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Introduction

Endometriosis is a common gynecological disorder with a 
high degree of variability in the age of onset, severity and 
extent of pain symptoms, anatomical locations, and response 
to treatment. The prevalence of endometriosis in teenage 
girls with pelvic pain is as high as 50-60%, while in infertile 
women, it can be up to 50% [1,2]. Moreover, the symptoms 
are not specific for endometriosis and can be seen in other 
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Objective
The primary objective of this study was to establish the presence of nerve fibers in the eutopic endometrium of 
women with endometriosis and to determine whether these nerve fibers are exclusive to endometriosis or are also 
found in other pelvic pathologies associated with dysmenorrhea.

Methods
Endometrial tissue was obtained by aspiration (Pipelle), endometrial curettage, or following hysterectomy in 
women with endometriosis confirmed through histopathological examination, leiomyomas, and adenomyosis. The 
eutopic endometrium was subjected to immunohistochemical staining to detect PGP 9.5, which is a highly specific 
pan-neuronal marker. The nerve fiber density was correlated with the patient’s pain score, as indicated by the Visual 
Analog Scale. A control group was formed by staining the endometrium of women presenting with dysmenorrhea 
but without the above-mentioned disorders.

Results
Nerve fibers were observed in sections of the endo-myometrium (in the deep endometrium) in 68% of patients with 
endometriosis who underwent hysterectomy or a deep endometrial biopsy. Nerve fibers were not observed in the 
aspirated endometrium of women with endometriosis. Only 13.7% of women with adenomyosis and 3.3% of women 
with fibroids had nerve fibers in their endometrium. Nerve fiber density was correlated with pain score in women 
with endometriosis.

Conclusion
Nerve fibers were found in the functional layer of eutopic endometrium in women with endometriosis; hence, we 
concluded that the presence of nerve fibers in the eutopic endometrium could diagnose endometriosis with a fairly 
good specificity of 92.7%. However, the absence of nerve fibers does not always exclude the disease.
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diseases as well. In many women with endometriosis, no 
abnormality is detected during clinical examination [3], while 
uterosacral tenderness or palpable ovarian cysts may suggest 
endometriosis. Among the imaging studies for endometrio-
sis, a recent Cochrane review concluded that transvaginal 
ultrasound, computed tomography, and magnetic resonance 
imaging (MRI) have limited diagnostic importance in the early 
stages of the disease, and these modalities cannot diagnose 
peritoneal endometriosis [4]. The routine use of MRI is also 
limited by its cost. The gold standard tool for diagnosing 
endometriosis is histological confirmation using laparoscopy. 
In many situations, performing an invasive test such as lapa-
roscopy for diagnosing a condition is not cost-effective and 
mandates a patient to wait for a considerable time before 
endometriosis is confirmed. 

The mechanism of pain generation is not well understood, 
although it is recognized that endometriosis is an inflamma-
tory condition with multiple leucocytes of different types in 
endometriotic plaques and eutopic endometrium [5]. Hence, 
there is a potential for the local production of pain-stimulat-
ing molecules within this tissue from leucocytes, but limited 
information is available on pain stimulation pathways for the 
mechanism of sensory nerve activation in eutopic endome-
trium or endometriotic plaques.

Recent studies have observed that fine, unmyelinated 
sensory nerve fibers are present in the functional layer of 
the eutopic endometrium in women with endometriosis. 
These nerve fibers have also been observed in the ectopic 
plaques of peritoneal endometriosis. Further studies have 
refuted the above results and shown diverse findings, such 
as the presence of nerve fibers in women without endome-
triosis or complete absence of nerve fibers in women with 
endometriosis [6-8]. These nerve fibers are detected by im-
munohistochemical methods using various neuronal markers 
as antigens; the most specific of them being protein gene 
product 9.5 (PGP 9.5), which detects sensory nociceptive 
neurons. The demonstration of PGP 9.5 antigen-positive 
neurons is performed using a rabbit-monoclonal PGP 9.5, 
and the presence of these nerve fibers in the endometrium 
is postulated to be responsible for endometriosis-associated 
pain. Thus, this study attempted to provide a simple and reli-
able test to diagnose endometriosis and at the same time ex-
plain the pathogenesis of pain generation in endometriosis. 
We sought to detect PGP 9.5 antigen-positive nerve fibers 
in patients with chronic pelvic pain or dysmenorrhea with a 

confirmed diagnosis of uterine fibroids or adenomyosis.

Materials and methods

This prospective study was conducted over a period of 1 year. 
A total of 247 women of reproductive age who presented 
with dysmenorrhea or chronic pelvic pain, diagnosed with 
endometriosis/fibroid/adenomyosis or no disease on imaging 
and with surgical treatment scheduled were approached for 
the study. Among them, 190 patients with histopathological 
confirmation of endometriosis, adenomyosis, or uterine fi-
broids were included in the study. There were 30 other wom-
en included in the study, who underwent hysterectomy for 
abnormal uterine bleeding or uterine prolapse and had vari-
able degrees of dysmenorrhea but no evidence of any above-
mentioned pathologies. This study included 220 patients. 
Among the 190 patients, 56 (29.5%) had endometriosis, 73 
(38.4%) had adenomyosis, and 61 (32.1%) had uterine fi-
broids. Among the 56 women with endometriosis, 5 women 
had focal adenomyosis and 14 women who underwent 
surgery for adenomyosis had co-existent intramural small fi-
broids. All women were in the reproductive age group, with 
one of the presenting symptoms of dysmenorrhea and/or 
chronic pelvic pain.

Women with suspected endometriosis on preoperative 
imaging studies were scheduled for diagnostic and operative 
laparoscopy. Surgical staging of the disease was performed 
according to the Revised American Society of Reproductive 
Medicine classification [9], and the pain score of the patient 
was calculated using the 10-point Visual Analog Scale (VAS), 
wherein a score of 0 was assigned to no pain and a score 
of 10 was assigned to agonizing pain. The endometrial tis-
sue was sampled using Novak’s curette in all women with a 
visual evidence of endometriosis on laparoscopy, and a single 
full-thickness strip of the endometrium was retrieved. The 
endometrium of only women with endometriosis confirmed 
through histopathological examination was subjected to 
further immunohistochemistry (IHC) staining. A few cases 
of endometriosis underwent endometrial aspiration using a 
Pipelle endometrial sampler (10 women) in the outpatient 
setting, as these were referred to our hospital after being op-
erated for endometriosis outside, but were still symptomatic 
with the disease and had recurrent endometriosis on imag-
ing, although the pathological diagnosis was reviewed at our 
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center. Another subset of women underwent hysterectomy 
for stage III/IV endometriosis, and their endometrium was di-
rectly recruited from the hysterectomy specimens; hence, en-
dometrial samples from both the proliferative and secretory 
phases of the cycle were available for IHC. In all cases of ad-
enomyosis and fibroids, the endometrium was recruited only 
from the hysterectomy specimen to be sure of the pathology. 
The endometrium from the hysterectomy specimens without 
any evidence of endometriosis, adenomyosis, or fibroids was 
evaluated for the presence of nerve fibers, provided that 
their clinical records showed some degree of dysmenorrhea 
as one of the chief complaints, and endometriosis was ruled 
out from the patient’s preoperative work-up and intraopera-
tive notes.

Women who had undergone hormonal therapy for symp-
tomatic treatment of endometriosis in the last 3 months 
were excluded from the study as hormonal therapy is said to 
decrease the number of nerve fibers in the functional layer 
of the endometrium. Women already operated for endome-
triosis and with no evidence of recurrent disease on imaging 
were also excluded, as surgical excision of endometriosis is 
expected to decrease the expression of nerve growth fac-
tors in the eutopic endometrium. Women with acute pelvic 
inflammatory disease, suspected pregnancy, genital malig-

nancies, undiagnosed vaginal bleeding, documented genital 
tuberculosis, and post-menopausal women undergoing hys-
terectomy for any benign condition were excluded from the 
study.  

IHC was performed in an automated Leica Bondmax IHC 
stainer to detect nerve fibers in the endometrium using an-
tibody PGP 9.5 (Polyclonal rabbit anti-PGP 9.5, Dako, Jena, 
Germany), at a dilution of 1:750. The fibroadipose tissue 

Fig. 1. Patient flow following recruit-
ment in the study. HPR, histopathologi-
cal report; EB, endometrial biopsy.

Total number of women 
approached for the study=247

• 10 women got operated outside, so 
HPR was not available

• 8 women had inadequate endometrial 
tissue for HPR on sampling

• 4 women had EB report suggestive of 
pill endometrium

• 3 women had HPR of chronic 
endometritis

• 2 women had hemorrhagic cyst 
instead of endometriomas on final 
HPR

Total number of women  
analyzed for the study=220

Endometriosis 
(n=56)

Adenomyosis
(n=73)

Uterine fibroids
(n=61)

No pathology 
(n=30)

Table 1. The mean age and VAS score of all the study participants

Type of  
pathology

Number of 
patients

Age (yrs) VAS

Endometriosis 56 34.8±4.56 5.80±2.538

Adenomyosis 73 36.2±6.25 4.161±3.023

Uterine fibroids 61 39.2±3.68 3.91±3.214

Control group 
(dysmenorrhoea 
but no pathology)

30 42.6±2.86 3.56±1.26

Totala) 220

Values are presented as mean±standard deviation unless oth-
erwise indicated.
VAS, Visual Analog Scale.
a)F-value: 5.412, P-value: <0.001; as per one-way analysis of 
variance.
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containing microscopically visible nerve fibers on hematoxylin 
and eosin staining was used as a positive control. IHC was 
performed in sections of the endomyometrium in all cases 
of leiomyomata and adenomyosis diagnosed through his-
tological examination. In cases of endometriosis, IHC was 
performed on sections of endo-myometrium in cases where 
hysterectomy had been performed, and in endometrial aspi-
rates or endometrial biopsy tissues where hysterectomy had 
not been performed. All slides were observed under a micro-
scope, Eclipse Ci-L (Nikon, Tokyo, Japan), for the evaluation 
of nerve fibers in the endometrium, and the density of nerve 
fibers was calculated by an expert pathologist (M.R) who 
was blinded to the initial diagnosis of endometriosis. The 
presence of nerves was defined whenever the whole mor-
phology with multiple fascicles and epineurium was identi-
fied or when a single fascicle with the epineurium was seen 
along with positive IHC results. The nerve fiber density was 
calculated as the number of nerve fascicles/high-power field 
(HPF) (×400 magnification, in a microscope field diameter of  

0.5 mm). The number of nerve fascicles was counted in  
10 HPFs, and the average number of nerve fibers per HPF 
was calculated.

1. Statistical analysis
Data were analyzed using SPSS software (version 21; IBM 
Corp., Armonk, NY, USA). Comparison of frequencies in 
the groups were compared using the chi-squared test, and 
P<0.05 was considered significant. The Spearman rank cor-
relation coefficient was calculated between the VAS score for 
pain and the density of nerve fibers in the endometrium.

Results

The patient flow from recruitment to analysis is shown in Fig. 1. 
The mean age and VAS scores of all patients are presented 
in Table 1. Women with endometriosis had the highest mean 
VAS score, followed by women with adenomyosis, with a  

Fig. 3. High power view (immunohistochemical staining, ×40) of 
a proliferative endometrium (red asterisk) showing nerve fibers 
highlighted by the protein gene product (PGP) 9.5 antibody (black 
arrow) in a case of endometriosis. 

Table 2. The percentage of women with endometriosis with positive nerve fibers in the hysterectomy, curettage, and aspiration groups 

Method of collection Number of positive nerve fibers cases Number of cases without nerve fibers

Hysterectomy 20 (64.51) 11 (35.49)

Endometrial currettage 11 (73.33) 4 (26.66)

Endometrial aspiration using Pipelle 0 10 (100)

Values are presented as number (%).

Fig. 2. The endometrium shows nerve fibers highlighted by the 
protein gene product (PGP) 9.5 antibody (black arrow) and endo-
metrial gland (red asterisks) in a case of endometriosis (immuno-
histochemical staining, ×40). 
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P-value of <0.001 and F ratio of 5.412, as calculated by one-
way analysis of variance.

1. Distribution of stages of endometriosis
Among the 56 cases of endometriosis confirmed through 
histological examination, 18/56 (32.14%) women had stage I 
disease, 10/56 (17.85%) had stage II disease, 19/56 (33.92%) 
had stage III endometriosis, and the remaining 9/56 women 
(16.07%) had stage IV disease. Five women had associated 
evidence of focal adenomyosis, but since the predominant 
pathology was endometriosis, these were considered in the 
endometriosis group. No correlation was found between the 
stage of endometriosis and the presence of nerve fibers.

2. Procedures used to collect the endometrial tissue
Among 56 cases of endometriosis, 31 patients underwent 
hysterectomy and bilateral salpingo-oophorectomy; there-
fore, IHC was performed on sections of the intact endo-
myometrium. The remaining 25 patients underwent only 
endometrioma excision along with excision or ablation of 
the peritoneal deposits with or without adhesiolysis. Among 
these 25 cases, IHC was performed on the endometrial as-
pirates in 10 cases and curettage tissue in 15 cases. In the 
remaining 134 women with adenomyosis or fibroid uterus, 

IHC was performed on the full-thickness endometrium, in-
cluding the endo-myometrial junction as they all underwent 
hysterectomy. 

3. Nerve fibers in the endometrium
A total of 31/56 (55.4%) of women in the endometriosis 
group had nerve fibers compared to 10/73 (13.7%) in the 
adenomyosis group, and 2/61 (3.3%) in the fibroids group 
and none in the other groups (dysmenorrhea without any 
documented pathology on imaging or histopathological 
examination) had nerve fibers. There was a significant differ-
ence in the presence of nerve fibers in these groups (χ2=50.6, 
P<0.001), with a high number of women with endometriosis 
having endometrial nerve fibers.

4. IHC findings
In women with endometriosis, the nerve fibers highlighted 
by the PGP 9.5 antibody were observed only in the deeper 
layers of the functional endometrium (Figs. 2 and 3).  
Nerve fibers were seen in 20/31 cases (64.51%) of endo-
metriosis who underwent hysterectomy. 11/15 (73.33%) 
cases of endometriosis in whom endometrial curettage was 
performed nerve fibers were noted whereas none of the  
10 cases in whom endometrial aspirate was taken showed 

Fig. 4. (A) The endometrium shows nerve fibers highlighted by the protein gene product (PGP) 9.5 antibody (black arrows) in a case of 
adenomyosis. (B) High power view of the image in (A) where the upper right corner shows the myometrium (red asterisks) (immunohisto-
chemical staining, ×40).

A B
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any nerve fibers (Table 2). While there was no significant 
difference in detecting nerve fibers in the endometrium col-
lected through hysterectomy or through endometrial curet-
tage, none of the endometrial aspirates showed any nerve 
fibers. This can be explained by the fact that in the aspirate 
tissue, only fragmented endometrial glands from the super-
ficial layer of the endometrium were obtained. Among the  
73 women with adenomyosis (including those with co-
existent fibroid uterus), 10 (13.7%) were positive for PGP 9.5, 
which was again seen in the basal endometrium close to the 
adjacent myometrium (Fig. 4).

5.   Nerve fiber detection in the endometrium as a 
diagnostic test

The sensitivity of nerve fiber detection in the endometrium as 
a diagnostic test for endometriosis is 55.4%, which increases 
to 67.39% if only deep endometrial biopsy is performed; the 
specificity is 92.7%. The positive predictive value (PPV) of 
the test is 72.09% and the negative predictive value (NPV) 
is 85.87% (Table 3). The correlation between the VAS score 
and nerve fiber density in endometriosis was calculated using 

the Spearman Rank correlation coefficient (rho), which was 
0.331, thus establishing a positive correlation between the 
nerve fiber density and VAS score (Fig. 5).

6.   The presence of nerve fibers in different phases of 
the menstrual cycle

Among 56 women with endometriosis, 37 (66.07%) were 
sampled during the proliferative phase and 19 (33.92%) 
were sampled during the secretory phase. There was no sig-
nificant difference in the detection of nerve fibers depending 
on the type of endometrium in different phases of the men-
strual cycle in women with endometriosis (P=0.471).

Discussion

In the present study, we found that the presence of sensory 
nerve fibers in the deeper layers of the functional endome-
trium could correlate with endometriosis with a sensitivity 
of 55.4% and a specificity of 92.7%, and the sensitivity of 
the test improved to approximately 68% if deep endometrial 

Fig. 5. Correlation of the Visual Analog Scale (VAS) 
score and nerve fiber density among patients with 
endometriosis.

Correlation of vas score and nerve fibre density among
endometriosis (n=56)
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Table 3. Comparison of histopathological diagnosis of endometriosis and nerve fiber detection by IHC to assess the diagnostic accuracy 
of endometrial nerve fibers in the endometrium for predicting endometriosis

Endometriosis confirmed by HPE Endometriosis absent on HPE

Nerve fibers present in endometrium 31 (72.1) 12 (27.9)

Nerve fibers absent in endometrium 25 (14.1) 152 (85.9)

Values are presented as number (%).
IHC, immunohistochemistry; HPE, hitopathological examination.
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biopsy was performed using a uterine curette. These nerve 
fibers also correlated well with the severity of dysmenorrhea 
in women with endometriosis, but not with the stage of the 
disease.

In the last decade, developing a minimally invasive tech-
nique to diagnose endometriosis with fair reliability has been 
the focus of research. In this context, it is highly justifiable 
to encourage a test that can replace laparoscopy or at least 
have an acceptable specificity to rule in its diagnosis so that 
a therapeutic trial is provided to the woman while she awaits 
surgery or when there is no immediate indication for surgi-
cal excision. The most promising results come from the role 
of nerve fiber detection in the functional layer of the eutopic 
endometrium of women with endometriosis using various 
nerve-specific antigens, most specifically the (PGP 9.5), which 
stains positive in the presence of small nerve fibers using 
IHC. However, there are heterogeneous results reported by 
various study groups in terms of the method of collection 
of endometrium and phase of menstrual cycle, and it is still 
unclear whether endometrial nerve fibers are pain-specific or 
disease-specific.

Yadav et al. [6] demonstrated neural elements in the eu-
topic endometrium of 24/30 cases (80%) in women with 
endometriosis and in none of the controls (P<0.01). They 
demonstrated a significantly high density of nerve fibers in 
the endometriomas and peritoneal implants in all 30 cases of 
confirmed endometriosis. In addition, the presence of nerve 
fibers in the eutopic and ectopic endometrium was posi-
tively correlated with the intensity of pain (P<0.001). Most 
previous studies have demonstrated similar findings with 
varying techniques of endometrial tissue collection. Elgafor 
El Sharkwy [7] also studied nerve fibers in the endometrium 
of women presenting with infertility and/or pelvic pain with 
or without endometriosis. They concluded that the presence 
of nerve fibers in the functional layer of the endometrium 
detected endometriosis with a high sensitivity and specific-
ity (92% and 82%, respectively); however, these studies did 
not include other pathologies, such as uterine fibroids and 
adenomyosis presenting with dysmenorrhea or pelvic pain. 

In contrast to the above findings, few studies [10,11] with 
varied methodologies in terms of the collection of endome-
trial tissue, IHC protocol, and comparison groups, show that 
endometrial nerve fibers are not specific to the diagnosis 
of endometriosis and neither their presence correlates with 
the presence or absence of pain symptoms. In their review 

of the diagnostic use of serum and endometrial biomarkers, 
Cochrane et al. concluded that PGP 9.5 meets the criteria of 
a replacement test for endometriosis, but further studies are 
needed with standardized methodology to confirm its diag-
nostic potential [12].

In our study, we used the reusable metal uterine curette 
while taking samples in the operation theatre, and Novak’s 
curette or the Pipelle endosampler, especially in women 
undergoing endometrial sampling in the out patient depart-
ment, as it does not require any degree of cervical dilata-
tion. We deliberately chose all the above-described methods 
because cost effectiveness and the ease of sampling are es-
sential prerequisites for any diagnostic test to become widely 
accepted in clinical practice, especially in low resource set-
tings. However, we found that the nerve fibers were located 
in the deeper layer of the functional endometrium and were 
detected only in the biopsy tissue and not in the endometrial 
aspirates, irrespective of the phase of the menstrual cycle. 
We also included a control group of 30 women, who under-
went hysterectomy mainly for unexplained abnormal uterine 
bleeding with or without dysmenorrhea and had no histo-
pathological evidence of any uterine pathology, and found 
that endometrial fibers were not detected in the endome-
trium of these women. 

In our study, we found that the percentage of women with 
endometriosis with nerve fibers in their endometrium was 
significantly higher than that of women with adenomyosis 
and fibroid uterus or with no local pathology in the uterus. 
The additional cost of adding IHC (PGP 9.5) in a referral 
laboratory would be only approximately 100 rupees, which 
is much less than the cost of diagnostic laparoscopy or MRI. 
The presence of nerve fibers in the basal endometrium rules 
in the diagnosis of endometriosis with fairly good specific-
ity; hence, the empirical treatment for endometriosis can 
be initiated, especially in young symptomatic women with 
peritoneal disease. The authors recommend that a matched 
case-control study with multiple biomarkers would be ideal 
for establishing the diagnostic accuracy of endometrial bio-
markers in endometriosis.
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