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Colonic wall thickness measured by ultrasound:
striking differences in patients with cystic fibrosis
versus healthy controls
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Abstract
Background-Colonic strictures repre-

sent an advanced stage of fibrosing colon-
opathy in patients with cystic fibrosis.
Aims-To clarify whether ultrasono-
graphy can identify patients with an early
stage of fibrosing colonopathy and to
determine clinical factors that influence
bowel wall thickening.
Patients-Ninety patients with cystic
fibrosis, median age 10 years, and 46
healthy controls, median age 13 years,
were investigated.
Methods-Bowel wall thickness was

measured by ultrasound in a prospective
study.
Results-In cystic fibrosis, wall thickness
of both small intestine and colon was

significantly (p<0.0001) higher than in
controls; 81% of patients with cystic
fibrosis had a maximum colon wall
thickness at any site of 2 mm or more, a

value that was never reached by controls.
The maximum colon wall thickness was

6 5 mm. Bowel wall thickness was un-

changed at re-examination after one year.

There was no progression even with high
dose pancreatic supplements. There was

no association between bowel wall
thickness and clinical features such as

previous meconium ileus, intestinal
resection, distal intestinal obstruction
syndrome, abdominal pain, or pancreatic
enzyme dose.
Conclusions-There is genuine intestinal
involvement in cystic fibrosis; in a few
cases this could lead to fibrosing colon-
opathy.
(Gut 1997; 40: 406-41 1)
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The gastrointestinal manifestations of cystic
fibrosis are characterised by malabsorption
leading to steatorrhoea, flatulence, and
abdominal pain. In addition to pancreatic
insufficiency, small bowel mucosal dysfunction
has been recognised as a contributing factor.'
Biochemical studies have disclosed dys-
function of the intestinal Cl- transporter,2
abnormal secretion of mucus,3 and enhanced
intestinal uptake of some nutrients (glucose,
alanine).4 These alterations may account for
some of the well known gastrointestinal
complications in cystic fibrosis, such as

meconium ileus and distal intestinal ob-
struction syndrome. Among disorders asso-
ciated with cystic fibrosis, Crohn's disease is 17
times more common than in the general
population.5

Recently, colonic strictures requiring re-
section were described in a series of boys with
cystic fibrosis. Subsequently, other cases were
added."'3 Although the lesions seemed to be
related to the introduction of high strength
pancreatic enzyme supplements,6 14 their aeti-
ology remains to be established. Histological
features, such as extensive submucosal fibrosis
and mild chronic inflammatory infiltrate, do
not resemble previously described strictures,
induced either by ingestion of potassium
chloride preparations or non-steroidal anti-
inflammatory drugs, which are characterised
by ulceration.5 16
The term "fibrosing colonopathy" was

introduced to describe this new type of
gastrointestinal complication in cystic fibrosis,
involving a prestricture state with varying
degrees of stenosis, as well as true colonic
strictures.17 The second can be diagnosed by
barium enema, endoscopy, and biopsy.9 13 18 19
By contrast, the detection of prestricture
lesions remains a diagnostic problem, because
there are no valid data available on presenting
features in these patients, or risk factors for
development of colonic strictures.

Recently, we described pronounced colonic
wall thickening in a girl with cystic fibrosis
detected by ultrasound who had, after
meconium ileus, several attacks of distal
intestinal obstruction syndrome before starting
high strength pancreatic enzyme supplementa-

20tion. However, at presentation the girl had
only few symptoms and the clinical importance
of our ultrasound findings remained unclear. It
is possible that this bowel wall thickening
reflected the prestricture state of fibrosing
colonopathy.

Participating in a multicentre prospective
study, we investigated a series of patients with
cystic fibrosis and healthy control subjects.
The aim was to evaluate frequency of sono-
graphic bowel wall thickening in cystic fibrosis,
during clinical evaluation and follow up.

Methods

Subjects
In this prospective study, we investigated 90
patients with cystic fibrosis (45 females) with
a mean age of 1 1 9 (SD 9) (median 9 8; range
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TABLE I Associated gastrointestinal problems in the
patients with cysticfibrosis (n=90)

Patients
n (%V.)

Liver disease* 20 (22)
Meconium ileust 15 (17)
DIOSt 11 (12)
Rectal prolapse 6 (7)
Appendicitis 5 (6)
Intussusception 2 (2)
Ulcerative colitis§ 1 (1)

*Judged by the criteria of Colombo et al.35
tRequiring resection in 10 cases.
tResponding to conservative treatnent.
SIn remission.

0 4-36) years and 46 healthy controls (22
females) with a mean age of 17 (SD 11 3)
(median 13; range 0 4-40) years. Mean weight
for height (according to Prader)2' was 95 (SD
13) (range 72-149)%. Informed consent was
obtained from subjects and parents. The
diagnosis of cystic fibrosis had been con-
firmed by at least two sweat tests giving
chloride values above 60 mmol/l. Eighty
six patients had pancreatic insufficiency,
documented by increased stool fat excre-
tion before starting enzyme substitution.
Table I summarises the history and clinical
findings.
Most of the patients with pancreatic

insufficiency had been thriving on pancreatic
enzyme supplements. Patients with cystic
fibrosis were treated with six different pan-
creatin capsules from two manufacturers:
Kreon' 10 000 and Kreon® 25 000 (containing
10000 and 25000 lipase units per capsule;
Kali Chemie, Hannover, Germany); Panzytrat®
10 000, Panzytrat® 20 000, Panzytrat® 25 000,
and Panzytrat® 40 000 (containing 10 000,
200000, 25000, and 40000 lipase units per
capsule; Nordmark, Uetersen, Germany). To
evaluate the relation between enzyme dosage
and bowel wall thickness, patients were divided
in three groups: low dose (LD) group (<5000
units lipase/kg/day), normal dose (ND) group
(5000-15000 units lipase/kg/day), and high
dose (HD) group (> 15 000 units lipase/kg/
day). Duration of enzyme supplementation
ranged between 0 and 33 (median 7) years;
duration of high dose (HD) treatment ranged
between 0 and 7 (median 1 3) years. During
the three years before the start of the study, the
percentage of the HD group increased from 12
to 35% (because of raised stool fat excretion on
low dosage). The median increment for lipase
and protease was 2000 IU/kg/day and 60 IU/
kg/day, respectively. Table II gives the details
for distribution of patients among the different

TABLE iI Distribution ofpatients with cysticfibrosis
among the different dosage groups according to lipase
content ofpancreatin preparations

Lipase content (units per capsule) of
pancreatin preparation

Dosage 10 000 20000 25 000 40 000
group n ()/0 ()/0 (v.) (/0)
Low 30 74 1 1 1 5 0
Normal 29 46 0 50 4
High 27 3 4 67 26

dosage groups, and among the different
pancreatin preparations.

Ultrasound examination
The ultrasound examination was done with
a 7 MHz linear transducer (Acuson 128,
Mountain View, California, USA). Patients
were scanned under identical conditions in a
supine position about one hour after the last
meal. The large intestine was identified by
reduced or absent peristalsis and by gas
distended bowel located near the right or left
kidney (ascending or descending colon), or
near the stomach (transverse colon). The
caecum was identified as the most proximal
part of the ascending colon, where the small
intestine enters. The small intestine was
identified by pronounced peristalsis located at
the upper or lower left of the abdomen
(jejunum) or near the right psoas muscle beside
the iliacal vessels (ileum). By means of these
criteria, the different intestinal segments could
be identified in all patients. Identification of
the different layers of the bowel wall was in
accordance with the characteristics described
by Kimmey et al.22 The layer next to the lumen
is hypoechoic and corresponds to the mucosa
(Fig 1). The second layer is the most echogenic
layer and corresponds to the submucosa. The
next layer is hypoechoic and corresponds to the
muscularis propria. The outer layer is
echogenic and corresponds to the serosa.
Measurement of bowel wall thickness was
carried out in true cross sections of the relaxed
bowel. Overall thickness of the bowel wall was
measured from the first mucosal interface echo
to the first serosal echo (Fig 1). Each
measurement was repeated three times at
different positions of the intestinal wall and
the median was calculated. Circumscript
narrowing of the bowel lumen was recorded
wherever it was seen. In addition, colon
peristalsis and occurrence of free peritoneal
fluid were recorded. All patients were scanned
by one investigator (HPH), to minimise
interobserver variation. The intraobserver
coefficient of variation for intestinal ultrasound
measurements repeated on consecutive days
was 5%. Accuracy of measurement was
0 1 mm.

Re-examination after one year was per-
formed on 72 patients. In the interval,
pancreatic enzyme dosage was slightly in-
creased according to stool fat excretion in some
patients. The percentage of patients on HD
treatment increased from 30% to 37%.

Clinical evaluation
Actual episodes of abdominal pain and dis-
tension were recorded. The frequency of
abdominal pain was graded.

Biological assays
Occult blood in faeces was recorded (Hemo
Fec; Boehringer, Mannheim, Germany).
Stool fat excretion was measured according to
the method of van de Kamer et al.23 Stool fat
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Figure 1: Ultrasound images (cross sections) of bowel wall; (A) scan of the terminal ileum shows the lumen (I) and
thickened bowel wall (distance between the two marks, 2 2 mm). The different layers of the wall correspond to mucosa (m),
submucosa (sm), muscularis propnia (ms), and serosa (s); (B) normal colon (wall thickness 1-5 mm); (C) mild thickening
ofcaecum wall (3-1 mm); (D) pronounced bowel wall thickening ofcaecum (6 2 mm) with increased thickness of
submucosa (echogenic layer).

below 2 g/day in patients younger than six years
of age, and below 7 g/day in patients older than
six years of age was considered normal.24 The
patients were taking in normal amounts of fat
(900/o of recommended daily allowance).

Statistics
Student's t test, multivariate analysis of
variance (MANOVA), and multivariate re-
gression were used to analyse the results after
logarithmic transformation of bowel wall
measurements.

Results
Table III summarises the ultrasound meas-
urements. In controls, maximum thickness
of the wall of the small intestine was 1-5 mm
and maximum thickness of the colon wall was
1-9 mm. There was a slight, but significant
(r=-0594; p<0-001) increase with age (Fig 2).
In cystic fibrosis, bowel wall thickness of both
small intestine and colon was significantly
(p<0-0001) higher than in controls (Fig 3);
81% of patients with cystic fibrosis had a
maximum colon wall thickness at any site of
2 mm or more, and 46% of patients had ileum
wall thickness of 1-5 mm or more. Bowel wall
thickening of more than 2 mm involving the

entire colon was noted in 19% of patients.
Maximum wall thickness reached 6-5 mm at
the ascending colon in one patient. As in
controls, there was a slight but significant
(r=0-193; p<0Q001) increase in wall thickness
with age (Fig 2).

Figure 1 shows representative ultrasound
scans of bowel wall thickening of varying
degrees. Bowel wall thickening in cystic fibrosis
was mainly due to increased thickness of
the submucosa, whereas the mucosa and
muscularis remained unchanged (Fig 1). In
cystic fibrosis and in controls there was no
peristalsis to disturb colon wall measurements.
Small amounts of free peritoneal fluid were
found in 24 (28%) patients, whereas no fluid
was detected in any of the controls.
At re-examination after one year, there was

no significant change in median wall thickness
in 72 of 90 patients, although there was
considerable variability in some cases.
None of the patients had significant episodes

of abdominal pain or distension. Occasional
transient abdominal pain was experienced by
53% of the patients. Occult blood in faeces was
detected in none of the patients. On average,
excretion of stool fat was 1 7 2 (range 1 1-100)
g/day. There was no significant correlation
between stool fat excretion and abdominal pain
or dosage group.
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TABLE III Bowel wall thickness (mm) in patients with cysticfibrosis (n=90) and controls
(n=46) measured by ultrasound

Ascending Transverse Descending
Ileum Jejunum Caecum colon colon colon

Cystic fibrosis:
Mean (SD) 1-4 (0-5) 0-9 (0 3) 2-7 (1-1) 2-3 (1-2) 1-8 (0-7) 1-7 (0-8)
Median 1-4 0 9 2-6 2-0 1-8 1-5
Range 0-63-1 0 5-2 5 1-05-0 0-6-65 0-6-48 0-66-2

**** *** **** **** *** **

Controls:
Mean (SD) 1-0 (0 2) 0-8 (0-1) 1-4 (0 3) 1-2 (0-3) 1 1 (0.3) 1 1 (0-2)
Median 10 0-8 1-3 1 1 1.1 1-2
Range 06-1-5 05-1-1 0 7-1 9 06-1-9 06-1-8 0-7-1-5

***p<O-OO1; ****p<0-000 v controls.

We did not find any association between
bowel wall thickening and previous meconium
ileus, resection, distal intestinal obstruction
syndrome, or abdominal pain. There was,
however, a significant (r=-0261, p<005)
positive correlation between increased stool fat
excretion and increased caecal wall thickness.
For pancreatic enzyme supplementation,
bowel wall thickness did not correlate with
enzyme preparation, protease dose, lipase
dose, dosage group, or lifetime dosage (Fig 4).

In the four patients who produced sufficient
pancreatic enzyme, maximum wall thickness of
the ileum and the colon was 1P4 mm and 3 mm
respectively. Asymptomatic intussusception
was detected in five patients. Two patients with
ileoileal intussusception had ileum wall
thickness of 1P3 and 1 6 mm; three patients
with ileocaecal intussusception had ileum wall
thickness between 1-5 and 2 mm and caecum
wall thickness between 3-6 and 3 9 mm.

Discussion
Ultrasound examination is a widely used non-
invasive method for the evaluation of Crohn's
disease, ulcerative colitis, and coeliac dis-
ease.24-28 In recent years, the development of
high resolution ultrasound transducers has
facilitated identification of the different layers
of the bowel wall. Ultrasound examination has
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therefore provided a means of detecting
mucosal changes and bowel wall thickening,
and has supplemented conventional diagnostic
methods of barium enema and endoscopy.9 22

In the present ultrasound study, we found
considerable colonic wall thickening in 81% of
patients with cystic fibrosis. A similar finding
was reported by MacSweeney et al'4 who
described colonic wall thickening in 51% of
patients with cystic fibrosis. However, in their
study, the maximum colon wall thickness of
controls was 0O8 mm. This value differed
considerably from our control cut off value of
2-0 mm, and was also much lower compared
with earlier studies (2 to 3 mm).24 27
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Evaluation of the small intestine disclosed
ileum wall thickening in 46% of our patients
with cystic fibrosis. It is possible that this may
be related to recurrent asymptomatic in-
tussusception, which may occur more often
than assumed so far (60/o in our series).
Terminal ileal involvement (with submucosal
fibrosis) was also described in several cases of
fibrosing colonopathy.8 29 30 In the absence of
confirmatory histology, any correlation with
our findings remains speculative.
Our ultrasound data showed no correlation

between bowel wall thickness and history of
meconium ileus or intestinal resection. This
confirmed results by MacSweeney et al.'4 In
addition, we could not detect a correlation
between bowel wall thickness and previous
distal intestinal obstruction syndrome. In the
course of our study two patients developed this
syndrome, requiring surgical lavage in one. In
both cases, the colonic wall was only
moderately thickened. These data suggest that
distal intestinal obstruction syndrome was not
related to bowel wall thickening.
We found an association between increased

stool fat excretion and caecal bowel wall
thickening. It is well known that, despite
appropriate pancreatic supplementation, in-

complete control of steatorrhoea occurs in a

subgroup of patients with pancreatic enzyme

insufficiency.3' 32 The high prevalence of
submucosal thickening may be representative
of a more extensive intestinal abnormality,
which may further affect function. Because
our faecal fat studies were only partially
accompanied by dietetic evaluation, exact
coefficients of fat absorption could not be
given.

Despite considerable bowel wall thickening,
none of our patients had a major clinical
complaint - that is, recurrent abdominal pain,
distension, or obstruction. In this regard our

patients differed from the group with colonic
strictures reported recently,6 in whom a

common problem was intestinal obstruction
requiring surgery. Ultrasonography showed
colon wall thickness exceeding 6 mm in every

patient with a stricture (S King, personal
communication). In another case report of
colonic stricture, colon wall thickness
measured by ultrasound was 7 mm.11

In a survey of 1 14 cystic fibrosis care centres
in the United States, surgical pathology reports
from 15 patients with colonic strictures were

reviewed.33 On gross examination, the colonic
wall was thickened with luminal narrowing at
the stricture site. Histological examination of
the resected specimens showed extensive
submucosal fibrosis. It was suggested that
colonic strictures represent an advanced stage
of colonic involvement that was termed
"fibrosing colonopathy".'7 However, the early
stage of fibrosing colonopathy is not well
characterised. We were able to describe
pronounced bowel wall thickening in many

asymptomatic patients with cystic fibrosis.
Only in one patient was there a circumscript
narrowing of the lumen in the ascending colon.
Colon wall thickness was 6-5 mm at this site.
However, the child felt well with no sign of

bowel obstruction.20 During follow up for 10
months, colon wall thickness in this patient
decreased gradually to 4-3 mm. We suggest the
finding of submucosal thickening in most
patients with cystic fibrosis represents a
sonomorphological correlate of an early stage
offibrosing colonopathy. However, this has not
been determined histologically, and patho-
logical correlation is required to establish an
exact correlate.
The rare development of colonic strictures

requires separate explanation. Currently it is
not known what factors promote transition
from early stages to colonic strictures. It has
been suggested that high strength pancreatic
enzymes are causally related to colonic
strictures.6 14 In a case control study in the
United Kingdom cystic fibrosis population, a
dose related association between colonic
strictures and certain brands of high strength
enzyme supplements - in particular, Nutrizym
22® and Pancrease HL® - or laxative usage was
found.4 By contrast, for the high strength
preparation Creon' 25 000, no association
could be detected. However, only eight of 15
patients with colonic strictures reviewed in the
United States survey were on high strength
pancreatic supplementation.33 In the present
study, we could not detect a correlation
between bowel wall thickness and actual or
lifetime enzyme dosage, or preparation. Bowel
wall thickening was unchanged in most
patients at re-examination after one year
despite the dosage not being reduced. Thus
there is no direct evidence that pancreatic
enzymes played a major part in the patho-
genesis of fibrosing colonopathy.
We conclude that submucosal bowel wall

thickening is a common feature in patients with
cystic fibrosis, which seems unrelated to
various clinical factors and supplementation.
Ultrasound examination was a reliable non-
invasive method for evaluating this intestinal
involvement in cystic fibrosis. As pancreatic
enzyme dosage was obviously not correlated
with bowel wall thickening, recommendations
on changes in pancreatic supplementation
seem premature. Further studies are necessary
to determine the natural history of fibrosing
colonopathy and to detect risk factors for
colonic strictures. Until these are understood,
it would seem unnecessary to harm patients by
inducing steatorrhoea with insufficient pan-
creatic supplementation.

This work was presented in part at the 20th European Cystic
Fibrosis Conference (EWGCF), Brussels, 20 June 1995.
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