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ABSTRACT Endometriosis remains an enigmatic disorder in that the cause, the natural history, and the precise mechanisms by which it
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causes pain are not completely understood. The pain symptoms most commonly attributed to endometriosis are dysmenorrhea,

dyspareunia, and chronic pelvic pain. Pain may be due to nociceptive, inflammatory, or neuropathic mechanisms, and there is

evidence that all 3 of these mechanisms are relevant to endometriosis-associated pelvic pain. It is proposed that the clinically

observed inconsistencies of the relationships of endometriosis severity and the presence or severity of pain are likely due to

variable roles of different pain mechanisms in endometriosis. A better understanding of the roles of nociceptive, inflammatory,

and neuropathic pain in endometriosis is likely to improve the treatment of women with endometriosis-associated pelvic pain.
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Endometriosis is the presence of tissue with the histologic

appearance of endometrial glands and stroma that is located

outside of the endometrial cavity. The name ‘‘endometri-

osis’’ was first used by Sampson in the 1920s [1-3]. Although

a great deal has been learned about endometriosis since

Sampson’s landmark studies, there is still a great deal about

it that is unclear and controversial. It remains an enigmatic

disorder in that the cause, the natural history, and the precise

mechanisms by which it causes pain are not completely

understood [4]. In some patients it is aggressive and invasive,

yet in others it is a seemingly irrelevant and insignificant

finding; in some it is associated with incapacitating pain,

but in others it is just an incidental histologic diagnosis;

and in some cases it recurs ‘‘like dandelions in the grass,’’

whereas in others excision results in its total and permanent

elimination.

The prevalence of endometriosis in the general population

is believed to be 1% to 7% [5,6]. Because it is accurately

diagnosed only by surgical biopsy with histologic confirma-

tion, the true prevalence and incidence of endometriosis have

been difficult to determine. In many women with patent

fallopian tubes, it may be a normal consequence of menses,
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rather than a ‘‘disease’’ [7]. Yet in some of these women it

becomes a progressive process that results in symptoms

and is rightly considered a disease. Currently there are no

prospective criteria to identify which women are at risk for

progression.

The pain symptoms most commonly attributed to endo-

metriosis are dysmenorrhea, dyspareunia, and chronic pelvic

pain (noncyclic, non-menstrual pelvic pain) [8]. There is

a great deal of epidemiologic evidence supporting the associ-

ation of endometriosis and dysmenorrhea, dyspareunia, and

chronic pelvic pain. For example, in women who undergo

laparoscopy to evaluate chronic pelvic pain (CPP), endome-

triosis is found in at least 33%, compared with 5% in women

who undergo laparoscopy but do not have pain or infertility

[9]. This relative risk of 6.6 strongly supports the association

of endometriosis with CPP. The association of endometriosis

and CPP is further supported by the significant improvement

in CPP that is observed with surgical treatment of endometri-

osis [10,11]. Although there is good evidence supporting the

association of endometriosis with pelvic pain, and it is widely

believed that endometriosis is a cause of pelvic pain, it is

difficult to prove that endometriosis causes pelvic pain. The

observations that asymptomatic endometriosis occurs much

more frequently than previously reported (possibly in as

much as 45% of women) [7] and that it has been difficult

to demonstrate a direct relationship between the amount of

endometriosis and the presence or severity of pelvic pain

have led to some to question whether, in fact, endometriosis

is a cause of pelvic pain [12]. The objective of this review

is to examine the relationship of endometriosis and pelvic
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Table 1

Classification of mechanism of pain

Somatic or Visceral

Nociceptive

Inflammatory

Neuropathic
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pain from the perspective of modern concepts regarding pain

mechanisms. It is hoped that this examination will not only

address concerns regarding the relationship of endometriosis

and pelvic pain but also might lead to a more fruitful

approach to the treatment of chronic pelvic pain and endome-

triosis.

Psychogenic

Mixed

Idiopathic
Definition of Pain

Pain is defined as an unpleasant sensory and emotional

experience associated with actual or potential tissue damage,

or described in terms of such damage [13]. Careful review of

this definition makes it clear that pain is always subjective.

Universally it is the unpleasantness of the experience that

characterizes pain, and this makes pain an emotional experi-

ence, not simply a sensory experience. Each individual feels

and manifests pain on the basis of his or her history related to

injuries and pain, as well as numerous other biopsychosocial

factors. Accordingly, individuals describe and react to pain

on the basis of their own experience of actual or potential

tissue injury or damage, resulting in significant biologic

variation in pain and its manifestation. The definition of

pain avoids attaching pain to any specific stimulus. It is

important to recognize that actual tissue damage is not

needed for the generation of pain.

Chronic pain is usually defined as ‘‘pain that continues

beyond the expected healing time’’ [14]. This definition is

not readily applicable to chronic pelvic pain. Most gyneco-

logic experts have used duration of 6 or more months as

the major criterion of chronicity of pelvic pain (although 3

months is more consistent with the criterion proposed by

the International Association for the Study of Pain). There

is some controversy whether temporal characteristics such

as cyclic (dysmenorrhea), intermittent (dyspareunia), or non-

cyclic should be included in the definition. Pelvic is often

assumed an adequate description of location, but visceral

pain, which is often the source of chronic pelvic pain, may

be vaguely localized or may manifest referral outside of the

pelvis, so it may not be sufficient to simply state ‘‘pelvic’’

as the sole description of location. Additionally, chronic

vulvar pain may or may not be included as chronic pelvic

pain, depending on the definition of location. A proposed

definition of chronic pelvic pain is noncyclic pain of 6 or

more months’ duration that localizes to the anatomic pelvis,

anterior abdominal wall at or below the umbilicus, the lum-

bosacral back, or the buttocks and is of sufficient severity

to cause functional disability or lead to medical care [15].
Pathophysiology of Pain

There are several biologic mechanisms that may cause

pain (Table 1). The mechanisms that are most important clin-

ically are nociceptive, inflammatory, and neuropathic pain.

Nociceptive pain occurs in response to a noxious stimulus

that alerts the organism to impending or actual tissue injury.

It acts as an early warning system by announcing the presence
of stimuli that could damage or have damaged normal tissue.

Nociceptive pain is often thought of as ‘‘normal pain.’’ In-

flammatory pain is due to the response to tissue injury and

the resulting inflammatory process. Inflammatory pain may

also be ‘‘normal pain,’’ but in some cases it becomes chronic

or persistent and represents a pathologic pain mechanism.

Neuropathic pain is produced by damage to or dysfunction

of neurons in the peripheral or central nervous system. It be-

comes independent of any inciting event and frequently leads

to a chronic pain state. It is a pathologic pain mechanism.

Central sensitization and peripheral sensitization can be con-

sidered as components of neuropathic processes involved in

chronic pain, including chronic pelvic pain with endometri-

osis. Central sensitization is an increased responsiveness of

pain transmission by neurons in the spinal cord and upper

central nervous system and is usually caused by neurochem-

ical changes in the spinal cord, brainstem, or forebrain. Pe-

ripheral sensitization is an altered state of nociceptor

function, characterized by a lowered threshold of activation

and by an increased response to suprathreshold stimuli.
Nociceptive Pain and Endometriosis

Nociceptive pain includes 4 basic steps or processesd
transduction, transmission, modulation, and perception.

There usually is a noxious stimulus that initiates the nocicep-

tive pathway. At the nociceptive receptor the process of

transduction occurs, the conversion of the noxious stimulus

into a biochemical neural signal. Then there is transmission
of the neural impulse to the central nervous system. Within

the central nervous system modulation occurs, which may

either increase or decrease the intensity of the neural signal.

Ascent to the cerebral cortex leads to perception of the neural

signal as pain. Each of these 4 steps is essential for nocicep-

tion to lead to pain. The nerves that function as nociceptors

are primarily C and Ad fibers.

Nociceptive pain may be of somatic or visceral origin.

Much more is known about somatic than visceral pain,

although knowledge regarding visceral pain has been rapidly

expanding. Visceral nociception has a dual innervation, with

both sympathetic and parasympathetic neurons. In addition

to the lateral spinothalamic tract pathway, visceral pain also

has a dorsal midline pathway within the central nervous

system that distinguishes it from somatic pain. Only 2% to

10% of the total afferents to the spinal cord originate from



Table 2

Classification of causes of visceral pain

1. Mechanical obstruction of hollow viscera

2. Distention of visceral surfaces, e.g., ovarian capsules

3. Vascular disturbances

4. Referred from nonabdominal viscera

5. Metabolic causes
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visceral nociceptors. This undoubtedly contributes to the

poor localization of visceral pain. Because endometriosis

occurs most commonly in pelvic viscera and visceral perito-

neum, pain caused by endometriosis is usually visceral in

origin. Visceral pain has a number of clinical characteristics

that distinguish it from somatic pain: (1) not all viscera are

sources of visceral pain, possibly because of lack of sensory

receptors or the lack of an appropriate nociceptive stimulus;

(2) it is not always linked to injury and thus may be func-

tional; (3) it frequently results in somatic referral of pain, pos-

sibly because of central convergence of visceral and somatic

afferents; and (4) it tends to be diffuse or poorly localized,

probably because of the low concentration of nociceptive

afferents within viscera [16]. All of these characteristics of

visceral pain are important in trying to understand the com-

plexity of endometriosis associated pelvic pain.

Referral is a fundamental and common characteristic of

visceral pain, yet it is often overlooked in the evaluation

and management of women with endometriosis. There is sig-

nificant overlap of pathways within the same spinal segments

of visceral and somatic structures (viscerosomatic conver-

gence), and this is likely the basis of referred pain [16].

Referral means that pain is felt at a location that is distant

from the affected viscera. Referred visceral pain may occur

without hyperalgesia, meaning that pain is felt in areas of

the somatic referral, but with no hyperalgesia at the somatic

location (that is, there is no increase of pain with stimulation

of the somatic areas of referred pain). Referred visceral

pain also may occur with secondary hyperalgesia, meaning

the pain threshold is decreased in the somatic areas of pain

referraldand there even may be allodynia (meaning that

nonnoxious stimulation of the somatic area of referred pain

provokes pain). Anecdotally, referred pain with secondary

hyperalgesia appears to be common with chronic visceral

pain. There also may be a state of sustained contraction in

the muscles of the referred area in many cases. This second-

ary muscular reaction can at least partially explain the clini-

cally observed improvement of chronic visceral pain with

physical therapy treatment. It may also explain the clinical

observation of lower abdominal wall tenderness that mimics

myofascial pain syndrome of the abdominal wall in many

women with chronic pelvic pain [17].

It is important to note that the stimuli that activate somatic

nociceptorsdcutting, crushing, and burning, for exampled
do not generally cause visceral pain. These observations at

one time led clinicians to question the existence of nocicep-

tors in viscera. There is clear evidence, however, that noci-

ceptors are found in the viscera, including the reproductive

organs [16,18-20]. The serosal membranes of hollow viscera

tend to be the most sensitive to nociceptive pain, and solid or-

gans tend to be less sensitive. It is important, also, to note that

the severity of visceral pain does not always reflect the sever-

ity of the pain-generating condition, even in acute visceral

pain. For example, viral gastroenteritis may result in severe

cramping pain, whereas there may be no pain generated by

ovarian cancer. Such observations may be relevant to endo-
metriosis-associated pain, which may be a generator of func-

tional visceral pain, even though endometriosis is rarely, if

ever, a life-threatening disease. Visceral nociceptive pain is

generated in response to the following: (1) distention of

a viscous or an organ capsule, (2) spasm of visceral muscular

fibers, (3) ischemia from vascular disturbances, (4) hemor-

rhage, (5) neoplasm, (6) inflammation, or (7) traction on mes-

entery (Table 2). Inflammation has a particularly important

role in visceral endometriosis associated pain. This is signif-

icant because inflammation has some unique effects relative

to visceral pain, especially the activation of ‘‘silent nocicep-

tors.’’ There is ample evidence that many nociceptors in vis-

cera are silent nociceptors [21]. These silent nociceptors do

not normally respond to intense mechanical or thermal stim-

uli, but when there is inflammation of the surrounding tissue,

they become sensitized and respond to stimuli such as pres-

sure, distension, or heat. This may have an important role

in women with endometriosis, because many visceral noci-

ceptors, especially silent nociceptors, may only respond to

mechanical stimuli when inflammatory tissue disease, such

as endometriosis, is present.

There are several lines of evidence that endometriosis can

cause nociceptive pain. First, for endometriosis to cause pain

via a nociceptive mechanism, there should be nociceptors at

or near endometriosis lesions so that endometriosis can act as

a noxious stimulus and trigger transduction. There is ample ev-

idence for the presence of nociceptors in or near endometriosis

lesions. For example, a study by Tokushige et al. [22] showed

that the density of nerve fibers in peritoneal endometriosis

lesions of women with symptoms was 6-fold greater than in

peritoneum of women without endometriosis or pain. Most

of the nerve fibers in close proximity to endometriosis glands

were shown to be unmyelinated nerve fibers (i.e., most likely

C fibers). Several of the patients with endometriosis also had

endosalpingiosis lesions, and interestingly the density of nerve

fibers in endosalpingiosis lesions was not different from that in

normal peritoneum. A study by Tulandi et al. [23] found more

nerve fibers in the peritoneum of women with endometriosis

than in a control group without endometriosis (mean nerve

scores of 1.8 6 0.2 versus 1.3 6 0.4; 95% confidence interval

of the difference between the means, 0.29 – 0.71). Although

they could not show a difference between those with and with-

out pain in the endometriosis group, they found that the dis-

tance between nerve fibers and endometriosis lesions tended

to be less in women with pelvic pain than in those with no

pain. A study by Mechsner et al. [24] did not find a difference

in the concentration of nerves in the peritoneum of control
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subjects versus cases with endometriosis. However, they found

that 74% of the endometriosis lesions had nerve fibers in direct

contact with the lesions. Immunohistochemical double staining

against neurofilaments and substance P confirmed that these

were sensory nerve fibers.

Endometriosis may cause somatic nociceptive pain, also. A

study by Anaf et al. [25] of rectovaginal septum endometriosis

nodules showed that myelinated nerve fibers (likely to be Ad
fibers) were present and were usually encapsulated in nodular

fibrosis. They showed that there was perineural and endoneural

invasion as well. They were able to show that pain levels cor-

related with the amount of nerve encapsulation in fibrosis

and endometriosis lesions, and the degree of perineural and en-

doneural invasion. Ad fibers generally transmit first pain and

somatic pain. Their presence in rectovaginal endometriosis

nodules may explain the marked tenderness that is observed

with palpation of these deeply invasive lesions.

In addition to this clinical evidence for the presence of

nociceptive nerve fibers in or near endometriosis lesions, there

is also experimental evidence. Sharpe-Timms [26], Berkley

et al. [27], and Giamberardino et al. [28] used a rat model

that appears to be valid for studying both the signs and symp-

toms of endometriosis. They have shown in these rats that en-

dometriotic cysts are invaded by sensory and sympathetic

nerves, forming a nerve supply similar to that of the healthy

rat uterus [29]. Berkley et al. [27] have reported similar findings

in endometriosis implants from women. Taken together, the ev-

idence from these clinical and experimental studies provides

strong support for the presence of innervation in endometriosis

lesions that would allow them to cause nociceptive pain.

The other major line of evidence for nociceptive pain as

a mechanism of endometriosis associated pelvic pain comes

from clinical trials of laparoscopic surgical ablation or exci-

sion of endometriosis. As previously reviewed, nociceptive

pain is triggered by a noxious stimulus. In this case, the

proposal is that endometriosis serves as a noxious stimulus.

With purely nociceptive pain, when the noxious stimulus is

removed, the pain should cease. Two well-designed, pla-

cebo-controlled, double-blinded clinical trials show that sur-

gical destruction or removal of endometriosis lesions results

in significantly improved perception of clinical pain [10,11].

This is forceful evidence that nociceptive pain is an important

mechanism in endometriosis-associated pelvic pain.

However, it is important to recognize that there was incom-

plete relief of pain in both of these clinical trials of surgical

treatment, that is, many patients continued to have some degree

of pelvic pain. There are many potential reasons for this, includ-

ing the possibility of other pain generators, such as interstitial

cystitis or irritable bowel syndrome, but one likely explanation

is that pain with endometriosis is not just nociceptive but in-

volves inflammatory and neuropathic mechanisms as well.
Inflammatory Pain and Endometriosis

Inflammation is one of the major mechanisms that cause

visceral pain. There is abundant evidence that endometriosis
is a pelvic inflammatory process, that is, endometriosis

generates significant inflammatory responses, consistent

with the hypothesis that much of the pain associated with

endometriosis is inflammatory in origin. The data regarding

inflammation in endometriosis are extensive, so only a limited

review will be done.

Monocyte Chemotactic Protein-1

A number of studies show that the peritoneal fluid of

women with endometriosis contains increased numbers of

activated macrophages [30]. Monocyte chemotactic protein

1 (MCP-1) appears to be at least 1 of the factors responsible

for this increase of activated macrophages. MCP-1 is a potent

chemotactic and activating factor specific for monocytes [31]

and concentrations of MCP-1 are high in the peritoneal fluid

of women with endometriosis [32]. MCP-1 may stimulate en-

dometrial cell proliferation, in addition to stimulating macro-

phages to secrete growth factors and cytokines [32,33]. This

leads to increased levels of many inflammatory cytokines in

the peritoneal fluid of women with endometriosis [30].

Tumor Necrosis Factors

Tumor necrosis factors (TNF) are cytokines that have an

essential role in the inflammatory process. TNF-a is produced

by several cell types involved in the inflammatory response -

neutrophils, activated lymphocytes, macrophages and natural

killer cells. There is evidence that TNF-a promotes the adher-

ence of stromal cells to the mesothelium [34] and stimulates

proliferation of endometriosis stromal cells. Both of these are

mechanisms by which TNF-a may be important in the path-

ogenesis of endometriosis, and it has been suggested that

TNF-a is one of the essential factors for the pathogenesis

and maintenance of endometriosis [35]. Concentrations of

TNF-a in peritoneal fluid are higher in women with endome-

triosis than in patients with normal pelvic anatomy [36] and

peritoneal fluid TNF-a concentrations correlate with the stage

of endometriosis [36,37]. Serum TNF-a levels also are signif-

icantly increased in patients with endometriosis, especially in

early stages of the disease [38,39]. These findings regarding

TNF-a in endometriosis are relevant to endometriosis associ-

ated pelvic pain, as the role of TNF-a in chronic pain is well

documented [40]. Also, TNF stimulates the expression of

prostaglandin synthase-2, which in turn increases the produc-

tion of prostaglandins E2 and F2a, an indirect mechanism by

which TNF may cause inflammatory pain [41].

Interleukins

Interleukins (IL)-1, -6 and -8 have been investigated in

the pathogenesis of endometriosis by determining their levels

in peritoneal fluid and blood of women with endometriosis.

IL-1 has many biologic functions, but with regard to endome-

triosis pain, there are 2 properties that are likely of most

importance. First, it induces the synthesis of prostaglandins,

important inflammatory and pain mediators. Second, it
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stimulates fibroblast proliferation, collagen deposition, and

fibrinogen formation, which can contribute to the fibrosis

and adhesion formation associated with endometriosis.

Most, but not all, studies have found high concentrations of

IL-1 in the peritoneal fluid of women with endometriosis

[42,43].

IL-6 is a pleiotropic cytokine that is an activator of macro-

phages and promotes cellular proliferation of endometrium.

Increased concentrations of IL-6 have been noted in ectopic

endometrial tissue cultures [44] and peritoneal fluid of

women with endometriosis [45] (although not all studies

have confirmed this finding [46]).

IL-8 is a strong angiogenic, proinflammatory, and growth-

promoting cytokine. IL-8 may attract and activate macro-

phages, neutrophils, and T cells, and mediate local and

peritoneal inflammatory responses. Increased concentrations

of IL-8 in the peritoneal fluid from women with endometri-

osis have been reported, correlated with the severity of the

disease [39,47].
Table 3

The levels of Cox-2 enzyme in the epithelium and the stroma of en-
dometriosis lesions (endometriosis), the eutopic endometrium of
women with endometriosis (eutopic endometrium), and the endo-
metrium of women without endometriosis (control endometrium)

Cox-2 enzyme level

Epithelium

Endometriosis 74
Nerve Growth Factors

Intense immunoreactivity for nerve growth factor (NGF)

has been reported near endometrial glands in peritoneal endo-

metriotic lesions [22,28]. Anaf et al. [48] were able to show

that NGF expression was greater in peritoneal, ovarian, and

rectovaginal endometriosis than in eutopic endometrium.

The highest levels were in rectovaginal lesions.

NGF promotes sprouting of nociceptors, increases the

number of sensory neurons, and is known to contribute to

persistent inflammatory pain [49]. Although NGF may play

a role in nociceptive pain with endometriosis by promoting

the sprouting of nociceptors, it may also contribute to inflam-

matory pain (and to neuropathic pain) in endometriosis. NGF

can function as a pain mediator and is believed to be involved

directly in hyperalgesia and persistent inflammatory pain

[49]. NGF also induces the expression of substance P and

calcitonin gene–related peptide, which are neuropeptides

involved in modulation of central pain transmission. It selec-

tively increases small fiber sensory and sympathetic ganglion

neurons that mediate pain sensation. Its overexpression in

endometriosis might explain the occurrence of pain and

hyperalgesia in many patients with endometriosis.

Estrogens increase levels of NGF in the uterus [50]. In an

animal model (golden hamster), the expression of NGF is

regulated by estrogen and progesterone [51]. These observa-

tions may have relevance to both the increase and decrease of

pelvic pain with changes of hormone levels, especially with

treatments that suppress estrogen levels, such as GnRH

agonists.

Eutopic endometrium 58

Control endometrium 50

Stroma

Endometriosis 27

Eutopic endometrium 27

Control endometrium 13

Adapted from data of Matsuzaki et al [55].
Prostaglandins

Endometriotic implants contain both estrogen and proges-

terone receptors and respond to changes of hormonal levels

with bleeding or production and release of inflammatory me-
diators, especially prostaglandins E2 and F. These prosta-

glandins are mediators of inflammation, as well as direct

generators of pain. They directly activate nerve endings to

pain, and they trigger the release of other algesic mediators

(for example, histamine, serotonin, nerve growth factor,

and prostanoids) from other cells and afferent nerves.

For a long time, it has been thought that prostaglandins are

involved in endometriosis-related severe dysmenorrhea, and

probably dyspareunia and nonmenstrual pelvic pain [52-54].

Some of the data suggest that endometriotic lesions actually

may produce greater amounts of prostaglandins than does

eutopic endometrium. With an in vitro model with tissue

from clinical specimens, Koike et al. [54] showed that pros-

taglandin production was significantly higher in endometrio-

mas and adenomyosis than in normal ovary and normal

endometrium. Prostaglandin production correlated with the

severity of dysmenorrhea of the patients in this study [54].

The increase of prostaglandin E2 is due to up-regulation of

the Cox-2 isoenzyme. Cyclooxygenase (Cox) is the rate-

limiting enzyme that catalyzes the initial step in formation

of PGs from arachidonic acid. Cox is expressed as 2 separate

enzymes, Cox-1 and Cox-2. Cox-1 is expressed constitu-

tively, whereas Cox-2 is an inducible enzyme with low or

undetectable levels in most tissues. Cox-2 expression is

induced by a number of inflamatory, mitogenic, and physical

stimuli.

Thus one would expect that prostaglandins in endometri-

osis would be produced mainly by Cox-2. Matsuzaki et al.

[55] published evidence supporting this hypothesis. They

found higher levels of Cox-2 in the epithelium and the stroma

of endometriosis than in normal endometrium from controls

without endometriosis (Table 3). They also found higher

levels of Cox-2 in the stroma of eutopic endometrium of

women with endometriosis than in the stroma of women

without endometriosis. Ota et al. [56] have published similar

results, showing higher levels of Cox-2 in endometriosis than

in endometrium from controls. These data support the con-

clusion that Cox-2 is induced by endometriosis and leads to

higher levels of prostaglandins.
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Cox-2 is stimulated by estradiol. Prostaglandin E2 also is

the most potent of the known stimulators of the steroidogenic

acute regulatory proteins and aromatase, enzymes that are

important in the production of estradiol and that have been

shown to be present in endometriotic implants. Thus a posi-

tive feedback loop appears to be present in endometriosis that

favors the continuous formation of estradiol and prostaglan-

din E2. This mechanism is consistent with the observation

that endometriosis and endometriosis associated pelvic pain

appear to be responsive to treatment with aromatase inhibi-

tors.

The induction of Cox-2 is probably the mechanism by

which estrogens stimulate production of prostaglandins

[57]. It may be that hormonal medications that suppress estro-

gen levels relieve endometriosis pain by decreasing the

production of prostaglandins.

Mast Cells

Mast cells play a central role in inflammatory reactions.

They store numerous inflammatory mediators, such as hista-

mine, proteases, cytokines, chemotactic factors, and metabo-

lites of arachidonic acid. Mast cells settle in connective

tissues and usually do not circulate in the bloodstream. In

the setting of inflammation, mast cells degranulate and

release their inflammatory mediators and may activate or

sensitize primary nociceptive neurons. NGF is one of the

important inflammatory products released (see above discus-

sion). NGF has the ability to attract more mast cells and trig-

ger further mast cell degranulation.

Increased numbers of activated and degranulating mast

cells have been found near endometriotic lesions, often close

to nerve fibers [58]. Deeply infiltrating lesions (which consis-

tently cause pelvic pain) contain significantly more activated

mast cells than peritoneal and ovarian lesions (which are less

consistent sources of pelvic pain). Deeply infiltrating lesions

also show more mast cells in close proximity with nerves than

peritoneal and ovarian endometriosis [58]. Degranulating

mast cells have also been demonstrated within the nerve struc-

tures, especially in the perineurium, in endometriosis lesions.

These findings suggest a possible role for mast cells in the oc-

currence of fibrosis and adhesions in endometriosis, as well

as the production of pain. Clinically, deeply infiltrating endo-

metriosis lesions are consistently exquisitely tender to palpa-

tion, usually demonstrating hyperalgesia or allodynia. These

abnormal pain responses are characteristic of inflammatory

pain (and neuropathic pain, too, to be discussed in the next

section).

Mast cells also have been associated with interstitial

cystitis and irritable bowel syndrome [59–64]. An increase

of mast cells has been described in the bladder with intersti-

tial cystitis/painful bladder syndrome and the colonic mucosa

in irritable bowel syndrome. Whether this is a mechanism

that contributes to the frequent coexistence of interstitial

cystitis or irritable bowel syndrome in patients with endome-

triosis deserves investigation.
Treatment and Treatment Implications

There are several laboratory and clinical studies suggest-

ing efficacy of treatment of endometriosis associated pain

via treatment of inflammatory pain. There are limited and

inclusive data from clinical trials, however.

Studies of baboons have shown that treatment with anti-

TNF-a (etanercept) can inhibit or treat the development of

endometriosis [65,66]. In a rat model of endometriosis a pla-

cebo-controlled study showed that loxoribine, a potent

immunomodulator, caused marked regression of both epithe-

lial and stromal components of endometriosis and that the

number of natural killer cells was significantly reduced in

loxoribine-treated explants. Pain was not evaluated in these

animal models, and whether these treatments decrease pain

has not been demonstrated. A case report of treatment of

rheumatoid arthritis with etanercept in a patient with stage

IV endometriosis did not appear to cause any regression or

decrease of the stage of endometriosis or of the patient’s

pelvic pain [67]. A randomized placebo-controlled trial of

the anti-TNF-a drug infliximab did not show efficacy in pa-

tients with symptoms and with deep rectovaginal endometri-

osis [68].

Pentoxifylline has a number of inhibitory effects on the

inflammatory response. It inhibits phagocytosis and the

generation of proteolytic enzymes by macrophages and gran-

ulocytes in vitro and in vivo. It also inhibits tumor necrosis

factor production in vitro and reduces the inflammatory

action of TNF and interleukin-1 on granulocytes in vitro.

A randomized trial of postoperative treatment with pentoxi-

fylline showed statistically significantly lower visual analog

scale (VAS) pain levels at 2 and 3 months after surgery com-

pared with control subjects (VAS pain scores were about

33% lower in the pentoxifylline group) [69].

Given the significant increase of prostaglandin levels in

endometriosis, it would be expected that nonsteroidal antiin-

flammatory drugs would relieve endometriosis associated

pain. Unfortunately, this has not been very well studied.

A small double-blind, placebo-controlled crossover clinical

trial with naproxen sodium treatment of 24 patients with

endometriosis-associated dysmenorrhea showed substantial

pain relief in 83% with naproxen sodium and in 41% with

placebo (p 5 .008) [70]. Additional analgesics were needed

in only 5% of the naproxen sodium-treated women compared

with 36% of the placebo-treated women (p 5 .002). Non-

menstrual pain was not evaluated in this study.

The Cox-2 inhibitor, rofecoxib, has been shown to effec-

tively relieve dysmenorrhea, dyspareunia, and nonmenstrual

pain in a randomized placebo controlled trial of treatment of

endometriosis-associated pain (Table 4) [71]. (Rofecoxib is

no longer on the market.)

In summary, there is ample evidence that endometriosis

can cause pain through an inflammatory mechanism. Inflam-

matory pain appears to be major component of endometriosis

associated pelvic pain. As previously discussed, the presence

of inflammation activates silent nociceptors and significantly



Table 4

Results of a randomized, placebo-controlled trial of treatment of
endometriosis associated pelvic pain with the COX-2 inhibitor
rofecoxib

VAS pain levels

Pain symptom

Before

treatment

Rofecoxib

treatment

Placebo

treatment

Dysmenorrhea 8.0 3.0 5.5

Dyspareunia 7.3 1.5 5.0

Chronic pelvic pain 6.0 1.5 4.3

Adapted from data of Cobellis et al [71].
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enhances both the sensitivity and the severity of visceral pain.

Also, because of viscerovisceral convergence, sensitization

because of inflammation will affect pain sensation from other

viscera, such that they start to respond to previously innocu-

ous physiological stimuli. This mechanism may contribute to

dyspareunia, painful bladder, and irritable bowel symptoms,

as is frequently observed in women with endometriosis.

Again, current concepts regarding pain would suggest that

this cooccurrence of visceral pain syndromes is due to

visceral cross-sensitization. Visceral cross-sensitization is

believed to be due to increased, persistent nociceptive input

from inflamed reproductive system organs (because of endo-

metriosis) that sensitize neurons, particularly at the dorsal

root ganglion (DRG), that receive input not only from the

inflamed reproductive organs, but also from unaffected vis-

ceral organs (such as the bladder or colon)da phenomenon

called ‘‘convergent input’’ or ‘‘convergence.’’ There is

experimental evidence for such convergence. For example,

a study in rats found that about 5% of DRG neurons at the

L1-S3 level were purinergic (ATP-sensitive purinergic recep-

tors) and specific for the colon and rectum. About 5% were

vanilloid (capsaicin-sensitive vanilloid–TRPV1) and specific

for the uterus. But 10% to 15% were positive for both puri-

nergic and vanilloid, meaning they innervated both the

colon/rectum and uterus [72]. These findings suggest that

visceral sensory integration or convergence in the DRG

may underlie comorbidity of many functional visceral pain

syndromes.
Neuropathic Pain

Neuropathic pain is pain produced by damage to or dys-

function of neurons in the peripheral or central nervous sys-

tem. As implied by this definition, neuropathic pain may be

peripheral or centraldor both. Peripheral neuropathy results

from damage to cells in the peripheral nervous system, the net-

work of the nerves and neurons outside of the central nervous

system. There are numerous possible causes of peripheral

neuropathy, such as diabetes, excessive alcohol consumption,

nutritional deficiencies, toxic exposures, and prolonged pres-

sure or injury to any specific peripheral nerve. Some of the

mechanisms that are thought to be involved in peripheral

neuropathy include sensitization of nociceptors, ectopic

neuronal discharges, ephaptic transmission between fibers
(transmission of a neural impulse across an ephapse as op-

posed to a synapse), increased sensitivity of adrenergic recep-

tors, and a dysfunction of the nervi nervorum. Central

neuropathic pain refers to dysfunction of the brain or spinal

cord, and it is not as well defined as peripheral neuropathy.

Some of the mechanisms that are believed to be involved in

central neuropathic pain include neural plasticity and central

sensitization. Overall, the evidence for neuropathic pain

mechanisms in endometriosis-associated pelvic pain is not

as substantial as that for nociceptive and inflammatory pain

mechanisms.

Mechsner et al. [24] also showed that growth-associated

protein 43 (GAP-43), which is a marker molecule for neural

outgrowth and regeneration, was moderately to strongly

expressed in endometriosis-associated nerve fibers but was

negatively to weakly expressed in the peritoneal nerve fibers

distant from the endometriotic lesions and in nerve fibers of

samples of samples collected from controls. The expression

of GAP-43 in endometriosis-associated nerve fibers appears

to support the idea that endometriosis has neurotropic prop-

erties that may lead to changes in the nervous system and

supports the possibility of neuropathic pain in endometriosis.

The potential of neuropathic pain with endometriosis is

suggested by the previously discussed study of Anaf et al.

[73], also. They evaluated mast cells and nerves in endometri-

osis, especially deeply invasive endometriosis. Neuropathic

pain is usually accompanied by nerve injury, and the observa-

tion of nerve invasion by endometriotic stromal cells is con-

sistent with other invasive peripheral neuropathies (e.g.,

Pancoast syndrome). Additionally, the activation of mast cells

that was found in this study may contribute indirectly to the

development of neuropathic pain. There is ample evidence

that cells involved in the immune response, such as mast cells

and macrophages, contribute to neuropathic pain [73].

Other indirect support for neuropathic pain as a mechanism

in endometriosis-associated pain comes from the previously

discussed rat model of endometriosis. The experimentally in-

duced endometriotic mesenteric cysts were found to be inner-

vated by both sympathetic and sensory C and Ad fibers,

consistent with the ability to generate nociceptive visceral

pain [29]. These rats, however, were found to have vaginal hy-

peralgesia (analogous to the vaginal hyperalgesia and dyspar-

eunia observed in women with endometriosis associated

pelvic pain). There is no direct nerve supply from the mesen-

teric endometriotic lesions in these rats and the vagina. The

nerve supply of the implants connects with the central nervous

system via the splanchnic and vagus nerves, suggesting that

the vaginal hyperalgesia in this model involves central neural

mechanisms. It is suggested that this hyperalgesia involves

viscerovisceral interactions and is likely mediated by the cen-

tral nervous system, because the cysts are located in sites re-

mote from the vagina. This suggests that central sensitization

may be contributing to pain in this experimental model. This

hypothesis of a central neural mechanism is further supported

by experimental and clinical evidence of ureteral hyperalgesia

in rats, and in women, with endometriosis [28,74].



Table 5

Concentration of nerve fibers in the lower segment of the uteri of
women with endometriosis and pelvic pain, with chronic pelvic
pain (CPP) without endometriosis, and without endometriosis or
CPP

Endometriosis CPP No CPP

Nerve fibers/0.5 mm3 32 22 12

Microneuromas 9 7 2

Perivascular nerve fiber proliferation 13 9 8

Adapted from data of Atwal et al [79].
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There is evidence for central sensitization in women with

endometriosis associated pain, also. Patients with endometri-

osis experience increased pain intensity and larger areas of

pain than controls without endometriosis when their hand

muscles are injected with saline. The hand muscles are

a site distant from regions where pain is normally experi-

enced by patients with endometriosis. Dysfunction of the

central nervous system with central hyperexcitability and

central sensitization seems the likely explanation for this

observation [28,75].

There is evidence suggesting peripheral neuropathy also

may be a mechanism in endometriosis associated pelvic

pain [76]. Tokushige et al. [76] found multiple unmyelinated

nerve fibers in the functional layer and myelinated nerve

fibers in the basal layer of the endometrium in patients with

endometriosis, but no such fibers in patients without endome-

triosis. The only exception was the presence of myelinated

nerve fibers in the basal layer of one patient with pelvic

pain but not endometriosis. Unmyelinated nerve fibers were

present in the basal layer of the endometrium in women

with and without endometriosis but were present in far

greater numbers in women with endometriosis. There was

a greater density of nerve fibers in the functional and basal

layers of the endometrium in the secretory phase than in

either the menstrual or proliferative phases. In the myome-

trium, small unmyelinated and large myelinated nerves

were present in women both with and without endometriosis

but were in significantly greater numbers in those with endo-

metriosis.

In a subsequent study, these researchers showed that the

functional layer of the endometrium in women with endome-

triosis is innervated by sensory C fibers and the basal layer of

the endometrium is innervated by a mixture of sensory Ad,

sensory C, and adrenergic fibers [77]. This may be one of

the changes that accounts for the high prevalence of dysmen-

orrhea in women with endometriosis associated pelvic pain.

In another study they were able to show significantly reduced

nerve fiber densities in the endometrium and myometrium

from 26 women with endometriosis who were taking either

oral progestogens or combined oral contraceptives, com-

pared with women who had laparoscopically confirmed

endometriosis but were not receiving any treatment [78].

Other evidence for abnormal innervation in endometriosis

comes from work published by Atwal et al [79]. They studied

nerve fiber concentration, microneuroma formation, and

perivascular nerve proliferation within the lower segment

of the uterus and found that these changes were much more

prominent in uteri from women with endometriosis and

with chronic pelvic pain than from women without either

(Table 5). They attributed these changes to denervation-

reinnervation of the uterus. These changes appeared to be

more frequent with endometriosis than with chronic pelvic

pain without endometriosis.

The observed changes of innervation of the endometrium,

myometrium, and peritoneum of women with endometriosis

do not prove the presence of peripheral neuropathic pain, but
are consistent with the hypothesis that peripheral neuropathic

pain may be a mechanism for pain in some women with

endometriosis. In particular, abnormal neoinnervation of

the uterus is likely to be a source of peripheral neuropathic

pain that may explain the clinically reported improvement

in endometriosis associated pain when the uterus is removed,

but the ovaries and presumed microscopic disease are left in

place.
Implications for Clinical Practice

The gynecologist, who is usually oriented toward patho-

logic and anatomic findings in his or her view of disease,

tends to believe that endometriosis-associated pain should

be proportional to the physical extent of disease. This reflects

the belief that pain is totally the result of the hard-wiring by

the nerves of the pelvis. But this is not the case. The ‘‘soft-

ware’’ of the nervous system is just as important, if not

more so, than the ‘‘hardware.’’ The ‘‘software’’ or program-

ming of the nervous system, including pain perception, is the

result of numerous factors, including genetics, environment,

and prior experiences. The differences in such factors in dif-

ferent individuals undoubtedly has much to do with the

observations that only half of women with endometriosis

have any pain and that pain inconsistently correlates with

the extent of disease. Given the biologic diversity of human

beings, this variability should not be surprising, nor should

it be surprising that there may be some individuals who

have a neurotransmitter genotype that makes them more

vulnerable to the development of chronic pain [80,81].

Furthermore, it seems likely that nociceptive, inflammatory,

or neuropathic mechanisms will vary among different

individuals and that 1, 2, or all 3 may be operative at any

given time in an individual patient. Additionally, as the

disease evolves over time, new or additional mechanisms

may develop a significant role in the cause or maintenance

of chronic pain. This also may be an underlying factor in

those with multiple pain disorders, such as fibromyalgia, irri-

table bowel syndrome, interstitial cystitis, and endometriosis.

In clinical practice, the conclusion that endometriosis is

a cause of or a contributor to chronic pelvic pain in women

should be based on a thorough history and physical examina-

tion, and histological confirmation that endometriosis is actu-

ally present. The history and examination must include a

compulsive attempt to find other visceral or musculoskeletal
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disorders that might be causing or contributing to pain. Our

experience in a referral practice suggests that endometriosis

is rarely a solitary diagnosis. We find that less than 20% of

patients with endometriosis have no other pain-related

diagnoses (Droz and Howard, unpublished data, 2009).

Endometriosis cannot be diagnosed without histological

confirmation of ectopic endometrium. Having said that, it

must also be recognized that women with and without endo-

metriosis may have identical pain symptoms, including the

classic endometriosis triad of dysmenorrhea, dyspareunia,

and chronic (nonmenstrual) pelvic pain.

It seems likely that most women with endometriosis-

associated pelvic pain have nociceptive pain, and there is clear

evidence that removal of endometriosis lesions decreases

pain. The gynecologist should continue to treat endometriosis

as a disease that causes nociceptive paindand should con-

tinue to laparoscopically excise the lesions and continue to

use pharmacologic treatments that inactivate or cause regres-

sion of lesions [82]. However, the recurrence or persistence of

painful symptoms is high after medical treatments and after

laparoscopic surgery [83,84], even when no other diagnoses

are present to account for pelvic pain. This strongly suggests

that the traditional approaches to treatment of endometriosis

as a cause only of nociceptive pain are not sufficient. As

had been reviewed, there is evidence that endometriosis

may generate pain via inflammatory and neuropathic mecha-

nisms, and there is preliminary evidence that treating patients

with endometriosis associated pelvic pain with therapies

directed at inflammatory and neuropathic mechanisms may

be beneficial. It is hoped future research will confirm that

a multimechanistic approach to treatment will obtain better

results than our current approach of treating only nociceptive

pain. Even without such research, our current understanding

suggests that the gynecologist should not persist with repeated

surgical interventions or progressively aggressive hormonal

treatments in patients unresponsive to such treatments, but

should consider other treatments, such as amitriptyline and

gabapentin [85] that are directed toward neuropathic pain,

and pentoxifylline, directed toward inflammatory pain [69].
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