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Abstract
AIM: To assess prospectively small bowel stenoses in 
Crohn's disease (CD) patients treated with infliximab 
using Small Intestine Contrast Ultrasonography (SICUS).

METHODS: Twenty patients (M 12, age, 42.7 ± 11.8 
years), 15 of whom showed obstructive symptoms 
indicating the presence of small bowel stenosis, and 5 
without stenosis, were treated with infliximab (5 mg/kg 
at wk 0, 2, 6 and 5 mg/kg every 8 wk thereafter) for 
steroid refractoriness, fistulizing disease, or to avoid 
high-risk surgery. SICUS was performed at the induction 
phase and at regular time intervals during the follow-
up period of 34.7 ± 16.1 mo (range 7-58). Small bowel 
stenoses were detected by SICUS, endoscopy and MRI.

RESULTS: In no case was progression of stenoses or 
the appearance of new ones seen. Of the 15 patients 
with stenosis, 5 stopped treatment after the induction 
phase (2 for no response, 3 for drug intolerance, one 
of whom showed complete regression of one stenosis). 
Among the remaining 10 patients, a complete regression 
of 8 stenoses (1 stenosis in 5 patients and 3 stenoses 
in one patient) was observed after 6-22 infliximab 
infusions.

CONCLUSION: In patients with CD treated with 
infliximab we observed: (a) No progression of small 
bowel stenosis and no appearance of new ones, (b) 
Complete regression of 1/22 stenosis after the induction 
phase and of 8/15 (53.3%) stenosis after 6-22 infusions 

during maintenance therapy.
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INTRODUCTION
The effect of  infliximab on symptomatic Crohn’s intesti-
nal stenosis is controversial and, even though there is no 
direct evidence indicating anti-TNFα antibodies therapy 
enhances stricture formation, it is usual practice to with-
hold infliximab therapy in patients with intestinal stenosis. 
Indeed, two retrospective studies have reported intestinal 
obstructions as a possible adverse event[1,2]. Such obstruc-
tive events have been interpreted as the outcome of  an 
accelerated healing process that may trigger fibrosis within 
the inner layers of  the gut wall. Conversely a review of  
large clinical studies concluded infliximab treatment did 
not increase the risk of  developing strictures in patients 
with Crohn’s disease (CD)[3]. 

Because of  the lack of  non-invasive, radiation-free, 
techniques to assess transmural small bowel lesions, 
previous studies were retrospective and relied on 
assessments of  the obstructive symptoms rather than 
of  the stenotic lesion itself[4-7]. Small intestine contrast 
ultrasonography (SICUS), performed after the ingestion of  
oral contrast, enables measurement of  the wall thickness 
and luminal diameter of  the small bowel[8,9]. This technique 
can accurately assess the presence, size, and number of  
small bowel lesions in CD patients[10,11]. 

In the present study, SICUS was used to assess the time 
course of  small bowel stenosis in CD patients treated with 
infliximab, in a prospective follow-up investigation.
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MATERIALS AND METHODS
Patients
As a part of  a long-term prospective follow-up study, 
twenty patients (12 males and 8 females, age 42.7
± 11.8 years) with CD of  the small bowel received 
infliximab therapy because of  the presence of  fistulae (11 
patients) and/or steroid dependence (7 patients) and/or 
azathioprine intolerance (5 patients) and/or extra-intestinal 
manifestation (1 patient with ankylosing spondylitis). 
Fifteen had small bowel stenoses and obstructive 
symptoms (6 had previously received extensive small bowel 
resections).

Diagnosis of  CD was based on the criteria adopted 
in the EC-study[12]. Medical history, including abdominal 
and extra-abdominal complaints, associated disease, CD 
behavior and CDAI at the first and last assessment of  the 
follow-up, smoking status at diagnosis and at follow-up, 
family history, location of  CD, duration of  the disease, 
past surgery and endoscopic dilatation, and current and 
previous medical treatment were enquired and reported. 
Informed consent was obtained from each subject.

Protocol of the study 
Patients were scheduled to receive an infusion of  
infliximab (5 mg/kg) at wk 0, 2 and 6 (induction phase) 
and 5 mg/kg every 8 wk thereafter (maintenance therapy). 
Each patient was prospectively evaluated with SICUS. 
SICUS was performed during the infliximab induction 
phase and at six-month intervals thereafter. Each patient 
was initially subjected to a standardized clinical interview 
and a physical examination, performed by one of  two 
certified and experienced gastroenterologists (FB, EC). 
After an overnight fast, patients were consecutively 
submitted to SICUS and, on different days and in 
random order, to an endoscopic examination, with 
multiple mucosal biopsies, of  the entire large bowel and 
terminal or neoterminal ileum. When deemed necessary 
additional investigations, including biochemistry, upper GI 
endoscopy, abdominal CT or MRI, were performed. The 
sonologist was aware of  the diagnosis and clinical data, 
including bowel surgery, but was blinded to the results of  
endoscopy and of  other investigations, and did not review 
the results of  the previous SICUS examinations at each 
follow-up assessment.

At the end of  the US investigation small bowel 
abnormalities were reported on a standardized form, 
with particular reference to presence, anatomical site and 
extension in centimeters of  intestinal wall, and lumen 
alterations. Fistulas and abscesses were looked for and 
reported.

Small intestine contrast US (SICUS)
Real-time US was performed using Toshiba Tosbee (Tokyo, 
Japan) equipment with 3.5 MHz convex and 5 MHz linear 
array transducers. The sonologist (NP) had experience 
exceeding 7000 sonographic examinations of  the whole 
abdomen and 4000 examinations of  SICUS.

SICUS was performed according to a previously 
published[8] method. Briefly, after the ingestion of  375 mL 
of  macrogol contrast oral solution (Promefarm, Milan, 

Italy) and after the contrast was seen to flow through the 
terminal ileum into the colon, a retrograde follow-through 
assessment of  the entire small bowel was performed 
visualizing, in a caudo-cranial sequence, the contrast-filled 
ileal and jejunal loops. The body positions of  patients 
were changed and abdominal compression with the 
US transducer was used whenever required to improve 
visualization of  any single loop and detection of  intestinal 
abnormalities after the ingestion of  the oral contrast. All 
examinations were recorded on VHS to be re-examined at 
will.

Wall thickness and lumen diameter were measured 
at several sites (proximal, middle and distal) of  the small 
bowel at the level of  the maximally distended, and not 
contracting, intestinal loops. 

The criteria for presence of  CD ileal lesions were as 
follows[10]: (1) Increased wall thickness (more than 3 mm) 
and lack and/or distortion of  the intestinal folds; (2) 
presence of  bowel stenosis defined as a lumen diameter 
of  less than 1 cm, measured at the level of  maximally 
distended loop, independent of  the presence of  pre-
stenotic dilatation; and (3) bowel dilatation defined as 
lumen diameter more than 2.5 cm[8,9]. The extension of  
the stenoses was expressed as the length of  the segment 
with a lumen diameter of  less than 1 cm[8,9]. To distinguish 
a stenosis from a dynamic reversible reduction of  
luminal diameter due to intestinal contraction, multiple 
and prolonged, more than 15 min, observations of  the 
narrowed tract were performed. Furthermore the presence 
of  stenoses located in the terminal and neoterminal ileum 
were confirmed at endoscopy based on their inability 
to pass an 11 mm caliber endoscope; those in the more 
proximal small bowel segments were confirmed on at least 
two consecutive follow-up observations at SICUS and 
MRI. 

For each detected lesion, site, number and length were 
reported on the record chart. Regression of  intestinal 
stenosis was defined as an intestinal lumen with a diameter 
more than 1 cm as assessed by at least 2 follow-up SICUS 
evaluations, and confirmed at endoscopy for the lesions 
located in the terminal ileum, and at MRI for those located 
in the more proximal small bowel segment.

RESULTS
Induction phase
Fifteen patients had one or more stenosis of  the small 
bowel; five patients did not have stenoses. In two female 
patients with penetrating CD behavior, infliximab 
therapy was discontinued for intolerance after the first i.v. 
administration. In an additional 2 female patients, one with 
entero-enteric fistulae and one with recto-vaginal fistula, 
treatment was discontinued after the induction period 
owing to a lack of  response to the treatment. After the 
first 3 induction infusions there was a complete regression 
of  one of  the three upper GI stenoses in one male patient, 
who discontinued treatment owing to intolerance.

Maintenance phase
Fifteen patients then received maintenance therapy with 
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infliximab. The main characteristics of  patients receiving 
maintenance therapy are reported in Table 1 and Figure 1. 
During the follow-up period of  34.7 ± 16.1 mo (range 
7-58 mo, median 38 mo), SICUS and, when required, 
endoscopic and imaging investigations, were performed 
at 10.7 ± 3.7 mo intervals in all but 3 patients who were 
assessed at induction and regularly subjected to follow-
up starting at 21, 24 and 28 mo after the induction phase. 
Three patients were referred for surgery as they did not 
respond to maintenance therapy; one for entero-cutaneous 
fistulas after 3 infusions, one for severe recurrence after 
12 infusions and one who previously received surgical 
operations and endoscopic dilatations for recurrent 
obstructive episodes after 6 infusions. Thirteen patients 
remained on maintenance therapy. 

Patients with small bowel stenosis
Nine patients had 1 or more small bowel stenoses (1 patient 
with 4 jejunal stenoses; 1 patient with 1 stenosis at the 
level of  proximal ileum; 1 patient with 3 stenoses at the 
level the distal and terminal ileum; 1 patient with 1 stenosis 
at the level of  distal ileum; 2 patients with 1 stenosis at 
the level of  terminal ileum; 3 patients with 1 stenosis at 
the level of  neo-terminal ileum). Complete regression of  
8 stenoses, 3 of  which showed prestenotic dilatation, was 
observed in 6 patients; in 2 of  these, the stenosis was at 
the level of  the neo-terminal ileum. In one patient with 
three stenoses, the most proximal one regressed after 9 
cycles of  therapy, whereas the remaining two regressed 
after 22 cycles (Figure 2). Regression of  all stenoses was 
confirmed in subsequent observations performed during 
the follow-up from a minimum of  1 mo to a maximum 
of  42 mo. In 3 patients, there was no variation in the pre-
existing 6 stenoses, all with pre-stenotic dilatation, but the 
obstructive symptoms disappeared.

Patients without small bowel stenosis
Among the 5 patients without stenoses, none developed 
stenosis or obstructive symptoms and in one patient a 
regression of  terminal ileum alteration was observed 
(Table 1). On average, CDAI improved during infliximab 
maintenance therapy, but no relationship was found 
between CDAI at time of  induction or at last follow up 
observation and regression of  stenoses.

DISCUSSION
The most relevant finding of  the present study is the 
observation that during therapy with anti-TNF alpha 
antibodies there was no progression of  pre-existing 
stenoses, no appearance of  new ones, and complete 
regression of  1/22 (4.5%) small bowel stenoses after the 
induction phase and 8/15 (53.3%) small bowel stenoses 
after 6-22 maintenance infusions. In addition, despite the 
long duration of  CD, no stenosis progressed to require 
surgery and in the presence of  stenosis obstructive 
symptoms disappeared during infliximab treatment.

The limitations of  this study are the small size of  the 
population and the observational type of  assessment. 
Confirmation in an ad hoc randomized controlled study 
performed in a larger sample size is required.

The strengths of  this study are the prospective 
collection of  data, the morphological assessment of  CD 
stenosis with description of  intestinal wall and lumen 
diameter and in comparison with previous reports, the 
relatively long duration of  the follow-up in patients with 
small bowel stenosis treated with infliximab therapy.

A previously published review[3] of  prospectively 
collected data in the TREAT registry and from the 
ACCENT I trial concluded long-term treatment with 
infliximab was not associated with increased risk of  

Table 1  Main characteristics of patients and small bowel lesions on maintenance infliximab therapy 

Gender Smoker IB DD Age Previous Associated       CDAI FU Infusions2 Stenosis
(yr) (yr)1 surgery therapy Inclusion  Last months number Site Number Length (cm) Ø (mm) WT (mm) PSD Regression5

M + B3 11 24 3 -   74   13 26 11 PAI 1        10 5       5 -   8
M - B3   2.5 38 - 5-ASA 139.2   40.4 24 12 PI 1        20 7     10 +   8
M + B3   5.6 52 - -   96   39.2 43 22 DI/TI 3          6 8       9 -   9

         3.5 9       6 - 22
         4.5 8       5 - 22

M - B2 21.5 22 1 -   28   28 54 27 PAI 1          7 9       8.5 -   6
M + B2 21 30 - AZT/5-ASA 202 119 25 15 DI 1          5 4       6 + 15
F + B3   9 29 - AZT/5-ASA 167   32 58 12 TI 1          5 5       7 + 12
M4 + B2 31 21 3 -   54   28 47  223 PAI 1          7 7       6 + -
M - B2 15.5 22 1 5-ASA 330.2 267.2 50 19 UGIT 4          3 4       9 + -

         2 4       9 + -
         6 4       9 + -
         3 4       9 + -

F - B3 30 18 3 5-ASA 241   12 51   4 PAI 1        15 9       7 + -
M + B2 11 30 - - 134.6   78.6 42 23 TI 1        25 7       9 + -
M - B2   4.5 52 1 5-ASA 126   71.8 14   9 No stenosis
F + B3   3.2 26 - 5-ASA 154.6     0 38   9 No stenosis
M4 - B3   5.6 19 - -   35.6 384 24 14 No stenosis
M4 - B3 15 38 - 5-ASA 306 144   7   6 No stenosis
F + B3 14.4 18 - AZT 134 103 17   9 No stenosis

IB: Illness behavior; CDAI: CD activity index at inclusion and at the last follow-up assessment; DD: Disease duration; D: Distal ileum; F: Female; FU: Follow-
up; M: Male; PAI: Pre-anastomotic ileum; PI: Proximal ileum; PSD: Prestenotic dilatation; TI: Terminal ileum; UGIT: Upper gastrointestinal tract; WT: Wall 
thickness; 1Age at diagnosis; 2Some infusions were delayed for intercurrent events (e.g. pregnancy, infections etc); 3Stricturoplasty after 6 infusions of infliximab, 
in maintenance therapy; 4Patients submitted to surgery during infliximab therapy; 5Number of infliximab infusions at regression. 
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development of  stenosis. These conclusions were based 
on clinical judgment, as radiological and endoscopic 
evaluations were performed at the discretion of  the 
investigators, and not systematically in patients without 
obstructive symptoms. In addition, because patients with 
symptomatic stenosis were excluded from the study, the 
effect of  infliximab on high-grade stenosis could not be 
assessed.

The present study refers to patients with CD of  the 
small bowel treated with infliximab and belonging to a 
larger CD patient population assessed in a long-term 
prospective follow-up study, in which SICUS is used to 
evaluate the time course of  small bowel lesions.

SICUS has enabled the normal values of  wall 
thickness and luminal diameter of  the small bowel and 
the reproducibility of  measurements in healthy control 
subjects to be defined[9]. Furthermore, the accuracy 
of  SICUS in the assessment of  the number, site and 
extension of  small bowel lesions has been validated with 
intraoperative findings[10].

In the present study, patients with symptomatic 
stenosis, some of  whom have indications for surgery, and 
patients without stenosis, were prospectively followed up.

The observations obtained progressively in this case 
series indicate anti-TNF antibody therapy did not cause 
intestinal stenosis or obstructive symptoms. This finding 
is in contrast with previous reports of  retrospective 
studies[1,2], in which obstructive adverse events occurred 
after infliximab administration. However, retrospective 
analysis of  these observations did not reveal whether the 
obstructive complication was due to a previously existing 
symptomatic stenosis and refractory to other therapies 
leading up to the use of  infliximab. In the present study, 

three patients received surgery during maintenance 
therapy. In one, who received stricturoplasty for stenosis, 
the lesion was already present and had surgical indications 
before infliximab treatment. Infliximab was administered 
in an attempt to avoid surgery in a patient with a previous 
history of  intestinal resection and at risk of  developing 
short bowel syndrome. After surgery, inf l iximab 
maintenance therapy was continued and after 2 years of  
follow-up no new stenosis has appeared and the patient 
shows no obstructive symptoms. In the second patient, 
who received surgery for enterocutaneous fistula, there was 
a temporaneous improvement after infliximab treatment 
and a symptomatic recurrence after the induction phase 
plus 3 cycles of  maintenance therapy drug administration. 
In the third patient with entero-enteric fistulas, after an 
initial improvement of  symptoms there was a severe 
recurrence after one year of  maintenance therapy.

In three additional patients, despite the stenoses not 
changing after treatment, there was a disappearance of  
obstructive symptoms, and surgery was not required in 
the follow-up period. In the remaining six patients, there 
was complete regression of  stenoses, irrespective of  the 
CD type, whether stenosing or fistulizing, the site of  the 
lesion, age of  the patient, smoking status at follow-up, type 
and number of  previous operations and pharmacological 
treatment, or the duration of  CD.

It is reasonable to interpret the regression of  the 
stenotic lesions as due to the anti-inflammatory effect of  
infliximab treatment.

A retrospective study evaluating the symptomatic 
response of  obstructive symptoms for up to 18 mo 
reported a favorable response in 9 of  11 patients treated 
with infliximab and concomitant immunosuppressive 
drugs[13]. In the present study, only two patients of  the 9 
with stenoses receiving maintenance infliximab therapy 
received azathioprine concomitantly, indicating the 
favorable response was obtained after treatment with the 
biological agent, irrespective of  the immunosuppressive 
drugs. In addition, regression of  stenoses and obstructive 
symptoms was confirmed at all subsequent follow-up 
assessments. Such a favorable long-term effect could be a 
result of  the maintenance treatment with infliximab that, 
when started immediately after endoscopic dilatation of  
small bowel stenosis, has been reported to prevent stenotic 
progression and obstructive complications in a 2-year 
follow up study[14].

Tissue inflammation and fibrosis in the gut wall are 
regulated by cytokines with opposite effects. TNF has both 
a pro-inflammatory and anti-fibrotic action in the intestinal 
mucosa[15]. Anti-TNF agents induce endoscopic[16] and 
histological[17] mucosal healing, but it is not known how 
they act in the deeper layers of  the gut wall and whether, 
and how, they affect fibrosis at this level[18]. The regression 
of  stenotic lesions after administration indicates anti-TNF 
agents may act as antifibrotic agents in the deeper layers of  
the gut wall. It is also of  relevance that 3 stenotic lesions 
with prestenotic dilatations regressed during infliximab 
treatment. A prestenotic dilatation is usually considered to 
be the result of  a long-term stabilized and non-compliant 
luminal stricture due to circumferential fibrotic thickening 
of  the gut wall. The intimate texture of  this increased gut 

Induction phase (5 mg/kg at wk 0, 2, 6) 20 pts 

Drug intolerance
2 patients1

Not-responding
2 patients1

Regression of 1/3 
Upper GI stenoses 
Drug intolerance
1 patient1

15 pts with 1 ore more
small bowel stenoses a

nd obstructive symptoms 

5 pts without small 
bowel stenoses 

Maintenance therapy 
(5 mg/kg every 8 wk) 15 pts 

Surgery
1 patient2

Small bowel 
stenosis 10 

patients

No small bowel
stenosis

5 patients

Surgery 
2 patients1

No variation
of stenosis
3 patients

Regression of
stenosis 6
patients

Regression of
intestinal lesion

1 patient

No variation of
intestinal lesion

2 patients

No obstructive symptoms

Figure 1  Table showing follow-up of patients on therapy with infliximab. 1Stopped 
treatment; 2In maintenance treatment after surgery. 
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clinical trials are needed to assess whether infliximab loses 
its response over time and whether the potential risks of  
infliximab therapy outweigh the possible benefits.

 COMMENTS
Background
Strictures are common features in Crohn’s disease (CD). Several studies 
suggest that, in CD, fibrosis is mainly produced by mesenchymal cells, myocytes, 
interstitial cells of Cajal and fibroblasts, all of which can proliferate and transform 
into fibrogenic cells or, under favorable conditions, redifferentiate in non-fibrogenic 
cells. Anti-TNF agents induce mucosal healing. Concerns have been raised that 
rapid healing of narrowed segments induced by anti-TNF agents may further 
narrow the lumen. Several differing studies support the concept of an antifibrogenic 
role for infliximab, possibly down-regulating collagen production restoring migration 
and reducing collagen production of CD myofibroblasts. 

Research frontiers
Follow-up studies based on the use of available imaging techniques to investigate, 
from different points of view, in vivo, the CD-involved intestinal wall and the 
response to different treatments. 

Innovations and breakthroughs
The strengths of this study are: (1) The prospective collection of data; (2) the 
morphological assessment of CD stenosis; (3) the relatively long duration of 
the follow-up of patients with small bowel stenosis who had been treated with 
infliximab therapy; and (4) the study was not supported by any pharmaceutical 
company and the authors have no conflicts of interests.

Applications 
These data suggest the presence of stenosis in patients with severe CD does not 
contraindicate anti-TNF treatment. If these data can be confirmed in an ad hoc 
randomized controlled study performed in a larger sample size, treatment with 
infliximab: (1) Could be indicated in patients with stenotic lesions requiring surgery; 
(2) may delay or even remove the need for surgery, and thus, favorably change 
the natural history of CD in patients with stenotic lesions of the small bowel.

Terminology
Small intestine contrast ultrasonography (SICUS) was not different from other 
structures (i.e bladder, gallbladder, stomach). Filling the small intestine with fluid 
enables visualization of  the intestinal wall and lumen. Macrogol links to water that 
remains in the intestinal lumen. After the ingestion of 375 mL-500 mL of macrogol 
solution, it is possible to visualize the entire small intestine from the Treitz to the 
ileo-cecal valve. 

Peer review
This is an interesting small series showing infliximab does not appear to have the 
major adverse effect on Crohn’s strictures that was at one time feared.
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