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Transrectal ultrasound study of the pathogenesis of
solitary rectal ulcer syndrome

M J Van Outryve, P A Pelckmans, H Fierens, Y M Van Maercke

Abstract
Transrectal ultrasonography is ofclinical value
in anorectal carcinoma and in inflammatory
diseases of the anorectum. In this study a rigid
linear endorectal probe was used to examine 15
patients with endoscopically and biopsy
proved diagnosis of solitary rectal ulcer syn-
drome. In 13 of the 15 patients the rectal wall
was thicker (mean (SEM) 5.7 (0.4) mm; normal
values: 2-8 (0.1) mm) near the rectal ulcer. In
all these cases the muscularis propia layer
exceeded the maximum normal diameter of
2 mm. In nine of the 15 patients the normal
rectal wail echostructure, with five distinct
layers, was disturbed and there was fading of
the borders between the mucosa and the mus-
cularis propria. Poor relaxation ofthe puborec-
talis muscle during straining was seen on
ultrasound in 11 patients, as was intussuscep-
tion of the rectal wall. The obvious enlarge-
ment of the muscularis propria points to a
chronic mechanical load on the rectal wail.
The ulcerative lesions are formed in this area
ofoverloaded rectal wail. The direct visualisa-
tion ofthe puborectalis muscle during dynamic
transrectal ultrasonography indicates that the
fact that it does not relax is an important
element in the pathogenesis of solitary rectal
ulcer syndrome.
(Gut 1993; 34: 1422-1426)
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Solitary rectal ulcer syndrome is a remarkable
entity, the diagnosis ofwhich has to be differenti-
ated from inflammatory bowel disease or other
forms of proctitis. The name solitary rectal ulcer
is misleading because there can be more than one
ulcer and at a stage of the disease no ulceration is
present.
The aetiopathogenesis of the syndrome has

been elucidated recently with the help of
defecography'2 and other functional anorectal
examinations.' The ulceration is probably pro-
voked by mucosal prolapse and intussusception
during excessive straining at stool, with chron-
ically repeated mucosal trauma and ischaemia.7
Ruptures of submucosal vessels and obliteration
of mucosal capillaries by fibrous tissue in the
lamina propria are described.89 The excessive
straining is seen as an attempt to overcome the
inappropriate contraction of the puborectalis
muscle' or as a result of hypersensitivity of the
rectum. '"

Sigmoidoscopy shows that the (ulcerative)
lesions are mostly located at the anterior or

anterolateral wall ofthe rectum. They vary in size
and in shape and are located 4-10 cm from the
anal verge. In about a third ofthe cases there is no
ulcer,9 but a mild proctitis with fiery red and

thickened nodular folds, excessive mucus secre-
tion, and mucosal friability.8

Histopathology is mandatory for the diagnosis
and shows a typical obliteration of the lamina
propria by fibrosis and smooth muscle fibres
extending from a thickened muscularis mucosa
towards the lumen.7 There is often distortion of
the crypt architecture. The ulcers are always
superficial and never penetrate beneath the sub-
mucosa. In resection specimens, fibrosis of the
submucosa and thickening of the muscularis
propria are also found.7'" In a minority of cases,
glands are displaced in the submucosa where
they may become cystically dilated, the so called
'colitis cystica profounda'.' This is considered to
be a variant of the solitary rectal ulcer syndrome
with the same pathogenesis as the solitary rectal
ulcer itself."

Transrectal ultrasonography is easy to per-
form, well tolerated, and can be repeated as a
follow up examination. Its value is proved in the
staging and follow up of anorectal carcinoma,'2 13
and it is increasingly used in inflammatory
diseases of the anorectum.'415 In solitary rectal
ulcer syndrome, transrectal ultrasonography
should clearly delineate the rectal wall and its
separate layers. Mucosal ulcerations and changes
in the rectal wall architecture should be easily
detected and eventually measured. Dynamic
examination should allow a study of the pubo-
rectalis muscle and the anal sphincter, especially
during defecation. Indeed, previous studies
clearly visualised the anal sphincter and the
puborectalis muscle.'5 168 Transrectal ultra-
sonography of the puborectalis muscle during
straining should help to elucidate the complex
pathogenesis of the solitary rectal ulcer syn-
drome.

Methods

PATIENTS
The study concerns 15 consecutive patients with
solitary rectal ulcer syndrome. There were 12
women and three men (mean age 39-6 years,
range 19-68 years) with endoscopically and
biopsy proved solitary rectal ulcer syndrome. In
13 patients, sigmoidoscopy showed a distinct
ulcer, located typically on the anterior or the
anterolateral rectal wall 4-10 cm from the anal
verge. In the two remaining patients erythema-
tous mucosal folds with intraluminal mucus
hypersecretion and mucosal friability were
found. The typical histological criteria7 of
fibrosis and muscular obliteration of the lamina
propria, with enlargement of the muscularis
mucosae, were fulfilled in all cases. Colitis cystica
profunda was not seen. All patients had a history
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of several years of vigorous straining at stool,
with a sensation of incomplete rectal discharge.

TECHNIQUE
Transrectal ultrasound examination was per-
formed with a rigid linear endorectal probe
(model IVV5060; Toshiba, Tokyo, Japan) by
the same investigator (MVO), and the scans were
discussed with the other authors. A linear endo-
rectal probe was used, since this provided clear
images of the rectal wall layers, the perirectal and
pelvic floor structures, and the anal sphincter.'5
The frequency of the ultrasound waves was
5 MHz. The patients were placed in the left
lateral decubitus. A water filled balloon at the top
of the probe served as an acoustic window for the
ultrasonic beams. The examination was per-
formed by rotating the probe through 3600.

VARIABLES EXAMINED

MorpholoV ofthe rectal wall
The entire rectal wall consists of five layers.'2 19
The mucosa is defined as the hypo-echoic layer
nearest the balloon and the muscularis propria as
the outermost hypo-echoic layer. The three
remaining hyper-echoic layers are considered as
interfaces. Normally, the individual layers are

Figure 1: Longitudinal transrectal ultrasound scan (A and C) and schematic drawings (B and
D) ofthe anal sphincter (S) and puborectalis muscle (PR) at rest (A-B) and during straining
(C-D). The puborectalis muscle arisesfrom the pubic bone (0) andforms a functional entity
with the external component ofthe anal sphincter, both moving distally during straining.

clearly distinct from each other and are not
interrupted. An ulcer is characterised as an echo-
rich spot or zone that interrupts the continuity of
the layer. Fading of the borders between the
individual layers is not seen in healthy individ-
uals and can be considered as abnormal.

Rectal wall thickness
According to the published reports and to our
previous studies in normal subjects,'5 a maxi-
mum thickness of 1 mm for the mucosa and of
2 mm for the muscularis propria are considered
normal, with a maximum thickness of 4 mm for
the entire rectal wall.2122 In a preliminary study of
40 normal subjects,'5 the mean thickness of the
muscularis propria was 1-0 mm and the mean
thickness of the entire rectal wall 2.8 mm. Using
exactly the same technique, the thickness of the
mucosa, the muscularis propria, and the total
rectal wall were measured in all 15 patients with
solitary rectal ulcer syndrome.

Anal sphincter and puborectalis muscle at rest and in
dynamic conditions
The anal sphincter originates from the rectal
muscular layer as a sharply delineated ellipsoid
area. The internal component of the sphincter is
quite homogeneous and echo-poor, the external
component is more echo-rich (Fig 1A-B). The
length and breadth of the sphincter can easily be
measured. Length was defined as the largest
craniocaudal diameter and breadth as the largest
ventrodorsal diameter, both expressed in mm.`
The puborectalis muscle was defined as the
central part of the levator ani muscle, originating
from the pubic bone and joining the external
component of the anal sphincter. The anal
sphincter and the puborectalis muscle were
examined at rest, during voluntary contraction of
the sphincter (squeezing), and during defecation
movement (straining). A previous study in
healthy individuals showed a decrease in length
and an increase in breadth of the anal sphincter
during squeezing.`' At the mean time, a contrac-
tion of the puborectalis muscle with an upward
movement of the pelvic floor was observed.
During straining the anal sphincter increased in
length and decreased in breadth. The pubo-
rectalis muscle relaxed and became longer and
smaller, moving distally as a functional entity
with the anal sphincter (Fig 1C and D).

STATISTICS
All data are expressed as mean (SEM). The
statistical analysis was performed with the
Wilcoxon's rank sum test. p values <0 05 were
considered significant.

Results

MORPHOLOGY OF THE RECTAL WALL
An ultrasound scan typical of ulceration was
detected in eight of the 13 patients with an ulcer
seen at sigmoidoscopy. At transrectal ultra-
sonography the ulcer was always superficial and
restricted to the mucosal layer (Fig 2). In nine of
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Figure 2: Longitudinal transrectal ultrasound scan (A) and schematic drawing (B) ofthe
rectal wall in a patient with solitary rectal ulcer syndrome. Note the mucosal ulceration
(arrow), the mucosa (m), the muscularis propria (M) and the vagina (V). The rectal wall
layers merge into each other in the vicinity ofthe ulcer (arrowhead).

the 15 patients, the characteristic five layered
structure of the rectal wall was disrupted. In
these cases, the borders of the mucosa and
muscularis propria layers faded in the immediate
vicinity ofthe ulcer (Fig 3). A noticeable enlarge-
ment of the muscularis propria was often
observed, bridging towards the mucosa with
merging of the two layers. Cystic dilatations in
one or more of the layers were not encountered.

RECTAL WALL THICKNESS
In seven of the 15 patients, the mucosa exceeded
the normal thickness of 1 mm, reaching a thick-
ness of 2-2.5 mm (mean 2-2 mm). In the eight
other patients, the mucosal thickness was
normal. There was no correlation between the
sigmoidoscopic or ultrasonic occurrence of an
ulcer and the thickness of the mucosal layer. An
increased thickness of the mucosa was always
accompanied by an increased diameter of the
muscularis propria. The muscularis propria layer
exceeded the maximum normal thickness of
2 mm in 13 patients, with a mean (SEM) of 3.0
(0 3) mm and a largest diameter of 5.5 mm. The

Figure 3: Longitudinal transrectal ultrasound scan (A) and schematic drawing (B) ofthe
rectal wall in a patient with solitary rectal ulcer syndrome. Note the mucosal ulceration
(arrows), the mucosa (m), the muscularis propria (M), the seminal vesicle (V) and prostate
gland (P). The typicalfive layered rectal wall structure has disappeared proximally to the
ulcer (arrowhead).

TABLE I Rectal wall dimensions in solitary rectal ulcer
syndrome patients compared with normal values

Muscularis Entire rectal
No propria (mm) wall (mm)

Normal subjects 40 1 0 (0-1) 2-8 (0 1)
Patients 15 3-0 (0.3)* 5-7 (0 4)*

Values are mean (SEM).
*Significantly different from values in normal subjects
(p<rooool).

TABLE II Anal sphincter dimensions in 15 patients with
solitary rectal ulcer syndrome

Length Breadth
(mm) (mm)

Rest 34-2 (1-8) 6-4 (0.5)
Squeezing 32-3 (1-8)* 6-4 (0.5)
Straining 341 (1.7) 5-3 (0.4)t

Values are mean (SEM).
*Significantly different from length at rest (p<0025).
tSignificantly different from breadth at rest (p<0004).

enlarged area was generally irregular, but with a
maximal thickness in the immediate vicinity of
the ulcer (Fig 2). The entire rectal wall thickness
was increased in 13 patients with a mean (SEM)
of5.7 (0.4)mm for the 15 patients and a maximal
thickness of 8.0 mm. In all these patients the
muscularis propria was enlarged, in eight ofthem
the mucosal layer was enlarged too. The thick-
ness of the muscularis propria and of the total
rectal wall was significantly larger in these
patients than in normal subjects (Table I).

ANAL SPHINCTER AND PUBORECTALIS MUSCLE AT
REST AND IN DYNAMIC CONDITIONS
In all patients, the anal sphincter was sharply
delineated and could be measured in a stan-
dardised way (Table II). The puborectalis
muscle was clearly visualised in all patients by
rotating the probe in a lateral direction. During
squeezing, contraction of the muscle was
observed with an upward movement ofthe pelvic
floor, as seen in all healthy individuals. During
straining, however, poor relaxation of the pubo-
rectalis muscle was observed in 11 patients; the
muscle keeping an identical morphology to that
in rest. This lack of relaxation ofthe puborectalis
muscle during straining was accompanied by a
craniocaudal intussusception of the rectum, with
the formation of a typical 'onion like' structure
created by superposition ofthe different layers of
the proximal unto the distal part ofthe rectal wall
(Fig 4). A noticeable ventral displacement of the
rectum was seen in 10 cases. A defecography was
performed in 13 of our 15 patients. Intussuscep-
tion was seen in 61% and ventral displacement of
the rectum in 76%. An insufficient widening of
the anorectal angle at straining was observed in
41% of the patients. Defecography showed lack
of relaxation of the puborectalis muscle at strain-
ing in only two cases, but this muscle was viewed
indirectly at the dorsal side of the rectum. A full
thickness rectal prolapse was noted in one
patient.

Discussion
Our patient group can be considered as repre-

i
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Figure 4: Longitudinal transrectal ultrasound scans (A and C) and schematic drawings (B
andD) ofthe anal sphincter (S) and puborectalis muscle (PR) at rest (A-B) and during
straining (C-D). Constant morphology and dimensions ofthe puborectalis muscle during
straining, compared with at rest. Ventral movement ofthe rectum and pelvic floor with rectal
intussusception (arrow) during straining. Note the mucosa (m), the muscularis propria (M)
and the pubic bone (0).

sentative of the solitary rectal ulcer syndrome
population,2324 with a female preponderance up

to 80% and a mean age of about 40 years.
Excessive straining at stool is often accompanied
in these patients by rectocele and recto-rectal or

recto-anal intussusception, provoking a rectal
ulcer as the end stage of the disease.2' The
pathogenesis ofthe solitary rectal ulcer syndrome
is not exactly known, although the hypothesis of
repeated mucosal trauma and ischaemia of the
rectal wall is now generally accepted.7 With
transrectal ultrasonography we observed an

impressive increase in rectal wall thickness in
86% of our patients. A chronically exaggerated
muscular effort ofpushing against the barrier ofa
tense puborectalis muscle could be one of the
mechanisms ofthe enlargement ofthe muscularis
propria in our patients.426 Ultrasonography
showed that the puborectalis muscle did not relax
in 73% of the patients asked to strain to defecate.
An intussusception of the rectal wall was

observed in all these cases. Defecographies con-

firmed our ultrasound findings and accord with
other defecography data in this syndrome.' 126 10 25
In our series, however, defecography did not
show lack of relaxation of the puborectalis
muscle during straining. The defecographic
imaging of the puborectalis muscle at the dorsal

side of the rectum during straining, is indirect
and often hard to evaluate. The direct visualisa-
tion of the puborectalis muscle during dynamic
transrectal ultrasonography examination indi-
cates that the lack ofrelaxation ofthis pelvic floor
muscle is an important element in solitary rectal
ulcer syndrome pathogenesis.
When the puborectalis muscle does not relax

sufficiently at straining, the anal canal is not
brought into the same axis as the rectum and
faecal expulsion is inhibited. This leads to exces-
sive and repeated straining. In our study the
ulcers are located in the area of increased thick-
ness ofthe muscularis propria. This suggests that
the ulceration occurs in the zone of the highest
muscular activity. Manometric studies showed a
high intrarectal pressure in these patients.' Anal
electromyographic studies showed sustained
pelvic floor muscle activity in these patients
during straining.34
Our transrectal ultrasonography showed a

statistically significant increase in the thickness
of the muscularis propria and in the total rectal
wall thickness when compared with the results in
our normal subjects." The increase in rectal wall
thickness was mainly due to an enlargement of
the muscularis propria layer; an enlargement of
the mucosal layer only occurred in 46% of the
patients. Routine sigmoidoscopic biopsy speci-
mens are superficial and restricted to the mucosa
and muscularis mucosae, the muscularis propria
is absent. Surgical resection specimens, how-
ever, confirm the enlargement of the muscularis
propria in this syndrome.`'

Interestingly, an increased thickness of the
total rectal wall was also observed in inflamma-
tory bowel disease, in 58% of patients with active
Crohn's disease," strikingly more than the pro-
portion in ulcerative colitis.2' This reflects the
transmural inflammation and fibrosis in Crohn's
disease. In solitary rectal ulcer syndrome the
increased rectal wall thickness could also be
provoked by chronic inflammation, oedema, and
fibrosis in addition to the muscular factors men-
tioned above. The chronic inflammation of the
mucosa, with fibrosis of the lamina propria and
extension of smooth muscle fibres from the
muscularis mucosae to the lamina propria, was
confirmed histologically in all our patients. This
explains the distortion of normal rectal wall
architecture on ultrasonography.

In our patients we could not detect anomalies
in the morphology of the anal sphincter. The
dimensions at rest, during squeezing, and strain-
ing (although individually variable), were similar
to those observed in healthy individuals." This
argues against a primary dysfunction of the anal
sphincter itself in the pathogenesis of this dis-
order. As expected ultrasonography was less
effective than sigmoidoscopy in visualising
superficial mucosal ulcers. The use of higher
frequency probes (7.5 and 12 MHz) should
facilitate the diagnosis of superficial mucosal
defects.'4 However, 5 mHz probes allow excel-
lent imaging of the pelvic floor structures, espe-
cially of the puborectalis muscle. There are no
cases of colitis cystica profunda in our series. In
solitary rectal ulcer syndrome well delineated
cystic lesions that did not penetrate beyond the
submucosa and were well differentiated from
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rectal carcinoma were visualised with transrectal
ultrasonography.27

In conclusion, transrectal ultrasonography
allowed a precise study of the morphology and
the thickness of the rectal wall layers and of the
anal sphincter in all our patients. The obvious
enlargement of the muscularis propria points to a
chronic mechanical load on the rectal wall. The
ulcerative lesions are formed in this overloaded
and chronically inflamed rectal area. Ultra-
sonography clearly shows the lack ofrelaxation of
the puborectalis muscle during straining, con-
firming this as a pathogenetic mechanism in the
syndrome. We suggest that ultrasonography can
be helpful in the differential diagnosis of this
syndrome, especially in cases without ulceration.
Transrectal ultrasonography offers a tool for
more accurate treatment with biofeedback train-
ing, allowing direct imaging and control of the
pelvic floor movements during straining.
The authors thank Anita Muys for the artistic drawings.
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