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Abstract: Background & aims: lleo-colonic strictures are common complication of Crohn’s disease (CD), and may
result in repeated endoscopic or surgical therapy with a risk of further complications, such as perforation or short
bowel syndrome. Strictures develop as a consequence of tissue remodelling and fibrosis due to chronic inflam-
mation. This study compares the outcome of CD patients undergoing primarily endoscopic treatment with those
undergoing surgery at an university hospital. Methods: In this study we retrospectively included 88 CD patients with
intestinal strictures (37 males, 51 females, mean age 40 years, range 19-65 years) of both our medical and our sur-
gical department, who underwent either surgical or endoscopic therapy between January 2002 and January 2006
with prospective, controlled follow-up, extended till January 2010 (mean follow-up period: 5 years; range 4-8 years).
The primary end-point was operation- and symptom-free time. Patients were primarily divided into four groups: only
surgical therapy, only endoscopic therapy, endoscopy with subsequent surgery, and initial surgical therapy followed
by endoscopic dilations. Results: 53% of all patients remained surgery-free with mean follow-up of 49 months; a
single endoscopic dilation was sufficient enough in 9 patients to achieve a surgery-free time of 51 months, other
patients required up to 5 dilations. The average interval between first and second dilation was 6.5 months, between
second and third 10.5 months. In the group of patients with only endoscopic therapy, surgery- and symptom-free
time was shorter, as compared to the group of only surgical therapy. We found that stenoses in the surgical group
with an average length of 6.5 cm were as expected longer, as compared to the endoscopic group (3 cm, ranging from
2-4 cm). The surgery-free time was 49 months (42-71 months, P = 0.723) with a symptom-free time of 12 months
(4.5-46 months, P = 0.921). In the group of only surgically treated patients, 68.4% of the patients had only one
stenosis, 18.4% had 2-3 stenoses and 13.2% more than 3 stenoses. In all patients the surgery- and symptoms- free
time was 69 months (57-83 months, P = 0.850 and 0.908). The other two groups showed similar results. We found
no significant effect of characteristic of stenosis (length, inflammation, the number of stenoses), injection of pred-
nisolone, disease activity at the time of dilation and medication at the time of dilation on the long-term outcome.
Importantly, the success of symptom free time correlated with the diameter of the balloon. Conclusions: Endoscopic
dilation should be considered as a first-line therapy for short, accessible, fibrotic strictures. Careful patient selection
and proper diagnostic imaging pre-procedure are essential requirements for safe and successful treatment. The bal-
loon diameter seems to correlate positively with the long term outcome of dilation. However, at ever shorter intervals
between endoscopic interventions, surgery should be discussed as an option for further treatment.
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Introduction as a consequence of partial healing and local-
ized fibrosis may lead to intestinal strictures,
Crohn’s disease (CD) is characterized by chron- often resulting in repeated surgery [1, 6, 14].

ic, recurrent, transmural inflammation, which The strictures develop due to chronic inflamma-
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tion leading to tissue remodelling, mesenchy-
mal (fibroblastic) cell proliferation, hyperplasia
and fibrosis [26]. They are usually defined as a
constant luminal narrowing with a pre-stenotic
dilation and obstructive clinical symptoms. The
stenotic segments predominate in the terminal
ileum, ileocolonic anastomosis and the rectum
[19, 26].

The prevalence of small bowel stenosis has
ranged in recent studies from 20% to 40% in
patients with ileal disease, and from 7% to 15%
in patients with colonic disease [25]. Despite
advances in medical therapy with immunosup-
pressive agents, including anti-tumour necrosis
factor (TNF) antibodies, intestinal strictures
remain a clinical challenge in CD [29]. Im-
munomodulatory therapy may suppress inflam-
mation before, during and after successful dila-
tion of all types of Crohn’s stricture, but there is
also concern that the enhanced mucosal heal-
ing may exaggerate existing strictures [10, 21,
33l

Although resection of stenotic or perforated
intestinal segments is often unavoidable, with-
out achieving mucosa healing, surgical remis-
sion will be only temporary [30]. Endoscopically,
more than 70% of patients will have new lesions
within a year and 40% will be symptomatic with-
in 4 years [15]. The majority of CD patients still
is in need for surgery within 10 years of diagno-
sis [32].

Since repeated bowel resections may result in
short bowel syndrome, the quest for bowel-con-
serving strategies over the last 25 years has
introduced both endoscopic balloon dilation
and surgical resection and, later, strictureplas-
ty in clinical practice [26, 30].

Successful endoscopic dilation of anastomotic
strictures in CD using through-the-scope (TTS)
rigid balloons was first reported in 1981 and
has emerged as an alternative to surgical treat-
ment for selected patients [29]. Challenges for
the endoscopist include achieving endoscopic
access to the distal end of the stenosis, suc-
cessful passage of the balloon catheter through
the stricture to allow inspection and to obtain
adequate dilation while minimizing the risk of
major complications [2, 21].

In endoscopic terms, dilation of CD stricture is
a relatively high risk procedure with reported
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perforation rates up to 11%, but with immedi-
ate success rates ranging from 71% to 100%
[29, 31]. The degree of dilation depends on the
location and calibre of the stricture; most short
strictures in the colon or ileum can be dilated to
15-20 mm [21]. The radiological assessment,
careful patient selection, an experienced
endoscopist, and access to the appropriate
equipment and facilities are all essential
requirements for a safe and successful proce-
dure, where the alleviation of obstructive symp-
toms is most important goal [21].

Strictureplasty for CD was introduced at the
end of the 1970s by Lee and Papaioannou to
avoid massive resections in patients affected
with multiple strictures [11]. This procedure is
particularly indicated in following cases: for
skip lesions, to avoid broad resection of healthy
segments or multiple resections; for multiple
strictures localized in long segments of the
small bowel; for patients with previous resec-
tions, to preserve the small-bowel length avoid-
ing a short bowel syndrome [9]. Furthermore,
for patients who have recurrent ileocolic anas-
tomotic strictures or patients with obstruction
from strictures of the duodenum, to avoid gas-
trojejunostomy or duodenopancreatectomy
[28].

The use of strictureplasty in CD has become
increasingly common; most surgeons use simi-
lar techniques of Heineke-Mikulicz (H-M) repair
for shorter lesions and Finney repair for longer
lesions [9, 27]. The H-M is still most applicable
to stricture less than 10 cm in length [27]. This
technique is analogous to H-M pyloroplasty; a
longitudinal enterotomy is made extending 1 to
2 cm into the normal bowel with enterotomy,
closed transversely with one or two layers of
absorbable sutures [27].

Long-term outcome of both endoscopic and
surgical therapies has been reported very con-
troversial, since in most cohorts follow-up was
limited to less than 3 years and the individual
cohorts report on a relatively small number of
patients; the influence of endoscopic and clini-
cal disease activity at the time of dilation, and
the influence of concomitant medical therapy
on the outcome of stricture dilation, is largely
unknown [15, 26].

To our best knowledge there have been no
studies, comparing both surgical and endo-
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scopic therapy of intestinal strictures of CD in
terms of long term outcome. Therefore, the aim
of this study was to analyze results of our clini-
cal experience with endoscopic and surgical
(resection and strictureplasty) therapy, such
evaluating long-term safety and efficacy of
these procedures in a large referral center
cohort, incorporating characteristics of stric-
ture (length, anastomosis, inflammation etc.),
length of the operation-free interval, influence
of disease activity and medication.

Patients and methods

In this study we retrospectively included 88 CD
patients (37 males, 51 females, mean age 40
years, range 19-65 years) who underwent
either surgical or endoscopic therapy for symp-
tomatic intestinal strictures at the medical and
surgical departments, university hospital
Erlangen, between January 2002 and January
2010.

Patients were identified by a search of our hos-
pital registry. Retrospective chart analysis was
performed to exclude non-CD strictures. To
achieve a mean follow-up period of 5 years (4 to
8 years), we did not include the patients after
January 2006. We followed up the patients pro-
spectively till January 2010, where 68 patients
were examined in our outpatient clinic; 20
patients could not participate on clinical evalu-
ation and were contacted per telephone with
questionnaire. The study has been approved by
the ethics committee of our hospital.

The patients were primarily divided into four
groups: patients, who underwent only surgical
therapy, only endoscopic therapy, endoscopic
procedures with following surgery, or initial sur-
gical treatment with following endoscopic
dilation/s.

Long-term efficacy of endoscopic balloon dila-
tion compared to surgical therapy, defined as
clinical absence of obstructive symptoms
(symptoms-free time, months) and avoidance
of surgery (surgery- or operation-free time,
months), was chosen as the primary endpoint.
Secondary endpoints included impact of the
disease duration, type and site of the previous
surgery, number, type, length and localization
of the strictures, disease activity (Harvey-
Bradshaw Index, HBI), inflammation at the site
of stenosis, medication, TTS balloon diameter,
injection of prednisolone after dilation.
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The activity of the CD was evaluated using the
HBI (Harvey-Bradshaw Index) score as follows:

Remission < 5 points, Mild disease 5-7 points,
Moderate disease 8-16 points, Severe disease
> 16 points.

HBI evaluates patient’s general well-being (for
the previous day), abdominal pain (for the previ-
ous day), number of liquid stools per day (for
the previous day, score 1 per movement),
abdominal mass and also the presence of such
complications as arthralgia, uveitis, erythema
nodosum, aphthous ulcers, pyoderma gan-
grenosum, anal fissure, new fistula, abscess
(additional score 1 per item).

Exclusion criteria were inflammatory processes
in the immediate proximity of the intestine to
be dilated or resected (intestinal perforation,
fistulas, abscesses, peritonitis).

All the patients were admitted because of
obstructive symptoms such as abdominal pain,
cramps, bloating and vomiting. The strictures
were assessed using high-definition sonogra-
phy, and also CT/MRI enteroclysis to evaluate
the stricture (type, length), to exclude intestinal
fistulas and angulation. The treatment options
of stenoses included intensification of anti-
inflammatory medication, endoscopic balloon
dilation, and surgery (resection or stricturoplas-
ty). The strictures were considered suitable for
endoscopic dilation if they were endoscopically
accessible and < 6 cm in length.

Colonoscopies with hydrostatic balloon dilation
were performed under conscious sedation with
midazolam/pethidin or midazolam/disoprivan
to perceive a possibly imminent perforation by
the patient’s utterance of pain. Microvasive
Rigiflex through the scope balloons (TTS,
Boston Scientific Microvasive, MA, USA) with a
diameter of 15-18 mm were used. Three types
of balloon were used: 50 mm (length) x 18 mm
(diameter), 80 mm x 18 mm and 80 mm x 20
mm.

The introduction of the balloon into the stric-
ture was done under visual or radiological con-
trol. During the endoscopic procedure the TTS
balloon was filled with water to a pressure of 35
psi, and was insufflated by a multistep inflation
using the Alliance Integrated Inflation System
(Boston Scientific, Microvasive, MA, USA). After
filling up to a diameter of 15 mm, the pressure
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Localization of stenoses
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Figure 1. Localization of stenosis.

inside the balloon was maintained for at least 2
min, and the dilation was repeated once or
twice, when necessary. An additional inflation
of the balloon to 18 mm for 2 min. was per-
formed if the first dilation did not allow passage
of the endoscope through the stenosis. This
technique was used to minimize the risk of per-
foration. At the first dilation, specimens were
taken out of the strictures to rule out
malignancy.

The passage of the scope through the stricture
was attempted in all patients and was used to
define therapeutic success. After dilation
patients were observed for at least one hour or
until resolution of abdominal pain in our recov-
ery room. In the case of persisting pain or
abdominal distension, a plain abdominal x-ray
was obtained and patients were referred for
surgery in case of perforation. In case of unsat-
isfactory dilation, the treatment was repeated
two days later. Complications were defined as
perforation, active bleeding with the need of an
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endoscopic re-intervention or the transfusion
of blood, and also abdominal pain after balloon
dilation.

Descriptive statistics were used to analyze
patient demographics. The results were
expressed as the mean or median (range).
Kolmogorov-Smirnov test was used to prove
the numbers of normal distribution; because of
the deviations from the normal distribution the
U test and Kruskal-Wallis test were used to ana-
lyze the data. Probability estimates were given
with the 95% confidence interval (95% CI); padj
< 0.05 was considered to be significant. For the
implementation of the statistical calculations
SPSS 18 (SPSS Inc.an IBM Company, Chicago,
IL) was used.

Results

In total, 206 treatments were performed (160
dilations, 46 operations). 67% of the patients
received an open laparotomy, 14 patients were

Int J Clin Exp Pathol 2014;7(11):7419-7431
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Characteristic of stenosis
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Figure 2. Characteristic of stenosis (anastomosis vs. De-novo stenosis).

treated using laparoscopy; 4 times stricture-
plasty was performed. The median age of the
patient at the treatment was 40 years (range
19-65 years), 60.2% women. After interven-
tion, there were no deaths, anastomotic leaks,
fistulas, or abscesses. In five cases of endo-
scopic balloon dilation, a perforation occurred
and open laparotomy had to be performed. All
160 dilations were performed using a TTS
Boston Scientific Rigiflex balloon.

Only endoscopy group

Twenty patients with a mean age of 39.4 years
(range 19 to 63 years; 55% women), who were
treated only by endoscopic dilation, had a mean
CD disease duration of 12.5 years (11-18
years). 35% were smokers. 10% of stenoses
were located in the duodenum, 50% in the
ileum (Figure 1).
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55% of the patients had previous surgery: 64%
an ileocoecal resection; 18% a right hemicolec-
tomy; subtotal colectomy at 9%. The stenosis
developed in 25% at the site of anastomosis
(Figure 2). 75% had one stenosis, 25% had 2
stenoses.

The diameter of TTS balloon was 16 mm in
median (range 10-20 mm), 100% passage of
endoscope after dilation. The average stenosis
length in this group was 3 cm (range 2-4 cm, P
= 0.676); the median operation-free time was
52 months (range 39-71 months, P = 0.839)
and symptoms-free time of 21 months (range
5-44 months, P = 0.336) (Figure 3).

The length of 2 stenoses was in average 5 cm
(3-8 cm, P =0.119) with surgery-free time of 54
months (19-76 months, P = 0.723) and symp-
toms-free time of 8 months (4-49 months, P =

Int J Clin Exp Pathol 2014;7(11):7419-7431
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0.921). The second balloon dilation was per-
formed in average after 6.5 months (range 3 to
15.5 months); the third after 10.5 months
(range 3-16 months), the fourth after 5 months
(range 2-6 months). 30% of the patients
received immunosuppressants (cortisone, AZA
or 6-MP), 35% received 5-ASA, 30% were tak-
ing no medication; 3% received infliximab. In 3
cases (15%) the medication remained
unchanged after balloon dilation and in 17
(85%) cases the therapy was intensified.

At the time of endoscopic balloon dilation 45%
of the patients had accordingly to HBI score
mild, 50% moderate disease activity; 5% were
in remission (Figure 4). At the end of follow-up
period 15% were in remission, 55% had mild
and 40% moderate clinical activity.

Only surgery group

The group consisted of 37 patients, aged 22 to
83 years (mean 44.63 years), 55% women. The
duration of CD on average was 11 years (1-20
years). 61% were admitted due to acute intesti-
nal obstruction. 8% of the stenoses were locat-
ed in the jejunum, 84% in ileum. 50% had previ-
ous CD-related operations. 74% underwent an
ileocoecal resection; 16% a right hemicolecto-
my. The stenosis developed in 29% at the site
of the anastomosis. 68% patients had one ste-
nosis, 18% 2-3 stenoses, 13% had more than 3
stenoses. 66% patients had an inflammatory
stenosis. 67% patients received an open lapa-
rotomy. The stenoses in this group were in aver-
age 7 cm of length (4-11 cm, P = 0.418) with
the median surgery-free time of 69 months
(55-83 months, P = 0.850), the symptoms- free
time of 68 months (55-83 months, P = 0.911).
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Four patients were operated during the follow-
up period 2 times with the surgery-free time of
64 months (range 58-76 months). Patients with
2-3 stenoses had a length of stenosis in aver-
age of 5 cm (3-10 cm), with surgery- and symp-
toms-free duration of 69 months (42-86
months, P = 0.908 and P = 0.850, respective-
ly). 44.7% were receiving immunosuppressants
(cortisone, AZA or 6-MP), 23.4% received
5-ASA, and 28.9% were taking no medica-
tions.

47% had at the time of surgery accordingly to
HBI mild disease, 48% moderate, 2 (5%)-severe-
ly active disease. At the end of follow-up (early
2010) 19 patients (50%) had mild and 18 (47%)
moderate activity of CD, 3% were in remission
(Figure 4).

The group of patients who underwent surgical
treatment first, and then developed strictures
again, that were dilated using TTS balloon, 89%
had one stenosis, 11% 2-3 stenoses. In patients
with one stenosis, the stenosis length in aver-
age was 4 cm (3-8 cm, P = 0.508), the surgery-
free time of 22 months (5-41 months, P =
0.673), the symptoms-free time of 4 months
(3-14 months, P = 0.777). In two patients with
2-3 stenoses, the stenoses were 6 cm and 8
cm in length, P = 0.508, the surgery-free time
was 2 and 37 months (P = 0.673), the symp-
toms-free time 2 and 12 months, P =0.777.

Smoking behaviour

In the group of endoscopic dilation at the time
of treatment, 7 patients (35%) were smokers, 9
(45%) non-smokers; 4 patients (20%) had
unknown smoking habits. Of the patients who
required surgery during the course after bal-
loon dilation, 6 (33%) smokers were at the time
of treatment, 10 (56%) non-smokers.

Previous operations

63.6% of all the patients have had an operation
previously. In average, a first balloon dilation
was performed after 8.5 years (range 5.5 to 16
years) of surgery. A following operation was
done after 11 years (range 6-14) of the previ-
ous operation. The most common operation in
the entire patient population was the ileocoe-
cal resection (66.1%), followed by right-sided
hemicolectomy (21.4%).

Int J Clin Exp Pathol 2014;7(11):7419-7431
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Figure 4. The correlation the disease activity (HBI) to the surgery-free time.

Influence of stenosis characteristic (anastomo-
sis or new stenosis)

In the total study cohort, 39.8% of patients had
their stenosis at the anastomosis site (Figure
2). The both groups of patients with surgical or
endoscopic therapy show similar number of
anastomotic strictures: 29% for operated
patients, 25% patients with endoscopic balloon
dilation.

Patients who were treated only surgically, had
an anastomotic stenosis in average of 4 cm in
length (3.5 to 6 cm, P = 0.055) with surgically
stenosis-free time of 81 months (range 68-92
months). The newly formed stenosis was in
average 8 cm of length (range 4-15 cm, P =
0.054) with an operation-free period of 66
months (range 53-82 months, P=0.101) and a
symptoms-free time of 62 months (range 53-82
months, P = 0.088).

Patients who were treated only endoscopically,
had an average stenosis at the anastomosis of
2 cm length (range 1-10 cm, P = 0.676) with
operation-free period of 52 months (range
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28-81 months, P = 0.839) and stenosis-free
time of 51 months (range 4.5 to 60 months, P
= 0.336). The newly formed stenosis were in
average 3 cm long (2-4 cm, P = 0.676) with sur-
gery- free period of 45 months (39-71 months,
P = 0.839) and stenosis-free period of 12
months (4-23 months, P = 0.336).

Patients who were treated primarily by endos-
copy and then had surgery, had an anastomotic
stenosis at 4 cm in average (range 2.5-8 cm, P
= 0.536) with surgery-free period of 30 months
(range 8.5 to 39 months, P = 0.315) and steno-
sis-free time of 4 months (range 3-13 months,
P = 0.897). The newly formed stenosis were
also on average 4 cm (range 4-8 cm, P = 0.536)
with op-free period of 7.5 months (range 2-43
months) (P = 0.315) and stenosis-free time of 5
months (range 2-15 months, P = 0.897).

Patients who were treated primarily with sur-
gery and then underwent endoscopy, had an
average length of stenosis at the anastomosis
of 2 cm (range, 1-8 cm, P = 0.889) with surgery-
free period of 5 months (range 1-12 months, P
=0.111) and symptoms-free period of 2 months

Int J Clin Exp Pathol 2014;7(11):7419-7431
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Figure 5. Avoidance of surgery (months) in inflammatory vs. fibrotic strictures.

(range 1-16 months, P = 0.727). The newly
formed stenosis was 3.5 cm in average (range
1.5to 4 cm, P = 0.889) with surgery-free period
of 49 months (range 16.5 to 56.5 months, P =
0.111) and symptoms- free period of 3 months
(range 3-5 months, P = 0.727).

Inflammatory vs. fibrotic strictures

In the group of surgically treated patients 37%
of the stenoses were fibrotic (Figure 5). Of the
endoscopically treated stenoses, 55% of the
patients showed inflammation signs at the site
of stenosis, appeared upon dilation. The inflam-
matory stenoses with 7.5 cm in average (range
5-15 cm) were longer than the fibrotic stenosis
with average length of 4 cm (range 3-7 cm, P =
0.044). The mean surgery-free period for
inflammatory stenoses was 46 months (range
20-69 months, P = 0.805), symptoms- free
time of 10 months in average (range 4-21
months, P = 0.237). The fibrotic strictures
showed operation-free period of 51 months
(range 39-78 months, P = 0.805), and symp-
toms-free time of 5 months in average (range
5-63 months, P = 0.237).

In the group of endoscopy, followed by surgery,
stenoses with signs of inflammation had an
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average length of 5 cm (range 3t0 8.5¢cm, P =
0.428), operation-free time was 18 months
(range 3-37 months, P = 0.315), symptoms-
free time of 3 months (range 2-10 months, P =
0.122). The fibrotic strictures were 4cm long
(3-5 cm, P = 0.428), the operation-free period
24 months (8-45 months, P = 0.315), the
symptoms-free time of 7 months (4-15 months,
P=0,122).

The role of prednisolone injection

In all endoscopically treated patients 14 (30%)
received mucosal prednisolone injection upon
dilation. The operation-free time was 43
months (range 30-49 months, P = 0.112), the
symptoms-free time 6 months (range 5-33
months, P = 0.775, Figure 6). The group who
did not receive the prednisolone injection
showed a surgery-free period of 65 months (42-
84 months, P =0.112), the symptoms-free time
12 months (range 3.5 to 48 months, P =0.775).

Medication

In the whole cohort of patients, 24 (28%) did
not take any specific CD medication. The most
common reason for this was a spontaneous

Int J Clin Exp Pathol 2014;7(11):7419-7431
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Figure 6. The role of prednisolone injection after the endoscopic dilation in terms of surgery-free time.

discontinuation of medication after achieving
subjective remission. Anti-inflammatory drugs
(e.g. mesalazine) were taken by 22 (25%) of the
patients; immunosuppressive drugs (cortico-
steroids, AZA, MTX) took 39 (45%) patients.
Only one patient (1%) received infliximab that
time. In 61% cases the medication remained
unchanged after stenosis therapy.

In the group of endoscopically treated patients,
medication remained unchanged in 3 patients
(15%); in 17 (85%) cases the therapy was inten-
sified. CD patients without specific medication
had a surgery-free period of 72 months (range
52-93 months), symptoms-free period of 32
months (range 4-57 months). Patients with
anti-inflammatory therapy remained after bal-
loon dilation 55 months (range 42-71 months)
without surgery and 12 months (range 5-41
months) symptoms-free (data not shown).
Patients treated with immunosuppressants
had a surgery-free period of 39 months (range
20-46 months) and a stenosis-free period of
10 months (range 2-23 months).

Disease activity
In the group of patients treated only by surgery
18 (47%) had mild and 47% moderate active
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disease accordingly to HBI, 2 (6%) severe dis-
ease (Figure 4). The surgery- and symptoms-
free time in this group were in average 69
months (range 56-82 months) for mild active
disease, patients with moderate activity
showed 69 months (range 55-85 months); and
for severe activity 67 months (range 39-72
months).

In the group of only endoscopically treated
patients 9 (45%) had mild and 10 (50%) moder-
ate disease activity; 1 patient was in remission.
The surgery-free period in patients with mild CD
was 62 months in average (range 44-91
months), patients of moderate disease activity
showed 51 months (20-65 months). The symp-
toms-free time was similar for both groups: 12
months for the mild activity and 13.5 months
for moderate activity.

Surgical treatment: planed vs. emergency op-
eration

In 14 patients (39%) the operation was planned,
22 (61%) were operated on an emergency
basis, of which 5 (14%) as a complication of an
endoscopic procedure. The average length of
stenosis by planed operation was 5 cm (range
4-10 cm, P = 0.481) with surgery- and symp-
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toms-free time of 65 months (range 52-84
months, P = 0.761 and 0.860, respectively).
The length of stenosis of the patients, who
were operated on emergency basis was 8 cm in
average (range 4-15 cm, P = 0.481) with an
operation-free period of 69 months (range
53-83 months, P = 0.761) and a stenosis-free
period of 68 months (range 53 -83 months, P =
0.860).

Discussion

The long term success of endoscopic balloon
dilation as well as the surgery of CD strictures
depends on many factors. In our patients
cohort, a single balloon dilation was sufficient
enough for 9 patients to remain 49 months (P =
0.723) surgery-free; yet other patients needed
further dilations. In other patients up to five
dilations were required. The median interval
between the first and the second dilation was
6.5 months, between the second and third dila-
tion 10.5 months. Further dilations were
required after a much shorter period of 4-5
months. In our study, the inflammation at the
stenosis site did not affect the long-term suc-
cess rate (P = 0.805 for surgery-free period and
P = 0.237 for stenosis-free time).

By dividing our patients accordingly to their
medical charts into four groups, we were able
to evaluate and compare both endoscopic and
surgical therapy in terms of long-term outcome.
In the group of patients with only endoscopic
therapy, symptoms-free time was in general
shorter compared to the group of only surgical
therapy.

We described that stenoses in the surgical
group with an average length of 6.5 cm were as
expected longer, as compared to the endoscop-
ic group (3.0 cm in average). Also the inflamma-
tory stenoses with 7.5 cm (range 5-15 cm) were
significantly longer than the fibrotic stenoses
with average length of 4 cm (range 3-7 cm). The
statistical difference in terms of surgery- and
stenosis-free time with P = 0.044 was signifi-
cant between these different characteristics of
stenoses. This result shows the effectiveness
of endoscopic balloon dilation of fibrotic steno-
sis < 4 cm and correlates well to the study data
of Froehlich at al [4].

Stienecker reported that only 20% of patients
with stenosis required an operation after 81
months [24]. Hassan et al reported a long-term
success rate of 58% over 33 months [7]. In the
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surgical group, the surgery-free time was 69
months in average. In this group, 16 (35%)
patients developed new stenoses; four patients
(8.7%) underwent surgery for the second time,
and in 12 patients (24%) the stenosis was
treated endoscopically. These results are com-
parable with other studies, e.g. Thienpont
reported 76% of surgery-free time after a fol-
low-up of 5.8 years [26]. About 20-60% of
patients had a clinical relapse in the first year
after surgery, and 15-50% needed reoperation
within 5 years [26]. In our patient cohort 35
patients were operated on an emergency basis,
in 25 patients the operation was scheduled.

The development of new strictures in our
patients’ cohort was not only due to recurrent
character of CD itself, but also as a conse-
quence of spontaneous withdrawal of the medi-
cation, upon reaching a subjective remission.
From the literature it is known that about 60%
of the patients develop strictures or fistulas in
the course of their disease; 54% of these com-
plications appear within 30 days after with-
drawal of medication [9].

In many cases the form of CD is of importance.
Here, one must distinguish between fibrotic
and inflammatory strictures [4]. Endoscopic
dilation is mostly successful in fibrotic stric-
tures. But there are also some factors, influenc-
ing the course of the disease such as medica-
tion or smoking [23]. If the patient is poorly
controlled with medication, the new stenosis
might develop after the operation because of
persistent mucosal inflammation [18].

Unfortunately, the authors could not find any
prospective randomized studies, which com-
pare different dilation techniques and the influ-
ence of various factors on the long-term suc-
cess; also the studies evaluating influence of
prednisolone injection into the stenosis upon
balloon dilation showed different results. Some
studies could not find any significant difference
between patients with and without steroid
injection. Others report a better outcome after
prednisolone injection [5]. In our patient popu-
lation 30% of the patients received predniso-
lone injection; the data showed no statistical
significance (surgery-free time with P = 0.112
and symptoms-free time with P = 0.775).

The effect on long-term success of endoscopic
dilation of CD stenoses has been analyzed in
some other studies. Hofmann et al found that
smoking and the presence of ulcers are at the
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stenosis site predictsa worse outcome of bal-
loon dilation [8]. Sabaté et al described nico-
tine consumption as a positive predictive factor
for surgery [20]. Seksik showed in his study
that the risk of stenosis development increases
with dose of nicotine, e.g. the smokers with
less than 15 cigarettes a day have about 40%
of risk of endoscopic recurrence after surgery;
in heavy smokers is the risk about 75% [22].

The damaging effect of cigarette smoking in CD
is associated with a higher risk of developing
CD, an increase in its clinical activity, a lower
quality of life, more frequent complications, an
increased need for immunosuppressive drugs,
and faster recurrences after surgery [22].
Studies have shown that smokers tend to have
acomplicated course of disease, with increased
incidence of complications and penetrating
strictures. Also there are higher recurrence
rates compared to non-smokers [3]. But reduc-
ing the number of cigarettes does not improve
the disease course alone; even passive smok-
ing contributes to the rate of relapse and
complications.

In our patients, data about nicotine consump-
tion were only available for the endoscopically
treated patients. 7 patients (35%) were smok-
ers, 9 patients (45%) non-smokers; in 4 patients
(20%) smoking habit was unknown. Of the
patients who were initially treated endoscopi-
cally and could not avoid surgery, 6 (33%) were
smokers and 10 (56%) non-smokers. The pro-
portion of smokers was similar in both groups.
Due to the high percentage of patients whose
smoking behavior was unknown, no definitive
statement can be made in terms of influence of
smoking on the long-term outcome of CD stric-
tures. Given the known harmful effect of nico-
tine, the nicotine abstinence should be recom-
mended in general [16].

The medication has an additional effect on the
symptoms-free period after the balloon dilation
or surgery. The main goal of drug therapy is
induction and maintenance of remission. The
choice of appropriate medication depends on
many factors: disease activity, localization,
concomitant diseases, response to therapy
etc.

Reinisch et al could demonstrate in a random-
ized double-blind study, that administration of
azathioprine was more effective in reducing the
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rate of endoscopic and clinical relapse, as com-
pared to mesalazine [17]. Authors could not
find any prospective randomized studies that
examined the role of drug therapy in the pre-
vention of relapse after endoscopic balloon
dilation. But there are some retrospective stud-
ies, with results similar to our study, showing
that the established medical therapy in addi-
tion to other factors ameliorate the long-term
success of endoscopic therapy. Our analyzes
showed that patients who received anti-inflam-
matory or immunosuppressive therapy, had a
better outcome as compared to the patients
who received no drugs or withdrew the
medication.

Louis et al describes a fibrostenotic phenotype
of CD, which is found in about 10% of newly
diagnosed and 20%-30% of patients after 10
years after the diagnosis [12, 13]. From this
point of view, the patients who withdrew their
medication upon achieving clinical remission,
and managed to stay symptom-free at the end
of the follow-up time, had either very low activ-
ity of the disease or mainly fibrostenotic pheno-
type [12, 13].

Conclusion

Intestinal stenoses are common complication
of CD, associated with increased morbidity in
affected patients [21]. About 60% of all CD
patients develop strictures or fistulas during
the course of the disease. The cumulative likeli-
hood of resection for CD patients is 10% per
year, 70-90% over the course of the disease.
Around 70% of the patients develop mucosal
inflammation within the first postoperative year,
20-60% of the patients show clinical relapse;
and 15-50% might need re-operation within 5
years [15]. The endoscopic balloon dilation of
CD strictures is most effective by short seg-
ment stenosis of fibrotic phenotype, where in
our study 53% of the patients remained sur-
gery-free with median follow-up of 49 months
after a single dilation. Repeated dilation is a
valid option, but the length of the symptom-free
interval will be the main parameter used to
decide between surgery and re-do endoscopic
dilation [30]. Furthermore, we could show that
de-novo inflammatory stenoses are associated
with an increased risk of complications. This
study cannot offer at the moment any statisti-
cally valid treatment algorithm. The optimal
strategy for the stenosis has to be found indi-
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vidually, taken into account the medical history,
medication and clinical risk factors of each
patient in general. Hereby, indication for inter-
vention should be discussed interdisciplinary in
complex cases.
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