopathy that manifests in glu-
teal pain, bilateral or one-sided. This disease is a 
clinical diagnosis defined as neurogenic claudica-
tion with or without back pain or lower extremity 
pain worsened by lumbar spinal extension. Spinal 
stenosis can be confirmed with CT or MRI.  CT 
imaging elucidates bony structures. MRI better 
identifies nerve and soft tissue with 75–90% sensi-
tivity and > 75% specificity [15, 16].

Lumbosacral spinal stenosis may also yield 
referred gluteal pain as can joint dysfunctions 
such as lumbosacral facet arthropathy and sac-
roiliitis. The pain pattern is quite overlapping 
and diagnostic blocks clinch the diagnosis for 
facet joint-based pain syndrome. Sacroiliitis 
affects 15–30% of individuals with chronic, 
non- radicular back pain [17]. SI joint is a com-
plex joint and the largest joint of the spine. It is 
primarily for stability and its structure allows 
for very little rotation and sliding movement. 
Its innervation is complex and accounts for its 
variable pain pattern. A number of physical 
examination maneuvers have been described 
for eliciting pain from SI joint which only 
point toward the joint but are not diagnostic. 
Injection is the only way to diagnose pain form 
SI joint. Injection using only landmark are not 
recommended, as failure to place needle accu-
rately in the joint is quite high (failure rate of 
80%). Ultrasound is reliable if individual is not 
obese and space can be accurately visualized; 
the only limitation is skill and experience of 
the operator. Flouroscopic guidance is quite 
invaluable in placing the needle. The solution 
is injected intraarticularly during the joint 
injection; however there is a case to be made 
that part of the soultion should be injected just 
outside the capsule of the joint as extra-articu-
lar ligaments are also source of pain. Borowsky 
showed that combination injection may be 
more effective than intraarticular injection 
alone.

As with many of these osteoarthritic degener-
ative processes mediated by inflammation, initial 
treatment includes proper rest and physical ther-
apy to exercise the affected joint and strengthen 

the supporting muscle. Patients may benefit from 
heat or ice therapy as well as oral NSAIDs and 
acetaminophen.

Patients who do not respond well to conserva-
tive treatment may undergo interventional proce-
dures. These therapies include joint injections 
under fluoroscopic guidance that place a combi-
nation of local anesthetic and possibly steroid. 
Pain relief is both therapeutic and diagnostic in 
identifying the cause of the patient’s complaints. 
The limitation of steroid-based injection is recur-
rence of pain in few months. The duration of 
relief reported has been from 1 month to almost a 
year. Most of the studies were uncontrolled and 
some included repeat injections. Patients who 
respond well to joint injections may be candi-
dates for radiofrequency ablation, which can pro-
vide more lasting relief. The reported percentage 
of patients achieving significant long-lasting pain 
relief (> 50% pain improvement lasting 6 or more 
months) after the ablation procedure is quite vari-
able but is around 50%–60%. The SI joint is hard 
to denervate as the nerve supply and nerve loca-
tion are variable. Various strategies employed to 
get as many nerve ablated as possible include 
multiple lesions, multipronged needles, longer 
lesion time, and cooled RF. Using such extensive 
burn technique has reportedly led to much higher 
incidence of post- procedure neuritis. Current RF 
technique does not address the pain emanating 
from the ventral aspect of the joint and failure to 
identify such patients will lead to failure of the 
treatment. Cohn el al found that older patient, 
opioid use, higher pre-procedural pain score, and 
pain radiation below the knee are risk factors for 
failure of RF treatment [17]. Meanwhile, surgery 
such as sacroiliac joint fusion remains a last 
resort. The surgery is based on the principle of 
fusion. It can be done using minimally invasive 
approach.

There is ongoing research to explore the vari-
ous causes of gluteal pain and their treatments. 
Radial shock wave and acupuncture carry poten-
tial in myofascial pain and piriformis syndrome. 
Research in spinal stenosis is examining new sur-
gical techniques as well as reviewing various 
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rehabilitative strategies for non-operative man-
agement. In sacroiliac dysfunction and facet 
arthropathy, ongoing studies are examining new 
surgical strategies as well as radiofrequency abla-
tion efficacies. Beyond that, the utility of hyal-
uronic acid and stem cell therapy is becoming 
more apparent. With these exciting projects, 
patients will have more avenues for success in 
controlling their gluteal pain [18].

 Conclusion/Summary

Gluteal pain is a common complaint reported to 
primary care providers, emergency medicine pro-
viders, and specialists alike. It is a more common 
musculoskeletal problem in the athlete or those 
with daily work or activities that predispose them 
to developing myofascial issues. Other patients 
develop gluteal pain progressively with age- 
related disease in their spine or its articulating 
joints. From a pain perspective, it is important to 
rule out critical medical etiologies such as vascu-
lar claudication, which may warrant a vascular 
surgeon’s evaluation. Gluteal pain is a complaint 
with a variety of etiologies, each with their own 
work-up and treatment. Pain specialists must per-
form a thorough examination when consulting 
these patients and consider a complete clinical 
picture before considering what imaging may 
corroborate the suspected diagnosis. Various 
physical examination tests employed to identify 
SI joint as source of pain are suggestive, but not 
diagnostic; only a controlled diagnostic injection 
can identify the SI joint as source of pain. Best 
long-term pain relief is obtained when the under-
lying source causing SI joint pain is fixed. Steroid 
injection (intra- or peri-articular) tends to provide 
short-term relief, so should be used in conjunc-
tion with physical therapy. RF of lateral branches 
is effective in properly selected patients but qual-
ity of evidence is intermediate. With these strate-
gies, a care provider can assess the suffering 
patient and begin treating their pain in a safe and 
efficient manner.
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A 75-Year-Old Woman with  
Mid- thoracic Pain (Compression 
Fracture)

Jonathan K. Song and Tariq Malik

 Case Description

A 75-year-old Caucasian woman comes to your 
office complaining of mid-thoracic back pain. 
Past medical history includes osteoporosis, 
hypertension, congestive heart failure (CHF), 
history of smoking, and hyperthyroidism. Patient 
has had frequent hospitalizations over the past 2 
years for hypotension and acute CHF exacerba-
tion. Patient has had functional decline after each 
hospitalization, with intermittent mid back pain 
that has progressively gotten worse. Patient com-
pleted 2 weeks of rehabilitation after the most 
recent hospitalization with little improvement in 
her functionality. While at home, she had an inci-
dent where she slipped while getting up from her 
commode and abruptly sat back down onto the 
commode, causing excruciating back pain. She is 
here today to discuss workup and treatment 
options.

 What Is Your Preliminary Diagnosis?

 Vertebral Compression Fracture (VCF)
Vertebral compression fractures are common in 
older adults and are usually caused by age-related 
osteoporosis. This is an elderly female with mul-
tiple comorbidities that affect bone mass and can 
disrupt bone integrity. A non-traumatic fall 
acutely exacerbated an already weakened spinal 
structure that caused an acute fracture. This 
patient has many risk factors for osteoporosis, 
including race (Caucasian), female gender, 
advanced age, risk for falls, tobacco abuse, and 
hypothyroidism. The decrease in bone strength 
directly correlates with an increased chance of 
bone fractures. Osteoporotic compression frac-
tures often occur at the T7-T8 and T12-L1 junc-
tion, resulting in pain, limited activity, and overall 
decline in functionality [1].

 What Is the Pathophysiology of This 
Condition?

As a growing child and adolescent, there is rapid 
linear skeletal growth. Old bone is removed by 
osteoclasts and new bone is formed by osteo-
blasts. Structural integrity of bones is maintained 
by this process of bone remodeling. Lifestyle fac-
tors, such as diet and exercise, as well as genetics 
determine peak bone mass. Most people reach 
peak bone mass between 25 and 30 years of age, 
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while people slowly start to lose bone mass at 
40 years old [2].

Osteoporosis is a condition that describes the 
loss of calcium in bones, causing thinning of the 
bone. Bone density of the spine is positively cor-
related with a number of factors, both modifiable 
and non-modifiable factors. Uncontrolled risk 
factors include being over 50 years old, female, 
menopause, and family history. Controllable risk 
factors include smoking, drinking too much alco-
hol, inactive lifestyle, and calcium and vitamin D 
deficiency [3].

VCFs are the hallmark of osteoporosis and 
directly correlate with the strength and integrity 
of bone, although infection, neoplasm, and 
trauma can also cause VCFs. Postmenopausal 
women have the greatest risk of VCFs due to hor-
monal changes that directly affect the microar-
chitecture of bone. Estrogen deficiency is 
associated with increased bone resorption, lead-
ing to an increased number of osteoclasts (both 
enhanced production and decreased apoptosis of 
osteoclasts) [4].

Acute fractures occur in patients when the 
weight on the bone exceeds its tolerable capacity 
to hold the load. A small event or activity, such as 
sneezing, lifting an object, or navigating stairs 
can cause a VCF in those with severe osteoporo-
sis. 30% of compression fractures even occur 
while in bed [5]. More force and trauma are 
needed to create a fracture for those with less 
severe osteoporosis.

A trademark of VCFs is an anterior wedge 
fracture on imaging, caused by a combination of 
flexion and axial compression loading force on 
the anterior part of the vertebral body. This 
results in height loss and, as the anterior verte-
brae fuse together in a bent forward position, a 
kyphotic deformity forms. The majority of the 
damage is usually sustained by the anterior ver-
tebral column and rarely involves neurological 
complications [6].

Overtime, multiple fractures can occur, fur-
ther causing loss of height, and, in effect, causes 
a shortening of paraspinal muscles that produces 
pain from muscle fatigue that can persist despite 
fracture healing.

 How Is the Diagnosis Confirmed?

A thorough history and physical is always the ini-
tial starting point; however, diagnosis must be 
confirmed with spinal imaging. Evaluating the 
patient’s comorbidities, inciting events leading to 
injury, structural exam, and range of motion are 
all important to help develop a differential diag-
nosis. About 1 in 3 vertebral fractures are diag-
nosed as many patients regard their back pain as 
arthritis or a normal effect of aging [1]. Tenderness 
to palpation over the area of fracture, increased 
kyphosis, and decreased spinal mobility are com-
mon presentations. Neurological deficits are not 
as common in anterior vertebral compression 
fractures and do not usually involve retropulsion 
of bone fragments into the vertebral canal. Pain is 
usually intensified with walking or standing.

Plain frontal and lateral radiographs of the 
spine should be obtained for initial assessment. 
They are low cost and allow for a quick screening 
for possible vertebral fractures. Anterior wedging, 
vertebral collapse, and endplate irregularity are 
more common findings while posterior wedging 
is a less common finding that may be suggestive 
of an underlying lesion (Table 36.1) [7]. Indicators 
of vertebral disruption on radiographs include 
loss of vertebral height, disruption of anterior and 
posterior vertebral body lines, and increased 
interpedicular and interspinous space that is 
>7  mm. Wedge fractures are the most common 
and account for greater than 50% of all VCFs.

Table 36.1 Vertebral compression fracture radiograph 
findings

Radiograph 
findings for VCF

% of the 
time Description of lesion

Wedge VCF 50 Compression of anterior 
segment of vertebral body

Biconcave 17 Involve only the middle 
portion of the vertebral 
body

Crush 
compression 
fractures

13 The entire anterior 
column, anterior and 
posterior margins have 
collapsed

Complex 
fractures

20

From Black et al. [7], with permission
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X-rays can also be helpful in tracking post-
traumatic kyphotic angulation to assess fracture 
progression (Fig. 36.1). A plain radiograph may 
be all that is needed for the majority of compres-
sion fractures. A major disadvantage to plain 
radiographs, however, is its lack of ability to 
assess ligamentous injuries [8].

Most patients will not require an MRI or CT 
scan to confirm diagnosis, although it is appropri-
ate when further diagnostic evaluation is needed to 
further evaluate results from X-rays and labs. 
Computed tomography (CT) gives the best bony 
anatomy imaging, but also has greater expense and 
irradiation to the patient than plain radiographs. 
CTs can help determine the level of  instability in an 
anterior wedge compression fracture and is more 
appropriate when assessing complex fractures to 
measure the degree of vertebral involvement.

Magnetic resonance imaging (MRI) is not 
usually needed. Circumstances in which an MRI 
would be obtained in a VCF are when there is a 
neurological deficit or there are concerns for an 
underlying infectious or malignant process. 
MRIs can also accurately assess the age of the 
compression fracture (increased T2 signal from 
water in the vertebral body) [9].

Without a history of trauma, a vertebral com-
pression fracture is usually diagnostic for under-
lying osteoporosis. A dual-energy X-ray 
absorptiometry (DEXA) scan can be obtained to 
assess overall bone density. Approximately 50% 
of patients with vertebral fractures have osteopo-
rosis (T score  <  2.5), while roughly 40% have 
osteopenia (T score −  1 to −2.5) [10]. DEXA 
scans can be used to predict future fracture risk 
based on bone density quality.

Fig. 36.1 Lumbar spine X-ray. Description: Moderate 
compression deformity of L1 vertebral body superior end-
plate and age-indeterminate mild compression deformity 

of L2 vertebral body superior endplate. Mild dextrocon-
vex curvature of lumbar spine. Grade 1 anterolisthesis of 
L3 on L4, L4 on L5, and L5 on S1

36 A 75-Year-Old Woman with Mid-thoracic Pain (Compression Fracture)



286

 How Is This Problem Managed?

Vertebral compression fracture ranges from 
benign, asymptomatic, incidental findings to 
debilitating and agonizing sources of pain. Initial 
management includes pain control and activity 
modification. Anterior vertebral compression 
fractures are traditionally considered benign and 
can heal without complications, while middle 
and/or posterior involvement in the compression 
fracture are unstable in quality and may require 
prompter surgical intervention [11]. Complete 
bed rest should be avoided if possible, as it can 
accelerate bone loss and cardiopulmonary decon-
ditioning [12].

First-line oral analgesics for acute pain include 
acetaminophen (500 to 1000  mg four times a 
day), naproxen (220 to 500 mg twice a day), ibu-
profen (200 to 800 mg every 8 hours), and topi-
cal/transdermal lidocaine [1]. Acetaminophen 
side effects include hepatotoxicity, thrombocyto-
penia, and acute renal tubular necrosis. 
Nonsteroidal anti-inflammatory drugs (NSAIDs) 
inhibit platelets and, as such, can cause possible 
bleeding, gastrointestinal damage, and renal 
injury. NSAIDs can also interfere with fracture 
healing due to COX-2 inhibition, so the lowest 
effective dose should be used for the shortest 
duration. Topical lidocaine side effects include 
skin irritation (dermatitis), edema, and urticaria.

A two- to four-week course of calcitonin can 
be used for mild to moderate pain with little to no 
improvement with oral analgesics (200  IU per 
day intranasal). There are some trials that suggest 
intranasal calcitonin may reduce pain at modest 
levels [13].

Although pain from VCF typically improves 
over the course of a few weeks, narcotics are 
often needed temporarily to help encourage con-
tinued movement and prevent complete bed rest. 
If pain is still uncontrollable despite first-line 
treatments, the lowest effective dose of oral opi-
oids with or without a combination with acet-
aminophen should be initiated. In cases of 
extreme, debilitating pain, hospitalization and IV 
narcotics may be needed.

There are many side effects and risks with use 
of opioids (i.e., hydrocodone, hydromorphone, 
oxycodone), including addiction, constipation, 

delirium, respiratory depression, and cognitive 
impairment. Tramadol is both an opioid pain 
medication and acts as a serotonin- norepinephrine 
reuptake inhibitor (SNRI). Caution should be 
taken when giving tramadol for patients on sero-
tonin reuptake inhibitor medications so as to 
avoid causing serotonin syndrome. Serotonin 
syndrome is a potentially life-threatening syn-
drome caused by an overload of serotonin in the 
system that can potentially cause mental status 
change, autonomic hyperactivity (hyperthermia, 
hypertension), and neuromuscular hyperactivity 
(rigidity) [14].

Exercise is very beneficial in patients with 
osteoporosis. Improving strength (back extensors 
especially) can help increase bone density and 
reduce the risk of a vertebral fracture. There are 
mixed recommendations with the use of back 
braces but are still used. While some studies 
report improved pain, posture, and strength [15], 
others suggest no improvement in disability 
scores and deemed non-effective [16].

At least 3–6 weeks should be given to trial and 
exhaust non-surgical options. If pain is persistent 
after 6 weeks, medical management can be con-
tinued or vertebral augmentation can be consid-
ered. Medical management should be continued 
if there was some improvement in pain or if the 
patient can tolerate therapies. Vertebral augmen-
tation may be appropriate for patients with inad-
equate symptomatic relief, continued decline in 
functionality, or inability to tolerate medications 
(i.e., opioid side effects). Recommendations 
remain controversial for the indications of verte-
bral augmentation procedures. Vertebroplasty 
and kyphoplasty are procedures involving a per-
cutaneous injection of cement into the fracture 
vertebra. Optimal timing, effectiveness, and indi-
cations are still unclear and controversial. In 
2010, the American Academy of Orthopaedic 
Surgeons recommended against vertebroplasty in 
neurological intact patients with vertebral com-
pression fractures [17]. Other studies show verte-
broplasty was more effective in pain relief, 
functionality, and overall quality of life compared 
to conservative care treatments [18]. The National 
Institute for Health and Clinical Excellence 
(NICE) recommended vertebra augmentation as 
possibilities for osteoporotic spinal compression 
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fractures with severe, ongoing pain despite pain 
treatment [19]. Even though kyphoplasties are 
performed more frequently, vertebroplasty may 
be more preferred for patients with endplate frac-
tures since they are easier to perform and are also 
less expensive. Surgical complications include 
cement leakage into the spinal canal resulting in 
neurologic deficits, such as radiculopathy or spi-
nal cord compression [9].

Current controversy regarding vertebral aug-
mentation techniques revolve around when to 
intervene after a compression fracture is diag-
nosed. Optimum time to intervention is 
unknown. In general if patient has failed few 
weeks of conservative therapy and is not ambu-
lating enough, then this injection therapy should 
be employed. The focus should be on ambula-
tion and not pain. Waiting too long may defeat 
the purpose of interventional therapy. It should 
be stressed that the augmentation therapy works 
best when the fracture has not healed (as seen by 
presence of edema on MRI and read by radiolo-
gist as acute or subacute fracture) and the pain is 
truly coming from the fracture and limiting 
ambulation. It has been a concern that the frac-
ture by causing loss of height stresses the poste-
rior elements of the spine, i.e., facet joint, and 
it’s the joint that are the pain generator and not 
the fracture itself. In such case it is not a bad 
idea to do diagnostic medial branch block, 
which if helpful will spare the patient a more 
invasive and fruitless procedure especially if the 
fracture is more than 6  months old and MRI 
findings non-diagnostic.

A trial of conservative, non-operative treat-
ments should be initiated and exhausted before 
surgery is considered, unless there is imaging 
evidence of instability, uncontrollable pain, or 
neurological deficits.

 What Is the Prognosis of This 
Condition? What Is the Long-Term 
Outcome – Complete Cure, Recurrent, 
or Chronic Persistent Problem?

Severity of fracture deformation is the most sig-
nificant factor in predicting severity and longev-
ity of symptoms after a low energy vertebral 

compression. Most patients can make a full 
recovery or at least some improvement after 
6–12  weeks and can return to normal exercise 
after the fracture has healed [1]. The more severe 
the deformed fracture, the more disabling and 
functional deterioration is seen during the first 
post fracture year [20].

Incidence of new fractures is similar regard-
less of conservative therapy versus surgical ther-
apy, due to ongoing osteoporosis and not the type 
of treatment therapy. The largest improvements 
can be seen between the initial visit and 3 month 
follow-up; after the 3 month mark, outcome mea-
sures tend to level out or deteriorate [21]. 
Approximately 20% of patients with a history of 
osteoporotic VCF will experience a new vertebral 
fracture within a year depending on the severity 
of the previous fracture [22]. Compared to non- 
operative patients, kyphoplasty patients had a 
34% greater life expectancy than vertebroplasty 
patients [23].

 Discussion

 Prevalence

 1. Osteoporosis causing vertebral fractures are 
common, causing approximately 700,000 out 
of 1.5million osteoporotic fractures a year in 
the United States alone. This is likely an 
under-estimate due to the number of compres-
sion fractures that go undiagnosed, with only 
a third of vertebral fractures formally diag-
nosed [24].

 2. Prevalence estimates range from 10% to 15% 
for women 50–59 years old to 50% for women 
greater than 80 years old [25].

 3. Approximately 30% of post-menopausal 
white women in the United States have osteo-
porosis, 16% of the lumbar spine. Vertebral 
fractures are more common in Caucasian 
females and less common among men, 
African- American, and Asian women.

 4. Although most commonly found in osteopo-
rotic patients (DEXA T score ≤ 2.5), vertebral 
fractures occur up to 18% in women older 
than 60 with low bone mass (T score > 2.5 but 
<−1.4).
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 5. More than a third of post-menopausal women 
who do not meet criteria for osteoporosis suf-
fer from vertebral fractures [26].

 6. The lifetime risk for fragility fractures in 
Caucasian females greater than 50 years old is 
approximately 40% [27].

 Differential Diagnosis

Back pain differential: Back strain, acute disc 
herniation, osteoarthritis, spinal stenosis, spon-
dylolisthesis, acute fracture.

Causes of low bone mass: Osteoporosis, 
osteomalacia, hyperparathyroidism, metastatic 
cancer, granulomatous disease, sarcoidosis.

 Predictive Value of Different Clinical 
Features (Both on History 
and Physical Exam), and Lab Testing/
Imaging

 Physical Exam Tests
Closed fist percussion sign: Patient stands in 
front of a mirror so practitioner can gauge reac-
tion. Using firm, closed fist percussion along 
entire length of spine; + test when complains of 
sharp, sudden, fracture pain. Sn 87.5, Sn 90 [28]

Supine sign: Laying supine, with only one pil-
low; + when unable to lay supine d/t severe pain 
in spine. Sn 81.25, Sp 93.33 [24].

 Plain Radiographs
• Plain x-ray technique diagnose compression 

fractures in patients only 55%–65% of the time 
(emergency department experince) [29, 30].

• Multinational study of 2000 postmenopausal 
women with osteoporosis reported a false 
negative rate of Osteoporotic VFs from 
27–45% [31].

Plain radiographs make it difficult to interpret 
the underlying cause of an atraumatic vertebral 
compression fracture, making it difficult to dis-
tinguish between osteoporosis, metastatic lesion, 
or other primary bone neoplasm. Generally, plain 
radiographs have no problem showing diagnostic 

evidence for moderate to severe vertebral frac-
tures, with a diagnostic rate of 87 [32], yet may 
underestimate the amount of trauma the spine has 
endured by possibly missing other lesions (i.e., 
hairline fractures, non-displaced fractures) [33].

Computed tomography is useful for more 
detailed evaluation of bone structure and level of 
cortical bone destruction. CT scans have a higher 
sensitivity and specificity in evaluating spine 
injuries when compared with plain film radio-
graphs [33].

Magnetic resonance imaging is the most help-
ful radiological modality in distinguishing 
between metastatic versus osteoporosis causing 
compression fractures. MRIs have the highest 
sensitivity (99), specificity (98.7), and diagnostic 
rate (98) compared to plain radiographs and CT 
scans [32]

 Strength of Evidence for Different 
Treatment Modalities

While there is statistically significant data in favor 
of use of NSAIDs for effectiveness, there was a 
trade-off in significantly increased side effects. 
COX-2 NSAIDs have statistically significant 
fewer side effects than traditional NSAIDs while 
having strong evidence as being just as effective as 
NSAIDs for acute low back pain [34].

The American Academy of Neurology states 
there is significant effectiveness in short-term use 
of opioids for pain relief but no significant evi-
dence in longer-term maintenance of pain with-
out suffering serious side effects [35]. The 
American Association of Family Physicians has 
published their recommendations as well. [36]

With regards to surgery, there is ongoing 
debate on the effectiveness of surgery. In 2009, 
McGirt et al. [37] published a 20-year review of 
vertebral augmentation and found:

• Level I evidence – vertebroplasty has superior 
pain control over medical management in the 
first 2 weeks

• Level II-III evidence – within first 3 months, 
superior outcomes in analgesic use in disabil-
ity and general health
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• Level II-III evidence – kyphoplasty improved 
daily activity, physical function, and pain con-
trol at 6  months compared to medical 
management.

It should be noted; however, the studies were 
favorable for tumor-related fractures.

The larger VERTOS II trial found sustained 
evidence of significant differences at the 1-year 
follow-up mark with continued pain relief from 
the vertebroplasty group [38].

In 2009, the New England Journal of Medicine 
discussed how there was no difference in pain 
control of functionality between vertebroplasty 
and sham procedure group, and suggested verte-
broplasty benefits in prior trials were secondary 
to placebo effect [39].

 Future Directions or Clinical Trials 
in Progress

There have been improvements made to mini-
mize the risk of complications from kyphoplasty, 
such as vesselplasty, an inflatable balloon left in 
the patient and filled with cement. Kyphoplasty 
with Sky Bone Expander has shown promising 
results, improving Cobb’s angle, alleviating pain, 
and improving quality of life in a relatively short 
time period [40].

Cortoss is a bioactive, injective composite 
made up of highly cross-linked resins and bioac-
tive glass fibers that can decrease subsequent 
fractures but restores more physiologic load 
transfer through the vertebra [41].

 Conclusion/Summary

Compression fracture is a symptoms and not a 
disease. The most common underlying disease 
process leading to this problem is osteoporosis, 
one of the most prevalent disease listed by World 
Health Organization among the top 10 diseases 
that affect human race the most worldwide. The 
prevalence of osteoporosis is bound to increase 
as the whole world is aging. The best treatment of 
treating compression fracture is preventing 

 development of osteoporosis and then treating it 
if it happens. This requires extensive education 
on the part of heath care providers as the solution 
is simple. The current conundrum is lack of high 
level evidence in when to intervene if compres-
sion fracture happens. This is due to lack of 
knowledge of the prognosis of the fracture in 
general. In addition, there is no good evidence 
how best to treat the pain from the fracture. In 
general, there is no need to intervene if pain is not 
affecting quality of life and interventions should 
be focused on treating the underlying disease. If 
the pain is truly debilitating, then vertebral aug-
mentation is truly affective in restoring quality of 
life in the short term. The literature is still not 
clear, when is the best time to intervene. Presence 
of edema on MRI is often used as a marker that 
the vertebral fracture may still benefit from aug-
mentation, but this is not always the case. Current 
guidelines suggest that conservative therapy 
should be tried for few weeks before augmenta-
tion should be considered. The issue of resorting 
height has not been found beneficial clinically in 
any trial even though it is the catch phrase of vari-
ous device manufacturing companies.
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Piriformis Syndrome

Nicholas Kirch and Maunak V. Rana

 Case Description

A 45-year-old man presents to pain clinic with 
6 month history of right-sided buttock pain. He 
describes that pain as sharp and stabbing present 
deep in the buttock, radiating down the leg into 
the heel. The pain increases after 30 min of sit-
ting, prompting him to stand up or shift his 
weight to the left buttock, making hard to work 
during the day. Walking and lying down is least 
uncomfortable while bending and lifting things 
makes the pain worse. The patient describes a tin-
gling sensation that occurs, whether seated or 
standing. He has been to physical therapy, which 
has not been of benefit, and he has tried rest, 
NSAIDs and OTC topical analgesic medications 
without benefit. On examination, his gait is anta-
lgic. He has distinct tenderness to deep palpation 
over the gluteal muscles. Internal and external 
rotation of his hip is painful. Lumbar spine range 
of motion is within normal limits. Neuro exami-
nation is intact, and he has a negative straight leg 
raise test on examination.

 What Is Your Preliminary Diagnosis?

The patient has a vague radicular pain with no 
sign of nerve compression. His neuro examina-
tion is unremarkable. There is no finding on lum-
bar spine physical examination. There is pain on 
rotation of the hip joint which requires close 
scrutiny of hip joint as a cause of his pain. The 
list of potential structures as source of pain for 
such kind of presentation would include sacroil-
iac joint, ischial or greater trochanter bursas, 
lumbar disc disease, lumbar facet joint, lumbosa-
cral radiculopathies, and piriformis/gluteal 
 muscles [1–5].

Sacroiliac joint tends to cause pain in the low 
back, rarely radiate below the knee, and tends to 
ease up with sitting. Lumbar disc pain does get 
worse with sitting, but pain localization tends to 
be over the spine, with limitation of lumbar range 
of motion due to pain. Facet joint pain is usually 
ipsilateral, gets better with sitting, and tends to 
occur in older patients unless due to injury. Hip 
joint pain does not tend to get worse with sitting, 
though pain with hip joint rotation can point 
toward the hip joint as a source of problem [6]. 
Considering the overall clinical features of the 
pain symptom constellation, it looks most likely 
piriformis syndrome.
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 How Is the Diagnosis Confirmed?

Piriformis syndrome is a diagnosis of exclusion. 
The diagnosis is confirmed when a patient dem-
onstrate certain clinical features in the absence of 
other pathologies as confirmed by chemical test-
ing or imaging. Clinical feature have not been 
validated; pain relief after piriformis muscle 
injection is considered as the most diagnostic test.

Patients will describe deep buttock pain that 
may or may not radiate down the leg, which 
improves with movement and worsens by sitting/
standing for even short periods of time (10–
15 min) (Table 37.1). This pain may be associ-
ated with difficulty walking due to antalgic gait 
or foot drop, weakness of the ipsilateral lower 
extremity, numbness in the ipsilateral foot, or 
even contralateral SI pain. As these symptoms are 
similar to a variety of other causes of lower back, 
hip, and lower extremity pain, physical exam iso-
lating the piriformis muscle is critical in differen-
tiating it as the primary diagnosis.

In a systematic review of more than 50 case 
studies of piriformis syndrome, the most com-
mon presenting symptoms were buttock pain, 
external tenderness over the greater sciatic notch, 
and aggravation of the pain through sitting.

On physical exam, a patient will have point 
tenderness over the piriformis muscle, especially 
over the attachment points at the greater trochan-
ter (Table  37.2) [5]. There may be tenderness 
extending to the SI joint as well. In the supine 
position, a relaxed patient would show ipsilateral 
foot external rotation, referred to as a positive 
piriformis sign∗. In the setting of chronic pirifor-
mis syndrome, surrounding neurovascular and 
muscular tissues can be impacted, leading to 
sacral plexus neuropathies as well as ipsilateral 
weakness of gluteus muscles, adductor magnus, 
quadratus femoris, and obturator externus mus-
cles, further confounding the diagnosis. Sacral 

anterior rotation is often seen in piriformis syn-
drome, which can result in a shortening of the 
ipsilateral leg as well as compensatory lumbar 
vertebral counter-rotation, which can cause con-
founding lower lumbar/thoracic pain and 
decreased range of motion.

As there is no single test that is specific to piri-
formis syndrome, a variety tests frequently used 
to aid in the diagnosis include Freiberg, Pace, 
FABER, FAIR, and Beatty tests [2–4]. In the 
Freiberg test, the patient is placed in a supine or 
prone position, the extended hip is passively 
internally rotated (Table  37.3). A positive test 
will elicit pain in the sciatic notch. The Pace test 
is performed with the patient in the seated posi-
tion with patient abducting the legs, leading to a 
contraction of the piriformis muscle and a result-
ing deep buttock pain. The FABER (flexion, 
abduction, external rotation of the hip) will result 
in back and deep buttock pain, as will the FAIR 
(flexion, adduction and internal rotation of the 
hip), reproducing the patients sciatic pain. In the 
Beatty test, the patient is placed in the lateral 
decubitus position with the painful side up. The 
leg on the painful side is flexed and the knee is 
placed on the examining table. The patient is 
asked to lift and hold the knee. A positive finding 
yields deep buttock pain [7]. Even with multiple 
positive physical exam tests, it can still be diffi-
cult to discern the etiology of pain and isolate the 
pain to the piriformis muscle. In certain instances, 
EMG, CT, MR, and ultrasonography have been 
used to further differentiate the cause. MRI or CT 

Table 37.1 Symptoms of piriformis syndrome

1. Point tenderness in buttocks
2. Pain radiating down back of leg
3. Tingling down back of leg
4. Pain improves with ambulation
5. Antalgic gait

Table 37.2 Diagnostic signs of piriformis syndrome 
(many of below will not be met, mostly diagnosis of 
exclusion)

1. Pain with palpation over piriformis muscle
2. Positive Freiberg test
3. Positive pace
4. Positive FABER test
5. Positive FAIR test
6. Negative MRI spine

Table 37.3 Freiberg’s criteria

Tenderness at the sciatic notch
Positive Lasègue sign
Improvement with nonsurgical treatment
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of the piriformis muscle have shown both atrophy 
and hypertrophy of the muscle, so assessing the 
size of the muscle on imaging does not refute or 
confirm anything. The imaging of spine or pelvis 
is more helpful in ruling out other pathologies. 
Neurophysiologic testing can distinguish pirifor-
mis syndrome from disc herniation based on 
which muscle groups show abnormalities, with 
disc herniation causing nerve impingement 
showing abnormalities in muscles proximal to 
the piriformis muscle, while in piriformis syn-
drome the abnormalities would be distal to it [8]. 
Some people use delay or loss of H-reflex in the 
peroneal or tibial nerve as a very important diag-
nostic information. The delay is more pronounced 
in the peroneal distribution. Increase in the delay 
of H-reflex or its loss when the test is repeated 
with leg in FAIR position will confirm the entrap-
ment of the nerve at the piriformis muscle level. 
CT and MR studies can show hypertrophy of the 
piriformis muscle or anomalous course of sciatic 
nerve either above or splitting through the piri-
formis muscle, which are known risk factors for 
developing this syndrome [9, 10, 11]. 
Radiographic studies can additionally be used to 
rule out alternative causes of pain. Ultrasound 
can also be used to assess for hypertrophy of piri-
formis muscle as well as anatomic variations of 
sciatic nerve course.

 What Is the Pathophysiology of This 
Condition?

In order to understand how the piriformis muscle 
can result in sciatic nerve irritation and pain, a 
basic understanding of the neuroanatomy as well 
as rare variations in the sciatic nerve course is 
critical. There are two types of piriformis syn-
drome, primary and secondary. The primary form 
results from anatomic variations of the piriformis 
muscle in relation to the sciatic nerve. The pirifor-
mis muscle functions to work at the hip joint, act-
ing as an abductor, flexor, and external rotator of 
the joint. Anatomically, the muscle spans the ante-
rior aspect of the sacrum to the greater trochanter, 
with the sciatic nerve exiting the greater sciatic 
foramen deep along the inferior surface of the 

piriformis muscle (Fig. 37.1). In as much as 22% 
of the population, the sciatic nerve pierces the 
piriformis muscle, splits the piriformis muscle, or 
both, predisposing these individuals to piriformis 
syndrome [12]. Secondary piriformis syndrome 
results from macro-/microtrauma resulting in 
ischemic mass effect or local inflammation of the 
sciatic nerve. This version of piriformis syndrome 
is most often caused by macrotrauma or direct 
trauma to soft tissue and the piriformis muscle, 
resulting in soft tissue inflammation and muscle 
spasm. This creates an impingement point as the 
sciatic nerve courses under the muscle. 
Microtrauma can be caused by repetitive use of 
the piriformis muscle, seen in long distance run-
ners, or by direct compression, seen in people 

Piriformis muscle

Sciatic nerve

Fig. 37.1 Standard course of sciatic nerve inferior to the 
body of the piriformis muscle. (From Sulak et  al. [22], 
with permission)
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chronically sitting on hard surfaces, like taxi driv-
ers or patients who sit on large wallets [7].

 How Is This Problem Managed?

Initial treatment of piriformis syndrome includes 
rest, analgesics, and physical therapy. 
Pharmacotherapy includes NSAIDs, acetamino-
phen, muscle relaxants, gabapentin, and opiates. 
Initial therapies should be chosen based on symp-
toms and titrated to effect.

In patients refractory to conservative manage-
ment, more invasive approaches should be con-
sidered. Diagnostic and therapeutic injections 
have been shown to be effective. While injections 
under fluoroscopy have been done, ultrasound- 
guided injections of the piriformis muscle have 
been shown to be superior in multiple studies.

Local anesthetic and steroid injections were 
evaluated in an approach correlating anatomical 
dissection with a combined fluoroscopic-nerve 
stimulator technique to demonstrate efficacy of 
therapy [4]. Other authors have studied the use of 
ultrasound as a combination modality to gauge 
feasibility and outcome [13, 14, 15]. One group 
compared the accuracy of fluoroscopically 
guided versus ultrasound piriformis injections in 
a cadaveric study, demonstrating a higher success 
rate in the ultrasound guided approach than in the 
X-ray guided group.

In addition to technique, the efficacy of differ-
ent injectate has been debated with local anes-
thetic versus combination local and steroid 
preparations [16]. The addition of corticosteroid 
did not confer additional benefit. The limitations 
of the study include volume administration 
(5  mL) and the use of a singular steroid (beta-
methazone). No comparison was made with a dif-
ferent class of steroid, dexamethasone for 
example, in this evaluation.

Muscle relaxants are also a possible treatment 
option for patients dealing with discomfort from 
piriformis syndrome. Common routes include 
oral agents and also the use of botulinum toxin 
injections. A case report highlights the use of 
botulinum toxin A in a patient with chronic pain 
due to spasms [17]. Another study, a prospective 
single site trial, evaluated the effect of botulinum 

toxin using CT guidance [18]. Physical modali-
ties including TENS, massage, and soft tissue 
mobilization have also demonstrated efficacy for 
the treatment [19].

 What Is the Prognosis of This 
Condition?

The prognosis of the condition is unknown as 
most patients get better by themselves [20, 21]. 
Only recalcitrant cases come to seek medical 
help. It’s suspected that a piriformis flare-up pain 
resolves over few weeks in general. It’s more 
important to find the underlying factors that are 
causing piriformis muscle to act up, i.e., improve 
sitting posture, gait balance training, and fix leg 
length discrepancy or any anatomical factors that 
need surgical correction so that it does not hap-
pen again. Proper diagnosis and directed treat-
ment can lead to improvement in symptoms and 
benefit for patients with piriformis syndrome.

 Discussion

 Prevalence

The lifetime prevalence of sciatica in the general 
population has been reported between 12% and 
27% with an annual prevalence of between 2.2% 
and 19.5% [1]. Piriformis syndrome, compres-
sion of the sciatic nerve by the piriformis muscle, 
is a relatively rare cause of sciatica and is esti-
mated to account for 0.6–8% of all cases of 
sciatica

With annual incidence of 40 million new cases 
of back pain, the annual incidence of piriformis 
syndrome would then be around 2 million cases. 
Prevalence rates variability is most likely due to 
alterations in diagnostic criteria used to diagnose 
piriformis syndrome.

 Differential Diagnosis

The differential diagnosis of this syndrome 
includes lumbago, lumbar radiculopathy, ischial 
bursitis, and cluneal neuralgia. The possibilities 
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can be eliminated with a thorough history and 
physical examination of the patient. Lumbago 
would be limited primarily to axial low back 
pain, with piriformis presenting as buttock and 
posterior thigh and leg pain. Piriformis syndrome 
is often confused with lumbar radiculopathy; 
however, in the absence of disk pathology on 
imaging (CT or MRI), piriformis is more likely. 
Additionally, physical examination findings such 
as palpation over the piriformis muscle, provoca-
tive tests, along with the history of pressure on 
the piriformis muscle (such as when seated) lead-
ing to radicular-type symptoms, lead to pirifor-
mis as a diagnosis. Ischial bursitis, while in the 
general gluteal region, is primarily diagnosed 
with palpation over the ischio-gluteal bursa. 
Cluneal neuralgia is the irritation of the cluneal 
nerves over the buttock and would not be expected 
to lead to radicular symptoms.

 Predictive Value of Different Clinical 
Features and Lab Testing/Imaging

The predictive values of physical exam tests have 
not been validated. A FAIR and FABER tests 
have a reported sensitivity of 0.78 and specificity 
of 0.80. Pace test (seated stretch test) has sensi-
tivity of 0.53 and a specificity of 0.90, while the 
Lasegue’s test (straight leg raise) has a sensitivity 
of 0.15 and specificity of 0.95. The combination 
of the Pace test with other tests that actively 
stretch piriformis muscles has shown a sensitivity 
of 0.91 and specificity of 0.80 for the endoscopic 
finding of sciatic nerve entrapment. Hence, the 
diagnosis of piriformis syndrome is best achieved 
with a combination of the history, physical exam-
ination, and diagnostic studies.

Laboratory testing including EMG testing 
may be performed. Usually EMG test is normal 
in patients with piriformis syndrome. The test is 
usually done to exclude other conditions. If posi-
tive, it reveals slowing of conduction velocity and 
or amplitude of action potentials. The degree of 
slowing correlates with the duration of the pathol-
ogy. Fishman et al. evaluated the H-reflex of 918 
patients [8]. The test was done with their leg 
FAIR position. He found that a delay in the 
H-reflex greater than 3 SD had a sensitivity of 

0.88 and specificity of 0.83 for the diagnosis of 
piriformis syndrome. Patients who have pro-
longed H-reflex in the FAIR position tend to 
improve significantly (improvement >50%) with 
conservative therapy. Needle EMG of piriformis 
muscle tends to be normal till the very end; pres-
ence of denervation sign may be present but 
unlikely and a sign of severe compression. MRI 
of the piriformis muscle may be equivocal, but 
the absence of degenerative disk disease can 
exclude discal pathology from the differential 
diagnosis of piriformis syndrome. Piriformis 
muscle asymmetry on MRI is looked for but has 
not diagnostic value. MRI neurography is a little 
more promising. MRI of the sciatic nerve when 
visualized using STIR sequence may show signs 
of nerve irritation or edema. Hyperintensity of 
sciatic nerve has been seen in 86–94% patients. 
The MRI finding of piriformis muscle asymme-
try and ipsilateral sciatic nerve hyperintensity at 
the sciatic notch had a specificity of 0.93 and sen-
sitivity of 0.64 for predicting good to excellent 
outcome from piriformis muscle release surgery. 
Additionally, Ultrasound imaging of the region 
may demonstrate nerve entrapment and possibly 
muscular trauma. Increase in size of the sciatic 
nerve is a sign of nerve swelling at the piriformis 
level, but more work is needed to make the test 
more useful.

 Strength of Evidence for Different 
Treatment Modalities

Rest, analgesics, and stretching exercises all have 
a role in the treatment of this entity. Around half 
the patients respond to conservative therapy. 
Additionally, interventional options may hasten 
recovery from this syndrome. Landmark tech-
nique is not reliable at all. Some sort of imaging 
to guide injection is almost mandatory for accu-
racy reason. As described above, fluoroscopic 
guidance was traditionally used for treatment. 
With the advent of ultrasound-guided interven-
tion for this entity, a robust and dynamic modal-
ity allows for direct visualization of target and 
treatment delivery. In one study, MRI-guided 
local anesthetic injection into the piriformis mus-
cle in patients with piriformis syndrome gave 
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complete relief to 15% of patients with no recur-
rence of pain, another 8% needed a repeat injec-
tion for complete relief, 37% had 2–4 months of 
relief with a subsequent recurrence despite repeat 
injection, 24% had less than 2  weeks of relief 
with subsequent recurrence, and 16% had no 
relief at all. There is no proof that addition of ste-
roid to local anesthetic adds any benefit. In a 
double-blind, randomized, placebo-controlled 
trial, botulinum toxin was found to be superior to 
a combination of lidocaine and steroid as well as 
normal saline placebo for pain relief in patients 
with piriformis syndrome. When combined with 
physical therapy, injection of botulinum has 
shown to improve symptoms in resistant cases. 
When looking at more invasive treatments, 
including nerve blocks, steroid injections, and 
botox injections, there is a paucity of randomized 
controlled trials on injectate type for this pain 
condition. Surgical intervention often involves 
tenotomy of the piriformis muscle tendon and 
sciatic nerve decompression.

 Future Directions or Clinical Trials 
in Progress

Greater use of ultrasound guidance for diagnosis 
and tracking of therapy is a direction of interest 
for pain providers. Identifying the etiology of 
piriformis syndrome, whether an isolated phe-
nomenon, or the fruition of concomitant lum-
bago, or lumbar radiculopathy would allow 
providers to identify, stratify and intervene with 
therapy early on in the development of this entity. 
Early diagnosis is crucial in treating this process 
as intervening sooner with treatment modalities 
would improve treatment outcomes with less 
potential nerve damage.

 Conclusion/Summary

Piriformis syndrome is a clinical entity that requires 
a pain provider to synthesize history, exam, and 
diagnostic tools to give a diagnosis. While a clinical 
diagnosis leads to treatment, precision can lead to 
improved outcomes. The use of combination of 

diagnostic tests, instead of relying on one, on physi-
cal exam allows practitioners to exclude confound-
ing entities. The advent of ultrasound guidance for 
injections as well as for diagnostic purposes has led 
to an improvement in outcomes. Debate continues 
to exist as to the most effective mixture for injection 
to calm the musculature and underlying sciatic 
nerve. Future controlled trials should evaluate 
choice of injectate and speed and persistence of 
clinical result. What is not debatable, however, is 
the requirement for a multi-disciplinary approach, 
including pharmacology, interventional treatments, 
and physical modalities, to improve pain and numb-
ness related to the piriformis syndrome.
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A 25-Year-Old Cyclist 
with Persistent Perineal Pain

David H. Kim, Arjun Ramesh, and Adam C. Young

 Case Presentation

A 25-year-old professional male cyclist notes an 
increasing dull ache in the perineum. His pain 
symptoms radiate to the penis and are exacer-
bated by long-distance cycling. Several weeks 
after his symptoms begin, he notices painful uri-
nation and perineal pain following intercourse. 
He is otherwise healthy. Prior to visiting your 
pain clinic, he was treated empirically for possi-
ble urinary tract infection or prostatitis by his pri-
mary care physician. Following a course of 
antibiotics, negative urinalysis, negative sexually 
transmitted disease panel, he was referred to a 
neurologist. Initial MRI of the lumbar and sacral 
spine is negative for central or foraminal stenosis. 
He was started on anti-inflammatory medications 
with moderate reduction in pain but ongoing 
symptoms were exacerbated by cycling activities 
and sitting. He admits the only alleviating factors 

are resting from cycling, changing to a wider 
saddle, massages, standing, laying down, or sit-
ting on the toilet. He denies frank loss of bowel or 
bladder control but does note increased dimin-
ished sensation and increased straining during 
bowel movements and a mild degree of erectile 
dysfunction and genital sensitivity to light touch. 
He presents to your pain clinic for further evalua-
tion and treatment.

 What Is Your Preliminary Diagnosis?

The patient pain is distributed in the perineum 
and has mechanical component to it as it gets 
worse with sitting. There is associated visceral 
dysfunction affecting bladder and penile area. 
His medical work up is negative and he showed 
no response to antibiotics. He demonstrates 
increased sensitivity (allodynia) in the distribu-
tion of pudendal nerve. This along with relief of 
pain when sitting on the toilet and worsening 
pain with cycling and difficulty moving bowel 
suggest pudendal nerve dysfunction. The puden-
dal nerve dysfunction often results from entrap-
ment, but direct damage from a trauma, surgery, 
infection, or any other medical condition causing 
demyelination can also do this. Pudendal neural-
gia diagnosis requires high level of suspicion as 
there are no obvious signs or symptoms.
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 How Is the Condition Diagnosed?

Pudendal neuralgia is a clinical diagnosis. Like 
many other chronic pain conditions, it is a diagno-
sis of exclusion. A patient with clinical feature 
suggestive of pudendal neuralgia can have confir-
matory diagnosis if the pudendal nerve block pro-
vides complete relief. There are no specific tests 
for pudendal neuralgia. Imaging study like MRI 
or CT helps in excluding other pathologies. 
Neurophysiology tests such as pudendal nerve 
terminal motor latency (PNTML) test and electro-
myography (EMG) may serve as complementary 
diagnostic measures. However, these electrophys-
iologic findings are not specific for patients with 
pudendal neuralgia can be abnormal in other con-
ditions and explain their limitation in female after 
child birth. PNTML is done by sending a signal 
along the pudendal nerve and the time it takes for 
a muscle to contract. PNTML test can pick a 
demyelination process but cannot detect axon 
loss. It cannot detect any sensory nerve damage. 
The test would be normal if only sensory fibers 
are affected. A latency longer than 2.2 ms is con-
sidered abnormal. PNTML relies on the largest, 
fastest conducting nerves. EMG and single-fiber 
EMG with fiber density measurements are better 
able to evaluate neuropathy compared with 
latency tests, but these tests are more cumbersome 
and even too painful for a patient already in pain.

 How Do You Manage This Condition?

If the precipitating factors are well defined, they 
can be avoided. Physical therapy is first line of 
intervention. Patient would need referral to place 
who specialize in pelvic floor exercises. This may 
entail manual techniques to relax the muscles, 
improve range of motion, posture training, 
strengthening pelvic, back, and hip muscles. 
Membrane stabilizers (Lyrica), muscle relaxers 
(flexeril, baclofen), and tricyclic antidepressants 
(amitriptyline) have also been tried. Pudendal 
nerve block is performed both for diagnostic and 
therapeutic reasons. A number of approaches and 
medications have been used with variable suc-
cess in different reports. Pain relief up to few 

months has been described. In few cases where 
there is a strong suspicion of nerve entrapment, 
surgical decompression is done when everything 
else has failed.

 Discussion

Pudendal neuralgia is a rare and painful condi-
tion along the distribution of the pudendal nerve 
with varied clinical presentations. Pudendal neu-
ralgia is classically described as a sharp or burn-
ing pain in the perineum with extension to the 
genitals, including both the scrotum and penis in 
males and the vulva, vagina, and clitoris in 
females. Associated symptoms include dyspareu-
nia, dysuria, urinary frequency and/or urgency, 
decreased rectal sensation during defecation, and 
allodynia or hyperpathia of the perineum or geni-
tals [1]. Clinical signs associated with pudendal 
neuralgia include exacerbation when sitting or 
cycling and alleviation with standing, laying 
down, sitting on a toilet seat. The diagnosis of 
this condition is often delayed due to shared char-
acteristics with other pain etiologies with average 
diagnosis from symptom onset of 2–10 years [2].

The varied presentation of pudendal neuralgia 
is secondary to the anatomical course of puden-
dal nerve with three main branches and the fact 
that it is a mixed sensory-motor nerve. The nerve 
is derived from S2-S4 ventral roots and courses 
along the greater sciatic notch, piriformis muscle, 
sacrospinous ligament, sacrotuberous ligament, 
lesser sciatic foramen, and Alcock’s canal. The 
three terminal branches are the inferior rectal 
nerve, the perineal nerve, and the dorsal nerve of 
the penis and clitoris. The inferior rectal nerve 
controls the external anal sphincter, sensation of 
the distal anal canal below the pectinate line, and 
perianal sensation. The perineal nerve has both a 
motor component innervating perineal muscles 
within the urogenital triangle – superficial trans-
verse perineal muscle, bulbospongiosus, ischio-
cavernosus, sphincter urethra, but also provides 
sensation from the scrotum or labia. The dorsal 
nerve provides genital sensation from the penis 
and clitoris. Several anatomic entrapment areas 
have been previously characterized: (1) exit of 
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the greater sciatic notch associated with the piri-
formis muscle; (2) ischial spine associated with 
the sacrotuberous ligament; (3) obturator inter-
nus muscle at entrance of the pudendal or Alcock 
canal; and (4) entrapment of distal terminal 
branches [2].

Although classically described in the cyclist 
population, pudendal neuralgia is also associated 
with obstetrical complications, urologic surgery, 
pelvic fractures, pelvic radiation, and infectious 
complications. During vaginal delivery, the 
pudendal nerve may suffer mechanical compres-
sion or stretch injury. Vaginal sling procedures 
for urinary incontinence have also been associ-
ated with scarring initiated by mesh, suture, or 
trocar placement with likely entrapment [3, 4]. 
Sacrospinous ligament fixation for treatment of 
vaginal vault prolapse may similarly cause 
entrapment of the pudendal nerve [3, 5]. Patients 
who have suffered pelvic or hip fractures can 
have subsequent direct transection or stretch/
compression injuries to the pudendal nerve [6, 7]. 
Scarring or adhesions as a result of pelvic radia-
tion may be associated with entrapment [8]. 
Infectious etiologies are also possible as post- 
herpetic pudendal neuralgia has also been 
described [9].

 Differential Diagnosis

The differential diagnosis for chronic pelvic and 
perineal pain is broad. As no definitive test exists 
for this condition, the proper diagnosis depends 
on history and physical examination along with 
exclusion of other diagnoses. Other etiologies of 
chronic pelvic and perineal pain include the 
following:

 – Sciatica (or lumbosacral radiculopathy)
 – Piriformis syndrome
 – Coccycodynia
 – Ischial bursitis
 – Tarlov cyst
 – Sacral central stenosis
 – Sacral foraminal stenosis
 – Interstitial cystitis
 – Abacterial chronic prostatitis

 – Prostatodynia
 – Idiopathic proctalgia
 – Vulvodynia
 – Vaginismus/pelvic floor myalgia
 – Endometriosis
 – Hemorrhoids
 – Proctalgia fugax
 – Levator ani syndrome
 – Persistent genital arousal disorder
 – Chronic pelvic pain syndrome

 Confirming the Diagnosis

The diagnostic dilemma of pudendal neuralgia as 
with many other chronic pelvic pain conditions is 
that no specific and definitive diagnostic testing 
exists. A careful history and physical examina-
tion guiding subsequent diagnostic testing with 
either laboratory testing or imaging studies is 
necessary to rule out other diagnoses. Diagnostic 
criteria (Nantes Criteria) for pudendal have been 
refined and validated [10] (Table 38.1). Essential 
criteria include the following: (1) pain in the ter-
ritory of the pudendal nerve: from the anus to the 
penis or clitoris, (2) pain is predominantly expe-
rienced while sitting, (3) the pain does not wake 
the patient at night, (4) pain with no objective 
sensory impairment, and (5) pain relieved by 
diagnostic pudendal nerve block. It should be 
noted that neurophysiology findings are comple-
mentary or supportive and no mention is made of 
imaging modalities. The diagnosis is primarily a 
clinical one, guided by history.

Testing for lack of pain upon palpation, allo-
dynia, hyperpathia in other nerve distributions 
such as the cluneal, ilioinguinal, iliohypogastric 
nerves along with testing for lack of objective 
sensory impairment may support a diagnosis of 
pudendal neuralgia (Table 38.2). Given overlap-
ping sensory innervation in the perineum and 
genital area from the iliohypogastric, ilioingui-
nal, genitofemoral, posterior femoral cutaneous, 
and cluneal nerves, an isolated sensory deficit 
would be more consistent with a radiculopathy or 
plexopathy [11]. Palpation of the greater or lesser 
sciatic notch and the obturator internus may 
reproduce symptoms and point out areas of 
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 possible nerve entrapment [3, 12]. Tenderness on 
palpation of the ischial spine during rectal or vag-
inal examination, particularly when unilateral, 
supports a diagnosis of pudendal neuralgia [3, 
11]. In addition, patients may favor one side to sit 
on during clinical evaluation [3]. No clinical sign 
or physical examination finding has been shown 
to be both sensitive and/or specific.

Neurophysiology testing may focus on puden-
dal nerve terminal motor latencies or electromy-
ography [13]. However, this testing is not specific 

to pudendal neuralgia and may not be a sensitive 
measure with poor correlation to clinical symp-
toms such as fecal incontinence or physiologic 
changes such as perineal descent, which was 
theorized to initiate pudendal nerve injury [14]. It 
should be noted that as the pudendal nerve is a 
mixed nerve, any branch may be affected; neuro-
physiologic testing of the pudendal nerve termi-
nal motor latencies or electromyography does not 
address pain or sensory manifestations of puden-
dal neuralgia. At present MR neurography is con-
sidered a relatively new and unvalidated technique 
to diagnose pudendal neuralgia.

 Treatment

Behavioral modification is an important modality 
when treating pudendal neuralgia. In one study of 
64 patients with pudendal neuralgia symptoms, 
behavioral modification by sitting on pads along 
with medication therapy resulted in pain relief in 
all patients, albeit with mild to moderate symp-
tom relief [15]. Other behavioral modifications 

Table 38.1 Nantes diagnostic criteria for pudendal neuralgia

Essential diagnostic criteria
Complementary diagnostic 
criteria Exclusion criteria

Associated signs not 
excluding the diagnosis

Pain in the territory of the 
pudendal nerve: from the anus 
to the penis or clitoris

Burning, shooting, stabbing 
pain, numbness

Exclusively coccygeal, 
gluteal, pubic, or 
hypogastric pain

Buttock pain on sitting

Pain is predominantly 
experienced while siting

Allodynia or hyperpathia Pruritis Referred sciatic pain

The pain does not wake the 
patient at night

Rectal or vaginal foreign 
body sensation 
(sympathalgia)

Exclusively paroxysmal 
pain

Pain referred to the 
medial aspect of the 
thigh

Pain with no objective sensory 
impairment

Worsening of pain during the 
day

Imaging abnormalities 
able to account for the 
pain

Suprapubic pain

Pain relieved by diagnostic 
pudendal nerve block

Predominantly unilateral 
pain

Urinary frequency and/
or pain on a full bladder

Pain triggered by defecation Pain occurring after 
ejaculation

Presence of exquisite 
tenderness on palpation of 
the ischial spine

Dyspareunia and/or pain 
after sexual intercourse

Clinical neurophysiology 
findings in men or 
nulliparous women

Erectile dysfunction

Normal clinical 
neurophysiology

From Labat et al. [10], with permission

Table 38.2 Diagnostic tests for pudendal neuralgia

Physical features Tenderness around ischial spine
Nerve block Relief with nerve block at the 

ischial spine
Ultrasound Thickening of nerve may be visible
MRI May reveal source of nerve 

entrapment, rule out other 
pathologies

Angiography AV pathologies causing nerve 
compression

Pelvic X-ray Fracture along the nerve route
Electrophysiology Conduction delay
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more specific to cyclists may include halting 
cycling activity to decrease inflammation, 
stretching exercises, wider or softer seats, cycling 
in a more upright position, or intermittently 
relieving pressure by standing up while riding 
[12, 16, 17].

Physical therapy, specifically active release 
technique, has been described in a case report 
with good results in an ironman triathlete [12]. 
For patients suffering from pudendal myalgia, 
optimal therapy may be achieved by a physical 
therapist specializing in pelvic floor dysfunction. 
Techniques that have been described include 
basic palpation, posture optimization, range of 
motion, and strength exercises to myofascial and 
trigger point release, which may include trans-
vaginal or transrectal approaches. Based on this, 
protocols have been developed that utilized myo-
fascial trigger points and relaxation therapy in the 
treatment of pelvic pain in general. However, no 
specific large-scale trials utilizing physical ther-
apy have been performed for the specific diagno-
sis of pudendal neuralgia. Although biofeedback 
has been applied for the diagnosis of pudendal 
neuralgia, this treatment modality is utilized typi-
cally as an adjunct therapy along with behavioral 
modification and physical therapy [18].

Medication classes that are historically uti-
lized in the treatment of pudendal neuralgia 
included tricyclic antidepressants, NSAIDS, gab-
apentinoids, opioids, and muscle relaxants [3, 
19]. Recommended dosing for pregabalin is 
75  mg twice per day with up-titration as toler-
ated. Although oral muscle relaxants are readily 
available, a variety locally delivered muscle 
relaxants have been described. Vaginal valium, 
diazepam, or baclofen suppositories are com-
monly used in the obstetrics and gynecologic 
population [3, 20]. Rectal belladonna and opium 
suppositories twice per day have also been used 
for local muscle relaxant and pain relief effects 
[18]. Perineal 8% capsaicin patches have recently 
been utilized for a variety of chronic pelvic and 
perineal pain syndromes with one study demon-
strating a response rate of 24% in a pelvic pain 
population with “very much improved” or “much 
improved” with an overall improvement of 58% 
and 3.4 score reduction on NRS scales [21].

Pudendal nerve blockade can be accomplished 
with various imaging modalities although dura-
tion relief has been limited. A recent study dem-
onstrated long-term relief in 2 of 29 patients with 
the diagnosis of pudendal neuralgia confirmed by 
initial response to pudendal nerve blockade [22]. 
And a larger scale retrospective study of 95 
patients utilizing CT-guided dual pudendal nerve 
blockade both at the ischial spine and pudendal 
canal demonstrated an efficacy rate at 6 month 
follow-up of 25.2% with self-reported improve-
ment of 60% [23]. The addition of corticosteroids 
to the nerve block does not appear to confer addi-
tional analgesia [24]. The evidence for pudendal 
nerve radiofrequency ablation appears to be more 
promising. One case series demonstrated mean 
reduction in VAS scores from 9.0 down to 1.9 at 
1 year post-procedure [13].

Neuromodulation has been successfully uti-
lized for refractory cases of pudendal neuralgia. 
Spinal cord stimulation of the conus medullaris 
in a case series of 27 patients had a response rate 
of 74% and estimated improvement of 55.5% 
over an average follow-up time of 29  months 
[25]. In that study, the majority of spinal cord 
stimulator systems at the permanent implant 
phase was single column and placed with the ter-
mination of last stimulator plot just below the 
level of the conus medullaris as determined by 
MRI of the spinal cord pre-implant. More 
recently, dorsal root ganglion stimulation has 
been utilized for refractory chronic pelvic pain. 
In a small case series of 7 patients with severe 
chronic pelvic pain, some of whom had failed 
dorsal column spinal cord stimulation, bilateral 
L1 and S2 dorsal root ganglion trial leads were 
utilized with significant relief in all patients [26]. 
Average VAS pain score was 7.6 pre-trial and 1.6 
post-trial. Sacral stimulation utilizing lead 
 placement at bilateral S3 and S4 foramina has 
been shown in a case report to have significant 
pain relief with 10/10 NRS pre-stimulator to 2/10 
NRS post-stimulator over a 4 year follow-up 
period with significant improved function such as 
the ability to resume horseback riding and sig-
nificant reduction in opioid medication [27]. 
Peripheral nerve stimulation of the pudendal 
nerve at the ischio-rectal fossa has been described 
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with complete to significant pain relief in 16 out 
of 19 patients following lead placement [28].

Surgical decompression has been historically 
effective in approximately 75% of patients. In 
one of the earliest larger case series of pudendal 
nerve decompression, a success rate of 70% was 
reported in a population of 170 patients [29]. A 
more recent prospective study of 200 patients 
resulted in sustained 50–100% improvement in 
87% of patients over a 12 month follow-up period 
[2]. A randomized controlled trial comparing sur-
gical versus non-surgical treatment of pudendal 
neuralgia revealed a significantly greater percent-
age of patients reporting improvement at 3 month 
follow-up, 50% versus 6.2%. This trial also repli-
cated prior larger case series in that 71.4% of 
patients in the surgical group reported improve-
ment at 12 month follow-up [30]. Non-response 
has been hypothesized to be secondary to chronic 
nerve injury via crush, stretch, or transection 
injury rather than secondary to an anatomic 
entrapment.

 Conclusion

Pudendal neuralgia is a painful condition affect-
ing the nerve distribution of the pudendal nerve 
that is quite common in certain population and 
often underdiagnosed or mistreated. The Nantes 
criteria are quite useful in helping to make the 
diagnosis of this confusing condition. There is no 
definite treatment for this condition like many 
other chronic pain conditions since pathophysiol-
ogy is still poorly understood. More research is 
needed to clarify the optimal diagnostic and 
treatment methods for this condition.
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A 55-Year-Old Patient 
with Recurrent Pain After Back 
Surgery

Thomas Zouki, Kenneth D. Candido, 
and Nebojsa Nick Knezevic

 Case Description

A 55-year-old man with a history of 10 years of 
progressive low back pain (LBP) radiating in the 
left lower extremity, which proved refractory to 
conservative treatment, was evaluated. The pain 
was insidious in onset, progressed to an 8/10 on a 
visual assessment numerical rating scale (VAS) 
score at its worst, and was poorly controlled with 
ibuprofen, gabapentin, hydrocodone/acetamino-
phen, and epidural steroid injections (ESI). He 
experienced “mild relief” with physical therapy 
but the benefits were only transient. He worked 
as a mechanic and, although he did not have any 
motor deficit from his condition, he experienced 
a substantially reduced quality of life and func-
tional status due to the pain he perceived, to a 
point where he even would have to regularly miss 
days of work. He had MRI evidence of an L4-L5 
disc herniation, spinal canal stenosis, and degen-
erative changes of the lumbar spine (Fig. 39.1). 
He lives alone and his medical problems are acid 

reflux for which he takes omeprazole, mild 
depression for which he takes amitriptyline and 
he is mildly obese with a BMI of 34. After con-
sultation with a neurosurgeon, a decision was 
made to undergo an L4-L5 discectomy with 
accompanied L4 and L5 laminectomies. The sur-
gery was uncomplicated but after only 2 months 
post-operatively, the patient presented to our pain 
clinic with complaints of recurrent back pain that 
he then considered to be potentially more aggra-
vating than what it was at baseline.

 What Is Your Preliminary Diagnosis?

There is no precise or well-accepted definition of 
failed back surgery syndrome (FBSS). In general, 
specialists agree that it is a term used to identify 
“the surgical end-stage after one or several inter-
ventions on the lumbar neuroaxis indicated to 
relieve lower back pain, radicular pain or the 
combination of both, without effect” [1]. In other 
words, “when the outcome of lumbar spinal sur-
gery does not meet the pre-surgical expectations 
of the patient and surgeon” [2]. It does not mean 
failure to obtain total pain relief or return to total 
normal function since, for some spinal condi-
tions, it is clear that complete pain relief is not 
realistic.

The case presented in this chapter is a typical 
case of FBSS, involving a patient who had sig-
nificantly reduced quality of life due to his spine 
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condition and also had MRI evidence of disco-
genic disease. After undergoing surgery, the 
patient did not show signs of improvement and, 
according to him, felt worse than before undergo-
ing surgery. But the diagnosis of FBSS itself is 
very broad, and the exact etiology of the disease 
must be worked up to know the exact cause of 
FBSS.  Improved knowledge of the root of the 
condition leads to better choice for course of 
treatment. Studies done on patients with FBSS 
identified that common causes included patients 
who had lateral canal stenosis post-op, central 
canal stenosis, recurrent or residual disc hernia-
tion, arachnoiditis or epidural fibrosis. Less com-
mon causes included nerve injury during surgery 
(leading to neuropathic pain), chronic mechani-
cal pain, painful segment (disc) above or below 
the operated segment, pseudoarthritis, foreign 
body, and surgery performed at the wrong level. 
When a clinician is faced with a patient who 

presents to him/her with suspected FBSS, a care-
ful assessment must be undertaken and all possi-
ble causes must be considered. A careful history 
and physical examination as well as the use of the 
appropriate investigation tools available to the 
clinician are imperative.

 How is the Diagnosis Confirmed?

 History
A careful history should include a thorough psy-
chosocial well-being assessment since poor psy-
chosocial status prior to surgery has a strong 
correlation with poor surgical outcome [3]. The 
presence of Workers’ Compensation claims as 
well as disability claims should be taken into 
account. A detailed pain history with pre- 
operative and post-operative comparison is cru-
cial to determine the likely source of pain. A 

Fig. 39.1 T2-weighted 
sagittal lumbar MRI 
showing significant disc 
bulging at L4-L5 leading 
to spinal canal stenosis 
at the associated level
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temporal relationship between the pain following 
the surgery undertaken to address the underlying 
condition should be established. Pain that appears 
shortly after surgery is most likely due to pre- 
operative and intra-operative factors (see 
Discussion). If the patient complains of a pain 
that is more “radicular” in origin, then the source 
is more likely to be due to inadequate decompres-
sion, foraminal stenosis, epidural fibrosis, recur-
rent disc herniation, or residual disk or fragment. 
Post-op new onset leg pain is suggestive of an 
instrumentation issue such as a pedicle screw 
compressing an exiting nerve root [4, 5]. On the 
other hand, pain that is predominantly in the 
lower back is more suggestive of sources such as 
sacroiliac joint (SIJ), myofascial issues, facet 
joint dysfunction, or discogenic causes. Careful 
evaluation to rule out any red flags should not be 
dismissed. Other rare causes such as abscesses, 
hematomas, abdominal or pelvic inflammatory 
diseases, thoracic or abdominal aortic aneurysms, 
and malignancies should be kept in mind. Signs 
and symptoms such as early onset of back pain 
that is different than pre-op, new onset neurologi-
cal deficit such as bowel and bladder paralysis, 
and weight loss should further prompt rapid 
investigation and treatment. The presence of 
night pain with or without weight loss should 
also be considered a cause for concern. A thor-
ough documentation of previous treatment should 
also be undertaken.

 Physical Examination
Even a thorough physical examination does not 
necessarily “rule in” the etiology of post-op back 
pain, but it can be helpful in “ruling out” serious 
pathologies. Examination of vital signs as well as 
abdominal, pelvic, and vascular system is impor-
tant, especially if one or more of the “red flags” 
mentioned earlier are present. Functional exami-
nation during patient visits, including assessment 
of posture, gait, need of assistance such as a cane 
or wheelchair, ability to sit straight, and ability to 
undress, should all be observed and documented 
during the patient’s visit. The patient’s spine 
should be visibly inspected; surgical scars and 
vertebral alignment need to be assessed. Palpation 
of the lumbar spine to elicit areas of tenderness, 

step-offs, and indentations suggestive of spondy-
lolisthesis is also important. Furthermore, assess-
ing the patient’s spinal range of motion with pain 
elicited on motion is necessary. Laying the patient 
down and performing a “straight leg raise test” 
can help identify patients with spinal stenosis, in 
which case the pain increases with hyperexten-
sion of the spine and is reduced when leaning 
forward. Focal or global muscular involvement 
can be evaluated by assessing each of the patient’s 
muscle groups against resistance and comparing 
that to the contralateral side. Sensation is also 
tested bilaterally and, if affected, dermatomal or 
peripheral nerve distribution patterns should be 
assessed. Provocative testing for the integrity and 
functional stability of the SIJ should also be 
performed.

 Investigations
The findings on history and physical examination 
should dictate the choice of investigational tools. 
When feasible, it is always preferable to compare 
post-operative results with those obtained pre- 
operatively. Tools for assessing the functional 
capacity such as the Oswestry low back pain dis-
ability index (ODI) or the EuroQuol 5D (EQ-5D) 
as well as simple pain assessment tools such as 
Numerical Rating Scales (NRS) for leg and back 
pain are necessary to support the diagnosis of 
FBSS. Plain radiographs can be used to assess the 
vertebral alignment as well as to detect significant 
degenerative changes. Lateral “extension/flexion” 
radiographs have been shown to be superior to 
MRI in detecting a spondylolisthesis [6]. 
However, these images will not provide any addi-
tional information regarding the involvement of 
soft tissue pathology such as neural impingement 
[7]. It is also not used as a reasonable tool in the 
evaluation of spinal stenosis. The gold standard in 
the evaluation of FBSS is MRI.  Gadolinium-
enhanced MRI is useful to differentiate from 
recurrent or residual disc herniation versus post-
operative epidural fibrosis (scar tissue in the epi-
dural space). The presence of enhancement of 
gadolinium-MRI may indicate the presence of 
infection. MRI is also the gold standard to evalu-
ate stenosis in the lateral recess and neural fora-
mens, discitis, and  pseudomeningocele [7, 8]. 
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Spinal endoscopy is a reliable tool used in the 
evaluation of epidural fibrosis. In those for whom 
MRI is contraindicated (pacemaker, cerebral 
aneurysm clip) or in whom the presence of surgi-
cal hardware produces significant artifacts on 
scanning, computed tomography (CT) myelo-
gram is recommended in lieu of MRI.  The 
CT-myelogram is useful in demonstrating com-
pression of neural structures by bony elements 
[4]. Laboratory tests measuring markers of infec-
tion (white cell count, erythrocyte sedimentation 
rate, C reactive protein) can be considered if 
infection is suspected based upon history and 
physical examination. Electrodiagnostic studies 
may assist in distinguishing focal neural involve-
ments such as peripheral neuropathy.

 What Is the Pathophysiology of This 
Condition?

As discussed earlier, FBSS is not a precise diag-
nosis with a clear-cut cause and with associated 
symptoms. Rather, it is a constellation of etiolo-
gies and symptoms that all lead to a surgical out-
come below the expectations of the patient and/or 
surgeon. The pathophysiology of the condition 
depends on the etiology, which can be divided 
into pre-operative, intra-operative, and post- 
operative factors [9].

 Pre-operative Factors
As mentioned above, the patient’s previous func-
tional, socio-economic, and psychosocial sta-
tuses are important pre-surgical indicators of 
post-surgical success. A large study performed 
by Carragee et al. showed that psychosocial risk 
factors are stronger predictors of post-op disabil-
ity than are structural abnormalities [3]. In this 
case, our patient suffered from depression, a psy-
chological factor that has been found to be asso-
ciated with poorer outcomes. Another relevant 
pre-operative factor is the amount of previous 
spine surgeries that the patient underwent. 
Repeated surgeries lead to repetitive insults to 
soft tissue structures as well as structural altera-
tions in the spine and its contents and are associ-
ated with a reduced success rate [9].

 Surgical Factors
Back surgery is very delicate and unforgiving; a 
surgical error or even routine perioperative bleed-
ing into the spinal canal can lead not only to 
worsening pain of the same anatomic distribution 
as originally identified but also to a new source of 
pain. The bony spine is the main contributor to 
the human posture; a lumbar fusion can lead to 
the loss of the normal lumbar curve, putting 
excessive stress on the sacroiliac joints (SIJ), ulti-
mately leading to SIJ pain. The use of instrumen-
tation in a restricted space that is available to the 
surgeon generates a high risk of neural 
impingement.

Inappropriate surgery selection should always 
be considered in the event of FBSS.  The most 
commonly reported error during spine surgery is 
the decompression of the wrong level [4]. The 
incidence of wrong level surgery is discovered 
following surgery in approximately 2.1–2.7%, 
while the incidence of unrecognized incorrect 
level of operation at the time of surgery is 0.57–
0.72% [10–13]. Another common selection mis-
take is performing surgery on the basis of imaging 
solely; for example, performance of a discectomy 
on a patient with axial type of pain who could be 
better served with a more conservative approach 
such as a medial branch used to address facet 
joint mediated pain. Single-level decompression 
in a patient with spinal stenosis at multiple levels 
is unlikely to achieve the desired effects. On the 
other hand, FBSS stems from the inability to 
achieve the surgical goals because of an elevated 
level of surgical difficulty such as ligamentous 
hypertrophy or far lateral disc herniation.

 Post-surgical Factors
Just like any other surgery, the risk of post-op 
bleeding and infection must be taken into consid-
eration and identified as soon as possible given 
these complications can rapidly lead to perma-
nent neurological deficiency and even death [14]. 
Inadvertent meningeal tear can cause pseudo-
meningocele and lead to post-dural puncture 
headache, wound swelling, and focal  neurological 
symptoms. Prolonged and aggressive nerve root 
retraction leads to a condition known as “battered 
root syndrome” and can cause persistent radicu-
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lar pain. Persistent inflammation of the arachnoid 
matter, known as arachnoiditis, results in chronic 
nerve root irritation and ultimately produces 
spine and lower limb pain.

A condition known as “fusion disease” origi-
nates from myofascial pain. The dissection and 
prolonged retraction of the paraspinal muscles 
results in denervation and atrophy of the muscu-
lature [15–17]. Furthermore, damage to the para-
spinal muscles can lead to postural changes 
post-op. The patients will typically compensate 
with hyperextension of the thoracolumbar spine, 
which will further exacerbate back pain in the 
long term [18]. Recurrent disc herniation at the 
site of surgery (or at an adjacent segment due to 
altered load distribution) is known to occur in up 
to 15% of patients following discectomy. 
Epidural fibrosis is one of the biggest contribu-
tors to FBSS (up to 20–36% of FBSS patients). 
The condition stems from epidural scarring that 
occurs following spine surgery and, subsequently, 
causes tethering of nerve roots. Perineural fibro-
sis may interfere with cerebrospinal fluid medi-
ated nutrition, resulting in hypersensitivity of the 
affected nerve roots. Additionally, fibrosis can 
interfere with adequate blood supply of the nerve 
roots. Lastly, the changes in weight distribution 
carried by the axial spine following back surgery 
may lead to a new instability. This can accelerate 
pre-existing disc degeneration of adjacent seg-
ments due to changes in biomechanics of the 
spine, a condition known as transition syndrome, 
which is thought to occur in up to 36% of patients 
[18–20]. Although a discectomy may initially 
relieve pain, it can ultimately reduce the height of 
the interspace and cause the involved facet joints 
to compress the exiting nerve root, which leads to 
pain. The latter is known as “vertical stenosis.”

 How Is the Problem Managed?

According to experts, the management options 
for FBSS consist mostly of physical therapy, 
pharmacotherapy, psychotherapy (such as cogni-
tive behavioral therapy), injections, repeated sur-
gery, and neuromodulation. There is, 
unfortunately, no miracle solution, and the prob-

ability of success of each respective management 
will be discussed later.

 Conservative Management
The first step in the management of FBSS is a 
trial of conservative management with physical 
therapy and pharmacotherapy. Physical therapy 
should aim at improving the patient’s core 
strength and spinal range of motion. There is no 
level I study evidence to support physical therapy 
or exercise, but there is a strong level II evidence 
that supports this approach [21]. Pharmacotherapy 
should initially start with the use of non-steroidal 
anti-inflammatory agents (NSAIDs) and/or acet-
aminophen, although both have shown weak evi-
dence to support their effectiveness. The use of 
opioids is now, more than ever, controversial and 
is recommended as the last line of defense for 
intractable pain. The use of opioids has been 
shown to increase pain scores, risks of addiction, 
incur physiological and psychological depen-
dence, and even lead to death. With the use of 
opioids on the decline, anticonvulsants such as 
gabapentin and pregabalin have gained immense 
popularity and have shown a certain level of 
effectiveness; there is at least one level I study to 
support their use [21]. As mentioned earlier, cog-
nitive behavioral therapy has shown to reduce 
pain score in a certain patient population.

 Interventional Pain Procedures
Epidural steroid injections (ESI) are the most 
commonly performed procedures employed in 
pain clinics, and FBSS is one of the most com-
mon indications for their use. Evidence has 
shown that ESI can prevent repeated surgery 
needs in the short term and furthermore that ESI 
is a useful tool in treating radicular type of pain 
from FBSS. Level I evidence shows that caudal 
ESI were similar or less expensive than reopera-
tion, manipulation, and medical management 
[21]. As mentioned above, scar formation in the 
epidural space is very likely to occur and may be 
a source of pain for the FBSS patient. 
Furthermore, these scars create septations that 
can interfere with adequate spread of medica-
tions injected during ESI.  Lysis of these adhe-
sions is theoretically possible by delivering a 
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hypertonic solution with a mixture of local anes-
thetics, x-ray contrast agents, and glucocortico-
steroids (Racz procedure). There is level I 
evidence to support the Racz lysis procedure. 
Lysis of adhesion can also be done by means of 
epiduroscopy, but the level of evidence is II or III 
for this modality (Fig. 39.2). Another frequently 
performed procedure with proven success is 

radiofrequency ablation (RFA) of targeted struc-
tures (Fig. 39.3). The first step consists of block-
ing the targeted nerve(s) and observing the 
patient’s responses; if the block is deemed suc-
cessful (>80% reduction of pain, even tran-
siently), then the patients are candidates for 
RFA. The most common locations where RFA is 
performed are medial branches and SIJ.

a b

Fig. 39.2 Transforaminal epidural steroid injection in a patient with failed back surgery syndrome under fluoroscopic 
guidance. (a) Anteroposterior view. (b) Lateral view

a b c

Fig. 39.3 (a–c) Radiofrequency ablation in a patient with failed back surgery syndrome under fluoroscopic guidance
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 Repeat Spine Surgery
Few indications exist for repeat spine surgery, 
and these include progressive neurological defi-
cit, spinal instability, and removal of an improp-
erly placed pedicle screw. There is no good level 
of evidence to support revision surgery and, over-
all, the success rate of such procedure is known 
to be very low and also leads to additional scar-
ring and fibrosis in the epidural space. Studies 
have demonstrated that success rate for repeat 
surgery is no more than 30%, 15%, and 5% of the 
patients who experience a successful outcome 
after the second, third, and fourth surgeries, 
respectively [22].

 Neuromodulation
Spinal cord stimulation has shown to be a treat-
ment modality with tremendous potential. Its 
proposed mechanism of action consists of utiliz-
ing the “gate theory of pain control” (Wall and 
Melzack) at the spinal level to block the transmis-
sion of pain, thereby replacing it with a more 
favorable sensation. There is also a belief that a 
supraspinal component of pain relief exists, along 
with descending inhibitory pathway and inhibit-
ing pain facilitation [23]. Evidence exists show-
ing improved outcomes with SCS compared to 
conventional medical management for pain that 
is predominantly neuropathic. SCS is also supe-
rior to surgical management for pain that is pre-
dominantly radicular in nature. The PRECISE 
trial showed that SCS is more cost-effective than 
conservative medical management. There is a 
level I evidence to support that SCS is more 
effective than repeat surgery for a subpopulation 
with FBSS.  There is also a level I evidence to 
support that SCS is more effective than conserva-
tive medical management in reducing pain, is 
more cost-effective, and offers better quality of 
life to FBSS patients [21].

 What Is the Prognosis of This 
Condition?

The prognosis of the condition depends on the 
cause of FBSS and the decision to treat it or not 
to treat it. Furthermore, the treatment modality 

chosen will also impact the prognosis of the con-
dition. Careful consideration of the type of ther-
apy most appropriate for the treatment of FBSS is 
dependent on the etiology of the pain. The fact of 
the matter is that up to 40% of patients undergo-
ing back surgery will fall under the heading of 
FBSS in the future. These patients will most 
likely live with some degree of chronic pain their 
entire lives, and the best options for these patients 
are options that modulate their pain.

Although there is strong level II evidence to 
suggest that exercise, physical therapy, and 
behavioral modification techniques are useful, 
there is no level I evidence to suggest these treat-
ments are superior, one to the other. 
Anticonvulsants and antidepressants are fre-
quently recommended for FBSS with a neuro-
pathic pain component, despite inconclusive 
evidence for their efficacy [21]. The different 
interventional and surgical options were dis-
cussed earlier and all represent ways to intervene 
in order to manage FBSS.

 Discussion

 Prevalence

Chronic LBP is highly prevalent in our society 
and has an exceptional cost associated with it. 
The point prevalence of LBP is estimated to be 
about 11.9%, and the 1-month prevalence is esti-
mated to be 23.2% [1]. In the United States, an 
estimated 149 million workdays are lost every 
year because of low back pain [2], with total 
costs estimated to be US $ 100 to 200 billion a 
year, of which two thirds are due to lost wages 
and lower productivity. With the increasing prev-
alence of LBP comes an increasing number of 
back surgeries. Between 1998 and 2008  in the 
United States alone, the number of lumbar fusion 
surgeries increased from 77,682 to 210,407. In 
the same time period, the number of laminecto-
mies increased from 92,390 to 107,790 [24]. We 
discussed earlier that FBSS could be interpreted 
as “when the outcome of lumbar spinal surgery 
does not meet the pre-surgical expectations of the 
patient and surgeon.” Compared to other 
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 developed countries such as Canada, Finland, 
and Australia, the rate of spine surgery is about 
double in the United States. When compared to 
the United Kingdom, it is about five times more 
common. In the United States, the failure rate of 
lumbar spine surgery is estimated to be between 
10% and 40%, and with the increasing number of 
spine surgeries performed, the prevalence of 
FBSS is also increasing [25, 26]. These statistics 
incorporate the different kinds of procedures that 
can be performed on the spine (i.e., discectomy, 
lumbar decompression, etc.) as well as the differ-
ent sources of pain that cause FBSS.

 Differential Diagnosis

As discussed earlier, there is a wide range of eti-
ologies that can lead to FBSS, and it also impor-
tant to keep in mind that pain is a subjective 
sensation (Table 39.1).

 Predictive Value of Different Clinical 
Features and Lab Testing/Imaging

A thorough evaluation of the patient with sus-
pected FBSS is important and should include a 

good temporal history of the patients’ pain, phys-
ical examination, labs, and imaging. Early onset 
of pain can be an indication that the surgery was 
performed inadequately or at the wrong level. 
Early onset is also a sign that a surgical screw 
could be misplaced. Radicular type of pain is 
most likely due to epidural fibrosis, foraminal 
stenosis, inadequate decompression, recurrent 
disc herniation, or residual disc or fragment. New 
onset of leg pain that is different from pre-op pain 
is most likely due to an instrumentation issue [4]. 
Pain in the lower back is suggestive of SIJ dis-
ease, myofascial pain, or discogenic causes. Pain 
in the central spine in response to repetitive 
movement is representative of discogenic pain.

 Strength of Evidence for Different 
Treatment Modalities

Although no consistent physical exam exists to 
rule in FBSS, it is still strongly recommended to 
perform a thorough physical examination and to 
rule out any serious complications (see physical 
exam above). MRI is the gold standard radiologi-
cal exam in the setting of FBSS.  Nerve root 
enhancement on post-operative MRI has a strong 
correlation with recurrent or residual symptoms, 
with a positive predictive value (PPV) of 83.7%. 
In the presence of both nerve root thickening and 
recurrent disc herniation, the correlation is even 
stronger. Nerve root enhancement combined with 
nerve root thickening generates a PPV of 87.7%, 
and if recurrent disc herniation is also identified, 
the PPV is increased to 94.1%. Although epidural 
fibrosis is expected after spinal surgery, extensive 
epidural fibrosis is associated with a 3.2 times 
increased chance of experiencing recurrent radic-
ular pain [27].

 Future Directions or Clinical Trials 
in Progress

The strongest level of evidence that exists pres-
ently for the treatment of FBSS is use of neuro-
modulation. There is level I evidence suggesting 
that the use of SCS for the long-term treatment 

Table 39.1 Differential diagnosis of postsurgical back 
pain

Malingering (litigation involvement or workers 
compensation)
Patient psychological factors (depression, 
hypochondriac, etc.)
Poor surgical selection (inadequate level operated on or 
discectomy performed while medial branch block 
would have been better option)
Poor surgical technique (inadequate decompression, 
misplaced screw)
Surgical complication (infection, nerve injury, 
hematoma)
Vertical stenosis (new spinal instability)
Myofascial pain development
Epidural fibrosis
New level disc herniation (secondary to altered 
biomechanics of the spine)
Recurrent disc herniation of same level
Spondylolisthesis (secondary to altered biomechanics 
of the spine)
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of FBSS, specifically at high frequency (10 kHz), 
is efficacious. SCS is superior to reoperation and 
conventional medical management. Studies 
show that SCS remains underutilized for the 
treatment of FBSS and therefore represents an 
avenue that should be considered as an early 
remedy for this condition. Newer studies have 
shown that burst stimulation SCS offers superior 
pain coverage and also offers better quality of 
life than does use of conventional SCS or pla-
cebo. Burst stimulation waveforms lead to fur-
ther pain reduction than tonic stimulation. SCS 
has also been demonstrated to be more cost-
effective than repeat surgery [28].

 Conclusion

This case report involved a patient who under-
went spine surgery but, unfortunately, did not get 
the expected benefit out of it. It represents a case 
of FBSS.  With the volume of spine surgeries 
increasing and the ratio of failed surgery being 
the same over multiple decades, the yearly inci-
dence of FBSS is therefore on the rise. Since 
response to back pain is subjective and multifac-
torial, better patient investigation and selection 
prior to undertaking surgery as well as employ-
ment of appropriate surgical procedure selection 
represent pre-operative areas that have substan-
tial room for improvement. It is important to keep 
in mind that when FBSS is diagnosed, the pain is 
often multifactorial and the management neces-
sitates a multi-disciplinary approach. One cannot 
overlook the social, psychological, and financial 
factors that are involved in the patient’s medical 
situation. Care should be focused on maximizing 
the patient’s functional status as much as possi-
ble. The initial approach should always be con-
servative medical management including 
physical therapy, with or without psychotherapy, 
and non-opioid analgesics, such as NSAIDs and 
acetaminophen. But there is now strong evidence 
to support the early use of SCS and epidural 
adhesiolysis. There are currently large-scale clin-
ical trials in place to assess different methods of 
neuromodulation for the treatment of FBSS.
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A 55-Year-Old Diabetic Woman 
with Feet Pain

Robert Fuino, Rup Tandan, and Waqar Waheed

 Case Description

A 55-year-old woman presents with 8 months 
history of gradually progressive pain in her feet. 
The pain is a constant burning with associated 
pins and needles involving all of the toes. There 
is no low back pain, trauma, difficulty with bal-
ance, foot swelling or discoloration, or particular 
aggravating or alleviating factors. Her medical 
problems include obesity, type 2 diabetes melli-
tus, and hypertension. Her medications include 
metformin and hydrochlorothiazide. She has 
been drinking two glasses of wine per day for 
over 20 years. Her general and musculoskeletal 
examinations demonstrate normal appearance of 
the feet with no deformity or point tenderness, 
negative Tinel’s sign at the tarsal tunnels, nega-
tive Mulder’s sign, and intact peripheral pulses. 
The neurologic examination is notable for dimin-
ished sensation to touch, pinprick, vibration in 
the feet circumferentially up to the mid-foot, as 
well as diminished ankle reflexes bilaterally.

 What Is Your Preliminary Diagnosis?

The diagnosis of any medical disorder is based 
upon the combination of history, examination 
findings, and confirmation with pertinent investi-
gations. The differential diagnosis of foot pain is 
broad and can be divided into neurological and 
non-neurological disorders, as seen in Fig. 40.1.

Musculoskeletal causes of foot pain are varied 
and there are some features that are more sugges-
tive of this group of diagnoses. Specifically, 
localizing pain to the forefoot, mid-foot, and 
rear-foot tailors the differential diagnosis consid-
erably. Conditions common to the rear foot 
include plantar fasciitis, tarsal tunnel syndrome, 
and Achilles tendon pain, among others. Mid- 
foot pain can result from bony, tendinous, and 
rheumatologic causes (gout, rheumatoid arthri-
tis), as well as neuropathic Charcot disease of the 
foot. Features suggestive of musculoskeletal 
causes of foot pain, besides pain location, include 
recent foot injuries, changes in weight or activity 
level, or improvement with shoe removal. 
Nocturnal pain can be seen in neurologic and 
non-neurologic diagnoses, such as severe arthri-
tis, stress fractures, tumors, and DPN.  Color 
changes in feet, along with claudication history, 
may be indicative of vascular basis of the patient’s 
presentation. During examination, while evaluat-
ing both neurological and non-neurological dis-
orders, it is important to expose the patient’s 
lower legs and feet to inspect the legs and 
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 interdigital spaces. The presence of skin changes, 
such as hair loss or ulcers, can indicate peripheral 
vascular disease. Pallor, cyanosis, edema, or ery-
thema can indicate vascular, cardiac, rheumato-
logic, or infectious contributions to pain. Foot 
deformity, such as high or flat arches, can indi-
cate neuropathic or diabetic insults, such as 
Charcot arthropathy. Additional maneuvers, such 
as Tinel’s sign for tarsal tunnel syndrome or 
Mulder’s test for Morton’s neuroma, as well pal-
pation of the feet to elicit tenderness, should also 
be performed. Tinel’s sign is positive if electrical 
shooting pain along the sensory innervation of 
the posterior tibial nerve is elicited by tapping 
along the posterior aspect of the medial malleo-
lus. Mulder’s test is performed by applying pres-
sure with the index and thumb on the dorsal and 
plantar aspect of the painful inter-metatarsal 
space in question. With palpation of the feet, the 
forefoot is compressed with the opposite hand by 

squeezing the adjacent metatarsal heads together; 
a palpable click or pain radiating into the affected 
toes indicates a positive test.

Assessment of comorbid medical conditions 
is important. One should ask questions about dia-
betes, alcohol intake, diet, signs or symptoms of 
hypothyroidism, infections such as hepatitis, 
travel history, and family history of similar prob-
lems, as these can provide diagnostic clues. A 
focused neurologic examination includes large 
fiber (i.e., light touch, position, and vibration) 
and small fiber (i.e., temperature and pinprick) 
sensory testing, deep tendon reflexes, strength 
examination, Romberg test, and observation of 
gait. Patients with neuropathy can have reduced 
sensation and reflexes, a positive Romberg sign, 
or a steppage quality to their gait. Muscle weak-
ness and its symmetry should be noted. The pres-
ence of upper motor neuron signs, a sensory level 
or bowel, and bladder involvement all suggest a 
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process occurring in either the spinal cord, brain-
stem, or brain itself and warrant urgent evalua-
tion should there be no prior diagnosis to explain 
these findings. Neurologic disorders can be fur-
ther divided into patterns suggestive of polyneu-
ropathy (such as stocking and glove distribution 
of deficits), lumbar radiculopathy or lumbosacral 
plexus lesions (based upon the presence of back 
pain with radiation in a dermatomal distribution), 
mono-neuropathies, or focal structural causes 
(deficits involving individual nerves or its 
branches, such as tarsal tunnel syndrome due to 
tibial nerve entrapment).

In this case, considering the patient’s history 
of chronic symmetrical burning pain involving 
the forefeet, examination findings of stocking- 
type sensory loss, ankle hypo-reflexia and absent 
musculoskeletal/vascular findings, the most 
likely preliminary diagnosis is of a polyneuropa-
thy, likely caused by diabetes and contributed by 
alcohol. The absence of a family history, as well 
as of musculoskeletal deformities such as high 
arched feet or hammer toes, suggests that a 
hereditary neuropathy (such as Charcot Marie 
tooth disease) is an unlikely cause.

 How Is the Diagnosis Confirmed?

The suspected diagnosis based upon the clinical 
evaluation is confirmed by pertinent diagnostic 
testing. Non-neurologic disorders can be 
assessed, when appropriate, using vascular or 
radiological studies based on the suspected diag-
nosis. Electromyography, nerve conduction stud-
ies, or imaging can be used, depending on the 
suspected neurologic diagnoses, for further con-
firmation. Of note, normal electro-diagnostic 
testing does not rule out the presence of a small 
fiber neuropathy, which requires skin biopsy to 
evaluate the density of un-myelinated nerve 
fibers (intraepidermal nerve fiber density) to sup-
port the diagnosis of a small fiber neuropathy. 
Further investigations into underlying causes can 
be made after these initial assessments.

Electro-diagnostic testing performed in this 
patient showed findings consistent with the pres-
ence of a moderately severe length-dependent 

axonal sensorimotor neuropathy. Work up for 
common causes of a symmetrical length- 
dependent polyneuropathy, besides an elevated 
hemoglobin A1c of 9.1%, was negative (includ-
ing serum protein electrophoresis, TSH, and vita-
min B12 level).

 What Is the Pathophysiology of This 
Condition?

The pathophysiology of DPN is not well under-
stood. It is evident that impaired glycemic con-
trol contributes to neuropathy. High quality 
evidence suggests that glucose control can pre-
vent the development of clinical neuropathy in 
type 1 diabetic patients and trends towards reduc-
ing the incidence of neuropathy in type 2 diabetic 
patients [1]. Excess intracellular glucose can 
increase glycolysis and secondary generalization 
of reactive oxygen species (ROS) [2]. In addition, 
increased glucose transport can cause oxidative 
stress and inflammatory injury through separate 
pathways beyond the scope of this discussion [3]. 
Advanced glycation end products (AGEs) are 
also generated, resulting in binding to corre-
sponding receptors (RAGEs) and the initiation of 
inflammatory signal cascades and increased pro-
duction of ROS [4]. Dyslipidemia, common in 
diabetics, has also been implicated in increased 
oxidative stress [5]. Finally, as insulin has been 
shown to have neurotropic effects [6], insulin 
deficiency or resistance has been implicated in 
the pathogenesis of DPN [7].

 How Is This Problem Managed?

Management of DPN is based on a combination 
of simultaneous risk factor modification, pain 
control, and avoidance of disease complications. 
All patients with severe DPN should be advised 
to routinely check their feet to identify occult 
injury or the development of ulcers. Blood glu-
cose control is necessary to prevent progression 
of the neuropathy. Lifestyle modification coun-
seling and medications to control blood glucose 
are warranted. Specific medication regimens to 
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use for glycemic control are beyond the scope of 
this chapter.

Several medication classes are options for 
pain control, and it is worth noting that pain is 
one of the primary reasons for which patients 
with DPN seek care [8]. These are listed in 
Table 40.1, including starting doses and ranges, 
side effects, and supporting evidence. A 2017 
systematic review of 57 eligible studies of pain 
reduction therapies in DPN found that, among 
others, duloxetine, venlafaxine, tricyclic antide-
pressants, pregabalin, oxcarbazepine, and trama-
dol were more effective than placebo [9].

Pregabalin and gabapentin are both neuronal- 
type calcium channel alpha2-delta subunit antag-
onists. Analysis of 15 randomized controlled 
trials (RCTs) demonstrated that pregabalin had a 
mild beneficial effect on pain reduction when 
compared to placebo [9], consistent with prior 
systematic reviews [10]. Gabapentin has also 
been studied in painful DPN; although not all 
studies showed efficacy [9, 11], the American 
Academy of Neurology (AAN) and the European 
Federation of Neurological Societies (EFNS) still 
classify this agent as effective, and it is com-
monly used in clinical practice.

In addition, antidepressant agents have been 
well studied in painful DPN.  Tricyclic antide-
pressants (TCAs) have demonstrated efficacy 
according to a two meta-analyses [12, 13], 
although a specific agent is not recommended on 
the basis of these studies. As amitriptyline has a 
higher level of evidence for efficacy [14], doses 
of 25–100  mg a day have been recommended. 
Initiation with a bedtime dose of 25  mg, with 
gradual titration, is recommended. Nortriptyline 
and desipramine are also utilized, but they have 
lower quality evidence supporting their use.

Serotonin-norepinephrine reuptake inhibitors 
(SNRIs), namely duloxetine and venlafaxine, are 
also potential treatment options. These agents are 
well studied and are found to produce significant 
pain reduction in trials and systematic reviews [9, 
15]. Evidence for venlafaxine is less compelling, 
as a 2015 systematic review of six RCTs con-
cluded that trials either showed no significant 
benefit or were at high risk of bias [16]. However, 
venlafaxine is still commonly used for DPN neu-

ropathic pain in clinical practice. Patients should 
be advised to take duloxetine on a full stomach; 
transient GI discomfort may be associated with 
dose increases.

The use of opioids is another potential treat-
ment option, although evidence is more inconsis-
tent and of lesser quality [9, 17]. A 2017 
systematic review found tramadol to have a mod-
erate standardized mean difference in pain rating, 
suggesting benefit, as compared to placebo [9]. A 
careful discussion of the risks and benefits of 
these agents is necessary due to the enhanced 
risks of tolerance, dependence, addiction, and 
misuse.

Sodium valproate is classified as ineffective or 
with discrepant results by the EFNS but is classi-
fied as effective by the AAN. Oxcarbazepine may 
have some efficacy in neuropathic pain reduction 
[9], but due to discrepancies between study 
results, both the AAN and EFNS classify oxcar-
bazepine, lamotrigine, and lacosamide as ineffec-
tive and do not recommend their use [18].

Additional agents studied in painful DPN 
include topical capsaicin, isosorbide dinitrate 
spray, botulinum toxin injections, oral alpha 
lipoic acid, and lidocaine patches. Of these, 
Waldfogel et al.’s systematic review only identify 
botulinum toxin injections as effective, although 
only on the basis of two trials involving 60 
patients [9]. Alpha lipoic acid is an antioxidant 
that is believed to reduce oxidative stress in pain-
ful DPN.  One RCT in 181 diabetic patients 
showed that daily doses of 600–1800 mg of alpha 
lipoic acid mildly reduced burning pain (51% 
reduction in drug group vs. 32% reduction in pla-
cebo group [19].

The approach to pharmacologic management 
of diabetic neuropathic pain is addressed in sev-
eral treatment algorithms [20, 21]. All recom-
mend pregabalin, gabapentin, duloxetine, 
venlafaxine, and tricyclic antidepressants as first- 
line agents. These agents should be initiated, and 
the dose gradually increased, until the maximum 
tolerated dose before switching to another first- 
line agent. If partial efficacy from one drug is 
seen, or several agents do not show an acceptable 
benefit when used as monotherapy, a combination 
of first-line drugs from different classes can be 
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tried. If TCAs, SNRIs, and anticonvulsants fail as 
monotherapy or combination therapy, tramadol or 
opioids can be trialed with careful consideration 
of the long-term side effect profile. The choice of 
specific agents should be made after consider-
ation of the patient’s medical comorbidities, use 
of other concomitant medications, addiction 
potential, cost, and tolerance in mind.

 Role of Non-pharmacological 
Therapies

Quite often patient with diabetic neuropathy are 
offered or suggested nonpharmacological treat-
ments. Most recently these treatments were 
reviewed by Amato et al. in 2018 [23]. Only those 
interventions evaluated in a randomized con-
trolled trial were evaluated. Twenty-three trials 
were included. Alpha-lipoic acid and frequency- 
modulated electromagnetic stimulation were 
found to be more effective than control in the 
short term but not the long term while electrical 
stimulation was not effective for pain. Spinal 
cord stimulation was more effective than usual 
care for pain but strength of evidence was low. 
Evidence for cognitive behavioral therapy and 
acupuncture was insufficient; no exercise or 
physical therapy trials met inclusion criteria. No 
interventions reported sufficient evidence on 
quality of life. Frank Huygen et al. [24] reviewed 
evidence for interventional pain procedures for 
various chronic pain conditions; they found that 
evidence for performing lumbar sympathetic 
block was weak and for spinal cord stimulation 
moderate implying that the outcome in clinical 
practice may not match the results reported in the 
literature.

 What Is the Prognosis of This 
Condition?

DPN is most often a persistent condition that 
often worsens over time. Spontaneous remissions 
are possible if the condition is triggered by short 
duration of diabetes, during diabetic ketoacido-
sis, or with significant weight loss [22]. Long- 

term improvement in pain and function can be 
achieved with medical management, according to 
some observational studies. In one study of 43 
patients medically managed for painful DPN 
from Canadian tertiary pain centers, at 12 months 
51.2% of patients had functional improvement, 
37.2% of patients had more than 30% pain reduc-
tion, and 30.2% achieved both [25]. Control of 
other potential contributors to neuropathy is nec-
essary to prevent continued progression of the 
disease.

 Discussion

 Prevalence

DPN is the most common cause of peripheral 
neuropathy. The prevalence is estimated at 2% of 
the general population, based on smaller studies 
[26, 27], and about 30% of patients with diabetes 
[28]. Peripheral neuropathic pain caused by 
peripheral neuropathy is estimated to occur in 
from 16.2 to 26.4% of diabetic patients [29, 30].

 Differential Diagnosis

Polyneuropathies can be broadly divided into 
hereditary or acquired categories. Hereditary 
neuropathies frequently are long standing, insidi-
ous in onset, and positive sensory components 
(e.g., neuropathic pain) are often absent. 
Musculoskeletal deformities and a positive fam-
ily history would also be supportive of a diagno-
sis of hereditary polyneuropathies. The most 
common pattern of involvement in an acquired 
polyneuropathy is of a length-dependent axonal 
polyneuropathy, seen most commonly with dia-
betes. In this pattern, neuropathic symptoms start 
in the feet gradually and by the time involvement 
reaches the mid-shin, the finger tips are also 
involved, creating the so-called glove and 
stocking- type of sensory loss. In one case series 
of 103 patients with diabetic sensory polyneu-
ropathy, potential additional or alternative causes 
were identified in 53% [30]. The most common 
causes of peripheral neuropathy include diabetes, 
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hypothyroidism, vitamin deficiencies (B12, B6, 
B1), monoclonal gammopathies, and effects of 
alcohol overuse. Therefore, screening for these 
disorders is recommended in patients with dia-
betic polyneuropathy.

While evaluating a patient with polyneuropa-
thy, one should look for red flags associated with 
atypical causes, which often require urgent treat-
ment to prevent further progression. Red flags 
include acute or subacute onset, relapsing or 
remitting course, marked asymmetric painful 
pattern, concomitant cranial nerve deficits, and 
lack of length dependence (upper extremities ear-
lier and more severely affected than lower 
extremities). These red flags suggest the possibil-
ity of immune-mediated, vasculitic, infectious, 
neoplastic, or paraneoplastic etiologies. Prompt 
neurological referral and consideration of addi-
tional investigations, besides electro-diagnostic 
testing, in this group include lumbar puncture, 
expanded serologic evaluation, and potentially 
nerve and/or muscle biopsy.

 Predictive Value of Different Clinical 
Features (Both on History 
and Physical Exam), and Lab Testing/
Imaging

The diagnosis of peripheral neuropathy related to 
diabetes is complicated by the varying presenta-
tions it can have; these include varying tempo of 
onset and/or progression, symmetry, and distri-
bution of involvement (proximal or distal). As the 
most common presentation is a symmetric, distal, 
sensorimotor polyneuropathy, this is the presen-
tation referred to in most studies.

If typical features of a length-dependent neu-
ropathy (i.e., involvement distal > proximal, feet 
earlier and greater than hands) are identified in 
diabetic patients, further evaluation with serol-
ogy is indicated as described previously here. 
Other potential treatable causes of symmetric 
peripheral neuropathy should be identified and 
treated as previously mentioned. Neurology con-
sultation can be considered for patients who have 
inconclusive serologic testing.

When compared to electro-diagnostic testing, 
a combination of clinical and examination find-
ings are useful in the diagnosis of DPN. The sen-
sitivity and specificity of the 10 g monofilament 
sensory test and vibration testing were studied in 
a 2001 analysis [31]. The presence of risk factors 
for neuropathy increased both the sensitivity and 
specificity of each, regardless of the results of 
each test. For the vibration test, a 128-Hz tuning 
fork was applied to the bony prominence of the 
first toe. Vibration was extinguished twice on 
each first toe, for a total of four potential 
responses. The presence of risk factors and a cut-
off threshold equal to three or more incorrect 
responses demonstrated a sensitivity of 86% and 
specificity of 83% for the diagnosis of 
DPN.  Similarly, the monofilament test utilized 
four stimuli just distal to the nail bed on each 
great toe for a total of eight potential responses. 
Three or more incorrect responses, with the pres-
ence of risk factors for neuropathy, were deter-
mined to have a sensitivity of 83% and a 
specificity of 73%. However, neither of these 
tests is able to discriminate between neuropathy 
due to diabetes or other modifiable causes, listed 
previously.

Symptoms alone can have poor diagnostic 
accuracy in DPN. Screening tests, such as those 
recommended by the San Antonio consensus 
conference [32], Toronto criteria [33], and others 
will incorporate a combination of neuropathic 
symptoms, diminished ankle reflexes, decreased 
distal sensations, and abnormal nerve conduction 
studies in the diagnostic process. For example, 
the Toronto criteria classify “probable diabetic 
sensory polyneuropathy” in patients with two of 
three of the following: neuropathic symptoms, 
decreased distal sensation, or decreased/absent 
ankle reflexes. The diagnosis of confirmed clini-
cal DPN is based on the presence of signs and 
symptoms with an abnormal nerve conduction 
study. Specific criteria are not always used in 
practice but might have value for research 
studies.

Electromyography and nerve conduction stud-
ies should be performed for confirmation of the 
diagnosis. This allows one to confirm the acuity, 
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nerve fiber type (motor, sensory, or both), patho-
physiology (axonal loss versus demyelination), 
and distribution (focal, multifocal) of findings. 
As an example, metabolic/toxic or idiopathic 
neuropathies manifest primarily with axonal 
injury, while immune-mediated and inherited 
neuropathies can be either axonal or demyelinat-
ing. In addition, patients with previously men-
tioned atypical features for DPN (e.g., rapid 
progression, asymmetry, etc.) warrant both 
electro- diagnostic testing and a neurology con-
sultation. Normal electro-diagnostic testing does 
not rule out small nerve fiber involvement in dia-
betes, but this is atypical for DPN.

 Strength of Evidence for Different 
Treatment Modalities

Based on high quality evidence, a 2012 Cochrane 
systematic review concluded that improved gly-
cemic control is effective in preventing the devel-
opment of clinical neuropathy and reducing 
examination and electro-diagnostic abnormali-
ties in patients with type 1 diabetes mellitus. In 
type 2 diabetes mellitus, there was a reduction in 
the incidence of clinical neuropathy with glucose 
control, but this was not statistically significant 
[34]. It did, however, reduce nerve conduction 
and vibration abnormalities.

Pharmacologic treatment modalities for pain-
ful DPN are previously mentioned. The AAN and 
EFNS both provide guidelines on various agents 
for neuropathic pain in diabetes, based on the 
strength of evidence. These are listed in 
Table 40.1.

 Future Directions or Clinical Trials 
in Progress

Clinical trials for various experimental therapeu-
tic agents are currently ongoing. Small studies 
with limited sample sizes have shown efficacy for 
percutaneous electrical nerve stimulation [35], 
but this technique is not commonly available in 
clinical practice. Spinal cord stimulation has also 

been studied in a small, open-label international 
trial, which reported a sustained positive effect at 
24 months [36, 37], but further studies are needed 
before this invasive approach is recommended.

 Conclusion/Summary

DPN is an often painful condition resulting from 
nerve damage due to oxidative stress consequent 
upon poor glycemic control. It has varying pre-
sentations and is among the most common causes 
of neuropathy. Most frequently, patients present 
with a progressive, length-dependent, distal sen-
sory loss. History of neuropathic symptoms, 
including neuropathic pain, diminished ankle 
reflexes, and diminished distal vibratory sensa-
tion, is an important clinical diagnostic clue. 
Specific criteria for the diagnosis of DPN, includ-
ing the Toronto criteria, have been described. 
They utilize these clinical findings, and use results 
nerve conduction testing, to confirm the diagno-
sis. This condition is rarely reversible and glucose 
control is necessary to prevent progression. 
Control of neuropathic pain is possible with either 
mono-therapy or combination therapy of anticon-
vulsants, tricyclic antidepressants, and SNRIs. 
Opioids have been utilized in prior studies but evi-
dence is considered to be of low quality. This 
class also carries significant risk of long-term 
dependence and addiction, and each patient 
should be counseled accordingly. There are no 
interventions, at this time, that have high quality 
evidence showing pain reduction in this condi-
tion. Further research into disease pathogenesis 
and identification of novel therapeutic agents will 
further change how this disorder is treated.
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A 35-Year-Old Woman with Whole 
Body Pain: Fibromyalgia

Lynn R. Kohan and Xiaoying Zhu

 Case Description

A 35-year-old woman presented to the pain 
management clinic as an initial visit. She stated 
that she has had ongoing fatigue and that her 
whole body hurts, especially her muscles and 
joints. She rated the pain a 7/10 on the numeric 
rating scale (NRS). She described the pain as 
achy in nature. She also complained of numb-
ness and tingling in her arms and legs. She was 
unable to participate in activities with her chil-
dren because of the pain. Nothing helped the 
pain. It was worse with prolonged activity. She 
was taking ibuprofen 600 mg by mouth about 
2–3 times a day and Tylenol 500 mg as needed. 
In addition, she reported that she had not been 
sleeping well. Her symptoms began about 
2 years ago but had steadily been getting worse. 
She presented asking what can be done about 
her pain.

Physical examination revealed normal vital 
signs. She was a moderately obese woman who 
appeared slightly anxious. She was tender to 
palpation in her bilateral trapezius, rhomboids, 
cervical paraspinal, latissimus dorsi, lumbar 
paraspinal, and gluteal musculature. The 

patient was given the widespread pain index 
(WPI) and symptom severity scale (SSS) ques-
tionnaire. She reported pain in 5 out of 5 quad-
rants in addition to indicating the following 
symptoms as moderate problems: fatigue, trou-
ble concentrating, and waking up tired. 
Furthermore, she reported headaches and feel-
ings of depression (Fig. 41.1). She was started 
on a course of duloxetine and given instruc-
tions to titrate up to 60 mg daily. In addition, 
she was offered an appointment with the pain 
psychologist and provided with a prescription 
for aqua-therapy. The patient returned 8 weeks 
later reporting mild improvement in her symp-
toms; however, secondary to delays obtaining 
appointments with physical therapy and pain 
psychology, she had just started those thera-
pies. No changes were made to her regimen, 
and she was instructed to return to the clinic in 
8 weeks. Upon return, she reported participat-
ing in both physical and psychological thera-
pies and noted some additional improvement in 
her pain. She stated however that her function 
was still limited and was hoping for further 
improvements in her overall symptoms. She 
was started on a course of pregabalin at 75 mg 
twice a day (bid) and instructed to increase to 
150 mg bid over 1 week. The patient returned 
at her follow-up appointment stating that she 
had been exercising regularly, using the tech-
niques learned in pain psychology, and had 
been taking her duloxetine and pregabalin 
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without side effects. She reported overall 
improvement in her widespread pain, function, 
headaches, anxiety, and depression and was 
overall pleased.

 What Is the Preliminary Diagnosis?

The primary diagnosis is fibromyalgia (FM) or 
chronic widespread pain syndrome. FM gener-
ally consists of a constellation of chronic syn-
dromes including widespread pain, fatigue, 
stiffness, and insomnia [1]. The pain is mostly 
present in the musculoskeletal system and soft 
tissues. In addition, patients often report numer-
ous associated symptoms such as altered menta-
tion (“fibro-fog”), headaches, irritable bowel, 
anxiety, and depression. Given the lack of objec-
tive criteria, the American College of 
Rheumatology (ACR) has developed several 
diagnostic criteria since 1990 to better guide phy-
sicians to an appropriate diagnosis.

 How Is the Diagnosis Confirmed?

The American College of Rheumatology first 
developed diagnostic criteria in 1990 in hope of 
providing improved guidance to physicians in 
diagnosing FM.

 1990 Criteria

At that time there were two requirements for FM 
to be diagnosed: widespread pain (defined as 
axial pain in the upper and lower halves of the 
body) for at least 3 months; and 11 ≥ of 18 spe-
cific tender points identified on palpation [2]. 
Skill was required to locate the tender points and 
gradually press with 4  kg per square meter of 
pressure (Table 41.1).

The two greatest flaws with the 1990 criteria 
were the ability and/or confidence of practitio-
ners to perform the tender point exam correctly 
and the fact that associated symptoms were 

1
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Left hip or
buttocks

Right lower leg Left lower leg
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Widespread Pain Index
(1 point per check box; score range: 0-19 points)

Please indicate if you have had pain or tenderness during the
past 7 days in the areas shown below.
Check the boxes in the diagram for each area in which you
have had pain or tenderness.

Symptom Severity
(score range: 0-12 points)

For each symptom listed below, use the following scale to indicate the severity of

the symptom during the past 7 days.
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Fig. 41.1 Widespread pain index and symptom severity scale. (From Woolf [57], with permission)
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largely neglected. While the 1990 criteria were 
widely utilized, it became apparent that the 
majority of physicians were either not perform-
ing the tender point examination or performing it 
incorrectly [3–5]. The criteria were revised in 
2010 to address these issues.

 2010 ACR Criteria

The 2010 criteria were developed to offer cli-
nicians a more practical method to diagnose 
FM. The tender point examination was elimi-
nated, widespread pain was better quantified, 
and attention was drawn to associated symp-
toms of FM. The criteria involved two compo-
nents that were scored: widespread pain index 
(WPI) which identified 19 painful regions on 
the body and the symptom severity scale which 
assessed for FM-associated symptoms [6]. 
The combination of scores was used to see 
whether the criteria were met. A medical eval-
uation was required and other disorders that 
could cause similar symptoms had to be ruled 
out (Table 41.2).

The criteria underwent slight revision in 2011 
for research purposes which allowed a diagnosis 
to be determined solely based on patient self- 
report/questionnaire.

The criteria were once again revised in 2016 
in order to better define widespread pain and to 
eliminate the exclusion criteria for other coexist-
ing conditions [6].

 2016 ACR Criteria

The most recent update seeks to better define 
widespread pain by identifying generalized pain 
in four of five body regions that have lasted for at 
least 3  months [6]. It also includes symptoms 
such as fatigue, cognitive issues, dizziness, 
numbness and tingling, nausea, chest pain, tinni-
tus, dry eyes, and easy bruising [6]. It also 
acknowledged that FM can coexist with other 
diseases [6] (Table 41.3).

A clinician should first start with a history and 
physical examination and use the diagnostic cri-
teria to aid in questioning the patient. The physi-
cal examination should be complete but can focus 

Table 41.1 The American College of Rheumatology 1990 criteria for the classification of fibromyalgia

1. History of Widespread Pain
Definition.Pain is considered widespread when all of the following are present: pain in the right side of the body, 
pain above the waist, and pain below the waist. In addition, axial skeletal pain (cervical spine or anterior chest or 
thoracic spine or low back) must be present. In this definition, shoulder and buttock pain is considered as pain for 
each involved side. “Low back” pain is considered lower segment pain.
2. Pain in 11 of 18 tender sites on digital palpation
Definition.Pain, on digital palpation, must be present in at least 11 of the following tender point sites:
  Occiput: bilateral, at suboccipital muscle insertions.
  Low cervical: bilateral, at the suboccipital muscle insertions.
  Trapezius: bilateral, at the midpoint of the upper border.
  Supraspinatus: bilateral, at origins, above the scapula spine near the medial border.
  Second rib: bilateral, at the second costochondral junctions, just lateral to the junction of the upper surfaces.
  Lateral epicondyle: bilateral, 2 cm distal to the epicondyles.
  Gluteal: bilateral, in upper outer quadrants of buttocks in anterior fold of muscle.
  Greater trochanter: bilateral, posterior to the trochanteric prominence.
  Knee: bilateral, at the medial fat pad proximal to the joint line.
Digital palpation should be performed with an approximate force of 4 kg.
For a tender point to be considered “positive,” the subject must state that the palpation was painful. “Tender” is not 
considered painful.
For classification purposes, patients will be said to have fibromyalgia if both criteria are satisfied. Widespread pain 
must have been present for at least 3 months. The presence of a second clinical disorder does not exclude the 
diagnosis of fibromyalgia.

From Wolfe et al. [2], with permission
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on the most symptomatic areas. There are no 
laboratory tests required in the diagnosis, but one 
can obtain certain tests such as basic chemistries, 
complete blood count, and thyroid tests if indi-
cated. Based on the assessment of the patient, the 
diagnostic criteria can be scored to confirm the 
diagnosis of FM.

 What Is the Pathophysiology 
of the Condition?
The exact pathophysiology of FM is unknown [7, 
8]. There is no known specific triggering event; 
however, many physical or emotional stressors 
may worsen the condition [9]. It was traditionally 
thought that the disorder was secondary to mus-

Table 41.2 American College of Rheumatology fibromyalgia diagnostic criteria (2010 Alternate)

Criteria
A patient satisfies diagnostic criteria for fibromyalgia if the following three conditions are met:
  1. Widespread pain index (WPI) ≥ 7 and symptom severity scale score ≥ 5 or WPI and SS scale score ≥ 9.
  2. Symptoms have been present at a similar level for at least 3 months.
  3. The patient does not have a disorder that would otherwise explain the pain.
Ascertainment
1.  WPI:  note the number areas in which the patient has had pain over the last week. In how many areas has the 

patient had pain? Score will be between 0 and 19.
Shoulder girdle, left Hip (buttock, trochanter), left
Shoulder girdle, right Hip (buttock, trochanter), right
Upper arm, left Upper leg, left
Upper arm, right Upper leg, right
Lower arm, left Lower leg, left
Lower arm, right Lower leg, right
Jaw, left Upper back
Jaw, right Lower back
Chest Neck
Abdomen
2. SS scale score:
  Fatigue
  Waking unrefreshed
  Cognitive symptoms
For each of the three symptoms above, indicate the level of severity over the past week using the following scale:
  0 = No problem
  1 = Slight or mild problems, generally mild or intermittent
  2 = Moderate, considerable problems, often present and/or at a moderate level
  3 = Severe: pervasive, continuous, life-disturbing problems
Considering somatic symptoms in general, indicate whether the patient hasa:
  0 = No symptoms
  1 = Few symptoms
  2 = A moderate number of symptoms
  3 = A great deal of symptoms
The SS scale score is the sum of the severity of the three symptoms (fatigue, waking unrefreshed, cognitive 
symptoms) plus the extent (severity) of somatic symptoms in general. The final score is between 0 and 12.

From Wolfe [58], with permission
aSomatic symptoms that might be considered: muscle pain, irritable bowel syndrome, fatigue/tiredness, thinking or 
remembering problem, muscle weakness, headache, pain/cramps in the abdomen, numbness/tingling, dizziness, insom-
nia, depression, constipation, pain in the upper abdomen, nausea, nervousness, chest pain, blurred vision, fever, diar-
rhea, dry mouth, itching, wheezing, Raynaud’s phenomenon, hives/welts, ringing in ears, vomiting, heartburn, oral 
ulcers, loss of/change in taste, seizures, dry eyes, shortness of breath, loss of appetite, rash, sun sensitivity, hearing 
difficulties, easy bruising, hair loss, frequent urination, painful urination, and bladder spasms
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Table 41.3 American College of Rheumatology 2016 Fibromyalgia Diagnostic Criteria

Criteria
A patient satisfies modified 2016 fibromyalgia criteria if the following 3 conditions are met:
  (1)  Widespread pain index (WPI) ≥ 7 and symptom severity scale (SSS) score ≥ 5 or WPI of 4–6 and SSS 

score ≥ 9
  (2)  Generalized pain, defined as pain in at least four of five regions, must be present. Jaw, chest, and abdominal 

pain are not included in generalized pain definition.
  (3) Symptoms have been generally present for at least 3 months.
  (4)  A diagnosis of fibromyalgia is valid irrespective of other diagnoses. A diagnosis of fibromyalgia does not 

exclude the presence of other clinically important illnesses.
Ascertainment
WPI:  note the number of areas in which the patient has had pain over the last week. In how many areas has the 
patient had pain? Score will be between 0 and 19
  Left upper region (Region 1)
  Jaw, lefta

  Shoulder girdle, left
  Upper arm, left
  Lower arm, left
  Right upper region (Region 2)
  Jaw, righta

  Shoulder girdle, right
  Upper arm, right
  Lower arm, right
  Left lower region (Region 3)
  Hip (buttock, trochanter), left
  Upper leg, left
  Lower leg, left
  Right lower region (Region 4)
  Hip (buttock, trochanter), right
  Upper leg, right
  Lower leg, right
  Axial region (Region 5)
  Neck
  Upper back
  Lower back
  Chest
  Abdomen
2. Symptom severity scale (SSS) score
  Fatigue
  Waking unrefreshed
  Cognitive symptoms
For each of the three symptoms above, indicate the level of severity over the past week using the following scale:
  0 = No problem
  1 = Slight or mild problems, generally mild or intermittent
  2 = Moderate, considerable problems, often present and/or at a moderate level
  3 = Severe: pervasive, continuous, life-disturbing problems
The symptom severity scale (SSS) score: it is the sum of the severity scores of the three symptoms (fatigue, 
waking unrefreshed, and cognitive symptoms) (0–9) plus the sum (0–3) of the number of the following symptoms 
the patient has been bothered by that occurred during the previous 6 months:
  (1) Headaches (0–1)
  (2) Pain or cramps in lower abdomen (0–1)
  (3) Depression (0–1)
The final symptom severity score is between 0 and 12
The fibromyalgia severity (FS) scale is the sum of the WPI and SSS
The FS scale is also known as the polysymptomatic distress (PSD) scale.

From Wolfe et al. [6], with permission
aNot included in generalized pain definition
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cle pathology; however, this idea has been 
refuted. It is now thought that any muscle pathol-
ogy present is actually secondary to pain and 
inactivity and not a primary process [7].

Currently the most established pathophysio-
logical mechanism for FM is thought to be cen-
tral sensitization. Common symptoms of central 
sensitization such as hyperalgesia and allodynia 
are common in patients with FM. Patients with 
FM seem to be more sensitive to a variety of 
stimuli including heat, cold, and electrical stimu-
lation [10], as well as auditory and visual stimuli 
suggesting a global central processing issue not 
just a pain processing issue [11].

Aside from genetic and psychological factors, 
use of functional magnetic resonance imaging 
has increased our understanding of chronic pain. 
Numerous studies have reported increased acti-
vation of pain processing networks in patients 
with FM compared to healthy controls in response 
to nociceptive stimuli [12–14]. There is also evi-
dence that FM patients exhibit reduced activation 
or connectivity within the pain inhibitory net-
work [15]. Furthermore, studies suggest a possi-
bility of cross-talk between various sensory 
modalities as evidenced by increased insular 
activity evoked by aversive visual stimuli in 
patients with FM as compared to healthy controls 
[16]. Additional studies suggest that hyper- 
connectivity between the insular cortex (IC) to 
other parts of the brain processing network as 
well as networks involved in self-awareness and 
self-monitoring make the brain susceptible to 
increased pain perception and the development of 
a chronic pain state [17].

Use of proton magnetic resonance spectros-
copy has also led to a better understanding of 
FM.  This non-invasive modality can quantify 
concentrations of different metabolites such as 
glutamate and γ-aminobutyric acid (GABA). A 
study by Napadow suggests that increases in the 
excitatory neurotransmitters glutamate/gluta-
mine or decreases in inhibitory neurotransmitters 
such as GABA in the IC can contribute to height-
ened pain [18].

Furthermore, it has been found that a poly-
morphism in the catechol-O-methyltransferase 
(COMT) enzyme may be associated with a pre-

disposition to FM. COMT breaks down catechol-
amines such as dopamine and norepinephrine in 
addition to endorphins. This genetic defect has 
been associated with chronic pain and depression 
and is now thought to be linked to FM [19]. It is 
also interesting to note that endogenous opioid 
levels are actually increased in patients with 
FM. Researchers found through use of positron 
emission tomography (PET) that mu-opioid 
receptor binding potential was decreased in 
patients with FM. This finding may explain why 
patients with FM do not respond to opioids [20].

 How Is the Problem Managed?
Treatment of FM is directed at reducing or ame-
liorating symptoms of the disease including 
chronic widespread pain, fatigue, insomnia, and 
cognitive dysfunction [21]. A step-wise approach 
should be taken (Table 41.4).

Patient education and collaboration with the 
patient to prioritize individual goals are para-
mount in the treatment of FM.  An integrated 
approach encompassing continued patient educa-
tion, pharmacologic treatments, and non- 
pharmacologic therapies is often necessary 
(Fig. 41.2).

Education
Education should focus on highlighting the 
importance of adherence to the treatment plan. 
The patient should be advised that treatment 
involves a slow and steady process for both phys-
ical therapy components as well as pharmaco-
logical treatments. Adhering to a starting low and 
going slow regimen will limit the risk for adverse 
effects and will lead to better efficacy.

Pharmacological Treatment
In regard to pharmacological treatments, three 
medications have been approved by the Food and 
Drug Administration (FDA) in the United States 
for the treatment of FM (pregabalin, duloxetine, 
and milnacipran) [22]. Patients and their families 
should be informed that while medications can-
not cure FM, they may help to alleviate symp-
toms and improve function. Other medications 
such as tricyclic antidepressants (TCAs) (ami-
triptyline), medications with tricyclic properties 
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(cyclobenzaprine, tramadol), and gabapentin are 
also frequently used in treatment. While these 
medications are not specifically approved by the 
FDA, they are often utilized as they are more 
affordable to patients than the FDA-approved 
medications. Selecting the appropriate medica-
tion should be tailored to the patient’s individual 
needs based on a review of any comorbidities, 
such as sleep disturbance, fatigue, anxiety, and 
depression [21]. Patients may need a combina-
tion of medications to best treat all of their symp-
toms. Medications used should be started low 
and increased over time. It is also important to 
avoid medications that might result in drug-drug 
interactions. For example, if a patient is already 
on a selective serotonin re-uptake inhibitor that is 
working well to control his/her depression or 
anxiety, it may be better to avoid medications that 
also increase serotonin levels. In contrast, if a 
patient is exhibiting symptoms of depression/
anxiety and is not on a medication to help control 
these symptoms, selecting a medication such as 
duloxetine or milnacipran may be beneficial. 

Table  41.5 provides a summary of treatment 
options that are available.

Non-pharmacological Therapies
Non-pharmacological therapies such as physical 
therapy, sleep hygiene, and cognitive behavioral 
therapy should be initiated at the beginning of 
treatment. In regard to exercise, aerobic activity 
appears to be the most beneficial. One should 
advise starting with low intensity activities and 
increase over time. An example would be to start 
with low impact walking or swimming for a short 
period of time and then increasing to a goal of 
30–60 min at least 2–3 times per week [23].

 What Is the Prognosis of This 
Condition?
FM is a chronic life-long illness for which there 
is no single identifiable cure. While medications 
are an important part of the treatment, research 
shows that patients treated with a multidisci-
plinary approach including medications, physical 
therapy, cognitive behavioral therapy, and self- 

Table 41.4 Stepwise treatment of fibromyalgia

Step 1:
Confirm the patient’s diagnosis.
  Evaluate the patient for symptom variety, severity of symptoms, and level of function
  Evaluate the patient for any comorbidities such as medical or psychiatric disease (sleep apnea, osteoarthritis, 

depression, or anxiety)
  Evaluate level of fitness, and identify and psychological stressors or barriers to treatment
  Review treatment options with the patient
Step 2:
Make treatment recommendations based on the results of the individual patient evaluation
  A medication trial should be initiated in patients with moderate to severe pain
    Patients with or without depression and anxiety: a trial of a selective serotonin and norepinephrine reuptake 

inhibitor should be started (do not use as sole medication in patients with history of bipolar disorder
   Sleep disturbance or anxiety present:   trial of alpha 2 delta ligand
    If patient has partial response to SNRI or alpha 2 delta ligand monotherapies:            trial of combination of 

these medications
  If no response to monotherapy or combination therapy mentioned above—may try TCA, or combination of SSRI 

with TCA (monitor for serontonin syndrome) or SSRI with alpha 2 delta ligand
  Provide adjunct treatments for comorbidities as warranted—for example, NSAIDS
    for OA, CPAP for sleep apnea
Step 3:
  Initiate CBT for patients with comorbid psychosocial stressors, of problems with coping or functioning
  Prescribe exercise according to patients fitness level—with a goal of 30–60 min at least 2–3 times per week
  Encourage the patient to participate in supervised or group exercise

Modified from Arnold [23], with permission
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Educate the patient

Be proactive and prepared

Know your patient
• Reflect patient's priorities
  and preferences in
  treatment plan

Know your team
• Identify specialists or
  ancillary health care
  providers who can work
  with you in the care of
  patients with fibromyalgia

Pharmacotherapy to
reduce flbromyalgia
pain, other symptoms
• Start low/go slow, titrate to
  efficacious dose
• Manage expectations

Treat comorbid
conditions, eg,
• Peripheral pain conditions
• Mood disorders
• Associated pain conditions
  (IBS, headache/migraine
  etc)
• Sleep disorders

Nonpharmacological
therapies
• Write as "prescriptions"
• Sleep hygiene
• Physical activity
• Self-management support
• CST (Web-based
  or referral)

Know your community
• Identify community
  resources the patient
  can utilize for
  self-managemnt

A dynamic process
• As patient's situation improves or changes, treatment priorities and goals will change
  as well
• However. the core principle—education. goal setting, multimodal management. and
  outcomes assessment—are employed consistently throughout

• Progress toward agreed-upon treatment
  goals (using patient assessment tool[s]
  employed at baseline)
• Physical activity
• Use of self-management techniques
  and barriers to adherence

• Medication efficacy and adverse effects
• Comorbidities
• Adjustments to the treatment plan

Evaluate on follow-up visits:

• Provide core set of information about fibromyalgia diagnosis, pathophysiology, treatment, prognosis
• Direct patient to credible fibromyalgia information sources
• Include family and significant others as appropriate
• Discuss expectations for treatment, clinician/patient roles and responsibilities

Collaborate with patient to prioritize lndlvldual goals for treatment
• Identify 1-2 most important symptoms/functional areas to focus on first
• Utilize assessmnt tools to aid in prioritization, document baseline status

Confirm fibromyalgia diagnosis

Maintain focus on progress over
time vs dally ups and downs

Fig. 41.2 Core principles for an integrated approach for fibromyalgia treatment. CBT cognitive behavioral therapy, 
IBS irritable bowel syndrome. (From Arnold et al. [22], with permission)
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Table 41.5 Summary of treatment regimens for pharmacological and non-pharmacological therapies used in multi-
modal management of patients with fibromyalgiaa

Therapy Representative treatment regimen Outcomesb

Pharmacotherapy
Pregabalin Start at 75 mg BID and up-titrate to 

300–450 mg/d (150–225 mg twice a 
day)c

Significant reduction in pain (11-point NRS)
Improvement in other subjective ratings of 
fibromyalgia symptoms (PGIC; FIQ total score) vs. 
placebo
Most common AEsb: dizziness, somnolence, dry 
mouth, edema, blurred vision, weight gain, abnormal 
thinking (primarily difficulty with concentration/
attention)c

Discontinuation from clinical trials of fibromyalgia 
due to AEs: 19% for patients treated with pregabalin 
(150–600 mg/d) vs. 10% for placeboc

AEs most often leading to discontinuation of 
pregabalin: dizziness (6%) and somnolence (3%)c

Duloxetine (SNRI) Start at 30  mg/d and up-titrate to 60  
mg once dailyd

Significant reduction in pain (BPI and pain 
interference)
Improvement in other subjective ratings of 
fibromyalgia symptoms (PGIC; FIQ total score) vs 
placebo
Most common AEsb: nausea, dry mouth, somnolence, 
fatigue, constipation, decreased appetite, 
hyperhidrosisd

Discontinuation from clinical trials of fibromyalgia 
due to AEs: 18.7% for patients treated with 
duloxetine (60–120 mg/d) vs. 10.8% for placebod

AEs most commonly leading to discontinuation of 
duloxetine: nausea (2.1%), somnolence (1.2%), and 
fatigue (1.1%)d

Milnacipran (SNRI) Start at 12.5 mg/d and up-titrate to 
50 mg twice a daye

Significant reduction in pain (VAS) and in composite 
responder rate
Significant improvement in other subjective ratings 
of fibromyalgia symptoms (PGIC, SF-36 domains; 
FIQ total score) vs. placebo
Most common AEsb: nausea, headache, constipation, 
dizziness, insomnia, hot flush, hyperhidrosis, 
vomiting, palpitations, increased heart rate, dry 
mouth, hypertensione

Discontinuation from clinical trials of fibromyalgia 
due to AEs: 23% and 26% for patients treated with 
milnacipran (100 and 200 mg/d), respectively, vs. 
12% for placeboe

AEs most commonly leading to discontinuation of 
milnacipran: nausea (6%), palpitations (3%), and 
headache (2%)e

Non-pharmacological
Education Provide core information about 

fibromyalgia diagnosis, physiology, 
treatment, prognosis, importance of 
exercise, sleep. Manage expectations

Varied degrees of improvement in patient symptoms 
and/or functions through education (often in 
combination with CBT and/or exercise programs)

    Physical activity Start low, go slow; e.g., walk 10 min/d, 
build to 30–60 min of low or moderate 
activity up to 2–3 times/wk

Improvement in physical function and HRQoL and 
symptoms of fibromyalgia, including pain, depressed 
mood, and fatigue

(continued)
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management have better outcomes than those 
who do not engage in this approach. Patients 
should expect their symptoms to wax and wane 
over time. Overall signs of a better prognosis 
include increased sense of control over one’s 
pain, the belief that one is not disabled, and that 
pain is not a sign of damage. In addition, those 
that seek help from others, exercise more, have 
less guarding during physical examination, and 
utilize good pacing activities do better. Efficacy 
of treatment is quite limited without improve-
ments in physical and psychological stressors. 
The incidence of disability is high in patients 
with FM. Approximately 10–30% of FM patients 
experience work-related disability. This rate is 
three times greater than disability rates among 
patients with other types of widespread pain [24].

 Discussion

 Prevalence

Chronic pain is a serious health problem that 
affects about 15% of the population in Western 
countries [25–27]. FM, a centralized pain dis-

order, affects approximately 2–4% of the popu-
lation and affects about five million Americans 
[28, 29]. It is more common in females than in 
males by a ratio of about 7–9:1. It most often 
affects patients around mid-life. Additionally, 
the prevalence of FM in women rises sharply in 
middle age to a peak of 7.4% in the 70–79 year-
old age group before declining [28]. The preva-
lence among men also peaks in the 
70–79-year-old age group but was only found 
to be slightly higher than 1% [28]. The preva-
lence of FM is higher among first-degree rela-
tives which may suggest a genetic component 
to the disease [30, 31].

 Differential Diagnosis

The differential diagnosis for FM is extensive as 
many different conditions present with pain and 
fatigue [21]. The differential diagnosis includes 
central pain syndromes, rheumatological condi-
tions, myopathies, systemic connective tissue 
diseases, as well as endocrine disorders. 
Rheumatological diseases can also present with 
diffuse pain and fatigue; however, there are 

Table 41.5 (continued)

Therapy Representative treatment regimen Outcomesb

CBT/Web-based 
CBT

CFIDS and Fibromyalgia Self-Help 
(www.cfidsselfhelp.org; www.
treatcfsfm.org) Arthritis Foundation’s 
Fibromyalgia Self-Help Course Online 
self-help courses, tools, books, and 
CDs face-to-face CBT counseling

Improved knowledge about fibromyalgia and how to 
cope with pain
Significant improvement in physical (pain, fatigue, 
and functional disability) and psychological (negative 
mood and anxiety) functioning and in impact of 
fibromyalgia in patients treated with CBT combined 
with exercise vs. no CBT

Sleep hygiene Make sleep routine a priority. Optimize 
relaxing sleep environment. Provide 
advice on diet and exercise: avoid 
nighttime stimulants (e.g., coffee); 
exercise during the day; hide clock

Improving sleep hygiene can increase favorable 
outcomes on measures of pain (BPI) and mental 
well-being (SF-36)

From Arnold et al. [22]
Open access. http://creativecommons.org/licenses/by/4.0/
aAE adverse event, BPI Brief Pain Inventory, CBT cognitive behavioral therapy, CFIDS chronic fatigue and immune 
dysfunction syndrome, FIQ Fibromyalgia Impact Questionnaire, HRQoL health-related quality of life, NRS numerical 
rating scale, PGIC Patient Global Impression of Change, SF short form, SNRI serotonin and norepinephrine reuptake 
inhibitor, VAS visual analog scale
bSafety is based on the most frequently occurring adverse reactions (≥5% and twice placebo for pregabalinc and dulox-
etined or ≥ 5% and greater than placebo for milnaciprane)
cFor further detail, see prescribing information: http://labeling.pfizer.com/ShowLabeling.aspx?id=561
dFor further detail, see prescribing information: http://pi.lilly.com/us/cymbalta-pi.pdf
eFor further detail, see prescribing information: http://www.frx.com/pi/Savella_pi.pdf
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characteristics that help them to be distinguished 
from FM (Table 41.6).

Serological tests are usually not required. 
Physical exam findings can distinguish between 
diseases such as rheumatoid arthritis which pres-
ents with multiple joint swelling and systemic 
lupus erythematosus which presents with a facial 
rash and/or multi-systemic inflammation. These 
findings do not occur in FM. Polymyalgia rheu-
matic (PMR) may also present with similar 
 features to FM; however, patients with PMR tend 
to be older at onset and present more often with 
generalized stiffness. The majority of patients 
with PMR will have an elevated sedimentation 
rate or C-reactive protein while those with FM 
will not.

Myopathies can also be distinguished from 
FM by history and physical examination as well 
as laboratory testing. Myositis and myopathies 
tend to cause muscle weakness while FM does 
not. Patients with FM also have normal muscle 
enzyme tests and normal muscle biopsies unlike 
in myopathies. Muscle biopsies are not recom-
mended in the workup of FM.

Endocrine diseases such as hypothyroidism 
can be difficult to differentiate from FM as both 
conditions can cause generalized aches, fatigue, 
and sleep disorders. Thyroid function is normal 
in patients with FM unless they have co-existing 
disease, and thus it is reasonable to obtain thy-
roid function tests in the workup of FM [32]. In 

addition, non-icteric hepatitis may also present 
with myalgia and fatigue, and thus obtaining 
liver function tests as well as creatinine phos-
phokinase levels during initial presentation is 
reasonable [32].

Finally, somatic disorders can also mimic FM.

 Predictive Value of Different Clinical 
Features

The different diagnostic criteria resulted in dif-
ferent specificity and sensitivities. Using the 
1990 ACR criteria, widespread pain (axial plus 
upper and lower segment plus left- and right- 
sided pain) was found in 97.6% of all patients 
with FM and in 69.1% of all control patients. The 
combination of widespread pain and mild or 
greater tenderness in ≥11 of 18 tender point sites 
yielded a sensitivity of 88.4% and a specificity of 
81.1% [2]. Using the 2010 ACR criteria, a symp-
tom severity scale score of 6 identified patients 
satisfying the diagnostic criteria in 92.3% of 
cases [33]. Analysis of the 2010 criteria shows 
sensitivities of 90.2% and specificities of 89.5%, 
respectively [21].

 Strength of Evidence for Different 
Treatment Modalities

In general, non-pharmacological treatments such 
as exercise and psychoeducational approaches 
have been shown to have the greatest efficacy in 
the treatment of FM [34]. These modalities 
should be tailored to the individual patient. The 
number of medications used for the treatment of 
FM has increased substantially over the last 
decade; however, only three drugs have been 
approved by the US FDA for the treatment of 
pain in FM: pregabalin, duloxetine, and mil-
nacipran [17]. Amitriptyline, a non-selective 
5-hydroxytryptamine and norepinephrine reup-
take inhibitor, however, is the best-studied drug 
in the treatment of FM. It has been found to be 
efficacious in studies and is often considered a 
first-line medication [35]; however, the evidence 
supporting its use is of low quality as the studies 

Table 41.6 Differential diagnosis of fibromyalgia

Condition
Distinguishing features from 
fibromyalgia

Rheumatoid 
arthritis

Joint swelling, deformities, 
elevated erythrocyte sedimentation 
rate (ESR), C-reactive protein

Systemic lupus 
erythematosus

Rash, multisystemic inflammation, 
elevated ESR, antinuclear 
antibody

Myositis, 
myopathies

Weakness, elevated muscle 
enzymes

Ankylosing 
spondylitis

Back, neck immobility, elevated 
ESR, abnormal X-rays

Hypothyroidism Abnormal thyroid function tests
Neuropathies Weakness, loss of sensation, 

abnormal electromyography, nerve 
conduction studies

From Goldenberg [32], with permission
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conducted have been small and of short duration 
[36]. Duloxetine has marginal benefit in FM with 
a number needed to treat (NNT) of 8 and a num-
ber needed to harm (NNH) of 18 [37]. The 
European League Against Rheumatism as well as 
the Canadian Pain Society recommend a dose of 
60 mg per day; however, the dose and duration of 
therapy is typically guided by patient response 
and side effects. Duloxetine at 20-30 mg per day 
has not been found to be efficacious, and there 
was no increase in efficacy when comparing 
60–120  mg [37]. Milnacipran has high quality 
evidence that shows moderate effectiveness. It 
has an NNT for at least 30% decrease in pain of 
11 and a NNH of 14 [38].

Antiepileptics are also often used in FM as 
they can help target the elevated levels of gluta-
mate and substance P. Pregabalin and gabapentin 
are structurally similar to neurotransmitter 
GABA, but do not have activity on GABA recep-
tors. They bind to voltage-gated calcium chan-
nels in the central nervous system exerting their 
analgesic effect [39]. Crofford et al. in 2005 per-
formed an 8-week, double-blind, randomized 
controlled trial of over 500 patients with 
FM. They found that patients had >50% improve-
ment in pain with 450 mg of pregabalin per day. 
In addition, improvements were also shown in 
sleep quality, fatigue, and health-related quality 
of life [40]. A Cochrane review showed a daily 
dose of 600 mg of pregabalin was no better than 
450 mg/day for any outcome measures [41]. High 
quality evidence shows that the NNT for pregab-
alin is 12 with an NNH of 13 [42]. Pregabalin 
may also show a small benefit for sleep [42]. A 
Cochrane review on gabapentin, however, con-
cluded, based on only very low quality evidence, 
that there is insufficient evidence to either sup-
port or refute the suggestion that gabapentin 
decreases pain in FM [43].

A recent Cochrane review concluded that 
there was no good quality evidence with regards 
to the superiority of selective serotonin reuptake 
inhibitors compared to placebo in treating pain, 
fatigue, and sleep problems in patients with FM 
[44]. Opioids are generally contraindicated in the 
treatment of FM because of their lack of clinical 
efficacy and increased risk of opioid induced 

hyperalgesia [45]. Cyclobenzaprine is a centrally 
acting muscle relaxant that is structurally similar 
to TCAs. Patients treated with this medication 
were three times more likely to report improve-
ment overall; however, 85% of patients experi-
enced side effects [46]. A recent Cochrane review 
did not conclude that NSAIDs were efficacious 
in the treatment of FM [47]. There has not been 
any direct evidence regarding the use of acet-
aminophen for the treatment of FM although it 
has been used in combination with tramadol with 
some efficacy [48].

In regards to physical exercise, a recent 
Cochrane review found that when compared to 
control, moderate quality evidence suggests that 
aerobic exercise improves health-related quality 
of life and low quality evidence suggests an 
improvement in pain intensity and physical func-
tion [49]. In addition, a recent meta-analysis con-
cluded that aerobic exercise and muscle 
strengthening are the most effective way to 
decrease pain and improve global well-being in 
patients with FM and that both stretching and 
aerobic exercise improved health-related quality 
of life. Furthermore, exercise produced the larg-
est beneficial effect on depression symptoms 
[50].

 Future Directions or Clinical Trials 
in Progress

There has been increasing interest in cannabi-
noids to treat pain secondary to their analgesic 
properties as well as sleep promoting effects 
[51]; however, a recent Cochrane review did not 
demonstrate efficacy in the treatment of FM [52]. 
More studies are needed to better determine effi-
cacy in the treatment of FM. In addition, there is 
emerging evidence that low dose naltrexone may 
be beneficial in treating FM [53]. Naltrexone 
may promote analgesia by attenuating the inflam-
matory process [54]. This mechanism of action is 
distinct from naltrexone’s inhibition of neuronal 
opioid receptors and may instead involve antago-
nism of immune cell receptors such as microglial 
in the central nervous system [55]. Further 
research is necessary. A meta-analysis on repeti-
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tive transcranial magnetic stimulation concluded 
benefit for FM that was separate from depression 
at 1 month of therapy. This therapy is currently 
approved for depression but not for FM [56].

 Summary/Conclusion

FM is a prevalent disease that significantly 
impacts patient’s lives. It presents with wide-
spread pain in multiple body regions for more 
than 3 months in addition to symptoms such as 
fatigue, difficulty concentrating, depression, and 
anxiety. The diagnosis can be made based on the 
ACR 2016 guidelines. While there is no known 
cure for FM, patients can improve through use of 
a multimodal treatment plan. More research is 
needed to better develop treatment options for 
this disease.
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A Puzzling Case of Increasing Pain 
After Chronic Opioid Therapy

Tariq Malik and Naveed Mameghani

 Case Description

One of your longtime patients in your busy Family 
Medicine clinic comes to see you for a follow-up 
visit. The patient is a 55-year-old male with 
chronic low back pain. He has been on chronic 
opioid therapy for his back pain for several 
months now. When you first prescribed him opi-
oids, his pain greatly improved and the patient 
was extremely satisfied. During his last two visits, 
he was complaining of worsening back pain so 
you increased the opioid dose on both occasions. 
Today he mentions that neither dose increase 
helped him, and in fact he feels that his pain is 
higher in intensity now. He also says that the pain 
is no longer localized to his low back, but it is now 
diffuse and all over his body. He even feels that 
things that should not be painful now cause him a 
great deal of pain, and they did not cause him pain 
before opioid therapy was started. He states he is 
in 11 out of 10 pain and begs you to “fix” him.

 What Is Your Preliminary Diagnosis?

The patient is complaining of increasing pain in 
his back and over his body despite opioid intake. 

The dose has been increased twice in recent past 
with no analgesic improvement. It’s important to 
rule out other reasons that may cause worsening 
pain. In the absence of any obvious cause, the 
clinical features are suggestive of tolerance or 
opioid-induced hyperalgesia. Since the patient is 
also complaining of pain at new sites and pain all 
over his body, it’s more consistent with the diag-
nosis of opioid-induced hyperalgesia.

 How Is Your Diagnosis Confirmed?

Opioid-induced hyperalgesia (OIH) is a clinical 
diagnosis. OIH is suspected in the context of 
worsening pain when patient is being treated with 
opioids. This is especially true if the pain of the 
patient seems worse than prior to initiation of 
opioid therapy in the absence of disease progres-
sion. This condition, when not immediately real-
ized, often is confused with opioid tolerance and 
leads to increase in opioid doses which in turn 
further intensify pain. Tolerance also presents as 
loss of analgesia in a patient who has been chron-
ically exposed to opioids. The two differ in two 
aspects. Patient develops tolerance complains of 
worsening pain for which he is being treated with 
opioids. In addition, increase in opioid dose will 
improve pain. This is in contrast to OIH, where 
patient not only complain of worsening pain at 
the original site but also develops pain at other 
sites, behaving like a being in a state of diffuse 
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hyperalgesia. Often patient cannot explain the 
pain clearly, and physician often treats this with 
increase in the opioid dose, which makes the pain 
worse. In research studies, OIH is often diag-
nosed with lowering in threshold to mechanical, 
chemical, or thermal painful stimuli using QST, 
but there is no accepted standardized definition of 
diagnosing OIH using these parameters, and OIH 
is still a diagnosis of exclusion and clinical 
suspicion.

In the end, OIH is diagnosed when lowering 
opioid dose in a person being treated with opioids 
improves pain when other causes have been 
excluded. Tolerance is a separate entity but can 
also lead to providers increasing opioid dosages, 
and thus, it can be difficult to differentiate 
between the two [1, 2]. Tolerance is the loss of 
drug potency, meaning a higher opioid dose is 
needed to achieve the same effect of the prior 
“baseline” dose. Tolerance is due to the desensi-
tization of antinociceptive pathways to opioids 
while opioid-induced hyperalgesia is due to the 
sensitization of pronociceptive pathways [3]. 
Increased opioid doses may overcome tolerance 
but will further worsen opioid-induced hyperal-
gesia [3–5]. With OIH, pain is often worse than 
the original pain and not well defined in location 
or quality [1]. Pain in a state of tolerance tends to 
stay in the original location and has a similar 
quality to the initial pain [1]. In patients with 
OIH, reduction or cessation of opioid doses can 
actually improve pain [1, 6]. These two condi-
tions often coexist with each other but not neces-
sarily are always equal causal factors in the 
increased pain experienced by the patient.

 Clinical Features of OIH

 1. Increase in pain over time
 2. Spreading of pain to other locations than the 

initial painful site
 3. Lower threshold for pain to various stimuli 

(such as heat, mechanical pressure, and touch)
 4. Exclude

 (a) Opioid withdrawal
 (b) Evidence of underlying disease progression
 (c) Exclude opioid tolerance

 What Is the Pathophysiology of This 
Condition?

Its pathophysiology is poorly understood. 
Different mechanism has been proposed. Many 
factors are involved in the development of 
OIH. The development is influenced by gender, 
genetic make-up, dose, duration, and type of opi-
oid exposure. Different mechanism has been pro-
posed: (1) peripheral nerve sensitization; (2) 
augmented descending facilitation; (3) enhanced 
excitatory neurotransmitter release, production, 
or poor clearance; (4) second-order neuron sensi-
tization to excitatory neurotransmitters. The 
changes are due to the neuroplastic property of 
neural transmission. In general mu-receptor per-
sistent activation causes changes in the receptor 
structure and alters the attached G-protein and/or 
other proteins downstream that cause develop-
ment of tolerance or OIH.  NMDA glutamate 
receptor over-activation is commonly seen in 
cases with tolerance of OIH. Chronic mu-opioid 
exposure has been shown to cause over- 
expression of this receptor, which then causes 
activation of numerous intracellular enzymes and 
changes in mu-receptor that leads to receptor 
loss, deactivation, and over-activity of excitatory 
receptors (Table 42.1).

OIH can be seen when large doses of opioids 
are given over a prolonged time or even when 
given for a short duration. Acute administration 
of opioids can lead to reduction of pain for a few 
hours, but this is followed by a reduction of the 
pain threshold [3] for several hours to days. Use 
of long-acting opioids in the postoperative period 
can mask this effect. OIH can be reversible but 
will often require long periods without any opi-
oid therapy [6]. The dose/effect curve with OIH 
is shifted down (analgesic effect is reduced over 
time with a given opioid dose and an increase in 
dose will not lead to improvement) [7]. This is in 
contrast to tolerance which the curve is shifted to 
the right (higher dose is needed to achieve the 
same effect as before) [7, 8]. With tolerance, G 
protein receptors are not able to reduce cyclic 
AMP and therefore not able to decrease the 
inward current of calcium and sodium. 
Furthermore, with tolerance membrane receptors 
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are reduced in number by internalization. Again, 
OIH involves sensitization and tolerance involves 
desensitization. The pathophysiology of OIH is 
complex and not fully understood. OIH is associ-
ated with a changed pain threshold which is the 
point where a noxious stimulus is felt as pain 
along with pain tolerance which is the point that 
a noxious stimulus becomes intolerable [3]. 
Instead there are increases in NMDA receptors 
[2, 3, 9], increased excitatory neurotransmitters 
[1, 10], reduced inhibitory neurotransmitters, 
activation of COX in the spinal cord, second mes-
sengers, and both central and peripheral sensiti-
zation. The main mechanism seems to increase 
glutamate release in the dorsal horn of the spinal 
cord and increase NMDA receptor response due 
to protein kinase C (PKC) [7]. NMDA receptors 
are activated by opioids leading to calcium influx 
and central sensitization. This increased calcium 
can lead to increased PKC activity, phosphoryla-
tion, and thereby inactivation of opioid receptors 
and increased nitric oxide synthase. OIH has also 
been shown to be linked to increased levels of 
cholecystokinin, substance P [3], the calcitonin 
gene receptor polypeptide (CGRP) [3, 9, 11], and 
nociceptin – these peptides all have anti opioid 
properties [12]. One study in mice determined 
that sustained opioid therapy induces a neuroki-
nin (NK-1) receptor-mediated hyperalgesia [3, 9, 

13] along with increased spinal substance P. The 
hyperalgesia was reversed by an NK-1 receptor 
antagonist (L-732,138) and was not seen in 
NK-1 knockout mice [13]. This study argues that 
these mechanisms are similar to those seen in 
inflammatory pain states [13]. Further study of 
the role of the NK-1 receptor and the clinical 
effect of its antagonism could help find another 
avenue to treat OIH. Another study found simi-
lar results with the TRPV1 receptor (transient 
receptor potential vanilloid, a molecular sensor 
of noxious heat) and also found that antagonism 
of the receptor (with AMG 0347) or knockout 
mice leads to avoidance of hyperalgesia [14, 15]. 
Furthermore, descending facilitation of nocicep-
tion from the rostroventral medulla also plays a 
role in OIH [3, 16]. This descending facilitation 
increases the endogenous opioid peptide dynor-
phin which is a paradoxically pronociceptive 
kappa opioid receptor agonist which modulates 
transmission using non-opioid receptor pro-
cesses [7]. This leads to naloxone-insensitive 
pronociception due to increased neuronal field 
size and increased NMDA receptor sensitivity, 
thereby leading to increased glutamate [10, 17] 
(excitatory neurotransmitter), calcium, and cyto-
kines. Microglia are also implicated in OIH as 
they are activated in response to opioid use and 
cause release of pro-inflammatory cytokines 
(e.g., tumor necrosis factor, interleukin 1 and 6), 
nitric oxide, matrix metalloproteases, and excit-
atory amino acids. All these agents increase 
excitatory neuronal transmission and downregu-
late GABA receptors [3]. These pro-inflamma-
tory markers could potentially be used as 
biomarkers of microglial activation and there-
fore OIH.

 How Is This Problem Managed?

OIH seems to be a complex issue. Different tar-
gets have been identified to reverse or stop the 
development of OIH. After identifying the prob-
lem, best option is to wean down the dose of opi-
oid totally if possible. If not other drugs are tried 
as adjunct in an attempt to minimize the total 
dose of opioids.

Table 42.1 Cellular mechanisms implicated in tolerance 
and hyperalgesia

(a) μ Opioid based
   Increased cyclic adenosine monophosphate and 

protein kinase A
   Protein kinase C
   C-Jun N-terminal kinase
   β-arrestin-2
   Src kinase
(b) Transcriptional
    cAMP response element-binding protein
    Mammalian target of rapamycin complex
(c) Pronociceptive ion channels
    NMNDA receptors
    Transient receptor potential vanilloid channel
(d) Microglia
    Toll-like receptor 4
    P2X4 and P2X7 purinergic receptors
    Src kinase
    Brain-derived neurotrophic factor
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 1. NDAIDS
 2. Tylenol
 3. Gabapentin/Lyrica
 4. IV lidocaine
 5. Ketamine
 6. Magnesium
 7. Steroids
 8. Clonidine
 9. Dexmedetomidine
 10. Opioid rotation, especially methadone and 

buprenorphine
NMDA receptor antagonists have been 
shown to reduce or prevent OIH as these 
receptors are upregulated by use of opioids 
[7, 16, 18]. A bolus of ketamine (NMDA 
antagonist) of 0.5 milligrams/kilogram with 
induction followed by a ketamine infusion of 
5 micrograms/kilogram/minute reduces 
postoperative pain scores and opioid usage, 
as well as helps to prevent remifentanil-
induced hyperalgesia [19]. Side effects of 
ketamine include increased intracranial pres-
sure, psychomimetic reactions, increased 
secretions, and myocardial stimulation or 
depression. Methadone also has NMDA 
receptor antagonist properties, and other opi-
oids can be switched to methadone when 
OIH is suspected [3, 18]. Side effects include 
QTc prolongation, respiratory depression, 
sedation, addiction, and constipation. 
Buprenorphine (partial mu and ORL-1 
receptor agonist and kappa-delta antagonist, 
4 mg every 6 h and 2 mg every 4 h as needed) 
has different G protein interactions than 
other opioids and has been shown to be help-
ful in treatment of OIH and pain that is not 
responsive to other opioids [2, 3, 18, 20]. 
The ORL-1 receptor is pronociceptive at 
supraspinal sites but antinociceptive in the 
dorsal horn [20]. Its activation can reduce 
hyperalgesia and neuropathic pain by down-
regulating calcium channels [20]. Propofol 
has been proposed as another agent to com-
bat OIH due to its GABA agonism. It has 
delayed hyperalgesia caused by remifentanil 
in studies [given over 30  min to a target 
effect site concentration (concentration of 
drug at the site of its biological activity, e.g., 

bound to receptors) of 1.5 micrograms/mil-
liliter] although once propofol was discon-
tinued an increase in hyperalgesia was seen 
[21]. Side effects of propofol include pain on 
injection, respiratory depression, myocardial 
depression, and decreased systemic vascular 
resistance. COX 2 inhibitors have also been 
shown to reduce OIH by both blocking 
NMDA receptors and increasing glutamate 
reuptake in the dorsal horn of the spinal cord. 
Forty milligrams of parecoxib IV (COX 2 
selective NSAID) was shown to reduce remi-
fentanil-induced hyperalgesia if given prior 
to remifentanil [18]. If given at the same time 
as remifentanil, the benefit was not apparent 
[18]. Side effects include cardiovascular 
thrombotic events including myocardial 
infarction and stoke and gastrointestinal 
ulceration with bleeding. Clonidine 2 micro-
grams/kilogram has also been observed to 
have the same reduction on remifentanil-
induced hyperalgesia [18, 19]. Side effects 
include hypotension, sedation, and rebound 
hypertension if used chronically and abruptly 
discontinued. Propranolol (nonselective Beta 
adrenergic agonist with side effects of brady-
cardia and hypotension) has been shown to 
reduce hyperalgesia in healthy volunteers 
who had remifentanil infusion. The beta 
adrenergic receptor has been linked to OIH 
in genetic studies, so it may be a useful agent 
but further research is needed [3]. Opioid 
sparing or opioid rotation (changing the opi-
oid used, especially to longer acting opioids) 
are techniques used to combat OIH [4, 12, 
22]. Low dose opioid antagonists can also 
help with this issue. Lastly, usage of multi-
modal analgesia helps to avoid or treat OIH 
[19, 20]. This entails the use of different 
analgesic medications with separate mecha-
nisms of action in order to achieve a syner-
gistic effect. This includes regional 
anesthesia and rescue blocks [19, 20], 
Acetaminophen (CNS COX activity inhibi-
tion with side effects of liver toxicity at high 
doses), NSAIDs [19, 20] (COX inhibitors 
with side effects of gastrointestinal bleeding 
and renal dysfunction), gabapentinoids [19] 
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(such as gabapentin up to 600  mg TID or 
pregabalin up to 150  mg TID if tolerated, 
reduces calcium currents, and has a side 
effect of sedation), topical lidocaine, and 
patches [19] (sodium channel blocker, side 
effect of local anesthetic systemic toxicity if 
toxic levels reached which is unlikely with 
topicals and patches), along with other 
agents listed above. Unfortunately clinical 
guidelines for this condition are lacking, and 
there is no unanimous way of diagnosis or 
treatment. Progress needs to be made in 
these fronts.

 Treatment of OIH
• Lower or discontinue the current opioid
• Opioid rotation (methadone, buprenorphine)
• Add acetaminophen and/or NSAIDs
• NMDA receptor antagonist
• Adjuvant therapies such as antidepressants, 

antiepileptics
• Regional/local anesthesia

 What Is the Prognosis of This 
Condition?

While OIH can be “cured,” it does have the ten-
dency to resurface in patients who have experi-
enced it in the past. It is thought that at least one 
opioid-free period is needed to reverse OIH, 
although there is no agreed-upon timeframe, and 
each patient is unique in this regard [1, 9, 23, 24]. 
The higher the chronic opioid dose the patient is 
on, the less successful their outcomes will be and 
the more expensive their medical care will be 
[25]. On admission to a comprehensive pain 
rehabilitation program, patients taking low or 
high dose opioids reported significantly higher 
instances of pain and depression when compared 
to their counterparts who underwent opioid with-
drawal and stayed off opioids [26]. In studies, 
animals who have recovered from OIH went on 
to express recurrent hyperalgesia if given a single 
dose of either opioid agonist or antagonist [12]. 
This shows that animals that have recovered from 
OIH still remain sensitive to the hyperalgesic 
opioid effect. It also shows that the sensitization 

was likely being countered by an opposing 
endogenous opioid system since even adminis-
tration of an opioid antagonist caused OIH to 
resurface. OIH resolves due to upregulated inhib-
itory pathways that oppose the sensitized excit-
atory pathways that cause OIH [7]. Due to this, 
termination of OIH occurs when a new balance 
of excitatory and inhibitory neuronal activity is 
reached – levels of activity that are much higher 
than the state before OIH occurred [7]. This new 
equilibrium of high neuronal activity is at risk for 
derangements which can indicate higher pain 
susceptibility [7]. In summary, OIH can be 
reversed, but it is thought that once a patient 
undergoes OIH, they will be at increased risk for 
redeveloping it especially if they are exposed to 
opioid agonists or antagonists in the future.

 Discussion

 Prevalence

There has not been a reported prevalence of 
OIH.  In one longitudinal study of 197 chronic 
pain patients on chronic opioid therapy, 27.6% of 
them needed increasing doses of opioids that 
were not related to disease progression or increase 
in activity [27]. Most authors believe it is not a 
rare observance and that it is likely under diag-
nosed. In either case, OIH is an issue that has 
lasting and devastating consequences unless it is 
recognized and dealt with.

 Differential Diagnosis

 1. Opioid-induced tolerance
 2. Opioid withdrawal
 3. Allodynia

Opioid-induced hyperalgesia and opioid tol-
erance are at the top of the differential for this 
case. These two entities are often confused in 
clinical practice [28]. If a patient has OIH, the 
look for the following clinical features during 
ongoing opioid administration: increased pain 
intensity over time, diffuse pain or new pain in 
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new locations, and increased pain sensation to 
mechanical pressure, heat, and tactile stimuli [1, 
28]. Increased opioid doses will worsen OIH [1]. 
Furthermore to diagnose OIH, other entities 
such as disease progression, opioid tolerance, or 
opioid withdrawal must be ruled out [1]. These 
other entities will have improved pain with an 
increase of opioid while the opposite is true of 
OIH [1]. Tolerance will have a reappearance of 
pain of the same intensity as prior to treatment 
[1]. Opioid withdrawal will have accompanying 
symptoms such as lacrimation, rhinorrhea, 
dilated pupils, hydrosis, diarrhea, dysphoric 
mood, insomnia, and yawning [1].

OIH is largely a clinical diagnosis and is 
reliant on history and physical exam. A patient 
who states that his or her pain is worsening 
despite an increase in the opioid dose, the pain 
has become diffuse or spread to new areas, and/
or is becoming increasingly sensitive to mildy 
painful stimuli, is very likley has developed 
opioid induced hyperalgesia. On exam they will 
appear in distress and will have pain out of pro-
portion to any stimuli or even pain with non-
painful stimuli. At this time, there are no lab 
tests or imaging studies that can diagnose OIH, 
but studies are ongoing in finding new receptor 
systems, genes, and biomarkers that are associ-
ated with OIH.  If an appropriate biomarker is 
found and validated, it could revolutionize and 
simplify the diagnosis of OIH leading to 
improved outcomes.

Unfortunately, there is no one agreed-upon 
treatment for OIH. Most experts will agree that 
reducing or completely discounting opioid ther-
apy is necessary [12, 22]. Multimodal techniques 
have also been shown to be helpful [19]. There 
are several drugs that have been proposed to help 
with this situation. Ketamine is perhaps the most 
widely accepted and has the strongest evidence 
[7, 12, 19]. Other treatment modalities are not 
widely accepted or are still in experimental 
stages. Furthermore, the fact that no guidelines 
on the treatment of OIH exists further compli-
cates the situation. Until research on the subject 
progresses, treatment will be largely practitioner 
dependent.

 Future Directions and Clinical Trials

Research has shown that targeting NMDA recep-
tors and using multimodal analgesia does not 
always fix the problem of OIH [12]. Due to this, 
further research needs to be done to study other 
receptor systems to find a better response to 
OIH. The link seen with microglia in OIH might 
mean glial inhibitors may help fight OIH but 
more work in this area is needed [29]. The glial 
inhibitor ibudilast is being currently studied and 
has shown reduction of neuropathic pain in the 
animal model and a threefold increase in mor-
phine analgesic potency [1]. It is still in the pre-
clinical stages but has completed safety testing in 
humans [1]. Neurosteroids (e.g., progesterone, 
pregnanolone) are steroids that are made in the 
brain and have inhibitory effects through GABA 
receptors, glycine receptors, and calcium chan-
nels [1]. These neurosteroids have been shown to 
reduce pain sensation in rat models and promote 
analgesia [1]. These steroids are another possible 
treatment for OIH because of their effects; how-
ever, they tend to have low bioavailability and 
rapid metabolism which can make clinical use 
difficult [1]. Cannabinoid targets have not been 
evaluated in treating OIH, but this should be done 
in the future as these receptors are located in 
areas that are involved in pain processing (peri-
aquaductal gray, rostroventral medulla [3, 16], 
microglia, and the dorsal spinal cord) [1]. 
Logistically speaking it would make sense for 
these receptors to have a potential role in OIH, 
and further work is needed to determine if this is 
true. Another recent study in mice has suggested 
that 5-HT3 antagonists such as ondansetron 
either systemically or intrathecally can prevent 
and reverse OIH [14]. Chronic morphine use 
induces gene expression in the dorsal root gan-
glion including CGRP, NMDA receptor, and the 
B adrenergic receptor all of which are involved in 
OIH and tolerance [9]. This study showed ondan-
setron prevents this morphine-enhanced gene 
expression and therefore giving it a possible role 
in the treatment of OIH [11, 14]. This still needs 
to be tested in clinical models of OIH, but ondan-
setron is a safe medication (major side effect of 
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QTc prolongation) and is already widely used 
making it a potential future agent against 
OIH.  N-acetyl-cysteine has been shown to 
decrease remifentanil-induced hyperalgesia by 
suppressing matrix metalloproteinase 9  in the 
dorsal root ganglia in rodents [29]. This is yet 
another potential future target. Most of the few 
controlled experiments on OIH that exist are 
done in patients who have surgical procedures 
and are given remifentanil infusions followed by 
opioids after the procedure and then are found to 
have a state of hyperalgesia [30]. While these 
studies are useful, future studies must focus on 
OIH in patients on long-acting opioid therapy for 
chronic pain as this use of opioids has surpassed 
the original intent of treating acute surgical pain 
in today’s world. OIH must be better recognized 
as a clinical issue by practitioners, and improved 
information is needed regarding prevalence, dif-
ferences in acute versus chronic opioid exposure, 
effect of type of opioid used [9], and clear guide-
lines on diagnosis and treatment. In addition, fur-
ther research needs to be done on new potential 
treatments in the human model so they can be 
implemented into practice.

 Conclusion

Opioid-induced hyperalgesia is real but diffi-
cult to diagnose entity. This is because objec-
tive methods to diagnose it are difficult and 
usually rely on subjective measurements such 
as postoperative opioid use and patient supplied 
pain scores. Guidelines and diagnostic criteria 
of OIH need to be developed so this becomes 
less of an issue. Only when the condition is 
realized can it be appropriately treated; other-
wise, the reflex treatment of giving more opi-
oids will only exacerbate it. The amount or 
duration of opioid intake that is enough to cause 
OIH still needs to be elucidated along with 
information on whether certain types of opioids 
are more likely to cause it. This will certainly 
prove difficult as many factors play into this, 
and it is probably unique to each patient. Until 
this information is determined, it would be pru-

dent to limit opioid dosages and duration of 
therapy to the minimum amount needed [31]. 
While there are several proposed treatments of 
OIH, there is no consensus on what is best or 
what has the strongest evidence. There are 
many ways to go about treating it, but as of now 
it should likely involve some combination of 
reducing or stopping opioid therapy, initialing 
multimodal analgesia [19], and using drugs 
such as the NMDA receptor antagonist ket-
amine [7, 19]. Several involved receptor sys-
tems and drugs that interact with them have 
been proposed to fight OIH; however, most of 
them are in early experimental stages and have 
not been tested in the human model. A tremen-
dous amount remains to be known about OIH, 
and the more research is accomplished and we 
discover about it, the better we will be able to 
avoid, recognize, and treat it.
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A 65-Year-Old Man with Poor 
Cancer Pain Control Despite 
Intrathecal Pump

Tariq Malik

 Case Presentation

A 64  year-old man who had refractory cancer 
pain secondary to squamous cell carcinoma of 
the lung with metastasis to the thoracic and lum-
bar spine. He is status post multiple extensive 
medical and surgical interventions. After failing a 
variety of conservative treatment modalities to 
control his back pain, an ITP was discussed and 
was successfully trialed. A programmable 
Medtronic SynchroMed II system was implanted 
with patient therapy management (PTM). Patient 
is receiving intrathecal morphine 10-mg/cc con-
centration at a rate of 75 mcg/h or a dose of 
1.8 mg/day. He reported significant and contin-
ued pain relief with the ITP at the 3 months pump 
refill visit with no noted neurological or respira-
tory side effects. He did well for 1 year. One year 
after implantation, patient presents with signifi-
cant increase in his pain which is no longer cov-
ered by his current ITP morphine dose despite 
cancer being in remission as seen on his recent 
positron emission tomography (PET) scan. He 
claims he gets some benefit from the extra dose 
using the PTM device, but he has noticed that the 
extent of pain relief is decreasing and lately, he 
gets no relief when he gives himself extra dose 
using the PTM device. His intrathecal dose is 

increased by 10%, and he is asked to return to the 
clinic in a week for further pain management.

 What Is Your Provisional Diagnosis?

In this case, the patient seems to be the analgesic 
benefit from the intrathecal device a year after it 
was implanted. This issue could be either due to 
change in the patient status or device (catheter or 
pump). It’s important to find the exact cause to 
solve the problem. Patient-related factors involve 
progression of underlying disease, or some other 
disease process namely psychosocial issues. This 
requires detailed history and consultation with 
the oncologist or family members. In the absence 
of disease progression, the most common cause 
for worsening pain is from drug tolerance.

 How Do You Rule Out Drug Tolerance 
as Cause of Increased Pain?

After proper evaluation and consultation, if the 
patient-related factors are excluded, next step is 
to increase the dose by 10–15%. It’s known that 
after IT pump implantation, patient often need 
dose adjustment with time especially in the first 
year. This is attributed to development of toler-
ance. A lack of response to such dose escalation, 
especially when even the higher dose of PTM- 
based extra dose is not helping, should lead to 
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work up to exclude device (pump and catheter) 
dysfunction.

 How Do You Evaluate Device 
Dysfunction?

It’s important to confirm the integrity of the sys-
tem from the pump to the catheter tip. Structural 
integrity of the system can be evaluated using 
imaging (X-ray, CT). The patency of the catheter 
can be checked using the accessory port of the 
pump and aspirating CSF; free-flowing CSF con-
firms a patent catheter. At times radiopaque dye 
or radioactive dye is used to rule out any leak 
from the catheter system. Granuloma can develop 
at the tip of the intrathecal catheter that can pres-
ent as failure of therapy or as a mass causing 
nerve root or spinal cord compression. This is 
diagnosed by maintaining high level of clinical 
suspicion, and confirming it with MRI with gado-
linium imaging or CT with myelogram. The 
granuloma presenting with compressive symp-
toms need urgent or emergent decompressive sur-
gery; otherwise, cessation of intrathecal therapy 
can resolve the granulomatous mass over months.

 How Is the Problem Managed?

Failure of intrathecal therapy should always 
prompt systematic trouble shooting. Device and 
catheter malfunction is not uncommon. Apart 
from patient-related factors which are diagnosed 
clinically, device and catheter malfunction 
always require some sort of testing or imaging. If 
the loss of pain relief is from disease progression, 
then intrathecal dose of medication should be 
increased or adjuvant medications are added to 
the pain pump. The micro-leaks from the catheter 
can be hard to diagnose, necessitating 2–3 days 
of daily imaging using Tc-99 or In-111 dye. 
Intermittent kinking of the catheter with intermit-
tent underdoing or overdosing has also been 
described. In a case scenario where catheter 
patency or integrity cannot be confirmed, it’s 
advisable to replace the intrathecal catheter 
(Fig. 43.1).

 Discussion

Uncontrolled pain in patients with advanced can-
cer is one of the most feared symptoms by cancer 
patients [1–4] and is sometimes feared more than 
death. It was estimated that 1.7 million cancer 
cases occur in the United States each year [5] of 
which 60% will experience pain at some point 
while more than 20% of cancer patients will die in 
pain. Cancer pain can be due to the tumor effect 
itself, metastasis with involvement of other pain-
ful structures such as nerves, or different treat-
ment side effects as such chemotherapeutics. Pain 
can occur due to soft tissue and bone destruction 
or nerve injury and may involve inflammatory 
and/or neuropathic mechanisms. The majority of 
cancer pain is managed by oral opioids; however, 
when pain is intractable or patient experiences 
oral opioids side effects such as respiratory 
depression or constipation, other modalities 
should be considered. Intrathecal opioid therapy 
provides more superior pain control as compared 
to systemic opioids. The advantages come from 
more direct medication supply to the Mu, Kappa, 
Delta, sodium and calcium channel, GABA, alpha 
2, and NMDA receptors in substantia gelatinosa 
of the spinal cord dorsal horn. Thus modulating 
pain transition at different levels of the spinal cord 
with much lower doses allowing more effective 
pain control without crossing the blood brain bar-
rier [6]. ITP has been shown to be superior to con-
ventional medical management in cancer pain, 
with lower medication toxicity effect as measured 
by the National Cancer Institute Common Toxicity 
Criteria and improved survival in a large random-
ized controlled clinical trial [7] with lower medi-
cal expenses and healthcare utilization [8]. Other 
retrospective analysis studies have shown low rate 
of complications with long-term follow-up [9]; 
however, randomized controlled clinical trials are 
scarce.

The majority of patient’s whom experience 
relief via IT therapy will require some dose 
adjustments during the first 6 months. Once opti-
mal dose for pain control is achieved, ITP dose 
may require minimal adjustments on follow-up 
visits. Any sudden increase in pain that does not 
respond to pump adjustment should be highly 
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suspicious of either pump/catheter failure/mal-
function or disease progression. In both instances, 
imaging studies and immediate investigation are 
prudent to avoid withdrawal and allow proper 
management in a timely fashion. Potential rea-
sons for ITP failure can be categorized into (1) 
device failure reasons which can be further 
divided into pump failure reasons or catheter fail-
ure reasons, (2) procedure-related reasons, and 
(3) patient-related reasons.

 Pump Failure Reasons

Pump motor failure, battery depletion, and cath-
eter access port failure. Other reasons for pump 
failure include hypermobility, which may lead to 
pump inversion. Majority of pump-related failure 
reasons is believed to be related to surgical 
implantation technique, so careful technique is 
highly recommended to minimize rate of 
complications.

Patient complaining of

Evaluate and rule out medical issues: disease
progression, infection, compression fracture,
kidney stones

If NO, then look for drug tolerance,
pump programming issue or
appropriateness of the medication in
the pump

If YES, treat the
underlying pathology

Patient responded well, no more
intervention

Free flow CSF and good spread
of dye intrathecally- switch the
medication in the pump using
Polyanalgesic Consensus
Conference guidelines

No response, test integrity of the
intrathecal catheter by aspirating
CSF from the Catheter accessory
port

No Free Flow of CSF- Imaging to
look for any kink, disconnection,
slipping out of catheter

Disconnection or another defect
visible, replace the catheter

MRI with gadolinium if
granuloma suspected any
sign of spinal cord
dysfunction

Catheter granuloma on MRI; switch to different drug
and to lower concentration, or discontinue IT therapy
till granuloma disappears if no cord compression.
Surgery if cord compressed

No defect or disconnection or
displacement visible on imaging
and no suspicion of granuloma,
Replace the intrathecal catheter

No error in device programming or
medication in the pump.
Increase the dose by 10-15

Fig. 43.1 Algorithm for 
management of failure 
of intrathecal therapy
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 Catheter-Related Failure Reasons

Catheter failure rates are three times more com-
mon than pump failure rates with a rate of 20% 
[10]. Catheter-related failure reasons range from 
dislocation or disconnection which usually 
occurs either at the pump site or at distal end. 
CSF leak from the implanted catheter is always 
due to the hole or holes in the catheter that most 
likely happens due to inadvertent catheter dam-
age during implantation [11]. Catheter kinks, 
breakage, and migration have also been reported. 
Granuloma formation around the catheter tip is a 
relatively uncommon but serious complication 
with incidence of 0.5–3% [12]. Risk factors asso-
ciated with granuloma are high intrathecal opioid 
concentrations [13], long duration of infusion, 
rapid dose escalation, spine surgery, and low flow 
rates of infusion. Diagnosis is made after clinical 
suspicion by T1-weighted MRI or CT myelo-
gram accessing pump side port assessing catheter 
patency. Treatment varies according to severity 
of symptoms and can range from substitution of 
intrathecal medication with saline to urgent neu-
rosurgical intervention in more severe cases with 
serious neurological deficits. If granuloma is sus-
pected, early intervention is crucial to prevent 
serious complications such as spinal cord com-
pression, paraparesis, or paraplegia [14].

 Procedure-Related Reasons

Seromas and hygromas can occur; a more serious 
complication is pump site infection and bacterial 
meningitis. Surgical technique and hypervigil-
lance are crucial as cancer patients are frequently 
malnourished and immunocompromised [15].

 Patient-Related Reasons

Mostly occur due to medication side effects. 
Despite lower overall systemic doses required to 
achieve analgesia, patients with intrathecal opi-
oids may develop side effects similar to systemic 

opioids such as constipation, nausea, pruritus, 
urinary retention, and respiratory depression. 
Such side effects are commonly ruled out during 
trial period where the need for a different medi-
cation or effective dose is investigated and a safe 
transition from systemic opioids to intrathecal 
opioids is achieved.

Other side effects that occur due to medica-
tions include opioid induced hyperalgesia, hypo-
tension, immunological compromise, and 
hypogonadotropic hypogonadism [16].

Appropriate patient management can reduce 
long-term sequela for patients with possible ITP 
malfunction. Pump interrogation and assessment 
of end volume to computer-predicated volume of 
pump during follow-up and pump refill visits 
may lead to diagnosis prior to patient developing 
withdrawal symptoms. Diagnostic workup 
should include careful patient history and exami-
nation; pump interrogation, verification of pump 
contents, settings, and residual volume in the 
pump. Plain X-ray posterior, anterior, and lateral 
views can assist in visualization of the catheter. 
Fluoroscopy to confirm pump rotors are moving 
at the expected rate. Catheter dye study after side 
port aspiration can assist in the assessment of 
catheter patency and function. Immediate MRI or 
CT myelogram should be performed if patient 
demonstrates any neurological deficits. A careful 
evaluation of bowel and bladder function is very 
important as well as actively looking for the pres-
ence of any neurodeficit is important whenever 
there is any suspicion for the presence of catheter 
grauloma. Treatment of ITP failure should focus 
on avoiding patient experiencing withdrawal 
while workup and testing is complete.

 Conclusion

ITP therapy has significantly advanced over the 
past 35 years and has emerged as an important 
effective treatment modality in intractable cancer 
pain. Meticulous surgical technique is key to 
avoiding complications; however, if complica-
tions do arise, early assessment and investiga-
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tions are prudent to avoiding more critical 
potentially fatal complications if not properly 
managed.
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A 38-Year-Old Woman 
with Baclofen Withdrawal

Lynn R. Kohan and Xiaoying Zhu

 Case Description

A 38-year-old woman with history of MS and 
spasticity with an indwelling Medtronic 40  ml 
IDDS implanted presents to the pain manage-
ment center for a baclofen IDDS refill and com-
plaints of mildly increased spasticity for the past 
month. She was last in the office 5.5 months ago 
at which time she underwent an IDDS refill. Her 
IDDS contains a solution of baclofen 500mcg/ml 
and is programmed to run at 125 mcg/day. Her 
IDDS was implanted 5  years ago and she has 
been on a stable dose of intrathecal baclofen 
(ITB) for the past 3 years. She does not take any 
other medications. She does have oral baclofen as 
a precaution provided to all clinic patients with 
baclofen IDDSs. Interrogation of the IDDS 
showed no errors, and her expected residual vol-
ume was 2 ml greater than her calculated expected 
residual volume. On physical examination, she 
was noted to have mildly increased stiffness and 
spasticity (Modified Ashworth Scale 2). No clo-
nus was noted. Since there were no unusual find-
ings with her IDDS during interrogation and refill 
and her reported history and physical examina-
tion were consistent with gradual increased spas-
ticity, it was determined that she was likely 
having progression of her MS disease. Her IDDS 

was increased to 150mcq/day to try to better alle-
viate her symptoms. She was instructed to call 
the clinic for another possible IDDS adjustment 
if she continued to have issues. Three days after 
her refill, the patient called the emergency pager 
at 10 pm. She stated that for the past several hours 
her IDDS had been beeping and she reported 
feeling irritable and itchy. The patient was told to 
immediately come into the emergency room and 
to take 20 mg of her oral baclofen. In the emer-
gency room, she was found to be mildly tachy-
cardic with an oral temperature of 100.8. All 
other vital signs were stable. She was noted to 
have a Modified Ashworth Scale of 4. She typi-
cally has a Modified Ashworth Scale of 1 at base-
line. Complete metabolic panel, complete blood 
count, sedimentation rate, and c reactive protein 
were all within normal limits.

Upon interrogation of her IDDS, it was noted 
that a dual tone critical alarm was occurring. She 
was treated with intravenous diazepam and addi-
tional 20 mg of oral baclofen. She was taken to 
the Operating Room where a rotor IDDS study 
was performed. A bolus of 0.01  ml was pro-
grammed to be administered over 1 minute. This 
was administered after first determining that with 
her concentration of 500 mcq/ml a 0.01 ml bolus 
would only represent a 5-mcg bolus and thus 
there was not a risk of overdose. It was noted that 
the rotor did not move and thus it was determined 
that there was a rotor pump failure. She then 
underwent surgery to replace her IDDS.  The 
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patient’s symptoms improved following the 
IDDS replacement. The patient was monitored 
for 24 hours and was subsequently discharged in 
stable condition.

 What Is Your Preliminary Diagnosis?

 Preliminary Diagnosis in Clinic
The preliminary diagnosis at her initial presenta-
tion was increased spasticity secondary to pro-
gression of her multiple sclerosis. At the clinic 
visit, causes of increased spasticity were assessed. 
Many issues such as disease progression, acute 
infection, medication changes, and stress can 
contribute to worsening spasticity in a patient 
with multiple sclerosis [1]. The patient did not 
report any signs or symptoms of acute infection, 
denied recent medication changes, and denied 
any symptoms of acute distress. This patient 
reported increasing spasticity and stiffness over 
the past month. These symptoms are consistent 
with possible progression of her underlying MS 
disease; however, her IDDS was also interrogated 
to make sure there were no discrepancies. Since 
interrogation of her IDDS did not reveal any 
abnormalities, it was determined that she had 
progression or a flare of her MS.

 Preliminary Diagnosis in Hospital
The preliminary diagnosis was increased spastic-
ity secondary to baclofen withdrawal. The patient 
called reporting symptoms of acute and substan-
tial worsening of her spasticity, itching, and irri-
tability. Upon arrival to the emergency room she 
was found to be tachycardic and mildly febrile. 
An audible critical alarm was also audible from 
her IDDS.  These are signs and symptoms of 
potential baclofen withdrawal from potential 
IDDS malfunction and thus treatment was 
promptly initiated.

 How Is the Diagnosis Confirmed?

When investigating the cause of decreased or loss 
of effectiveness with intrathecal baclofen, a sys-
tematic approach should be taken. Saulino et al. 

recently published an article on best practices 
when troubleshooting baclofen therapy. In addi-
tion, Medtronic has published an algorithm for 
evaluating loss of efficacy with baclofen.

Easily detectable issues should be ruled out 
first. A thorough history and physical examina-
tion as well as an IDDS interrogation should be 
obtained. The patient’s medications should be 
reviewed as some medications may have the 
potential to exacerbate or obscure symptoms. 
Selective serotonin reuptake inhibitors, interfer-
ons, dextroamphetamine, and theophylline have 
been found to increase hypertonicity [2].

Physical examination should be thorough and 
comprise of a targeted neuromuscular examina-
tion including evaluation of strength, range of 
motion, reflexes, clonus, and spontaneous or elic-
ited spasms. Spasticity can be assessed based on 
the modified Ashworth Scale (Table 44.1).

Vital signs should be evaluated and a mental 
status examination performed. Laboratory work 
up should include an assessment for infection or 
other noxious stimuli. A complete blood count, 
comprehensive metabolic panel (including 
hepatic function), and coagulation status is 
advised [2]; however, the presence of abnormali-
ties does not “diagnose” withdrawal.

Causes of acute infection or noxious stimuli 
also need to be investigated. Infections are 
thought to be involved in the pathogenesis of MS 
and may impact disease susceptibility and clini-

Table 44.1 Modified Ashworth Scale scores

Grade Description
0 No increase in muscle tone
1 Slight increase in muscle tone, manifested by a 

catch and release or by minimal resistance at 
the end of the range of motion when the 
affected part(s) is moved in flexion or extension

1+ Slight increase in muscle tone, manifested by a 
catch, followed by minimal resistance 
throughout the remainder (less than half) of the 
ROM (range of movement)

2 More marked increase in muscle tone through 
most of the ROM, but affect part(s) easily 
moved

3 Considerable increase in muscle tone passive, 
movement difficult

4 Affected part(s) rigid in flexion or extension

From Smith and Bohannon [3], with permission
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cal course [3]. A study by Correale et al. demon-
strated an increased risk of relapse correlating 
with increased MRI activity during a systemic 
infection [4].

One should also rule out any programmable or 
refilling errors. This should be done by first inter-
rogating the IDDS and reviewing the dosing 
parameters. Make sure that the IDDS’s dosing 
parameters match the prescribed dosing. If there 
is any suspicion of wrong concentration, the 
IDDS solution should be withdrawn and the 
IDDS should be refilled with new solution. The 
IDDS’s extracted reservoir volume needs to be 
compared to the expected volume. A large or 
growing discrepancy in residual volume could 
indicate an IDDS-related malfunction. This type 
of malfunction may be secondary to a pump rotor 
malfunction. If there is concern for a rotor failure 
or malfunction, the rotors in the IDDS should be 
imaged. As long as a bolus of approximately 
10  microliters could not cause an overdose, a 
0.01 ml bolus over 1 minute can be administered. 
Next one should wait 2 minutes to allow bolus to 
finish and then x-ray or use fluoroscopy to deter-
mine the new position of the pumps rotors. The 
pump’s rotors should have moved 60 degrees. If 
the rotors do not move the expected amount, then 
a rotor failure may be present [5]. If a rotor issue 
is detected, the patient will need to have urgent 
replacement of their IDDS (Fig. 44.1).

Audible alarms will also indicate if there is a 
problem with the IDDS. Alarms will sound for 
low battery, low reservoir situations, or critical 
alarms. If a low reservoir alarm is detected, the 
patient should present immediately for a refill. If 
a low battery alarm is present, the patient will 
need to have urgent replacement of their IDDS 
[6]. Any critical alarm should be investigated 
immediately as it indicates that medication flow 
has ceased or is about to cease.

Once mechanical IDDS abnormalities, pro-
gramming abnormalities, and solution issues have 
been ruled out, one should investigate for issues 
related to the catheter. The first step when investi-
gating for a catheter malfunction is to obtain 
imaging [7]. Plain anterior/posterior (AP) and lat-
eral radiographs of the thoracic and lumbar 
regions should be obtained. One should use this 

imaging to evaluate all the catheter tubing from 
site of connection to the IDDS, entry into the 
intrathecal space, to the catheter tip. Any connec-
tors along this path should also be visualized. If 
all appears normal, a catheter study under fluoro-
scopic guidance should be performed. A catheter 
study entails accessing the catheter access port 
(CAP) with a 24-gauge Huber needle provided in 
a catheter assess kit. Cerebral spinal fluid (CSF) 
should be easily aspirated from the catheter access 
port if the catheter tip is within the intrathecal 
space. And the catheter is patent. As the catheter 
volume is usually <0.25 ml, >0.25 ml (typically at 
least 2 ml) should be aspirated from the catheter 
access port to ensure adequate aspiration of CSF 
and drug. If one is able to freely aspirate 2–3 ml, 
contrast dye should be injected under fluoroscopy. 
The catheter should be evaluated from its inser-
tion point into the IDDS around the flank, into the 
spine, to its tip. One should pay special attention 
to any pooling of contrast behind the IDDS and at 
any connection sites. Extravasation of any dye 
outside of the catheter can indicate loss of cathe-
ter integrity secondary to a break in the catheter, 
disconnection, migration outside of the intrathe-
cal space, or loculation [8]. If limited dye is seen 
in the study, the catheter may be occluded. 
Occlusion may due to kinking of the catheter 
along its course or occlusion at the tip. Although 
rare, a granuloma may occur at the tip of the cath-
eter. MRI imaging with gadolinium is the diag-
nostic test of choice for granuloma detection [9]. 
A priming bolus should be performed after com-
pletion of the catheter study after a successful 
aspiration of the CAP in order to refill the cathe-
ter to its tip with baclofen in order to prevent 
withdrawal.

If one is unable to aspirate from the catheter 
access port, an occluded catheter or kink may be 
present. Contrast should not be injected if one 
cannot easily aspirate 2–3 ml from the catheter 
access port as doing so could result in ITB over-
dose from infusion of drug remaining in the cath-
eter into the CSF [10]. If there is either loss of 
integrity noted or failure to be able to aspirate 
appropriate volume of CSF, the patient should be 
scheduled for urgent catheter revision to avoid 
baclofen withdrawal.

44 A 38-Year-Old Woman with Baclofen Withdrawal
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 What Is the Pathophysiology of This 
Condition?

The exact mechanism of action of baclofen as a 
muscle relaxant and anti-spastic agent is not fully 
elucidated. Baclofen inhibits both mono- and 
polysynaptic reflexes at the spinal cord level pos-
sibly by its actions at supraspinal sites as well as 
by decreasing excitatory neurotransmitter release 
from primary afferent terminals [11]. Baclofen 
also enhances vagal tone and causes inhibition of 
mesolimbic and nigrostriatal dopamine neurons 

[12]. Baclofen is a structural analog of gamma- 
aminobutyric acid (GABA) and may exert its 
effects by stimulating GABAB receptors to cause 
muscle relaxation. Overall baclofen decreases 
increased muscle tone, tendon reflexes, and ankle 
clonus [13] by causing increased inhibitory tone 
in the central nervous system and spinal cord 
[14]. Therefore, sudden withdrawal of baclofen 
results in predominantly excitatory effects such 
as CNS hyper-excitability and severe spasticity. 
Sudden cessation of ITB can result in mild symp-
toms such as pruritus, anxiety, and tremors or 

Radiopaque
marker

Radiopaque
marker

60°
(approximately)

Fig. 44.1 Pump rotor study. (a) Pump roller of SynchroMed II pump. (b) Pump roller rotation of SynchroMed II pump. 
(Reprinted with the permission of Medtronic, Inc. (C))
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more severe symptoms such as hyperthermia, 
myoclonus, seizures, rhabdomyolysis, dissemi-
nated intravascular coagulation, multisystem 
organ failure, cardiac arrest, coma, and death 
[15–17].

 How Is This Problem Managed?

 Management of Baclofen Withdrawal
Adequate identification of the cause of loss of 
efficacy of ITB is essential as baclofen with-
drawal can be fatal. Common signs of baclofen 
withdrawal include itching, twitching, and men-
tal status changes [18, 19].

Symptoms can occur within a few hours to 
48 hours with various signs and symptoms of dif-
ferent degrees [18, 20]. The severity of the symp-
toms does not always correlate with dosing 
levels. The clinical presentation of baclofen with-
drawal can mimic sepsis, meningitis, neuroepi-
leptic malignant syndrome, and malignant 
hyperthermia [18, 20, 21]. Symptoms of ITB 
withdrawal may include increased spasticity, 
stiffness, hypotension or labile blood pressure, 
hyperthermia, myoclonus, and mental status 
changes. Symptoms may progress and ultimately 
present as rhabdomyolysis, multiple system 
organ failure, coagulopathy, seizures, coma, and 
death [22]. Patients presenting with symptoms of 
withdrawal should be placed in a monitored set-
ting since withdrawal symptoms can lead to seri-
ous morbidity. If acute signs and symptoms of 
baclofen withdrawal are noted, the acute with-
drawal algorithm should be followed (Fig. 44.2).

Baclofen withdrawal is definitively treated 
with resumption of baclofen therapy. First-line 
treatment in severe withdrawal is to perform a 
lumbar puncture and administer a bolus of intra-
thecal baclofen. A consensus panel agreed to use 
the dose and how often to administer depending 
on many factors including the severity of with-
drawal, the patients dosing prior to cessation, the 
time since symptoms first occurred, and the 
response to previous boluses [2]. It is reasonable 
to administer a similar or higher bolus than was 
given during the initial trial. If the implanted 
IDDS is not working, a continuous intrathecal 

catheter can be used with baclofen delivered 
through an external pump. This system would 
allow the patient to remain stable until a new 
intrathecal IDDS could be implanted. In this sce-
nario the malfunctioning intrathecal IDDS should 
be set to minimum rate and the external pump 
could be set to run continuously or deliver boluses 
at the physician’s discretion [18, 20]. In these 
cases, the patient should be monitored.

If resumption of intrathecal delivery cannot be 
achieved, then oral medications should be used. 
Oral baclofen and oral benzodiazepines can be 
used; however, it should be noted that oral 
baclofen will not stop the progression on ITB 
withdrawal [21]. Oral baclofen has variable 
absorption, a slow onset and short duration of 
action, and variable renal elimination thus limit-
ing its ability as a good treatment for baclofen 
withdrawal [23]. In addition, there is no uniform 
conversion from oral to intrathecal baclofen; 
thus, it is hard to know a proper dose. A reason-
able regimen would be to start at 10–20 mg every 
6 hours but realize that a large degree of variabil-
ity will exist in terms of effectiveness and tolera-
bility [2].

Other medications that can be used are benzo-
diazepines and cryoheptadine. Benzodiazepines 
are advantageous since they have intravenous 
formulations and can be delivered via continuous 
infusions. They also activate GABA-A receptors, 
which circumvent the issue of resistance to oral 
baclofen because of the downregulation of 
GABA-B receptors that occurs with long- 
standing baclofen use [2]. For these reasons, ben-
zodiazepines can lessen withdrawal symptoms 
thus improving spasticity, rigidity, and hyperther-
mia. Diazepam is the most commonly used fol-
lowed by lorazepam and midazolam [2]. 
Benzodiazepines are also helpful in preventing 
seizures. Patients receiving benzodiazepine treat-
ment should be monitored.

Cyproheptadine is a serotonin agonist that 
can be used as an adjunctive treatment in 
baclofen withdrawal as an off-label use. Typical 
dosing is 2–4  mg every 6  hours but may be 
increased in dose of frequency depending on the 
patient response. Administering cyproheptadine 
has been shown to decrease spastic hypertonia, 
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fever, and pruritus [24, 25]. There are no formal 
studies evaluating the effectiveness of one medi-
cation over the other; however, the panel in 
Saulino’s study recommended benzodiazepines 
and cyproheptadine as first-line adjunctive medi-
cations in the treatment of ITB withdrawal [2]. 

The patient should undergo IDDS revision as 
soon as possible in order to resume intrathecal 
therapy. It is advised that the patient then be 
monitored in an in-patient setting for at least 
24  hours to ensure there are no problems with 
over- or under-dosing [2].

Is it pump related?

Differential diagnosis History, physical exam Not related to ITB

YES

Infection or noxious stimuli: pressure sore, ingrown
toenail, constipation, fracture, gallstones, ileus

PROGRAM ERROR

PUMP ALARM

EMPTY
RESERVOIR

UNKNOWN DRUG

NO/RESTRICTED
FLOW

CATHETER
FINDINGS

NO RESPONSE
IN TONE

RESPONSE

Bolus dose via LP. Aspirate
from drug reservoir (if needed)

Increase dose or move to
periodic bolus dosing regimen

IMPROVEMENT IN TONE

NO FINDINGS

Program bolus dose

Imaging

Diagnostic CAP aspiration

Confirm pump reservoir
volume

High-dose oral or
enteral baclofen

IV benzodiazepines

LP ITB bolus 50mcg

Follow CK to monitor
development or
rhabdomyolysis

Interrogate pump and
compare to program

• Maintain airway/breathing/
 circulation
• Program pump to minimum
 rate
• Withdraw 30mL CSF via LP or
 CAP

ITB withdrawalITB overdose

FREELY FLOWING

NO FINDINGS

Concurrent medical
management:

NO FINDINGS

• X-Ray Lateral & AP
• CT myelogram w/contrast
• Fluoro contrast study

NO RESPONSE

Reprogram pump

Remove unknown drug, wash
reservoir, refill with known drug

Revise or replace catheter

End of Service (EOS), motor stall:
Reprogram or replace pump

Low/empty reservoir alarm

Symptoms of WD/OD may be
observed. Refill pump and

monitor patient

NO

Fig. 44.2 Acute troubleshooting algorithm. (Reprinted with the permission of Medtronic, Inc. (C))
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 What Is the Prognosis of This 
Condition?

Baclofen withdrawal must be recognized early as 
it can progress and eventually become fatal. If 
treated appropriately with resumption of therapy, 
patients will have a good prognosis. If baclofen 
withdrawal fails to be recognized or if appropri-
ate treatment is not initiated, prognosis may be 
poor.

 Discussion

 Prevalence

MS affects approximately 400,000 people in the 
United States and has an estimated prevalence of 
90 per 100,000 population [26]. Primary progres-
sive MS is diagnosed in about 10% of patients at 
onset [27]. MS is caused by CNS inflammation 
that damages the myelin sheath as well as axons 
themselves. MS can cause various neurological 
symptoms because it can affect the brain, optic 
nerve, and spinal cord. Sensory and motor 
changes often occur resulting in leg weakness, 
ataxia, or spasticity.

Spasticity is a frequent symptom of MS that 
can affect quality of life as disease progresses. 
Treatment includes oral medications, but these 
can have limited efficacy and are often associated 
with significant side effects such as drowsiness 
[28]. ITB was approved by the US Food and 
Drug Administration (FDA) for treatment of 
severe spasticity in 1992. In select patients, ITB 
can ameliorate symptoms of spasticity, improve 
functionality, and decrease side effects associated 
with oral medications [29, 30]. ITB is adminis-
tered through an implanted IDDS with a reservoir 
with an attached catheter that delivers medication 
directly into the intrathecal space. Baclofen 
decreases spasticity by binding to (GABA-B) 
receptors and inhibiting the release of excitatory 
neurotransmitters, thereby inhibiting monosyn-
aptic and polysynaptic spinal reflexes [31]. The 
doses needed for effective treatment of spasticity 
are much lower than oral doses, thus decreasing 
systemic side effects.

While complications are rare, providers 
should be prepared to recognize them and treat 
them promptly. Complications can result in 
baclofen overdose, under-dose, or insufficient 
intrathecal delivery. A thorough investigation 
needs to be taken when a patient reports symp-
toms related to baclofen overdose or under-dose. 
In April 2002, the FDA issued a drug warning 
label for baclofen withdrawal syndrome. There 
have been 27 cases reported to the FDA of which 
6 have been fatal [32].

 Differential Diagnosis

 Differential Diagnosis of Increased 
Spasticity
The differential diagnosis of increased spasticity 
in a patient with a baclofen IDDS include patient- 
related causes as well as loss of baclofen efficacy 
secondary to IDDS-related issues.

 Patient-Related Issues
Certain conditions such as infections or increased 
physiological stressors can contribute to increased 
spasticity in patients with MS.  Urinary infec-
tions, bladder distension, and urolithiasis can all 
increase spasticity [1]. Increased body tempera-
tures can also contribute to increased spasticity. 
Increased spasticity may also be secondary to 
disease progression or a flare in their underlying 
disease. Disease progression or a flare can be 
investigated by MRI imaging to evaluate for 
increased lesions within the central nervous sys-
tem. Tolerance to baclofen has also been reported 
[33] and can be included in the differential diag-
nosis but only after all other causes have been 
ruled out.

 IDDS-Related Issues
Loss of baclofen effectiveness as previously 
described can be secondary to programming 
errors (wrong concentration or wrong dose of 
medication being delivered) or mechanical prob-
lems with the IDDS or catheter. Programmable 
errors are typically easily identified by reviewing 
the IDDS settings and doses carefully. Specialized 
pharmacies can also compound different concen-
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trations of baclofen. There can be variations in 
accuracy when baclofen is compounded resulting 
in under-dosing.

The catheter and pump are subject to complica-
tions throughout the life of the system [34]. A 
study by Fluckiger et al. identified the annual rate 
of complications requiring surgical intervention 
was 10.5%. Thirty-five percent of the complica-
tions were pump related, while the remainder were 
catheter related [35]. IDDS-related complications 
can include motor stall and battery exhaustion. In 
June 2013, Medtronic issued a class I recall for 
Medtronic Synchromed II and Synchromed EL 
Implantable Drug Infusion Pumps [36]. The recall 
stated that there was potential that an electrical 
shorting within the IDDS could cause a motor stall 
thus contributing to loss of or reduction in therapy. 
Medtronic, Inc. was able to revise their device 
with FDA approval to fix this issue.

Combinations of medications can also con-
tribute to IDDS malfunction. Medtronic pub-
lished information stating that corrosive agents 
originating from drug formulations may be con-
tributing factors [37]. Spontaneous IDDS stalls 
are rare due to the high integrity and reliability of 
the system. The most common time for an IDDS 
to stall is after an MRI and thus all IDDSs should 
be interrogated in some form approximately 
20 minutes after an MRI to assure motor function 
has resumed. This assessment can be performed 
by interrogating the IDDS logs [38]. If the IDDS 
has not resumed, a second interrogation should 
be performed in 20  minutes to assess for any 
delayed resumption of function. If the IDDS still 
has not resumed function, the IDDS manufac-
turer should be called and appropriate care taken 
to prevent withdrawal.

Other potential causes of loss of efficacy of 
ITB therapy can include granuloma formation at 
the tip of the catheter resulting in inadequate 
delivery of ITB or is severe spinal cord compres-
sion [39]. Granulomas are inflammatory masses 
that develop at the tip of the catheter. While gran-
ulomas are more often associated with opioid 
intrathecal medications, there have been cases 
reported in the literature of granulomas occurring 

in patients receiving intrathecal baclofen [40]. 
MRI is the preferred imaging modality to diag-
nose a catheter tip granuloma [41].

 Differential Diagnosis of Baclofen 
Withdrawal
Other medical conditions can also mimic 
baclofen withdrawal including sepsis, meningi-
tis, neuroleptic malignant syndrome, autonomic 
dysreflexia, serotonin syndrome, and malignant 
hyperthermia [18, 20] as they may present with 
similar mental status changes, hypo- or hyper-
thermia, changes in respiratory rate and blood 
pressure, as well as muscle rigidity. Typically, the 
mental status changes that occur with intrathecal 
baclofen withdrawal include anxiety, agitation, 
and/or hallucinations [2]. Pruritus without a rash 
is highly associated with intrathecal baclofen 
withdrawal [18, 20].

 Predictive Value of Different Clinical 
Features

There are no specific predictive values regarding 
the clinical features of baclofen withdrawal syn-
drome; however, it is thought to advance on a 
spectrum. Mild baclofen withdrawal is often 
associated with increase in tone, pruritus without 
a rash, and irritability. As the syndrome pro-
gresses, patients may experience return of their 
underlying baseline tone, altered mental status, 
mild dysphoria, increased creatine phosphoki-
nase levels, decreased blood pressure, paresthe-
sias, and become febrile. Severe baclofen 
withdrawal is often associated with substantial 
increase in tone, coma, signs of rhabdomyolysis, 
and seizures [2].

 Strength of Evidence

Evidence for best course for identification and 
treatment of loss of efficacy of baclofen and 
baclofen withdrawal is based currently on expert 
consensus panels.
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 Future Directions

Current treatment of intrathecal baclofen with-
drawal remains inadequate. Definitive treatment 
remains resumption of intrathecal baclofen. 
Current research is investigating the creation of 
an IV formulation of baclofen. A recent study by 
Schmitz et al. showed that an IV formulation of 
baclofen was well tolerated clinically. The drug 
showed a bioavailability of 80% which suggests 
that a dose reduction of 20% in IV dose would be 
advised compared to oral [42]. Therefore, IV 
baclofen might prove beneficial in preventing 
baclofen withdrawal at least in cases where there 
has been cessation of oral baclofen. It is unclear 
how effective it will be in cases of intrathecal 
baclofen withdrawal. More studies are needed to 
develop better easier treatments.

 Summary/Conclusions

In summary, treatment of spasticity with ITB can 
be very effective and safe. Patients with ITB ther-
apy may present with increased spasticity. The 
increased spasticity may be secondary to many 
different causes including patient-related issues 
as well as issues secondary to malfunctions of the 
catheter or pump itself. A systematic approach 
should be utilized when identifying the causes of 
increased spasticity and should be treated appro-
priately. One should carefully assess for any 
signs or symptoms of baclofen withdrawal since 
it can lead to significant morbidity and mortality 
and thus must be promptly recognized.
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Chemotherapy-Induced Peripheral 
Neuropathy

Dan Fischer and Tariq Malik

 Case Description

A 62-year-old women presents to the pain clinic 
with long-standing symptoms of numbness, tin-
gling, and occasionally needle-like pain in her 
feet and hands. She first noticed these symptoms 
2 weeks ago, and she has found little to no relief 
with over-the-counter NSAIDS and acetamino-
phen. She reports that she has a history of right 
breast cancer for which she underwent a right 
mastectomy 6  months ago and initiated subse-
quent chemotherapy with placitaxel and cisplatin 
6 weeks ago. She was warned about the possibil-
ity of neuropathy but was told it is unlikely and, 
even if happens, it is not that bad and would go 
away. Now she has developed these symptoms 
and nothing she has taken has worked so far, and 
she has been sent by the oncology service for fur-
ther management. Physical examination shows 
decreased sensation to touch in vibration in the 
distal extremities bilaterally, and there is a con-
current diminished Achilles reflexes bilaterally.

 What Is Your Preliminary Diagnosis?

The patient is reporting numbness and tingling 
that started few months after she was started on 
chemotherapeutic agents. Her symptoms are dis-
tributed in a glove and stocking fashion and are 
affecting the distal parts of the limbs much more 
prominently. These are telltale sign of chemo- 
induced nerve damage. But since she has history 
of cancer which can metastasize especially to 
bone and can cause nerve compression, imaging 
study is warranted especially if the symptoms are 
progressively getting worse.

 How Is Diagnosis Confirmed?

Chemotherapy-induced neuropathy (CIPN) is 
often a clinical diagnosis largely dependent on his-
tory and physical exam; however, other more 
objective modalities have been explored. It often 
presents as a sensory neuropathy characterized by 
tingling, numbness, and pain that typically starts in 
the toes and fingers before spreading proximally in 
a “stocking-glove” distribution [1]; however, 
symptoms can also include hypersensitivity to cold 
or touch, loss of proprioception, decreased percep-
tion of vibration and pinprick, and decrease or loss 
of deep tendon ankle reflexes [2]. To assess clinical 
parameters, such as history of chemotherapy treat-
ment and distribution of sensory pathology, several 
scales have been used to evaluate patients for 
CIPN. The most common tools used are the Total 
Neuropathy Score (TNS), the Common Toxicity 
Criteria of the National Cancer Institute (NCI- 
CTC), the National Cancer Institute Common 
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Terminology Criteria for Adverse Event (NIC- 
CTCAE), World Health Organization criteria, 
Eastern Cooperative Oncology Group criteria, and 
Ajani criteria for assessing therapy-induced toxic-
ity [3, 4].

Measurement of sensory and motor nerve con-
duction velocities (NCV), sensory nerve action 
potentials (SNAP), and compound muscle action 
potential (CMAP) together with needle electromy-
ography (EMG) are the standard neurophysiologi-
cal tests used to aid in diagnosis. Axonal loss from 
sensory nerves is thought to be represented by 
diminished amplitude of SNAP and sensory NCV, 
but changes in NCV have weaker correlation of 
CIPN from drugs affecting dorsal root ganglia 
(DRG), such as platinum derivatives, and weaker 
correlation when small sensory fibers are involved 
[5]. Sural and other whole nerve biopsies have 
been used in the past but are now seen as rarely 
indicated when evaluating CIPN, but a joint task 
force report of the European Federation of 
Neurological Societies and the Peripheral Nerve 
Society indicates that the role of skin biopsy is 
evolving in the evaluation of neuropathies and pos-
sibly CIPN [5, 6].

It is important to note, however, that EMG and 
nerve conduction studies are regarded as having 
limited utility in clinical diagnosis. One study 
comparing nerve conduction studies to clinical 
examination in patients treated with cisplatin 
showed no diagnostic advantage [3].

Distinguishing CIPN from other potential neu-
ropathies in patients with cancer requires evalua-
tion of the patients’ symptom presentation and 
therapy course. Analysis of the administered drug, 
whether or not it is associated with CIPN, cumula-
tive dosage, and the characteristics and associated 
timeline of symptom development are required to 
aid in the diagnosis of CIPN, which emphasizes 
the importance of a detailed history in conjunction 
with physical exam and other diagnostic tools [7].

 What Is the Pathophysiology of This 
Condition?

The pathophysiology of CIPN is not entirely 
known, but several theories have been derived 
from animal models and postmortem studies for 
various chemotherapeutic agents. A unifying the-
ory that the cytotoxic mechanisms of these agents 
used to trigger cancer cell death also acts on vari-
ous cells of the nervous system. Sometimes the 
side effects of these therapies can be so severe that 
they lead to dose reduction or discontinuation, 

ultimately inhibiting patients to receive effective 
therapy.

Platinum derivatives are able to alter the struc-
ture of DNA by forming intra-strand adducts and 
inter-strand crosslinks. Formation of platinum- 
DNA adducts is the mechanism of action for trig-
gering cancer cell death [8], but this disruption of 
the tertiary structure of DNA is also a proposed 
method of neural apoptosis. Other proposed 
mechanisms triggered by platinum agents include 
oxidative stress, mitochondrial dysfunction, and 
increased activity of regulatory genes such as 
p53, p38, and ERK ½ [4].

Dorsal root ganglia (DRG) have been impli-
cated as susceptible to the deposition of platinum 
compounds like cisplatin and oxaliplatin, ulti-
mately leading to DRG neuron apoptosis and 
contributing to the sensory dysfunction consis-
tent with CIPN. Postmortem studies have showed 
retention of cisplatin in the dorsal root ganglion 
cells with associated reduction in nuclear size 
[3]. Dorsal root ganglia lack the protection of a 
blood-brain barrier, and since they are vascular-
ized by fenestrated capillaries that permit expo-
sure to circulating compounds, DRG are 
particularly vulnerable to chemotherapeutic 
agents like platinum derivatives.

Cisplatin is additionally able to disrupt mito-
chondria DNA synthesis through the formation 
of adducts [4], and in cultured rat embryo dorsal 
root ganglion models, cisplatin was found to con-
sistently inhibit axonal growth in a dose- 
dependent manner at similar concentrations 
believed to be neurotoxic in humans [3].

Oxaliplatin is unique in that it can induce both 
acute and chronic neuropathy. The acute neurop-
athy is believed to be caused by transient activa-
tion of voltage-gated sodium channels of 
peripheral nerves due to chelation of calcium by 
oxaliplatin. This triggers a hyperexcitability of 
peripheral nerve membranes, but as the activation 
is acute and transient, it is also believed to be 
reversible [3].

Chronic exposure of oxaliplatin can lead to an 
accumulation in DRG cells to produce gradual 
morphological and functional changes, but the 
proposed mechanisms are still hypothetical. 
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Some experimental studies theorize that the 
accumulation of oxaliplatin in cell bodies 
decreases cellular metabolism and axoplasmic 
transport [3].

Carboplatin has been found to be less neuro-
toxic than other platinum derivatives, but it is 
often dose-limited by hematologic toxicity [3].

Vincristine, a common vinca-alkaloid used 
since the 1960s for its antineoplastic properties, 
has been known to have both motor and sensory 
side effects, including peripheral neuropathy and 
chronic neuropathic pain. Other vinca-alkaloids, 
such as vinblastine, vinflunine, and vinorelbine, 
have been found to be less neurotoxic [5]. The 
mechanism of action of vincristine is primarily 
due to its high binding affinity to β-tubulin and 
prevents the formation of microtubules necessary 
for cellular structure and intracellular transport. 
Vincristine’s ability to disrupt microtubule 
polymerization leads to the development of 
inflammation, swelling, and damage in myelin-
ated and unmyelinated neuronal axons. With 
respect to pain, vincristine has been found in rat 
models to enhance the responsiveness of C-fiber 
nociceptors to both nociceptive and non- 
nociceptive stimuli, thus contributing to a state of 
chronic neuropathic pain [8].

The taxanes, specifically paclitaxel as it is 
more neurotoxic than docetaxel and abraxane [5], 
inhibit tubulin depolymerization and therefore 
disrupt intracellular structure as well as cell divi-
sion. This disturbance of the cellular environ-
ment ultimately contributes to mitochondrial 
abnormalities and calcium release within the cell. 
A study in 2006 observed that rats treated with 
paclitaxel developed painful peripheral 
neuropathy- associated swollen and vacuolated 
mitochondria in the axons of peripheral nerves 
[8]. Paclitaxel is able to trigger the opening of the 
mitochondrial permeability transition pore 
(mPTP), a pore that spans the outer membrane of 
mitochondria, contains β-tubulin, and contains a 
voltage-dependent anion channel. Opening of 
these pores leads to the release of calcium from 
mitochondria, which can also lead to calcium 
triggered calcium release from the endoplasmic 
reticulum. This organelle dysfunction then leads 

to the disruption of membrane ion potentials and 
creates reactive oxygen species that cause cellu-
lar injury. Paclitaxel has been associated with 
injury of sensory neurons, alterations in dorsal 
root ganglion cells, hyperplasia of macrophages 
in the peripheral nervous system, and increased 
microglial and astrocyte activation within the spi-
nal cord. It is through this diverse series of down-
stream targets that paclitaxel is thought to 
contribute to a state of sensory dysfunction and 
pain consistent with CIPN [4].

Bortezomib is a generally well-tolerated and 
effective drug used primarily to treat multiple 
myeloma and some types of solid tumors, but its 
use is often limited by the onset of severely pain-
ful peripheral neuropathy characterize by pares-
thesias, burning sensations, numbness, sensory 
loss, and reduced sensation of vibration and pro-
prioception. Bortezomib’s mechanism of action 
involves the inhibition of protein degradation 
through binding specifically and reversibly to the 
26S proteasome subunit, and in doing so, causes 
an inhibition of the cell cycle which leads to an 
increase in apoptosis.

Several studies, however, have revealed a vari-
ety of ways bortezomib can disrupt neural cellu-
lar function and/or cause cell death. Both in vivo 
and in vitro studies have showed that bortezomib 
can induce tubulin polymerization and stabiliza-
tion, specifically with α-tubulin. The ability of 
microtubules to remain dynamic is essential for 
their function in cellular architecture, and it is 
thought that bortezomib’s alteration of tubulin 
dynamics contributes to the onset of peripheral 
neuropathy. Furthermore, studies of animals 
treated with bortezomib have observed intracyto-
plasmic vacuolation of dorsal root ganglia attrib-
uted to mitochondrial and endoplasmic reticulum 
enlargement that ultimately disrupts intracellular 
calcium homeostasis and triggers apoptosis in 
those cells. Schwann cells have also been found 
to have vacuoles in the cytoplasm as well as peri-
nuclear inclusion bodies after treatment with 
bortezomib; it is believed that stress to the endo-
plasmic reticulum caused by bortezomib causes 
macro-autophagy and results in cell death. 
Bortezomib is also a potent inducer of excessive 
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reactive oxygen species production which makes 
it a potent inducer of mitochondrial damage, and 
a recent study demonstrated that bortezomib was 
associated with an increase in reactive oxygen 
species in dorsal root ganglia. Reactive oxygen 
species are known to play a crucial role in 
bortezomib- induced apoptosis [8].

 How Is This Problem Managed?

In a review article published in Supportive Care 
in Cancer, the most strongly supported pharma-
cologic intervention for CIPN is Duloxetine, a 
serotonin-norepinephrine reuptake inhibitor 
(SNRI), with a “B” level of evidence [1]. A multi- 
institutional, double-blind crossover trial involv-
ing 231 patients with CIPN secondary to 
treatment with taxanes or oxaliplatin chemother-
apy experienced a significantly larger average 
decrease in mean pain score and greater degree of 
improvement in functional and quality of life 
scores after taking Duloxetine with a target dose 
of 60 mg PO Daily for 5 weeks when compared 
to placebo [1]. Duloxetine initial dosing is rec-
ommended to be 60  mg once daily; however, 
lower initial doses may be considered in patients 
when tolerability is a concern. In the Pachman 
study, participants started with 30  mg daily for 
1  week before achieving target dose of 60  mg 
daily for 4 weeks. Use of duloxetine should be 
avoided in patients with severe renal impairment 
(creatinine clearance <30  mL/minute) and end- 
stage renal disease (ESRD). Duloxetine should 
also be avoided in hepatic impairment, and its use 
is contraindicated if patients are also using mono-
amine oxidase (MAO) inhibitors due to risk of 
serotonin syndrome. Common side effects (~10% 
of users) include headache, drowsiness, fatigue, 
nausea, xerostomia, abdominal pain, muscle 
weakness, and weight loss [9]. In the 2014 study 
involving duloxetine therapy for CIPN, the most 
common side effects were fatigue (7%), insom-
nia (5%), and nausea (5%) [10].

Other pharmacologic interventions have been 
studied due to their use in successfully treating 
neuropathic pain not caused by chemotherapeutic 
agents, but there is limited evidence to support 

efficacy of several treatments specifically for 
CIPN.  The discomfort associated with CIPN 
leads clinicians and patients to attempt therapies 
that could provide some relief, even in the 
absence of studies proving efficacy. Tricyclic 
antidepressants (TCAs) such as nortriptyline and 
amitriptyline have been studied with mixed 
results. A randomized control trial (RCT) involv-
ing 51 patients with cisplatin-induced neuropathy 
had patients start taking 25 mg nortriptyline daily 
with increasing doses 25 mg weekly to a maxi-
mum target dose of 100 mg daily in two 4-week 
phases separated by a 1-week washout period; 
nortriptyline appeared to have a modest benefit in 
the second treatment period, but there was no sig-
nificant difference between groups. No signifi-
cant differences in paresthesias between groups 
were observed in the first treatment period. 
Meanwhile, an RCT of amitriptyline of 44 
patients with daily doses between 10  mg and 
50  mg failed to improve sensory neuropathic 
symptoms in patients suffering from CIPN from 
a variety of chemotherapeutic agents. Both stud-
ies lacked statistical power to be able to defini-
tively evaluate TCAs for the treatment of CIPN, 
and as such, nortriptyline and amitriptyline have 
garnered a Class C recommendation for CIPN 
therapy. If utilized, recommended dosing entails 
starting at 10–25  mg at bedtime and doubling 
doses every 3–7 days until a target dose of 150 mg 
daily has been reached. The trial period should be 
6–8 weeks with at least 2 weeks at the maximum 
tolerated dosage. Side effects include sedation, 
dry mouth, weight gain, blurry vision, urinary 
retention, memory impairment, confusion, 
thrombocytopenia, and orthostatism; caution 
should be used in patients with cardiac disease as 
doses greater than 100 mg daily have been asso-
ciated with cardiac death. Other precautions to 
consider include glaucoma, seizure disorder, 
serotonin syndrome, and the risk of suicidal 
behavior associated nortriptyline and amitripty-
line [1].

Gabapentoids such as gabapentin and pregab-
alin are antiepileptics that have been studied and 
also have been found to have limited supporting 
evidence in the treatment of CIPN. In a study, 75 
patients with CIPN secondary to taxane- and/or 
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platinum-based chemotherapy were treated with 
800 mg Gabapentin and compared with 35 con-
trols. Among patients with moderate neuropathic 
pain, 72% of patients in the gabapentin interven-
tion group reported to have experienced either 
complete or partial relief when compared to 4% 
in the control group. However, a phase III ran-
domized, double-blind crossover trial of gaba-
pentin with a median maximal dose of 2700 mg 
daily involving 115 CIPN patients secondary to a 
variety of chemotherapeutic agents failed to dem-
onstrate any benefit of gabapentin therapy. 
Recommended starting doses for gabapentin 
include 100–300 mg at bedtime or 100–300 mg 
three times a day followed by increasing daily 
dosage by 300  mg every 4–7  days as tolerated 
until reaching a target dose of 3600 mg per day 
divided by three doses. Trial of therapy should be 
over the course of 3–8  weeks for titration and 
2 weeks at maximum dose to observe therapeutic 
benefits; side effects include sedation, dizziness, 
headaches, and peripheral edema. Precautions 
include renal insufficiency due to suboptimal 
drug clearance and withdrawal syndromes asso-
ciated with abrupt discontinuation. Other benefits 
of gabapentin include improvement of sleep dis-
turbance, hot flashes, and anxiety symptoms as 
well as the lack of clinically significant interac-
tions with other drugs. Despite the many benefits 
of gabapentin therapy, the lack of evidence sup-
porting efficacy in patients with CIPN has only 
garnered a Class C recommendation [1].

Pregabalin therapy for CIPN has been 
 investigated in a single-arm study that included 
23 gastrointestinal cancer patients with oxalipla-
tin-induced neuropathy. Patients were treated 
with pregabalin by starting at 50 mg three times 
a day followed by a dose increase in 50  mg 
increments until symptoms improved or the 
maximum dose of 150 mg three times daily was 
achieved. The patients who reported the best 
overall benefit were the 5 of 23 (22%) who 
achieved the maximum dose of 150  mg three 
times daily; however, a total of 48% of study 
participants reported an improvement in their 
neuropathy within 2–6 weeks of initiating ther-
apy. As there is a lack of additional supportive 
evidence other than this small study, pregabalin 

only has a Class C recommendation for the treat-
ment of CIPN. Dosing recommendations involve 
starting at 50  mg three times daily or 75  mg 
twice daily as tolerated followed by increasing 
dosage to a total of 300 mg daily after 4–7 days 
of therapy. After this trial, daily dosage can be 
increased by 150 mg a day every 4 to 7 days as 
tolerated until a target dose of 600 mg per day 
has been achieved. Similar to gabapentin, side 
effects include sedation, dizziness, and periph-
eral edema; unique to pregabalin is the possible 
side effect of euphoria. Precautions include con-
comitant psychiatric disease to the risk of eupho-
ria, withdrawal syndromes with abrupt 
discontinuation, and renal insufficiency. Much 
like gabapentin, associated benefits include 
improvement with sleep disturbances and anxi-
ety symptoms as well as having a lack of clini-
cally significant drug interactions [1].

A randomized control trial of topical amitrip-
tyline, baclofen, and ketamine was performed in 
208 patients with CIPN secondary to a variety of 
chemotherapeutic agents. A pluronic lecithin 
organogel (PLO) compounded with baclofen 
10 mg, amitriptyline HCL 40 mg (3%), and ket-
amine 20 mg (1.5%), abbreviated as BAK-PLO, 
was topically applied to areas affected by neuro-
pathic pain twice daily and compared to a pla-
cebo gel. The intervention group had significantly 
greater improvement in both sensory and motor 
neuropathy compared to the placebo group, and 
there were no associated toxicities with BAK- 
PLO therapy. As such, topical gel with com-
pounded baclofen, amitriptyline, and ketamine at 
these doses currently earns a Class B recommen-
dation; however, it is not as strongly supported by 
ASCO due the need for additional supportive evi-
dence other than this single RCT. Recommended 
dosage is application of affected areas 2 to 4 
times daily over a trial period of 4  weeks. 
Currently there is no evidence of local or sys-
temic toxicities, which gives therapy a favorable 
risk-benefit profile [1].

As for nonpharmacologic interventions, there 
is promising evidence regarding the use of neuro-
modulation in the treatment of CIPN. A pilot trial 
from 2014 investigated the effect of Scrambler 
therapy, a device which treats pain via noninvasive 
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cutaneous electrostimulation, on patients with 
established CIPN.  Among 37 enrolled patients, 
25 patients were treated primarily on lower 
extremities while 12 were treated primarily upper 
extremities. All subjects reported at least 1 month 
or more duration of tingling and/or pain described 
as 4 or greater on a scale of 10 the week prior to 
Scrambler therapy. Patients were then treated in 
affected areas for up to 10 daily 30-minute ses-
sions, and symptoms were monitored using a 
neuropathy questionnaire consisting of numeri-
cal scales from 0 to 10 both daily before therapy 
and weekly for the 10  week follow- up period 
after therapy. The study observed a 53% reduc-
tion in pain score from baseline to day 10, a 44% 
reduction in tingling, and a 37% reduction in 
numbness. These benefits appeared to last 
throughout 10  weeks of follow-up, and no sig-
nificant adverse effects from therapy were 
observed [11].

The basis of Scrambler therapy is an attempt 
to substitute “pain” information with “nonpain” 
information by using 16 different electrical cur-
rents that simulate normal nerve action poten-
tials in various algorithms surrounding the 
area(s) of pain [11]. The success of Scrambler 
therapy in CIPN is still being explored, and the 
next step will likely involve randomized con-
trolled trials [12].

Another intervention that utilizes neuromodu-
lation is neurofeedback. Neurofeedback acts as a 
form of operant conditioning designed to rein-
force positive consequences of preferred behav-
ior. In the cases of CIPN, patients have the 
potential to train their brains to experience 
decreased symptom severity. A randomized con-
trolled trial was conducted among cancer survi-
vors with CIPN. Participants were randomized to 
a neurofeedback (NFB) group, in which they 
received 20 sessions of NFB over a maximum of 
10  weeks, or a wait-list control (WLC) group. 
Participants in the NFB group were instructed to 
watch a computer monitor with quantitative elec-
troencephalogram (qEEG) monitoring. 
Participants were required to keep the amplitude 
of a desired EEG waveform above a certain 
threshold while inhibiting the amplitude of other, 

less desired waveforms during episodes of neuro-
pathic pain. Visual and auditory rewards were 
given for voluntary changes in EEGs to more 
desired waveforms. Subjects in the NFB group 
demonstrated greater improvement (−2.43 [95% 
Confidence Interval, −3.58 to −1.28]) than con-
trols (0.09 [95% Confidence Interval, −0.72 to 
−0.90]) on the Brief Pain Inventory (BPI) worst- 
pain item, a validated, self-administered ques-
tionnaire used to assess pain severity and impact 
of pain on daily functioning [12, 13].

As effectiveness of treatments available for 
CIPN is limited and variable, many patients opt 
for complementary therapies such as herbal 
medicine, acupuncture, nutrients, sensorimotor 
training, or mind-body therapy such as imagery 
and relaxation, yoga, meditation, and qigong. 
Success of these therapies is also quite variable 
and but not well studied. The Journal of 
Oncology Practice, an American Society of 
Clinical Oncology (ASCO) Journal, only recom-
mends the use of Duloxetine based on the cur-
rent available evidence in their most recent 
practice guidelines [14]. The ASCO Guidelines 
also list other therapies that the society does not 
officially recommend but presents as options for 
clinicians. They admit it is reasonable to try 
TCAs, such as nortriptyline or despiramine, for 
patients with CIPN; however, they encourage 
clinicians to discuss the paucity of scientific evi-
dence for their efficacy in CIPN treatment as 
well as the potential harms, benefits, cost, and 
patient preferences. Although data is limited 
supporting gabapentin and pregabalin, the ASCO 
panel also believes a trial of gabapentoids is rea-
sonable provided patients are informed about the 
limited scientific evidence for CIPN, potential 
harms, costs, and benefits from their use. Topical 
therapy with compounded ketamine 20  mg, 
baclofen 10 mg, and amitriptyline HCL 40 mg is 
currently not an official recommendation by the 
ASCO; however, due to the potential benefit 
exhibited by a single RCT, it is still considered 
reasonable to try this topical therapy so long as 
patients are informed of the limited scientific 
evidence for CIPN treatment, potential harms, 
benefits, and costs [14].
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 What Is the Prognosis of This 
Condition?

The long-term prognosis of CIPN is difficult to 
determine given the variability of chemotherapeu-
tic agents, dosages, age of exposure, and total 
exposure time in different patient populations. 
However, a recent meta-analysis including 31 
studies with data from 4179 patients suggests a 
high overall prevalence of CIPN, which maxi-
mizes within the first month after chemotherapeu-
tic treatment and is less likely over time. However, 
meta-analysis estimated that approximately one-
third of patients undergoing chemotherapy can 
expect to have chronic CIPN 6  months or more 
after the end of chemotherapy [15].

Some studies of specific chemotherapeutics 
have found potential improvement and in some 
cases reversibility with discontinuation of 
treatment.

Neuropathy associated with vincristine ther-
apy is frequently found to be dose limiting, 
although reportedly it can worsen for a few 
months after discontinuation in a phenomenon 
known as “coasting.” The process of recovery 
itself can last for many months; however, vincris-
tine neuropathy has a fairly good prognosis over-
all as it is usually reversible [3].

Peripheral neuropathy caused by bortezomib 
is found to usually improve or completely resolve 
approximately 3 to 4  months after therapy dis-
continuation. One study showed that 64% of 
patients with at least grade 2 peripheral neuropa-
thy secondary to bortezomib treatment experi-
enced symptomatic improvement or resolution 
when compared to baseline at a median of 
110 days [5].

Long-term follow-up examination of patients 
treated with taxanes, however, describes a pro-
longed effect of CIPN in some individuals often 
associated with a negative effect on quality of 
life. Similar findings have been found in patients 
treating with platinum compounds across multi-
ple studies looking at neuropathy and neuro-
pathic pain years after discontinuation of 
treatment [5].

There are insufficient long-term studies to 
determine if CIPN is curable, and at present, only 

treatment of symptoms is available. With regard 
to prevention, only avoidance, dose adjustments, 
or discontinuation of chemotherapy has been 
shown to prevent the pain associated with 
CIPN. However, one study showed that exercise 
through a moderate-intensity progressive walk-
ing and resistance exercise program over the 
course of 6 weeks while receiving chemotherapy 
experienced a reduction in some CIPN symptoms 
including numbness, tingling, and hot/coldness 
in hands/feet [16]. Although this study does show 
that exercise can help prevent some CIPN symp-
toms, it does not provide data regarding the effect 
of exercise on pain secondary to CIPN.

 Discussion

 Prevalence

The occurrence of CIPN has been studied for 
decades, and research has shown that therapies 
most likely to induce CIPN include cisplatin, 
oxaliplatin, vincristine, paclitaxel, and bortezo-
mib but with varying rates. However, the occur-
rence of CIPN is generally related to agent 
dosing, both with respect to amount of drug 
administered and in the number of drug adminis-
trations [17].

The epidemiology of CIPN is unclear due to 
the variable methods of assessment and underre-
porting. A recent meta-analysis including 31 
studies with data from 4179 patients estimated 
CIPN prevalence was approximately 68.1% 
(95% CI 57.7–78.4) among patients after the first 
month of chemotherapy, 60.0% (36.4–81.6) at 
3 months, and 30.0% (6.4–53.5) at 6 months or 
more. It was noted, however, that there is signifi-
cant heterogeneity in the estimates of different 
studies due to variable times of assessment, vari-
ance in cumulative chemotherapy dose, and dif-
ferent types of chemotherapy being used [15].

 Differential Diagnosis

Symptoms of CIPN are not necessarily specific 
and can often be found in other forms of peripheral 

45 Chemotherapy-Induced Peripheral Neuropathy



378

nerve disease. Before making the diagnosis of 
CIPN, other etiologies of peripheral neuropathy 
should be considered. Patients with diabetes mel-
litus can present with a peripheral neuropathy 
symptomatically similar to CIPN, which is why 
establishing symptom onset and progression as 
compared to the chemotherapeutic regimen is 
important to help distinguish CIPN from diabetic 
neuropathy. It is theorized that patients with diabe-
tes mellitus may be at greater risk of developing 
CIPN due to the increased risk of underlying neu-
ronal demyelination [7].

With regard to cancer patients, clinicians must 
take into account the onset and progression of 
neuropathic symptoms in conjunction with the 
timing of chemotherapy administration. In rare 
instances, cancer can be associated with the 
development of paraneoplastic neuropathy, 
which is theorized to be caused by onconeural 
antibodies which can target the peripheral ner-
vous system and produce neurological syndromes 
that can present similarly to CIPN. As such, para-
neoplastic neuropathies can occur in patients 
already undergoing chemotherapeutic treatment, 
making it difficult to distinguish paraneoplastic 
neuropathy from CIPN, or it can occur prior to 
the initiation of chemotherapy, which can aid in 
diagnosis. Anti-hu antibodies have been associ-
ated with patients with small cell lung cancer 
experiencing subacute sensory neuropathy, and 
anti-CV2 antibodies have implicated in causing 
sensorimotor peripheral neuropathy in patients 
with small cell lung cancer or thymoma [18].

Hematologic malignancies can also be associ-
ated with paraneoplastic neuropathies. Patients 
with multiple myeloma can experience paraneo-
plastic neuropathy at reported rates of 20% of 
patients prior to treatment, and more than 50% of 
patients may have objective evidence of small- or 
large-fiber nerve dysfunction [18]. Amyloid 
deposition in peripheral nerves can also be linked 
in paraproteinemic neuropathies such as 
Waldenstrom’s disease [7]. Demyelinating para-
neoplastic neuropathy is also associated with 
patients who have lymphoma [18]. The possibil-
ity of a paraneoplastic neuropathy being the etiol-
ogy of patients’ systems indicates the importance 
of a detailed history in order to establish a diag-

nosis of CIPN according to type of cancer, symp-
tom onset, and timeline of therapeutic 
intervention.

Patients with cancer presenting with neuro-
pathic pain can also be experiencing malignant 
infiltration of peripheral nerves by tumor cells. 
Lymphomas are commonly implicated as cancers 
that can infiltrate nerves or nerve roots, but they 
often present with prominent pain and an asym-
metrical distribution, whereas CIPN more com-
monly presents in a symmetrical manner. 
Examination of cerebrospinal fluid can be helpful 
as cell count and protein levels are typically 
increased when there is malignant infiltration of 
nerve roots [19].

Autoimmune neuropathies should also be 
considered as bone marrow transplantation 
resulting in graft versus host disease can be asso-
ciated with Guillain-Barre syndrome (GBS) and 
chronic inflammatory demyelinating polyradicu-
lopathy (CIDP) [7].

 Predictive Value of Different Clinical 
Features (Both on History 
and Physical Exam), and Lab Testing/
Imaging

There is insufficient data to elaborate on the pre-
dictive value of different clinical features, but a 
systematic review and meta-analysis in 2014 
examined 31 different studies that utilized sev-
eral diverse methods to assess the presence or 
grade of CIPN.  A post hoc sensitivity analysis 
revealed that 17 of those studies, which in all 
were composed of 449 patients, used neurophysi-
ological examination (NPS: quantitative sensory 
testing and/or nerve conduction studies) to assess 
for CIPN. Sixteen of those 17 studies used NPS 
in conjunction with another assess method, but in 
these 17 studies, CIPN prevalence was higher 
within 1  month of chemotherapy cessation 
(73.3%, 58.6–87.3%), at 3 months (70.1%, 41.8–
98.4%), and at 6 months or more (39.9%, 3.9–
76.0%) [15]. As discussed previously, 
measurement of sensory and motor nerve con-
duction velocities (NCV), sensory nerve action 
potentials (SNAP), and compound muscle action 
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potential (CMAP) together with needle electro-
myography (EMG) are the standard neurophysi-
ological tests used for diagnosis.

 Strength of Evidence for Different 
Treatment Modalities

The evidence on the effectiveness is not very 
strong for the available therapies that are currently 
being used to treat or prevent CIPN. The National 
Cancer Institute sponsored 15 clinical trials that 
studied chemo-induced neuropathy prevention 
(alpha lipoic acid, intravenous calcium/magne-
sium, vitamin E, acetyl-L-carnitine, or glutathi-
one) or its treatment (nortriptyline, gabapentin, 
lamotrigine, amifostine, topical amitriptyline/ket-
amine, topical baclofen/amitriptyline/ketamine, 
or duloxetine). Of these studies, only duloxetine 
was shown to help neuropathic pain in established 
CIPN.  Most medications (gabapentin, topical 
preparations, etc.) are used in an off-label fashion. 
The neuromodulation techniques have shown 
effectiveness in case reports and observational 
studies, but benefits have not been confirmed in a 
true large randomized clinical trial.

 Future Directions or Clinical Trials 
in Progress

There are currently two clinical trials listed in the 
European Union Registry investigating ways to 
prevent chemotherapy-induced neuropathy. A 
phase II randomized study by UNICANCER is 
studying the effectiveness of riluzole in the pre-
vention of oxaliplatin-induced peripheral neu-
ropathy in patients with colorectal cancer (stage 
II/III) with adjuvant oxaliplatin-based chemo-
therapy. There is also a study by PledPharma of 
their product PledOx, also known as calmangafo-
dipir, which is marketed as a chemoprotectant 
acetate. The current study is a phase III, double- 
blind, multicenter, placebo-controlled study of 
PledOx use on top of modified FOLFOX6 
(5- fluorouracil, folinic acid, and oxaliplatin) to 
prevent CIPN patients with metastatic colorectal 
cancer [20].

A therapeutic study utilizing cryotherapy for 
the prevention of CIPN is currently underway at 
the University of Texas Health Science Center at 
San Antonio. Recruited patients will wear an 
Elasto-Gel cold glove and sock on one hand and 
one foot (same side) 15  minutes prior to and 
15  minutes following each infusion of taxane 
chemotherapy. The study is designed to see if 
cryotherapy can alter the rate and severity of 
CIPN in treated extremities [21].

A randomized interventional clinical trial 
investigating the possible benefit of intraneural 
facilitation (INF), a physical therapy technique 
used with the aim of restoring blood flow to dam-
aged nerves and treat neuropathic pain, is cur-
rently underway at Loma Linda University. In 
this study, the patients with newly diagnosed 
breast cancer stages I to III without preexisting 
peripheral neuropathy planning to received plati-
num-based and/or taxane-based chemotherapy 
will either be randomized into a treatment arm 
with INF or standardized muscle stretching and 
strength exercises in order to see if INF can help 
prevent or reduce the degree of chemotherapy-
induced neuropathy [21].

Neuromodulation also continues to show 
promise for the future of CIPN treatment. The 
use of repetitive transcranial magnetic stimula-
tion (rTMS) to treat CIPN is currently underway 
at MD Anderson Cancer Center. The study aims 
to see if small magnetic impulses from a mag-
netic coil placed against the scalp can change 
brain activity in a manner that will reduce the 
symptoms of CIPN when compared to controls 
who do not receive rTMS. Study participants will 
be composed of colorectal cancer patients with 
oxaliplatin-induced neuropathy, and the interven-
tion group will complete total of 10 one-hour 
long rTMS sessions [12, 21].

 Conclusion/Summary

Chemotherapy-induced neuropathy is a common 
cause of neuropathic pain. Its pathogenesis is 
poorly understood, is poorly evaluated by treat-
ing physicians, and often poorly managed. With 
ever-increasing success in treating cancer, it is 
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more likely that cancer will become more of a 
chronic medical condition that is a life threaten-
ing condition. The current state of managing this 
painful condition is far from satisfactory, and the 
available medications or interventions being used 
to treat the problems are based on empirical evi-
dence. Not all chemotherapeutic agents–induced 
neuropathy pain are the same; so what is required 
is a more targeted approach to investigate the 
mechanism of pain from each chemo agent and 
treat it. What it basically means is more basic sci-
ence and bench research is needed before the 
puzzle of chemo-induced neuropathic pain will 
be solved. Till then we are stuck in reactionary 
mode of treating damaged nerves instead of a 
proactive approach of saving nerves from getting 
damaged.
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A 35-Year-Old Opioid-Tolerant 
Patient with Uncontrolled Pain 
After Surgery

Darshan Patel and Dalia H. Elmofty

 Case Description

A 35-year-old man with a history of depression 
and low back pain after a fall at work 3 years ear-
lier is scheduled for ventral hernia repair. He has 
chronic back pain with baseline pain scores aver-
aging 7–8/10. His pain regimen includes oxyco-
done extended release 20 mg PO TID, gabapentin 
600  mg PO TID, and Cymbalta 60  mg PO 
QHS. He has had a L4-L5 and L5-S1 laminec-
tomy. During his visit to the anesthesia perioper-
ative medicine clinic, the patient expresses 
concern regarding management of his postopera-
tive pain. He states that, historically, even very 
high doses of opioid medications have failed to 
alleviate his pain.

On the day of surgery, the patient is visibly 
anxious in the preoperative holding area and 
refusing regional anesthesia. Intraoperatively, the 
patient develops tachycardia and hypertension 
that persists despite administering hydromor-
phone in divided doses. A total of 250 mcg of 
fentanyl and 2 mg of hydromorphone are admin-
istered. In the post-anesthesia care unit, the 

patient complains of significant pain, which he 
rates at 9/10. He is given another milligram of 
hydromorphone in divided doses without signifi-
cant pain relief. Ultimately, the patient is started 
on a hydromorphone PCA along with methadone 
5 mg IV every 8 hours and a ketamine infusion 
with improvement in his pain.

 What Is Your Preliminary Diagnosis?

The preliminary diagnosis is opioid tolerance. 
Opioid tolerance is defined by the United States 
Food and Drug Administration (FDA) as the use 
of greater than or equal to 60  mg of oral mor-
phine equivalents per day for a period of 7 days 
or longer [1–3]. Clinically, opioid tolerance is a 
state of adaptation in which exposure to a drug 
induces changes that result in a diminution of one 
or more of the drug’s effects over time. However, 
development of opioid tolerance is not necessar-
ily a sign of addiction [4]. Often, a higher dose of 
the opioid is necessary to achieve pain relief [5].

 How Is the Diagnosis Confirmed?

Diagnosis of opioid tolerance is a clinical one 
that can be suspected in patients with minimal 
pain relief despite being treated with opioid pain 
medications. These patients have been on opioid 
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therapy for longer than two weeks while requir-
ing escalating doses.

 What Is the Pathophysiology of This 
Condition?

Opioid tolerance is thought to occur secondary to 
a combination of pharmacokinetic and pharma-
codynamic changes. The pharmacokinetic 
changes include upregulation of the metabolic 
process responsible for elimination of the drug; 
the pharmacodynamic changes include downreg-
ulation of the opioid receptor or desensitization. 
Downregulation, or a decrease in the number of 
active receptor sites, occurs from chronic agonist 
exposure. Concomitantly, it is postulated that 
there is decreased action or desensitization via an 
uncoupling of the opioid receptor from the GTP 
binding subunit [6]. The opioid receptor is linked 
to a G-protein, which, when activated, leads to a 
decrease in cyclic adenosine 3, 5-monophosphate 
(cAMP) that subsequently inhibits sodium and 
calcium influx. Over time, changes in G-protein 
function can lead to desensitization and develop-
ment of opioid tolerance.

 How Is This Problem Managed?

Managing opioid tolerance requires first dispel-
ling several misconceptions regarding its devel-
opment, including the following: (1) It takes time 
for opioid tolerance to develop and the periopera-
tive period is too short of a timeframe for its man-
ifestation; (2) Even if opioid tolerance occurs, the 
problem can be overcome by simply giving more 
opioids, which are not that costly; (3) With 
increased opioid analgesic tolerance comes 
increased tolerance to side effects; (4) Increasing 
opioid doses does not increase the risk to the 
patient.

However, studies show that opioid tolerance 
can develop quickly—within a matter of hours—
in a phenomenon known as tachyphylaxis. 
Patients may already be tolerant to opioids 
before they present to the perioperative setting, 

often from presurgical opioid use. There is a dif-
ference in tolerance rate and degree among the 
various opioid receptors. Opioid tolerance is 
quickest for analgesia, less for respiratory 
depressant effects, and least for the slowing of 
gastrointestinal (GI) motility. The decrease in GI 
motility is especially significant in the periopera-
tive setting where faster return of GI transit and 
earlier oral intake are associated with earlier 
hospital discharge and subsequent cost savings. 
Adequately treating the opioid-tolerant patient’s 
pain may require higher doses of opioids com-
pared to treating the opioid- naive patient’s pain; 
this puts the opioid-tolerant patient at higher risk 
for respiratory depression [7].

When a patient develops tolerance to an opi-
oid, opioid rotation should be considered. Opioid 
rotation involves switching from one opioid to 
another as there is incomplete cross-tolerance. 
The rationale is that the rotated opioid will act on 
another receptor subtype. It is recommended to 
calculate opioid equivalent dosing when switch-
ing from one drug to another and then starting the 
patient on the new drug with at least a 25–50% 
reduction in equivalent dosing [4, 8].

Managing patient expectations plays a key 
role in the perioperative management of the 
opioid- tolerant patient. Complex-pain patients 
require special consideration in each phase of the 
perioperative process: preoperative, intraopera-
tive, and postoperative.

 Phase 1: Preoperative Management
Surgeons should refer patients with preexisting 
pain syndromes to anesthesia preoperative clinics 
or pain clinics to establish their baseline pain disor-
ders, manage expectations, and implement pre-
emptive analgesic measures. This visit allows the 
anesthesiologist to review the patient’s current pain 
regimen and ascertain what has and has not worked 
in the past [8]. Moreover, listening to the patient’s 
concerns and validating the complexity of the 
patient’s pain may relieve some of his or her anxi-
ety and allow the physician to set realistic expecta-
tions of postoperative pain [8]. Pain scoring 
systems can be used to identify patients at risk for 
developing severe postoperative pain [9].
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Patients should be educated about multimodal 
analgesia, including discussing regional tech-
niques such as epidurals or peripheral nerve 
blocks and/or catheters. Gulur et  al. found that 
opioid-tolerant patients have a significantly lon-
ger length of stay and higher rates of 30-day 
readmissions when compared to a control group 
[1]. A study by Duncan et  al. demonstrated the 
cost-saving effects of multimodal analgesia, even 
in non-opioid-tolerant patients. Given the cost 
savings afforded by multimodal analgesia, and 
the added benefit of decreased risk for opioid- 
related adverse events, a multimodal approach 
should be an essential part of the patient’s periop-
erative care plan.

On the day of surgery, non-steroidal anti- 
inflammatory drugs (NSAIDs), non-aspirin pain 
relievers (acetaminophen), and membrane stabi-
lizers such as gabapentin can be given preopera-
tively to reduce the requirement of postoperative 
opioids [4]. These modalities also form an inte-
gral part of many enhanced recovery after sur-
gery (ERAS) pathways that have been created to 
achieve early recuperation [10]. ERAS a para-
digm shift in perioperative care that began in 
colorectal surgery has since spread to almost all 
major surgical specialties because of significant 
improvements in clinical outcomes and cost 
savings. ERAS is an evidence-based, multi-
modal, multidisciplinary approach to the surgi-
cal patient that involves surgeons, 
anesthesiologists, unit staff members/nurses, 
and often an ERAS coordinator working 
together to implement a care protocol. The care 
protocols published by the ERAS Society are 
evidence-based guidelines for several surgical 
procedures, including the following: shift from 
“NPO after midnight” to carbohydrate loading 
via clear liquids up to 2 hours prior to surgery; 
shift from a large, open procedure to a mini-
mally invasive procedure; shift to approach that 
includes early mobilization, early removal of 
drains and tubes, and earlier resumption of PO 
intake (even the same day as the operation). The 
benefits of ERAS protocols include a 30% to 
50% reduction in hospital stays, fewer compli-
cations and readmissions, and lower costs [11].

 Phase 2: Intraoperative Pain 
Management
Anesthetic technique can influence the develop-
ment of opioid tolerance. For patients with a his-
tory of chronic pain requiring opioid therapy, an 
intraoperative multimodal therapy can facilitate 
postoperative pain control and reduce the risk of 
developing opioid tolerance in the postoperative 
timeframe (see Tables 46.1, 46.2, and 46.3). One 
benefit of multimodal therapy is a reduction in 
the overall use of opioid medications, which is 
especially vital during these times of national 
drug shortages and the growing problem of the 
opioid epidemic.

Intraoperative multimodal therapy consists 
mainly of IV adjunct therapy and IV infusion 
therapy; regional anesthesia should also be 
considered.

• IV adjunct therapy (Table  46.1). IV adjunct 
therapy includes methadone, buprenorphine, 
acetaminophen, and ketorolac.

Methadone has become the mainstay for 
treating chronic pain, especially for cancer 
and neuropathic pain. Yet, in the perioperative 
setting, its utilization for treating acute pain 
has been minimal, largely because of many 
misconceptions regarding the onset, duration, 
and metabolism of methadone. These miscon-
ceptions, which have been debunked, include 
widely variable clearance, longer time to peak 
analgesia, short duration of analgesia relative 
to its elimination half-life, and cross reactions 
with other medications. Methadone’s poten-
tial benefits include its duration of action and 
incomplete cross-tolerance with opioid rota-
tion. It may, however, be associated with 
respiratory depression, sedation, and prolon-
gation of QT.

For treating acute pain, methadone can pro-
vide many advantages over the conventional 
acute pain regimen of opioids. Methadone is 
both a μ receptor agonist and has properties of 
NMDA antagonism. This antagonism is 
thought to counteract the development of 
opioid- induced tolerance and hyperalgesia 
[12–14]. Methadone also provides analgesia 
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by inhibiting the reuptake of serotonin and 
norepinephrine (SNRI).

Buprenorphine is a kappa antagonist, par-
tial μ receptor agonist, and an opioid receptor 
like-1 (ORL-1) agonist. As a kappa antago-
nist, it may prevent opioid-induced tolerance 
and hyperalgesia [14].

Acetaminophen is an analgesic and anti-
pyretic medication. The exact mechanism 
through which acetaminophen exerts these 
effects has yet to be fully elucidated. However, 
it is postulated that acetaminophen may raise 
the pain threshold by inhibiting the nitric 
oxide (NO) pathway, which is mediated by a 
variety of neurotransmitter receptors, includ-
ing substance P and NMDA. The antipyretic 
effects are likely secondary to inhibition of 

prostaglandin synthesis and release in the cen-
tral nervous system and its effects on the ante-
rior hypothalamic heat-regulating center [15].

Ketorolac, a member of the NSAID family 
of drugs, is unique in its availability as an IV 
formulation. NSAIDs have properties of anti- 
inflammation, antipyresis, and analgesia. 
NSAIDs work by inhibiting cyclooxygenase 
enzymes, which inhibit production of prosta-
glandins, which are implicated in peripheral 
and central sensitization by facilitating the 
release of excitatory neurotransmitters [16].

• IV infusion therapy (Table 46.2). IV infusion 
therapy includes ketamine, magnesium, lido-
caine, and dexmedetomidine.

Ketamine and magnesium are used intraop-
eratively to prevent opioid-induced tolerance 

Table 46.1 Intraoperative multimodal therapy: intravenous adjunct therapy

Medication Dose Mechanism of action Possible side effects
IV methadone 2.5–5 mg

q 8-12 hr
μ receptor agonist, N-methyl-D-aspartate 
(NMDA) receptor antagonist

Respiratory depression, 
sedation, prolonged QT

IV 
buprenorphine

300 mcg q 6-8 h Partial μ receptor agonist, ORL-1 agonist, 
kappa receptor antagonist

Respiratory depression, 
sedation

IV ketorolac 400–800 mg q 6 hr Inhibits cyclooxygenase Renal insufficiency, platelet 
inhibition, GI upset

IV 
acetaminophen

1 g q 6 hr Unknown Hepatic toxicity

IV ketamine 0.5 mg/kg bolus 
prior to incision
0.5 mg/kg/hr 
infusion

NMDA receptor antagonist Psychomimetic

Adapted from Elmofty [21]

Table 46.2 Intraoperative multimodal therapy: infusion therapy

Medication Dose Mechanism of action Possible side effects
IV ketamine 0.5 mg/kg bolus prior to 

incision
0.5 mg/kg/hr infusion

NMDA receptor 
antagonist

Psychomimetic

IV magnesium 30–50 mg/kg bolus prior 
to incision
10-15 mg /kg/hr infusion

NMDA receptor 
antagonist

Respiratory depression, hypotension, 
cardiac depression

IV lidocaine 1.5 mg/kg bolus prior to 
incision
1.5 mg/kg/hr infusion

Na + channel blocker Nausea, vomiting, dizziness, dysrhythmia, 
methemoglobin

IV 
dexmedetomidine

0.5–2 mcg/kg bolus prior 
to incision
0.2–0.7mcg/kg/hr 
infusion

Alpha 2 agonist Hypotension, bradycardia, sedation

∗IV intravenous, GI gastrointestinal
Adapted from Elmofty [21]
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and hyperalgesia [4, 8, 17, 18]. Both are 
antagonists of the NMDA receptor.

Lidocaine is a local anesthetic with antiar-
rhythmic properties. Its use as an analgesic is 
derived from its property of stabilizing neuro-
nal cell membranes by binding and inhibiting 
voltage-gated sodium channels. This inhibi-
tion relieves pain by blocking the initiation 
and conduction of neuronal impulses [19].

Dexmedetomidine is an alpha-2 receptor 
agonist that provides analgesia along with 
sedation without respiratory depression by 
binding to receptors in the spinal cord and 
locus ceruleus. In this manner, it may also help 
prevent opioid tolerance. When dexmedetomi-
dine is used in addition to morphine PCA, Lin 
et al. demonstrated a 29% decrease in opioid 
consumption and an overall reduction in 
morphine- related side effects when compared 
to conventional morphine PCA alone [20].

• Regional anesthesia (Table  46.3). Regional 
anesthesia such as neuraxial anesthesia and 
peripheral nerve blocks as well as paraverte-
bral blocks should also be considered [21].

Neuraxial anesthesia for abdominal sur-
gery. Thoracic neuraxial anesthesia is a cor-
nerstone for perioperative pain management 
after major abdominal surgery. In addition to 
the desired analgesia, thoracic neuraxial anes-
thesia provides the added benefit of improved 
intestinal motility and reduced perioperative 
cardiovascular events [22].

Contraindications to neuraxial analgesia 
include coagulopathy, infection of the skin 
overlying the point of needle entry, and patient 
refusal. For the purposes of standardization 

and patient safety, the American Society of 
Regional Anesthesia (ASRA) published 
guidelines for the placement and removal of 
indwelling catheters or single shot injections.

Peripheral nerve blocks for abdominal sur-
gery. The cutaneous innervations of the anterior 
abdominal wall arise from the anterior rami of 
the T7-T11, T12 subcostal, and L1 (iliohypogas-
tric and ilioinguinal) nerves. The intercostal 
nerves course between the internal oblique and 
the transversus abdominis muscle. The transver-
sus abdominis plane block (TAP) is one periph-
eral nerve block that can be performed for 
postoperative abdominal pain control. The TAP 
block was initially introduced in 2000 as a blind 
technique involving the injection of local anes-
thetic into the lumbar triangle of petit. It has since 
evolved to include surgical and ultrasound guided 
approaches. The fascial layer between the inter-
nal oblique muscles and the transversus abdomi-
nis muscles forms the transversus abdominis 
plane. The spinal nerves mentioned above pass 
between these layers [23]. Although not a techni-
cally challenging procedure, liver lacerations and 
other complications have been reported. Using 
ultrasound guidance helps to reduce these risks. 
The TAP blocks should be performed bilaterally 
to provide analgesia for a midline incision. 
Although studies vary in the coverage level that 
can be achieved with a single shot administration 
of local anesthetics, generally at least a T10 level 
can be attained. Subcostal blocks can help sup-
plement coverage and provide reliable analgesia 
from T7-T10.

Paravertebral blocks have been described for 
thoracic and breast surgery but are less fre-
quently used for abdominal surgery. A paraverte-
bral block is a unilateral block of the spinal 
nerve, including the dorsal and ventral rami, and 
the sympathetic chain ganglion. It provides 
somatic and sympathetic coverage, but no vis-
ceral coverage unless there is spread into the epi-
dural space. Postoperative abdominal pain can 
be effectively controlled with a multimodal 
approach that incorporates the use of regional 
anesthesia [24].

Table 46.3 Regional techniques for abdominal surgery

Analgesia desired Regional block(s)
Somatic and visceral organs Epidural

Paravertebral block
Skin and muscles of the 
anterior abdominal wall in 
upper abdomen

Subcostal block

Skin and muscles of the 
anterior abdominal wall in 
lower abdomen

Transversus abdominis 
plane block (TAP)

Adapted from Elmofty [21]
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 Phase 3: Postoperative Pain 
Management
Multimodal analgesia should be continued postop-
eratively. Epidural catheters can remain in place for 
continuous infusions and/or intermittent boluses. 
Infusion therapy can also be continued in the post-
operative time frame. IV lidocaine infusion therapy 
has been shown to reduce morphine consumption 
up to 24 hours after abdominal surgery [25].

It is vital to remember that when employing 
regional techniques, baseline opioids should only 
be decreased up to 50% as the patient taking 
chronic opioids can go into opioid withdrawal peri-
operatively [4, 8]. Because opioid dosing regimens 
vary greatly for the opioid-naive patient versus the 
opioid-tolerant patient, standard dosing for all 
patients is not an effective treatment strategy [5].

Postoperative pain assessment should include 
the conventional visual analogue scale (VAS), 
but more emphasis should be placed on recovery 
of function, early ambulation, and recovery of 
bowel and bladder functions, which is in line 
with many ERAS guidelines [10].

When working with opioid-tolerant patients, it 
is necessary to also be sensitive to the psychologi-
cal aspect of their care. Patients will often exhibit 
pain catastrophizing or the tendency to magnify 
the threat value of pain and to feel helpless within 
the context of pain. Patients with chronic pain 
tend to be more sensitive to painful conditions and 
are more likely to be deconditioned due to their 
underlying chronic pain disorder. These patients 
often are frustrated with the healthcare system 
secondary to incomplete coverage of their pain 
from providers’ hesitation to prescribe the higher 
doses required by opioid- tolerant patients. These 
patients are also more likely to be irritable from 
dysfunction in their personal lives and from 
chronic sleep deprivation secondary to pain [8, 
26]. Pain scores for these patients are higher and 
take longer to decrease [25].

 What Is the Prognosis of This 
Condition?

Opioid-induced tolerance seems to be a chronic 
and persistent problem that is associated with a 

significantly longer length of stay and a greater 
30-day-all-cause readmission rate when com-
pared to the control group (P < 0.01) [1]. This is 
due to one of three possibilities: (1) inadequate 
control of perioperative pain, (2) chronic opioid 
users are prone to androgen deficiencies, leading 
to decreased muscle mass and fatigue and ulti-
mately to a prolonged recovery after an acute 
event, and (3) chronic opioid use leads to immu-
nosuppression that makes the patient more prone 
to infections [1].

 Discussion

 Prevalence

In 2011, the Institute of Medicine estimated that 
100 million individuals in the United States were 
in pain. However, the incidence has been difficult 
to analyze because the calculations and defini-
tions vary from source to source. In 2001, JCAHO 
advocated for pain to be the “fifth vital sign” and 
ever since the use of opioids for pain manage-
ment has increased exponentially each year [1].

Opioids are mistakenly thought of as the first 
line of treatment for pain. The United States 
appears to be the main consumer of opioids, 
accounting for 56% of morphine and 81% of 
oxycodone usage globally [2]. It is estimated that 
35 million Americans, or about 14% of the US 
population, have misused prescription opioids 
during their lifetimes [6]. And there is growing 
evidence that opioids may have a negative impact 
on postoperative pain.

 Differential Diagnosis

Chronic opioid exposure can lead to opioid- 
induced tolerance or opioid-induced hyperalge-
sia (OIH). Clinical differentiation between the 
two can be challenging. Both opioid-induced tol-
erance and OIH are included in the differential of 
postoperative pain that is difficult to control. For 
many practitioners the initial response is to pre-
scribe more medications, often escalating the 
opioid dose. If no response is observed with this 
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empiric method, the practitioner should consider 
the development of opioid-induced tolerance or 
OIH. Tables 46.4 and 46.5 summarize the causes 
of opioid non-responsiveness and the mecha-
nisms of action and treatment options for both 
opioid-induced tolerance and OIH.

Opioid-induced hyperalgesia is a paradoxi-
cal response to opioids. Patients experience a 
worsening of pain with administration of opi-
oids [4, 8]. OIH differs from opioid tolerance in 
that an increase in dose worsens pain and a 
reduction in dose alleviates pain. Quantitative 
sensory testing (QST) can be utilized before ini-
tiating opioid therapy and at routine intervals 
after initiating therapy to detect the develop-
ment of OIH [27].

The reasons why OIH affects some, but not all, 
patients are not completely understood. Some ani-
mal models indicate that sex may play a role. For 
instance, in modeling male and female rats, 
females were found to develop OIH earlier and 
for a longer duration of time than males [28]. 
Genetic predisposition may also be a factor. It has 
been postulated that catechol-O methyltransferase 
(COMT) polymorphisms may play a role in pre-

disposing certain patients to OIH [29]. 
Psychosomatic factors such as increased preoper-
ative anxiety regarding pain may also play a role 
in patient susceptibility to developing OIH [30].

Opioid tolerance is a physiological process in 
which there is a progressive lack of response to 
opioids. It often requires an escalation in dosing 
to elicit the same effect. A right-shift of the dose- 
response curve is seen in opioid tolerance.

 Summary

• Opioid tolerance is a state of adaptation in 
which exposure to a drug induces changes that 
result in a reduction of one or more of the 
drug’s effects over time.

• Opioid tolerance is defined as the use of 
greater than or equal to 60  mg of oral mor-
phine equivalents per day for a period of 
7 days or longer.

• Opioid tolerance is thought to occur from a 
combination of pharmacokinetic and pharma-
codynamic changes.

• Diagnosis of opioid tolerance is a clinical one, 
which can be suspected in a patient with mini-
mal pain relief despite escalating doses of opi-
oid pain medications.

• When a patient develops tolerance to an opi-
oid, the problem is managed by opioid rota-
tion and the use of adjunct therapy.

• For patients with a history of chronic pain 
requiring opioid therapy, a multimodal 
approach and introduction of adjunct therapy 
perioperatively may improve postoperative 
pain control and reduce the risk of developing 
OIH and opioid tolerance.

• It is crucial for surgeons to refer patients with 
preexisting pain problems to anesthesia pre-
operative clinics or pain clinics. During these 
visits patients must be educated about multi-
modal analgesia, which decreases opioid- 
related adverse events, length of hospital 
stays, and overall costs.

• When working with opioid-tolerant patients, it 
is also necessary to be sensitive to the psycho-
logical aspect of their care.

Table 46.4 OIH mechanism of action and treatment 
options

Mechanism of 
action

Inactivation of μ-receptor
Genetic polymorphisms of COMT
Enhanced response to nociceptive 
neurotransmitters
Spinal dynorphin release
Activation of dorsal horn NMDA 
receptors

Treatment 
options

Decrease/discontinue opioid
Employ opioid rotation
Add NMDA receptor antagonists

Table 46.5 Opioid tolerance mechanism of action and 
treatment options

Mechanism of 
action

Possible down-regulation of opioid 
receptors
Right-shift of the opioid dose- 
response curve

Treatment options Increase opioid dosage

∗NMDA N-methyl-D aspartate, COMT Catechol-O- 
methyltransferase, OIH opioid-induced hyperalgesia
Adapted from Elmofty [21]
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Opioid-induced hyperalgesia (OIH)
clinical features, 348
clinical trials, 352, 353
diagnosis, 347
differential diagnosis, 351, 352
pathophysiology, 348, 349
patient history, 347
prevalence, 351
prognosis, 351
tolerance, 347, 348
treatment, 349–351
See also Opioid tolerance

Oral pentosan polysulphate, 192
Osborne ligament, 126
Osteoarthritic knee, see Knee osteoarthritis
Osteoarthritis (OA)

balneotherapy, 99
classification, 98
clinical diagnosis, 95
clinical features and lab testing, 97, 98
clinical practice guidelines, 99
clinical trials, 100
corticosteroid and hyaluronic intra-articular 

injections, 99
differential diagnosis, 97
intra-articular hyaluronic acid injections, 99
management of, 96
noninvasive strategies, 99
nonpharmacologic therapies, 99
NSAID therapy, 99
pathophysiology, 95
patient history, 95
prevalence, 96, 97
prognosis, 96
shoulder arthroscopy, 100
total joint replacement, 99
treatment, 98

Osteoarthritis in hip, see Hip osteoarthritis
Osteoarthritis of wrist

clinical features, predictive factors for, 135
diagnosis, 131, 132
different treatment modalities, 135
differential diagnosis, 135
future directions/clinical trials, 136
long-term outcome, 134
management, 132, 133
pathophysiology, 132
patient history, 131
predictive factors, 135
preliminary diagnosis, 131
prevalence, 134, 135
treatment algorithm, 134

Osteopenia, 285
Osteoporosis

augmentation therapy, 287
clinical trials, 289
computed tomography, 285

conservative and non-operative treatments, 287
diagnosis, 283
differential diagnosis, 288
dual-energy x-ray absorptiometry, 285
exercise, 286
magnetic resonance imaging, 285
nonsteroidal anti-inflammatory drugs, 286
opioids, 286
pain control and activity modification, 286
pathophysiology, 283, 284
physical exam tests, 288
plain frontal and lateral radiographs, 284
plain radiographs, 288
prevalence, 287, 288
prognosis, 287
strength of evidence, 288, 289
vertebroplasty and kyphoplasty, 286, 287
x-rays, 285

Oswestry low back pain disability index (ODI), 311
Oxaliplatin, 372
Oxcarbazepine, 224

P
Pain DETECT, 148
Pain generator, 1
Palmar ulnar cutaneous branch (PUC), 126
Pancreaticojejunostomy, 175
Paravertebral blocks (PVB), 152, 385
Patellofemoral arthritis, 216
Pelvic inflammatory disease, 183, 184
Pelvic pain

clinical history, 184
clinical trials, 185
diagnosis, 179, 180
differential diagnosis, 183, 184
future aspects, 185
laboratory findings, 184
pathophysiology, 181
patient history, 179
physical examination, 184
preliminary diagnosis, 179
prevalence, 182, 183
prognosis, 182
treatment, 181, 182
treatment modalities, 184, 185

Pentosan polysulfate, 191
Peripheral nerve blocks, 385
Peripheral vascular disease (PVD), 277, 278
Persistent back pain

AP radiograph, 241, 242
clinical features, 245
clinical trials, 247
differential diagnosis, 245
lab testing/imaging, 245
non-pharmacological treatments, 242
pathophysiology

factors, 242
genetic factors, 242
gut mucosa, IL-23 and microbes, 242

Index



396

Persistent back pain (cont.)
proinflammatory mediators, 242

patient history, 241
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