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Preface

Any physician who sees men or women for signs or symptoms presenting below the
umbilicus would appreciate this comprehensive text in which multiple subspecialists
share their perspective with respect to organ-specific disorders as well as the myriad
overlapping syndromes that may manifest as genitourinary (GU) inflammation or pain.

Unlike other fields, the subspecialty of pain, particularly genitourinary or pelvic
pain, suffers from the lack of objective data and the paucity of level 1 evidence-based
studies. I recall an article about fibromyalgia read many years ago, in which the author
stated, “the lack of level 1 evidence places a premium on the physician’s creativity.”

Genitourinary Pain and Inflammation: Diagnosis and Management is a compilation
of expert creativity and opinion based on critical review of the literature, consensus
reports, and the authors’ professional experiences. Inflammation and pain caused by
infectious etiologies are presented by experts in urological and gastrointestinal fields.
Pain syndromes specific to the pelvic floor or genitourinary system are discussed
from several perspectives: gynecology, rheumatology, urology, physical medicine, and
psychiatry. We also include chapters addressing iatrogenic causes of GU inflammation,
such as those caused by catheters, prosthetics, radiation, or chemotherapy. Management
by means of pharmacological, surgical, or alternative methods is likewise considered
within the context of specific disease entities, as well as within the separate therapeutic
chapters.

In this era of evidence-based medicine, authors needed to confront the ironic lack
of level 1 studies in their respective fields. Indeed, the very nature of genitourinary
pain may hinder this type of research, which is otherwise feasible for other diseases
in which inclusion criteria and outcome measures are defined more objectively. This
observation is both the reason and the inspiration for this textbook, the first of its kind.

Pain of any kind causes significant physical and mental disability. But the impact
of such discomfort when it affects the pelvis or urogenital tract is tremendously
magnified. Depression and desperation experienced as a consequence or as part of the
pain syndrome impacts healthcare providers as well. This is especially true in the case
of patients suffering from chronic pain. Often, attempts to find the cause are futile,
leading to many invasive and unnecessary tests. Out of frustration, physicians may
prescribe empiric therapies based on little evidence. Even worse, physicians compelled
to “do something” for the patient can potentially cause more harm.

Many of these conditions overlap and might represent a more global or systemic
diagnosis consistent with functional somatic syndromes. Recognition of this tendency
of shared characteristics among patients and the increased prevalence of functional
somatic syndromes observed in my own pelvic pain clinic has also been a significant
motivation for this publication.

Our current medical environment limits the quality of the physician—patient
relationship due to economic constraints and the reliance on more seductive technology.
Yet, it is this relationship and the art of medicine that are most important for the
evaluation and treatment of these patients.
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Despite the high prevalence of pelvic and genital pain syndromes, frustration and
avoidance abound among medical professionals. For this reason, we have compiled a
host of expert reviews from all specialty areas involving male and female pelvic regional
pain syndromes. The interrelationship of urological, colorectal, and gynecological patho-
physiology is demonstrated in addition to the intricacies of biopsychosocial factors.

Dermatological disorders as well as rheumatological considerations are addressed in
various sections. Chapters describing the neurophysiology of pain and corresponding
pharmacologic interventions are also included.

The book is divided into sections corresponding to conventional diagnostic trends;
however, each section contains chapters that address the diagnoses from different
disciplinary perspectives.

Genitourinary Pain and Inflammation: Diagnosis and Management would not
have been possible without the contributions and active support of the distinguished
authors, who have shared their time and expertise. I thank them for their work and
for their patience during the development of this book. We hope that our efforts help
improve outcomes for your patients.

Jeannette M. Potts, MD
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1 The Neurobiology of Chronic

Pelvic Pain

Jennifer Gunter, MD

SUMMARY

Chronic pelvic pain is a response of the nervous system to somatic
and visceral pathology. Involving multiple pain pathways, it is
unlikely to be confined to one organ system or to one mechanism.
An understanding of the complex neuroanatomy and
pathophysiologic mechanisms is essential to the treatment of patients
presenting with this disorder.

KEY WoRDSs: Chronic pelvic pain; neuroanatomy; nocioception;
neuropathic pain; hyperalgia; neuroinflammatory peptides; gonadal
hormones; wind-up response.
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INTRODUCTION

Chronic pelvic pain is not just a symptom it is a disease unto itself. It is the
result of multiple pathophysiologic responses that develop in somatic and visceral
structures and the corresponding pathologic excitatory processes in both the central
and the peripheral nervous systems. Traditional approaches to this challenging medical
problem have addressed diagnosis and treatment primarily from a disease-based model
(endometriosis, interstitial cystitis, etc.) and largely ignored the role of the nervous
system. The response of the nervous system to somatic and visceral pathology is,
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4 Gunter

however, the most important concept in the genesis and maintenance of chronic pelvic
pain. This chapter will discuss the neurophysiology of pain, review the neuroanatomy
of the pelvis, describe the mechanisms involved in the genesis and maintenance of
chronic pelvic pain, and explore how these processes relate to some of the traditional
pathologies associated with chronic pelvic pain.

NEUROPHYSIOLOGY OF ACUTE PAIN
Pain Pathways

Acute pain is an essential adaptive response of the nervous system to alert the
body to pathologic processes or injury. Without pain an inflamed appendix could
rupture resulting in sepsis and death or a burn would not be recognized resulting in
extensive local injury. Somatic and visceral pain are generated by peripheral nocio-
ceptors, undifferentiated nerve endings on the peripheral terminals of primary afferent
myelinated AA and unmyelinated C-fibers that depolarize in response to various
mechanical, chemical, and thermal stimuli (/,2). Somatic pain is transmitted along
sensory nerves, and in the pelvis, visceral pain is transmitted through sympathetic
fibers. The cell bodies of both the somatic and visceral afferent neurons are in the
dorsal root ganglion with a central projection that synapses with second-order neurons
in the dorsal horn of the spinal cord. Neuropathic pain is the result of a primary
lesion or dysfunction of the nervous system that produces spontaneous neuronal
activity.

NOCIOCEPTIVE MECHANISMS

Mechanical stimulation or algesic substances, such as histamine and K+ released
during tissue injury or inflammation activate the peripheral nocioceptor terminal on
somatic nerves causing an influx of sodium across the NA +/K+ channels of the cell
membrane (/,3,4). Some nocioceptors are silent, meaning that a very high threshold
of stimulation is required before depolarization. When more Na+ is flowing into
the cell than K+ out, the cell depolarizes converting the physical/chemical stimulus
into an electrical impulse in a process known as transduction (/,3). The wave of
depolarization is transmitted along the afferent neuron resulting in the central release
of excitatory neurotransmitters, such as glutamate, activating several classes of second-
order neurons, primarily in lamina I, I, and V of the dorsal horn (3,6). These post-
synaptic neurons cross to the contralateral side of the spinal cord transmitting the painful
signal to the brain through the spinothalamic tract. Different types of painful stimuli and
different sources of pain, specifically somatic and visceral, activate different cortical
regions (7). Once an acute event is registered in the brain, descending modulatory
impulses decrease the input to the central nervous system (CNS) by activating inhibitory
in the dorsal horn and other mechanisms (/7,5).

The sympathetic nerves provide the sensory input from the genitourinary and
gastrointestinal tracts (7,/2). Stimuli that would elicit a painful response from somatic
structures, such as cutting, crushing, and burning, elicit little response from the viscera;
however, distention, traction, ischemia, and inflammation provoke a visceral nocio-
ceptive response (6,7). Some viscera such as the uterus and ureters have nocioceptors
that respond to specific stimuli while others, such as the bladder and colon, respond
primarily to the intensity of the stimuli (7,/3—-15). The silent nocioceptors, a third
category, are normally unresponsive but can be stimulated by prolonged noxious
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stimuli, resulting in an increased pain response and a heightened response to previous
low-threshold stimuli; this phenomenon has been well described in the bladder in
response to experimental inflammation (7,16,17). Therefore, the pelvic viscera contain
three categories of nocioceptors: stimulus specific, intensity responsive, and silent.

NEUROPATHIC PAIN

Neuropathic pain is a primary excitatory disorder of the nervous system and may
occur through a variety of mechanisms such as trauma, infection, and ischemia or
may occur spontaneously with no apparent etiology. In the pelvis neuropathic pain is
most likely the result of surgical injury, other nerve trauma, herpes infection, or an
ischemic insult to the peripheral or CNS but may also occur through a variety of other
mechanisms. Injured nerve fibers develop ectopic activity and fire spontaneously or at
a lower threshold (/-5,18,19). The key concepts of chronic neuropathic pain involve
both the inappropriate excitatory activity of nocioceptors and the resulting changes in
the central processing of sensory input that amplifies and distorts the signal.

HYPERALGESIA

Following an acute injury a normal enhanced response to pain, primary hyperalgesia,
develops. In response to the depolarization produced by a painful stimuli, the primary
afferent nocioceptors release excitatory neuropeptides, such as calcitonin gene-related
peptide (CGRP) and substance P, that sensitize the primary afferents at the site of injury
and produce vasodilatation and plasma extravasation in a process termed neurogenic
inflammation (/,3-5,20,21). Neuroinflammatory mediators released from inflamed
or traumatized tissue, such as prostaglandins, bradykinin, leukotrienes, serotonin,
histamine, cytokines, and free radicals from mast cells, macrophages, immune cells, and
injured cells, further contribute to this peripheral nocioceptor sensitization (1,21,22).

Another normal response seen after an injury is increased pain to mechanical stimu-
lation in the surrounding uninjured skin called secondary hyperalgesia. This is also
due to an enhanced responsiveness of nocioceptors, however, it is not a peripherally
mediated phenomenon but rather is the result of recruitment of otherwise silent nocio-
ceptors by the central release of excitatory neuropeptides (/,6,22). Both primary and
secondary hyperalgesia are an important evolutionary adaptation to injury, and disease
as a heightened local response to pain promotes injury recognition, rest, and immobi-
lization, promoting healing and reducing the risk of re-injury.

Pelvic Neuroanatomy

The female pelvis consists of somatic and visceral structures and accompanying
sensory, motor, and autonomic nerves. The somatic structures include the following:
muscles and skin of the abdominal wall and pelvic floor and the accompanying fascia, and
the bony structures—the ischium, ilium, and sacrum. The visceral structures include the
following: uterus, adnexa, vagina, bladder, urethra, ureters, and large and small bowel.

SoMATIC NERVOUS SYSTEM

The somatic efferent motor neurons originate in the anterior horn of the spinal cord;
innervation to the sphincters and pelvic floor muscles specifically arises from Onuf’s
nucleus, a densely packed group of atypical alpha motor neurons at S2—4 (23,24). The
afferent sensory fibers that transmit nocioceptive stimuli originate in the dorsal root
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ganglion and travel distally to the somatic structures and proximally in the dorsal nerve
roots to the dorsal horn of the spinal cord; however, some sensory afferents actually
enter the spinal cord through the ventral roots (24,25).

The skin and muscles of the abdominal and parietal peritoneum receive sensory and
motor innervation via spinal levels T6-L2 (25,26). The muscles of the pelvic floor
and the skin of the vulva are innervated by spinal segments L4 through S4 from the
sacral plexus although the mons and labia also receive sensory innervation from L1L2
through the ilioinguinal and genitofemoral nerves (25,26).

There are eight named nerves and several direct branches that originate in the
sacral plexus including the pudendal nerve (23,24). The pudendal nerve has three
main branches: the dorsal nerve of the clitoris providing sensory innervation to the
clitoris, the inferior rectal nerve with sensory and motor innervation to the anus, and
the perineal nerve with sensory supply to the labia, distal urethra, detrusor/bladder,
lower vagina, and sensory and motor supply to the muscles of the pelvic floor and
external urethral sphincter (23,24,26,27). The levator ani muscles are innervated by
both the pudendal nerve and direct branches from S3 to S5 (23,24,28,29).

AutoNOMIC NERVOUS SYSTEM

The pelvis has a diffuse network of autonomic nerves that converge in the superior
and inferior hypogastric plexuses. These neurons innervate the viscera and vasculature
of the pelvis providing nocioception, integration of responses from the endocrine
system, and regulation of smooth muscle functions such as vasoconstriction, visceral
distension and contraction, and gastrointestinal motility. The autonomic nerves are
intimately involved in sequencing for the complex coordinated events required for
urine and fecal storage, micturition and defecation, parturition, and sexual responses.

Sympathetic Nervous System. The sympathetic efferents originate as preganglionic
neurons in intermediolateral cell column of the spinal cord from T1 to L2 and then exit
the spinal cord through the anterior root (7,10,24). The sympathetics innervate muscle
and skin through the spinal nerves or travel to the paravertebral ganglia or sympathetic
trunk before descending in the retroperitoneum to form a complex series of plexuses
with multiple interconnections prior to innervating the viscera and blood vessels (7,
8,10,24,30). The sympathetic afferents receive sensory input from the muscles, skin,
vagina, cervix, uterus, base of the bladder, the proximal urethra, and anorectum and
ascend to the spinal cord through the complex series of retroperitoneal sympathetic
plexuses to the cell body in the dorsal root ganglia; innervation from the abdomen and
pelvis is received at spinal levels T6-1L2 (7,8,10,24,30).

Uterine and bladder nocioception is mediated through the sympathetic nervous
system with little contribution from somatic neurons (/0,13,31-33). The sympathetic
fibers also convey remarkably detailed information to the CNS regarding reproductive
status and the menstrual cycle (10,13,31-33).

The Parasympathetic Nervous System. The parasympathetic innervation to the
ovaries, small bowel, and colon proximal to the splenic flexure originates in the
brainstem and descends to the pelvis through the vagal nerve; the parasympathetic
innervation to the distal colon, pelvic viscera, and erectile tissue of the clitoris originates
in the interomediolateral cell column of the spinal cord primarily at S3 or S4 (7,8,10,
11,23,24). The parasympathetic fibers exit the sacral spinal cord through the anterior
root, merging to form the splanchnic nerves (7,8,24,30). The vagal and splanchnic
nerves intermingle with the sympathetic nerves in the hypogastric plexus and then
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travel to their respective end organ where they synapse with post-ganglionic neurons
(8). The parasympathetic plexuses are smaller than their sympathetic counterparts
and located at or in the smooth muscle of the targeted end organ (8,23,24). The
parasympathetic afferent fibers appear to have an inhibitory role in somatic and visceral
pain perception (8,34).

Enteric Nervous System. The gastrointestinal tract has an additional nervous
system that regulates the function of smooth muscle, mucosa, and vasculature to
coordinate intestinal behaviors such as peristalsis, secretion, and blood flow. The
enteric nervous system (ENS) is a large neural network contained within the walls of
the digestive tract and is a distinct system that integrates neural input and coordinates
the complex sequencing required with gastrointestinal functions (35,36). The ENS
contains sensory neurons, excitatory and inhibitory motor neurons, and interneurons;
peripheral placement of this neural network at the end organ decreases the burden on
the CNS (35). Unlike the autonomic nervous system where the ganglia function as
relay stations for signals traveling to and from the CNS neurons in the ganglia of the
ENS form a self-regulating network that process information and effect changes in the
gastrointestinal tract through efferent signaling; this has been described as a minibrain
within the walls of the digestive tract (35,36). The CNS is involved in receiving sensory
input from the gastrointestinal tract through interconnections between the ENS and
the autonomic nervous system and the CNS can exert control over gastrointestinal
functioning through efferent activity to interneurons.

Pelvic Nocioception and Convergence

The peripheral specificity from the pelvis is lost when it arrives in the CNS in
a process involving cross-system viscero—viscero—somatic interactions (7,11,12,20,31,
37,38). Pelvic structures share the same segmental innervation from S1-5; neurons
from the peripheral nervous system (PNS) converge centrally in the sacral spinal cord
with input from viscera, skin, muscles, and blood vessels. A large number of spinal
neurons are receptive to visceral afferents, but there are no second-order spinal neurons
that specifically transmit visceral signals so there is convergence of both somatic and
visceral input onto the same second-order neurons (7,9-11). The information that is
received in the CNS (dorsal column nuclei) is re-distributed to many CNS regions with
multiple interconnections.

These cross-system interactions or convergence between somatic and visceral struc-
tures are integral to the coordination of the multiple and often simultaneous actions
of the pelvic floor, urinary, gastrointestinal, and reproductive tracts (8,10,12,23). This
framework allows for coordination of actions and responses not only to meet bodily
functions but also to respond appropriately to physiologic changes, reproductive status,
stress, infection, and injury. Clinically this shared segmental innervation explains
vaginal hyperalgesia, urinary urgency, frequency, and acute pain in response to bladder
inflammation from a urinary tract infection and reflexive abdominal guarding to
peritoneal inflammation.

CHRONIC PELVIC PAIN

Chronic pain is defined by the IASP as “an unpleasant sensory and emotional
experience associated with actual or potential tissue damage, or described in terms of
such damage.” Chronic pain results when excitatory synaptic transmissions persist, are
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amplified or distorted, when normal modulating responses are suppressed, or when
abnormal pathways develop. An essential concept is that chronic pain is a disease
process unto itself. There are many factors involved in the transition from acute or
episodic pain to chronic pain. While there may be triggering pathology, such as surgical
trauma or endometriosis, one of the primary mechanism involves changes to the CNS.
The ability of the nervous system to adapt to injury or pathophysiologic changes is
an essential function, termed neuroplasticity, however, maladaptive responses of the
neural network result in chronic pain.

Peripheral Sensitization

In response to disease, injury, or inflammation, peripheral afferent neurons become
sensitized by neuropeptides and inflammatory mediators resulting in increased cellular
excitability with spontaneous neuronal activity and lowered thresholds to pain (/,3,4,
18-22). In addition otherwise silent nocioceptors, unmyelinated primary afferents that
do not normally respond to stimuli, may also be sensitized. Membrane remodeling,
gene induction, and activation of microglia also contribute to this increased cellular
excitability (1,4,18,19,21). Abnormal sprouting from peripheral neurons in response
to injury also results in spontaneous discharges and increased sensitivity to excitatory
neurotransmitters. Clinically, this peripheral sensitization presents as hyperalgesia and
allodynia and is the hallmark of neuropathic pain. Diseases such as endometriosis and
interstitial cystitis may produce peripheral sensitization contributing to persistence of
pain after eradication of local disease or exterpritive procedures.

Wind-Up Response

The term wind-up applies to the phenomenon of reversible synaptic plasticity from
painful stimuli (/8,21,39). Repeated low-level or noxious stimuli to C-fibers results in
summation of these potentials (wind-up) producing a cumulative depolarization that
results in increased glutamate sensitivity (6,18,21,39). Clinically this translates to the
same noxious stimulus producing more and more pain with each successive exposure
(5,6,39). Wind-up appears to be primarily mediated through the N-methyl-D-aspartate
(NMDA) receptor complex and although it is believed to be a normal consequence of
acute pain it is also believed to be the first phase of central sensitization although it
is unknown why the process is reversible for some while others progress to central
changes that lead to chronic pain (6,18,21,22).

Central Sensitization

Central sensitization represents an enhanced response to nocioceptive inputs by the
CNS and is the major mechanism of pathologic or chronic pain. It is characterized
by hypersensitivity of dorsal horn neurons to both noxious and non-noxious stimuli
producing sustained excitatory post-synaptic responses and reduced inhibitory control.
This central response persists long after the nocioceptive input has ceased. It may also
occur spontaneously, without any triggering pathology.

Upregulation of the NMDA receptor and enhanced glutamate sensitivity are known
to play one of the key roles in the development of central sensitization. There are
also many other contributing mechanisms such as increased presynaptic release of
neuroinflammatory transmitters, increased post-synaptic response to neurotransmitters,
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alterations in second messengers, and protein kinase activation (6,18,21,22,39). There
are also changes in gene expression and transcription contributing to chronic pain (/,6).

Another key event in the dorsal horn involves the wide dynamic range neurons
in lamina V. These neurons receive input from both low-threshold mechanoreceptors
and primary nocioceptive neurons and do not normally respond to non-noxious or
subthreshold stimuli. Once excited, however the second-order neurons of lamina V
discharge at a high rate producing allodynia, the perception of non-noxious stimuli as
pain (6,18,21,22,39).

Sympathetic Activation

For some patients, chronic pain may be sympathetically maintained. Nocio-
ceptors may develop a sensitivity to noradrenaline, may be upregulated by increased
catecholamine release, and activation of central alpha receptors may also occur (7).
Other contributors to sympathetically maintained pain include abnormal sprouting of
sympathetic fibers in areas of injury of disease and incorporation of sympathetic fibers
in neuromas (/9). The most minor injury can result in sympathetically mediated pain,
as is seen with reflex sympathetic dystrophy.

The role of the sympathetic nervous system in chronic pelvic pain is significant
given the rich sympathetic innervation of the pelvic viscera and the stimulation of alpha
adrenergic receptors in response to visceral stimuli and inflammation (7,72). In addition
the cross-system inflammatory changes in the uterus characteristic of viscero—viscero—
somatic convergence can be prevented with hypogastric neurectomy and endometriosis
implants in animal models develop independent sympathetic innervation (31,37,40,41).

Loss of Inhibitory Control

After pain is perceived in the brain descending inhibitory pathways are activated
in the periaqueductal gray matter and dorsolateral fasciculus (Lissauer tract) of the
spinal cord. Transmission of the nocioceptive stimuli is modulated by a variety
of mechanisms including endogenous opioids, release of neurotransmitters serotonin
and norepinephrine, and release of the inhibitory neurotransmitter GABA (gama-
aminobutyric acid) (42,43). Descending modulation increases in response to injury
and inflammation and is intertwined with the cognitive, attentional, and motivational
aspects of pain (/,42,43). These mechanisms counteract hyperalgesia and allodynia;
the more dorsal horn activation the greater the input from the descending inhibitory
neural network.

The intensity of pain is modulated by these descending pathways initially pain
intensity is suppressed to allow “flight or fight” response to injury subsequently there
is a reduction in inhibitory control and an increase in pain to limit movement of
injured tissues to aid recovery. An imbalance in descending inhibitory control may be
a key point in patients with pelvic pain especially considering input from viscera and
deep structures produce more dorsal horn excitability when compared with cutaneous
tissues (17,42,43). Changes in activation of the insular and frontal cortical regions
on functional magnetic resonance imaging (MRI) in women with chronic vulvar pain
support a central augmentation of sensory processing (44).

Some patients with chronic pain are somatically hyperaware with multiple symptoms
across several organ systems or intolerable side effects from low doses of mediations.
For some this may truly represent somatization; however, for others this may reflect an
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end disturbance of the CNS with loss of descending inhibitory control and an inability
of the CNS to correctly interpret a variety of somatic and visceral inputs (45,46).

Convergence

There are no distinct second-order neurons for viscera, therefore visceral and somatic
afferents converge on the same second-order neurons in the CNS; viscero—somatic
convergence is a required function for the complex sequencing of the urinary, gastroin-
testinal, and reproductive tracts. While these intimate connections are required for
normal physiologic functions, they also allow a visceral or somatic pain condition to
enhance or facilitate pain in other structures sharing the same segmental innervation
(10,20,37,38,41,47). For example, rats with surgically induced endometriosis exhibit
more pain behaviors than controls in response to ureteral ligation and women with
dysmenorrhea experience more referred muscle hyperalgesia from ureteral calculi as
compared with women with no history of dysmenorrhea (37,37,48-51). Interrupting the
neural connections in the animal models or adequately treating dysmenorrhea prevents
this exaggerated response to pain, therefore these enhanced responses to painful stimuli
must be the result of increased release of neuroexcitatory transmitters and sensitization
in the shared spinal segments (48-52).

The neuroinflammatory changes can spread segmentally in the dorsal horn
producing both referred pain and referred pathology (7,15-17,20,31,37,47,50,51,53).
This phenomenon explains how animals with endometriosis have reduced bladder
capacity and chemically induced inflammation of the uterus or colon produces inflam-
mation in distal sites such as the skin and the bladder (5/,53). In animal models
interstitial cystitis can be induced by a neurotrophic virus that produces a neuroin-
flammatory response; the spread of both the pain and pathology can be prevented by
interrupting the neural connections (54). Convergence allows neurogenic inflammation
and consequently both pain and pathology to spred between organ systems contributing
to the complex nature of chronic pelvic pain (45,52).

Central Nervous System Vulnerability

There is an increased incidence of non-pelvic and systemic pain syndromes, such
as migraines and fibromyalgia among women with chronic pelvic pain (55,56). In
addition many women with chronic pelvic pain exhibit a heightened response to painful
stimuli in sites distant from the pelvis (57-59). These findings suggest some form of
systemic nervous system involvement beyond central sensitization such as a biologic
vulnerability to pain.

Depression, like pain, is also related to an imbalance of excitatory neurotransmitters
and is not only increased among women with chronic pelvic pain but is a negative
prognostic factor (60,61). Depression is associated with increases in brain-derived
neurotrophic factor (BDNF), an excitatory neurotransmitter that also contributes to
neurogenesis, and so depression may contribute to PNS and CNS changes that increase
the vulnerability to chronic pain or be a marker for some other CNS mechanism that
facilitates the development of a chronic pain syndrome (60,61 ).
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CONTRIBUTING MECHANISMS
Hormonal Contributors

In the USA 61% of chronic pain patients are women; this female predominance
starts at menarche and decreases at menopause suggesting a hormonal component
in the development and/or maintenance of chronic pain syndromes (65-65). Gonadal
hormones are known to affect sensory processing and both estrogen and progesterone
receptors are present in the CNS. In rats estrogen lowers micturition thresholds; rats
also exhibit more hyperalgesia in the proestrus phase when hormone levels are high
as compared to metestrus and diestrus when hormones levels are lower (66,67). The
menstrual cycle is known to affect both bladder pain and urge to void in women
with interstitial cystitis with the least effect in the follicular phase and highest pain
scores premenstrually; cyclic pain is also characteristic of endometriosis (68,69). The
menstrual exacerbation of pain syndromes appears to be a systemic phenomenon as
it is not only well described with pelvic pathology such as interstitial cystitis and
endometriosis but also with distant pain syndromes such as migraines (69-71).

The effect of estrogen, progesterone, and other reproductive hormones on chronic
pain is multifaceted and there are a variety of mechanisms by which they modulate
the neurobiologic response. Estrogens regulate sensory and autonomic nerve density in
the rat which increase post-ovariectomy (72). Increased sympathetics may contribute
to vasoconstriction or promote a sympathetically maintained pain syndrome; increased
proliferation of sensory nociceptors may increase the burden of pain or contribute to
increased release of sensitizing neurotransmitters (72). Estrogen regulates nocioception
at the cellular level through a variety of mechanisms including enhancement of neuroin-
flammation, increases in nerve growth factor (NGF), and changes in gene transcrition
((73,79)). Some studies indicate that pain responses maybe attenuated when hormone
levels are high with both estrogen and progesterone exhibiting analgesic properties
while other studies suggest that the effect of progesterone on the analgesic activity of
estrogen is dose dependent with no effect at high levels and an inhibitory (i.e., algesic)
effect at lower levels (80,81).

Endometriosis-derived stromal cells are potent inducers of aromatase, more so
than endometrium and adipose tissue (82,83). Local production of estrogen may
affect endometriosis-associated pain by stimulating invasion and spread of implants,
promoting local growth of somatic and/or autonomic nerves, or by changing the
estrogen/progesterone ratio. Aromatase activity has also been identified in the dorsal
horn of the spinal cord so estrogens are also rapidly produced centrally affecting
membranes excitability and nocioception (76,79).

There are increases in polypeptides and other hormones with menstruation that
also affect the pain response. Prostaglandins, algesic substances that sensitize nocio-
ceptors, are released by the endometrium at menstruation and produce painful uterine
contractions local ischemia that further excites the peripheral nervous system (84,85).
Prostaglandins may also have central effects as they modulate the excitability of the
tonic parasympathetic preganglionic neurons that regulate pelvic viscera (86). Relaxin,
a peptide hormone that promotes uterine relaxation and facilitates uterine stromal
remodeling, varies with the menstrual cycle and has been identified in excessively
high levels in a cohort of pregnant women with chronic pain (87,88). Uterine arterial
flow also increases substantially with rising estrogen levels therefore there may be an
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increased flow of neurotransmitters, hormones, and algesic substances to the to pelvic
organs premenstrually (89).

Dysmenorrhea may further affect pain thresholds. It is unknown whether this is due
to convergence, an increased release or sensitivity to prostaglandins, or an underlying
vulnerability of the nervous system to pain. The increased somatosensory burden
presented to the nervous system with dysmenorrhea may also facilitate the development
of other pain syndromes. Women with dysmenorrhea report lower pain thresholds to
both pain challenges within the uterine viscerotome and non-pelvic challenges (e.g.,
legs and arms) as compared with women who have no dysmenorrhea (48). Increase in
pain at sites not sharing common innervation support a central factor such as central
sensitization, an underlying nervous system vulnerability to pain, or increased release
and/or sensitivity to prostaglandins, as dysmenorrhea is primarily a prostaglandin-
mediated phenomenon (90).

Inflammation and Immune Factors

Neuroinflammation is an important contributor to chronic pain because of the actions
of a vast array of inflammatory mediators, such as arachidonic acid metabolites,
bradykinin, tumor necrosis growth factor-a (TNF-a), nitric oxide and ATP (91). These
inflammatory neuropeptides produce peripheral nocioceptor sensization, central sensi-
tization, referred pain and pathology. Patients who develop chronic pelvic pain may
have either an enhanced or an under-regulated neuroinflammatory process, such as the
over production of BDNF seen in patients with depression (60,61).

Other immunologic mechanisms may also be involved. Reduced levels of anti-
inflammatory cytokines are seen among patients with fibromyalgia and impaired
immunity contributes to post-herpetic neuralgia (92,93). A deficit in immune surveil-
lance of the peritoneum has been proposed as one hypothesis for the presence
of endometriosis in only 22% of women despite the almost universal occurrence
of retrograde menstruation. In addition increased peritoneal cytokines and growth
factors, and deficits in natural killer cells have been identified among women with
endometriosis (94,96). Women with endomtriosis also have a higher incidence of
systemic autoimmune and atopic diseases such as allergies and asthma (97). Local
inflammatory disturbances are common among women with vulvodynia such as
cutaneous hypersensitivity to Candida albicans in skin testing (98,99).

Genetics

Recent advances in sequencing the human genome support the concept that many
patients with chronic pain may have a genetically vulnerable nervous system. Sodium
channel mutations contributing to a variety of chronic pain syndromes have been
described in addition to polymorphisms in a number of genes coding for neuropep-
tides such as BDNF, TNF-alpha, and interleukin 1 (/00-102). Polymorphisms in
genes that code the NMDA and alpha-2 adrenergic receptors have also been identified
(100). Inheritable pelvic pain syndromes have been described including an autosomal-
dominant visceral hypersensitivity and a gene on chromosome 13 (PANDI) associated
with an increased risk of a syndrome of thyroid disorders, migraine, and panic disorder
among some patients with interstitial cystitis (103,104).
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CONCLUSION

Chronic pelvic pain is a complex disorder that results when pathology in the somatic
and/or visceral structures produces excitatory changes in the peripheral and CNS;
nervous system plasticity and the neuroinflammatory response are the key factors in
the spread of pain and pathology between organ systems and the development of
central sensitization which contributed to the perpetuation of the disorder. Given the
neurobiology chronic pelvic pain is unlikely confined to one organ system or to one
mechanism, therefore it is vital to look beyond a disease-based model. Chronic pelvic
pain has a complex neurobiology involving peripheral pathology, local and central
effects of neuroinflammatory peptides, nervous system sensitization, and convergence.
These mechanisms are further affected by a complex hormonal environment, the inflam-
matory and immune response, and genetics. The multitude of these pathophysiologic
mechanisms underscores not only the complexity of this disease process but also the
uniqueness of the individual pain experience.
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2 Acute and Chronic Flank Pain

Mark ]. Noble, MD

SUMMARY

Flank pain has multiple etiologies including but not exclusive to the
genitourinary system. Treatment begins with a thorough history and
physical examination. Before executing surgical treatment, the
urologist would do best to evaluate a complete patient history,
associated findings, and laboratory and radiologic tests to determine
the cause of flank pain. A structured approach is recommended for
diagnosis and treatment.

Key WoRrbs: Flank pain; kidney stones; renal infarction; renal vein
thrombosis; papillary necrosis; ureteropelvic junction obstruction;
renal tumors; urinary tract.
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INTRODUCTION

Patients presenting with flank pain in the emergency room or the physician’s office
can sometimes pose a diagnostic dilemma. As a urologist who often must try to decide
how to best help a patient with this complaint, I have through experience found that it
is often not easy to determine the etiology of a patient’s pain in this anatomic region.
Usually, the patient is referred to me by a primary care or other physician who believes
that the patient may have a kidney problem causing his or her pain. I have learned in
more than 25 years of practice that there can be both subtle and not-so-subtle nuances
to a person’s flank pain that provide clues relating to etiology of the pain. There is also
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the “cause and effect” knowledge that relates historic, physical, x-ray, and laboratory
findings to the type of pain and whether or not the pain can be resolved with one or
another treatment applied to the urinary tract. For example, the finding of a ureteral
stone with partial obstruction of the corresponding kidney in the setting of acute flank
pain is thought to explain the pain because the pain resolves when the stone either
passes or is surgically removed (“cause and effect”).

Yet, even this type of situation, taken for granted by most doctors, is not an absolute
because I have seen patients with stones in their ureters and resultant hydronephrosis
who have absolutely no pain at all. Likewise, neurosurgeons have told me there are
patients with numbness and pain along the course of a nerve along with compression
by a disk, and this gets better with surgical decompression and removal of the disk,
yet there are also patients with precisely the same magnetic resonance imaging (MRI)
findings of disk(s) compressing one or more nerves who have absolutely no symptoms.
Why is this so and how can we explain these seemingly contradictory observations?
Although I am not a neurosurgeon and thus would have difficulty explaining differing
symptoms for patients with lumbar or cervical disk disease, I will attempt to explain,
based again on my experience and that of others in the field, how and why some
instances of flank pain may relate to the urinary tract and alternately, why flank pain
sometimes is unlikely to be due to a urinary tract etiology.

Even if I believe a patient with flank pain does not have a urologic cause for the
pain, I am always careful to explain to the patient that I do not doubt he or she is
having pain. Most individuals really do not enjoy going to the doctor, so I assume that
a person is in my office (or the emergency room) because there really is a problem
with pain. How, for example, can one prove or disprove that someone is experiencing
a headache? One just needs to take the person’s word for this and likewise for flank
pain or any other type of pain. But if there is not a good explanation based on my
evaluation of the urinary tract, then it means that I do not have a medical or surgical
treatment (within my specialty of urology) to offer that would likely resolve the pain,
and it then becomes necessary for me to refer the patient to someone else. If I think
the pain is musculo-skeletal, I will refer the patient to an appropriate physician who
treats spine or back or other disorders in that realm. If I think the patient needs to
see a specialist in pain management, then I steer the patient in that direction. In fact,
a current practice standard makes it a rule rather than an exception to refer a patient
to a pain management specialist if the patient has chronic pain (pain lasting three
months or longer) regardless of etiology. This presupposes that one cannot solve the
pain issue. Even if the pain relates to one or both kidneys, there are instances when
pain may be chronic or pain may recur so frequently it is much the same thing. One
example would be the patient with medically refractory, recurrent stone disease, who
despite all measures continues to form and then pass new urinary tract calculi several
times each and every week! While there exist surgical remedies for this (ileal ureter
substitution or renal autotransplantation), such are major and often high-risk surgeries
and are generally considered a last resort (1,3).

Many years ago, surgeons would sometimes operate solely to relieve pain with
something like the following justification. “The kidney (or testicle, or whatever organ
one chooses) is hurting the patient, even though it looks OK on x-ray, and the patient
wishes the kidney removed, he (or she) is in fact convinced the pain must be from the
kidney, his referring doctor is also convinced, so I’'ll remove it.” Often the patient would
have initial relief (of course the incision would hurt, but that was to be expected) only



Chapter 2 / Acute and Chronic Flank Pain 21

to find the pain returned after a few months. The explanation was then of phantom pain,
analogous to the recurrent pain some feel months after limb amputation, thought to be
due to re-growth of nerves that formerly supplied the removed organ (4). Regardless
of the explanation, surgery is of variable help in these situations, so one should be very
wary of intervention when there is no objective finding. Loin pain hematuria syndrome
(LPHS) is an example of pain thought to originate within one or both kidneys with
the only objective finding being the presence of hematuria (all other kidney tests and
x-rays are normal) (5). Some recent studies indicate permanent pain relief in such
patients to be 50-60% at best (6). When an operation succeeds about as well as flipping
a coin, one might question whether indeed the operation or in fact the placebo effect
was the reason for “success.” In another study, capsaicin (an extract of chili peppers
effective for various types of pain) produced 65% success in resolving pain in LPHS,
so again one should be cautious before embarking on major or risky surgery simply to
treat pain (especially when there are few or no objective findings) (7,8). Medicine may
not be an “exact” science, but we should always strive to be scientific with regard to
treatments and their outcomes. In the discussion to follow, I hope that the reader will
find that I have done so.

URINARY TRACT SOURCES FOR FLANK PAIN
Innervation of the Kidney and Ureter

The kidney, like other visceral structures, is richly supplied with nerves (Fig. 1
and Color Plate 1, following p. 132). Lower thoracic and upper lumbar autonomic
nerve fibers synapse in the sympathetic trunk and then supply fibers that regulate
renal blood flow and may influence hormone release (9). Certainly, supra-renal fibers
influence epinephrine release during stress. Parasympathetic fibers derived from the
vagus nerve supply visceral afferent and efferent fibers to the kidney through the least
and lesser splanchnic nerves; these very likely modulate organ-related pain (10,11).
Additional parasympathetic fibers from sacral levels supply the ureter and bladder
and again regulate pain sensation as well as bladder smooth muscle contractility and
ureteral peristalsis. These parasympathetic fibers can be blocked with muscarinic-
blocking agents. For example, oxybutynin chloride relaxes parasympathetic nerves to
the bladder and probably the ureter thus reducing contractility. Unfortunately, there is
no real evidence that such is of benefit for pain emanating from the ureter. Likewise,
muscarinic-blocking agents do not help with pain thought to originate from the kidney.
It seems that analgesics, both narcotic and non-narcotic, are in fact best for this.
Alternatively, we know that central nervous system (CNS) stimulators can directly
block nerves at higher levels (in their paths to the brain) without drugs. This is not
currently useful in the management of acute pain but is helpful for chronic pain (12,15).
Figure 2 and Color Plate 2, following p. 132 depicts the usual pain distribution for
disorders at several levels within the urinary tract. This distribution is frequently seen
in patients who are passing a kidney stone; it commonly begins in the ipsilateral costo-
vertebral angle, radiates along the flank, and then moves down toward the groin and
testicle (or labium majorum in a female) as the stone progresses down the ureter to the
bladder.

Acute flank pain constitutes roughly 6% of the total in a recent tabulation of reasons
for emergency room visits to hospitals in South Carolina (/6). This group included
patients with pain from urolithiasis as well as flank pain from other causes. Statistics



22 Noble

Fig. 1. Innervation of the urinary tract; blue for parasympathetic neural pathways and red for
sympathetic fibers (see Color Plate 1, following p. 132).

Fig. 2. Location of pain in the flank, right lower quadrant, and groin depends upon the location
of pathology in the urinary tract, i.e., a stone making its way to the bladder. Red indicates pain
originating in the kidney or at the uretero-pelvic junction (UPJ), blue shows pain from upper and
middle ureteral pathology, and yellow indicates pain from the distal ureter or uretero-vesical junction
(see Color Plate 2, following p. 132).



Chapter 2 / Acute and Chronic Flank Pain 23

Fig. 3. A staghorn (branched) calculus sometimes can shed a stone fragment like a glacier calving
an iceberg. This movement of stone within the kidney or from the kidney leading down the ureter
can result in acute flank pain (see Color Plate 3, following p. 132).

from comparable sources demonstrate that approximately one ER visit in 15 in the
USA involves acute flank pain that could indicate an upper urinary tract etiology or
possibly some other extra-renal source that can mimic pain from the urinary tract.
Because some causes of acute flank pain may be life-threatening, it is important to
correctly diagnose the problem to avert a poor outcome for the patient.

Renal causes for acute flank pain include renal (Fig. 3 and Color Plate 3, following
p. 132) or ureteral stone movement (Fig. 4 and Color Plate 4, following p. 132),
intermittent uretero—pelvic junction obstruction (congenital or acquired), urinary tract
infection involving the kidney such as pyelonephritis (Fig. 5 and Color Plate 5,
following p. 132), acute renal carbuncle (Fig. 6 and Color Plate 6, following p. 132)
or abscess, and events leading to focal or generalized renal infarction such as arterial
embolization, renal vein thrombosis, and/or papillary necrosis (PN) (Fig. 7 and Color
Plate 7, following p. 132) (17,18). There are also some other, very rare causes for acute
renal pain, such as hydatid cyst rupture into the renal collecting system, acute renal
dysfunction due to uricosuria, and others equally obscure (/9,20). There may not be a
perfect way to differentiate between some of these possibilities without the results of
laboratory and radiologic testing, but judicious and careful use of clues contained in
the history and physical examination should enable one to narrow down the choices
fairly accurately to be efficient in ordering the appropriate, confirmatory tests.
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Fig. 4. A ureteral stone with resultant mucosal edema and hydro-uretero-nephrosis often presents as
classic, acute flank pain (see Color Plate 4, following p. 132).

Fig. 5. This drawing depicts acute pyelonephritis with small cortical abscesses; patients with this
presentation typically experience severe ipsilateral flank pain (see Color Plate 5, following p. 132).
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Fig. 6. Untreated pyelonephritis can sometimes lead to formation of a renal carbuncle, or abscess,
depicted in this drawing. Patients with this pathology may have dull or sharp flank pain, usually

with relapsing fevers and shaking chills. The pain can be acute, sub-acute, or chronic (see Color
Plate 6, following p. 132).

Fig. 7. Papillary necrosis is thought to represent an ischemic injury to the renal papilla. There are

numerous causes including abuse of non-steroidal analgesics, diabetes, and sickle cell trait (see Color
Plate 7, following p. 132).
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Stones

One of the most painful conditions according to patients who have experienced
many types of pain is that caused by a stone passing through the ureter. Roughly, 12%
of adults in the USA have nephrolithiasis and approximately twice that percentage
are found to have renal calculi if there is a positive family history for kidney stones
(21). This significant prevalence explains why kidney stone attacks are relatively
common. It is unknown why a stone usually causes pain when it is moving in the
ureter yet generally does not cause pain when not moving despite obstruction of the
kidney (Figs. 8 and 9). Furthermore, a stone within the kidney is thought to rarely
cause pain (Figs. 10 & 11 and Color Plates 8 & 9, following p. 132) unless it is
moving so as to intermittently obstruct a renal segment or the uretero—pelvic junction
(Fig. 12 and Color Plate 10, following p. 132) (22). Some believe the explanation for
stone-related pain is the sudden expansion of the renal collecting system compressing
the renal parenchyma within a relatively non-elastic renal capsule. Others think the
cause is obstruction-induced extravasation of urine which is sometimes seen when an
intravenous pyelogram is performed. Now that non-contrast computerized tomography
(CT) scanning is usually the x-ray ordered (due to greater sensitivity for detecting
urolithiasis) (23-25), urinary extravasation is not directly seen due to lack of radio-
graphic contrast, but there is usually “peri-nephric stranding” outside the kidney which
indicates an acute inflammatory response in the peri-renal fat; it is unknown whether
this is due to extravasation of urine or some other inciting event (26,27).

Fig. 8. This IVP (anterior view) shows normal excretion from the patient’s left kidney and none
from the right kidney. A triangular radiodensity is noted in the region of the right UPJ (uretero-pelvic
junction) and is suspicious for an obstructing stone. Note the scoliosis concave towards the right
kidney. Incidentally noted is a right hip prosthesis. Interestingly, this patient had no flank pain and
denied experiencing any flank pain in the past.
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Fig. 9. This nuclear scan is from the patient who’s IVP is shown in Fig. 8. It is a posterior view;
hence the patient’s right kidney is seen on the right side of the film. Note the right kidney is much
lighter on this film (has far less radiographic uptake) than the left. In fact, measurements showed
almost no function from the right kidney and in fact, the kidney had been obstructed for months or
years.

Fig. 10. This drawing illustrates a kidney with multiple, small, non-obstructing stones. Despite some
disagreement from the urologic literature, most urologists including myself believe stones of this
type rarely cause flank pain (see Color Plate 8, following p. 132).
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Fig. 11. This illustration shows a staghorn (branched) calculus with no loss of renal parenchyma
(the kidney substance is not thinned out and there is no dilation of the renal collecting system around
the stone). A stone this size requires months and usually years to form. The majority of patients I
have treated with this finding do not have acute flank pain. If they did, the stone would be found
before it became this large (see Color Plate 9, following p. 132).

Fig. 12. A stone is depicting as lodging at the UPJ causing hydronephrosis. The patient might have
congenital narrowing at the UPJ or the stone may simply be too large to migrate down the ureter.
This usually presents as acute flank pain (see Color Plate 10, following p. 132).
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Renal Infarction, Renal Vein Thrombosis, and Papillary Necrosis

Any event that causes death of a portion of an organ has the potential to cause
visceral pain (28-32). Renal infarction and PN both cause acute tissue death, while
renal vein thrombosis may cause both acute as well as gradual tissue death (33). One
can simulate the pain of ischemia to an extent by inflating a blood pressure cuff above
arterial perfusion pressure for a few minutes; the deprived extremity begins to feel
quite a bit of discomfort within 5-10 min. If the tissue continues to be deficient in
oxygen due to seriously impaired blood flow, irreversible cell death begins (in the
kidney) in an estimated 30 min, and after 60-90 min (at normal body temperature), the
kidney tissue will ordinarily be damaged beyond recovery (so far as renal function
is concerned) (34). This is quite a bit more rapid than ischemic damage to muscle
tissue but of course takes place much more slowly than one observes for brain tissue,
where 4 min is the limit at 37°C. In one study of renal vein thrombosis, only about
25% experienced ‘“‘classic” symptoms of acute flank pain, proteinuria, renal swelling,
sterile pyuria, hematuria, fever, and renal insufficiency; it may be that tissue damage
or death is more gradual or swelling occurs more slowly so as to minimize patient
discomfort (29). Renal vein thrombosis is often helped with anticoagulation therapy
and sometimes with thrombolytic therapy (35), whereas neither renal infarction nor
PN is helped with these modalities, hence, the importance of proper diagnosis. Acute
renal infarction is usually accompanied by flank and/or abdominal pain, fever, hyper-
tension (from ischemia-induced renin release), leukocytosis, micro-hematuria, and rise
in serum Lactate Dehydogenase (LDH) (36-39). Segmental or total renal infarction
can also be performed as a therapeutic procedure by an interventional radiologist to
help control acute, severe renal bleeding from cancer or trauma (or post-operative,
delayed hemorrhage), and the resulting intense flank pain from this procedure is well
known (34,40). CT imaging with contrast can demonstrate lack of blood flow to a renal
segment or to the entire organ and this is relatively quick. CT angiography is even more
precise as is MRI (28,36). Standard angiography may be required for more detailed
diagnostic information depending upon the clinical circumstances (34,41). Papillary
necrosis may cause colic-like pain when there is sloughing of a renal papilla, and it
passes down the ureter like a stone (Fig. 7). Etiologies include diabetic nephropathy
(42), sickle cell trait (17), non-steroidal antiinflammatory agents (NSAIDS) (43), and
acute or chronic pyelonephritis. Sometimes, the causation is multi-factorial (/7). PN
might not show on a CT scan except possibly as some hydronephrosis (17,44), but PN
should be suspected when a patient with diabetes, sickle cell trait, or other predisposing
factor(s) presents with acute flank pain similar to that seen in a patient passing a stone
yet no stone is found on x-ray studies and the appearance is not simply one of a
“recently passed stone.”

Ureteropelvic Junction Obstruction

Ureteropelvic junction obstruction (UPJ) may be congenital or acquired (45,46).
A typical history is one where the patient experiences flank pain after drinking large
amount of fluids or after drinking alcohol or coffee (either of which may induce
diuresis). Often the UPJ obstruction is intermittent; if it is constant, it may not produce
acute pain symptomatology (47,48). In cases where the UPJ obstruction is severe or
high-grade, the renal parenchyma may be extremely thin and the kidney may have
little or no residual function. In these instances, a nephrectomy rather than surgical
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Fig. 13. The illustration shows a Whitaker Test with a manometer on a “T” connecter monitoring
pressure while contrast solution is flowing into the patient’s nephrostomy tube while fluoroscopy
is being performed. This test is considered the “gold standard” for demonstrating UPJ obstruction
and for duplicating flank pain thought to arise from such obstruction (see Color Plate 11, following
p. 132).

repair may be the best course of action (49). Figure 13 and Color Plate 11, following
p- 132 depicts a study called the “Whitaker Test” which is a urodynamic study used
to evaluate the upper urinary tract for the presence or absence of obstruction (50).
A small caliber percutaneous nephrostomy tube is inserted into the kidney and saline
is infused while pressure is measured through a manometer. The bladder is drained
with a catheter, and in some cases, bladder pressure is subtracted from renal infusion
pressure. A Whitaker test is said to show obstruction if the intra-renal pressure rises
above 15cm of water at a saline flow rate of 15 ml/min into the nephrostomy tube.
If pressure remains less than 10cm of water at 15 ml/min flow rate, one concludes
that there is no obstruction to drainage from the kidney. Pressures between 10 and
15 cm of water are in the “gray zone” or equivocal. This test is considered the most
accurate way to evaluate a kidney for the presence or absence of UPJ obstruction; a
nuclear renal scan (Fig. 14) or intravenous urogram with lasix washout is also helpful
to evaluate UPJ obstruction, and although somewhat less accurate than the Whitaker
test, lasix washout studies do not require a percutaneous nephrostomy tube and are
therefore less invasive (50). One helpful aspect of these studies would be the finding
that the patient’s flank pain is reproduced during the study. If the pain correlates with
an abnormal study, then it is likely that surgical repair of the UPJ obstruction will be
helpful in long-term resolution of the patient’s flank pain.

Tumors

Renal tumors, both benign and malignant, are rarely thought to cause acute flank
pain or other symptoms. Such is thought to be the reason that a high proportion of
such lesions are either found incidentally by CT scan (5/) or in fact are not found
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Fig. 14. This is a series of images from a MAG-3 renal scan with lasix washout. It shows severely
diminished function of the right kidney due to UPJ obstruction. In this case, the obstruction resulted
from the stone seen in figure 8, but a congenital UPJ obstruction that has caused severe loss of
kidney function can appear the same.

until they have already become metastatic. The explanation is thought to lie in the
comparatively slow changes that occur with gradual enlargement of a tumor within
the renal capsular confines (compared to an acute infectious or stone event which
incites renal changes over a short time interval). When pain does occur, it is often
thought to be due to bleeding, either within the kidney or the retroperitoneum, that
results from erosive growth of the neoplasm into a major artery (/8,52,53). Because
pain from an acute stone event is far more frequent and the most sensitive test to
detect stones in the urinary tract is the non-contrast (renal colic) CT scan, a renal
mass causing the acute pain might not be readily appreciated, especially if it is not
exophytic. One needs either a renal ultrasound or a CT with radiographic contrast to
best detect renal neoplasms. The latter is not always safe or feasible due to increasing
numbers of patients with intravenous contrast allergies, diabetes, renal insufficiency,
or other conditions that constitute relative or absolute contraindications to a CT with
IV contrast. For such patients, an alternative such as renal ultrasonography is usually
available in the emergency room setting and this test should be considered when
no stone is seen on the renal colic CT, when there is no perinephric stranding or
inflammatory change (that might indicate a recently passed stone or an infection), and
when there is microscopic or gross hematuria. More sensitive for evaluation of renal
masses is MRI with contrast (rarely nephrotoxic* and not related to contrast used for
conventional x-rays), but this type of study is not often available in an acute care

*Ergun, 1., Keven, K., Uruc, I, et al.: The safety of gadolinium in patients with stage 3 and
4 renal failure. Nephrol Dial Transplant, 21: 697, 2006
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setting, especially at night or on holidays. In those instances where flank pain is due
to acute bleeding from a renal or other retroperitoneal tumor, surgical resection has a
high success rate in relieving the painful symptoms.

NON-URINARY TRACT SOURCES FOR FLANK PAIN

Sometimes flank pain is due to conditions unrelated to the urinary tract. As a
urologist, I am often called to see patients with acute flank pain and a 1-2mm
calcification in the ipsilateral kidney found by means of a renal colic CT scan. There
is no perinephric stranding, no hydronephrosis, and no other objective finding with
respect to the urinary tract that might explain the patient’s pain as arising from a renal
or ureteral source. But once the patient is told there is a small stone in the kidney, the
patient can become fixated on the idea that the pain must be from that stone despite
widespread experience and reassurance to the contrary. It is important when evaluating
patients with this type of presentation to remain sensitive to the patient’s feelings and
to take a thorough history in a non-confrontational manner. For example, a statement
like “You have a very tiny stone in the kidney without obstruction, so your pain is
not from this...” will often be counterproductive and upsetting to the patient. It may
even result in a non-cooperative patient who thinks it’s no use to speak with you any
longer. It is far better to say, “I understand you are in a lot of pain and I will do all that
I can to determine the cause and to help you but I need to ask you some questions to
better understand your pain. ...” Most patients will then be willing to discuss the pain
in detail, how it started, what makes it better and what makes it worse, the character
of the pain, if it has occurred in the past, and so forth. A history of recurring back and
flank pain with bending or lifting is almost certainly musculoskeletal rather than from
the urinary tract. A simple pulled muscle or ligament can produce extremely painful
muscle spasms in the mid-or low back that can mimic acute flank pain arising from
the urinary tract (54). If the pain radiates down the thigh and perhaps into the leg,
then nerve root irritation from a herniated disk is usually the etiology although Herpes
Zoster and other disorders directly inflaming one or more nerves can produce similar
pain, sometimes without rash or other clues (55-58). Finally, a dissecting or rupturing
renal artery or aortic aneurism with retroperitoneal bleeding may present with acute
flank pain symptoms (59,60). Usually, severe pain associated with an aneurism is
sufficiently catastrophic that there are other signs and symptoms so the diagnosis is
usually clear-cut, but on rare occasions (especially in the absence of severe bleeding),
the presentation may mimic a urologic rather than a vascular source for the acute pain.

What are some of the ways that one may differentiate between urologic and non-
urologic etiologies for acute (or chronic) flank pain? First and foremost, obtain a
careful history regarding the pain as noted in the previous paragraph. Renal colic is
not helped by remaining still nor is it aggravated by movement, whereas pain from
a musculo-skeletal source is usually made worse with movement or position change.
Likewise, pain from an intra-peritoneal source that radiates into the back, that is, acute
cholecystitis, is usually made worse with movement, especially if the gallbladder is
becoming gangrenous. Pain arising from the kidney does not normally move into the
abdomen; it is virtually always flank or back in location (renal ectopy may be an
exception but is fortunately quite rare). If the patient has right or left upper quadrant
abdominal pain, suspect a source in the gastrointestinal tract rather than the urinary
tract. Acute pancreatitis can present as acute flank and/or back pain (usually left side),



Chapter 2 / Acute and Chronic Flank Pain 33

but there is almost always abdominal pain or tenderness as well (6/,62). One can often
spot the patient with acute renal colic from across the room; the patient will writhe
around or might even attempt to get up and walk “the walk” rather than lying still. It
is quite characteristic. Other factors in the patient’s history that increase the odds of a
kidney stone etiology for an acute flank pain presentation include a previous history
of kidney stones, a family history of kidney stones, or both (27). On the other hand,
if the patient gives a history of previous lumbar laminectomy for herniated disk, then
the odds are increased that the pain is again related to a spine problem rather than the
urinary tract. Inquire as to the presence of visible blood in the urine associated with the
onset of the flank pain. Although gross hematuria is not always seen with ureteral colic,
its presence increases the odds of a ureteral stone (63,64). Nausea and/or vomiting is
non-specific and its absence does not rule out a urinary tract stone problem, but the
great majority of patients passing a ureteral stone will experience at least transient
nausea and/or vomiting. Persistent nausea and vomiting is again more characteristic of
a GI problem (65).

Secondly, perform a careful examination to determine the precise location of the
pain and whether it moves. Severe tenderness to palpation in the right upper quadrant
over the location of the gallbladder is not suggestive of a kidney source for the pain.
Pain over the sacro-iliac area in the lower or lower lateral back is most probably due
to a musculoskeletal rather than a renal problem, whereas tenderness with palpation
and percussion over the costo-vertebral angle more likely suggests a kidney source. A
positive straight leg raising test is not typical for a renal or ureteral stone but again
is more suggestive of herniated disk or sciatica although pyelonephritis with peri-
nephric abscess formation could also result in worsening of the pain with straight leg
raising (66-71).

Thirdly, carefully review pertinent laboratory and radiologic studies. In one study,
92% of patients with ureteral calculi had gross or microscopic hematuria; in another
it was 95% (64,65). Although the absence of red blood cells in the urinalysis does
not completely rule out a ureteral stone, its presence helps confirm the diagnosis (as
well as other urinary tract etiologies such as PN, parenchymal injury due to sickle cell
trait, and many other possibilities). Of course, a woman who is menstruating will have
blood on urinalysis, so in such cases the presence of blood does not help with respect
to the etiology of her flank pain. White cells in the urine (pyuria) with accompanying
flank pain may indicate upper urinary tract infection, renal vein thrombosis, or some
other condition that produces inflammation within the urinary tract. An elevated serum
creatinine along with flank pain, especially if there is a hospital record of a normal
creatinine level in the past, should strongly suggest some type of disease process
involving the upper urinary tract(s). The finding of leukocytosis on a complete blood
count is non-specific but significant (WBC > 15, 000) and is uncommon with ureteral
colic in the absence of urinary tract infection (uro-sepsis) (65). Finally, a renal stone
protocol CT scan that shows acute inflammatory changes, hydronephrosis, and/or one
or more stones in the ureter helps point the way toward a urinary source for acute flank
pain. If the CT scan does not show an acute process involving the kidney or ureter
and there is no ureteral-pelvic junction obstruction, then a non-urologic etiology for
the flank pain is most likely. On occasion, a renal colic CT scan will demonstrate a
“possible small stone in the distal ureter without obstruction.” If there is no gross or
micro-hematuria or other significant laboratory finding, then one should be careful with
regard to this type of CT finding, especially if the “possible stone” is 3 mm or smaller.
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Both determining size of a radiodensity as well as differentiating a true ureteral stone
from a phlebolith (that lies close to the ureter) are inaccurate with a non-contrast CT
when there is no ureteral dilation (72,73).

CONCLUSION

In this review, I summarized the disorders that frequently cause acute and sometimes
chronic flank pain. I described characteristics of the pain as well as associated findings
(laboratory, x-ray, and physical examination) that can help the clinician to differentiate
between etiologies in a logical fashion. Finally, I presented my experience as a urologist
who is often consulted to evaluate and treat patients with flank pain. One hopes that
this may be of help to others trying to sort out what can sometimes be confusing and
conflicting data while narrowing down the cause for the pain.

Throughout this discourse, it was assumed that the clinician attempting to determine
causation for acute flank pain will have obtained a thorough history and will have
performed a complete physical examination. These are important for formulating
virtually any diagnosis and they provide the foundation for ordering the appropriate
laboratory and radiologic tests needed to complete a patient’s diagnostic work-up.

Acute or Chronic Flank Pain

Renal Colic CT Scan

[ |
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Fig. 15. My approach to sorting out acute and chronic flank pain is depicted in this flow chart.
A renal colic CT scan and urinalysis are key to determining renal from non-renal sources for the
pain after performing a thorough history and physical examination. Most non-infected stones can
be managed on a semi-urgent bases with surgery indicated for intractable pain, severe obstruction,
and/or failure of the stone to progress down the urinary tract. Infected, obstructing stones are a
much more urgent problem due to the risk of septicemia and its complications. Many (but not all)
causes for flank pain that are non-urologic can also be diagnosed by the CT scan; a diagnosis of
musculoskeletal pain is sometimes one made by exclusion of acute urinary tract or other visceral
causes for flank pain leaving “back pain" as the remaining explanation.
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Indeed, the history and physical examination should point the way to the correct answer
the majority of the time, with selected tests used to confirm the diagnosis. This is better
than simple reliance on tests to provide the differential diagnosis without any thinking
on the clinician’s part.

Because there are many disorders resulting in flank pain and because it can be difficult

deciding on a diagnostic approach for a specific patient, a structured approach may
be helpful for the health care provider faced with this diagnostic challenge (Fig. 15).
Hopefully, this will prove useful in the acute care as well as in the office setting.
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Pudendal Neuralgia

Pudendal Nerve Entrapment, Alcock Canal
Syndrome, and Pudendal Canal Syndrome

Stanley J. Antolak, Jr., MD

SUMMARY

Pudendal neuralgia is a peripheral neuropathy of the pudendal nerve,
generally due to compression between the sacrotuberous and
sacrospinous ligaments. It is a tunnel syndrome. We have treated
persons of both genders between 14 and 87 years of age. The
characteristic symptoms are pelvic pains that are aggravated by
sitting and driving and reduced by sitting on a toilet seat. Bowel,
bladder, and sexual dysfunctions are common. The diagnosis is
confirmed at physical examination of the pudendal sensory nerves.
Objective neurophysiological tests include quantitative sensory
testing of warm detection threshold and the pudendal nerve terminal
motor latency test. Pudendal neuralgia is caused by repetitive flexion
of the hip as in exercise and athletics, childbirth, sitting, and cycling.
Treatment of pudendal neuralgia is analogous to treatment of the
carpal tunnel syndrome. Nerve damage is prevented by a self-care
protection program. When necessary, pudendal nerve perineural
injection (PNPI) of local anesthesia and corticosteroids is necessary.
Thirty percent or more patients require decompression surgery of the
pudendal nerves. Each of these sequential treatments can provide
prolonged relief of more than 5 years.

KEYy WoRrbDs: Pudendal neuralgia; pelvic pain; chronic prostatitis;
perineal; suprapubic; inguinal; genital; vulvodynia; coccydynia;
endometriosis; interstitial cystitis; obstructed defecation.
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INTRODUCTION

In 1863, John Hilton of London, described a man with pain in whom it “was
quite apparent that the cause must be associated with the perineal branch of the pudic
nerve.” He treated it by having “a hole made in his chair or to use a hollow cushion.
Immediately, the symptoms began to subside and in three or four weeks they were
all gone. Not a single thing was done but this. This patient was cured by removing
pressure from the nerve and so giving it rest. This case does not stand alone” (/).

Definition

Pudendal neuralgia is a neuropathy of the pudendal nerve that occurs in both
genders. Pudendal neuralgia is characterized by perineal (and other pelvic) pain that is
aggravated by sitting, generally decreased by standing and recumbence and typically
reduced or relieved by sitting on a toilet seat (2). The “pudendal territory”” may include
suprapubic, inguinal, genital, and perineal pain, vulvodynia, coccydynia, and proctalgia
(proctitis fugax) (3). Bladder, bowel, and sexual dysfunction occur (4). Synonyms
include pudendal nerve entrapment or the syndrome of the pudendal canal (Alcock
canal) (5,6). Clinicians rarely associate these symptoms with pudendal neuropathy.
Conventional diagnoses include “prostatitis” or “prostadynia” in males or endometriosis
or vulvodynia in females (7,8).

Anatomy

The pudendal nerve is a mixed nerve containing somatic and autonomic afferent
and efferent fibers. The nerve trunk develops from the sacral plexus anterior to the
piriformis muscle. It is generally composed of fibers from anterior sacral rami S-2, -3,
and -4 although more complex segregation of sacral roots occurs (9,7/0). The nerve
follows the posterior surface of the sacrospinous ligament, passes anterior to the
sacrotuberous ligament, and enters the Alcock canal. Terminal branches are the dorsal
nerve of the penis (clitoris), perineal nerve, and inferior anal nerve. Branches of the
pudendal nerve may innervate the pubococcygeus muscle. Robert discusses a branch to
the obturator internus muscle. Small sympathetic and parasympathetic fibers from the
sacral plexus may account for the bladder, bowel, and sexual symptoms. The inferior
anal nerve may be completely separate from the main pudendal nerve trunk. It may
penetrate the sacrospinous ligament. In 50% of cadavers, the inferior anal nerve exits
the main trunk prior to the Alcock canal (/7). This accounts for variable responses to
nerve blocks into the pudendal canal. The main pudendal trunk is longer in Caucasians
than in Asians. Surgical anatomy is discussed below.
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PATHOPHYSIOLOGY AND ETIOLOGY OF SYMPTOMS

Pudendal neuropathy occurs bilaterally more often than unilaterally. Causes include
compression, stretch, direct trauma, and radiation (/2). Pudendal neuralgia is a
functional entrapment where pain occurs during a compression or stretch maneuver.
The neuropathy worsens due to repetitive microtrauma resulting in persistent pain and
dysfunctional complaints (/3). The pudendal nerve is compressed during sitting and
cycling and is especially damaged during motocross (/4—16). Perineal pressure from
an orthopedic fracture table causes pudendal neuropathy including impotence (1/7-19).
Stretch of the nerve by straining with constipation and childbirth causes pudendal
neuropathy measurable in the anal and urethral sphincters (20-24). Fitness exercises,
machines, weight lifting with squats, lunges, and leg presses or karate with kick boxing
and rollerblading are all etiologic factors. Youthful sports are a common denomi-
nator, possibly related to bony remodeling of the ischial spines (25). Driving over
rough roads or farm fields (26) causes vibration trauma. Falls onto the buttocks cause
pudendal neuralgia (27). latrogenic neuropathy includes trauma during vaginal surgery
and suture entrapment during colpopexy using the sacrospinous ligament (28-30).
Radiation neuropathy following treatment of carcinoma of the prostate may relate
to vascular impairment, inflammation within the nerve, or perineural desmoplastic
reaction (37). We found very serious pudendal neuralgia in four patients after urine
leakage had complicated hysterectomy or radical retropubic prostatectomy. Central
sensitization plays an important role in aggravation and maintenance of symptoms in
many 