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Functional abdominal pain: further evidence that whole
gut is affected

KIERAN J MORIARTY, ANTHONY M DAWSON

Abstract Patients and methods

The distribution and referral of abdominal pain in 21
patients with functional abdominal pain were investigated
by performing balloon distension of the ileum, proximal
jejunum, second part of the duodenum, and distal
-oesophagus. Pain was perceived not just in classically
described sites but throughout the abdomen and was re-

ferred to several unusual extra-abdominal sites. The
presenting pain was reproduced by this technique in 14
patients, in three of whom it was also reproduced by
colonoscopic distension.
This study emphasises the protean presentation of

functional abdominal pain and demonstrates the
existence of potentially tender "trigger" areas for the
production of abdominal pain in the proximal as well as

the distal gut.

Introduction

Functional abdominal pain for which no organic cause is found is
common. The classical textbook teaching is that visceral pain is
felt predominantly in the midline and that the level at which it is
perceived corresponds to the dermatomes from which the
diseased organ receives its innervation.' -Such teaching is based
on information derived from balloon distension of the gut in

several classical studies.'-9 Pain arising from the oesophagus was

perceived in the retrosternal region, from the duodenum in the
epigastrium, from the jejunum and ileum in the periumbilical
region, and from the colon in the lower abdomen, all in the mid-
line. In these studies there was no mention of referral of pain to
extra-abdominal sites.
A better defined subgroup of patients with functional abdomi-

nal pain is those with the irritable bowel syndrome, in which
there is disturbed bowel action.'101 This syndrome does not, how-
ever, include all patients with functional abdominal pain, who
nevertheless have a similar pain and natural history. Abdominal
pain occurring in the irritable bowel syndrome is usually assumed
to originate from the colon, but in 45 patients Waller and
Misiewicz'0 observed that pain was not in the midline and occur-

red anywhere in the abdomen, while 12 patients experienced pain
in more than one site. This might partly be explained by the
observations of Swarbrick et al,12 who found that pain caused by
colonic distension in patients with functional abdominal pain
often had bizarre localisation and referral patterns and differed
from the findings in normal patients. Pain was not, however,
reproduced by colonic distension in all subjects. We therefore
wondered whether other areas of the alimentary tract might act as
a trigger point for the production of pain.
The aims of the present study were twofold: firstly, to study

the distribution and referral of pain caused by proximal gut
distension in patients with functional abdominal pain and,
secondly, to see whether such distension would reproduce the
spontaneous pain.

We studied 21 patients (six men, 15 women) aged 19-69 years. All
suffered from chronic functional abdominal pain, and in six there was

more than one site. The diagnosis was essentially one of exclusion, all
patients having been extensively investigated to rule out organic
disease. Nine patients had normal bowel movements, six had diarrhoea,
and six were constipated."3 Eight had undergone 15 previous operations
specifically to investigate their pain (five laparotomy, three appendi-
cectomy, one combined laparotomy and appendicectomy, two cholecys-
tectomy, one hysterectomy, one hiatus hernia repair, one vagotomy
and pyloroplasty, and one coccydectomy). Pain had persisted or re-
curred soon after operation in all cases. Between them they had consul-
ted 57 hospital specialists.
The patients were admitted to hospital and swallowed a tube

(Portex) incorporating a balloon (London Rubber Co) and mercury

bag filled with 3 ml mercury. This was passed under fluoroscopic
screening to the ileum, and during withdrawal the balloon was in-
flated in the ileum, proximal jejunum, second part of the duodenum,
and distal oesophagus. The balloon was inflated until the patient first
perceived pain to a maximum volume of 100 ml. Thirteen patients
also underwent colonoscopy with inflation of an attached balloon."2

Results

Sites of induced pain-Figure 1 shows the distribution of pain in-
duced by balloon distension of the ileum, proximal jejunum, second
part of the duodenum, and distal oesophagus. When pain was felt in
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FIG 1-Distribution of pain induced by inflation of balloon in
ileum, proximal jejunum, second part of duodenum, and distal
oesophagus in 21 patients. Numbers in each sector represent
number of patients perceiving pain at that site during balloon
inflation. Sites to which pain was referred are not included.
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more than one site all areas were scored. In all three parts of the small
intestine pain was experienced not only in the "classical" sites but
elsewhere in the abdomen and in two patients retrosternally. Balloon
distension of the distal oesophagus produced pain not only in the
retrosternal region, as expected, 9 but also in the'epigastrium and various
other abdominal sites.

Reproduction of spontaneous pain-The spontaneous pain of which
the patient complained was reproduced by distension of either the
oesophagus or the small intestine in 14 of the 21 patients in both
central and lateral sites (fig 2(a)). Eight of the 14 patients in whom pain
was reproduced also underwent balloon colonoscopy; in three of these
colonic distension also reproduced their pain, both in site and in
character (fig 2(b)). Therefore there may be more than one trigger area
for the production of pain, and trigger areas may exist in both the
upper and lower gut. Figure 3 shows the sites of pain in the six patients
in whom we were able to reproduce the spontaneous pain by distension
not only of the small intestine but also of the distal oesophagus. Thus
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(a)

FIG 2-(a) Sites of pain reproduced by proximal gut distension in 14 patients.
(b) Sites of pain reproduced by distension of both colon and proximal gut
in three patients.
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FIG 3-Sites of abdominal pain that was

reproduced by distension of both small
intestine and distal oesophagus in six

patients.

these patients had at least two trigger areas that produced their pain,
one above and one below the diaphragm. Oesophageal distension
reproduced the presenting abdominal pain in several unexpected sites.

Failure to reproduce spontaneous pain by proximal gut distension-
Proximal gut distension failed to reproduce the presenting pain in
seven patients in a total of 10 sites (three in the right hypochondrium,
one in the epigastrium, two in the left hypochondrium, three in the
right iliac fossa, and one in the left iliac fossa). Six of these seven

patients also underwent balloon colonoscopy, which reproduced pain
in three (two in the right iliac fossa and one in the left hypochondrium).
In all, we failed to reproduce spontaneous pain in four of the 21
patients studied. Although the numbers were small, right hypochon-
drial pain seemed particularly difficult to reproduce, and we failed to

(b)
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do so in three of the four patients studied. Colonoscopic distension,
however, reproduced right hypochondrial pain in four of seven patients
in the study of Swarbrick et al.'2

Extra-abdominal referral of pain arising from the small intestine-
Distension of the small intestine caused referral of pain to several
sites-namely, the back (straight through, one case; both sides, two;
right side, two; left side, two), the left lower ribs (one case), both
breasts (one), the left breast (one), and retrosternally (two). In all,
extra-abdominal referral of pain occurred in 10 patients, in six of whom
it was the characteristic referral of pain that the patient experienced
normally.

Discussion

Hurst14 was the first to show that pain was produced by balloon
insufflation of the gut. Before that it had been thought that the
viscera were insensitive and that any pain arising from them was
due to irritation of the adjacent parietal peritoneum."s Some
workers'4 16 believed that the sensation of pain was caused by
tension in the muscle wall of a diseased viscus and others7-'9
that it was transmitted by the attached sensory nerves. Alvarez,20
however, believed that it was due to neither of these, attributing
it instead to stretching of the attached mesentery. In a series of
carefully designed studies Ray and Neill8 showed that pain
sensitivity existed in the proximal mesentery and at the mesen-
teric-visceral junction but not in the gut wall itself. These studies,
however, have been largely forgotten, and abdominal tenderness
is still widely believed to indicate inflammation of the parietal
peritoneum, an assumption known to be misguided by any
clinician who has palpated a tender sigmoid colon in a patient
with the irritable bowel syndrome and one that doubtless
results occasionally in inappropriate surgery.
The results of this study show, firstly, that balloon distension

of the small intestine and distal oesophagus can both induce and
reproduce spontaneous pain throughout the abdomen in patients
with functional abdominal pain and, secondly, that the site of
referral may be anywhere in the abdomen. This contrasts with
results of previous studies in normal and hypertensive patients6-9
but is analogous to earlier observations on colonic distension in
patients with the splenic flexure syndrome"2 and by Swarbrick
et al" in patients with spontaneous abdominal pain.
By performing balloon colonoscopy we were able to reproduce

in three patients their characteristic presenting pain, which was
not reproduced by proximal gut distension. In all, colonic dis-
tension reproduced the presenting pain in six of the 14 patients
in whom it was performed. This compares with the study of
Swarbrick et al,"2 in which the presenting pain was reproduced in
29 out of 48 patients. Ours, however, was a selected group of
patients whose pain was not classically colonic,22 and in some
proximal gut distension was performed specifically because their
pain had not been reproduced by colonic distension.

Distension of the proximal as well as the distal gut repro-
duced spontaneous functional abdominal pain both in site and in
character in several patients, which shows that trigger areas for
the production of such abdominal pain may exist in the oesopha-
gus and small intestine as well as the colon in the same patient.
While our observations emphasise the sensitivity of the small

intestine, other workers have investigated small-intestinal
motility in patients with functional abdominal pain. Both ileal
and jejunal hypermotility have been found coincident with
abdominal pain in these patients.23 27 These changes may
occur in isolation or simultaneously with increased colonic
motility.23-24 Abnormal sensitivity as well as disturbed motility
are probably important mechanisms in causing functional abdo-
minal pain, not only in the colon but also elsewhere in the gastro-
intestinal tract. Regarding the contribution of the foregut to
functional abdominal pain, Sekar et al suggested that duodeno-
gastric reflux is important in some patients in the pathogenesis
of non-ulcer dyspepsia," while in other patients increased sensi-
tivity of the oesophagus has been shown.29

In those patients in whom we were unable to reproduce
their presenting pain it might be speculated that tenderness
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of the alimentary tract was intermittent or more localised
than we explored, similar to the localised tender segments in the
oesophagus described by Edwards.29 Alternatively, pain may
arise in other areas such as the pancreas or biliary tract or in
some cases from a non-alimentary source.

Referral of pain to extra-abdominal sites has now been shown
from the small as well as the large bowel. A wider appreciation
of the protean presentation of functional abdominal pain and
the existence of potential tender areas throughout the whole
gut should expedite the recognition of non-organic abdominal
pain and prevent unnecessary investigations and even explora-
tory laparotomy.

KJM is in receipt of a Medical Research Council training fellowship.
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SHORT REPORTS

"Scalded mouth" caused by
angiotensin-converting-enzyme
inhibitors

Captopril, an angiotensin-converting-enzyme inhibitor, is used to
treat resistant hypertension.' Side effects include rash, proteinuria,
leukopenia, ageusia, angio-oedema, and aphthous and tongue ulcers;
its sulphydryl moiety may be an aetiological factor.' Enalapril, a new
converting-enzyme inhibitor, does not contain a sulphydryl group.2
We describe three patients who reported a scalded sensation of the
oral mucosa during treatment with captopril or enalapril.

Case reports

Case 1-A 53-year-old hypertensive woman receiving hydrochloro-
thiazide 50 mg daily was prescribed captopril 12-5 mg thrice daily in addition;
she took no other medication. After two weeks the dosage of captopril was
increased to 25 mg thrice daily. Six days later she complained of a burning
sensation on the upper surface of her tongue, comparable to having been
"scalded by a hot liquid," though she had no recollection of such an occur-
rence. Examination of her tongue and mouth was unremarkable. She re-
ported no alteration in taste. With her consent the regimen was continued,
the symptom persisted for five days and then dissipated despite two additional
weeks of captopril treatment, without subsequent recurrence.

Case 2-During a research study a 54-year-old man with essential hyper-
tension received enalapril 20 mg twice daily. Seven days later he said that
his tongue and mouth felt as though they had been "scalded by coffee or
pizza," though he could not recall such an occurrence. Examination of the
mouth showed only periodontal disease and questionable hyperaemia;
neurological evaluation including taste perception was normal. He took no

other medications. He continued treatment with enalapril for four additional
days without resolution. The symptom abated, however, when enalapril was
stopped, and he was treated with hydrochlorothiazide 50 mg/day. Two weeks
later enalapril was restarted in a dose of 20 mg daily, the diuretic being con-
tinued. On the twelfth day of treatment he again complained of the "scalded-
mouth" sensation, which was similar to but milder than the first episode.
This continued for the next two days but abated when enalapril was stopped
at the end of the trial. Similar symptomatology did not recur.

Case 3-A 64-year-old hypertensive woman taking propranolol 160 mg
and hydrochlorothiazide 50 mg daily was prescribed captopril 25 mg thrice
daily in addition. Other medications included nitroglycerine and isosorbide
dinitrate. After two weeks the captopril dosage was increased to 50 mg thrice
daily. Nine weeks later she complained of a burning sensation in her throat,
palate, and tongue. Examination of the mouth was unremarkable. After two
additional weeks of treatment with captopril the symptoms persisted and
mild injection at the margins of the soft palate was noted; there was no
alteration in taste. Because of continued discomfort captopril was stopped
with a distinct improvement during the next week; slight discomfort,
however, localised to the tip of her tongue, persisted.

Comment

Although disorders of taste as well as aphthous and tongue ulcers
have been reported during captopril treatment,35 the symptom de-
scribed by our patients has not, to our knowledge, been previously
associated with use of either captopril or enalapril. The mechanism of
this side effect is unclear. Neither fever nor eosinophilia accompanied
the patients' complaints. No concomitant laboratory abnormalities
were noted, and all the patients had normal renal function. Since the
side effect was noted with both captopril and enalapril the aetiology
of this scalded-mouth reaction appears to be independent of the
sulphydryl moiety of captopril. The hyperaesthesia of the oral mucosa
abated during continued treatment with captopril in case 1, recurred
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