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Abstract Background: Stenoses and
fistulas are frequent complications in
patients with Crohn’s disease (CD).
They represent a major diagnostic
and therapeutic challenge and surgi-
cal intervention is often required.
The availability of novel, anti-TNF
strategies for therapy has raised the
question as to what extent these new
treatment options have impact on the
clinical decision-making process re-
garding the necessity for surgery.
Discussion: A short overview of the
current pathophysiological under-
standing of CD, focusing on the im-
munology of the intestinal mucosa, is
given. Then the problems of proper
clinical management of stenoses and
fistulas are addressed. With regard to
symptomatic stenoses, attention will
be given to novel diagnostic tools for
the distinction between inflammatory
and fibrotic stenoses, and our clinical
experience with the treatment of
symptomatic inflammatory stenoses
with infliximab will be discussed.
With regard to fistulizing CD, the

data that are currently available for
medical therapy are summarized with
special reference to the studies on
the efficacy of anti-TNF treatment.
Conclusion: With regard to moder-
ately and severe inflammatory ste-
noses, medical treatment with inflix-
imab may be an option after careful
assessment of the inflammatory na-
ture of the stenosis and exclusion of a
septic focus. With regard to fistulas,
anti-TNF treatment is a valuable op-
tion that is likely to improve the
clinical outcome. Based on the
available data, however, anti-TNF
treatment cannot yet replace surgi-
cal intervention when necessary.
Prospective trials of medical therapy
and a combination of medical and
surgical therapy for complex fistulas
and internal fistulas are needed to
define the potential and the limita-
tions of these novel therapeutic ap-
proaches.
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Introduction

Crohn’s disease (CD) is an inflammatory bowel disease
(IBD) of unknown origin characterized by a chronic,
granulomatous, transmural inflammation that can affect
the entire gastrointestinal tract with a discontinuous pat-
tern. The prevalence of CD has increased in Western
countries over the past decades and mainly young patients
are affected, with a peak incidence between the ages of 15
and 35 years [1]. Chronic complications such as fissurae,

fistulas with abscesses, stenoses, and strictures are fre-
quent and affect approximately 40% of all patients with
CD [2, 3].

The etiology of CD is still unclear and should be
considered as multi-factorial according to recent studies
[4]. Among genetic factors, mutations in the recently
identified NOD2 gene could account for the development
of CD in a subgroup of patients [5, 6]. NOD2 seems to
play a role in modulating the innate immune response
following stimulation by bacterial antigens. Environmen-
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tal and infectious factors play a role as well. Considerable
progress in our pathophysiologic understanding of CD,
however, has been achieved by the investigation of reg-
ulatory mechanisms of the intestinal immune system in
CD.

Mucosal surfaces such as the intestinal mucosa are
special interfaces for the interaction between the organ-
ism and its environment. They possess a specialized mu-
cosal immune system (e.g., the gut associated lymphoid
tissue, GALT). Due to its large surface the gut can be
regarded as the biggest immune organ of the human body.
In the gut, the organism is physiologically exposed to
a large amount of antigens from natural flora and food.
Whereas a systemic immune response to these foreign
antigens should be prevented in order not to damage the
organism, potentially pathogenic antigens have to be rec-
ognized and eliminated at a local level. The intestinal
epithelium with the mucus offers some protection, but in
addition, it is the accomplishment of the GALT to keep
this fragile immunological balance between hyporespon-
siveness and efficient immune defense [7].

In this review, we will summarize recent evidence of
the role of anti-TNF strategies in CD. Special attention
will be given to the administration of anti-TNF antibodies
in patients with stenosing or fistulizing CD.

Clinical therapy of Crohn�s disease

Important immunological factors have been identified for
the pathogenesis of CD, including cellular components
such as monocytes/macrophages and CD4+ T-lympho-
cytes, as well as humoral components such as TNF-a,
IL-12, IL-18 and others. One of the best characterized
cytokines is TNF-a [8]. There is a large amount of clin-
ical and experimental data that shows a pivotal role of
TNF-a in the pathogenesis of CD. The reproducibility of
the pathogenetic role of TNF-a in various animal models
of chronic colitis, together with the availability of modern
biomedical techniques, made it possible to develop and
test novel anti-TNF strategies such as the chimeric anti-
TNF-antibody infliximab in CD patients. Infliximab is a
genetically engineered IgG1 murine-human monoclonal
antibody with a constant region of human IgG1k-immu-
noglobulin and a variable region of a monoclonal mouse
anti-human antibody [9, 10]. Infliximab binds both solu-
ble and membrane-bound TNF-a and most likely blocks
the interaction of TNF-a with the TNF-receptors in this
way [11]. Ex vivo studies showed that TNF-blockade by
infliximab may lead to an elimination of blood monocytes
by induction of programmed cell death (apoptosis) [12].

Conventional medical treatment options for CD have
included corticosteroids and 5-aminosalicylic acid, which
can help to achieve clinical remission. Unfortunately,
however, relapses may occur after a few weeks. The
utilization of immunosuppressive drugs, especially of the

Rac1 inhibitor azathioprine, has increased long-term re-
mission rates from 33 to 54% with a concomitant steroid
sparing effect [13–18]. However, these outcome data refer
to treatment of patients with active CD in general, irre-
spective of the particular type of disease, and do not apply
to patients with fistulizing disease. To date, only a few
controlled trials on medical therapy have addressed the
responsiveness of fistula healing specifically (see below).

Crohn’s disease represents a major challenge for sur-
gery. With increasing knowledge and experience in the
treatment of CD, there has been a change in the philos-
ophy regarding the surgical treatment of CD [19, 20].
Emergency surgical intervention is mandatory in cases of
fulminant colitis with sepsis, toxic megacolon, severe
bleeding, abscesses or perforation. However, long-term
follow-up studies have shown that relapses of CD, even
after extensive surgery, are relatively frequent. The prob-
ability of achieving definite healing of CD by surgery
alone is small and repeated surgical interventions may
lead to short bowel syndrome. Therefore, the optimal
treatment of patients with CD requires an interdisciplinary
approach, although the decision for a necessary or even
emergency surgery must not be delayed. However, the
primary goal of a close collaboration between gastroen-
terologists and surgeons should be to anticipate potential
problems in order to minimize emergency interventions.

Stenoses in Crohn�s disease and anti-TNF strategies

General principles exist regarding the medical manage-
ment of stenoses and strictures. Due to their fibrotic na-
ture, strictures are unlikely to respond to anti-inflamma-
tory medical treatment. In contrast, acute inflammatory
stenoses during flares should be treated medically, unless
there is evidence of abscesses. However, even inflam-
matory stenoses bare the risk of ileus, perforation or
peritonitis when severe complaints suggest a subtotal or
even total obstruction of the lumen and, therefore, may
require surgical treatment as well. A new therapeutic
option in stenosing CD represents the recombinant anti-
TNF-antibody infliximab that has been shown to induce
rapid anti-inflammatory effects with symptomatic im-
provement [21, 22]. Infliximab might thus meet the need
for medical treatment with rapid effects in symptomatic
inflammatory stenoses. However, there are few data from
prospective studies for this particular indication. In ad-
dition, the proper distinction between inflammatory ste-
nosis and fibrotic stricture prior to treatment represents a
major diagnostic challenge. Due to the involvement of all
layers of the bowel wall in CD, an inflammatory process
of the outer layers may be missed endoscopically. Thus,
additional techniques are required to unequivocally reveal
the inflammatory nature of a stenosis.

Hydro-magnetic resonance imaging (hydro-MRI), us-
ing 2.5% mannitol solution for oral bowel opacification
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and gadolinium-DTPA as intravenous contrast medium,
represents a valuable diagnostic tool to determine the
inflammatory or fibrotic nature of a stenosis with high
specificity and sensitivity (Figs. 1, 2) [23, 24]. However,
hydro-MRI is fairly cost intensive and local expertise for
proper assessment of hydro-MRI pictures is a prerequi-
site. Another potentially interesting tool in this context is
the 18-F-fluoro-deoxy-glucose-positron-emission-tomo-

graphy (PET) [25, 26]. This method is based on the ob-
servation that inflamed tissue has an increased metabo-
lism with an increased glucose turnover. After intrave-
nous application of fluorine-18-marked fluoro-2-deoxy-d-
glucose (FDG), FDG accumulates in the inflamed area of
the bowel (Fig. 3). In a pilot study, this method displayed
good sensitivity and specificity to reveal inflammatory
activity in stenotic bowel segments [27]. However, further

Fig. 1 Hydro-MRI of a Crohn’s
patient with inflammatory ste-
nosis of the left transverse colon
prior to anti-TNF treatment
(courtesy of [28]). a Lack of
intraluminal contrast after oral
bowel opacification with 2.5%
mannitol as a result of massive
bowel wall thickening with
prestenotic dilatation (T2-
weighted). b Massive enrich-
ment of gadolinium-DTPA as
intravenous contrast medium in
the wall of the left transverse
colon indicating inflammation
(T1-weighted)

Fig. 2 Hydro-MRI of the same
Crohn’s patient as in Fig. 1
following anti-TNF treatment
(courtesy of [28]). a Normal
intraluminal filling with 2.5%
mannitol in the transverse colon
indicating complete regression
of the stenosis, and no
prestenotic dilatation (T2-
weighted). b Minimal enrich-
ment of gadolinium-DTPA in
the wall of the left transverse
colon indicating healing of the
transmural inflammation (T1-
weighted)
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prospective studies are required to prove the validity of
this approach.

In a small case study, the effectiveness of the re-
combinant anti-TNF antibody infliximab was analyzed
[28]. Among 21 patients with CD who were treated with
infliximab, 11 patients had an inflammatory stenosis, 7 of
which were located in the terminal ileum and 4 in the
colon. All stenoses could be verified by hydro-MRI,
while four stenoses were missed by endoscopy. Of 11
patients, 9 responded well to infliximab and became
symptom free after only one infusion with remissions of
several months up to 18 months. One patient underwent
ileocecal resection 2 weeks after infliximab treatment
because of perforation with abscess formation. Further
analysis of the patient histories revealed that most of the
patients were concomitantly treated with immunosup-
pressive drugs, which may explain the overall good re-
sponse to infliximab in this small case series. Infliximab
may thus represent an option for the rapid medical
treatment of symptomatic stenoses following careful di-
agnostic assessment of the nature of the stenosis.

Fistulas in Crohn�s disease

Fistulas represent a predominant chronic complication of
CD and the lifelong risk of these patients developing
fistulas ranges from 20 to 40% [2, 3]. Development of
fistulas is facilitated by the transmural inflammatory af-
fection of the bowel wall and indicates that the inflam-

mation has penetrated into adjacent organs, tissue, or skin.
Fistulas are classified according to their location and the
connection with contiguous organs. Internal fistulas ter-
minate into adjacent organs (e.g., enteroenteric, entero-
vesical, ileocolic, gastrocolic, or rectovaginal) or into the
nearby mesentery. External fistulas terminate on the body
surface (e.g., enterocutaneous, parastomal, or perianal).
While external fistulas are often associated with the
presence of local pain, drainage, and the risk of abscess
formation, internal fistulas often remain unrecognized and
are frequently asymptomatic. This is often the case with
ileoileal or ileocecal fistulas, which rarely require inter-
vention. Major internal fistulas such as gastrocolic fistu-
las, which may bypass major segments of the intestinal
tract and thus cause a functional short bowel syndrome,
must be removed.

Since the treatment of fistulas depends on location,
severity of symptoms, number, the history of previous
local surgical procedures and sphincter function, there is
no general standard treatment. The optimal management
of patients with fistulas requires appropriate integration of
medical and surgical approaches. With regard to medical
therapy, only a few studies have focused on the efficacy
in healing the fistulas in CD specifically and, to date,
there has been no well-accepted fistula disease activity
index for the assessment of treatment response. Aminos-
alicylates are ineffective and corticosteroids seem to be
detrimental in fistulizing CD [29, 30]. Better data exist for
antibiotic therapy with metronidazole and ciprofloxacin.
Several uncontrolled studies exist for metronidazole in

Fig. 3 An fluorine-18-marked fluoro-2-deoxy-d-glucose-positron
emission tomography (FDG-PET) of a Crohn’s patient with in-
flammatory stenosis of the neoterminal ileum following ileoas-

cendostomy. Increase and decrease in FDG accumulation over time
in the left upper quadrant are shown indicating an inflammatory
bowel segment (arrow; courtesy of [28])
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fistulizing perianal CD [31–33]. However, the recurrence
rate after discontinuation of metronidazole is up to 78%
within 4 months and long-term administration of met-
ronidazole is associated with an unacceptably high risk of
neurotoxicity and paresthesias. In addition, the efficacy of
ciprofloxacin has been reported in some small uncon-
trolled studies [34].

In one landmark study on the efficacy in CD of
6-mercaptopurine, a key metabolite of the immunosup-
pressive drug azathioprine, the responsiveness of fistulas
was analyzed separately showing response rates of 55 vs.
24% in the placebo group [35]. Other uncontrolled trials
showed similar results [36, 37]. Of note was that the mean
time to response was over 3 months and up to 8 months,
suggesting a delayed mechanism of action. For other
immunosuppressants including methotrexate, cyclospor-
in A, tacrolimus, and mycophenolate mofetil, reports on
their efficacy in fistulizing CD are either anecdotal or
refer to small subgroup analysis only.

Anti-TNF strategies in fistulizing Crohn�s disease

Considerable advances in the medical treatment of fistu-
las in CD have been achieved by the development of anti-
TNF strategies. The randomized, double-blind, placebo-
controlled study of Present [38] focused on Crohn’s pa-
tients with enterocutaneous fistulas. A total of 94 patients
with either draining abdominal fistulas (10% of patients)
or perianal fistulas (90% of patients) were treated with
5 mg/kg body weight infliximab, 10 mg/kg body weight
infliximab or with placebo at weeks 0, 2, and 6. Of the
patients, 68% receiving 5 mg/kg infliximab and 56% re-
ceiving 10 mg/kg infliximab achieved a closure of 50% or
more of open draining fistulas versus 26% of the patients
receiving placebo (p=0.002, P=0.02). In addition, 55% of
the patients treated with 5 mg/kg and 38% of the patients
treated with 10 mg/kg showed a closure of all draining
fistulas versus 13% of the placebo group. However, the
mean duration of closure of draining fistulas was only
about 3 months.

A very recent follow-up study (ACCENT II) addressed
the question of whether repeated administration every
8 weeks in fistulizing CD can sustain an initial response
achieved by infliximab [39]. After 54 weeks, 36% of
patients treated repeatedly with infliximab still had
complete absence of draining fistulas versus 19% treated
with a placebo. Studies with CDP-571, another “human-
ized” anti-TNF antibody revealed response rates with
more than 50% closure of draining fistulas in 50% of
the CDP-571-treated patients versus 15% in the placebo
group [40, 41]. The high relapse rate after anti-TNF
treatment can be explained by the fact that most fistula
tracts persist morphologically despite clinical remission,
as could be shown in several follow-up studies by MRI
and endosonography [42–44].

Given the clinical response rates, these data have
raised the question of whether anti-TNF treatment could
be a true alternative treatment option to surgical inter-
vention. However, a stratification of the response rates
based on the type of fistulas has not been carried out in
any of the studies. Since the results of surgical interven-
tions vary depending on the type of fistula, even among
the perianal fistulas, a comparison of these interventions
with anti-TNF treatment is almost impossible. Many pe-
rianal fistulas in CD, especially when the rectum is
not involved, are simple and superficial, i.e., the anal
sphincter lies above the fistula tract (superficial, low
transsphincteric, and low intersphincteric fistulas). Most
of these fistulas can be cured definitely by fistulotomy
with healing rates between 70 and 100%, low recurrence
rates of <20%, and low risk for incontinence [45–49]. It
thus appears that in simple fistulas without rectal Crohn’s
involvement, surgical treatment in combination with an-
tibiotics is still the treatment of choice.

Complex fistulas include fistulas with many openings,
openings proximal to the dentate line, fistulas with tracts,
high blind extensions and high suprasphincteric or ex-
trasphincteric fistulas. Complex fistulas should be ana-
lyzed by MRI and examined under anesthesia to define
disease extent and to identify abscesses that require un-
roofing and drainage. In these patients, surgical fistulot-
omy may be associated with significant morbidity [50–
52]. However, it is generally felt that surgical treatment
should be combined with medical treatment in these
patients, whenever possible. There are no studies com-
paring surgical treatment with a combination of surgical
treatment and conventional medical treatment, which
have included antibiotics and immunosuppression with
azathioprine or 6-mercaptopurine respectively. A small
recent study in 32 patients with perianal fistulizing CD
has compared the efficacy of infliximab alone with in-
fliximab as an adjunct to examination under anesthesia
(EUA) and with seton placement [53]. Those patients
who had a EUA prior to infliximab had an initial re-
sponse of 100 vs. 82% in those patients who received
infliximab only (p=0.014). The recurrence rate was 44 vs.
79% (p=0.001) and the time to recurrence was longer
(13.5 months vs. 3.6 months, p=0.0001). Findings from a
small retrospective case series in which a single center
experience of 29 patients was reviewed support the no-
tion that combination of seton placement, infliximab in-
fusion and immunosuppression is beneficial in compli-
cated perianal and rectovaginal fistulas [54].

In another retrospective study, the question was ad-
dressed as to what proportion patients treated with in-
fliximab eventually undergo surgery [55]. It was found
that 6 out of 26 patients had complete fistula closure and
12 had a partial response to infliximab. Out of 26 patients,
14 still required surgery (10 bowel resection, 4 perianal
procedures); however, an additional 6 patients with per-
sisting draining fistulas declined surgery.
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