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Abstract
AIM: To evaluate the effect of resistance to activated 
protein C (aPCR), the most common known inherited 
thrombophilic disorder, on the risk of intestinal operation 
of fibrostenosis in patients with Crohn’s disease (CD). 

METHODS: In a previous study, we assessed the 
prevalence of aPCR in CD. In a retrospective case-
controlled study, 8 of these CD patients with aPCR 
were now compared with 24 CD patients without aPCR, 
matched by gender, age at diagnosis and duration of 
disease in a 1:3 fashion. The primary end point was 
the occurrence of an intestinal CD-related operation 
with evidence of fibrostenosis in the bowel resection 
specimen. 

RESULTS: The Kaplan-Meier analysis revealed that 
patients with aPCR had a lower probability of remaining 
free of operation with fibrostenosis than patients without 
aPCR (P  = 0.0372; exact log-rank test) resulting in a 
significantly shorter median time interval from diagnosis 
of CD to the first operation with fibrostenosis (32 vs  160 
mo). At 10 years, the likelihood of remaining free of 
operation with fibrostenosis was 25% for patients with 
aPCR and 57.8% for patients without aPCR. 

CONCLUSION: CD patients with aPCR are at higher 
risk to undergo intestinal operation of fibrostenosis than 
those without aPCR. This supports our hypothesis of 
aPCR being a possible risk factor for fibrostenosis in CD.
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INTRODUCTION 

Fibrostenotic lesions of  the bowel are frequent and serious 
complications in Crohn’s disease (CD). They often require 
surgery, which may lead to short bowel syndrome in case 
of  repeated bowel resections[1-4]. Intestinal fibrosis in CD 
as a consequence of  chronic transmural inflammation 
is characterized by increased production of  extracellular 
matr ix , inc luding f ibr i l lar col lagen, by act ivated 
mesenchymal cells, such as fibroblasts and smooth muscle 
cells[5,6]. However, the exact pathophysiological mechanism 
explaining variable disposition of  CD patients to develop 
fibrostenotic lesions is unknown. But some risk factors 
have been discovered. For example, NOD2/CARD15 
variants[7-9] and smoking have been associated with 
fibrostenosis[10,11]. Moreover, CD patients with antibody 
responses against Saccharomyces cerevisiae (ASCA), CD-
related bacterial sequence (I2), E. coli outer membrane 
porin C (anti-OmpC), and neutrophil nuclear antigen 
(pANCA) have also been reported as being more likely to 
develop fibrostenotic lesions[12-15]. 

Resistance to activated protein C (aPCR)[16], repre-
senting the most common known inherited thrombophilic 
disorder[17], has been shown to increase the rate of  
fibrosis in other inflammatory diseases, such as chronic 
viral hepatitis[18]. Activated protein C serves as a natural 
anticoagulant by cleavage and inactivation of  factor Ⅴ
a. Factor Ⅴ plays a central regulatory role in hemostasis, 
since it contributes to the conversion of  prothrombin to 
active thrombin, which, on the other hand, transforms 
fibrinogen into fibrin. A single-point mutation in the gene 
encoding factor Ⅴ, also known as factor Ⅴ Leiden, results 
in a form of  factor Ⅴa that is resistant to degradation by 
activated protein C, leading to a relative hypercoagulation 
state[19]. 
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The increase of  the rate of  fibrosis in chronic viral 
hepatitis caused by aPCR was explained by thrombotic 
obliterations of  small portal and hepatic veins resulting 
in local hepatocyte death and increased development of  
fibrosis and by the effect of  thrombin through activation 
of  stellate cells, which are the mediators of  fibrosis in the 
liver[20]. However, the role of  aPCR in the development 
of  fibrostenotic lesions in CD has not been elucidated 
till now. The potential role of  the clotting system in 
CD has already been shown. Granulomatous vasculitis, 
intravascular fibrin deposition and capillary microthrombi 
have been reported in CD lesions[21,22]. Additionally, CD 
has been observed less frequently in patients with inherited 
haemophilic disorders[23]. On the other hand, aPCR as 
a thrombophilic disorder may favor intravascular fibrin 
deposition and thrombotic obliteration of  the small vessels 
of  intestinal lesions in CD, resulting in increased local cell 
death and fibrosis. 

We, therefore, hypothesized that aPCR increases the 
rate of  fibrosis in CD patients. We expected that CD 
patients with aPCR are more likely to have fibrostenotic 
lesions of  the bowel than patients without aPCR, resulting 
in a lower probability of  remaining free of  operation with 
fibrostenosis. 

MATERIALS AND METHODS
Patients and study design
This is a retrospective case-control study on the influence 
of  aPCR on the presence of  fibrostenotic lesions found 
at intestinal CD-related operations in CD patients. In 
a previous study on risk factors for thromboembolism 
in inflammatory bowel disease (IBD), we assessed the 
prevalence of  aPCR in patients with IBD, including 77 
patients with CD[24]. We had detected 8 CD patients with 
aPCR who were now compared with CD patients without 
aPCR selected from the same database. CD patients with 
aPCR (n = 8) and without aPCR (n = 24) were matched 
by gender, age at diagnosis (± 10 years) and duration of  
disease (± 3 years) in a 1:3 fashion. A colleague blinded for 
the clinical course of  the patients performed the matching. 
All patients included in the study were Caucasians and 
had been in routine care at our institution (Medical 
University of  Vienna, Department of  Internal Medicine 
Ⅳ, Division of  Gastroenterology and Hepatology, 
Vienna). The diagnosis of  CD was based on established 
criteria of  clinical, radiological, endoscopic, or histological 
findings[25]. The location of  CD was determined according 
to the Vienna classification[26]. The information on the 
clinical course, smoking habits, and the medical and 
surgical management was reviewed from the charts of  the 
patients. A “smoker” was defined as a patient who had 
smoked at least seven cigarettes weekly for at least one 
year[11]. Immunosuppressants, such as azathioprine, were 
considered for analysis if  the duration of  treatment had 
been at least 3 mo.

The primary end point of  the study was the presence 
of  fibrostenosis found at intestinal CD-related operations 
documented by the pathological and/or surgical report, 
respectively. The secondary end point was the occurrence 
of  intestinal CD-related operations regardless of  fibroste-

nosis. Only intestinal operations, such as bowel resections, 
strictureplasties and gastrointestinal bypass-surgery, were 
included in the analysis. Creations of  a stoma, intestinal 
reconstructions, exploratory laparatomies, and surgery of  
complicated perianal CD were excluded from the analysis. 
Two observers blinded for the aPCR status of  the patients 
(W.R. and J.P.) reviewed the pathological and surgical re-
ports of  the patients for the presence of  fibrostenosis. The 
Ethics Committee of  the Medical University of  Vienna 
approved this study.

Definition of fibrostenotic lesions
Stricturing disease is defined by the Vienna classification 
as the occurrence of  constant luminal narrowing demons-
trated by radiologic, endoscopic, or surgical examination 
combined with prestenotic dilatation and/or obstructive 
signs or symptoms but without evidence of  penetrating 
disease[26]. In our retrospective analysis, for the purpose of  
defining fibrostenotic lesions at the time of  surgery, we 
modified this definition for four reasons. First, strictures 
of  the bowel in CD may result not only from fibrostenotic 
lesions but also from inflammatory obstruction without 
fibrosis. Second, internal fistulas are often associated 
with strictures and such mechanical factors may even 
favor the development of  fistula, which might explain the 
coexistence of  fibrostenotic lesions and perforation[27]. 
Third, radiologic, endoscopic, and surgical examination 
may report contradictory results. The most reliable 
data on complicated disease are available after resection 
from surgical and pathological reports. In these reports, 
fibrostenotic lesions were defined as luminal narrowing 
and bowel wall thickening on naked-eye examination of  
the surgical resection specimen. Histologically, strictures 
were recognized by thickening of  the muscularis mucosa 
and by fibrosis of  the submucosa[27]. And fourth, we 
excluded “obstructive symptoms” from the definition, 
since it may be difficult to differentiate clinically from 
other disease-related complications (e.g. inflammation, 
fistula and abscess). 

We, therefore, defined fibrostenotic lesions as the 
occurrence of  bowel wall thickening and luminal narrowing 
on naked eye examination in the pathological and surgical 
report found at intestinal CD-related surgery as well as 
the occurrence of  thickening of  the muscularis mucosa 
and of  fibrosis of  the submucosa in the histological 
part of  the pathological report. In case of  discrepancies 
between pathological and surgical examination, the 
pathological report of  the surgical resection specimen 
was rated with higher priority than the surgical report. 
In case of  strictureplasties and gastrointestinal bypass 
surgery, if  a surgical resection specimen was not available, 
the assessment of  fibrostenosis was based solely on the 
surgical report. The diagnosis of  a fibrostenotic lesion was 
irrespective of  evidence of  penetration. 

Assay system
aPCR was determined as described previously using the 
assay Coatest aPCTM Resistance (Chromogenix, Mölndal, 
Sweden) according to the manufacturer’s instructions[24]. 
The normal range of  the aPC ratio was > 1.9 and aPCR, 
therefore, was diagnosed if  the aPC ratio was ≤ 1.9. This 



test with predilution of  samples with factor Ⅴ-deficient 
plasma has been shown to have a very high sensitivity and 
specificity of  nearly 100% for the diagnosis of  factor Ⅴ 
Leiden, including a discrimination between heterozygous 
and homozygous subjects[28-30]. 

Statistical analysis
All computations were performed with the use of  SAS 
software, version 9 (SAS Institute Inc., Cary, NC, USA). 
Data were presented as frequencies, percentages and 
median values with range, respectively. Differences 
between groups were analyzed using the fisher’s exact 
test for categorical data and the Mann-Whitney U-test 
for continuous data. Survival time methods were used 
to analyze the time from diagnosis of  CD to the first 
intestinal CD-related operation with fibrostenosis and 
from diagnosis of  CD to the first intestinal CD-related 
operation, respectively, (uncensored observations) or the 
duration of  follow-up among patients without intestinal 
CD-related operation with fibrostenotic lesions and 
without intestinal CD-related operation, respectively 
(censored observations)[31]. The probability of  survival 
free of  intestinal CD-related operation with fibrostenosis 
and survival free of  intestinal CD-related operation 
regardless of  the presence of  fibrostenosis, respectively, 
was estimated according to the Kaplan-Meier method[32]. 
Differences between Kaplan-Meier curves of  both groups 
were analyzed using the exact log-rank test for unequal 
follow-up[33]. The study design included 1:3 matching (CD 
with aPCR : CD without aPCR) with regard to gender, 
age at diagnosis and duration of  CD. Differences were 
considered significant if  P was < 0.05.

RESULTS
Study population
The clinical data of  both patient groups are summarized 

in Table 1. Eight patients had an aPC ratio below 1.9 
and were diagnosed as having aPCR: one patient had 
an aPC ratio of  1.19 consistent with homozygous for 
factor Ⅴ Leiden and the other 7 patients had aPC ratios 
ranging from 1.46 to 1.64 consistent with heterozygous 
for factor Ⅴ Leiden[30]. Twenty-four patients had values 
of  the aPC ratio within the normal range. Neither patient 
group differed in terms of  location of  disease, and 
percentage of  smokers and patients who had been treated 
with azathioprine (Table 1). Furthermore, the number 
of  cigarettes per day, the duration of  smoking, and the 
dosage and duration of  treatment with azathioprine did 
not differ between either patient group (data not shown). 
No immunosuppressants other than azathioprine had been 
administered. None of  the patients had received infliximab 
or any other biological agent. Patients with aPCR had 
a history of  venous thromboembolic complications 
diagnosed by imaging procedures significantly more often 
than the patients without aPCR (P < 0.01). Most of  the 
thromboembolic events had been deep venous thromboses 
of  the legs and pulmonary emboli. 

Intestinal CD-related surgery
Six of  8 patients with aPCR and 16 of  24 patients without 
aPCR underwent intestinal surgery. Altogether, 44 
intestinal CD-related operations (13 in patients with aPCR 
and 31 in patients without aPCR) had been performed. All 
operations had been intestinal resections, except for one 
case of  gastroentero-anastomosis, which was necessary 
to circumvent the obstructed duodenum in a patient with 
CD of  the upper gastrointestinal tract. A strictureplasty 
and a resection of  another bowel segment performed at 
the same surgical procedure in a patient with aPCR were 
counted as one operation. The location of  the bowel 
resections did not differ between both patient groups and 
was most likely of  the terminal ileum (Table 2). In addition 
to bowel resections, three balloon dilations of  fibrostenotic 

Table 1  Characteristics of 32 patients with Crohn's disease 
(frequencies, %, median values with range)

                                                        With aPCR                    Without aPCR
                                                                                    (n  = 8)                              (n  = 24)

Sex ratio (M/F)         3/5        9/15
Age at diagnosis (yr)   30 (13-53)   31 (10-46)
Duration of disease (mo) 140 (86-257) 145 (65-272)
aPC ratio1     1.52 (1.19-1.64)     2.31 (2.08-2.66)
Patients with VTE in the history     5 (63%)b     2 (8%) 
Smokers     4 (50%)   19 (79%)
Patients under azathioprine     4 (50%)   15 (63%)
Location of CD2

   Terminal ileum     2 (25%)     4 (17%)
   Colon     1 (12.5%)     5 (21%)
   Ileocolon     4 (50%)   12 (50%)
   Upper gastrointestinal tract     1 (12.5%)     3 (12%)

aPCR: resistance to activated protein C; CD: Crohn’s disease; VTE: venous 
thromboembolism. 1The patients were divided into the two groups according 
to the value of the aPC ratio: ≤ (diagnosis of aPCR) and > 1.9 (normal range), 
respectively. 2The location of disease was classified according to the Vienna 
classification[26]. bP < 0.01 vs patients without aPCR.

Table 2  Intestinal CD-related surger y in 32 patients with 
Crohn's disease (frequencies, %, median values)

                                                                           With aPCR          
                                                                                                      (n  = 8)          (n  = 24)

Patients having undergone an operation1   6 (75%)   16 (67%)
Patients having undergone an 
operation with fibrostenosis2

  6 (75%)   13 (54%)

Patients with fibrostenosis at 1st  operation2 6/6 (100%) 10/16 (62.5%) 
Location of fibrostenosis at 1st  operation3

   Terminal ileum   4     8
   Colon   2     0
   Upper gastrointestinal tract   0     2
Median time from diagnosis of CD 
to 1st operation1 (mo)

32   80.5

Median time from diagnosis of CD 
to 1st operation with fibrostenosis2 (mo)

32a 160

aPCR: resistance to activated protein C; CD: Crohn’s disease. 1Operations:
intestinal CD-related operations; 2Operations with fibrostenosis: intestinal 
CD-related operations with fibrostenosis; 3The location of fibrostenosis 
was classified according to the Vienna classification for location of Crohn’s 
disease[26]. aP < 0.05 vs patients without aPCR.
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lesions had been performed in two patients with aPCR but 
not in patients without aPCR. These interventions were 
not included in the analysis.

Operations with fibrostenosis: primary end point
There was a clear tendency for fibrostenosis to be found 
more often in the presence of  aPCR. At the first intestinal 
CD-related operation, fibrostenotic lesions were found 
in all 6 (100%) patients with aPCR, but only in 10 out 
of  16 (62.5%) patients without aPCR (P = 0.079). The 
Kaplan-Meier analysis revealed that patients with aPCR 
had a significantly lower probability of  remaining free of  
operation with fibrostenosis compared to patients without 
aPCR (P = 0.0372; exact log-rank test). This was also 
represented by the median time from diagnosis to the first 
operation with fibrostenosis being significantly shorter 
in patients with aPCR than in patients without aPCR (32 
vs 160 mo; Table 2). In a further step, the calculation was 
limited to 120 mo, since this time interval was just below 
the median observation time of  the patients (140 and 
145 mo, respectively) and, therefore, more than half  of  
the patients were under follow-up during the first 10 years 
after diagnosis of  CD (P = 0.0216; exact log-rank test) 
(Figure 1). At 10 years, the likelihood of  remaining free 
of  operation with fibrostenosis was 25% for patients with 
aPCR and 57.8% for patients without aPCR. 

Both observers who reviewed the pathological and 
surgical reports of  the patients for fibrostenotic lesions 
agreed on the presence or absence of  fibrostenosis in all 
operations. In 4 out of  44 operations, a fibrostenosis was 
described in the pathological report but was not mentioned 
in the surgical report. In all these four cases (1 patient 
with aPCR and 3 patients without aPCR), the surgeons 
described inflammatory masses that made it difficult to 
diagnose fibrostenosis in the surgical situation.

Overall operations: secondary end point
Concerning any intestinal CD-related operation without 
regard to whether it revealed fibrostenosis or not, patients 
with aPCR did not undergo operations more often than 
patients without aPCR. Six of  8 (75%) patients with aPCR 
and 16 of  24 (67%) patients without aPCR had undergone 
intestinal surgery (P = 0.32) (Table 2). Furthermore, the 
median time interval from diagnosis of  CD to the first 
operation (Table 2), and the probability of  remaining free 
of  intestinal surgery (Kaplan-Meier survival curve not 
shown) did not significantly differ between the two patient 
groups (P = 0.24).

DISCUSSION
To our best of  knowledge, this is the first report on an 
association between resistance to activated protein C 
and fibrostenosis in Crohn’s disease. In a case-controlled 
study setting, aPCR increased the risk of  fibrostenotic 
lesions found at intestinal surgery as described by surgical 
and/or pathological reports. CD patients with aPCR had 
a significantly lower probability of  remaining free of  
intestinal operations with fibrostenosis. These data support 
our hypothesis that aPCR accelerates the development of  

fibrosis in intestinal lesions in CD patients. 
The primary end-point in the present study was the 

occurrence of  an intestinal CD-related operation with 
fibrostenosis. Fibrostenotic lesions were referred to 
bowel wall thickening and luminal narrowing on naked-
eye examination and to patho-histological features. 
This definition of  fibrostenosis was modified from 
the definition of  disease behavior used in the Vienna 
classif icat ion[26] and was ir respective of  evidence 
of  penetrat ion. The most impor tant reasons for 
modification were the association of  internal fistula and 
fibrostenosis in multiple bowel resection specimens[27] 
as well as the possible occurrence of  inflammatory 
bowel obstruction without fibrostenosis. It is difficult or 
sometimes impossible to distinguish inflammatory from 
fibrostenotic strictures by current diagnostic techniques, 
including imaging procedures and endoscopy, leaving the 
question of  what is the gold standard for the differential 
diagnosis? Is there any method, which is superior to direct 
visualization by the surgeon and the pathologist as well as 
to patho-histological investigation? From the literature, 
good evidence cannot be retrieved. Thus, we based our 
evaluation of  fibrostenosis on the assumption that surgical 
and pathological reports deliver the most reliable data on 
the presence of  fibrostenosis and are, therefore, superior 
to imaging procedures in the diagnosis of  fibrostenotic 
strictures on expert opinion. 

aPCR i s the mos t common known inher i t ed 
thrombophilic disorder known until now[16,17]. The genetic 
basis of  aPCR is a single-point mutation in the gene 
encoding for coagulation factor Ⅴ, also known as factor Ⅴ 
Leiden. Factor Ⅴ Leiden has a 2%-7% prevalence in most 
Caucasian populations and is identified in 20%-50% of  
patients with venous thromboembolism[17,34-36]. 

In add i t i on to the inc r ea sed r i sk o f  venous 
thromboembolism, aPCR and other thrombotic risk 
factors have also been shown to accelerate the rate of  
fibrosis in inflammatory diseases, such as chronic viral 
hepatitis[18,37,38]. Thrombotic obliterations of  small portal 
and hepatic veins and activation of  the stellate cells by 
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Figure 1  Kaplan-Meier curves for CD patients with and without aPCR, for 
remaining free of intestinal CD-related operation with fibrostenosis. A significantly 
lower proportion of patients with aPCR remained free of operation with 
fibrostenosis as compared to CD patients without aPCR (P = 0.0216; exact log-
rank test). The calculation was limited to a period of 120 mo. 
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thrombin were assumed to cause increased fibrosis in 
the liver[20]. The effect of  thrombin is mediated through 
activation of  thrombin receptors on the stellate cells, 
which are up-regulated during chronic liver injury[39]. 
Furthermore, aPCR significantly increased pulmonary 
fibrosis in bleomycin-induced inflammatory lung injury 
in mice[40]. Additionally, an association between aPCR and 
fibrosis has been described in a transgenic factor Ⅴ Leiden 
mouse model with enhanced fibrin deposition in multiple 
tissues[41]. In CD, an influence of  the clotting system on 
the pathomechanism has been assumed based on the 
finding of  intravascular fibrin deposition and capillary 
microthrombi[21,22] and a reduced frequency of  CD in 
patients with inherited haemophilic disorders[23].

T he a s soc i a t ion be tween aPCR or any o ther 
thrombotic risk factor and fibrosis in CD has not been 
previously investigated. An increased rate of  fibrosis may 
lead to fibrostenotic lesions of  the bowel, which often 
require surgery. Intestinal fibrosis and fibrostenosis are 
caused by uncontrolled proliferation of  mesenchymal cells 
and excessive production of  extracellular matrix proteins, 
including fibrillar collagen[5,6]. Fibroblasts cultured from 
fibrostenotic lesions in CD patients, for instance, have 
been shown to synthesize an increased amount of  collagen 
type Ⅲ[42]. A precondition for the development of  fibrosis 
is a chronic transmural inflammation, which is a typical 
feature of  CD. Infiltrating immune cells are considered to 
secrete cytokines and growth factors, such as transforming 
growth factor beta (TGF-β), in the mesenchymal layers, 
which might lead to activation of  fibroblasts[6,43].

Some risk factors predispose to fibrostenosis in CD. 
Several studies reported that CD-associated NOD2/
CARD15 variants are associated with fibrostenotic 
lesions[7-9] and, furthermore, that CD patients who are 
positive for ASCA, I2, anti-OmpC or pANCA are also 
more likely to develop fibrostenosis[12-15]. Additionally, 
smoking has been shown to predispose to ileal localization 
of  CD and to fibrostenotic lesions[10-11]. But for all the 
itemized risk factors, it remains to be determined whether 
the association with fibrostenosis is independent or 
secondary to association with ileal involvement. 

Immunosuppressive drugs do not seem to prevent the 
formation of  fibrostenosis. Azathioprine has been shown 
to improve mucosal healing but not the development 
of  fibrostenosis in CD, especial ly in the i leocecal 
region[44-46]. A recent retrospective study on the use of  
immunosuppressive drugs and the need for intestinal 
surgery described only a tendency of  reduced probability 
of  formation of  fibrostenosis over the time, despite a 
significant increase of  the use of  azathioprine in the same 
time period[4]. However, the only immunosuppressive drug 
given to the patients in the present study was azathioprine, 
which was equally frequently administered to the patients 
of  both groups. We can, therefore, exclude any influence 
of  medical treatment on the results of  our study. 

Furthermore, there was no difference in smoking 
habits between the two patient groups. But all the other 
risk factors for fibrostenosis, such as NOD2/CARD15 
variants, ASCA, I2, anti-OmpC, and pANCA, were not 
fully available and, therefore, not included in the analysis. 
It was thus not possible to investigate the influence of  

these risk factors on our results. A further limitation might 
be the small number of  patients included in the study. 
Since the effect of  aPCR on fibrostenosis in CD was 
unknown prior to the present investigation, a calculation 
of  the sample size was not possible. Our aim was to 
perform a pilot study on an association between aPCR and 
fibrostenosis in CD and by this way to generate the basis 
for a working hypothesis. 

aPCR did not significantly influence the number 
of  overall intestinal CD-related operations regardless 
of  fibrostenosis. Therefore, we have no evidence that 
other indications for surgical treatment in CD except 
fibrostenotic strictures are influenced by aPCR.

In summary, our results give rise to this hypothesis 
that aPCR may be a risk factor for fibrostenosis in CD. 
The effect of  aPCR might not be specific and coagulation 
might generally be involved in the development of  fibrosis 
in CD, disposing patients with any thrombophilic disorder 
also to have an increased tendency to fibrostenosis. We 
are aware that our data should be verified by further 
larger trials, including data about other known risk 
factors for fibrostenosis. However, our study contains 
the first reference to an association between aPCR and 
fibrostenosis in CD and may provide a new insight in the 
pathogenesis of  fibrostenosis in CD.   
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