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ABSTRACT
Objective In women presenting to gynaecological clinics
with lower abdominal pain, the cause is frequently
attributed to endometriosis irrespective of whether it is
found to be minimal or extensive at laparoscopy. Irritable
bowel syndrome (IBS) is also common in this setting,
and it was speculated that the visceral hypersensitivity
associated with this condition might be amplifying the
symptoms of endometriosis.
Methods Visceral sensitivity to balloon distension,
symptoms and psychological status were assessed
following laparoscopy in 20 women with minimal to mild
endometriosis, 20 with moderate to severe
endometriosis, 20 with laparoscopy negative abdominal
pain and 20 asymptomatic women undergoing
laparoscopic sterilisation who acted as controls, and
compared with 20 women with IBS.
Results Compared with controls, patients with minimal
to mild and moderate to severe endometriosis had
a higher prevalence of symptoms consistent with IBS
(0% vs 65% and 50%, respectively, p<0.001) with
significantly lower mean pain thresholds (39.5 mm Hg
(95% CI 36.0 to 43.0) vs 28.1 mm Hg (95% CI 24.5 to
31.6), p¼0.001 and 28.8 mm Hg (95% CI 24.9 to 32.6),
p¼0.002) not explained by differences in rectal
compliance. Patients with laparoscopy negative pain had
symptoms and visceral sensitivity similar to patients with
IBS. Controls undergoing laparoscopy had normal
sensitivity, indicating that the laparoscopic procedure
was not inducing hypersensitivity.
Conclusion Visceral hypersensitivity is extremely
common in endometriosis and could be intensifying the
pain. This finding might explain why mildly affected
individuals often complain of severe symptoms out of
proportion to the extent of their disease. This study has
introduced a completely new concept into the
understanding of pain in endometriosis and could open
up new opportunities for treatment.

INTRODUCTION
We have previously shown that patients with irritable bowel syndrome (IBS) frequently have a wide
range of non-colonic symptoms such as backache
and lethargy as well as a number of musculoskeletal, urological and gynaecological problems.1
These can result in patients being referred to the
wrong specialty if the gastrointestinal symptoms
are not severe or a non-colonic feature is especially
prominent. This is a particular problem in gynaecological clinics as women with IBS often have
dysmenorrhoea and dyspareunia,1 2 making referral
to this setting even more likely. We have also
shown that patients with IBS are over-represented
in gynaecological clinics3 4 with outcomes being

Significance of this study
What is already known about this subject?
< The severity of symptoms in patients with

minimal to mild endometriosis can be out of
proportion to the laparoscopic findings.
< The reason for this observation is unknown.
< Such individuals are notoriously refractory to
a whole range of gynaecological interventions
which can also be associated with significant
adverse effects.

What are the new findings?
< This study has shown that visceral hypersen-

sitivity is common in patients with endometriosis and especially those with minimal to mild
disease.
< This abnormality might be the underlying
mechanism that explains the paradoxical
discrepancy between symptoms and extent of
disease.

How might it impact on clinical practice in
the foreseeable future?
< Specifically targeting this abnormality might
offer a completely novel way of managing this
condition without the need for hormonal
manipulation or the consideration of various
surgical options.

less favourable in these individuals,3 and it is also
noteworthy that hysterectomy rates are much
higher in patients with IBS.5
In women presenting to gynaecological practice
with abdominal or pelvic pain, the investigation
frequently includes laparoscopy and endometriosis
is not an unusual ﬁnding. This is perhaps not
surprising as it is a common condition and can even
be found in up to 10% of asymptomatic individuals.6e10 If the condition is severe it seems reasonable to conclude that it causes symptoms, but if it
is mild this may not be such a safe conclusion.
However, in patients with lower abdominal pain it
is common gynaecological practice to attribute the
pain to endometriosis, whatever the severity. This
may be a critically important factor in a patient
who actually has IBS and is being referred to the
gynaecologist because of coincidental gynaecological symptoms such as heavy periods or
dyspareunia, especially as the latter is a common
feature in IBS.1 In such a situation, laparoscopically
minimal endometriosis might wrongly be implicated as the cause of the pain.
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There are at least two potential ways in which IBS and
endometriosis might be confused. First, it has been known for
many years that IBS is frequently associated with excessive
sensitivity to balloon distension of the gut, which is usually
referred to as visceral hypersensitivity,11 12 to the extent that it
has even been suggested by some that it might be a biological
marker for the condition.13 Consequently, it may be possible
that, in an individual with IBS and visceral hypersensitivity,
a small area of endometriosis which would not normally be
perceived as painful might become painful as a result of ampliﬁcation of any subliminal pain associated with the lesion.
Alternatively, the pain in a patient with minimal endometriosis
might be due to coexisting IBS with the endometriosis being
a coincidental ﬁnding which is not directly causing any problems. Indeed, there are reports of IBS being associated with
endometriosis,14 15 but these observations do not answer the
question of whether this is due to symptom ampliﬁcation or the
coincidence of two separate conditions. Either of these two
hypotheses might explain why it is frequently reported that the
intensity of the pain in endometriosis appears to bear little or no
relationship to the severity of disease as determined by laparoscopy,16 with mildly affected patients in particular often
complaining of the most pain. In such individuals the ﬁnding of
mild endometriosis could currently lead to a series of pharmacological treatments such as hormonal manipulation or, in the
absence of a response, some form of surgical intervention. We
have speculated that visceral hypersensitivity might be
contributing to the pain experienced by women with endometriosis and, when the condition is mild, may lead to inappropriate treatment. The purpose of this study was therefore to
assess the prevalence of visceral hypersensitivity in patients
with varying degrees of endometriosis as well as documenting
symptoms consistent with a diagnosis of IBS.

METHODS
Patients attending the gynaecological department for the laparoscopic investigation of abdominal pain and found to have
endometriosis were eligible for the study. Those without any
evidence of other coexistent gynaecological disease had their
endometriosis carefully documented and staged according to the
revised American Fertility Society (rAFS) guidelines17 18 which
recommend reporting the laparoscopic ﬁndings as minimal,
mild, moderate or severe based on a points system that takes
into account the size and site of the lesions and the extent of
adnexal adhesions and cul-de-sac obliteration. The rAFS guidelines were selected because they are the most widely accepted
system, although it has to be acknowledged that all staging
systems for endometriosis are subjective and therefore prone to
interobserver variation. Patients were then divided into two
groups consisting of 20 with minimal to mild endometriosis and
20 with moderate to severe disease, and these were compared
with three other groups of women: (1) 20 patients attending for
diagnostic laparoscopy for the investigation of abdominal pain
and found to have a normal pelvis formed a group of individuals
with laparoscopically negative abdominal pain; (2) 20 patients
attending for laparoscopic sterilisation were included as a group
of laparoscopically normal healthy volunteers in order to
investigate the possibility that laparoscopy might lead to
visceral sensitisation; and (3) 20 women with a ﬁrm diagnosis of
uncomplicated IBS although, for ethical reasons, we were not
allowed to undertake laparoscopy in these individuals. Participants taking long-term medication likely to affect visceral
sensation were excluded as were those unable to stop taking for
a period of 48 h any other medication that could possibly
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interfere with the results (eg, analgesics, antispasmodics, antidepressants or non-steroidal anti-inﬂammatory preparations).
All barostat tests were carried out in the luteal phase of the
menstrual cycle in those individuals with regular periods at least
4 weeks after their laparoscopy.
All subjects completed the following questionnaires: the
Hospital Anxiety Depression (HAD) Scale,19 the ROME III diagnostic questionnaire,20 the Irritable Bowel Syndrome Symptom
Severity Score (IBS SSS)21 and the Non-Colonic Symptom and
Quality of Life Score.22 The only validated symptom severity
scoring system for endometriosis was published after the start
of this study23 and therefore not used. However, the following
symptoms and other features associated with endometriosis
were recorded: pain severity with periods graded on a scale of
0e10, pain on intercourse graded on a scale of 0e10, pain
severity between periods graded on a scale of 0e10, parity,
difﬁculty conceiving, absence from work due to pain, continuing
at work despite pain and a family history of endometriosis.
Those items that were scored 0e10 were combined into an
overall endometriosis pain score (0e30) and used for the analysis. Any other relevant medical data were also recorded.
Rectal sensitivity testing is a well-described technique24 which
was performed after an overnight fast and a ﬂeet enema with all
participants being asked to refrain from smoking and the
consumption of caffeine for 24 h. Sensitivity was assessed using
a barostat technique with tracking which has been described in
detail elsewhere.25 A ﬂaccid barostat bag was placed in the rectum
and the participant allowed to rest for 1 h. Isobaric phasic
distensions were then performed (increments of 4 mm Hg for
1 min with 1 min return to basal operating pressure in between)
up to a maximum pressure of 50 mm Hg. At each step the
volume of the bag was measured in order to build dynamic
compliance curves. In addition, static compliance was calculated
by taking the mean value of the volume of the barostat at
a pressure of 20 mm Hg. The patient was questioned at each
inﬂation step (4 mm Hg) in order to ﬁnd the amount of distension associated with the ﬁrst sensation of distension, sensation of
stool and sensation of pain. During each inﬂation above basal
operating pressure levels, 30 s after commencement of the inﬂation, patients were prompted to indicate on a standard proforma
what sensations they were experiencing. Tracking, which is
a technique which makes the inﬂations unpredictable to the
subject and thus minimises bias, was commenced when the
subject ﬁrst experienced moderate or severe pain. Subsequent
distensions were then adjusted up or down, depending on the
subject’s response to the previous distension. If the subject
reported pain on the previous trial, the next distension was
decreased or kept the same. If the subject reported no pain on the
previous trial, the next distension was increased or kept the same.
In order to make the changes in the amount of distension
unpredictable, a random numbers algorithm was used to determine whether to decrease the amount of distension or keep it the
same following a painful test period. The sensory threshold was
then determined by averaging the intensity over a series of
tracking trials of the threshold. The distension test was discontinued after 12 distension trials or after reaching the upper limit
of 50 mm Hg without pain sensation. At any time the patient
could choose to terminate the distension session for any reason by
pressing the ‘panic button’. The investigator could also stop the
test if it was considered undesirable to continue for any reason.

Power calculation
Based on previous data collected in our laboratory on visceral
sensation using rectal sensitivity testing, it was estimated that
Issa B, Onon TS, Agrawal A, et al. Gut (2011). doi:10.1136/gutjnl-2011-300306

Downloaded from gut.bmj.com on December 1, 2011 - Published by group.bmj.com

Paper
this study would require 20 patients in each endometriosis and
control group in order to have an 80% power of detecting
a difference in sensitivity of 10 mm Hg between groups at
a signiﬁcance level of 5%.

Statistical analysis
Comparisons between patient groups were carried out using
one-factor ANOVA followed by the Scheffe multiple comparison
test. Anxiety and depression scores followed a non-normal
distribution and, for these variables, the non-parametric Kruskale
Wallis test was used followed by the ManneWhitney U test
with Bonferroni correction. The inﬂuence of anxiety and
depression on group comparisons was assessed by analyses of
covariance. The results of analyses of covariance, when adjusted
for anxiety and depression, did not differ from those from the
simple ANOVA and are therefore not reported. The relationship
between pain thresholds and IBS severity scores as well as
endometriosis pain scores were assessed using the Pearson
correlation coefﬁcient. Pain thresholds were compared in
patients with Rome positive and Rome negative endometriosis
using the independent t test. The same statistics were used for
comparing the endometriosis pain scores in patients with
minimal to mild and moderate to severe endometriosis.

RESULTS
Table 1 shows the demographic and clinical data for each of the
groups, whether the patients fulﬁlled the Rome criteria for IBS
and, if so, the type (constipation, diarrhoea, mixed or unclassiﬁed). Also shown are the scores for anxiety, depression, IBS
severity and quality of life.
Table 2 shows the results of barostat testing for sensory
thresholds and compliance. All groups were comparable with
respect to age but there were signiﬁcant differences in other
variables. As might be expected, the healthy controls did not
meet the criteria for IBS and had sensory thresholds within the
normal range.24
In comparison with the controls, all the other groups had
a higher prevalence of symptoms consistent with IBS as well as
elevated IBS symptom severity scores. With regard to pain
thresholds, all groups except those patients with abdominal pain
without any other abnormality had hypersensitivity similar to
that seen in IBS, which was signiﬁcantly different from that

Table 1

seen in controls. The thresholds for ﬁrst sensation and stool
sensation showed the same trends. Figure 1 shows the mean
values and individual data for pain thresholds for all groups
studied. There was a highly signiﬁcant difference in the
thresholds for pain in the endometriosis groups compared with
the controls (p¼0.001 and p¼0.002, respectively, for minimal to
mild and moderate to severe endometriosis). It is important to
note that the controls who had undergone laparoscopy for
reasons other than pain had normal sensitivity (table 1 and
ﬁgure 1). This indicates that the process of having a laparoscopic
procedure is not in itself the cause of the hypersensitivity
observed in the other groups. There were no signiﬁcant differences between the groups with respect to rectal compliance.
A 90% normal reference range for sensitivity was derived for
the laparoscopic controls and found to be 31e48 mm Hg. Based
on this, 60% (12/20) of the patients with minimal to mild
endometriosis and 65% (13/20) of those with moderate to severe
endometriosis had pain thresholds below the lower limit of this
range. In addition, 75% (15/20) of the patients with IBS and 45%
(9/20) of the patients with laparoscopy negative pain had
sensitivity below this range.
With regard to IBS severity and pain thresholds in all groups,
there was only a signiﬁcant correlation between severity and
pain threshold in the moderate to severe endometriosis group
(r¼0.47; p¼0.036). When patients with endometriosis were
divided into those fulﬁlling or not fulﬁlling the Rome criteria for
IBS, there was no signiﬁcant difference in the mean pain
thresholds for the minimal to mild cases. However, among the
patients with moderate to severe endometriosis, the Romepositive patients had signiﬁcantly lower mean pain thresholds
than the Rome-negative individuals (24.6 mm Hg vs
33.8 mm Hg; p¼0.008).
With regard to the endometriosis pain scores, there was no
signiﬁcant difference between patients with minimal to mild
disease and those with moderate to severe disease (mean score
11.00 vs 11.6; p¼0.75). Furthermore, there was no signiﬁcant
correlation between the endometriosis pain scores and pain
thresholds for any of the endometriosis groups.

DISCUSSION
This study has introduced a completely new concept into the
understanding of pain in endometriosis. It appears that visceral

Demographic and clinical data

Age, mean (range)
Rome positive (n)
IBS-D
IBS-C
IBS-mixed
IBS-U
Anxiety score,
median (range)
Depression score,
median (range)
IBS severity score,
mean (range)
Quality of life score,
mean (range)

Laparoscopy
controls (n[20)

Minimal to mild
endometriosis
(n[20)

Moderate to severe
endometriosis
(n[20)

Laparoscopy negative
abdominal pain
(n[20)

Irritable bowel
syndrome (IBS)
(n[20)

35.2 (23e46)
0
0
0
0
0
6.0 (1e17)

31.1 (19e48)
13*
1
6
4
2
8.5 (4e14)y

36.0 (22e47)
11*
0
5
1
5
7.5 (1e15)

35.0 (22e48)
17*
1
11
4
1
8.0 (4e18)y

34.3 (20e54)
20*
1
16
3
0
8.0 (1e15)

p¼0.04

3.0 (0e16)

4.0 (1e14)

3.0 (0e18)

5.0 (0e13)

4.0 (0e17)

p¼0.13

50.2 (0e149)

237.7 (66e423)yz

204.1 (0e420)yz

251.8 (120e420)yz

340.0 (207e465)y

p<0.001

384.3 (75e454)

335.4 (120e627)

333.9 (192e456)

307.1 (133e425)

317.8 (134e584)

p¼0.10

Comparison
of groups
p¼0.37
p<0.001

*Comparison with controls: p<0.001.
yComparison with controls: p<0.05.
zComparison with IBS: p<0.05.
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Table 2

Physiological data

First sensation (mm Hg),
mean (95% CI)
Stool sensation (mm Hg),
mean (95% CI)
Pain threshold (mm Hg),
mean (95% CI)
Static compliance,
mean (95% CI)
Dynamic compliance,
mean (95% CI)

Laparoscopy
controls (n[20)

Minimal to mild
endometriosis
(n[20)

Moderate to severe
endometriosis
(n[20)

Laparoscopy negative
abdominal pain
(n[20)

Irritable bowel
syndrome (IBS)
(n[20)

Comparison
of groups

19.2 (16.3 to 22.1)

15.3 (14.0 to 166)

15.5 (13.6 to 174)

16.3 (14.1 to 18.5)

12.6 (10.8 to 14.4)*

p<0.001

32.6 (28.6 to 36.6)

25.9 (23.6 to 28.2)

26.0 (21.9 to 30.1)

28.0 (22.8 to 33.2)

24.3 (20.4 to 28.3)**

p¼0.027

39.5 (36.0 to 43.0)

28.1 (24.5 to 31.6)***

28.8 (24.9 to 32.6)****

32.7 (28.8 to 36.6)

25.4 (21.7 to 29.3)*

p<0.001

6.4 (4.9 to 7.9)

5.6 (4.4 to 6.8)

7.2 (5.7 to 8.8)

8.1 (5.0 to 11.2)

8.3 (6.6 to 10.0)

p¼0.18

7.1 (5.7 to 8.6)

7.1 (5.9 to 8.2)

8.4 (7.3 to 9.6)

8.3 (6.2 to 10.4)

9.1 (7.8 to 10.5)

p¼0.18

Comparison with controls: *p<0.001; **p¼0.05; ***p¼0.001; ****p¼0.002.

hypersensitivity is common in patients with this condition and
may be signiﬁcantly contributing to their symptoms. This
ﬁnding could therefore have major implications with regard to
the treatment of endometriosis.
In the laparoscopically normal healthy volunteers visceral
sensory thresholds were within normal limits whereas the
patients with IBS, as might be anticipated, showed visceral
hypersensitivity. It would be expected that at least a proportion
of patients with laparoscopically negative abdominal pain might
actually have IBS, and this was suggested by the fact that 70%
fulﬁlled the Rome III criteria for the condition. Consequently,
this group also had sensory thresholds that did not differ
signiﬁcantly from those of the individuals with IBS. Irrespective
of the extent of their disease, the patients with endometriosis
also exhibited visceral sensitivity in the range seen in patients
with IBS, although it should be noted that the prevalence of
constipation was somewhat higher in patients with IBS than in
those with endometriosis so they were not exactly comparable.
However, the most notable ﬁnding was that there was a highly
signiﬁcant difference in thresholds for pain between the patients
with endometriosis and controls, the patients with endometriosis exhibiting hypersensitivity. Furthermore, the proportion of
these patients who exhibited visceral hypersensitivity was 60%
and 65% for minimal to mild endometriosis and moderate to
severe endometriosis, respectively, and this is similar to that
reported in the literature for IBS and what was observed in the

Figure 1 Comparison of individual sensory thresholds and group
means between laparoscopy controls and patients with minimal to mild
endometriosis, moderate to severe endometriosis, laparoscopy negative
abdominal pain and irritable bowel syndrome (IBS).
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patients with IBS included in this study. The thresholds for ﬁrst
sensation and stool sensation showed a similar trend to that for
pain but did not reach signiﬁcance, which is not unusual in
studies of this type. Moreover, the ﬁrst sensation and stool
sensation thresholds are not considered to be as discriminatory
as the pain threshold and therefore are not even subjected to
tracking in the testing procedure. It is also of interest to note
that there were no differences in the endometriosis pain scores
between those with minimal to mild disease and the more
severely affected individuals. This is entirely consistent with the
literature as well as clinical experience, and again serves to
emphasise the problem of the relationship between symptomatology and extent of disease in this condition.
The observation that laparoscopy did not appear to result in
increased visceral sensitivity in the healthy volunteers makes the
possibility that this procedure might be the cause of this
abnormality in the other groups highly unlikely. However, there
are at least two other possible explanations for the hypersensitivity seen in the patients with endometriosis. First, it may be
that endometriosis of any extent might sensitise the contents of
the peritoneal cavity including the gut in some way or, alternatively, that these patients actually had a generalised visceral
hypersensitivity associated with IBS, especially as so many of
these patients with endometriosis fulﬁlled the Rome criteria for
IBS. To our knowledge, there are no data on whether endometriosis can sensitise the peritoneal cavity, although our observations that patients with Rome-negative endometriosis with
more severe disease were signiﬁcantly less sensitive than Romepositive individuals suggest that endometriosis on its own does
not lead to rectal sensitisation. In addition, it is not known
whether patients with IBS with rectal hypersensitivity have
increased sensitivity which extends to the peritoneum.
However, it has been shown that the hypersensitivity in
patients with IBS is not conﬁned to the rectum and can affect
the whole gastrointestinal system.26 Furthermore, hypersensitivity beyond the conﬁnes of the gut in IBS is suggested by the
ﬁndings of auditory27 28 and visual29 hypersensitivity in these
individuals and the coexistence of other syndromes such as
ﬁbromyalgia.30 Furthermore, it is noteworthy that these
patients frequently also have bladder symptoms31 and, on
testing, have been shown to have urodynamic abnormalities32
which again emphasises the diffuse nature of IBS. There is
therefore some evidence to suggest that IBS is associated with
hypersensitivity extending beyond the conﬁnes of the gut,
which supports the notion that patients with such a generalised
hypersensitivity may be more likely to report symptoms from
an inﬂamed area, wherever that might be. Therefore, in an
individual with generalised hypersensitivity, if they have an
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inﬂammatory process in both the peritoneal cavity (endometriosis) and the gastrointestinal mucosa (IBS), they may well
report symptoms from both anatomical sites. This makes it
somewhat less likely that our observations represent a coincidental ﬁnding of endometriosis in patients with IBS seeking
healthcare, although this remains a possibility which would still
have profound implications with regard to treatment, especially
in individuals with minimal disease.
The role of inﬂammation in endometriosis and IBS is a further
aspect that merits discussion. Ever since Chaudhary and Truelove
ﬁrst described the occurrence of IBS following a dysenteric
infection,33 evidence has continued to emerge suggesting that
there might be a persistent low-grade inﬂammatory response
within the gastrointestinal mucosa of at least some cases.34e39 It
is therefore noteworthy that there has been an increasing amount
of attention on inﬂammation in relation to endometriosis,40e43
and in some instances the research on inﬂammation in IBS
almost completely mirrors that which is being undertaken in
endometriosis. For example, there have been reports of mast
activation in both conditions and that these activated mast cells
are in close proximity to nerve ﬁbres,44 45 and also that Toll-like
receptors may also be involved in the inﬂammatory process.46 47
Thus, the evaluation of various inﬂammatory markers in laparosopically obtained serosal biopsies in these patients with
visceral hypersensitivity would be of considerable interest, but
was obviously beyond the scope of this study.
Whatever the cause of the visceral hypersensitivity identiﬁed
in these patients with endometriosis, it may open up new
treatment options especially in those with severe symptoms
despite apparently mild disease. Although it is now recognised
that IBS is a multifactorial disorder, visceral hypersensitivity is
thought to be a sufﬁciently important contributing feature that
it is viewed as a logical target for pharmacological intervention.
As a consequence, drugs that could possibly have an effect on
this pathophysiological parameter such as pregabalin48 and
ketotifen49 are being assessed, and it is thought that the tricyclic
antidepressants, which are often very effective in IBS, at least
partly mediate their beneﬁt by reducing the sensitivity of the
gut.50 51 Consequently, in patients with mild endometriosis,
a trial of one of these modulators of visceral sensitivity may be
worthy of consideration before embarking on more aggressive
treatment, particularly surgery. Obviously, the situation is far
more complicated in the more severe forms of the disease but,
even in these patients, attempts to reduce hypersensitivity in
conjunction with other forms of treatment might be a viable
option. The question of whether the use of desensitising agents
should be undertaken empirically or only after sensitivity testing
would need to be answered by further research. In addition, it
would be advisable to treat any symptoms of IBS, especially if
the patient meets the criteria for this condition and their
complaints seem out of proportion to the laparoscopic ﬁndings.
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