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Abstract

Purpose of Review Centralized pain syndromes (CPS), including chronic pelvic pain (CPP) syndrome, are significant
public health problems with prevalence more than diabetes, cancer, or cardiovascular disease. A variety of pathologies
are linked with CPP syndrome; however, pain often continues without the presence of pathology, or when an underlying
pelvic disease is found, the extent and severity of pain are disproportionate. Although this is not a systematic review, we
performed a detailed literature search to identify relevant papers and to provide the available evidence for central
changes in association with CPP syndrome.

Recent Findings Recent advances in brain imaging techniques have provided more accurate data on gray matter volume,
functional connectivity, and metabolite levels in the pain-relevant areas of the brain. The present evidence shows that like other
chronic pain conditions, the CPP syndrome is associated with central nervous system (CNS) alterations. In particular, these
include changes in brain structure, in the activity of both the hypothalamic—pituitary—adrenal (HPA) axis and the autonomic
nervous system, and in the behavioral and central response to noxious stimulation.

Summary A growing body of evidence, mostly from neuroimaging, suggests that for many patients with CPP, the pain
may be associated to changes in both structure and function of the CNS. The treatment of pain symptoms, even without
the presence of identifiable pathology, may prevent the development or at least minimize the progression of long-term
central changes. These findings support the use of new therapeutic strategies targeting the CNS for controlling of pain in
CPP conditions.
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exaggerate response to pain and/or cause generation of a pain
signal to normally non-painful stimuli. They are very com-
mon, even more prevalent than diabetes, cancer, or cardiovas-
cular disease [2¢¢] and this costs averaged CAD $16,636 per
patient per year due to health care costs as well as lost pro-
ductivity, and varies according to the level of long-term pain
disability [3]. These conditions markedly affect the patients’
daily activity and prompt them to visit physicians. Chronic
pelvic pain (CPP) is an example of CPS wherein either the
somatic or visceral system or both may be involved in pain
perception, making differential diagnosis difficult. Among up
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to one-third of patients, the source of pain in the pelvic region
is not recognized, though gynecologic, urologic, gastrointes-
tinal, neurological, and musculoskeletal causes are commonly
identified. The urological chronic pelvic pain syndromes
(UCPPS) refer to a wide range of urological conditions from
CPP syndrome (chronic prostatitis/male CPP syndrome or
interstitial cystitis/bladder pain syndrome) to chronic scrotal
pain [4e, 5]. Even though there are varying etiologies for these
syndromes, they present frequently to urologists and the man-
agement can be quite frustrating due to unknown natural his-
tory in many cases.

The processing of pain, as a complex cognitive and sensory
experience, engages widespread brain regions and neural net-
works. “Chronic pain,” pain lasting or recurring for more than
3 to 6 months, is not simply a prolonged “acute pain.”
Although variables such as age, genetic susceptibility, and
psychosocial factors may play contributing roles, the exact
mechanisms that contribute to the development of chronicity
from an acute pain process are still unknown [4, 6]. Despite
this, regardless of underlying pathology or pain location, the
changes associated with chronicity mechanisms are consistent
[7, 8, 9¢]. There are two main theories regarding whether
chronic pain conditions are owing to the “bottom-up” or
“top-down” mechanisms of pain amplification. According to
the bottom-up theory, an excess noxious peripheral input
causes an increase in pain perception which in turn eventually
sensitizes the CNS to the point of perceiving pain even with-
out the presence of peripheral drive [10]. On the other hand,
the top-down theory hypothesizes a brain’s descending pain
modulatory system in that changes already existed inside the
CNS, regardless of peripheral drive, causing perceiving pain
[11]. While there are still debates on which theory would best
fit in explaining the cause of chronic pain, both of these the-
ories support changes in the CNS pathways.

Our current understanding of the pathophysiology of pelvic
inflammation/pain and its related changes in the central ner-
vous system is still incomplete. However, central disturbance
in pain processing and in viscerosensory signals is thought to
be involved [12, 13]. The aim of this review is to provide a
general overview of existing literature regarding mechanisms
within the CNS, which may contribute to the generation and/
or maintenance of pain in conditions associated with CPP
syndrome. This might serve as a primer for researchers initi-
ating more thorough investigations for the identification of
CNS changes that result in altered pain perception in central-
ized pain syndromes.

Nociception and Pain
According to the International Association for the Study of

Pain (IASP), nociception and pain are different concepts and
should not be confused [14]. Nociception is a
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neurophysiological term that is defined as a specific activity
and objective experience in the neural pathways in response to
an adequate stimulus (third-person perspective). Pain, on the
other hand, is defined as a subjective experience only felt by
the person experiencing it (first-person perspective) that typi-
cally accompanies nociception, but may also emerge without
any stimulus, and thereby includes the emotional and psycho-
logical responses. This distinction has been recently men-
tioned in a white paper by an IASP task force wherein it is
concluded that brain imaging should be used as an adjunct to
rather than a replacement for subjective verbal reports of the
pain experience [15]. Pain, a product of higher brain center
processing, was defined by IASP in 1979 as “an unpleasant
sensory and emotional experience associated with actual or
potential tissue damage or described in terms of such damage”
which is still valid today [14, 16].

The Various Types of Urologic Pain

Due to being subjective experience and its complexity, classi-
fications of pain are complicated and they may overlap.
However, pelvic pain, similar to the other types of pain, can
be described in terms of underlying mechanism(s) and can
also be categorized to “acute” or “chronic” on the basis of
pain duration. The biological underlying mechanisms for pel-
vic pain conditions may include nociceptive, inflammatory,
neuropathic, and psychogenic [17¢¢]. When the aforemen-
tioned mechanisms overlap, mixed cause of pain happens. In
addition, when an etiological factor for pelvic pain is not iden-
tified, it is defined as idiopathic pain.

Neuropathic Versus Nociceptive Pain

Neuropathic pain, or “neuralgia,” refers to pain caused by
dysfunction of the somatosensory nervous system secondary
to trauma, infection, or surgery. Neuropathic pain, which is
usually described as a burning, tingling, or shooting pain oc-
curring in the peripheral distribution of the affected nerve, is
not a diagnosis but a clinical description; it commonly persists
without a demonstrable lesion or an ongoing disease satisfy-
ing established neurologic diagnostic criteria. This type of
pain can be further divided into three subgroups: (1) sympa-
thetically mediated pain when a peripheral nerve lesion exists,
associated with autonomic modifications; (2) peripheral neu-
ropathy when damage to a peripheral nerve exists, without
autonomic alterations; and (3) central pain, which may be
experienced in conjunction with chronic pain disorders, oc-
curs when CNS changes exist. On clinical examination, there
may be associated sensory changes such as hyperalgesia (ex-
aggerated response to a stimulus that normally provokes pain)
or allodynia (autonomous generation of pain signals from a
stimulus that does not normally provoke pain).
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Whereas with neuropathic pain, sensory changes are con-
fined to the distribution of a specific peripheral nerve, in no-
ciceptive pain, there is generally a specified distribution of
pain localizing to an area of tissue damage or inflammation.
Nociceptive pain, often considered as “normal pain,” refers to
pain from noxious stimuli such as tissue damage or inflamma-
tion which is caused by direct activation of pain receptors
(nocireceptors) in nerve endings inside tissues. It is also pro-
voked by stimuli that would become noxious if prolonged.
The injured tissues may release chemicals such as prostaglan-
dins and bradykinins. This type of pain is often described as
aching, throbbing, or sharp pain and may be classified based
on the source and related nociceptors, or pain detecting neu-
rons. Cutaneous pain (nociceptors terminate just below the
skin tissue) is a well-defined, localized pain of short duration
owing to the high concentration of nerve endings. Somatic
pain (detected with somatic nociceptors originating from tis-
sues, including ligaments, tendons, cartilage, bones, and even
blood vessels) is a dull, poorly localized pain of longer dura-
tion than cutaneous pain due to scarcity of pain receptors in
these areas. Visceral pain (detected with visceral nociceptors
located inside the body’s organs and internal cavities) is usu-
ally more aching and of a longer duration than somatic pain.
This type of pain is extremely difficult to localize because of
even greater scarcity of nociceptors in these areas. The noci-
ceptive pain in pelvic may be visceral or somatic but it is
usually visceral and is provoked by distension, ischemia, or
spasm of pelvic organs secondary to thermal, chemical, and
mechanical stimuli. Pelvic region is innervated by the visceral
(T10-S5) as well as the somatic (T12-S5) nervous system
creating a complex anatomical and neurobiological network.

Inflammatory Pain

Inflammatory pain, that is associated with active inflammatory
process as a result of tissue injury, falls within the family of
nociceptive pain. The local inflammatory reaction irritates
nerve endings [18] and may also activate “sleeping” or “si-
lent” nociceptors which are not normally activated by me-
chanical or thermal stimuli and do not cause pain except at
extreme ranges of intensity. In inflammatory tissue disease
(e.g., endometriosis), there is not only an inflammatory pain
in response to tissue injury but also many silent visceral
nociceptors may respond to mechanical stimuli [19].There is
another mechanism for inflammatory pain, probably involved
in pelvic pain, called neurogenic inflammation, in which pro-
inflammatory neuromediators are secreted from nerve fibers
[20]. After tissue injury, sleeping nociceptors “wake up” in
response to endogenous chemical mediators that can excite
or lower thresholds of afferent vagal and afferent nerve noci-
ceptive fibers. Cytokines like interleukin (IL)-1 or tumor
necrosis factor (TNF) are main pro-inflammatory mediators

with direct impact on central sympathetic activity and noci-
ceptive nerve fibers [20].

Nociceptive and Neuropathic Pain May Coexist

All nociceptors have the capacity to become more easily ex-
citable (sensitized). A lower activation threshold of
nociceptors leads to the development of hyperalgesia with or
without allodynia. As a consequence, normally innocuous
stimuli may provoke pain. Pelvic pain originated from any
of closely related structures (i.e., genitourinary, gastrointesti-
nal, neurological, and musculoskeletal system) might have
elements of both neuropathic and nociceptive pain. More than
half of women with endometriosis-associated pain, for in-
stance, have a mixed nociceptive-neuropathic picture, though
in a small proportion definite neuropathic pain exist [21].

Psychogenic Pain

The etiology of pelvic pain is not always tissue injury and
psychosocial factors have a significant impact on the percep-
tion of pain. Pain signals can be amplified or even produced
by thoughts, emotions, or psychological conflict. A previous
meta-analysis suggested that sexual abuse, anxiety, and de-
pression predispose women to CPP [22]. The physical mani-
festation of unresolved emotional or psychological conflict
may therefore have a role in the etiology of pelvic pain.
Factors such as social supports, personal expectations of pain,
economic status, work, activity level, and anxiety level may
modulate the persistence of pain [4+].

Acute Versus Chronic Pain

As noted, the causes of pelvic pain can be categorized by
underlying mechanisms and anatomic considerations; howev-
er, it is preferable to use the timing of symptom onset for
classification.

Similar to the other types of pain, pelvic pain can be cate-
gorized to “acute” or “chronic” on the basis of pain duration.
Whereas acute pain represents a protective mechanism and an
adaptive response to potentially dangerous stimuli [23], CPP
represents a pathologic function of the nervous system and is
considered a maladaptive response. The CPP is clinically de-
fined as “noncyclic pain of 6 or more months duration that
localizes to the anatomic pelvis, abdominal wall at or below
the umbilicus, lumbosacral back or the buttocks and is of
sufficient severity to cause functional disability or lead to
medical care” [24]; it is frequently associated with maladap-
tive emotional, behavioral, sexual, and cognitive conse-
quences. When chronic pain occurs, neuropathic and inflam-
matory pains are two principal mechanisms involved in pain
perception [17e°].
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Referred Pain

Deep visceral pain has some overlap with somatic sensory
tracts in the spinal cord, causing “referred pain.” The referred
pain is a well-known phenomenon since the nineteenth centu-
ry that is defined by IASP as “pain perceived at a location that
is not the origin of the pain” [25]. Referred pain can elicit from
a variety of structures, including tendons, ligaments, visceral,
skeletal, and myofascial tissues. Although there is an increas-
ing body of literature on the subject, the underlying mecha-
nism is unknown [26, 27]. Despite this, there are several hy-
potheses and referred muscle pain may be linked to high sen-
sitivity of specific muscle nociceptors or central sensitization
[26].

The CNS Role in Pain Process Modulation

In UCPPS and other centralized pain syndromes, supraspinal
alternations in the CNS such as structural, molecular, and
physiological changes lead to pain despite no presence of
noxious input from the periphery [28¢¢]. The pain perception
could be modulated (amplified or suppressed) through multi-
ple mechanisms. “Endogenous pain inhibition” pathway aris-
ing from cortical and spinal mechanisms is an example of pain
reduction mechanism [29]. Widespread pain in fibromyalgia
and some other chronic pain conditions is related to a deficit of
endogenous pain inhibition system [30]. Notably, the
“neuromatrix” theory of pain (suggesting that the synaptic
architecture of a fixed combination of brain areas or
“neuromatrix” determines a characteristic output pattern or
“neurosignature” in all individuals) [31], has been debunked
by a newer idea of “cerebral signature” [32]—a dynamic brain
network which varies between individuals is active in pain
perception.

Central Sensitization
and Hypothalamic-Pituitary—Adrenal Axis

The sensory information from major pelvic organs is con-
veyed via the hypogastric plexus (the main autonomic neuro-
nal center of the pelvis) and pudendal (a major somatic nerve
of the sacral plexus) nerves. The cells in thoracolumbar and
sacral dorsal root ganglia are the first of several sensory neu-
rons that relay painful sensations from the pelvis to the brain.
It is worth noting that sensory information from all pelvic
structures may converge on to the same spinal cord neural
circuits. The majority of afferent neurons of dorsal root gan-
glia crosses over (decussates) at the level of the spinal cord
and ascends within the spinothalamic tract that synapses to the
thalamus. From there, signals go to multiple brain areas that
are responsible for the decoding of afferent input and for in-
dividual’s pain perception. These areas include the primary
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and secondary somatosensory cortices, cingulated cortex, pre-
frontal cortex, insular cortex, amygdala, and cerebellum. The
sensory input from pain afferent pathways can be augmented
or suppressed by these brain circuits and spinal cord descend-
ing pathways. The amplification of nociceptive signals in the
CNS may contribute to widespread pain. The potential mech-
anisms of centrally driven pain amplification and their role in
increased co-morbidity, poorer pain outcomes, and decreased
quality of life among patients diagnosed with CPS are
reviewed in detail elsewhere [2¢¢]. Briefly, central sensitiza-
tion and dysregulation of the hypothalamic—pituitary—adrenal
(HPA) axis are two main phenomena that have been suggested
to be associated with CPS [2e°].

The TASP defines central sensitization as “increased re-
sponsiveness of nociceptive neurons in the CNS to their nor-
mal or sub-threshold afferent input” [33]; it has been also
defined as “an amplification of neural signaling within the
CNS that elicits pain hypersensitivity” [9¢]. Sensory hypersen-
sitivity (decreased pain thresholds) and hypoesthesia (in-
creased detection thresholds) are both features of central sen-
sitization, and it presents with symptoms such as hyperalgesia
and/or allodynia [9e, 34]. The central sensitization is a central
process of the nervous system that encompasses altered sen-
sory processing in the brain, dysfunction of descending pain
inhibitory mechanisms, and higher activity of pain facilitatory
pathways as well as wind-up (or temporal summation of sec-
ond pain), and long-term potentiation of neuronal synapses in
the anterior cingulate cortex [2¢¢, 35]. The exact pathophysi-
ology of this phenomenon is unclear, but both top-down and
bottom-up mechanisms play an important role in its establish-
ment and maintenance [2¢, 35]. This central hypersensitivity
may not only explain the presence of chronic pain in the ab-
sence of peripheral pathology in CPP syndromes but also can
justify the discrepancy between the magnitude of tissue injury
with the magnitude of pain and disability [36].

Abnormal regulation of the HPA axis, as the primary stress
response system, is commonly seen in a variety of CPS [2ee].
Although acute stress would result in increased HPA axis ac-
tivity and a higher serum cortisol level, in chronic settings, this
response will burnout and the HPA axis is suppressed through
mechanisms yet to be fully elucidated [37¢¢]. This may be an
adaptive mechanism to counteract further tissue damage both
locally and systemically as a consequence of continued acti-
vation of fight-flight response systems in the body [38].
However, a low cortisol state in chronic stress can attenuate
stress-induced analgesia, which is proposed to facilitate the
fight-flight response, and consequently can cause chronic pain
disorders [2¢, 37+¢]. Chronic pain, on the other hand, can be
considered as a repeated stressor that may cause dysfunction
in the HPA axis [39]. It is of note that patients with CPS are
more likely to have a history of abuse or neglect and to present
with comorbid mood disorders, such as depression, anxiety, or
panic disorder [40]. This, at least in part, could be explained
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by the fact that neglect (or mistreatment) in early life not only
can permanently alter the function of HPA axis, which its
programming occurs early on in development, but also influ-
ences the downstream effects of HPA axis on nociceptive
processing in the periphery, including increased mast cell in-
filtration and activation which may result in sensitization of
nearby nociceptive afferents and eventually in central sensiti-
zation through long-term potentiation in the CNS [41].

Chronic Pain Conditions and Structural Changes
in the Brain

As noted before, it is uncertain whether long-term potentiation
in the spinal cord (bottom-up theory) or already existed chang-
es inside the CNS, regardless of peripheral drive (top-down
theory), or elements of both cause CPS. However, both of
these theories support changes in the CNS pathways that are
thought to be key factor for the maintenance of increased pain
perception. Brain imaging techniques like structural, diffu-
sion, and functional magnetic resonance imaging (MRI); pos-
itron emission tomography (PET); and electro- and magneto-
encephalography are now widely used. Among patients with
CPS, recent advances in neuroimaging technology have pro-
vided more accurate data on gray matter volume, functional
connectivity (i.e., communication between brain regions), and
metabolite levels in the areas of the brain that are active during
the perception of pain (i.e., the primary and secondary somato-
sensory cortices, cingulated cortex, prefrontal cortex, insular
cortex, amygdala, and cerebellum). This is giving us insight
into the complexity of the pain experience as well as into the
network activity, wiring, and neurochemistry related to the
production and modulation of painful experiences [42, 43].
Brain imaging studies in patients with chronic back pain
have shown a decrease in gray matter volume in pain-relevant
brain areas [44]. In contrast, patients with CPS experience an
increase in gray matter volume in similar areas of the brain
that is associated with more widespread pain and co-morbidity
[2e¢, 45¢¢]. Higher gray matter density within the somatosen-
sory cortex, amygdala, and hippocampus is seen in females
with CPP [46—48]. A well-designed study on women with
CPP and endometriosis (E) investigating all four possible
combinations (i.e., CPP/E_, CPP*/E", CPP /E*, CPP*/E")
showed that presence of pelvic pain, regardless of presence
or absence of endometriosis (CPP*/E~ and CPP*/E"), reduces
gray matter volume in pain-relevant brain regions [49]. In
women with endometriosis without pain (CPP™/E*), not only
these reductions were absent but also an increased volume of
the periaqueductal gray (PAG) was seen [49]. The PAG is one
of the key regions of the descending pain inhibitory system
(see paragraph below) and acts as an endogenous mechanism
of analgesia justifying why these women (CPP /E*) do not
experience pain. However, the mechanism(s) underlying alter-
ations in the volume of specific brain regions in chronic pain

are not fully understood [7]. Among CPS patients, changes in
structure and connectivity are specifically observed in the an-
terior cingulate cortex and insular cortex [46, 50, 51¢]. The
functional connectivity has been found between sensorimotor
and insular cortices in patients with UCPPS, again with asso-
ciation to greater widespread pain and lower quality of life
scores [50e, 52¢¢]. The UCPPS patients also exhibit abnormal
levels of brain metabolites such as choline and gamma
aminobutyric acid (GABA) in the anterior cingulate cortex
region that is involved in the processing and modulation of
pain; again, this is associated with greater functional connec-
tivity and negative mood [52¢¢].

In addition to that anterior cingulate and insular cortices
change can cause decreased descending inhibitory control
and facilitatory pain signaling, two other major components
of the descending pain inhibitory pathway in brainstem, i.e.,
the “PAG” and “rostral ventromedial medulla (RVM),” may
turn off nociceptive signals under normal conditions through
their connections into inhibitory interneurons in the spinal
cord [53]. Diminished function of the inhibitory interneurons
has been suggested as another underlying mechanism for cen-
tral sensitization [54]. Moreover, RVM may have facilitatory
effects on spinal nociceptive transmission and thereby contrib-
ute to the perpetuation of hyperalgesic states following periph-
eral tissue injury [55]. Additionally, long-term potentiation
and cortical plasticity are seen following peripheral nerve in-
jury [53] and remodeling of the central nucleus of the amyg-
dala, which is crucial for emotional response to pain and its
regulation, occurs as a result of increased peripheral input
[56].

CNS-Mediated Cross-Talk and Viscerovisceral
Interactions

The pain originating in one pelvic organ can be transmitted
and affect other adjacent organs. Even though the precise
mechanism underlying pelvic pain remains still unknown, it
is well known that a phenomenon called “neural crosstalk”
has a role in the overlap of CPP syndrome [4¢, 57]. The pelvic
organs and structures communicate through nerve connec-
tions or reflexes in which pain can also be referred to other
organs or areas; for example, some patients diagnosed with
interstitial cystitis also have symptoms for inflammatory bow-
el syndrome and some have also vulvodynia; scrotal pain may
switch laterality or become bilateral; or patients with chronic
prostatitis/CPP syndrome may develop concomitant scrotal
pain. This cross-talk between the organs is complicated and
may probably occur in any direction [58]. Therefore, as a
result of this cross-talk, on one hand, bladder damage can
cause dysmenorrhea and colorectal symptoms. On the other
hand, acute infective diarrhea may act as a trigger or initiating
factor for bladder symptoms. These cross-organ effects are at
least partly centrally mediated [4°].
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As one of the main factors contributing to the development
of CPP syndromes, there may be also visceral cross-sensitiza-
tion, where there is transmission of noxious stimuli from a
diseased pelvic organ to a nearby normal structure, causing
functional changes in the latter [4e, 17¢]. For details, the read-
er is referred to a recent review on this topic [17¢¢]. This pelvic
organ cross-sensitization is thought to be caused by underly-
ing viscerovisceral interactions and reflexes between urinary,
genital, and gastrointestinal systems thorough three different
interconnected neural pathways: (1) convergence of sensory
neural pathways within a dorsal root ganglion, from a diseased
pelvic organ to a normal nearby structure; (2) convergence of
afferent signals in the spinal cord; and (3) convergence of
afferent signals from two different pelvic organs in the brain.
Thus, these connections may be peripheral or can involve
central mechanisms.

Conclusions

Chronic pelvic pain can result from a variety of etiologies,
including endometriosis, cystitis, and prostatitis. These condi-
tions may have detrimental effects on daily life activities and
general well-being, often resulting in symptoms such as de-
pression and anxiety. The UCPPS were historically consid-
ered to be due solely to inflammation and tissue injury in the
pelvic area. However, a growing body of evidence, mostly
from neuroimaging, proposes that for many UCPPS patients,
the pain may be linked to the altered structure and function
inside the CNS. The phenomenon called as “central sensitiza-
tion” plays a major role in the development of CPP wherein
pain can be both generated and perpetuated by the CNS itself.
Similar changes may happen in other chronic pain conditions,
including fibromyalgia, irritable bowel syndrome, and chronic
fatigue syndrome which are commonly associated with
UCPPS. Although in many cases the symptoms may be local-
ized to a single pelvic organ, the CNS involving could lead to
a centralized pain syndrome influencing the whole pelvis and
as a consequence, causing multiple-organ symptomatology.
Therefore, the presence of central changes has the potential
to both exacerbate symptoms and predispose the individuals
to the development of additional chronic conditions. But it is
yet to be determined whether these central changes are a
cause, effect, or both of the painful symptoms. Patients with
CPP syndrome are often refractory to conventional treatments
and therefore, their management is actually challenging for
urologists and other physicians [59]. Investigating the
supraspinal changes may result in identifying new therapeutic
strategies for patients with UCPPS or other chronic pelvic
diseases. In addition, while it remains unknown to what extent
central changes can be reversed, prompt treatment of pain
symptoms, even without the presence of identifiable patholo-
gy, may prevent the development or at least minimize the
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progression of long-term central changes related to chronic
pain [59]. It is worth noting that strategies for the relief of
symptoms of CPP, which many of them start in adolescence
or early adult life, are likely to be of particular importance in
this subgroup of patients where the CNS is very plastic and
hence potentially more vulnerable to repeated episodes of
pain.
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