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ABSTRACT 

Background: Crohn’s disease (CD) is a chronic inflammatory bowel disease 
that can affect any part of the gastrointestinal tract. It most commonly affects 
the terminal ileum and causes transmural inflammation of the bowel wall 
resulting in stenosis, fistula or abscess formation. Medication is the 
treatment of choice for CD, although most patients will require surgery at 
some point as a result of the disease. Changes in the approach to CD have 
occurred in the recent years including the increased use of magnetic 
resonance enterography (MRE) in diagnostics, the acceptance of 
laparoscopic surgery for CD and the development of new biological 
medications for CD treatment. 

 
Aims: We compared preoperative MRE findings with surgical findings and 
evaluated how useful MRE is in the surgical planning. We also assessed 
whether the presence of inflammatory activity at the bowel resection margin 
affected postoperative anastomotic complications in CD patients. Our study 
evaluated the risk factors for anastomotic recurrence after primary ileocaecal 
resection and compared surgical recurrence after different types of bowel 
resection in CD patients. 

 
Patients and methods: Our patient sample comprised of 249 consecutive 
CD patients undergoing surgery at the Helsinki University Hospital during 
2006 and 2016. We applied a series of inclusion criteria to each study. Study 
I consisted of 55 patients who underwent preoperative MRE within the four 
months preceding surgery between 2011 and 2015. Study II consisted of 70 
patients with available bowel resection margins operated on between 2011 
and 2015. Study III consisted of 101 patients submitted to primary ileocaecal 
resection. Study IV consisted of all CD patients undergoing bowel resection 
with available postoperative follow-up information, yielding 218 patients. 
Data were retrospectively collected and analyzed. 

 
Results: Preoperative MRE sensitivity compared to surgical findings was 
100%, 77.8% and 80.0% while the specificity was 77.8%, 83.8% and 90.0%, 
respectively, for stenosis, fistula and abscess and calculated per patient. 
Among 55 patients, the operative plan was modified for 7 patients due to an 
erroneous preoperative MRE diagnosis of lesions compared to surgical 
findings. The MRE diagnosis did not agree with the surgical findings for 36 
lesions. Furthermore, adhesions were responsible for 44.4% of the incorrect 
MRE diagnoses. 

From a total of 70 patients, 46 patients (65.7%) had inflammatory activity 
in the bowel resection margin, of whom 34 (48.6%) had moderate or severe 
inflammatory activity. Postoperative complications were detected in 14 
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patients (20%), among whom 3 (4.3%) experienced anastomotic 
complications. The presence of inflammatory activity in the bowel resection 
margin did not significantly influence the occurrence of anastomotic 
complications. 

Among 101 patients undergoing primary ileocaecal resection in our unit, 9 
patients were excluded from analysis due to a follow-up of < 1 year. An end-
to-end hand-sewn anastomosis was performed on 96.7% of the patients. 
Anastomotic recurrence occurred in 12 patients (13%), among whom 4 
(4.3%) were treated with endoscopic dilatation and 8 (8.7%) needed repeat 
ileocolic resection. In the univariate analysis urgent surgery, stapled 
anastomosis and the need for postoperative steroids emerged as risk factors 
for anastomotic recurrence, while only stapled anastomosis remained as an 
independent risk factor in the multivariate analysis. 

A total of 218 patients undergoing bowel resection for CD were followed-
up for a median of 4.7 years. The frequency of surgical recurrence according 
to the type of the primary operation performed was as follows: 14 patients 
(10.1%) after an ileocolic resection, 6 patients (25.0%) after a small bowel 
resection, 7 patients (41.2%) after a segmental colon resection with colocolic 
anastomosis or left colon resection, 3 patients (75.0%) after a colectomy with 
ileorectal anastomosis and 12 patients (34.3%) after an end stoma operation. 
The CD location at the reoperation correlated with the location of the 
primary operation. 
 
Conclusions: MRE represents a useful preoperative diagnostic tool for CD, 
although the presence of intra-abdominal adhesions may cause incorrect 
diagnosis using MRE. Inflammatory activity at the resection margins did not 
significantly influence the development of postoperative anastomotic 
complications, encouraging the use of bowel-sparing surgical techniques for 
CD. After primary ileocaecal resection, we found a 1.1% anastomotic 
recurrence rate at 1 year. Hand-sewn anastomosis with an opening of the 
bowel antimesenteric border appears to be a safe choice after ileocolic 
resection. In addition, ileocolic resection carries a lower risk of surgical 
recurrence than other types of bowel resections for CD. 



 10 

TIIVISTELMÄ 

Tausta: Crohnin tauti on tulehduksellinen suolistosairaus, joka voi esiintyä 
missä tahansa kohtaa ruoansulatuskanavaa suusta peräaukkoon. Tavallisin 
sijainti on ohutsuolen loppuosa. Crohnin taudissa tulehdus kattaa suolen 
seinämän kaikki kerrokset. Tulehdus voi aiheuttaa suolen ahtaumaa. 
Tulehdus voi myös syövyttää suolen seinämään aukon. Tämän seurauksena 
voi kehittyä märkäpesäkkeitä vatsaonteloon tai syntyä poikkeavia 
yhdyskäytäviä eli fisteleitä viereiseen suolen mutkaan tai viereisiin elimiin 
kuten emättimeen ja virtsarakkoon. Crohnin tautia hoidetaan ensisijaisesti 
lääkkeillä, mutta suurin osa potilaista tarvitsee jossain vaiheessa 
leikkaushoitoa tautiin liittyvien ongelmien vuoksi. Viime vuosina on 
tapahtunut kehitystä Crohnin taudin toteamisessa ja hoidoissa: ohutsuolen 
magneettikuvauksen (MRE) käyttö Crohnin tautiin liittyvien 
suolistomuutosten arvioimisessa ennen leikkaushoitoa on lisääntynyt, uusia 
biologisia lääkkeitä on otettu käyttöön ja tähystyskirurgian käyttö on 
yleistynyt. 
 
Tavoitteet: Ensimmäisessä osatyössä selvitettiin ennen leikkausta tehdyn 
MRE-kuvauksen kykyä löytää leikkauksessa todetut ahtaumat, fistelit ja 
märkäpesäkkeet. Näin arvioitiin MRE-kuvauksen merkitystä leikkauksen 
suunnittelussa. Toisessa osatyössä tutkittiin suolen osapoiston yhteydessä 
jäljelle jääneen leikkauspinnan mikroskooppisen tulehduksen yhteyttä 
leikkauksen jälkeisiin suolisaumassa ilmaantuviin komplikaatioihin. 
Kolmannessa osatyössä selvitettiin riskitekijöitä Crohnin taudin muutosten 
uusiutumiselle suolisaumassa ohutsuolen loppupään typistyksen (ns. 
ileokekaalinen suolentypistys) jälkeen. Neljännessä osatyössä vertailtiin 
riskiä joutua uusintaleikkaukseen Crohnin taudin uusimisen vuoksi erilaisten 
suolentypistysten jälkeen. 
 
Potilaat ja menetelmät: Aineiston perustan muodosti Helsingin 
yliopistollisessa sairaalassa vuosina 2006-2016 Crohnin taudin vuoksi 
leikatut peräkkäiset 249 potilasta. Ensimmäisessä osatyössä analysoitiin 
ennalta suunniteltuun leikkaukseen vuosina 2011-2015 tulevat 55 potilasta, 
joille oli tehty MRE-kuvaus neljän kuukauden sisällä ennen leikkausta. 
Toisessa osatyössä tutkittiin 70 leikattua potilasta vuosilta 2011-2015, joilta 
suolen leikkauspinnan näyte oli saatavilla. Leikkauspinnat arvioitiin 
yhtenäisin kriteerein uudelleen patologin avulla. Kolmanteen osatyöhön 
otettiin mukaan kaikki Crohnin taudin vuoksi ensimmäiseen ileokekaalisen 
suolentypistykseen joutuneet potilaat ajalta 2006-2016. Neljäs osatyö sisälsi 
aineistosta ne suolentypistyksen vaatineet 218 potilasta, joilta 
leikkauksenjälkeistä seurantatietoa oli saatavilla. 
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Tulokset: Ennen leikkausta suoritetun MRE-kuvauksen sensitiivisyys oli 
100%, 77.8% ja 80.0% ja spesifisyys oli 77.8%, 83.8% ja 90.0% ahtaumille, 
fistelille ja märkäpesäkkeille. MRE-löydös ei vastannut leikkauslöydöstä 36 
muutoksessa, mikä aiheutti seitsemällä potilaalla leikkauksen muuttumisen 
alun perin suunnitellusta. Kiinnikkeet selittivät 44.4% virheellisistä MRE-
löydöksistä. 

46 potilaalla (65.7%) havaittiin tulehdusta suolen leikkauspinnalla ja 34 
potilaalla (48.6%) oli keskivaikeaa tai vaikeaa tulehdusta suolen 
leikkauspinnalla. 14 potilaalle (20.0%) ilmaantui leikkauksen jälkeisiä 
komplikaatioita, näistä kolmessa (4.6%) oli kyseessä suolisauman 
komplikaatio. Suolen leikkauspintaan jääneellä tulehduksella ei tilastollisesti 
ollut merkittävää yhteyttä leikkauksen jälkeisiin suolisauman 
komplikaatioihin. 

101 potilaalle tehtiin ensimmäinen ileokekaalinen suolentypistys 
tutkimuksen ajanjaksolla, mutta 9 tapausta suljettiin pois analyysistä lyhyen 
seuranta-ajan vuoksi. Pää-päätä vasten käsin ommeltu suolisauma tehtiin 
96.7%:lle potilaista. Taudin uusinta suolisaumassa todettiin 12 potilaalla 
(13.0%). Neljä (4.3%) uusintaa hoidettiin paksusuolentähystyksen 
yhteydessä tehdyllä pallolaajennuksella ja kahdeksan (8.7%) hoidettiin 
uudella suolentypistyksellä. Koneellisesti tehty suolisauma, päivystysleikkaus 
ja kortisonilääkityksen tarve leikkauksen jälkeen olivat merkittäviä 
riskitekijöitä taudin uusiutumiselle suolisaumassa. 

Suolentypistyksen jälkeen todettiin uusintaleikkaustarve Crohnin taudin 
uusimisen vuoksi yhteensä 42 potilaalla (19.3%). Aineistossa seuranta-ajan 
mediaani oli 4.7 vuotta. Uusintaleikkaukseen oli joutunut 14 (10.1%) 
potilasta ileokoolisen suolentypistyksen jälkeen, 6 (25.0%) potilasta 
ohutsuolentypistyksen jälkeen, 7 (41.2%) potilasta paksusuolentypistyksen 
jälkeen, 3 (75%) potilasta peräsuolen säästävän paksusuolenpoiston jälkeen 
ja 12 (34.3%) potilasta pääteavanneleikkauksen jälkeen. Crohnin taudin 
uusimisen sijainti suolessa korreloi ensimmäisen suolentypistyksen 
sijaintiin. 

 
Johtopäätökset: MRE on hyödyllinen Crohnin tautia sairastavien 
leikkauksen suunnittelussa, mutta kiinnikkeet voivat aiheuttaa virheellisiä 
MRE-löydöksiä. Mikroskooppinen tulehdus suolen leikkauspinnassa ei 
vaikuta merkittävästi leikkauksen jälkeiseen suolisauman komplikaatioon, 
joten tutkimuksen tulos puoltaa suolen pituutta säästävää leikkaushoitoa. 
Vuoden kohdalla ensimmäisen ileokekaalisen suolentypistyksen jälkeen 
taudin uusiutumisen riski suolisaumassa on vain 1.1%. Pää-päätä vasten 
käsin ommeltu suolisauma vaikuttaa olevan turvallinen vaihtoehto Crohnin 
taudissa. Uusintaleikkausriski on pienin ileokoolisen suolentypistyksen 
jälkeen. 
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INTRODUCTION 

In addition to Crohn’s disease (CD), inflammatory bowel disease (IBD) 
includes ulcerative colitis (UC), unclassified inflammatory bowel disease 
(IBDU) and indeterminate colitis (IC) (Silverberg et al. 2005). CD is a 
transmural inflammation with skip lesions that can affect any part of the 
gastrointestinal (GI) tract while UC is a mucosal inflammation limited to the 
colon. The term IBDU is applied when clinical features and endoscopic 
biopsies cannot distinguish between UC and CD. An indeterminate colitis 
diagnosis is used when colectomy specimens have overlapping features of 
both CD and UC (Silverberg et al. 2005). It remains unclear if IC is a distinct 
disease or merely a temporary diagnosis such as IBDU (Magro et al. 2013). 

Although CD can affect any part of the gut from the mouth to the anus, 
the terminal ileum is the most affected segment. CD location is classified as 
the terminal ileum, ileocolonic, colonic or upper GI (Satsangi et al. 2006). 
Upper GI tract localization usually appears simultaneously to more distal 
disease. Based on behavior, CD is referred to as inflammatory, penetrating or 
fibrostenotic (Satsangi et al. 2006). The disease location tends to remain 
relatively stable over time, although the disease behavior may change 
rapidly (Louis et al. 2001). 

Investigation of the entire bowel is important, especially when surgery is 
planned. Ileocolonoscopy is considered the gold standard examination for 
preoperative evaluation and follow-up of CD patients, but it is restricted to 
the colon and the terminal ileum. Since ileocolonoscopy cannot show a rather 
large part of the small bowel nor show transmural intestinal manifestations, 
imaging examinations are widely used for the complementary evaluation of 
CD patients (Leyendecker et al. 2009). Magnetic resonance enterography 
(MRE) has emerged as an important diagnostic tool in CD and its role in the 
preoperative planning has been previously investigated (Pous-Serrano et al. 
2017, Seastedt et al. 2014, Spinelli et al. 2014). 

CD is a chronic disease where asymptomatic periods can alternate with 
periods of deterioration. CD treatment is primarily medical, although surgery 
is required in about 70% of the patients as an additional treatment (Bernell 
et al. 2000b, Riss et al. 2014). Recurrence often follows surgery, and 
postoperative follow-up and medical treatment are essential. The 
identification of risk factors for postoperative recurrence could influence the 
surgical and postoperative approach in order to decrease CD recurrence. 
Smoking has been described as a risk factor for postoperative recurrence and 
CD patients should be encouraged to stop smoking (Onali et al. 2009). 

Surgery for CD should be limited to the resection of the most affected 
bowel segments, since the resection length appears not to affect CD 
outcome (Fazio et al. 1996). Since bowel-sparing techniques are 
recommended, anastomosis might be performed in bowels with residual 
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inflammation. Recently, one study found that positive resection margins 
increase postoperative anastomotic complications (Shental et al. 2012), while 
another found that those margins increase postoperative recurrence (de Buck 
van Overstraeten et al. 2017). These results differ from previous 
studies (Fazio et al. 1996, Kotanagi et al. 1991, Pennington et al. 1980, Post et 
al. 1991) and should be interpreted with caution. 

Contradictory results have been reported concerning risk factors for 
postoperative complications in CD (Alves et al. 2007, El-Hussuna et al. 2012, 
El-Hussuna et al. 2014, Iesalnieks et al. 2008, Tzivanakis et al. 2012). It 
remains unclear if preoperative corticosteroid or biological medication use 
and the presence of an abscess or fistula intraoperatively results in increased 
postoperative complications in CD patients. It is important to determine 
factors that may increase postoperative complications in order to optimize 
preoperative preparation and to improve postoperative outcomes. 
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1 REVIEW OF THE LITERATURE 

1.1 HISTORICAL BACKGROUND OF CROHN’S DISEASE 

Crohn’s disease (CD) is named after the gastroenterologist Burrill Bernard 
Crohn from Mount Sinai Hospital in New York. Crohn and colleagues first 
wrote about the disease in 1932 identifying it as a regional ileitis (Crohn et al. 
1952). As early as the 1800s, pathologists reported on granulomatous 
inflammatory masses of the terminal ileum different from tuberculosis and 
which at times mimicked tumors. The British surgeon Wells first used the 
term “Crohn’s disease of the colon” in 1952, but this was widely accepted only 
after Lockhart-Mummery and Morson reported CD of the large bowel as a 
different disease from ulcerative colitis in 1960 (Lockhart-Mummery et al. 
1960, Wells 1952). 

The surgical treatment of CD was initially either bypass or resection of the 
affected bowel segment (Alexander-Williams et al. 1972, Colp 1938, Ferguson 
1957, Garlock et al. 1951, Homan et al. 1978). Bypass was gradually 
completely replaced by bowel resection. Radical bowel resection, however, 
leads to short bowel syndrome, resulting in considerable morbidity. In 1982, 
Lee and Papaionnou described stricturoplasty, which was performed 
similarly to pyloroplasty instead of a bowel resection in CD short-segment 
strictures (Lee et al. 1982). Subsequently, bowel length-sparing resections 
gained popularity with the publication of a randomized trial carried out by 
Fazio and colleagues in 1996 showing that the presence of microscopic 
disease at the resection margins did not affect postoperative outcomes (Fazio 
et al. 1996). The appearance of biological medications in the 1990s and their 
popularization in the treatment of CD in the 2000s have also revolutionized 
the medical treatment of CD. 

1.2 EPIDEMIOLOGY OF CROHN’S DISEASE 

In North America and Europe, more than 1.5 million and 2 million people, 
respectively, suffer from inflammatory bowel disease (IBD). The highest CD 
prevalence in Europe is in Germany, standing at 322 per 100,000, but the 
incidence of CD is highest in North America, Scandinavia, Australia and New 
Zealand. In the last ten years, the incidence of IBD in adults has stabilized in 
North America and in many countries of Europe, but on the other hand has 
grown in Africa, Asia and South America (Ng et al. 2017). During the same 
period, a study concerning the pediatric population concluded that IBD is 
increasing worldwide, particularly CD (Benchimol et al. 2011). 
Approximately 25% to 30% of CD patients become ill before the age of 20, 
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although peak incidence occurs between the ages of 20 to 30 years (Lapidus 
et al. 1997). 

In a national register study in Finland between 2000 and 2007 CD 
incidence has only slightly increased in the 2000s, and was estimated as 9.2 
per 100,000 person year. CD incidence rates did not differ significantly 
between men and women in Finland. Furthermore, ulcerative colitis (UC) 
incidence was almost three times higher than CD incidence in 
Finland (Jussila et al. 2012). 

1.3 ETIOLOGY AND PATHOGENESIS OF CROHN’S 
DISEASE 

The pathogenesis of CD is not yet completely understood. It is believed that 
genetic predisposition, immune response, intestinal microflora and 
environmental factors together play a role in the development of the disease. 

Approximately 10% to 14% of CD patients have an affected first-degree 
relative (Freeman 2002). The first described CD-associated gene located on 
chromosome 16 was nucleotide oligomerization domain 2 (NOD2), also 
known as caspase-activating recruitment domain 15 (CARD15) (Hugot et al. 
2001). Today, over 200 genes related to IBD have been identified, of which 
37 are specific for CD (Liu et al. 2015). The majority of the discovered genes 
play a role in the immunoregulation including the intestinal epithelial barrier 
and its capacity to recognize different bacteria and activate inflammatory 
pathways (Jostins et al. 2012). NOD2/CARD15 is expressed in intestinal 
epithelial cells, named Paneth cells, as well as in monocytes and dendritic 
cells, and represents a nucleotide-binding domain involved in the recognition 
of proteins along the wall of the bacterial cells (Butler et al. 2007, Inohara et 
al. 2003). 

The intestinal microbiota seems to be associated with the development 
and maintenance of IBD (Kostic et al. 2014). Microbial diversity is 
substantially diminished in patients with IBD compared with healthy 
individuals. It is not an infectious agent such as a single bacterial species that 
causes CD. Yet, a disbalance in the intestinal flora may activate the host 
immune system. The intestinal microbiota seems also to play a role in the 
postoperative recurrence of CD, since one study showed absence of 
anastomotic recurrence in cases with a proximal diversion (D'Haens et al. 
1998). However, most attempts to manipulate the intestinal microbiota with 
probiotics or antibiotics have been unsuccessful in modifying the natural 
history of CD (Torres et al. 2017). 

The role of environmental factors in the onset of IBD was previously 
studied, yielding conflicting results. Researches assume that exposure to high 
doses of vitamin D may prevent CD due to its anti-inflammatory properties. 
This might explain why the highest incidence of CD is found in northern 
countries (Khalili et al. 2012). A high hygiene level was also associated with 
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an increased CD risk (Klement et al. 2008) and could also explain the high 
CD incidence in Scandinavia and North America. Furthermore, 
epidemiological studies have also speculated about the role of antibiotics, 
non-steroidal anti-inflammatory drugs and oral contraceptives in the 
etiology of CD (Ananthakrishnan et al. 2012, Garcia Rodriguez et al. 2005, 
Khalili et al. 2013, Virta et al. 2012). Smoking is the only environmental 
factor widely accepted as increasing the risk for CD, although its biological 
mechanism is not yet fully understood (Birrenbach et al. 2004, Parkes et al. 
2014). 

1.4 CLASSIFICATIONS OF CROHN’S DISEASE BY 
PHENOTYPE AND DISEASE ACTIVITY 

CD has a quite heterogeneous clinical presentation, explaining the need for 
the implementation of classifications that group similar patients together. 
Classifications have been improved over the years, better reflecting disease 
prognosis and guiding clinical management. Currently, the Montreal 
classification is widely used in CD research (Silverberg et al. 2005). The Paris 
classification is an improved version of the Montreal classification for use 
among pediatric patients (Levine et al. 2011) (Table 1). 

Aiming to evaluate CD outcomes as a whole, including all disease 
subtypes, disease activity indices were implemented and are widely used in 
clinical trials. However, disease activity indices refer to the assessment of the 
disease only at a specific time point. The Crohn’s disease activity index 
(CDAI) is the gold standard for disease activity classification (Best et al. 
1976) (Table 2). A simplified version of the CDAI, the Harvey-Bradshaw 
index (HBI), without laboratory variables and only recalling symptoms from 
the last 24 hours has also been proven useful (Harvey et al. 1980) (Table 3). 
Recently, a new classification, the Lémann score, which takes into 
consideration the cumulative bowel damage caused by CD was developed and 
validated for use in clinical trials (Table 4). While the Lémann score 
calculation is complex, an Excel file is available upon request making it 
relatively straightforward to use (Pariente et al. 2011, Pariente et al. 2015). 
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1.4.1 VIENNA, MONTREAL AND PARIS CLASSIFICATIONS 

Table 1. Clinical classifications of Crohn’s disease 

Vienna 

 (Gasche et al. 2000) 

 Montreal 

(Silverberg et al. 2005) 

 Paris 

(Levine et al. 2011; pediatric) 

Age at diagnosis  Age at diagnosis  Age at diagnosis 

A1 below 40 years  A1 < 16 years  A1a 0 ≤ 10 years 

A2 above 40 years  A2 16 ≤ 40 years  A1b 10 ≤ 17 years 

   A3 > 40 years  A2 17 - 40 years 

      A3 > 40 years 

Location  Location  Location 

L1 ileal  L1 ileal  L1 distal 1/3 ileum +/- limited caecal 

L2 colonic  L2 colonic  L2 colonic 

L3 ileocolonic  L3 ileocolonic  L3 ileocolonic 

L4 upper  L4 isolated upper disease  L4a upper disease proximal to the ligament of Treitz 

      L4b upper disease distal to the ligament of Treitz 

and proximal to distal 1/3 ileum 

Behavior  Behavior  Behavior 
B1 non-stricturing, 

non-penetrating 

 B1 non-stricturing, 

non-penetrating 

 B1 non-stricturing, 

non-penetrating 

B2 stricturing  B2 stricturing  B2 stricturing 

B3 penetrating  B3 penetrating  B3 penetrating 

   p perianal disease modifier  B2B3 both penetrating and stricturing disease 

      p perianal disease modifier 

  Growth 

G0 no evidence of child growth delay 

G1 child growth delay 
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1.4.2 CROHN’S DISEASE ACTIVITY INDEX (CDAI) 

Table 2. Crohn’s disease activity index (CDAI; Best et al. 1976) 

Variable Description Multiplied by 

Number of liquid stools Sum of numbers per 7 days 2 

Abdominal pain during 7 days 0 = none, 1 = mild, 2 = moderate, 3 = severe 5 

General well-being during 7 days 0 = generally well, 1 = slightly under par, 2 = poor,  

3 = very poor, 4 = terrible 

7 

Extraintestinal complications Number of complications: arthritis/arthralgia, iritis/uveitis, erythema 

nodosum, pyoderma gangrenosum, aphthous stomatitis, anal 

fissure/fistula/abscess, fever > 37.8°C 

20 

Antidiarrheal drugs during 7 days 0= no, 1 = yes 30 

Abdominal mass 0= no, 2 = dubious, 5 = present 10 

Hematocrit Expected (male = 47, female = 42) - observed 6 

Body weight [1-(ideal/observed)]x100 1 

Score interpretation: 

Remission (less than 150 points) 

Response (greater than 70 points or more recently greater than 100 points) 

Mild disease (150-220 points) 

Moderate disease (220-450 points) 

Severe disease (greater than 450 points) 

1.4.3 HARVEY-BRADSHAW INDEX (HBI) 

Table 3. Harvey-Bradshaw simple index (HBI; Harvey et al. 1980) 

Variable Scoring 

General well-being 0 = very well, 1 = slightly below par, 2 = poor,  

3 = very poor, 4 = terrible 

Abdominal pain 0 = none, 1 = mild, 2 = moderate, 3 = severe 

Number of liquid stools daily 1 per occurrence 

Abdominal mass 0 = none, 1 = dubious, 2 = present, 3 = present with tenderness 

Complications 1 per each: arthralgia, uveitis, erythema nodosum, aphthous ulcer, 

pyoderma gangrenosum, anal fissure, new fistula, abscess 

Total score interpretation: 

Remission < 5 

Mild disease 5-7 

Moderate disease 8-16 

Severe disease > 16 

  



Review of the literature 

 22 

1.4.4 LÉMANN SCORE 

Table 4. Parameters used for the calculation of the Lémann index (Pariente et al. 2015) 

Organ Segment Number of 

segments 

Investigation 

method 

Grade 1 Grade 2 Grade 3 

Surgical 
intervention 

      

 Upper tract Esophagus 3  N/A Bypass diversion or 

stricturoplasty 

Resection 

Stomach 

Duodenum 

 Small bowel Each 20-cm 

segment 

20  N/A Bypass diversion or 

stricturoplasty 

Resection 

 Colon/Rectum Each segmenta 6  N/A Stoma, bypass diversion or 

stricturoplasty 

Resection 

 Anus Anus 1  Reconstruction procedure, 

flap, coring out fistula track 

or laying open of fistula 

Major surgery leading to 

substantial sphincter 

damage 

Definitive diversion 

Temporary diversion Proctectomy 

Stricturing 
lesions 

      

 Upper tract Esophagus 3 Endoscopy N/A Lumen narrowing, passable Stricture, nonpassable 

Stomach 

Duodenum 

 Upper tract Esophagus 2 MRI or CT Wall thickening < 3 mm or 

segmental enhancement 

without prestenotic dilatation 

Wall thickening ≥ 3 mm or 

mural stratification without 

prestenotic dilatation 

Stricture with prestenotic 

dilatation Stomach 

Duodenum 

 Small bowel Each 20-cm 

segment 

20 MRI or CT Wall thickening < 3 mm or 

segmental enhancement 

without prestenotic dilatation 

Wall thickening ≥ 3 mm or 

mural stratification without 

prestenotic dilatation 

Stricture with prestenotic 

dilatation 

 Colon/Rectum Each segmenta 6 Colonoscopy N/A Lumen narrowing, passable Stricture, nonpassable 

 Colon/Rectum Each segmenta 6 MRI or CT Wall thickening < 3 mm or 

segmental enhancement 

without prestenotic dilatation 

Wall thickening ≥ 3 mm or 

mural stratification without 

prestenotic dilatation or < 

50% of the lumen 

Stricture with prestenotic 

dilatation or > 50% of the 

lumen 

 Anus Anus 1 Clinical 

examination 

Mild stricture Frank stricture, passable Frank stricture, non-

passable 

Penetrating 
lesions 

      

 Upper tract Esophagus 3 Endoscopy Superficial ulceration Deep ulceration Fistula 

Stomach 

Duodenum 

 Upper tract Esophagus 2 MRI or CT N/A Deep transmural ulceration Phlegmon or any type of 

fistula Stomach 

Duodenum 

 Small bowel Each 20-cm 

segment 

20 MRI or CT N/A Deep transmural ulceration Phlegmon or any type of 

fistula 

 Colon/Rectum Each segmenta 6 Colonoscopy Superficial ulceration Deep ulceration Fistula 

 Colon/Rectum Each segmenta 6 MRI or CT  Deep transmural ulceration Phlegmon or any type of 

fistula 

 Anus Anus 1 Clinical 

examination 

Anal ulceration Multiple fistulas Multiple fistulas with 

extensive anal and perianal 

tissue destruction 

 Anus Anus 1 MRI or CTb Simple fistula Branching fistula, multiple 

fistulas or any type of 

abscess > 1 cm 

Extensive anal and perianal 

suppuration, horseshoe 

abscess or fistula(s) 

involving or extending above 

the levator plate 
aCecum, ascending colon, transverse colon, descending colon, sigmoid colon and rectum 
bOnly in the case of an abnormal clinical examination 
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1.5 DIAGNOSIS, CLINICAL FEATURES AND NATURAL 
COURSE OF CROHN’S DISEASE 

The diagnosis of CD requires a multidisciplinary approach. The combination 
of the patient’s medical history, clinical evaluation, laboratory results, typical 
endoscopy and histopathological and radiological findings should be used to 
establish a CD diagnosis. 

1.5.1 CLINICAL PRESENTATION 

1.5.1.1 Disease location 
Crohn’s disease is a chronic progressive IBD that can affect any part of the 
gastrointestinal (GI) tract from the mouth to the anus. The terminal ileum is 
the most common location of the disease. 

The involvement of the intestinal tract proximal to the ligamentum of 
Treitz has been reported in 1% to 5% of cases, yet in clinical practice 
gastroscopy is recommended only in CD patients with upper GI tract 
symptoms. Upper GI CD typically manifests together with more distal 
disease. The involvement of the esophagus is rare, occurring in less than 2% 
of patients, but may include inflammatory lesions or stenosis (D'Haens et al. 
1994). In routine gastroscopy studies, mild upper GI tract lesions have been 
found in 16% to 32% of CD patients (Annunziata et al. 2012, Halme et al. 
1996). Helicobacter pylori negative focal gastritis is a characteristic related to 
CD (Halme et al. 1996). 

More than 60% of CD patients have colonic involvement and 20% of CD 
patients may have isolated colitis although ileocolonic involvement is more 
common (Mills et al. 2007). Crohn’s colitis is usually segmental, whereby 
around 40% of patients will have a disease-free rectum (Mills et al. 2007). In 
such cases, the differential diagnosis of UC is easier. Colonic CD can also 
present as pancolitis involving the entire colon. 

The risk of perianal disease development in CD patients is around 40% 
and is more common in patients with Crohn’s colitis (Eglinton et al. 2012). 
Perianal disease can present as skin lesion, anal canal fissure, ulcer, stenosis 
and anorectal abscess or fistula. The latter one represents the most common 
perianal manifestation of CD. Perianal fistulas can be complex and extend to 
the adjacent organs causing rectovaginal fistulas or involving the labia and 
the scrotum. 

1.5.1.2 Symptoms 
The symptoms depend on the disease location, behavior, clinical activity and 
the presence or absence of extraintestinal manifestations. The most typical 



Review of the literature 

 24 

symptoms are abdominal pain and diarrhea. Pain is usually localized in the 
lower right abdominal quadrant. Diarrhea is usually intermittent but not 
grossly bloody. Patients with Crohn’s colitis may have more diffuse 
abdominal pain and diarrhea with mucus and blood (Hedrick et al. 2013). 
Systemic symptoms include anorexia, weight loss, fever, anemia and delayed 
growth in pediatric patients. Colonic CD can less frequently also manifest as 
fulminant colitis (Hedrick et al. 2013). Patients with disease limited to the 
small bowel have a more insidious onset of disease since many years of 
subclinical bowel inflammation may precede the progress to fibrotic stenosis 
resulting in occlusive intestinal symptoms. Physical examination may reveal 
fullness or a tender mass in the lower right abdominal quadrant in patients 
with terminal ileum disease. Patients with more acute disease onset in this 
region may be misdiagnosed as experiencing appendicitis. 

1.5.1.3 Natural history and complications 
CD manifests through periods of remission and periods of aggravation or 
“flare-ups”. Persistent subclinical inflammation that occurs during clinical 
remission is thought to lead to complications such as stenosis, fistulas and 
abscesses resulting in progressive bowel damage (Torres et al. 2017). The CD 
behavior may vary substantially during the disease course, typically changing 
from inflammatory behavior to stricturing or penetrating. Factors associated 
with the development of CD complications are perianal disease and ileal 
involvement (Thia et al. 2010). 

Complications from CD normally require surgical treatment. The most 
common complication from CD is stenosis, which can develop in any 
segment of the GI tract, but most frequently occurs in the small intestine. 
Stenosis may cause intestinal obstruction gradually with weight loss, anemia 
and other nutritional deficiencies or less commonly may manifest as acute 
bowel obstruction with acute abdominal pain, anorexia and vomiting. 
Perforation proximal to the obstructed bowel segment with peritonitis is 
rare, but is also a possible manifestation of CD. Bowel perforations in CD are 
primarily caused by the inflammatory process involving all layers of the 
bowel and usually manifest as abdominal abscesses or fistulas involving 
adjacent organs such as another bowel segment, the bladder or the vagina. 
Abdominal or pelvic abscesses present with a low fever and mild abdominal 
pain. 

CD is related to an increased risk of GI cancer. The risk of colonic 
dysplasia and colorectal cancer in CD patients appears similar to the risk in 
UC patients; surveillance colonoscopy is recommended every one or two 
years at eight years following a CD diagnosis (Friedman et al. 2001, Itzkowitz 
et al. 2005). A cumulative risk of 25% of developing dysplasia or cancer in 
Crohn’s colitis patients even after a primary negative screening colonoscopy 
was previously determined (Friedman et al. 2008). The cumulative risk of 
colorectal cancer is around 3% at 10 years following a CD diagnosis (Canavan 
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et al. 2006). In addition, CD is also associated with an increased risk of small 
bowel cancer that occurs in < 1% of CD patients, although the risk is higher in 
patients with small bowel CD and the prognosis is poor due to the advanced 
stage at diagnosis (Elriz et al. 2013). A national register-based study in 
Finland described an increased anal cancer risk in CD patients potentially 
explained by problems with differential diagnosis associated with chronic 
perianal fistulas. The same study also found an increased risk for small bowel 
and biliary tract cancer in CD patients (Jussila et al. 2013). 

1.5.1.4 Extraintestinal manifestations 

Table 5. Extraintestinal manifestations of Crohn’s disease 

Extraintestinal manifestations Incidence Relation to CD activity 

Spondyloarthropathy   

 Sacroilitis or ankylosing spondylitis 5-10% No 

 Peripheral arthritis 10-20%  

  Oligoarticular arthritis (type I)  Yes 

  Chronic polyarthritis (type II)  No 

Ocular   

 Iritis 0.5-3.5% No 

 Scleritis or episcleritis 2-4% Yes 

Dermatological   

 Pyoderma gangrenosum 1-6% Yes/No 

 Erythema nodosum 2-6% Yes 

 Psoriasis 10% No 

 Aphthous stomatitis 20-30% Yes 

Hepatobiliary   

 Primary sclerosing cholangitis 1.2-3.4% No 

 Gallbladder stones 11-34% No 

Neurological   

 Peripheral neuropathy 8.3-13.4% No 

CD: Crohn’s disease 

Compiled from Ardizzone et al. 2008, Ephgrave 2007, Harbord et al. 2016 

1.5.2 LABORATORY TESTS 

Laboratory tests can help with CD diagnosis, determine disease activity and 
monitor clinical course. 

A stool culture and Clostridium difficile toxin are useful in the differential 
diagnosis. The white blood cell count, C-reactive protein (CRP) and 
erythrocyte sedimentation rate (ESR), known inflammatory markers, 
correlate with disease activity, although they are quite unspecific (Vermeire 
et al. 2004). Fecal lactoferrin and calprotectin are markers of intestinal 
inflammation, have a better correlation with CD activity and can predict 
disease relapse (Kolho et al. 2006, Sipponen et al. 2008a, Sipponen et al. 
2008b, Tibble et al. 2000). Unfortunately, calprotectin also increases in 



Review of the literature 

 26 

colorectal neoplasia and intestinal infections, limiting its use for diagnostical 
purposes. 

1.5.3 ENDOSCOPY 

Colonoscopy with intubation and evaluation of the terminal ileum is very 
important for CD diagnosis. In fact, endoscopy is the gold standard for CD 
diagnosis and follow-up. Endoscopy allows for the visualization of the bowel 
lumen and the collection of samples for histopathological examination. At 
least two biopsies from at least five different segments of the bowel, including 
the rectum and the terminal ileum should be taken, except in fulminant 
colitis (Magro et al. 2013). Biopsies should be stored in separate containers, 
since the localization of the sample provides important information for 
diagnosis. Biopsies should be taken from both lesions and normal mucosa. 
Endoscopic findings in CD depend on the disease activity and extension. In 
up to 50% of the patients with colonic CD the rectum is spared. 

Endoscopic scores have been developed to standardize the quantification 
of CD extension and severity. Due to its complexity, a Crohn’s disease 
endoscopic index of severity (CDEIS) (Mary et al. 1989) is not valuable for 
clinical use; the Simple endoscopic score for Crohn’s disease (SES-
CD), (Daperno et al. 2004) a simplified endoscopic classification, is preferred 
(Table 6). The Rutgeerts’ score (Rutgeerts et al. 1990) is commonly used to 
quantify the postoperative recurrent CD (Table 7). 

Endoscopy can also be used with therapeutic intention. Anastomotic 
strictures and short strictures <2 cm in the small bowel can be safely treated 
endoscopically with balloon dilatation instead of surgical resection (Saunders 
et al. 2004). A recent meta-analysis described balloon dilatation of strictures 
<4 cm as associated with a significantly lower risk of surgery (Navaneethan 
et al. 2016). Another important role for endoscopy lies in cancer surveillance, 
since CD is related to an increased intestinal cancer risk. 

Small bowel CD has been reported in 10% to 30% of the patients with CD, 
so the evaluation of the entire small bowel is important. Enteroscopy allows 
for the visualization and biopsy collection of portions of the small bowel that 
would otherwise remain unreachable. Double-balloon enteroscopy, 
introduced in 2001 (Yamamoto et al. 2001), or, more recently, single-balloon 
enteroscopy and spiral enteroscopy permit the advancement of the scope into 
the small bowel, which can be performed using an anterograde or retrograde 
approach. Enteroscopy is typically indicated after an initial imaging 
examination of the small bowel through MRE or capsule endoscopy. 

Although the small bowel and the colon represent the most commonly 
affected areas of the GI tract in CD, it can affect any portion of the gut. Thus, 
esophagogastroduodenoscopy is useful in ruling out CD involvement in the 
upper GI tract. In clinical practice, gastroscopy is recommended only in CD 
patients with upper GI tract symptoms. 
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1.5.3.1 Simple endoscopic score for Crohn’s disease (SES-CD) 

Table 6. Criteria for the calculation of the Simple endoscopic score for 
Crohn’s disease 

Variable SES-CD* 

 Score = 0 Score = 1 Score = 2 Score = 3 

Size of ulcers None Aphthous ulcers 

(diameter 0.1 to 0.5 cm) 

Large ulcers 

(diameter 0.5 to 2 cm) 

Very large ulcers 

(diameter >2 cm) 

Extent of ulcerated 

surface 

None <10% 10-30% >30% 

Extent of affected 

surface 

Unaffected segment <50% 50-75% >75% 

Presence of 

narrowing 

None Single, can be passed Multiple, can be 

passed 

Cannot be passed 

*The total score is calculated by the sum of the results for each segment: ileum, right colon, transverse colon, left colon and 

rectum 

 Daperno et al. 2004 

1.5.3.2 Rutgeerts’ score 

Table 7. Description of the Rutgeerts’ score 

Rutgeerts’ Score Endoscopic findings 

i0 No lesions 

i1 £5 aphthous lesions 

i2 >5 aphthous lesions with normal mucosa between the lesions or skip 

areas of larger lesions or lesions confined to the ileocolonic anastomosis 

i3 Diffuse aphthous ileitis with diffusely inflamed mucosa 

i4 Diffuse inflammation with larger ulcers, nodules and/or narrowing 

 Rutgeerts et al. 1990 

1.5.4 HISTOPATHOLOGY 

Histological examination remains crucial for CD diagnosis. However, due to 
the frequent absence of pathognomonic histological signs, additional clinical 
information and endoscopic findings are sometimes essential to confirm the 
final diagnosis. 

CD is characterized by the transmural inflammation of the bowel, causing 
strictures with a thickened bowel wall particularly in the terminal ileum, but 
can appear anywhere along the GI tract. CD can present as a cobblestoning 
mucosa, islands of surviving mucosa raised by edema and surrounded by 
ulcerated mucosa. It can form fissures, long serpiginous or linear ulcers that 
extensively and deeply involve the bowel wall leading to the formation of 
sinuses, fistulas or abscesses. Fistulas can occur between different bowel 
segments, adjacent organs or the abdominal skin. In the resected small bowel 
fat wrapping often occurs. Fat wrapping appears due to the extension of the 
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inflammation process to the subserosa and mesenteric fat which becomes 
hyperplastic and expands towards the antimesenteric bowel surface (Magro 
et al. 2013). 

Typical microscopic features of CD include transmural chronic 
inflammation with subserosal lymphoid aggregates, focal deep mucosal 
ulceration, focal crypt architectural abnormalities and the presence of non-
necrotizing granulomas which are collections of epithelioid macrophages or 
monocytes (Magro et al. 2013). Pyloric gland metaplasia, representing areas 
of epithelial regeneration after mucosal ulceration, typically appear in CD 
ileal biopsies and is useful for the differential diagnosis of UC. Biopsies from 
both inflamed and non-inflamed segments are important to reveal the 
segmental nature of the disease. The transmural characteristic of CD 
inflammation is usually recognized only in surgical specimens. 

The microscopic and macroscopic features of CD are described in Table 8. 

Table 8. Histopathological features in the differential diagnosis of 
Crohn’s disease and ulcerative colitis 

Histopathological features Crohn’s disease Ulcerative colitis 

Macroscopic   

 Localization in the GI-tract Entire GI-tract Colon and rectum 

 Ileum Often involved Not involved, except in back-wash ileitis 

 Colon Right > left Left > right 

 Rectum Typically spared Commonly involved 

 Distribution Segmental Continuous 

 Ulcers Deep ulcers, linear ulcers Superficial ulcers 

 Cobblestone-pattern Present Absent 

 Fistulas Present Absent 

 Strictures Present Uncommon 

 Wall thickness Increased Normal 

 Fat wrapping Present Absent 

Microscopic   

 Localization Transmural Superficial, transmucosal, sometimes submucosal 

 Inflammation Focal Diffuse 

 Crypt irregularity Focal Diffuse 

 Crypt abscess Common Uncommon 

 Lymphoid aggregates Commonly transmural Frequently in mucosa and submucosa 

 Granulomas Present Absent, except with ruptured crypts 

 Pyloric gland metaplasia Present Rare 

 Paneth cell metaplasia Uncommon Present 

Modified from Magro et al. 2013 

In clinical trials evaluating the therapeutic outcomes, different clinical, 
endoscopic and radiological scores have been validated to determine the 
disease activity (Best et al. 1976, Daperno et al. 2004). Pathology reports 
should also include some information on the level of activity in the biopsies 
to assess the effect of therapy and the risk of relapse. Currently, none of the 
existing histological scores to evaluate CD activity have been completely 
validated. Many of the existing scores like the one we used to evaluate CD 
activity at the resection margins, represent modifications of the Global 
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histological activity score (GHAS) (D'Haens et al. 1998, Novak et al. 2017). 
Our score is in clinical use in our unit and has been compared to various 
clinical and endoscopic activity scores in medical trials evaluating the activity 
parameters for CD (Molander et al. 2015, Puolanne et al. 2016, 2017) (Table 
9). 

Table 9. Crohn’s disease histological activity scale used for the 
evaluation of bowel resection margins 

Category Criteria 

No inflammation No residual microscopic disease 

Inactive inflammation Chronic inflammation without neutrophils 

Mild activity Infiltration of polymorphonuclear cells in the lamina propria or surface epithelium 

Cryptitis 

Moderate activity Polymorphonuclear cells in the epithelium 

Crypt abscess 

Strong activity Presence of erosion and/or ulcer 

 

1.5.5 DIFFERENTIAL DIAGNOSES 

The differential diagnoses of CD consist of coeliac disease, infections (such as 
Yersinia enterocolitica, Salmonella sp., Campylobacter sp. and tuberculosis), 
UC, Clostridium difficile-associated colitis, ischaemia, vasculitis, microscopic 
colitis and segmental colitis associated with diverticulosis. In the colonic CD, 
the differential diagnosis of UC can at times be difficult, resulting in an IBDU 
diagnosis. The IC definition should be reserved to cases where diagnosis is 
uncertain after colectomy despite complete histological analysis (Magro et al. 
2013). 

1.5.6 MAGNETIC RESONANCE ENTEROGRAPHY (MRE) AND 
COMPUTED TOMOGRAPHY ENTEROGRAPHY (CTE) 

The small bowel is frequently affected in CD. However, the small bowel is the 
least accessible intestinal segment using endoscopy. Thus, imaging is quite 
important in the diagnosis and follow-up of CD. Furthermore, CD, with its 
transmural inflammatory characteristic, may result in abscesses and fistulas, 
which can only be diagnosed by imaging. Traditionally, the small bowel of CD 
patients was examined using barium follow-through radiography which is 
incapable of detecting the extramural findings of CD (Leyendecker et al. 
2009). Yet, computed tomography (CT) provides detailed information about 
the intestinal wall and the extramural findings, although it does not provide 
much detail of the intestinal mucosa. This problem was overcome by 
combining contrast follow-through radiography technique with CT using 
CTE (Rollandi et al. 1999). Exposure of mostly young CD patients, however, 
to repeat ionizing radiation for diagnostic and follow-up examinations is a 



Review of the literature 

 30 

concern. While CTE and MRE have both proved useful for CD imaging 
investigations, the latter is preferred due to the lack of radiation 
exposure (Horsthuis et al. 2008, Puylaert et al. 2015). However, the 
availability may be an issue concerning MRE. 

The most common diagnostic findings in CD using MRE appear in Table 
10. Table 11 summarizes the results from different studies determining the 
specificity and sensitivity of MRE for finding CD lesions compared to surgical 
findings. 

Table 10. MRE findings in Crohn’s disease 

MRE finding Explanation Differential diagnosis 

Cobblestone appearance Irregular enhancement of the mucosa representing multiple 

continuous bowel wall ulcerations 

 

Stratification of the bowel 

wall 

Heterogeneous enhancement of the layers of the abdominal 

wall with a hyperintense appearance of the mucosa and the 

serosa representing acute bowel wall inflammation 

 

Comb-sign High-signal intensity parallel lines in the mesentery, 

perpendicular to the bowel wall representing mesenteric 

vascular engorgement typical of active disease 

 

Fat wrapping Hypertrophic fat, proliferation of mesentery  

Mesenteric 

lymphadenopathy 

Enlargement, hyperenhancement and edema of the lymph 

nodes pathognomonic for active CD 

Non-enhancing lymphadenopathy may imply 

malignancy, chronic inflammation or tuberculosis 

Stenosis Aperistaltic bowel segments with fixed mural thickening and 

luminal narrowing 

Peritoneal adhesions appear as acutely angled 

or tethered bowel loops with an abrupt transition 

in the luminal diameter and the absence of mural 

thickening 

Intra-abdominal fistula, 

star-sign 

Fistulas or sinuses appear as linear hyperenhancing tracts. 

The star-sign represents a conglomerate of inflamed bowel 

loops interconnected by multiple fistulous tracts 

Adhesions are fibrotic and tend to be thinner and 

enhance later than fistulas 

Intra-abdominal abscess Fluid collections encapsulated by an enhanced wall which 

may contain air 

 

MRE: magnetic resonance enterography; CD: Crohn’s disease; compiled from Amitai et al. 2013, Leyendecker et al. 2009 

Table 11. Sensitivity and specificity of preoperative MRE for detecting intraoperative surgical 
findings in Crohn’s disease 

Study Patients 

(N) 

MRE finding 

  Stenosis  Fistula  Abscess 

Sensitivity Specificity  Sensitivity Specificity  Sensitivity Specificity 

Sinha et al. 2013 49 56 (41-63) 98 (93-99)  76 (61-77) 100 (95-100)  77 (48-79) 100 (97-100) 

Fallis et al. 2013 51 97 95  83 95  89 98 

Spinelli et al. 2014 75 96 (88-99) 67 (9-99)  71 (49-87) 96 (87-100)  40 (5-85) 99 (93-100) 

Seastedt et al. 2014 76 68 100  60 100  87 87 

Pous-Serrano et al. 2017 38 97 (85-100) 80 (38-96)  60 (36-80) 98 (90-100)  100 (34-100) 99 (92-100) 

MRE: magnetic resonance enterography; values for the sensitivity and specificity are percentages; values in parentheses are 95% confidence 

intervals 
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1.5.6.1 MRE enteroclysis or enterography 
The benefits of using enteric contrast material to achieve bowel distension in 
imaging for CD are undeniable. Examinations performed when the contrast 
agent is administered through duodenal intubation are termed enteroclysis 
while those when the contrast is administered orally are termed 
enterography. MRE enterography is preferred by patients and radiologists, 
since it does not require nasojejunal intubation (Negaard et al. 2008). 
Furthermore, MRE enterography does not require ionizing radiation, which 
is often necessary for localizing the nasojejunal tube tip that should be 
positioned close to the ligament of Treitz before administering the contrast 
agent in the enteroclysis technique. It has been shown that the radiation dose 
related to this procedure is equivalent to 10 posteroanterior (PA) chest x-
rays (Puustinen et al. 2012). A study among 21 patients with CD 
demonstrated an equal accuracy for both MRE methods (Schreyer et al. 
2004). However, one case-control study concluded that MRE enteroclysis 
better visualizes superficial mucosal abnormalities in the small bowel for CD 
patients, although both methods perform equally in finding mural stenosis 
and fistulas. That study suggests that MRE enteroclysis should be used for 
the initial evaluation of CD patients, while MRE enterography should be used 
during follow-up (Masselli et al. 2008). 

1.5.7 CAPSULE ENDOSCOPY 

Traditionally used to investigate GI bleeding, capsule endoscopy represents 
an important diagnostic tool for small bowel CD. It can evaluate the extent of 
the disease, disease severity, postoperative recurrence and mucosal healing 
and may be used instead of MRE. The Lewis score (Gralnek et al. 2008) and 
the Capsule endoscopy Crohn’s disease activity index (CECDAI) (Gal et al. 
2008) have been validated for the evaluation of CD activity in small bowel 
capsule endoscopy investigations (Cotter et al. 2015, Gal et al. 2008). Studies 
comparing MRE and capsule endoscopy demonstrated a good agreement for 
both methods in the detection and localization of IBD (Casciani et al. 2011, 
Tillack et al. 2008). Capsule endoscopy is contraindicated in cases of 
stenosis; but, in fact, the risk of capsule retention is rare in CD patients, 
reaching only around 2% according to a Swedish study (Nemeth et al. 2017). 
Unlike MRE, capsule endoscopy cannot detect extramural manifestations of 
CD. 

1.5.8 OTHER IMAGING TECHNIQUES 

Although ultrasonography (US) is not commonly used in Finland for the 
diagnosis and follow-up of IBD in adults, its use has increased globally. US is 
readily available, painless, non-invasive and radiation-free. Intestinal US 
allows for the visualization of the thickening, narrowing or loss of normal 
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stratification and motility in pathological bowel segments. It can also detect 
mesenteric thickening, inflamed lymph nodes and intra-abdominal fluid 
collections. US sensitivity and specificity in the detection of CD in the ileum 
reach 95.7% and 75.0% respectively, but may not identify abnormalities in 
the duodenum, proximal jejunum and rectum (Parente et al. 2003). 
However, a clear disadvantage of US is that it is operator dependent. 
Achieving a high accuracy in CD diagnosis using US requires expertise 
radiologists with extensive IBD experience. The concomitant use of oral 
contrast in US, contrast-enhanced ultrasonography (CEUS), assists in the 
evaluation of CD activity (De Franco et al. 2012). 

1.6 MEDICAL TREATMENT OF CROHN’S DISEASE 

Medical therapy stands as treatment of choice for CD, while surgery is 
reserved for treating disease complications. The pharmacodynamics, 
indications and side effects from medications used to treat CD are 
summarized in Table 12. 

Any treatment plan should take into consideration the disease activity, 
disease location and behavior (Gomollon et al. 2017). Choosing the 
appropriate medication requires a balance between drug efficacy and its side 
effects. Medical therapy should aim to induce remission, maintain steroid-
free remission, regulate disease activity and to prevent irreversible bowel 
damage. The response to therapy should be followed using clinical, 
endoscopic, laboratory and radiological findings. 

Remission in moderate to severe disease can be achieved through 
combination therapy such as anti-tumor necrosis factor (TNF) alpha 
combined with thiopurines (Colombel et al. 2010). In mild or moderate 
disease monotherapy with a thiopurine can be used initially. Methotrexate 
can be used instead if thiopurine is not tolerated. Steroids are useful for the 
rapid induction of remission or the rapid control of disease exacerbation. 
Budesonide is the preferred steroid in mild or moderate ileal disease but 
plays no role in distal colonic disease where prednisolone or intravenous 
steroids should be chosen (Gomollon et al. 2017). The treatment of relapses 
should take into account previously successful therapies. 

Traditionally, CD treatment follows the step-up therapy while biological 
medication was used only when other medications had failed. This approach 
has been challenged and top-down therapy using biological drugs or even 
combination therapy right from the beginning is now preferred in patients 
with severe disease or even in patients with moderate disease if they have 
poor prognostic features such as young age of onset, smoking habits, perianal 
disease or extensive small bowel disease. After achieving deep remission, 
treatment can be simplified, since the prolonged use of combination therapy 
increases the risk of side effects. Top-down therapy aims to reduce the 
development of bowel damage, such as stenosis or fistula, although this 
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remains unproven yet. Perianal disease, a young age of onset and the need 
for initial steroids have been described as independent risk factors for severe 
disease (Beaugerie et al. 2006). 

Table 12. Medications used in the treatment of Crohn’s disease 

Medications Mechanism Indications Collateral effects 

Corticosteroids  Inhibit the expression of 

inflammatory genes and migration 

of inflammatory cells to tissues 

Effective for short term control of 

symptoms. Bridge to maintenance 

therapy 

Psychiatric disturbances, insomnia, 

high blood pressure, hyperglycemia, 

acne, osteoporosis, obesity, infections 

 Summers et al. 1979 

 Malchow et al. 1984 

Mesalamine and 

sulfasalazine  

Unknown, some anti-inflammatory 

effect 

Indication in UC but not in CD. May 

have a small improvement in Crohn’s 

colitis compared to placebo 

Mesalamine: pancreatitis, nausea, 

diarrhea, nephrotoxicity 

Sulfasalazine: hepatitis, pancreatitis, 

pneumonitis, lupus-like reaction, rash, 

aplastic anemia, agranulocytosis 

 Summers et al. 1979 

 Malchow et al. 1984 

Antibiotics Treat infections. Alter the intestinal 

microbiota 

Perianal and abdominal abscesses. 

Perianal fistulizing disease. May 

reduce CD symptoms. 

Metronidazole and ciprofloxacin are 

the most used antibiotics 

Metronidazole: nausea and peripheral 

neuropathy 

Ciprofloxacin: diarrhea, tendinitis 

evolving to tendon rupture 

 Bernstein et al. 1980 

 Thia et al. 2009 

Thiopurines: 

Azathioprine and 6-

mercaptopurin 

6-thioguanine is the active 

metabolite that inhibits the 

proliferation of lymphocytes and 

stimulates T-cell apoptosis 

Maintains remission and increases 

steroid-free period. May reduce the 

risk of major abdominal surgery and 

perianal disease 

Nausea, liver and bone marrow 

toxicity, pancreatitis, rash, headache 

and arthralgias. Increases non-

Hodgkin’s lymphoma and non-

melanoma skin cancer risk. If 

azathioprine is not tolerated, 6-

mercaptopurin can still be tried 

 Present et al. 1980 

 Candy et al. 1995 

 Peyrin-Biroulet et al. 2009 

Methotrexate Inhibits folic acid and is effective in 

many autoimmune diseases 

Reduces disease activity compared 

to placebo. Used mostly in cases of 

thiopurine contra-indication or failure. 

Combined use with anti-TNF alpha 

medication to improve remission 

maintenance 

Nausea, liver function test 

abnormalities, diarrhea, headache, 

infections, bone marrow depression, 

pneumonitis. Teratogenic. Requires 

folic acid supplementation 

 Oren et al. 1997 

 Feagan et al. 2000 

Anti-TNF alpha: 

Infliximab, adalimumab and 

certolizumab (not available in 

Finland) 

Inhibits the pro-inflammatory 

cytokine TNF alpha 

Sustained clinical remission, 

increases the steroid free period. 

Induce and maintain closure of 

abdominal or perianal fistulas. 

After initial response, patients may 

develop response loss due to 

antibody formation. Combined 

therapy with thiopurines or 

methotrexate may prevent antibody 

development. In the case of a loss of 

response, switch to another anti-TNF 

alpha medication is recommended 

Demyelinating disease, hepatotoxicity, 

serious infections, congestive heart 

failure, rash, psoriatic dermatitis 

 Hanauer et al. 2002 

 Hanauer et al. 2006 

 Colombel et al. 2007 

Anti-integrin: 

Vedolizumab 

Selectively inhibits recruitment of 

leucocytes to the gut. Integrins are 

glycoproteins expressed on the 

surface of circulating leukocytes 

Indicated in patients with prior anti-

TNF failure 

Nasopharyngitis 

 Sandborn et al. 2013 

 Sands et al. 2014 

Anti-IL12/23: 

Ustekinumab 

Selectively inhibits IL12 and IL23 

binding to their common p40 

subunit. Both IL12 and IL23 are 

pro-inflammatory cytokines 

Patients resistant to anti-TNF alpha 

therapy. In a more recent trial, also 

indication for anti-TNF alpha naive 

patients with moderate to severe CD 

Nasopharyngitis, nausea, headache, 

arthralgia other infections 

 Sandborn et al. 2012 

 Feagan et al. 2016 

UC: ulcerative colitis; CD: Crohn’s disease; TNF: tumor necrosis factor; IL: interleukin 
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Important clinical trials concerning CD biological medications are 
described in Table 13. 

Table 13. Anti-TNF alpha medical trials 

Author Trial Patients Conclusions 

Hanauer et al. 2002 ACCENT I 573 CD patients with moderate disease (CDAI ≥ 

220) received either placebo or infliximab after a 

single dose of infliximab 

CD patients who responded to an initial dose of 

infliximab tends to achieve and maintain long-term 

remission if infliximab is continued every eight weeks 

Sands et al. 2004 ACCENT II 282 CD patients with fistulizing CD were 

randomized to receive placebo or infliximab after 

three doses of infliximab 

Infliximab was effective for the treatment of fistulizing 

CD and continued therapy maintained significantly 

longer fistula closure than placebo 

Hanauer et al. 2006 CLASSIC I 299 patients with moderate to severe CD naive 

to biologicals were randomized to receive 

adalimumab in three different doses or placebo 

Adalimumab was better than placebo to induce 

remission and the highest dose had a better response 

at week 4 and did not increase side effects 

Sandborn et al. 2007 CLASSIC II 276 patients from CLASSIC I trial were included. 

Patients in remission after the first trial were 

randomized to placebo or continuation of 

adalimumab, while patients not in remission 

received open label adalimumab 

Adalimumab achieved and maintained remission up to 

56 weeks in patients with moderate to severe CD naive 

to biologicals 

Colombel et al. 2007 CHARM 778 patients with moderate to severe CD with or 

without previous biological medication were 

randomized to receive placebo or adalimumab 

every week or every other week after two doses 

of adalimumab 

Adalimumab was well tolerated and more effective than 

placebo to induce and maintain remission up to 56 

weeks in patients naive to biologicals and also to 

patients who had previously received infliximab. 

However, better results were achieved in patients naive 

to biologicals 

Colombel et al. 2010 SONIC 508 patients with moderate to severe CD 

randomized to receive infliximab, azathioprine or 

both 

Infliximab or combined therapy were more effective for 

achieving remission than azathioprine alone in 

moderate to severe CD 

TNF: tumor necrosis factor; CD: Crohn’s disease; CDAI: Crohn’s disease activity index (Best et al. 1976) 

1.7 SURGICAL TREATMENT OF CROHN’S DISEASE 

Despite recent innovations in the medical treatment of CD through the 
emergence of new and more powerful medications, the majority of CD 
patients (70-80%) will still require one or more surgeries during their 
lifetime (de Buck van Overstraeten et al. 2012). 

1.7.1 INDICATIONS FOR SURGERY 

Surgery is indicated in symptomatic CD patients who do not tolerate, do not 
respond to or are not compliant with medical treatment. The clinical course 
of CD results in cumulative structural damage to the bowel. Initial 
inflammatory behavior progresses over time to fibrostenotic or penetrating 
behavior or both, all of which will typically require surgical treatment (Louis 
et al. 2001). Around 15% to 25% of CD patients, excluding those with 
perianal disease, already have stenotic or penetrating complications at the 
time of the diagnosis (Louis 2012, Thia et al. 2010). Ileocolonic and small 
bowel involvement relates more often to fibrostenotic behavior than colonic 



 35 

disease (Bernell et al. 2000a). Stenosis represents the most common 
indication for surgery in CD of the terminal ileum (Bernell et al. 2000b). 
Surgery is not curative and around 30% of the CD patients will require repeat 
surgery by 10 years following the primary operation (Michelassi et al. 1991, 
Toh et al. 2018). The treatment of symptomatic stenotic lesions normally 
consists of resection of the affected bowel segment, but stricturoplasty and 
endoscopic balloon dilatation represent alternative treatment options in 
selected cases. Asymptomatic entero-enteric fistulas may not require 
treatment at all, but symptomatic fistulas or more complex fistulas may 
require resection of the primary diseased bowel segment with repair of the 
secondarily involved bowel segment or bladder. Intra-abdominal abscesses 
can be drained percutaneously or treated surgically. In the presence of 
concomitant obstructive disease, surgery including bowel resection and 
abscess drainage stands as the treatment of choice. Penetrating anorectal 
disease will also often require surgery to control local sepsis. Although less 
common than in UC, patients with fulminant CD colitis (4-6% of CD 
patients) not responding to conservative treatment will need operative 
intervention (Berg et al. 2002). Other more rare indications for surgery in CD 
are unstable intestinal hemorrhage (2-3 % of CD patients) usually from the 
small bowel, and perforation with acute peritonitis (1-3% of CD patients; 
Berg et al. 2002). Surgery is also needed for CD-related intestinal cancer or 
dysplasia. 

1.7.2 TECHNICAL ASPECTS OF THE SURGICAL TREATMENT 

1.7.2.1 Laparoscopic or open surgery 
As early as the 1990s, initial descriptions of the advantages of laparoscopic 
surgery in patients with CD were published (Milsom et al. 1993, Reissman et 
al. 1996). 

A meta-analysis comparing laparoscopic surgery to open surgery for CD 
concluded that laparoscopic surgery was more time consuming, but resulted 
in shorter hospital stays and shorter postoperative ileus (Rosman et al. 
2005). Sixteen studies were included in this meta-analysis and the 
conversion rate ranged from 0% to 29%. The majority (11/16) of the studies 
in this meta-analysis included only ileocolic resection. Laparoscopic surgery 
correlated with lower postoperative complication rates and lower surgical 
recurrence rates, although the authors assumed a selection bias for the 
severity of disease due to the low conversion rates and the fact that none of 
the studies were truly randomized. 

A Cochrane review including only two randomized trials compared open 
versus laparoscopic ileocolic resections in CD patients finding no significant 
difference in the postoperative outcome between the two techniques (Dasari 
et al. 2011). One of the two trials included in that review randomized the 
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patients only after a diagnostic laparoscopy to determine if laparoscopic 
surgery was feasible. Thus, patients were not truly randomized. 

One recent retrospective study compared 250 CD patients undergoing 
laparoscopic bowel resection to 750 CD patients undergoing open surgery, 
concluding that incisional hernia can be significantly decreased or completely 
eliminated through the use of intra-abdominal anastomosis and minimal 
transverse extraction incisions (Heimann et al. 2017). This study showed 
similar incisional hernia rates for open and laparoscopic CD surgery with the 
highest incisional hernia rate in patients requiring conversion (16%) and with 
no incisional hernia in patients submitted to intracorporeal anastomosis. 

A recent meta-analysis including seven studies comparing laparoscopic 
surgery for primary versus recurrent surgery in CD patients concluded that 
recurrent surgery had a higher conversion rate, but did not show an 
increased risk for postoperative complications (Shigeta et al. 2016). 
Adhesions were the primary reason for conversion. 

Laparoscopic surgery appears safe in CD patients and can be used in 
primary or recurrent surgery, but not in all patients. Furthermore, in certain 

cases it may demand a high level of 
laparoscopic experience. Currently, 
there are no selection criteria for 
choosing CD patients suitable for 
laparoscopy. Preoperative imaging 
findings and previous surgery 
reports may contribute to the 
decision. Laparoscopic surgery is, 
however, the recommended surgical 
approach for ileocaecal resection in 
uncomplicated CD (Tavernier et al. 
2013). 

1.7.2.2 Stricturoplasty or 
resection 
Stricturoplasty is indicated in 
patients with stenosis of the small 
bowel. The use of stricturoplasty is of 
extreme importance in patients 
submitted to previous bowel 
resections more than 100-cm long 
and to patients already diagnosed 
with short bowel 
syndrome (Campbell et al. 2012). 
Stricturoplasty should not be 
performed in cases of dysplasia or 
cancer suspicion. 

Figure 1 Heineke-Mikulicz stricturoplasty. 
Drawn based on Fazio et al.1989. 
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The Heineke-Mikulicz and the Finney stricturoplasties represent the 
most-used techniques and are known as conventional stricturoplasties. 
Choosing the appropriate technique is based on the number, length and 
location of the stenoses. 

Heineke-Mikulicz is recommended for short stenosis (<7 cm) (Fazio et al. 
1989). It requires a longitudinal incision along the antimesenteric border of 
the bowel, extending 2 cm proximally and distally to the stenosis with a 
transversal closure of the enterotomy (Figure 1). Double Heineke-Mikulicz 
stricturoplasty can be used for two successive stenoses within a short 
distance from each other (Campbell et al. 2012, Sasaki et al. 1996). A single 
longitudinal incision is made over both stenoses including the normal bowel 
segment in between. A transversal closure for each stenosis is then 
performed separately and also the segment left in between is closed 
transversely. 

Finney stricturoplasty is used for 7- to 15-cm long stenoses (Fazio et al. 
1989, Hurst et al. 1998). A U-shaped incision is made between the 
mesenteric and antimesenteric borders of the bowel segment so that the two 
ends of the enterotomy face each other. The enterotomy is then closed using 
a running continuous suture resulting in a large lateral diverticulum (Figure 
2). 

Figure 2 Finney stricturoplasty. Drawn based on Hurst et al. 1998. 

Michelassi side-to-side isoperistaltic stricturoplasty is indicated for long 
segments of bowel with multiple successive short stenoses (segments as long 
as 100 cm) (Michelassi 1996). This stricturoplasty first requires division of 
the bowel and the mesentery at the midpoint of the affected bowel. Then, the 
proximal bowel loop is placed over the distal loop and the two loops are 
sutured using interrupted stitches in a side-to-side manner. Subsequently, a 
longitudinal enterotomy is performed in both loops and the suture line is 
formed with an internal row of running sutures which is continued anteriorly 
as a running suture as well. Finally, the outer anterior line is also reinforced 
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with interrupted stitches (Figure 3). The thickened inflamed mesentery may 
limit movement of the proximal bowel segment over the distal segment for 
lengths more than 50 cm. Resection at the middle part of the affected bowel 
may allow this technique to be performed for even longer bowel segments. A 
modification of the Michelassi stricturoplasty including additional Heineke-
Mikulicz stricturoplasties at both ends of the side-to-side isoperistaltic 
anastomosis appears to prevent recurrence at the ends (Sasaki et al. 2004). 
The most important studies reporting results of the Michelassi 
stricturoplasty or of its modifications are summarized in Table 14. A 
comparison between conventional and non-conventional stricturoplasties 
showed that non-conventional techniques had similar outcome (Campbell et 
al. 2012). 

Figure 3 Michelassi side-to-side isoperistaltic stricturoplasty. Drawn based on Maggiori et al. 
2012. 

Two meta-analyses on studies comparing outcomes between 
stricturoplasty and bowel resection for small bowel CD could not find 
significant difference related to postoperative complication or surgical 
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recurrence rates (Reese et al. 2007, Yamamoto et al. 2007). However, 
stricturoplasty was primarily performed in short fibrotic strictures, while the 
resection group consisted of more complicated disease including perforation, 
fistula, abscess and long stenosis. None of the studies included in these meta-
analyses were randomized controlled trials, since such trials have not been 
performed. 

Table 14. Summary of studies concerning Michelassi side-to-side isoperistaltic stricturoplasty 
and its modifications 

Study Patients Median 

follow-up 

(months) 

Complications Recurrence 

Michelassi et 

al. 2000 

21 patients submitted to SSIS, mean 

bowel length for anastomosis 

construction 22.5 cm (10-75 cm) 

45 One postoperative 

gastrointestinal 

hemorrhage, probably 

along the suture line 

No surgical site recurrence 

Tonelli et al. 

2004 

31 patients submitted to SSIS 28 No anastomotic 

complications 

One surgical recurrence at 

the SSIS 

Michelassi et 

al. 2007 

184 patients submitted to SSIS (in 

part the same patients were included 

in other publications), mean bowel 

length for anastomosis construction 

32.4 cm (7-110 cm) 

NA 7 anastomotic leaks, 4 

gastrointestinal 

hemorrhages, 3 bowel 

obstructions 

14 surgical recurrences at the 

SSIS, 41 surgical recurrences 

in total 

de Buck van 
Overstraeten 

et al. 2016 

29 patients submitted to modified 

SSIS over the ileocaecal valve or 

ileocolic anastomosis 

21 Two anastomotic 

leaks 

One surgical recurrence at 

SSIS 

Fazi et al. 

2016 

91 patients submitted to SSIS (84 

patients remained in the follow-up, in 

part the same patients were studied 

by Tonelli et al), median bowel 

length for anastomosis construction 

55 cm (10-140 cm) 

86 4 anastomotic 

complications, one of 

which was leak at the 

SSIS 

15 surgical recurrences at the 

SSIS (affecting the SSIS 

body in 8 cases, inlet in 4 

cases and outlet in 3 cases) 

SSIS: Michelassi side-to-side isoperistaltic stricturoplasty; NA: not available 

1.7.2.3 Resection length 
After bowel resection overtook bypass as the main surgical procedure for CD, 
discussions regarding how much bowel should be resected began. Extensive 
bowel resections with wide margins of macroscopically normal bowel were 
recommended by some surgeons who believed that extensive surgery could 
decrease the recurrence rate (Bergman et al. 1977, Karesen et al. 1981, Krause 
et al. 1971, Wolff et al. 1983). Furthermore, some surgeons advocated using 
peroperative frozen sections to avoid leaving microscopic disease at the 
resection margin (Karesen et al. 1981, Wolff et al. 1983). However, many 
studies showed no difference in CD recurrence rate despite the microscopical 
state of the disease at the resection margins (Fazio et al. 1996, Hamilton et al. 
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1985, Heuman et al. 1983, Kotanagi et al. 1991, Pennington et al. 1980, Post 
et al. 1991). A trial among 152 patients randomized to a limited resection 
(with 2 cm of macroscopically uninvolved bowel) or an extended resection 
(with 12 cm of macroscopically uninvolved bowel) revealed no advantages for 
extensive resection in relation to CD recurrence (Fazio et al. 1996). 
Furthermore, the same trial found that microscopical involvement of the 
resection margin also did not increase the recurrence rate. This trial was 
decisive for the affirmation of bowel sparing surgery for CD which is 
currently widely accepted. Thus, only grossly affected bowel should be 
removed or stricturoplasty should be performed to preserve the bowel length. 

The effect of microscopic positive resection margins on the rate of 
anastomotic leak was also evaluated in some studies. Anastomotic leak rate 
did not increase based on the microscopic positive resection margins 
according to previous studies (Heuman et al. 1983, Pennington et al. 1980, 
Post et al. 1991). However, recently, one study found that a microscopic 
positive margin increased the risk for anastomotic complications after 
ileocolic resection for CD (Shental et al. 2012) and another study concluded 
that a microscopic positive margin is a risk factor for clinical and surgical 
recurrence after primary ileocaecal resection for CD (de Buck van 
Overstraeten et al. 2017). Both studies should be interpreted with caution 
since they are retrospective and do not provide detailed descriptions of the 
criteria used for the evaluation of the resection margins. 

1.7.2.4 Type of anastomosis 
Anastomotic recurrence with re-stenosis is common following bowel 
resections for CD. Recently, the effect of intraoperative strategies, such as the 
type of anastomosis on the postoperative recurrence of CD has been studied. 
Figure 4 shows the main types of anastomotic configurations used after 
ileocolic resections. 

A retrospective study of 138 CD patients found that surgical recurrence 
after side-to-side stapled anastomosis was lower than that following end-to-
end hand-sewn anastomosis (Munoz-Juarez et al. 2001). That study suggests 
that a narrower lumen after end-to-end anastomosis may increase ischemia 
and cause re-stenosis. 
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Figure 4 Main types of anastomotic configurations after ileocolic resection: A end-to-end 
anastomosis; B end-to-side anastomosis; C side-to-side anastomosis. 

Another retrospective study including 84 surgical CD patients compared 
outcomes between stapled end-to-side, stapled side-to-side and hand-sewn 
side-to-side anastomosis (Scarpa et al. 2004). That study found no difference 
in relation to postoperative complications, but found a lower incidence of 
surgical recurrence in the stapled and hand-sewn side-to-side anastomosis 
compared to the stapled end-to-side technique. This study did not include 
hand-sewn end-to-end anastomosis. 

A trial among 139 CD patients undergoing ileocolic resection randomized 
patients into side-to-side or end-to-end anastomosis groups, and found no 
difference in endoscopic recurrence rates (McLeod et al. 2009). However, 
surgical recurrence was not evaluated in that trial. 

Another smaller randomized trial among 63 CD patients who underwent 
different types of bowel resection found significantly less surgical recurrence 
in the stapled anastomosis group. Configuration of the anastomosis was not 
reported in the hand-sewn group and included side-to-side and circular 
stapling in the stapled group. 

One meta-analysis compared end-to-end hand-sewn anastomosis versus 
side-to-side stapled anastomosis after bowel resection in CD (Simillis et al. 
2007). That meta-analysis concluded that perianastomotic clinical or surgical 
recurrence does not differ between groups. However, the anastomotic leak 
rate was lower in the side-to-side anastomosis group. 

Another meta-analysis comparing side-to-side anastomosis to other types 
of anastomotic configurations after bowel resections for CD found no 
difference concerning the anastomotic leak, but detected lower endoscopic, 
symptomatic and surgical recurrence in the side-to-side group (Guo et al. 
2013). 

A new anastomosis technique, the Kono-S anastomosis, was described  in 
2011 for CD surgery involving small bowel or colon (Kono et al. 2011). This 
technique consists of a transection of the bowel segments with the linear 
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stapler positioned so that the mesentery is located at the center of the stump. 
The mesentery should be divided close to the bowel and not in a fan-shape, 
as performed in cancer surgery, to avoid devascularization or denervation. 
The two stapler lines are approximated using interrupted sutures to create a 
”supporting column”. Longitudinal enterotomy is then performed along the 
antimesenteric side of both stumps starting from no more than 1 cm from the 
stapler line. The transverse lumen of the longitudinal enterotomy should be 
around 7-cm long. The enterotomy is closed transversely. The ”supporting 
column” remains behind the posterior wall of the anastomosis (Figure 5). 

Figure 5 Kono-S anastomosis. Drawn based on Kono et al. 2011 and Fichera et al.2012. 

The mesentery defect is typically so small that it does not require closure. 
Thus far, no contraindications to perform this anastomosis technique have 
been identified (Fichera et al. 2012, Kono et al. 2011). Differences in the 
intestinal caliber between the anastomosed bowel segments are not a 
problem (Fichera et al. 2012, Kono et al. 2011). This technique was 
introduced in Japan in 2003 and in the USA in 2010. A retrospective study 
consisting of 144 CD patients undergoing Kono-S anastomosis after bowel 
resection of either the small bowel or the colon reported a 10-year recurrence 
rate of only 1.4% (Kono et al. 2016). Prospective randomized trials comparing 
Kono-S anastomosis with traditional bowel anastomosis are ongoing and the 
results of those trials are eagerly expected. 

To summarize, studies comparing anastomosis types in CD are 
heterogeneous since they include various types of bowel resections and 
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different anastomosis techniques. Most comparisons are retrospective with 
contradictory results. CD recurrence is evaluated in different ways, with 
some studies focusing on clinical, endoscopic or surgical findings to 
determine recurrence. Currently, there is insufficient evidence to favor one 
specific type of anastomosis technique over any other in CD. 

1.7.3 UPPER GASTROINTESTINAL SURGERY 

Gastroduodenal CD is rare and seldom requires operative treatment. 
Duodenal stenosis can be treated using balloon dilatation (Singh et al. 2017). 
Stricturoplasty techniques are usually performed in the jejunum and the 
ileum; however, these techniques have also been described in CD stenosis of 
the duodenum with results comparable to bypass surgery (Worsey et al. 
1999). Heineke-Mikulicz stricturoplasty can be used in isolated stenosis of 
the first, second and third part of the duodenum. Finney stricturoplasty, 
however, might be a better option for stenosis of the fourth part of the 
duodenum, since it can be performed by including the first loop of the 
jejunum. One study comparing duodenal stricturoplasty to resection surgery 
in CD patients concluded that multiple stenoses in the first or fourth segment 
favor resection, while stricturoplasty should be performed for one or two 
stenoses in the second or third part of the duodenum (Tonelli et al. 2013). On 
the other hand, another retrospective study of duodenal CD described a high 
incidence of postoperative complications and recurrence following 
stricturoplasty (Yamamoto et al. 1999a). All previous studies have been 
retrospective and have included only a small number of patients (< 15 
patients per study), so further research to clarify the role of stricturoplasty in  
the management of the duodenal CD is necessary. Bypass surgery remains 
the safest option for CD surgery of the upper GI tract. 

1.7.4 SMALL BOWEL SURGERY 

The primary aim of small bowel surgery for CD lies in restoring function 
while preserving the intestinal length. Limited bowel resection or 
stricturoplasty represent the typical operations performed on the small bowel 
in CD patients (Yamamoto et al. 2007). Stenosis is the most common 
indication for ileocaecal resection in CD and can lead to complete 
obstruction (Bernell et al. 2000b). Typically, the acute obstructive episode 
can be initially treated conservatively and elective surgery is considered later. 
Penetrating disease with the presence of fistulas or abscesses are also 
common either alone or concomitantly with stenotic lesions (Bernell et al. 
2000b). For limited symptomatic ileocaecal disease (affected terminal ileum 
< 40 cm) resistant to traditional immunosuppressive medications, surgery 
may represent a reasonable alternative to infliximab treatment (Ponsioen et 
al. 2017). 
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At the beginning of the operation, an inspection of the entire bowel 
should be performed to evaluate the extent of the disease. Findings should be 
accurately described in the surgical report. If adhesions exist, the surgeon 
must weigh the benefits of a detailed intraoperative evaluation against the 
risk of potential injuries related to extensive adhesiolysis. Following 
exploration, a decision should be made between resection or stricturoplasty 
of the affected segments. Only the grossly affected bowel segments should be 
resected (Fazio et al. 1996). Minor aphthous ulcerations in the anastomotic 
line do not require further resection. Non-stenotic and non-penetrating 
disease encountered during surgery should be left intact. The length of the 
resected specimens and also the length of the remaining small bowel should 
be reported. Performing an anastomosis after resection is typical the rule in 
small bowel surgery for CD. 

1.7.5 COLONIC SURGERY 

Colitis unresponsive to medical treatment or steroid dependent, fulminant 
colitis, complications such as stenoses, fistulas or abscesses and dysplasia or 
cancer of the colon are indications for colonic surgery in CD (Mills et al. 
2007). 

In a population-based study including isolated Crohn’s colitis patients, 
40% had segmental colon involvement, 31 % had total colon involvement, 
26% had left colon involvement and 3% had right colon 
involvement (Lapidus et al. 1998). 

Traditionally, proctocolectomy with end ileostomy represented the 
treatment of choice for Crohn’s colitis. This procedure remains necessary for 
patients with pancolitis accompanying severe perianal disease or anal 
incontinence (Hedrick et al. 2013). The disadvantages of this procedure 
include the requirement for a permanent stoma, the need for pelvic 
dissection and the need for a perineal wound with its healing 
difficulty (Hedrick et al. 2013, Yamamoto et al. 2014). Trying to minimize the 
problem of unhealed perineal wounds in CD patients, a study including 25 
patients with severe anorectal CD advocated a low Hartmann’s procedure 
leaving only 3 cm to 5 cm of rectum as an alternative to standard 
proctectomy (Sher et al. 1992). Authors described complete perineal wound 
healing in 15 patients (60%) while 10 patients underwent perineal 
proctectomy in a mean follow-up of 5.8 years. The overall perineal wound 
healing rate was 88% in this study. However, the advantages of a low 
Hartmann’s procedure are controversial. The excluded rectal stump or the 
remaining anal canal can be a source of morbidity with continuing discharge 
and sepsis. When proctectomy is necessary, several technical factors such as 
intersphicteric dissection, careful hemostasis, avoidance of fecal 
contamination and appropriate closure of the pelvic floor may lower 
unhealed perineal wound rates in CD (Genua et al. 2007). Subtotal colectomy 
with ileostomy can be used in emergency surgery since patients with minimal 
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rectal disease may undergo ileorectal anastomosis afterwards. The rate of 
secondary proctectomy for a rectal stump after colectomy with end ileostomy 
is around 50% (Harling et al. 1991, Yamamoto et al. 1999c). Patients with a 
diseased rectal stump resistant to medical treatment should undergo 
proctectomy to avoid persistent fistulization and to minimize the risk of 
developing rectal cancer. 

Given the recurrent nature of CD, surgery for CD has developed towards 
limited bowel resection in colonic disease as well (Andersson et al. 2009). 
Attempting to avoid permanent stoma also currently remains a goal of 
colonic surgery for CD (Andersson et al. 2009). 

The diffuse involvement of the colon can be treated using colectomy with 
the preservation of the rectum and an ileorectal anastomosis (Cattan et al. 
2002, O'Riordan et al. 2011). The rate of functional ileorectal anastomosis for 
Crohn’s colitis at 10 years reaches roughly 70% to 80% (Cattan et al. 2002, 
O'Riordan et al. 2011, Yamamoto et al. 2000b). When the rectum is also 
severely involved, proctocolectomy and ileostomy should be performed. 
Ileoanal anastomosis is normally not recommended in CD (Braveman et al. 
2004, Brown et al. 2005). Although some studies suggest an ileal pouch in 
selected patients with prolonged evidence of disease confined to the colon 
without small bowel or perianal involvement, such findings should be 
interpreted with caution, since they include a small number of patients, some 
of which had a UC diagnosis before surgery (Le et al. 2013, Melton et al. 
2008). CD represented a significant risk for ileal pouch failure in a study of 
3707 patients undergoing ileal pouch surgery (Fazio et al. 2013). That study 
included 150 patients with a CD diagnosis, finding 80% had a functional 
pouch 10 years following the ileal pouch operation (only 59 CD patients 
remained in the follow-up at 10 years) (Fazio et al. 2013). 

Segmental colonic resection is the choice given limited colon 
involvement (Andersson et al. 2009, Andersson et al. 2002). A right 
hemicolectomy is performed for segmental involvement of the right colon. 
Sigmoidectomy or left hemicolectomy with colorectal anastomosis is 
recommended in cases with distal colonic CD when the rectum is spared. 
Even in patients undergoing proctectomy, a permanent colostomy instead of 
a proctocolectomy with ileostomy should be chosen for segmental distal CD 
to preserve the absorptive properties of the colon correlating with better 
functional results. However, some controversy surrounds the indication for 
proctectomy with colostomy in CD patients with severe perianal disease. One 
previous study consisting of only 10 patients reported a 90% recurrence rate 
in the proximal colon at a median time of 9.5 months despite the normal 
appearance of the proximal colon preoperatively (de Buck van Overstraeten 
et al. 2013). Another study reported an earlier and higher recurrence rate 
after segmental colonic resections compared to proctocolectomy (Fichera et 
al. 2005). By contrast, other studies reported a better functional outcome 
and the possibility of postponing the need for a permanent stoma following 
segmental colonic resections (Andersson et al. 2002, Longo et al. 1988). 
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Furthermore, many studies found no statistically significant difference in 
surgical recurrence rates after segmental colonic resection compared to 
subtotal or total colectomy for Crohn’s colitis (Allan et al. 1989, Andersson et 
al. 2002, Handler et al. 2016, Kiran et al. 2011, Longo et al. 1988, Sanfey et 
al. 1984). When comparing proctocolectomy to colectomy and ileorectal 
anastomosis, the surgical recurrence is significantly lower following 
proctocolectomy (Bernell et al. 2001, Yamamoto et al. 1999d). However, the 
postoperative complication rate is higher following proctocolectomy, 
primarily resulting from perineal sepsis (Yamamoto et al. 1999d). The 
primary bowel resections performed in Crohn’s colitis are shown in Figure 6. 

Figure 6 Main bowel resections in Crohn’s colitis: A ileocaecal resection; B right 
hemicolectomy; C sigmoidectomy; D left hemicolectomy; E colectomy; F 
proctosigmoidectomy; G left hemicolectomy + proctectomy; H proctocolectomy. 

1.7.6 PERIANAL SURGERY 

Treating perianal CD involves medical and surgical therapy. Following the 
introduction of anti-TNF alpha medications, the treatment of fistulas in CD 
patients has changed to a more conservative approach. 

Fistulas and anorectal abscesses represent the primary perianal CD 
manifestations. Abscesses should be surgically drained with care to avoid 
sphincter damage. Even so, the majority of the CD patients with a perianal 
abscess will develop an anal fistula during the course of the disease. The 
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treatment of perianal fistulas depends on the complexity of the fistula and on 
the degree of inflammation in the rectum. Surgical approaches for fistulas in 
CD patients do not differ much from the treatment of fistulas in the general 
population and may include the placement of a seton drain, fistulotomy, 
fibrin glue, a collagen fistula plug, an advancement flap or ligation of the 
intersphincteric fistula tract (LIFT) procedure (Marzo et al. 2015). Low 
fistulas can be treated using fistulotomy, while high fistulas can be treated by 
draining setons combined with anti-TNF alpha therapy (Marzo et al. 2015). 
An advancement flap should be used only in the absence of significant rectal 
mucosal inflammation (Sonoda et al. 2002). While CD patients with 
asymptomatic fistulas should not be treated surgically, patients with complex 
fistulas may need fecal diversion through the construction of a loop 
ileostomy or a transversostomy (Mueller et al. 2007). Recently, adipose-
derived mesenchymal stem cells locally injected in perianal fistula tracts have 
emerged as a promising approach to treat refractory complex perianal 
fistulas in CD. A pilot study among 24 patients showed complete closure of 
complex perianal fistulas in 56% of CD patients treated using expanded 
adipose-derived stem cells (de la Portilla et al. 2013). Additionally, a 
randomized placebo-controlled multicenter study consisting of 212 patients 
has demonstrated the safety and efficacy of the adipose-derived stem cells 
treatment for CD patients with complex perianal fistulas (Panes et al. 2016). 
However, that study excluded patients with rectovaginal fistulas (Panes et al. 
2016). The treatment of rectovaginal fistulas in patients with proctitis 
remains challenging and typically requires fecal diversion (Mueller et al. 
2007). Skin tags and hemorrhoids should rarely be treated surgically in CD 
patients, since they may be associated with poor healing (Cracco et al. 2014, 
Lewis et al. 2010). In addition, anal stenosis can also be a manifestation of 
CD. The stenosis can be treated using anal dilatation, although cancer must 
be considered and biopsies are recommended (Brochard et al. 2014). 

1.7.7 SURGICAL COMPLICATIONS 

Postoperative complications are a concern following surgery for CD. It is 
assumed that the rate of postoperative complications is higher in CD patients 
compared to other patients undergoing colorectal surgery (Uchino et al. 
2009). Based on a meta-analysis evaluating risk factors for postoperative 
intra-abdominal septic complications (IASCs) in CD patients, low albumin 
levels, preoperative steroid use, a preoperative abscess and the presence of 
previous surgery were factors associated with a higher rate of IASCs (Huang 
et al. 2015). On the other hand, no association was found between 
postoperative IASCs and the type of anastomosis, preoperative biological 
medication use, and preoperative immunosuppressive medication use other 
than steroids (Huang et al. 2015). The evidence used in this meta-analysis 
was rather low-quality, since it included only retrospective studies and the 
studies were rather heterogeneous (Huang et al. 2015). 
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A Swedish case-control study evaluating the influence of preoperative 
biological medication use within two months of surgery identified no 
association between biological medication use and any postoperative 
complications or anastomotic complications (Myrelid et al. 2014). 

Across studies evaluating risk factors for postoperative complications 
following surgery for CD, different steroids, imunnosuppressive and 
biological medications have been used, in varying dosages and for varying 
durations. In addition, many patients use multiple CD medications 
preoperatively. The criteria for low albumin levels also vary between studies. 
Some studies include only patients undergoing ileocolic resection, while 
other studies also include other types of bowel resections and 
stricturoplasties. The most important studies evaluating risk factors for 
postoperative complications in CD patients are summarized in Table 15. 

Table 15. Risk factors for postoperative complications following surgery for CD 

Study Description Association with postoperative complications 

  Risk factor No association 

Heimann et al. 
1985 

130 patients undergoing surgery for CD 

with anastomosis or stoma. Analyzed 

postoperative complications in general 

Low albumin, multiple previous 

operations, stoma need, 

extensive bowel resections 

Preoperative abscess, preoperative 

fistula, disease duration, preoperative 

steroid use, positive resection margin 

Post et al. 1991 429 operations for CD followed by 

anastomosis in 368 patients. Analyzed 

postoperative complications in general 

Preoperative steroid use, 

intraoperative abscess 

Disease duration, previous operation, 

nutritional status, emergency surgery, 

positive resection margin 

Yamamoto et 
al. 2000a 

566 operations for CD followed by 

anastomosis in 343 patients. Analyzed 

postoperative IASCs 

Low albumin, preoperative 

steroid use, intraoperative 

abscess, intraoperative fistula 

Previous operation, covering stoma, 

type of anastomosis 

Alves et al. 
2007 

161 CD patients undergoing primary 

ileocaecal resection. Analyzed 

postoperative IASCs 

Nutritional status, preoperative 

steroid use for more than 3 

months, intraoperative abscess 

Disease duration, smoking status, 

emergency surgery, type of 

anastomosis, ASA class, blood 

transfusion, operation time 

Iesalnieks et al. 
2008 

331 operations for CD followed by 

anastomosis in 282 patients. Analyzed 

postoperative IASCs 

Weight loss, articular disease 

manifestation, duration of 

symptoms 

Intraoperative abscess, preoperative 

steroid use, previous surgery, covering 

stoma, smoking status 

Tzivanakis et 
al. 2012 

173 patients undergoing ileocolic 

resection for CD with anastomosis. 

Analyzed anastomotic complications 

Preoperative steroid use, 

intraoperative abscess 

Previous operation, intraoperative 

fistula, preoperative albumin level, 

emergency surgery, type of 

anastomosis, smoking status 

El-Hussuna et 

al. 2012 

417 CD patients undergoing bowel 

resection and/or stricturoplasty. 

Analyzed postoperative IASCs 

Preoperative use of high dose 

prednisolone (>20 mg), 

operation time and colo-colic 

anastomosis 

Previous operation, preoperative 

biological medication, emergency 

surgery, type of anastomosis 

Shental et al. 
2012 

166 CD patients undergoing ileocolic 

resection with anastomosis. Analyzed 

postoperative IASCs 

Disease duration, positive 

resection margin, additional 

sigmoidectomy 

Intraoperative abscess, low albumin, 

type of anastomosis, smoking status, 

preoperative biological medication 

de Buck van 

Overstraeten et 
al. 2017 

538 CD patients undergoing primary 

ileocaecal resection. Analyzed 

anastomotic complications 

ASA class III, preoperative 

biological medication, length of 

bowel resection 

Disease duration, preoperative steroid 

use, positive resection margin, type of 

anastomosis 

CD: Crohn’s disease; IASC: intra-abdominal septic complications; ASA: American Society of Anesthesiologists 
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Although many studies have evaluated the risk factors for postoperative 
complications in CD, there is a lack of randomized controlled trials. 
Definitive conclusions and recommendations regarding the need to pause CD 
medications preoperatively cannot be drawn. Correcting severe 
hypoalbuminemia before elective CD surgery is recommended and, in the 
presence of multiple possible risk factors for IASCs preoperatively, the use of 
a protective stoma may be justified. 

1.7.8 RECURRENCE AFTER SURGERY 

CD recurrence following bowel resection is common. Recurrence is defined 
clinically, radiologically, endoscopically or surgically through different 
studies rendering comparisons difficult. Endoscopic recurrence is typically 
evaluated with the Rutgeerts’ score (described above in section 1.5.3.2; 
Rutgeerts et al. 1990). In one study, clinical recurrence during the five-year 
follow-up period occurred in 11% of patients with a Rutgeerts’ score of i0 or 
i1, 57% of patients with i2, 75% of patients with i3 and 100% of patients with 
i4 (Yamamoto et al. 2013a). In that study, endoscopic evaluation was carried 
out six months following surgery. Indeed, the Rutgeerts’score of i2 or more is 
considered as a significant recurrence in clinical trials. 

 A prospective multicenter cohort study of patients undergoing ileocolic 
resection concluded that a large proportion of endoscopic recurrence of CD 
occurred within six months from the ileocolic resection (Orlando et al. 2014). 
Table 16 summarizes the results from the principal studies analyzing risk 
factors for postoperative CD recurrence. 

A meta-analysis evaluating the effect of smoking on postoperative surgical 
recurrence of CD concluded that smokers have a 2.5-fold increased risk of 
reoperation due to CD recurrence compared to non-smokers (Reese et al. 
2008). Furthermore, the risk of surgical recurrence among former smokers 
did not significantly differed from non-smokers (Reese et al. 2008). Thus, 
encouraging smokers to quit remains quite important in order to minimize 
postoperative disease recurrence. 

As mentioned above in section 1.7.2.4, a multicenter randomized 
controlled trial concluded that anastomotic type (side-to-side vs. end-to-end) 
did not affect the endoscopic or symptomatic recurrence rate following 
ileocolic resection (McLeod et al. 2009). This trial also concluded that 
previous bowel resection represented a risk factor for endoscopic or 
symptomatic recurrence, while compliance with postoperative maintenance 
therapy served as a protective factor (McLeod et al. 2009). In addition, a 
meta-analysis also found no significant difference in clinical or surgical 
recurrence between side-to-side and end-to-end anastomoses for 
CD (Simillis et al. 2007). 
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Table 16. Risk factors for postoperative Crohn’s disease recurrence 

Study Description Recurrence rate Association with recurrence 

   Risk factor No association 

Bernell et al. 
2000b 

722 CD patients undergoing 

primary bowel resection. 

Risk factors for recurrence 

were analyzed in 476 

patients 

43% (307 of 722) of the 

patients had clinical 

recurrence with a median 

follow-up of 6.8 years 

History of perianal disease and length 

of bowel resection were risk factors for 

recurrence 

Sex, age at diagnosis, CD 

duration, type of bowel 

resection, presence of 

postoperative complication 

Polle et al. 

2005 

91 CD patients undergoing 

segmental colonic resection 

for CD. Patients undergoing 

ileocolic resections were 

excluded 

30 patients (33%) had surgical 

recurrence with a median 

follow-up of 8.3 years 

Female sex and a history of perianal 

disease were risk factors for surgical 

recurrence 

Smoking, family history of 

IBD, age at diagnosis, CD 

duration 

Onali et al. 
2009 

183 CD patients undergoing 

bowel resection (145 

undergoing ileocolic 

resections and 38 patients 

undergoing other bowel 

resection) 

Clinical recurrence occurred in 

16 patients (42%) after non- 

ileocolic resections with a 

median follow-up of 8 years 

and 128 patients (88.3%) after 

ileocolic resection with a 

median follow-up of 6 years 

Smoking, previous appendectomy and 

a family history of IBD were risk factors 

for recurrence 

 

Riss et al. 
2014 

116 CD patients undergoing 

primary ileocaecal resection 

Surgical recurrence rate was 

12% at 10 years after the 

primary operation 

Urgent surgery increased recurrence. 

Postoperative azathioprine or 6-

mercaptopurine decreased recurrence 

Smoking, postoperative 

biological medication, 

intraoperative fistula or 

abscess, need for 

additional bowel resection 

at primary operation 

de Barcelos 
et al. 2017 

127 CD patients undergoing 

ileocolic resection 

43 patients (34%) had early 

endoscopic recurrence verified 

by colonoscopy at 6 to 12 

months postoperatively 

Preoperative steroid use was a risk for 

recurrence 

Smoking, concomitant 

perianal CD, preoperative 

immunosuppressive or 

biological medication use, 

type of anastomosis, 

presence of postoperative 

complication 

de Buck van 
Overstraeten 

et al. 2017 

538 CD patients undergoing 

primary ileocaecal resection 

Rates of clinical and surgical 

recurrence were 45.4% and 

6.5% after 5 years and 55.0% 

and 19.1% at 10 years 

following the primary operation 

Smoking, positive microscopic 

resection margin were risk factors for 

clinical recurrence 

Sex, CD duration, length of 

bowel resection, type of 

anastomosis 

Koriche et 
al. 2017 

83 CD patients undergoing 

definitive stoma operation 

35 patients (42%) had clinical 

recurrence with a median 

follow-up of 10 years 

Anoperineal lesions and colostomy at 

the time of definitive stoma operation 

were risk factors for clinical recurrence 

Age, sex, presence of 

extraintestinal 

manifestations, smoking 

CD: Crohn’s disease; IBD: inflammatory bowel disease 

According to another meta-analysis, perforating CD associates with a 
higher rate of surgical recurrence (Simillis et al. 2008). However, the authors 
concluded that further studies are necessary to confirm this finding due to 
the high heterogeneity across the studies included (Simillis et al. 2008). 

A previous study has suggested that bacteria and intestinal contents play a 
role in postoperative recurrence in CD, while no recurrence along the 
anastomosis was observed in cases with a proximal diversion (D'Haens et al. 
1998). 
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A Cochrane review evaluating the effect of postoperative medical therapy 
for preventing CD clinical recurrence concluded that metronidazol, 
mesalamine, azathioprine and 6-mercaptopurine were better than placebo in 
reducing the risk for CD clinical recurrence (Doherty et al. 2009). Only 
randomized controlled trials were included in this review. 

Furthermore, a combination of metronidazol with azathioprine appears 
more effective than azathioprine alone in preventing postoperative 
endoscopic recurrence in CD (D'Haens et al. 2008). 

More recently, multiple studies showed that the postoperative use of 
biological medications significantly reduced the endoscopic recurrence of CD 
compared to a placebo or mesalamine or azathioprine treatment (De Cruz et 
al. 2015, Papamichael et al. 2012, Regueiro et al. 2009, Savarino et al. 2013, 
Sorrentino et al. 2010, Yamamoto et al. 2009, Yoshida et al. 2012). 

A review study of postoperative CD recurrence suggests initiation of 
azathioprine or 6-mercaptopurine medication postoperatively for patients 
with risk factors for recurrence (smoking, perforating disease, multiple 
previous resection) and endoscopic evaluation for all patients 6 months 
following surgery initiating biological therapy for patients with a Rutgeerts’ 
score of i2 to i4 (Yamamoto et al. 2013b). 

Another review study suggests more aggressive treatment initiating 
biological therapy following surgery for patients with more than one risk 
factor for recurrence (active smoking, perforating disease, previous surgery, 
perianal disease, bowel resection length >50 cm, myenteric plexitis at the 
resection margin) (Vuitton et al. 2013). According to the authors, 
postoperative medication should be initiated two weeks after surgery and 
ileocolonoscopy should be performed six months following surgery with step-
up therapy for patients with a Rutgeerts’ score of i1 to i4 (Vuitton et al. 2013). 
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2 AIMS OF THIS STUDY 

The present study aims to analyze the surgical treatment of Crohn’s disease 
in our colorectal unit during the era of MRE, biological medications and 
laparoscopic surgery. We emphasized on innovations and unresolved topics. 
The specific aims are listed below: 
 

I. To evaluate the MRE accuracy in detecting preoperatively 
stenoses, fistulas or abscesses in CD and its utility in surgical 
planning. 

II. To verify the influence of the degree of inflammatory activity at the 
bowel resection margin on anastomotic complications and to 
identify other possible risk factors for postoperative CD 
complications. 

III. To describe the risk factors for anastomotic recurrence following 
primary ileocaecal resection in CD. 

IV. To compare the surgical recurrence rate of different types of bowel 
resections in CD patients and to determine the CD location at 
reoperations. 
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3 PATIENTS AND METHODS 

3.1 PATIENT CHARACTERISTICS 

A total of 249 consecutive patients underwent surgery due to CD at the 
Helsinki University Hospital between 2006 and 2016. Data were 
retrospectively collected from these patients’ clinical records according to the 
study plan and entered into the IBM SPSS software for statistical analyses. 
The study protocol was approved by the institutional ethics committee. Since 
this was a retrospective chart review study, the patient’s informed consent 
was not required. 
 
Study I 
This study included 55 consecutive patients operated electively due to CD 
between January 2011 and May 2015, which underwent preoperative MRE in 
our hospital within the four months preceding surgery. 
 
Study II 
Data were collected from 70 patients with information available on the bowel 
resection margins. These patients underwent elective bowel resection 
followed by primary anastomosis due to CD between January 2011 and 
December 2015. Patients were followed-up for one month postoperatively to 
exclude the development of anastomotic complications. 
 
Study III 
The study population comprised of 101 patients submitting to primary 
ileocaecal resection with primary anastomosis between 2006 and 2016.  Nine 
patients with a follow-up < 1 year were excluded from the analyses. 
Altogether 83 patients had an elective primary ileocaecal resection, while 9 
patients were admitted through our emergency department due to acute CD 
symptoms requiring urgent surgery (surgery scheduled within 48 hours of 
the hospital admission). Patients who required endoscopic dilatation or re-
resection of the ileocolic anastomosis during the postoperative follow-up 
were considered to have anastomotic recurrence in this study. 
 
Study IV 
This study included all patients undergoing bowel resection due to 
histologically confirmed CD between 2006 and 2016 with available 
postoperative follow-up information. Patients were divided into five groups 
according to the type of bowel resection performed: ileocolic resection, small 
bowel resection, segmental colon resection with colocolic or colorectal 
anastomosis, colectomy with ileorectal anastomosis and end stoma 
operation. The small bowel resection group included jejunal and ileal 
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resection subgroups. The end stoma operation group included end ileostomy 
and end colostomy subgroups. 

3.2 PREOPERATIVE MRE (I) 

Siemens Avanto fit (1.5T) or Siemens Verio (3T) machines were used to 
perform MREs. The MRE protocol included the prior administration of 1500 
ml of mannitol orally or through nasojejunal intubation and the intravenous 
injection of 20 mg of hyoscine butylbromide or 1 mg of glucagon. A thick slab 
T2 haste fat saturated sequence was performed first to confirm achievement 
of an adequate bowel distension. T2 weighted and T1 fat-saturated 
gadolinium-enhanced images were performed for all patients in the axial and 
coronal planes. Diffuse weighted images and cine images were obtained for 
only a portion of the patients due to changes in the MRE protocol during the 
study period. All MRE reports were completed by specialist abdominal 
radiologists. Data concerning the number and location of stenoses, and the 
presence of abscesses and fistulas were collected retrospectively from MRE 
reports for comparison with operative findings. The data for all patients with 
discordance between the MRE and surgical findings were reviewed 
specifically focusing on remarks concerning adhesions. 

3.3 RESECTION MARGIN (II) 

A single gastropathologist unaware of the clinical findings reviewed and 
classified all slides for the resection margins utilizing the CD histological 
score (described above in section 1.5.4) used clinically in our hospital to 
evaluate inflammatory activity. According to this score the degree of 
inflammatory activity is graded as follows: no inflammation (no residual 
microscopic disease), inactive (the presence of chronic inflammation without 
neutrophils), mild (infiltration of polymorphonuclear cells in the lamina 
propria or surface epithelium and/or the presence of cryptitis), moderate 
(the presence of polymorphonuclear cells in the epithelium and/or an 
abscess) and strong inflammation (the presence of erosion and/or ulcers). 
Both proximal and distal resection margins were graded and the margin with 
a higher inflammatory activity was recorded for analyses. Firstly, we 
compared patients with no inflammation and inactive inflammation at the 
resection margins for patients with active inflammation (mild, moderate and 
strong). Secondly, we compared patients with no inflammation, inactive and 
mild inflammation at the resection margins to patients with moderate and 
strong inflammation. 
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3.4 STATISTICAL ANALYSIS 

The preoperative MRE sensitivity, specificity and accuracy of detecting 
stenoses, abscesses and fistulas using the operative findings as the gold 
standard, were calculated and reported using the Clopper-Pearson 95% 
confidence interval (CI) (I). The Fisher’s exact test was used to evaluate if the 
degree of inflammatory activity at the resection margins affected the 
postoperative anastomotic complication risk (II). In addition, the Fisher’s 
exact test was also used for the subgroup analyses concerning surgical 
recurrence (IV). The possible risk factors for any postoperative complication 
were evaluated using the Mann-Whitney U-test for continuous data and the 
Pearson’s chi-squared test or the Fisher’s exact test for categorical data (II). 
The Kaplan-Meier curve was used to calculate the cumulative survival 
without anastomotic recurrence following a primary ileocaecal resection 
(III). We also used univariate and multivariate Cox regression analyses to 
calculate the risk factors for anastomotic recurrence following primary 
ileocaecal resection (III). Finally, we used binary univariate logistic 
regression analysis to compare the surgical recurrence rate between different 
types of bowel resection groups (IV). Univariate variables with p < 0.05 were 
included in the multivariate analysis (III). For all studies, p values < 0.05 was 
considered statistically significant. Statistical analyses were performed using 
IBM SPSS software version 24 (I-IV). 
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4 RESULTS 

4.1 EFFICIENCY OF PREOPERATIVE MRE (I) 

In total, study I consisted of 55 patients undergoing surgery due to CD who 
also underwent preoperative MRE a median of two months before surgery 
(range 0-4 months). Briefly, 26 patients (47.3%) were men and the median 
age was 45 years (range 17-82). Ileocolic resection was performed on 43 
patients (78.2%), of whom 2 (3.6%) had concomitant ileal resection. 
Furthermore, 4 patients (7.3%) underwent ileal resection alone, 6 patients 
(10.9%) colonic resection and 2 patients (3.6%) adhesiolysis alone. 
Laparoscopic surgery was successfully performed in 27 patients (49.1%), 1 
patient (1.8%) required conversion due to abdominal adhesions and 27 
patients (49.1%) underwent primary open surgery. Previous abdominal 
surgery had been performed on 32 patients (58.2%). 

4.1.1 COMPARISON OF PREOPERATIVE MRE AND SURGICAL 
FINDINGS 

MRE contrast was administered orally to 35 patients (63.6%) and through 
nasojejunal intubation to 20 patients (36.4%). 

Using the surgical findings as the reference, MRE detected 72 of the 80 
stenoses diagnosed at surgery. In addition, MRE detected 12 stenoses that 
could not be confirmed by surgery. Furthermore, 10 of these 12 false positive 
stenoses turned out to be only adhesions upon surgery. Concerning 
diagnoses of abscesses, MRE detected 4 of the 5 abscesses diagnosed during 
surgery, while 5 abscesses found using preoperative MRE were not present 
during surgery. The one false negative abscess upon MRE was described as 
multiple adhesions between bowel segments in the MRE report. However, 
intraoperatively both an ileosigmoid fistula and an abscess were detected. 
Finally, MRE diagnosed 14 of the 18 fistulas detected during surgery. Out of 
the 4 false-negative fistulas not identified using MRE, 3 were described as the 
presence of adhesions in the MRE report, while among 6 false-positive 
fistulas in MRE, 2 were diagnosed as adhesions during surgery. 

Table 17 provides the preoperative MRE sensitivity, specificity and 
accuracy for detecting lesions calculated per patient. Altogether, 80 stenoses 
were detected during surgery in 46 patients. The sensitivity of MRE to detect 
the absolute number of stenosis compared to the surgical findings was 90.0% 
(95% CI 81.2-95.6), which can be partially explained by the fact that two 
consecutive short stenoses were usually interpreted as a single long stenosis 
by MRE. 

The MRE diagnosis differed from the surgical findings in 36 lesions, 16 of 
which were due to erroneous differential diagnoses with adhesions. 
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4.1.2 MODIFICATION OF THE PREOPERATIVE PLAN 

The operative plan was modified for 7 patients (12.7%) due to the 
discordance between preoperative MRE and the surgical findings. In 6 
patients (10.9%), the modification in the surgical plan consisted of a more 
extensive bowel resection or an additional surgical procedure required due to 
false-negative lesions in preoperative MRE. In addition, 1 patient (1.8%) had 
2 stenoses detected using MRE, although only adhesions were found during 
surgery, requiring adhesiolysis alone. 

4.2 POSTOPERATIVE COMPLICATIONS (II) 

Among the 70 CD patients included in this study, 51 patients (72.7%) 
underwent ileocolic resection, 6 patients (8.6%) small bowel resection, 3 
patients (4.3%) ileocolic resection and small bowel resection, 3 patients 
(4.3%) sigmoidectomy with colorectal anastomosis, 1 patient (1.4%) subtotal 
colectomy with ileosigmoidal anastomosis and 6 patients (8.6%) colectomy 
with ileorectal anastomosis. Furthermore, 5 patients (7.1%) underwent 
proximal diversion. Table 18 presents the patient characteristics. 
  

Table 17. Magnetic resonance enterography (MRE) 

Findinga Number Magnetic resonance enterography (MRE) 

 By surgery By MRE Sensitivity, % (95% CI) Specificity, % (95% CI) Accuracy, % (95% CI) 

Fistula 18 20 77.8 (52.4–93.6) 83.8 (68.0–93.8) 81.8 (69.1-90.9) 

Abscess 5 9 80.0 (28.4–99.5) 90.0 (78.2–96.7) 89.1 (77.8-95.9) 

Stenosis 46 48 100 (92.3-100.0) 77.8 (40.0-97.2) 96.4 (87.5-99.6) 

CI: confidence interval 
aCalculated per patient 
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The resection margins in our patient sample were graded as follows: 8 
patients (11.4%) had no inflammation, 16 patients (22.9%) had inactive 
inflammation, 12 patients (17.1%) had mild inflammatory activity, 5 patients 
(7.1%) had moderate inflammatory activity and 29 patients (41.4%) had 
severe inflammatory activity. Altogether 46 patients (65.7%) had 
inflammatory activity in the bowel resection margin, among whom 34 
(48.6%) had moderate or severe inflammatory activity. 

Anastomotic complications developed in 3 patients (4.3%), among whom 
2 underwent laparoscopic ileocaecal resection and 1 had colectomy with 
ileorectal anastomosis. 

The presence of inflammatory activity at the resection margin did not 
significantly influence the development of an anastomotic complication 
(p=0.55). Although all three anastomotic complications developed in patients 
with moderate or severe inflammatory activity at resection margin, this result 
did not reach statistical significance (p=0.11). 

Postoperative complications were detected in 14 patients (20.0%), among 
whom 3 (4.3%) were anastomotic complications. According to the Clavien-
Dindo classification, complications were graded as follows: 2 patients (2.9%) 
grade I, 7 patients (10.0%) grade II and 5 patients (7.1%) grade IIIb. None of 
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the risk factors evaluated in our study were significantly associated with the 
development of postoperative complications in CD patients (Table 19). 

In total, 101 CD patients underwent primary ileocaecal resection during the 
study period. Nine of these patients were excluded from analysis since the 
follow-up time was less than one year. Patient characteristics are described in 
Table 20. 

The median follow-up time from the ileocaecal resection was 4.7 years 
(range 1.3-10.8). Anastomotic recurrence, defined as the need for endoscopic 
dilatation or a new ileocolic resection occurred in 12 patients (13.0%). The 
median time to recurrence was 2.9 years (range 1.0-9.5). The risk for 
anastomotic recurrence was 1.1% and 6.9%, respectively, 1 and 3 years 
following the primary ileocaecal resection using the Kaplan-Meier curve. 
Univariate analysis detected urgent surgery, stapled anastomosis and 
postoperative steroid treatment as significant risk factors for anastomotic 
recurrence after the primary ileocaecal resection, while only stapled 
anastomosis remained significant in the multivariate analysis (Table 21). 
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Table 20. Patient characteristics among 
those undergoing primary 
ileocaecal resection with a 
follow-up of ≥ 1 year 

Patient characteristic n = 92 

Median age in years (range) 30.5 (14.8-82.7) 

Male sex 55 (59.8%) 

Smokera 44 (53%) 

Median CD duration in years (range) 2.4 (0-25.6) 

Previous surgery 14 (15.2%) 

History of perianal CD 18 (19.6%) 

Intraoperative fistula or abscess 33 (35.9%) 

Urgent surgery 9 (9.8%) 

Laparoscopic surgery 32 (34.8%) 

Hand-sewn anastomosis 89 (96.7%) 

Preoperative steroid medication 37 (40.2%) 

Preoperative biological medication 11 (12.0%) 

Postoperative steroid medication 11 (12.0%) 

Postoperative biological medication 17 (18.5%) 

Postoperative complication 7 (7.6%) 

CD: Crohn’s disease 
aData is missing for some patients 

Table 21. Univariate and multivariate analyses of risk factors for 
anastomotic recurrence after primary ileocaecal resection 

Variable Univariate analysis  Multivariate analysisa 

HR (95% CI) P-value  HR (95% CI) P-value 

Age at primary operation 0.98 (0.94-1.03) 0.479  1.00 (0.95-1.06) 0.983 

Male sex 0.98 (0.28-3.35) 0.970  2.07 (0.32-13.50) 0.446 

Urgent surgery 4.98 (1.45-17.11) 0.011  2.47 (0.53-11.44) 0.248 

Postoperative steroid 3.58 (1.03-12.40) 0.044  2.25 (0.60-8.43) 0.228 

Stapled anastomosis 20.34 (5.06-81.77) <0.001  19.21 (2.33-158.37) 0.006 

Preoperative steroid 2.93 (0.86-10.02) 0.087  ¾ ¾ 

Smoking 3.27 (0.86-12.49) 0.083  ¾ ¾ 

HR: hazard ratio; CI: confidence interval 
aCox regression analysis adjusted for age and sex 

4.3.2 COMPARISON BETWEEN DIFFERENT TYPES OF BOWEL 
RESECTION (IV) 

In total, 218 patients were included and followed for a median of 4.7 years 
(range 0.3-10.5). Surgical recurrence occurred in 42 patients (19.3%). Patient 
data by operation type is showed in Table 22. 

The ileocolic resection group underwent recurrence-related surgery less 
frequently than the other types of bowel resections (Table 23). The 
reoperation rate due to CD recurrence was not significantly different 
(p=0.33) between jejunal resection (37.5%; 3 of 8 patients) and ileal 
resection (21.1%; 4 of 19 patients). Similarly, no significant difference 
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(p=0.60) in the surgical recurrence was found between end ileostomy 
(33.3%; 5 of 15 patients) and end colostomy (35.0%; 7 of 20 patients). 

The location of CD at reoperations correlated with the CD location during 
the primary operation in most of the cases (Table 24). 

Table 22. Patient data according to the primary operation type 

 

Ileocolic 

resection 

Small bowel 

resection 

Segmental colon 

resection with 

colocolic or 

colorectal 

anastomosis 

Colectomy with 

ileorectal 

anastomosis 

End-stoma 

operation 

Total n = 218 n = 138 n = 24 n = 17 n = 4 n = 35 

Median age in years (range) 39.3 (14.8-82.7) 35.4 (18.6-70.1) 33.1 (18.1-54.1) 25.6 (17.7-74.1) 44.3 (22.9-71.3) 

Female 56 (40.6%) 11 (45.8%) 7 (41.2%) 2 (50.0%) 24 (68.6%) 

Smokera 67 (54.0%) 12 (60.0%) 6 (46.2%) 1 (50.0%) 13 (44.8%) 

Previous surgery 47 (34.1%) 8 (33.3%) 4 (23.5%) 2 (50.0%) 26 (74.4%) 

Laparoscopic approach 38 (27.5%) 5 (20.8%) 2 (11.8%) 1 (25.0%) 1 (2.9%) 

Preoperative fistula or abscess 50 (36.2%) 6 (25.0%) 1 (5.9%) 0 17 (48.6%) 

History of perianal CD 28 (20.3%) 3 (12.5%) 9 (52.9%) 2 (50.0%) 22 (62.9%) 

Postoperative thiopurine or 

methotrexate 

90 (65.2%) 18 (75.0%) 11 (64.7%) 1 (25.0%) 14 (40.0%) 

Postoperative biological medication 31 (22.5%) 9 (37.5%) 6 (35.3%) 1 (25.0%) 3 (8.6%) 

Median follow-up in years (range) 4.3 (0.3-10.8) 6.4 (0.7-10.5) 5.3 (1.2-10.7) 6.3 (3.5-10.4) 4.2 (0.4-10.5) 

CD: Crohn’s disease 
aData is missing for some patients 

Table 23. Binary logistic regression comparing surgical recurrence 
between groups 

Operation type Surgical recurrence OR (95% CI)a P-value 

Ileocolic resection 14 (10.1%) ¾ ¾ 

Small bowel resection 6 (25.0%) 2.95 (1.01-8.66) 0.049 

Segmental colon resection with colocolic or 

colorectal anastomosis 

7 (41.2%) 6.20 (2.04-18.87) 0.001 

Colectomy with ileorectal anastomosis 3 (75.0%) 26.57 (2.59-273.01) 0.006 

End-stoma operation 12 (34.3%) 4.62 (1.90-11.26) 0.001 

OR: odds ratio; CI: confidence interval 
aIleocolic resection is the reference group in the statistical analysis 

Table 24. Location of surgical recurrence by primary operation type 

Primary operation type Location of recurrence 

 Small bowel Ileocolic Colon and/or rectum 

Ileocolic resection 1 (7.2%) 10 (71.4%) 3 (21.4%) 

Small bowel resection 5 (83.3%) 1 (16.7%) 0 

Segmental colon resection with colocolic or 

colorectal anastomosis 

0 1 (14.3%) 6 (85.7%) 

Colectomy with ileorectal anastomosis 0 ¾ 3 (100%) 

End ileostomy 4 (80.0%) ¾ 1 (20.0%) 

End colostomy 1 (14.3%) 0 6 (85.7%) 
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5 DISCUSSION 

5.1 PREOPERATIVE MRE (I) 

MRE has been increasingly used for the preoperative evaluation of CD 
patients since it can detect bowel stenosis and extraintestinal lesions such as 
abscess and fistula (Leyendecker et al. 2009). Another advantage of MRE 
over other imaging techniques is the lack of exposure to radiation (Malgras et 
al. 2012). 

Our study found an MRE sensitivity of 100.0% for detecting stenosis 
calculated for each patient, although the sensitivity decreased to 90.0% when 
we considered the absolute number of stenoses. Consecutive short stenoses 
found during surgery were interpreted as a single long stenosis during MRE, 
explaining most of the false-negative stenoses through MRE. It is possible 
that due to preoperative CD medication inflamed bowel sections recovered 
and only fibrotic segments remained during surgery. 

MRE performed better for excluding abscesses with a specificity of 90.0% 
than for detecting abscesses with a sensitivity of 80.0%. This finding agrees 
with previous studies (Fallis et al. 2013, Sinha et al. 2013, Spinelli et al. 
2014). One reason for the false-positive identification of abscesses upon MRE 
might be that some patients received preoperative antibiotic treatment which 
healed the abscesses before surgery. 

Adhesions were responsible for 44.4% of erroneous MRE diagnoses 
compared to surgical findings. Adhesions represented a confusing factor for 
false-positive or false-negative diagnoses of fistulas as well as for false-
positive diagnoses of stenosis during MRE. Adhesions might pose a problem 
particularly in patients submitted to multiple operations. However, due to 
our small patient sample size, we could not perform further statistical 
analyses between previously operated and non-operated patients. In 
conclusion, interpreting adhesions as stenoses using MRE may lead to 
unnecessary surgeries in CD patients with mild obstructive symptoms. 

In our study, MRE predicted the operative plan in 87.3% of the patients. A 
previous study found a similar figure, whereby 90.7% of the patients 
underwent the surgical plan predicted based on their preoperative 
MRE (Spinelli et al. 2014). According to our findings, no patient needed 
conversion to open surgery or the placement of an unplanned stoma due to 
erroneous preoperative MRE diagnoses. The most serious incorrect 
diagnoses through MRE in our study were two false-positive stenoses 
identified in one patient who only had adhesions found during surgery. 
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5.2 RESECTION MARGINS AND OTHER POSSIBLE 
RISK FACTORS FOR POSTOPERATIVE 
COMPLICATIONS (II) 

In our study, inflammatory activity at the bowel resection margins was rather 
common following CD surgery. This may be explained by our practice of 
resecting only the most affected bowel segments and performing anastomosis 
not necessarily on grossly disease-free bowel. In total, we found histologically 
inflamed resection margin in 65.7% of patients, among whom 48.6% had 
moderate or severe inflammatory activity at the resection margin. Despite of 
this, we found only a 4.3% anastomotic complication rate following CD 
surgery. This is somewhat surprising, since CD surgery is believed to be 
related to higher postoperative complication rates compared with other 
colorectal surgeries (Uchino et al. 2009). By contrast, our low postoperative 
complication rate agrees with recent CD studies performed in other referral 
colorectal units (de Buck van Overstraeten et al. 2017, Lightner et al. 2018). 
It appears that outcomes following CD surgery have improved in recent 
years, reflecting the fact that surgery is performed at earlier stages of the 
disease and also that patients are better optimized preoperatively. 

In addition, in our study, inflammatory activity at the bowel resection 
margin was not a significant risk factor for anastomotic complications, 
agreeing with previously reported findings (Heuman et al. 1983, Pennington 
et al. 1980, Post et al. 1991). By contrast, one study described positive 
resection margin as an independent risk factor for postoperative intra-
abdominal complication after ileocolic resection for CD (Shental et al. 2012). 

A total of 14 patients (20.0%) developed any postoperative complication 
in our study, among whom 3 patients (4.3%) had anastomotic complications. 
We attempted to determine the risk factors for any postoperative 
complications following CD surgery, but none of the factors we analyzed were 
significant in the univariate analysis. Our small study sample with a low 
postoperative complication rate weakened the statistical power of our 
analysis. 

Previous studies reported conflicting results regarding the risk factors for 
postoperative complications after CD surgery. Preoperative steroid use was 
identified as a significant risk factor in five previous studies (Alves et al. 
2007, El-Hussuna et al. 2012, Post et al. 1991, Tzivanakis et al. 2012, 
Yamamoto et al. 2000a). But, in agreement with our findings, preoperative 
steroid use did not associate with CD postoperative complications in three 
previous studies (de Buck van Overstraeten et al. 2017, Heimann et al. 1985, 
Iesalnieks et al. 2008). The preoperative use of biological medication 
increased the  risk for anastomotic complications in one study (de Buck van 
Overstraeten et al. 2017), but similar to our findings did not associate with 
postoperative complications in two other earlier reports (El-Hussuna et al. 
2012, Myrelid et al. 2014). In addition, a low albumin level was not a 
significant risk factor for surgical complications in two previous 
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studies (Shental et al. 2012, Tzivanakis et al. 2012), but was significant in two 
others (Heimann et al. 1985, Yamamoto et al. 2000a). We did not find an 
increased postoperative complication rate in patients with a low albumin 
level, although the nutritional status of our patients was quite good and only 
three patients had a preoperative albumin level below 25 g/l. We considered 
a low albumin level as any value below normal in our analysis. The presence 
of an intraoperative abscess represented a risk factor for surgical 
complications in four studies (Alves et al. 2007, Post et al. 1991, Tzivanakis et 
al. 2012, Yamamoto et al. 2000a), but was not associated with postoperative 
complications in three others (Heimann et al. 1985, Iesalnieks et al. 2008, 
Shental et al. 2012). Finally, an intraoperative fistula was identified as a risk 
factor in one previous study (Yamamoto et al. 2000a), but did not 
significantly affect complications in two others (Heimann et al. 1985, 
Tzivanakis et al. 2012). In our study, neither an abscess nor a fistula emerged 
as a significant risk factor for postoperative complications following CD 
surgery. In total, we detected 23 patients with an intraoperative fistula, but 
only 5 patients with an abscess. 

5.3 SURGICAL RECURRENCE (III, IV) 

Our study on anastomotic recurrence following primary ileocaecal resection 
for CD detected a 1.1% anastomotic recurrence rate at one year. Our finding 
agrees with another recent study that described a 0.6% repeat surgery rate 
following primary ileocaecal resection (de Buck van Overstraeten et al. 2017). 
Unlike our findings, the need for anastomotic dilatation was not considered 
as anastomotic recurrence in that study. Endoscopic dilatation should be the 
treatment of choice for short anastomotic stenoses in CD, reducing the need 
for repeat surgery (Navaneethan et al. 2016). 

Urgent surgery, postoperative steroid need and stapled side-to-side 
anastomosis represented risk factors for anastomotic recurrence in our 
study. Only stapled side-to-side anastomosis remained significant in the 
multivariate analysis. This is a surprising finding, since previous studies 
described a lower rate of anastomotic recurrence following side-to-side 
stapled anastomosis for CD, explained by the fact that side-to-side 
anastomosis provides a wider anastomotic lumen (Hashemi et al. 1998, 
Munoz-Juarez et al. 2001, Yamamoto et al. 1999b). However, a meta-analysis 
comparing side-to-side stapled anastomosis with end-to-end hand-sewn 
anastomosis revealed no significant difference in surgical recurrence between 
both anastomotic types (Simillis et al. 2007). In our colorectal unit, end-to-
end hand-sewn anastomosis is the treatment of choice with the widening of 
the small bowel antimesenteric border to guarantee that the anastomosis 
lumen remains large enough (Figure 7). 
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Figure 7 End-to-end hand-sewn ileocolic anastomosis. 

Since our study included only three patients with stapled side-to-side 
anastomoses and our results differed from previous studies, we can only 
conclude that an end-to-end hand-sewn anastomosis with the widening of 
the small bowel antimesenteric border following primary ileocaecal resection 
is a safe choice. 

Urgent surgery was previously described as a risk factor for anastomotic 
recurrence following primary ileocaecal resection  (Riss et al. 2014). 
Postoperative corticosteroid need may already reflect the clinical recurrence 
of CD; as such, it is expected to relate to an increased rate of surgical 
anastomotic recurrence. Furthermore, in our study, also the preoperative use 
of steroid tended towards an increased anastomotic recurrence rate 
(p=0.09). Moreover, the need for steroids may be related to more aggressive 
CD. 

Smoking almost emerged as a significant risk factor for anastomotic 
recurrence in our study (p=0.08). According to previous studies, smokers 
have a higher risk of postoperative recurrence and CD patients should be 
encouraged to quit smoking (Reese et al. 2008). 

In our study comparing surgical recurrence frequency between different 
types of bowel resections in CD patients, surgical recurrence was lowest 
following ileocolic resection. By contrast, a previous study reported a higher 
recurrence rate following ileocolic resection (Onali et al. 2009). Different 
from us, that study diagnosed recurrence based on endoscopic and 
radiological examinations. In our study, only reoperations including a new 
bowel resection due to recurrent disease were considered as surgical 
recurrence. Perianal procedures were not included in the analysis. 

We found 10.1% of surgical recurrence after ileocolic resection at a 
median follow-up of 4.3 years. This recurrence is comparable to a previous 
Austrian study reporting 15.8% of surgical recurrence at a median follow-up 
of 8.4 years (Riss et al. 2013). Following segmental colon resection with 
colocolic or colorectal anastomosis, our surgical recurrence was 41.2% at a 
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median follow-up of 5.3 years. This result also agrees with previous studies 
reporting surgical recurrence rates between 33% and 47% following 
segmental colon resection (Bernell et al. 2001, Polle et al. 2005). Moreover, 
our surgical recurrence after a definitive stoma operation was 34.3% at a 
median follow-up of 4.2 years, thus agreeing with a recent study describing 
38.0% recurrence rate among end stoma patients suffering from CD at a 
median follow-up of 10 years (Koriche et al. 2017). 

According to our findings, postoperative follow-up is important after all 
types of bowel resections; our results suggest the need for more aggressive 
postoperative medication following resections different from the ileocolic 
type. A previous study evaluating outcomes among CD patients with a 
definitive stoma operation indicates postoperative anti-TNF alpha treatment 
for all end stoma patients receiving a colostomy or with a history of 
anoperineal lesions, since both factors associate with surgical 
recurrence (Koriche et al. 2017). 

In our study, the reoperation location for surgical recurrence correlated 
with the primary operation location. This is in line with previous studies 
demonstrating that the anatomic location of CD tends to remain stable 
during the course of the disease (Fichera et al. 2006, Louis et al. 2001). 
However, an interesting finding from our study suggests that even patients 
without a previous history of small bowel CD may develop recurrence in the 
small bowel following colectomy or proctocolectomy combined with end 
ileostomy. 

5.4 LIMITATIONS OF THE STUDY 

All the four studies included in this dissertation were retrospective. This 
particular approach carries several limitations, specifically a potential 
selection bias for patients, the unavailability of some data and a certain 
inherent imprecision involved in data acquisition regarding the fact that data 
are not systematically registered. The small patient sample size limits the 
strength of our findings, particularly in studies I and II. Another limitation of 
study I was the heterogeneity of protocols concerning the preoperative MRE. 
The low occurrence of anastomotic complications limits the statistical power 
of study II while the small number of patients undergoing stapled side-to-
side ileocolic anastomosis represents a limitation of study III. In study IV, 
the small number of patients undergoing non-ileocolic resections restricted 
the possibility of subgroup analyses. 
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6 CONCLUSIONS 

I 
Our results demonstrate that preoperative MRE is useful for identifying 
lesions and predicting the surgical plan in the majority of CD patients. 
However, MRE differential diagnosis between intra-abdominal adhesions 
and Crohn’s fistulas or short-segment stenosis remains challenging. 
 
II 
We conclude that bowel sparing surgery with resection of only the most 
affected bowel segments should be performed in CD patients since 
inflammatory activity at the bowel resection margins does not increase 
postoperative anastomotic complications. Furthermore, the use of 
preoperative CD medications and the presence of intraoperative fistula do 
not seem to be associated with increased postoperative complications 
following CD surgery. 
 
III 
In the present study, urgent surgery, postoperative steroid need and stapled 
side-to-side anastomoses were risk factors for anastomotic recurrence 
following primary ileocaecal resection. Hand-sewn anastomosis with the 
widening of the small bowel antimesenteric border represents a safe choice 
following ileocolic resection for CD. 
 
IV 
We conclude that surgical recurrence in CD patients is lower following 
ileocolic resections compared to other types of bowel resections. Surgical 
recurrence in CD typically maintains the disease location of the primary 
operation. After an end stoma operation, surgical recurrence in CD patients 
is still high, whereby one-third of patients receiving an end stoma will need a 
new bowel resection within five years. 



 

 72 

 

  



 73 

7 ACKNOWLEDGEMENTS 

This study was carried out at the Department of Gastrointestinal Surgery, 
Helsinki University Hospital between 2013 and 2018. I am sincerely grateful 
to all the people who made this thesis possible. 

 
Financial support from the Professor Martti I. Turunen Fund, Hyvinkää 
Hospital and Helsinki University Hospital research funds are gratefully 
acknowledged. 

 
I want to thank Professor Pauli Puolakkainen for the opportunity to carry out 
this study and for creating an inspiring academic environment during my 
specialization as a gastrointestinal surgeon at the Helsinki University 
Hospital between 2011 and 2013. I am grateful that I could continue with this 
project while working outside Helsinki University Hospital. 

 
I owe my deepest gratitude to my supervisor Adjunct Professor Anna Lepistö 
who guided me through this project and encouraged me during hopeless 
moments. Her prompt responses to my questions and valuable comments 
allowed this project to progress smoothly. I admire her efficiency, surgical 
expertise and skills. Her ability to combine a brilliant career as a colorectal 
surgeon with research supervision, department leadership and motherhood 
is amazing. 

 
I thank all my co-authors for their invaluable contributions. My warmest 
thanks go to Monika Carpelan-Holmström and Ilona Keränen who 
commented on my articles even around Christmas time and summer 
holidays. I thank Ritja Savolainen and Riikka Lindén for their advices in the 
field of abdominal radiology. I am grateful to Professor Ari Ristimäki for his 
patience and willingness to go through all those slides. His dedication to 
science is remarkable. 

 
I also express my sincere thanks to Adjunct Professor Heikki Huhtinen and 
Airi Jussila, M.D., Ph.D., the reviewers of this thesis, for their constructive 
comments. 

 
I am grateful to the two consecutive chiefs of the Department of 
Gastrointestinal Surgery Adjunct Professor Esko Kemppainen and Jukka 
Sirén, M.D., Ph.D., for approving this research project and for providing me 
with a good quality clinical education during my specialization. I warmly 
thank the current chief of our department Adjunct Professor Leena Halme 
for supporting the continuation of this study and for recruiting me back to 
Helsinki University Hospital. 



Acknowledgements 

 74 

 
I would like to acknowledge Harri Mustonen for statistical advices and 
Vanessa Fuller for English language revision of this thesis and most of my 
articles. I also want to thank head nurse Maija Eskola-Pellikka for 
safeguarding the patient data through multiple ward migrations and for 
providing me with those data. 

 
I thank Anne Penttilä, Hanna Lampela, Hanna Malmi, Henna Sammalkorpi, 
Kaisa Ahopelto, Laura Koskenvuo, Lea Kyhälä, Matti Tolonen, Minna 
Räsänen, Piia Pulkkinen, Saana Andersson, Suvi Rasilainen, Taru Lehtonen, 
Tuire Savinko and Ville Sallinen, my colleagues during specialization at 
Helsinki University Hospital, for such a joyful atmosphere during clinical 
work and conferences. 

 
I wish to thank all the senior colleagues at Helsinki University Hospital for 
their support and teaching during my specialization, especially my tutors 
Hanna Seppänen and Päivi Siironen and my unofficial tutor Olli Kruuna. I 
also thank Adjunct Professor Tom Scheinin for his comforting words at a 
certain difficult time. 

 
I warmly thank Professor Ari Leppäniemi for all the support in the beginning 
of my medical and surgical career. 

 
I am grateful to all the seniors and resident colleagues at North Karelian 
Central Hospital for sharing with me many intensive and memorable 
moments of my surgical career. Special thanks go to the gastrointestinal 
surgeon seniors Heikki Ahtola, Jorma Heiskanen, Mirjami Uotila-Nieminen, 
Risto Huttunen, Seppo Silvasti and Tanja Hulmi. 

 
I thank my colleagues at the Department of Urology at Helsinki University 
Hospital and my colleagues at Savonlinna Central Hospital, Hyvinkää 
Hospital and Porvoo Hospital for making me a better surgeon. From these 
times, I especially thank Erika Tykkä for friendship and Kimmo Halonen for 
the opportunity to combine clinical work with research work and Swedish 
studies. 

 
I thank my dear friends Ana Gabriela, Daniela, Flávia B, Flávia M, Graziele, 
Janaína, Quelma, Mariana and Sílvia who despite of the distance are still 
present in my life encouraging me to keep going forward. 

 
I am most grateful to my parents Maria José and Osvaldo and my brother 
Ricardo for unconditional love and support during my whole life and always 
believing in me. 

 



 75 

Finally, my deepest thanks go to my beloved and talented husband Petri who 
drew all the pictures of this dissertation, some of them several times, 
patiently making all the changes I asked. Moreover, I thank him for keeping 
the order in our house when I have been deeply involved in this project. 
Everything seems possible when I have you beside me! And of course, I most 
thank my sweetheart daughter Olivia for always reminding me of what is 
really important in life. 

 
 

Helsinki, August 2018 
 

Gisele Aaltonen 



 

 76 

 

  



 77 

8 REFERENCES 

Alexander-Williams J, Fielding JF, Cooke WT. A comparison of results of 
excision and bypass for ileal Crohn's disease. Gut. 1972;13(12):973-5. 

Allan A, Andrews H, Hilton CJ, Keighley MR, Allan RN, Alexander-Williams 
J. Segmental colonic resection is an appropriate operation for short skip 
lesions due to Crohn's disease in the colon. World J Surg. 1989;13(5):611-
4. 

Alves A, Panis Y, Bouhnik Y, Pocard M, Vicaut E, Valleur P. Risk factors for 
intra-abdominal septic complications after a first ileocecal resection for 
Crohn's disease: a multivariate analysis in 161 consecutive patients. 
Diseases of the colon and rectum. 2007;50(3):331-6. 

Amitai MM, Ben-Horin S, Eliakim R, Kopylov U. Magnetic resonance 
enterography in Crohn's disease: a guide to common imaging 
manifestations for the IBD physician. J Crohns Colitis. 2013;7(8):603-15. 

Ananthakrishnan AN, Higuchi LM, Huang ES, Khalili H, Richter JM, Fuchs 
CS, Chan AT. Aspirin, nonsteroidal anti-inflammatory drug use, and risk 
for Crohn disease and ulcerative colitis: a cohort study. Ann Intern Med. 
2012;156(5):350-9. 

Andersson P, Olaison G, Bodemar G, Nyström PO, Sjödahl R. Surgery for 
Crohn Colitis Over a Twenty-Eight-Year Period: Fewer Stomas and the 
Replacement of Total Colectomy by Segmental Resection. Scandinavian 
Journal of Gastroenterology. 2009;37(1):68-73. 

Andersson P, Olaison G, Hallbook O, Sjodahl R. Segmental resection or 
subtotal colectomy in Crohn's colitis? Dis Colon Rectum. 2002;45(1):47-
53. 

Annunziata ML, Caviglia R, Papparella LG, Cicala M. Upper gastrointestinal 
involvement of Crohn's disease: a prospective study on the role of upper 
endoscopy in the diagnostic work-up. Dig Dis Sci. 2012;57(6):1618-23. 

Ardizzone S, Puttini PS, Cassinotti A, Porro GB. Extraintestinal 
manifestations of inflammatory bowel disease. Dig Liver Dis. 
2008;40(Suppl 2):S253-9. 

Beaugerie L, Seksik P, Nion-Larmurier I, Gendre JP, Cosnes J. Predictors of 
Crohn's disease. Gastroenterology. 2006;130(3):650-6. 

Benchimol EI, Fortinsky KJ, Gozdyra P, Van den Heuvel M, Van Limbergen 
J, Griffiths AM. Epidemiology of pediatric inflammatory bowel disease: a 
systematic review of international trends. Inflamm Bowel Dis. 
2011;17(1):423-39. 

Berg DF, Bahadursingh AM, Kaminski DL, Longo WE. Acute surgical 
emergencies in inflammatory bowel disease. Am J Surg. 2002;184(1):45-
51. 

Bergman L, Krause U. Crohn's disease. A long-term study of the clinical 
course in 186 patients. Scand J Gastroenterol. 1977;12(8):937-44. 

Bernell O, Lapidus A, Hellers G. Risk factors for surgery and postoperative 
recurrence in Crohn's disease. Ann Surg. 2000a;231(1):38-45. 

Bernell O, Lapidus A, Hellers G. Risk factors for surgery and recurrence in 
907 patients with primary ileocaecal Crohn's disease. Br J Surg. 
2000b;87(12):1697-701. 

Bernell O, Lapidus A, Hellers G. Recurrence after colectomy in Crohn's 
colitis. Dis Colon Rectum. 2001;44(5):647-54. 

Bernstein LH, Frank MS, Brandt LJ, Boley SJ. Healing of perineal Crohn's 
disease with metronidazole. Gastroenterology. 1980;79(2):357-65. 



References 

 78 

Best WR, Becktel JM, Singleton JW, Kern F, Jr. Development of a Crohn's 
disease activity index. National Cooperative Crohn's Disease Study. 
Gastroenterology. 1976;70(3):439-44. 

Birrenbach T, Bocker U. Inflammatory bowel disease and smoking: a review 
of epidemiology, pathophysiology, and therapeutic implications. Inflamm 
Bowel Dis. 2004;10(6):848-59. 

Braveman JM, Schoetz DJ, Jr., Marcello PW, Roberts PL, Coller JA, Murray 
JJ, Rusin LC. The fate of the ileal pouch in patients developing Crohn's 
disease. Dis Colon Rectum. 2004;47(10):1613-9. 

Brochard C, Siproudhis L, Wallenhorst T, Cuen D, d'Halluin PN, Garros A, 
Bretagne JF, Bouguen G. Anorectal stricture in 102 patients with Crohn's 
disease: natural history in the era of biologics. Aliment Pharmacol Ther. 
2014;40(7):796-803. 

Brown CJ, Maclean AR, Cohen Z, Macrae HM, O'Connor BI, McLeod RS. 
Crohn's disease and indeterminate colitis and the ileal pouch-anal 
anastomosis: outcomes and patterns of failure. Dis Colon Rectum. 
2005;48(8):1542-9. 

Butler M, Chaudhary R, van Heel DA, Playford RJ, Ghosh S. NOD2 activity 
modulates the phenotype of LPS-stimulated dendritic cells to promote the 
development of T-helper type 2-like lymphocytes - Possible implications 
for NOD2-associated Crohn's disease. J Crohns Colitis. 2007;1(2):106-15. 

Campbell L, Ambe R, Weaver J, Marcus SM, Cagir B. Comparison of 
conventional and nonconventional strictureplasties in Crohn's disease: a 
systematic review and meta-analysis. Dis Colon Rectum. 2012;55(6):714-
26. 

Canavan C, Abrams KR, Mayberry J. Meta-analysis: colorectal and small 
bowel cancer risk in patients with Crohn's disease. Aliment Pharmacol 
Ther. 2006;23(8):1097-104. 

Candy S, Wright J, Gerber M, Adams G, Gerig M, Goodman R. A controlled 
double blind study of azathioprine in the management of Crohn's disease. 
Gut. 1995;37(5):674-8. 

Casciani E, Masselli G, Di Nardo G, Polettini E, Bertini L, Oliva S, Floriani I, 
Cucchiara S, Gualdi G. MR enterography versus capsule endoscopy in 
paediatric patients with suspected Crohn's disease. Eur Radiol. 
2011;21(4):823-31. 

Cattan P, Bonhomme N, Panis Y, Lemann M, Coffin B, Bouhnik Y, Allez M, 
Sarfati E, Valleur P. Fate of the rectum in patients undergoing total 
colectomy for Crohn's disease. Br J Surg. 2002;89(4):454-9. 

Colombel JF, Sandborn WJ, Reinisch W, Mantzaris GJ, Kornbluth A, 
Rachmilewitz D, Lichtiger S, D'Haens G, Diamond RH, Broussard DL, 
Tang KL, van der Woude CJ, Rutgeerts P, Group SS. Infliximab, 
azathioprine, or combination therapy for Crohn's disease. N Engl J Med. 
2010;362(15):1383-95. 

Colombel JF, Sandborn WJ, Rutgeerts P, Enns R, Hanauer SB, Panaccione R, 
Schreiber S, Byczkowski D, Li J, Kent JD, Pollack PF. Adalimumab for 
maintenance of clinical response and remission in patients with Crohn's 
disease: the CHARM trial. Gastroenterology. 2007;132(1):52-65. 

Colp R. Nonspecific Granulomata of the Intestine. Ann Surg. 1938;107(1):74-
81. 

Cotter J, Dias de Castro F, Magalhaes J, Moreira MJ, Rosa B. Validation of 
the Lewis score for the evaluation of small-bowel Crohn's disease activity. 
Endoscopy. 2015;47(4):330-5. 

Cracco N, Zinicola R. Is haemorrhoidectomy in inflammatory bowel disease 
harmful? An old dogma re-examined. Colorectal Dis. 2014;16(7):516-9. 

Crohn BB, Ginzburg L, Oppenheimer GD. Regional ileitis; a pathologic and 
clinical entity. Am J Med. 1952;13(5):583-90. 



 79 

D'Haens G, Rutgeerts P, Geboes K, Vantrappen G. The natural history of 
esophageal Crohn's disease: three patterns of evolution. Gastrointest 
Endosc. 1994;40(3):296-300. 

D'Haens GR, Geboes K, Peeters M, Baert F, Penninckx F, Rutgeerts P. Early 
lesions of recurrent Crohn's disease caused by infusion of intestinal 
contents in excluded ileum. Gastroenterology. 1998;114(2):262-7. 

D'Haens GR, Vermeire S, Van Assche G, Noman M, Aerden I, Van Olmen G, 
Rutgeerts P. Therapy of metronidazole with azathioprine to prevent 
postoperative recurrence of Crohn's disease: a controlled randomized 
trial. Gastroenterology. 2008;135(4):1123-9. 

Daperno M, D'Haens G, Van Assche G, Baert F, Bulois P, Maunoury V, 
Sostegni R, Rocca R, Pera A, Gevers A, Mary JY, Colombel JF, Rutgeerts 
P. Development and validation of a new, simplified endoscopic activity 
score for Crohn's disease: the SES-CD. Gastrointest Endosc. 
2004;60(4):505-12. 

Dasari BV, McKay D, Gardiner K. Laparoscopic versus Open surgery for 
small bowel Crohn's disease. Cochrane Database Syst Rev. 
2011(1):CD006956. 

de Barcelos IF, Kotze PG, Spinelli A, Suzuki Y, Teixeira FV, de Albuquerque 
IC, Saad-Hossne R, da Silva Kotze LM, Yamamoto T. Factors affecting the 
incidence of early endoscopic recurrence after ileocolonic resection for 
Crohn's disease: a multicentre observational study. Colorectal Dis. 
2017;19(1):O39-O45. 

de Buck van Overstraeten A, Eshuis EJ, Vermeire S, Van Assche G, Ferrante 
M, D'Haens GR, Ponsioen CY, Belmans A, Buskens CJ, Wolthuis AM, 
Bemelman WA, D'Hoore A. Short- and medium-term outcomes following 
primary ileocaecal resection for Crohn's disease in two specialist centres. 
Br J Surg. 2017;104(12):1713-22. 

de Buck van Overstraeten A, Vermeire S, Vanbeckevoort D, Rimola J, 
Ferrante M, Van Assche G, Wolthuis A, D'Hoore A. Modified Side-To-Side 
Isoperistaltic Strictureplasty over the Ileocaecal Valve: An Alternative to 
Ileocaecal Resection in Extensive Terminal Ileal Crohn's Disease. J 
Crohns Colitis. 2016;10(4):437-42. 

de Buck van Overstraeten A, Wolthuis A, D'Hoore A. Surgery for Crohn's 
disease in the era of biologicals: a reduced need or delayed verdict? World 
J Gastroenterol. 2012;18(29):3828-32. 

de Buck van Overstraeten A, Wolthuis AM, Vermeire S, Van Assche G, 
Rutgeerts P, Penninckx F, D'Hoore A. Intersphincteric proctectomy with 
end-colostomy for anorectal Crohn's disease results in early and severe 
proximal colonic recurrence. J Crohns Colitis. 2013;7(6):e227-31. 

De Cruz P, Kamm MA, Hamilton AL, Ritchie KJ, Krejany EO, Gorelik A, Liew 
D, Prideaux L, Lawrance IC, Andrews JM, Bampton PA, Jakobovits S, 
Florin TH, Gibson PR, Debinski H, Gearry RB, Macrae FA, Leong RW, 
Kronborg I, Radford-Smith G, Selby W, Johnston MJ, Woods R, Elliott 
PR, Bell SJ, Brown SJ, Connell WR, Desmond PV. Efficacy of thiopurines 
and adalimumab in preventing Crohn's disease recurrence in high-risk 
patients - a POCER study analysis. Aliment Pharmacol Ther. 
2015;42(7):867-79. 

De Franco A, Marzo M, Felice C, Pugliese D, Veronica AD, Bonomo L, 
Armuzzi A, Guidi L. Ileal Crohn's disease: CEUS determination of activity. 
Abdom Imaging. 2012;37(3):359-68. 

de la Portilla F, Alba F, Garcia-Olmo D, Herrerias JM, Gonzalez FX, Galindo 
A. Expanded allogeneic adipose-derived stem cells (eASCs) for the 
treatment of complex perianal fistula in Crohn's disease: results from a 
multicenter phase I/IIa clinical trial. Int J Colorectal Dis. 2013;28(3):313-
23. 



References 

 80 

Doherty G, Bennett G, Patil S, Cheifetz A, Moss AC. Interventions for 
prevention of post-operative recurrence of Crohn's disease. Cochrane 
Database Syst Rev. 2009(4):CD006873. 

Eglinton TW, Barclay ML, Gearry RB, Frizelle FA. The spectrum of perianal 
Crohn's disease in a population-based cohort. Dis Colon Rectum. 
2012;55(7):773-7. 

El-Hussuna A, Andersen J, Bisgaard T, Jess P, Henriksen M, Oehlenschlager 
J, Thorlacius-Ussing O, Olaison G. Biologic treatment or 
immunomodulation is not associated with postoperative anastomotic 
complications in abdominal surgery for Crohn's disease. Scand J 
Gastroenterol. 2012;47(6):662-8. 

El-Hussuna A, Theede K, Olaison G. Increased risk of post-operative 
complications in patients with Crohn's disease treated with anti-tumour 
necrosis factor alpha agents - a systematic review. Dan Med J. 
2014;61(12):A4975. 

Elriz K, Carrat F, Carbonnel F, Marthey L, Bouvier AM, Beaugerie L. 
Incidence, presentation, and prognosis of small bowel adenocarcinoma in 
patients with small bowel Crohn's disease: a prospective observational 
study. Inflamm Bowel Dis. 2013;19(9):1823-6. 

Ephgrave K. Extra-intestinal manifestations of Crohn's disease. Surg Clin 
North Am. 2007;87(3):673-80. 

Fallis SA, Murphy P, Sinha R, Hawker P, Gladman L, Busby K, Sanders S. 
Magnetic resonance enterography in Crohn's disease: a comparison with 
the findings at surgery. Colorectal Dis. 2013;15(10):1273-80. 

Fazi M, Giudici F, Luceri C, Pronesti M, Tonelli F. Long-term Results and 
Recurrence-Related Risk Factors for Crohn Disease in Patients 
Undergoing Side-to-Side Isoperistaltic Strictureplasty. JAMA Surg. 
2016;151(5):452-60. 

Fazio VW, Galandiuk S, Jagelman DG, Lavery IC. Strictureplasty in Crohn's 
disease. Ann Surg. 1989;210(5):621-5. 

Fazio VW, Kiran RP, Remzi FH, Coffey JC, Heneghan HM, Kirat HT, 
Manilich E, Shen B, Martin ST. Ileal pouch anal anastomosis: analysis of 
outcome and quality of life in 3707 patients. Ann Surg. 2013;257(4):679-
85. 

Fazio VW, Marchetti F, Church M, Goldblum JR, Lavery C, Hull TL, Milsom 
JW, Strong SA, Oakley JR, Secic M. Effect of resection margins on the 
recurrence of Crohn's disease in the small bowel. A randomized controlled 
trial. Ann Surg. 1996;224(4):563-71. 

Feagan BG, Fedorak RN, Irvine EJ, Wild G, Sutherland L, Steinhart AH, 
Greenberg GR, Koval J, Wong CJ, Hopkins M, Hanauer SB, McDonald 
JW. A comparison of methotrexate with placebo for the maintenance of 
remission in Crohn's disease. North American Crohn's Study Group 
Investigators. N Engl J Med. 2000;342(22):1627-32. 

Feagan BG, Sandborn WJ, Gasink C, Jacobstein D, Lang Y, Friedman JR, 
Blank MA, Johanns J, Gao LL, Miao Y, Adedokun OJ, Sands BE, Hanauer 
SB, Vermeire S, Targan S, Ghosh S, de Villiers WJ, Colombel JF, Tulassay 
Z, Seidler U, Salzberg BA, Desreumaux P, Lee SD, Loftus EV, Jr., 
Dieleman LA, Katz S, Rutgeerts P, Group U-I-US. Ustekinumab as 
Induction and Maintenance Therapy for Crohn's Disease. N Engl J Med. 
2016;375(20):1946-60. 

Ferguson LK. Surgical viewpoint in regional ileitis. J Am Med Assoc. 
1957;165(16):2048-52. 

Fichera A, Lovadina S, Rubin M, Cimino F, Hurst RD, Michelassi F. Patterns 
and operative treatment of recurrent Crohn's disease: a prospective 
longitudinal study. Surgery. 2006;140(4):649-54. 



 81 

Fichera A, McCormack R, Rubin MA, Hurst RD, Michelassi F. Long-term 
outcome of surgically treated Crohn's colitis: a prospective study. Dis 
Colon Rectum. 2005;48(5):963-9. 

Fichera A, Zoccali M, Kono T. Antimesenteric functional end-to-end 
handsewn (Kono-S) anastomosis. J Gastrointest Surg. 2012;16(7):1412-6. 

Freeman HJ. Familial Crohn's disease in single or multiple first-degree 
relatives. J Clin Gastroenterol. 2002;35(1):9-13. 

Friedman S, Rubin PH, Bodian C, Goldstein E, Harpaz N, Present DH. 
Screening and surveillance colonoscopy in chronic Crohn's colitis. 
Gastroenterology. 2001;120(4):820-6. 

Friedman S, Rubin PH, Bodian C, Harpaz N, Present DH. Screening and 
surveillance colonoscopy in chronic Crohn's colitis: results of a 
surveillance program spanning 25 years. Clin Gastroenterol Hepatol. 
2008;6(9):993-8. 

Gal E, Geller A, Fraser G, Levi Z, Niv Y. Assessment and validation of the new 
capsule endoscopy Crohn's disease activity index (CECDAI). Dig Dis Sci. 
2008;53(7):1933-7. 

Garcia Rodriguez LA, Gonzalez-Perez A, Johansson S, Wallander MA. Risk 
factors for inflammatory bowel disease in the general population. Aliment 
Pharmacol Ther. 2005;22(4):309-15. 

Garlock JH, Crohn BB, Klein SH, Yarnis H. An appraisal of the long-term 
results of surgical treatment of regional ileitis. Gastroenterology. 
1951;19(3):414-23. 

Gasche C, Scholmerich J, Brynskov J, D'Haens G, Hanauer SB, Irvine EJ, 
Jewell DP, Rachmilewitz D, Sachar DB, Sandborn WJ, Sutherland LR. A 
simple classification of Crohn's disease: report of the Working Party for 
the World Congresses of Gastroenterology, Vienna 1998. Inflamm Bowel 
Dis. 2000;6(1):8-15. 

Genua JC, Vivas DA. Management of nonhealing perineal wounds. Clin 
Colon Rectal Surg. 2007;20(4):322-8. 

Gomollon F, Dignass A, Annese V, Tilg H, Van Assche G, Lindsay JO, Peyrin-
Biroulet L, Cullen GJ, Daperno M, Kucharzik T, Rieder F, Almer S, 
Armuzzi A, Harbord M, Langhorst J, Sans M, Chowers Y, Fiorino G, 
Juillerat P, Mantzaris GJ, Rizzello F, Vavricka S, Gionchetti P. 3rd 
European Evidence-based Consensus on the Diagnosis and Management 
of Crohn's Disease 2016: Part 1: Diagnosis and Medical Management. J 
Crohns Colitis. 2017;11(1):3-25. 

Gralnek IM, Defranchis R, Seidman E, Leighton JA, Legnani P, Lewis BS. 
Development of a capsule endoscopy scoring index for small bowel 
mucosal inflammatory change. Aliment Pharmacol Ther. 2008;27(2):146-
54. 

Guo Z, Li Y, Zhu W, Gong J, Li N, Li J. Comparing outcomes between side-
to-side anastomosis and other anastomotic configurations after intestinal 
resection for patients with Crohn's disease: a meta-analysis. World J Surg. 
2013;37(4):893-901. 

Halme L, Karkkainen P, Rautelin H, Kosunen TU, Sipponen P. High 
frequency of helicobacter negative gastritis in patients with Crohn's 
disease. Gut. 1996;38(3):379-83. 

Hamilton SR, Reese J, Pennington L, Boitnott JK, Bayless TM, Cameron JL. 
The role of resection margin frozen section in the surgical management of 
Crohn's disease. Surg Gynecol Obstet. 1985;160(1):57-62. 

Hanauer SB, Feagan BG, Lichtenstein GR, Mayer LF, Schreiber S, Colombel 
JF, Rachmilewitz D, Wolf DC, Olson A, Bao W, Rutgeerts P. Maintenance 
infliximab for Crohn's disease: the ACCENT I randomised trial. Lancet. 
2002;359(9317):1541-9. 



References 

 82 

Hanauer SB, Sandborn WJ, Rutgeerts P, Fedorak RN, Lukas M, MacIntosh 
D, Panaccione R, Wolf D, Pollack P. Human anti-tumor necrosis factor 
monoclonal antibody (adalimumab) in Crohn's disease: the CLASSIC-I 
trial. Gastroenterology. 2006;130(2):323-33. 

Handler M, Dotan I, Klausner JM, Yanai H, Neeman E, Tulchinsky H. 
Clinical recurrence and re-resection rates after extensive vs. segmental 
colectomy in Crohn's colitis: a retrospective cohort study. Tech 
Coloproctol. 2016;20(5):287-92. 

Harbord M, Annese V, Vavricka SR, Allez M, Barreiro-de Acosta M, Boberg 
KM, Burisch J, De Vos M, De Vries AM, Dick AD, Juillerat P, Karlsen TH, 
Koutroubakis I, Lakatos PL, Orchard T, Papay P, Raine T, Reinshagen M, 
Thaci D, Tilg H, Carbonnel F. The First European Evidence-based 
Consensus on Extra-intestinal Manifestations in Inflammatory Bowel 
Disease. J Crohns Colitis. 2016;10(3):239-54. 

Harling H, Hegnhoj J, Rasmussen TN, Jarnum S. Fate of the rectum after 
colectomy and ileostomy for Crohn's colitis. Dis Colon Rectum. 
1991;34(10):931-5. 

Harvey RF, Bradshaw JM. A simple index of Crohn's-disease activity. Lancet. 
1980;1(8167):514. 

Hashemi M, Novell JR, Lewis AA. Side-to-side stapled anastomosis may 
delay recurrence in Crohn's disease. Dis Colon Rectum. 1998;41(10):1293-
6. 

Hedrick TL, Friel CM. Colonic Crohn disease. Clin Colon Rectal Surg. 
2013;26(2):84-9. 

Heimann TM, Greenstein AJ, Mechanic L, Aufses AH, Jr. Early 
complications following surgical treatment for Crohn's disease. Ann Surg. 
1985;201(4):494-8. 

Heimann TM, Swaminathan S, Greenstein AJ, Greenstein AJ, Khaitov S, 
Steinhagen RM, Salky BA. Can laparoscopic surgery prevent incisional 
hernia in patients with Crohn's disease: a comparison study of 750 
patients undergoing open and laparoscopic bowel resection. Surg Endosc. 
2017;31(12):5201-8. 

Heuman R, Boeryd B, Bolin T, Sjodahl R. The influence of disease at the 
margin of resection on the outcome of Crohn's disease. Br J Surg. 
1983;70(9):519-21. 

Homan WP, Dineen P. Comparison of the results of resection, bypass, and 
bypass with exclusion for ileocecal Crohn's disease. Ann Surg. 
1978;187(5):530-5. 

Horsthuis K, Bipat S, Bennink RJ, Stoker J. Inflammatory bowel disease 
diagnosed with US, MR, scintigraphy, and CT: meta-analysis of 
prospective studies. Radiology. 2008;247(1):64-79. 

Huang W, Tang Y, Nong L, Sun Y. Risk factors for postoperative intra-
abdominal septic complications after surgery in Crohn's disease: A meta-
analysis of observational studies. J Crohns Colitis. 2015;9(3):293-301. 

Hugot JP, Chamaillard M, Zouali H, Lesage S, Cezard JP, Belaiche J, Almer 
S, Tysk C, O'Morain CA, Gassull M, Binder V, Finkel Y, Cortot A, 
Modigliani R, Laurent-Puig P, Gower-Rousseau C, Macry J, Colombel JF, 
Sahbatou M, Thomas G. Association of NOD2 leucine-rich repeat variants 
with susceptibility to Crohn's disease. Nature. 2001;411(6837):599-603. 

Hurst RD, Michelassi F. Strictureplasty for Crohn's disease: techniques and 
long-term results. World J Surg. 1998;22(4):359-63. 

Iesalnieks I, Kilger A, Glass H, Muller-Wille R, Klebl F, Ott C, Strauch U, Piso 
P, Schlitt HJ, Agha A. Intraabdominal septic complications following 
bowel resection for Crohn's disease: detrimental influence on long-term 
outcome. Int J Colorectal Dis. 2008;23(12):1167-74. 



 83 

Inohara N, Ogura Y, Fontalba A, Gutierrez O, Pons F, Crespo J, Fukase K, 
Inamura S, Kusumoto S, Hashimoto M, Foster SJ, Moran AP, Fernandez-
Luna JL, Nunez G. Host recognition of bacterial muramyl dipeptide 
mediated through NOD2. Implications for Crohn's disease. J Biol Chem. 
2003;278(8):5509-12. 

Itzkowitz SH, Present DH, Crohn's, Colitis Foundation of America Colon 
Cancer in IBDSG. Consensus conference: Colorectal cancer screening and 
surveillance in inflammatory bowel disease. Inflamm Bowel Dis. 
2005;11(3):314-21. 

Jostins L, Ripke S, Weersma RK, Duerr RH, McGovern DP, Hui KY, Lee JC, 
Schumm LP, Sharma Y, Anderson CA, Essers J, Mitrovic M, Ning K, 
Cleynen I, Theatre E, Spain SL, Raychaudhuri S, Goyette P, Wei Z, 
Abraham C, Achkar JP, Ahmad T, Amininejad L, Ananthakrishnan AN, 
Andersen V, Andrews JM, Baidoo L, Balschun T, Bampton PA, Bitton A, 
Boucher G, Brand S, Buning C, Cohain A, Cichon S, D'Amato M, De Jong 
D, Devaney KL, Dubinsky M, Edwards C, Ellinghaus D, Ferguson LR, 
Franchimont D, Fransen K, Gearry R, Georges M, Gieger C, Glas J, 
Haritunians T, Hart A, Hawkey C, Hedl M, Hu X, Karlsen TH, Kupcinskas 
L, Kugathasan S, Latiano A, Laukens D, Lawrance IC, Lees CW, Louis E, 
Mahy G, Mansfield J, Morgan AR, Mowat C, Newman W, Palmieri O, 
Ponsioen CY, Potocnik U, Prescott NJ, Regueiro M, Rotter JI, Russell RK, 
Sanderson JD, Sans M, Satsangi J, Schreiber S, Simms LA, Sventoraityte 
J, Targan SR, Taylor KD, Tremelling M, Verspaget HW, De Vos M, 
Wijmenga C, Wilson DC, Winkelmann J, Xavier RJ, Zeissig S, Zhang B, 
Zhang CK, Zhao H, International IBDGC, Silverberg MS, Annese V, 
Hakonarson H, Brant SR, Radford-Smith G, Mathew CG, Rioux JD, 
Schadt EE, Daly MJ, Franke A, Parkes M, Vermeire S, Barrett JC, Cho JH. 
Host-microbe interactions have shaped the genetic architecture of 
inflammatory bowel disease. Nature. 2012;491(7422):119-24. 

Jussila A, Virta LJ, Kautiainen H, Rekiaro M, Nieminen U, Farkkila MA. 
Increasing incidence of inflammatory bowel diseases between 2000 and 
2007: a nationwide register study in Finland. Inflamm Bowel Dis. 
2012;18(3):555-61. 

Jussila A, Virta LJ, Pukkala E, Farkkila MA. Malignancies in patients with 
inflammatory bowel disease: a nationwide register study in Finland. 
Scand J Gastroenterol. 2013;48(12):1405-13. 

Karesen R, Serch-Hanssen A, Thoresen BO, Hertzberg J. Crohn's disease: 
long-term results of surgical treatment. Scand J Gastroenterol. 
1981;16(1):57-64. 

Khalili H, Higuchi LM, Ananthakrishnan AN, Richter JM, Feskanich D, 
Fuchs CS, Chan AT. Oral contraceptives, reproductive factors and risk of 
inflammatory bowel disease. Gut. 2013;62(8):1153-9. 

Khalili H, Huang ES, Ananthakrishnan AN, Higuchi L, Richter JM, Fuchs CS, 
Chan AT. Geographical variation and incidence of inflammatory bowel 
disease among US women. Gut. 2012;61(12):1686-92. 

Kiran RP, Nisar PJ, Church JM, Fazio VW. The role of primary surgical 
procedure in maintaining intestinal continuity for patients with Crohn's 
colitis. Ann Surg. 2011;253(6):1130-5. 

Klement E, Lysy J, Hoshen M, Avitan M, Goldin E, Israeli E. Childhood 
hygiene is associated with the risk for inflammatory bowel disease: a 
population-based study. Am J Gastroenterol. 2008;103(7):1775-82. 

Kolho KL, Raivio T, Lindahl H, Savilahti E. Fecal calprotectin remains high 
during glucocorticoid therapy in children with inflammatory bowel 
disease. Scand J Gastroenterol. 2006;41(6):720-5. 

Kono T, Ashida T, Ebisawa Y, Chisato N, Okamoto K, Katsuno H, Maeda K, 
Fujiya M, Kohgo Y, Furukawa H. A new antimesenteric functional end-to-



References 

 84 

end handsewn anastomosis: surgical prevention of anastomotic 
recurrence in Crohn's disease. Dis Colon Rectum. 2011;54(5):586-92. 

Kono T, Fichera A, Maeda K, Sakai Y, Ohge H, Krane M, Katsuno H, Fujiya 
M. Kono-S Anastomosis for Surgical Prophylaxis of Anastomotic 
Recurrence in Crohn's Disease: an International Multicenter Study. J 
Gastrointest Surg. 2016;20(4):783-90. 

Koriche D, Gower-Rousseau C, Chater C, Duhamel A, Salleron J, Tavernier 
N, Colombel JF, Pariente B, Cortot A, Zerbib P. Post-operative recurrence 
of Crohn's disease after definitive stoma: an underestimated risk. Int J 
Colorectal Dis. 2017;32(4):453-8. 

Kostic AD, Xavier RJ, Gevers D. The microbiome in inflammatory bowel 
disease: current status and the future ahead. Gastroenterology. 
2014;146(6):1489-99. 

Kotanagi H, Kramer K, Fazio VW, Petras RE. Do microscopic abnormalities 
at resection margins correlate with increased anastomotic recurrence in 
Crohn's disease? - Retrospective analysis of 100 cases. Diseases of the 
Colon & Rectum. 1991;34(10):909-16. 

Krause U, Bergman L, Norlen BJ. Crohn's disease. A clinical study based on 
186 patients. Scand J Gastroenterol. 1971;6(1):97-108. 

Lapidus A, Bernell O, Hellers G, Lofberg R. Clinical course of colorectal 
Crohn's disease: a 35-year follow-up study of 507 patients. 
Gastroenterology. 1998;114(6):1151-60. 

Lapidus A, Bernell O, Hellers G, Persson PG, Lofberg R. Incidence of Crohn's 
disease in Stockholm County 1955-1989. Gut. 1997;41(4):480-6. 

Le Q, Melmed G, Dubinsky M, McGovern D, Vasiliauskas EA, Murrell Z, 
Ippoliti A, Shih D, Kaur M, Targan S, Fleshner P. Surgical outcome of ileal 
pouch-anal anastomosis when used intentionally for well-defined Crohn's 
disease. Inflamm Bowel Dis. 2013;19(1):30-6. 

Lee EC, Papaioannou N. Minimal surgery for chronic obstruction in patients 
with extensive or universal Crohn's disease. Ann R Coll Surg Engl. 
1982;64(4):229-33. 

Levine A, Griffiths A, Markowitz J, Wilson DC, Turner D, Russell RK, Fell J, 
Ruemmele FM, Walters T, Sherlock M, Dubinsky M, Hyams JS. Pediatric 
modification of the Montreal classification for inflammatory bowel 
disease: the Paris classification. Inflamm Bowel Dis. 2011;17(6):1314-21. 

Lewis RT, Maron DJ. Anorectal Crohn's disease. Surg Clin North Am. 
2010;90(1):83-97. 

Leyendecker JR, Bloomfeld RS, Disantis DJ, Waters GS, Mott R, Bechtold 
RE. MR enterography in the management of patients with Crohn disease. 
Radiographics. 2009;29(6):1827-46. 

Lightner AL, McKenna NP, Tse CS, Raffals LE, Loftus EV, Jr., Mathis KL. 
Postoperative outcomes in vedolizumab-treated Crohn's disease patients 
undergoing major abdominal operations. Aliment Pharmacol Ther. 
2018;47(5):573-80. 

Liu JZ, van Sommeren S, Huang H, Ng SC, Alberts R, Takahashi A, Ripke S, 
Lee JC, Jostins L, Shah T, Abedian S, Cheon JH, Cho J, Dayani NE, 
Franke L, Fuyuno Y, Hart A, Juyal RC, Juyal G, Kim WH, Morris AP, 
Poustchi H, Newman WG, Midha V, Orchard TR, Vahedi H, Sood A, Sung 
JY, Malekzadeh R, Westra HJ, Yamazaki K, Yang SK, International 
Multiple Sclerosis Genetics C, International IBDGC, Barrett JC, Alizadeh 
BZ, Parkes M, Bk T, Daly MJ, Kubo M, Anderson CA, Weersma RK. 
Association analyses identify 38 susceptibility loci for inflammatory bowel 
disease and highlight shared genetic risk across populations. Nat Genet. 
2015;47(9):979-86. 



 85 

Lockhart-Mummery HE, Morson BC. Crohn's disease (regional enteritis) of 
the large intestine and its distinction from ulcerative colitis. Gut. 
1960;1:87-105. 

Longo WE, Ballantyne GH, Cahow CE. Treatment of Crohn's colitis. 
Segmental or total colectomy? Arch Surg. 1988;123(5):588-90. 

Louis E. Epidemiology of the transition from early to late Crohn's disease. 
Dig Dis. 2012;30(4):376-9. 

Louis E, Collard A, Oger AF, Degroote E, Aboul Nasr El Yafi FA, Belaiche J. 
Behaviour of Crohn's disease according to the Vienna classification: 
changing pattern over the course of the disease. Gut. 2001;49(6):777-82. 

Maggiori L, Michelassi F. How I do it: Side-to-side isoperistaltic 
strictureplasty for extensive Crohn's disease. J Gastrointest Surg. 
2012;16(10):1976-80. 

Magro F, Langner C, Driessen A, Ensari A, Geboes K, Mantzaris GJ, 
Villanacci V, Becheanu G, Borralho Nunes P, Cathomas G, Fries W, 
Jouret-Mourin A, Mescoli C, de Petris G, Rubio CA, Shepherd NA, Vieth 
M, Eliakim R, European Society of P, European Cs, Colitis O. European 
consensus on the histopathology of inflammatory bowel disease. J Crohns 
Colitis. 2013;7(10):827-51. 

Malchow H, Ewe K, Brandes JW, Goebell H, Ehms H, Sommer H, Jesdinsky 
H. European Cooperative Crohn's Disease Study (ECCDS): results of drug 
treatment. Gastroenterology. 1984;86(2):249-66. 

Malgras B, Soyer P, Boudiaf M, Pocard M, Lavergne-Slove A, Marteau P, 
Valleur P, Pautrat K. Accuracy of imaging for predicting operative 
approach in Crohn's disease. Br J Surg. 2012;99(7):1011-20. 

Mary JY, Modigliani R. Development and validation of an endoscopic index 
of the severity for Crohn's disease: a prospective multicentre study. 
Groupe d'Etudes Therapeutiques des Affections Inflammatoires du Tube 
Digestif (GETAID). Gut. 1989;30(7):983-9. 

Marzo M, Felice C, Pugliese D, Andrisani G, Mocci G, Armuzzi A, Guidi L. 
Management of perianal fistulas in Crohn's disease: an up-to-date review. 
World J Gastroenterol. 2015;21(5):1394-403. 

Masselli G, Casciani E, Polettini E, Gualdi G. Comparison of MR enteroclysis 
with MR enterography and conventional enteroclysis in patients with 
Crohn's disease. Eur Radiol. 2008;18(3):438-47. 

McLeod RS, Wolff BG, Ross S, Parkes R, McKenzie M. Recurrence of Crohn's 
disease after ileocolic resection is not affected by anastomotic type: results 
of a multicenter, randomized, controlled trial. Dis Colon Rectum. 
2009;52(5):919-27. 

Melton GB, Fazio VW, Kiran RP, He J, Lavery IC, Shen B, Achkar JP, Church 
JM, Remzi FH. Long-term outcomes with ileal pouch-anal anastomosis 
and Crohn's disease: pouch retention and implications of delayed 
diagnosis. Ann Surg. 2008;248(4):608-16. 

Michelassi F. Side-to-side isoperistaltic strictureplasty for multiple Crohn's 
strictures. Dis Colon Rectum. 1996;39(3):345-9. 

Michelassi F, Balestracci T, Chappell R, Block GE. Primary and recurrent 
Crohn's disease. Experience with 1379 patients. Ann Surg. 
1991;214(3):230-8. 

Michelassi F, Hurst RD, Melis M, Rubin M, Cohen R, Gasparitis A, Hanauer 
SB, Hart J. Side-to-side isoperistaltic strictureplasty in extensive Crohn's 
disease: a prospective longitudinal study. Ann Surg. 2000;232(3):401-8. 

Michelassi F, Taschieri A, Tonelli F, Sasaki I, Poggioli G, Fazio V, Upadhyay 
G, Hurst R, Sampietro GM, Fazi M, Funayama Y, Pierangeli F. An 
international, multicenter, prospective, observational study of the side-to-
side isoperistaltic strictureplasty in Crohn's disease. Dis Colon Rectum. 
2007;50(3):277-84. 



References 

 86 

Mills S, Stamos MJ. Colonic Crohn's disease. Clin Colon Rectal Surg. 
2007;20(4):309-13. 

Milsom JW, Lavery IC, Bohm B, Fazio VW. Laparoscopically assisted 
ileocolectomy in Crohn's disease. Surg Laparosc Endosc. 1993;3(2):77-80. 

Molander P, Farkkila M, Ristimaki A, Salminen K, Kemppainen H, Blomster 
T, Koskela R, Jussila A, Rautiainen H, Nissinen M, Haapamaki J, Arkkila 
P, Nieminen U, Kuisma J, Punkkinen J, Kolho KL, Mustonen H, Sipponen 
T. Does fecal calprotectin predict short-term relapse after stopping 
TNFalpha-blocking agents in inflammatory bowel disease patients in deep 
remission? J Crohns Colitis. 2015;9(1):33-40. 

Mueller MH, Geis M, Glatzle J, Kasparek M, Meile T, Jehle EC, Kreis ME, 
Zittel TT. Risk of fecal diversion in complicated perianal Crohn's disease. 
J Gastrointest Surg. 2007;11(4):529-37. 

Munoz-Juarez M, Yamamoto T, Wolff BG, Keighley MR. Wide-lumen stapled 
anastomosis vs. conventional end-to-end anastomosis in the treatment of 
Crohn's disease. Dis Colon Rectum. 2001;44(1):20-5. 

Myrelid P, Marti-Gallostra M, Ashraf S, Sunde ML, Tholin M, Oresland T, 
Lovegrove RE, Tottrup A, Kjaer DW, George BD. Complications in surgery 
for Crohn's disease after preoperative antitumour necrosis factor therapy. 
Br J Surg. 2014;101(5):539-45. 

Navaneethan U, Lourdusamy V, Njei B, Shen B. Endoscopic balloon dilation 
in the management of strictures in Crohn's disease: a systematic review 
and meta-analysis of non-randomized trials. Surg Endosc. 
2016;30(12):5434-43. 

Negaard A, Sandvik L, Berstad AE, Paulsen V, Lygren I, Borthne A, Klow NE. 
MRI of the small bowel with oral contrast or nasojejunal intubation in 
Crohn's disease: randomized comparison of patient acceptance. Scand J 
Gastroenterol. 2008;43(1):44-51. 

Nemeth A, Wurm Johansson G, Nielsen J, Thorlacius H, Toth E. Capsule 
retention related to small bowel capsule endoscopy: a large European 
single-center 10-year clinical experience. United European Gastroenterol 
J. 2017;5(5):677-86. 

Ng SC, Shi HY, Hamidi N, Underwood FE, Tang W, Benchimol EI, 
Panaccione R, Ghosh S, Wu JCY, Chan FKL, Sung JJY, Kaplan GG. 
Worldwide incidence and prevalence of inflammatory bowel disease in the 
21st century: a systematic review of population-based studies. Lancet. 
Epub 2017 Oct 16. 

Novak G, Parker CE, Pai RK, MacDonald JK, Feagan BG, Sandborn WJ, 
D'Haens G, Jairath V, Khanna R. Histologic scoring indices for evaluation 
of disease activity in Crohn's disease. Cochrane Database Syst Rev. 
2017;7:CD012351. 

O'Riordan JM, O'Connor BI, Huang H, Victor JC, Gryfe R, MacRae HM, 
Cohen Z, McLeod RS. Long-term outcome of colectomy and ileorectal 
anastomosis for Crohn's colitis. Dis Colon Rectum. 2011;54(11):1347-54. 

Onali S, Petruzziello C, Calabrese E, Condino G, Zorzi F, Sica GS, Pallone F, 
Biancone L. Frequency, pattern, and risk factors of postoperative 
recurrence of Crohn's disease after resection different from ileo-colonic. J 
Gastrointest Surg. 2009;13(2):246-52. 

Oren R, Moshkowitz M, Odes S, Becker S, Keter D, Pomeranz I, Shirin H, 
Reisfeld I, Broide E, Lavy A, Fich A, Eliakim R, Patz J, Villa Y, Arber N, 
Gilat T. Methotrexate in chronic active Crohn's disease: a double-blind, 
randomized, Israeli multicenter trial. Am J Gastroenterol. 
1997;92(12):2203-9. 

Orlando A, Mocciaro F, Renna S, Scimeca D, Rispo A, Lia Scribano M, Testa 
A, Aratari A, Bossa F, Tambasco R, Angelucci E, Onali S, Cappello M, 
Fries W, D'Inca R, Martinato M, Castiglione F, Papi C, Annese V, 



 87 

Gionchetti P, Rizzello F, Vernia P, Biancone L, Kohn A, Cottone M. Early 
post-operative endoscopic recurrence in Crohn's disease patients: data 
from an Italian Group for the study of inflammatory bowel disease (IG-
IBD) study on a large prospective multicenter cohort. J Crohns Colitis. 
2014;8(10):1217-21. 

Panes J, Garcia-Olmo D, Van Assche G, Colombel JF, Reinisch W, Baumgart 
DC, Dignass A, Nachury M, Ferrante M, Kazemi-Shirazi L, Grimaud JC, 
de la Portilla F, Goldin E, Richard MP, Leselbaum A, Danese S, 
Collaborators ACSG. Expanded allogeneic adipose-derived mesenchymal 
stem cells (Cx601) for complex perianal fistulas in Crohn's disease: a 
phase 3 randomised, double-blind controlled trial. Lancet. 
2016;388(10051):1281-90. 

Papamichael K, Archavlis E, Lariou C, Mantzaris GJ. Adalimumab for the 
prevention and/or treatment of post-operative recurrence of Crohn's 
disease: a prospective, two-year, single center, pilot study. J Crohns 
Colitis. 2012;6(9):924-31. 

Parente F, Greco S, Molteni M, Cucino C, Maconi G, Sampietro GM, Danelli 
PG, Cristaldi M, Bianco R, Gallus S, Bianchi Porro G. Role of early 
ultrasound in detecting inflammatory intestinal disorders and identifying 
their anatomical location within the bowel. Aliment Pharmacol Ther. 
2003;18(10):1009-16. 

Pariente B, Cosnes J, Danese S, Sandborn WJ, Lewin M, Fletcher JG, 
Chowers Y, D'Haens G, Feagan BG, Hibi T, Hommes DW, Irvine EJ, 
Kamm MA, Loftus EV, Jr., Louis E, Michetti P, Munkholm P, Oresland T, 
Panes J, Peyrin-Biroulet L, Reinisch W, Sands BE, Schoelmerich J, 
Schreiber S, Tilg H, Travis S, van Assche G, Vecchi M, Mary JY, Colombel 
JF, Lemann M. Development of the Crohn's disease digestive damage 
score, the Lemann score. Inflamm Bowel Dis. 2011;17(6):1415-22. 

Pariente B, Mary JY, Danese S, Chowers Y, De Cruz P, D'Haens G, Loftus EV, 
Jr., Louis E, Panes J, Scholmerich J, Schreiber S, Vecchi M, Branche J, 
Bruining D, Fiorino G, Herzog M, Kamm MA, Klein A, Lewin M, Meunier 
P, Ordas I, Strauch U, Tontini GE, Zagdanski AM, Bonifacio C, Rimola J, 
Nachury M, Leroy C, Sandborn W, Colombel JF, Cosnes J. Development 
of the Lemann index to assess digestive tract damage in patients with 
Crohn's disease. Gastroenterology. 2015;148(1):52-63. 

Parkes GC, Whelan K, Lindsay JO. Smoking in inflammatory bowel disease: 
impact on disease course and insights into the aetiology of its effect. J 
Crohns Colitis. 2014;8(8):717-25. 

Pennington L, Hamilton SR, Bayless TM, Cameron JL. Surgical management 
of Crohn's disease. Influence of disease at margin of resection. Annals of 
Surgery. 1980;192(3):311-8. 

Peyrin-Biroulet L, Deltenre P, Ardizzone S, D'Haens G, Hanauer SB, 
Herfarth H, Lemann M, Colombel JF. Azathioprine and 6-
mercaptopurine for the prevention of postoperative recurrence in Crohn's 
disease: a meta-analysis. Am J Gastroenterol. 2009;104(8):2089-96. 

Polle SW, Slors JF, Weverling GJ, Gouma DJ, Hommes DW, Bemelman WA. 
Recurrence after segmental resection for colonic Crohn's disease. Br J 
Surg. 2005;92(9):1143-9. 

Ponsioen CY, de Groof EJ, Eshuis EJ, Gardenbroek TJ, Bossuyt PMM, Hart 
A, Warusavitarne J, Buskens CJ, van Bodegraven AA, Brink MA, Consten 
ECJ, van Wagensveld BA, Rijk MCM, Crolla R, Noomen CG, Houdijk APJ, 
Mallant RC, Boom M, Marsman WA, Stockmann HB, Mol B, de Groof AJ, 
Stokkers PC, D'Haens GR, Bemelman WA, group LCs. Laparoscopic 
ileocaecal resection versus infliximab for terminal ileitis in Crohn's 
disease: a randomised controlled, open-label, multicentre trial. Lancet 
Gastroenterol Hepatol. 2017;2(11):785-92. 



References 

 88 

Post S, Betzler M, Von Ditfurth B, Schürmann G, Küppers P, Herfarth C. 
Risks of intestinal anastomoses in Crohn's disease. Annals of Surgery. 
1991;213(1):37-42. 

Pous-Serrano S, Frasson M, Palasi Gimenez R, Sanchez-Jorda G, Pamies-
Guilabert J, Llavador Ros M, Nos Mateu P, Garcia-Granero E. Accuracy of 
magnetic resonance enterography in the preoperative assessment of 
patients with Crohn's disease of the small bowel. Colorectal Dis. 
2017;19(5):O126-O33. 

Present DH, Korelitz BI, Wisch N, Glass JL, Sachar DB, Pasternack BS. 
Treatment of Crohn's disease with 6-mercaptopurine. A long-term, 
randomized, double-blind study. N Engl J Med. 1980;302(18):981-7. 

Puolanne AM, Kolho KL, Alfthan H, Ristimaki A, Mustonen H, Farkkila M. 
Rapid faecal tests for detecting disease activity in colonic inflammatory 
bowel disease. Eur J Clin Invest. 2016;46(10):825-32. 

Puolanne AM, Kolho KL, Alfthan H, Ristimaki A, Mustonen H, Farkkila M. 
Rapid Fecal Calprotectin Test and Symptom Index in Monitoring the 
Disease Activity in Colonic Inflammatory Bowel Disease. Dig Dis Sci. 
2017;62(11):3123-30. 

Puustinen L, Numminen K, Uusi-Simola J, Sipponen T. Radiation exposure 
during nasojejunal intubation for MRI enteroclysis. Scand J 
Gastroenterol. 2012;47(6):658-61. 

Puylaert CA, Tielbeek JA, Bipat S, Stoker J. Grading of Crohn's disease 
activity using CT, MRI, US and scintigraphy: a meta-analysis. Eur Radiol. 
2015;25(11):3295-313. 

Reese GE, Nanidis T, Borysiewicz C, Yamamoto T, Orchard T, Tekkis PP. The 
effect of smoking after surgery for Crohn's disease: a meta-analysis of 
observational studies. International journal of colorectal disease. 
2008;23(12):1213-21. 

Reese GE, Purkayastha S, Tilney HS, von Roon A, Yamamoto T, Tekkis PP. 
Strictureplasty vs resection in small bowel Crohn's disease: an evaluation 
of short-term outcomes and recurrence. Colorectal Dis. 2007;9(8):686-
94. 

Regueiro M, Schraut W, Baidoo L, Kip KE, Sepulveda AR, Pesci M, Harrison 
J, Plevy SE. Infliximab prevents Crohn's disease recurrence after ileal 
resection. Gastroenterology. 2009;136(2):441-50. 

Reissman P, Salky BA, Edye M, Wexner SD. Laparoscopic surgery in Crohn's 
disease. Indications and results. Surg Endosc. 1996;10(12):1201-3. 

Riss S, Schuster I, Papay P, Herbst F, Mittlbock M, Chitsabesan P, Stift A. 
Surgical recurrence after primary ileocolic resection for Crohn's disease. 
Tech Coloproctol. 2014;18(4):365-71. 

Riss S, Schuster I, Papay P, Mittlbock M, Stift A. Repeat intestinal resections 
increase the risk of recurrence of Crohn's disease. Diseases of the Colon & 
Rectum. 2013;56(7):881-7. 

Rollandi GA, Curone PF, Biscaldi E, Nardi F, Bonifacino E, Conzi R, Derchi 
LE. Spiral CT of the abdomen after distention of small bowel loops with 
transparent enema in patients with Crohn's disease. Abdom Imaging. 
1999;24(6):544-9. 

Rosman AS, Melis M, Fichera A. Metaanalysis of trials comparing 
laparoscopic and open surgery for Crohn's disease. Surg Endosc. 
2005;19(12):1549-55. 

Rutgeerts P, Geboes K, Vantrappen G, Beyls J, Kerremans R, Hiele M. 
Predictability of the postoperative course of Crohn's disease. 
Gastroenterology. 1990;99(4):956-63. 

Sandborn WJ, Feagan BG, Rutgeerts P, Hanauer S, Colombel JF, Sands BE, 
Lukas M, Fedorak RN, Lee S, Bressler B, Fox I, Rosario M, Sankoh S, Xu 
J, Stephens K, Milch C, Parikh A. Vedolizumab as induction and 



 89 

maintenance therapy for Crohn's disease. N Engl J Med. 2013;369(8):711-
21. 

Sandborn WJ, Gasink C, Gao LL, Blank MA, Johanns J, Guzzo C, Sands BE, 
Hanauer SB, Targan S, Rutgeerts P, Ghosh S, de Villiers WJ, Panaccione 
R, Greenberg G, Schreiber S, Lichtiger S, Feagan BG. Ustekinumab 
induction and maintenance therapy in refractory Crohn's disease. N Engl 
J Med. 2012;367(16):1519-28. 

Sandborn WJ, Hanauer SB, Rutgeerts P, Fedorak RN, Lukas M, MacIntosh 
DG, Panaccione R, Wolf D, Kent JD, Bittle B, Li J, Pollack PF. 
Adalimumab for maintenance treatment of Crohn's disease: results of the 
CLASSIC II trial. Gut. 2007;56(9):1232-9. 

Sands BE, Anderson FH, Bernstein CN, Chey WY, Feagan BG, Fedorak RN, 
Kamm MA, Korzenik JR, Lashner BA, Onken JE, Rachmilewitz D, 
Rutgeerts P, Wild G, Wolf DC, Marsters PA, Travers SB, Blank MA, van 
Deventer SJ. Infliximab maintenance therapy for fistulizing Crohn's 
disease. N Engl J Med. 2004;350(9):876-85. 

Sands BE, Feagan BG, Rutgeerts P, Colombel JF, Sandborn WJ, Sy R, 
D'Haens G, Ben-Horin S, Xu J, Rosario M, Fox I, Parikh A, Milch C, 
Hanauer S. Effects of vedolizumab induction therapy for patients with 
Crohn's disease in whom tumor necrosis factor antagonist treatment 
failed. Gastroenterology. 2014;147(3):618-27. 

Sanfey H, Bayless TM, Cameron JL. Crohn's disease of the colon. Is there a 
role for limited resection? American Journal of Surgery. 1984;147(1):38-
42. 

Sasaki I, Funayama Y, Naito H, Fukushima K, Shibata C, Matsuno S. 
Extended strictureplasty for multiple short skipped strictures of Crohn's 
disease. Dis Colon Rectum. 1996;39(3):342-4. 

Sasaki I, Shibata C, Funayama Y, Fukushima K, Takahashi K, Ogawa H, Ueno 
T, Hashimoto A, Nagao M, Watanabe K, Haneda S, Shiiba K, Rikiyama T, 
Naito H. New reconstructive procedure after intestinal resection for 
Crohn's disease: modified side-to-side isoperistaltic anastomosis with 
double Heineke-Mikulicz procedure. Dis Colon Rectum. 2004;47(6):940-
3. 

Satsangi J, Silverberg MS, Vermeire S, Colombel JF. The Montreal 
classification of inflammatory bowel disease: controversies, consensus, 
and implications. Gut. 2006;55(6):749-53. 

Saunders BP, Brown GJ, Lemann M, Rutgeerts P. Balloon dilation of 
ileocolonic strictures in Crohn's disease. Endoscopy. 2004;36(11):1001-7. 

Savarino E, Bodini G, Dulbecco P, Assandri L, Bruzzone L, Mazza F, Frigo 
AC, Fazio V, Marabotto E, Savarino V. Adalimumab is more effective than 
azathioprine and mesalamine at preventing postoperative recurrence of 
Crohn's disease: a randomized controlled trial. Am J Gastroenterol. 
2013;108(11):1731-42. 

Scarpa M, Angriman I, Barollo M, Polese L, Ruffolo C, Bertin M, D'Amico 
DF. Role of stapled and hand-sewn anastomoses in recurrence of Crohn's 
disease. Hepatogastroenterology. 2004;51(58):1053-7. 

Schreyer AG, Geissler A, Albrich H, Scholmerich J, Feuerbach S, Rogler G, 
Volk M, Herfarth H. Abdominal MRI after enteroclysis or with oral 
contrast in patients with suspected or proven Crohn's disease. Clin 
Gastroenterol Hepatol. 2004;2(6):491-7. 

Seastedt KP, Trencheva K, Michelassi F, Alsaleh D, Milsom JW, Sonoda T, 
Lee SW, Nandakumar G. Accuracy of CT enterography and magnetic 
resonance enterography imaging to detect lesions preoperatively in 
patients undergoing surgery for Crohn's disease. Dis Colon Rectum. 
2014;57(12):1364-70. 



References 

 90 

Shental O, Tulchinsky H, Greenberg R, Klausner JM, Avital S. Positive 
histological inflammatory margins are associated with increased risk for 
intra-abdominal septic complications in patients undergoing ileocolic 
resection for Crohn's disease. Diseases of the colon and rectum. 
2012;55(11):1125-30. 

Sher ME, Bauer JJ, Gorphine S, Gelernt I. Low Hartmann's procedure for 
severe anorectal Crohn's disease. Dis Colon Rectum. 1992;35(10):975-80. 

Shigeta K, Okabayashi K, Hasegawa H, Tsuruta M, Seishima R, Kitagawa Y. 
Meta-analysis of laparoscopic surgery for recurrent Crohn's disease. Surg 
Today. 2016;46(8):970-8. 

Silverberg MS, Satsangi J, Ahmad T, Arnott ID, Bernstein CN, Brant SR, 
Caprilli R, Colombel JF, Gasche C, Geboes K, Jewell DP, Karban A, Loftus 
EV, Jr., Pena AS, Riddell RH, Sachar DB, Schreiber S, Steinhart AH, 
Targan SR, Vermeire S, Warren BF. Toward an integrated clinical, 
molecular and serological classification of inflammatory bowel disease: 
report of a Working Party of the 2005 Montreal World Congress of 
Gastroenterology. Can J Gastroenterol. 2005;19(Suppl A):5A-36A. 

Simillis C, Purkayastha S, Yamamoto T, Strong SA, Darzi AW, Tekkis PP. A 
meta-analysis comparing conventional end-to-end anastomosis vs. other 
anastomotic configurations after resection in Crohn's disease. Diseases of 
the Colon & Rectum. 2007;50(10):1674-87. 

Simillis C, Yamamoto T, Reese GE, Umegae S, Matsumoto K, Darzi AW, 
Tekkis PP. A meta-analysis comparing incidence of recurrence and 
indication for reoperation after surgery for perforating versus 
nonperforating Crohn's disease. Am J Gastroenterol. 2008;103(1):196-
205. 

Singh A, Agrawal N, Kurada S, Lopez R, Kessler H, Philpott J, Shen B, 
Lashner B, Rieder F. Efficacy, Safety, and Long-term Outcome of Serial 
Endoscopic Balloon Dilation for Upper Gastrointestinal Crohn's Disease-
associated Strictures-A Cohort Study. J Crohns Colitis. 2017;11(9):1044-
51. 

Sinha R, Murphy P, Sanders S, Ramachandran I, Hawker P, Rawat S, 
Roberts S. Diagnostic accuracy of high-resolution MR enterography in 
Crohn's disease: comparison with surgical and pathological specimen. 
Clin Radiol. 2013;68(9):917-27. 

Sipponen T, Karkkainen P, Savilahti E, Kolho KL, Nuutinen H, Turunen U, 
Farkkila M. Correlation of faecal calprotectin and lactoferrin with an 
endoscopic score for Crohn's disease and histological findings. Aliment 
Pharmacol Ther. 2008a;28(10):1221-9. 

Sipponen T, Savilahti E, Karkkainen P, Kolho KL, Nuutinen H, Turunen U, 
Farkkila M. Fecal calprotectin, lactoferrin, and endoscopic disease activity 
in monitoring anti-TNF-alpha therapy for Crohn's disease. Inflamm 
Bowel Dis. 2008b;14(10):1392-8. 

Sonoda T, Hull T, Piedmonte MR, Fazio VW. Outcomes of primary repair of 
anorectal and rectovaginal fistulas using the endorectal advancement flap. 
Dis Colon Rectum. 2002;45(12):1622-8. 

Sorrentino D, Paviotti A, Terrosu G, Avellini C, Geraci M, Zarifi D. Low-dose 
maintenance therapy with infliximab prevents postsurgical recurrence of 
Crohn's disease. Clin Gastroenterol Hepatol. 2010;8(7):591-9. 

Spinelli A, Fiorino G, Bazzi P, Sacchi M, Bonifacio C, De Bastiani S, Malesci 
A, Balzarini L, Peyrin-Biroulet L, Montorsi M, Danese S. Preoperative 
magnetic resonance enterography in predicting findings and optimizing 
surgical approach in Crohn's disease. J Gastrointest Surg. 2014;18(1):83-
90. 



 91 

Summers RW, Switz DM, Sessions JT, Jr., Becktel JM, Best WR, Kern F, Jr., 
Singleton JW. National Cooperative Crohn's Disease Study: results of 
drug treatment. Gastroenterology. 1979;77(4 Pt 2):847-69. 

Tavernier M, Lebreton G, Alves A. Laparoscopic surgery for complex Crohn's 
disease. J Visc Surg. 2013;150(6):389-93. 

Thia KT, Mahadevan U, Feagan BG, Wong C, Cockeram A, Bitton A, 
Bernstein CN, Sandborn WJ. Ciprofloxacin or metronidazole for the 
treatment of perianal fistulas in patients with Crohn's disease: a 
randomized, double-blind, placebo-controlled pilot study. Inflamm Bowel 
Dis. 2009;15(1):17-24. 

Thia KT, Sandborn WJ, Harmsen WS, Zinsmeister AR, Loftus EV, Jr. Risk 
factors associated with progression to intestinal complications of Crohn's 
disease in a population-based cohort. Gastroenterology. 
2010;139(4):1147-55. 

Tibble JA, Sigthorsson G, Bridger S, Fagerhol MK, Bjarnason I. Surrogate 
markers of intestinal inflammation are predictive of relapse in patients 
with inflammatory bowel disease. Gastroenterology. 2000;119(1):15-22. 

Tillack C, Seiderer J, Brand S, Goke B, Reiser MF, Schaefer C, Diepolder H, 
Ochsenkuhn T, Herrmann KA. Correlation of magnetic resonance 
enteroclysis (MRE) and wireless capsule endoscopy (CE) in the diagnosis 
of small bowel lesions in Crohn's disease. Inflamm Bowel Dis. 
2008;14(9):1219-28. 

Toh JWT, Wang N, Young CJ, Rickard M, Keshava A, Stewart P, 
Kariyawasam V, Leong R, and the Sydney IBDCC. Major Abdominal and 
Perianal Surgery in Crohn's Disease: Long-term Follow-up of Australian 
Patients With Crohn's Disease. Dis Colon Rectum. 2018;61(1):67-76. 

Tonelli F, Alemanno G, Bellucci F, Focardi A, Sturiale A, Giudici F. 
Symptomatic duodenal Crohn's disease: is strictureplasty the right 
choice? J Crohns Colitis. 2013;7(10):791-6. 

Tonelli F, Fedi M, Paroli GM, Fazi M. Indications and results of side-to-side 
isoperistaltic strictureplasty in Crohn's disease. Dis Colon Rectum. 
2004;47(4):494-501. 

Torres J, Mehandru S, Colombel JF, Peyrin-Biroulet L. Crohn's disease. 
Lancet. 2017;389(10080):1741-55. 

Tzivanakis A, Singh JC, Guy RJ, Travis SPL, Mortensen NJ, George BD. 
Influence of risk factors on the safety of ileocolic anastomosis in Crohn's 
disease surgery. Diseases of the colon and rectum. 2012;55(5):558-62. 

Uchino M, Ikeuchi H, Tsuchida T, Nakajima K, Tomita N, Takesue Y. 
Surgical site infection following surgery for inflammatory bowel disease in 
patients with clean-contaminated wounds. World J Surg. 
2009;33(5):1042-8. 

Vermeire S, Van Assche G, Rutgeerts P. C-reactive protein as a marker for 
inflammatory bowel disease. Inflamm Bowel Dis. 2004;10(5):661-5. 

Virta L, Auvinen A, Helenius H, Huovinen P, Kolho KL. Association of 
repeated exposure to antibiotics with the development of pediatric 
Crohn's disease--a nationwide, register-based finnish case-control study. 
Am J Epidemiol. 2012;175(8):775-84. 

Vuitton L, Koch S, Peyrin-Biroulet L. Preventing postoperative recurrence in 
Crohn's disease: what does the future hold? Drugs. 2013;73(16):1749-59. 

Wells C. Ulcerative colitis and Crohn's disease. Ann R Coll Surg Engl. 
1952;11(2):105-20. 

Wolff BG, Beart RW, Jr., Frydenberg HB, Weiland LH, Agrez MV, Ilstrup 
DM. The importance of disease-free margins in resections for Crohn's 
disease. Dis Colon Rectum. 1983;26(4):239-43. 



References 

 92 

Worsey MJ, Hull T, Ryland L, Fazio V. Strictureplasty is an effective option 
in the operative management of duodenal Crohn's disease. Dis Colon 
Rectum. 1999;42(5):596-600. 

Yamamoto H, Sekine Y, Sato Y, Higashizawa T, Miyata T, Iino S, Ido K, 
Sugano K. Total enteroscopy with a nonsurgical steerable double-balloon 
method. Gastrointest Endosc. 2001;53(2):216-20. 

Yamamoto T, Allan RN, Keighley MRB. Risk factors for intra-abdominal 
sepsis after surgery in Crohn's disease. Diseases of the colon and rectum. 
2000a;43(8):1141-5. 

Yamamoto T, Bain IM, Connolly AB, Allan RN, Keighley MR. Outcome of 
strictureplasty for duodenal Crohn's disease. Br J Surg. 1999a;86(2):259-
62. 

Yamamoto T, Bain IM, Mylonakis E, Allan RN, Keighley MR. Stapled 
functional end-to-end anastomosis versus sutured end-to-end 
anastomosis after ileocolonic resection in Crohn disease. Scand J 
Gastroenterol. 1999b;34(7):708-13. 

Yamamoto T, Bamba T, Umegae S, Matsumoto K. The impact of early 
endoscopic lesions on the clinical course of patients following ileocolonic 
resection for Crohn's disease: A 5-year prospective cohort study. United 
European Gastroenterol J. 2013a;1(4):294-8. 

Yamamoto T, Fazio VW, Tekkis PP. Safety and efficacy of strictureplasty for 
Crohn's disease: a systematic review and meta-analysis. Dis Colon 
Rectum. 2007;50(11):1968-86. 

Yamamoto T, Keighley MR. Long-term outcome of total colectomy and 
ileostomy for Crohn disease. Scand J Gastroenterol. 1999c;34(3):280-6. 

Yamamoto T, Keighley MR. Proctocolectomy is associated with a higher 
complication rate but carries a lower recurrence rate than total colectomy 
and ileorectal anastomosis in Crohn colitis. Scand J Gastroenterol. 
1999d;34(12):1212-5. 

Yamamoto T, Keighley MR. Fate of the rectum and ileal recurrence rates 
after total colectomy for Crohn's disease. World J Surg. 2000b;24(1):125-
9. 

Yamamoto T, Umegae S, Matsumoto K. Impact of infliximab therapy after 
early endoscopic recurrence following ileocolonic resection of Crohn's 
disease: a prospective pilot study. Inflamm Bowel Dis. 2009;15(10):1460-
6. 

Yamamoto T, Watanabe T. Strategies for the prevention of postoperative 
recurrence of Crohn's disease. Colorectal Dis. 2013b;15(12):1471-80. 

Yamamoto T, Watanabe T. Surgery for luminal Crohn's disease. World J 
Gastroenterol. 2014;20(1):78-90. 

Yoshida K, Fukunaga K, Ikeuchi H, Kamikozuru K, Hida N, Ohda Y, 
Yokoyama Y, Iimuro M, Takeda N, Kato K, Kikuyama R, Nagase K, Hori 
K, Nakamura S, Miwa H, Matsumoto T. Scheduled infliximab 
monotherapy to prevent recurrence of Crohn's disease following ileocolic 
or ileal resection: a 3-year prospective randomized open trial. Inflamm 
Bowel Dis. 2012;18(9):1617-23. 



 93 

9 ORIGINAL PUBLICATIONS 


	CONTENTS
	ABSTRACT
	TIIVISTELMÄ
	LIST OF ORIGINAL PUBLICATIONS
	ABBREVIATIONS
	INTRODUCTION
	1 REVIEW OF THE LITERATURE
	2 AIMS OF THIS STUDY
	3 PATIENTS AND METHODS
	4 RESULTS
	5 DISCUSSION
	6 CONCLUSIONS
	7 ACKNOWLEDGEMENTS
	8 REFERENCES



