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Abstract
Introduction The role of visceral fat in disease development, particularly in Crohn´s disease (CD), is significant. However, 
its preoperative prognostic value for postoperative complications and CD relapse after ileocecal resection (ICR) remains 
unknown. This study aims to assess the predictive potential of preoperatively measured visceral and subcutaneous fat in 
postoperative complications and CD recurrence using magnetic resonance imaging (MRI). The primary endpoint was postop-
erative anastomotic leakage of the ileocolonic anastomosis, with secondary endpoints evaluating postoperative complications 
according to the Clavien Dindo classification and CD recurrence at the anastomosis.
Methods We conducted a retrospective analysis of 347 CD patients who underwent ICR at our tertiary referral center between 
2010 and 2020. We included 223 patients with high-quality preoperative MRI scans, recording demographics, postopera-
tive outcomes, and CD recurrence rates at the anastomosis. To assess adipose tissue distribution, we measured total fat area 
(TFA), visceral fat area (VFA), subcutaneous fat area (SFA), and abdominal circumference (AC) at the lumbar 3 (L3) level 
using MRI cross-sectional images. Ratios of these values were calculated.
Results None of the radiological variables showed an association with anastomotic leakage (TFA p = 0.932, VFA p = 0.982, 
SFA p = 0.951, SFA/TFA p = 0.422, VFA/TFA p = 0.422), postoperative complications, or CD recurrence (TFA p = 0.264, 
VFA p = 0.916, SFA p = 0.103, SFA/TFA p = 0.059, VFA/TFA p = 0.059).
Conclusions Radiological visceral obesity variables were associated with postoperative outcomes or clinical recurrence in 
CD patients undergoing ICR. Preoperative measurement of visceral fat measurement is not specific for predicting postop-
erative complications or CD relapse.

Keywords Visceral fat · Crohn’s disease · Ileocecal resection · Anastomotic leakage · Recurrence · Postoperative outcome · 
Complications · MRI

Introduction

Crohn´s disease (CD) is a chronic inflammatory disorder 
affecting the gastrointestinal tract, with its complete patho-
physiology still not fully understood. Emerging evidence 
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suggests that visceral obesity plays a significant role in 
the pathogenesis of inflammatory bowel disease (IBD) [1, 
2]. Visceral adipose tissue functions as a metabolically 
active organ, exhibiting hormonal and immune-related 
activities involved in lipid storage and immune response to  
gut microbiota. Excessive secretion of pro-inflammatory 
cytokines and adipokines by visceral fat may trigger acute 
intestinal inflammation, leading to chronic inflamma-
tion [1, 2]. Chronic inflammation, in turn, can increase  
visceral adipose tissue volume due to the inflammatory 
reaction. While medical treatment remains the primary 
approach for CD management, almost half of the patients 
require surgical intervention within 10 years of diagnosis 
and approximately 30% of them may need further surgical 
treatment [3]. Perioperative management of CD patients 
presents challenges due to the complex nature of CD sur-
gery and its associated postoperative course. Various fac-
tors contribute to postoperative complications, including 
malnutrition, medical therapy, severity of CD, extend of 
bowel resection, anemia and others, leading to anasto-
motic leakage, postoperative bowel paralysis, surgical site  
infections, and more [4]. Hence, optimizing patient condi-
tions and preoperative risk stratification are essential to 
minimize complications.

Body composition, often characterized solely by obe-
sity based on a high body mass index (BMI), remains a 
contentious factor influencing surgical outcomes and com-
plication rates in colorectal cancer surgery [5, 6]. Obe-
sity, typically defined as a BMI ≥ 30 kg/m [2], is known 
to contribute to extended operating times and higher com-
plication rates in colorectal surgery [6]. However, several 
studies have reported conflicting results, suggesting no 
significant impact of a high BMI on surgical outcomes [7, 
8]. In the context of CD, obesity is not commonly con-
sidered a primary concern, as many patients experience 
weight loss due to intestinal inflammation and stenosis, 
leading to malnutrition and cachexia rather than excessive 
visceral obesity. While BMI serves as a readily accessible 
marker for assessing total adipose tissue accumulation, it 
fails to efficiently demonstrate fat distribution, particularly 
the ratio between visceral and subcutaneous fat [9]. Vis-
ceral obesity is recognized as an inflammatory state, with 
adipose tissue releasing cytokines and triggering immune 
reactions that perpetuate chronic inflammatory diseases 
[10]. Therefore, distinguishing between different types of 
adipose tissue is crucial for understanding and stratifying 
IBD [9]. Some studies have proposed a visceral adipose tis-
sue (VAT) to subcutaneous adipose tissue (SAT) ratio as a 
means to better stratify CD severity in individuals [11, 12].

Recent studies have demonstrated the accurate measure-
ment and quantification of adipose tissue distribution, par-
ticularly the “visceral fat area” (VFA), and muscle mass to 
assess the grade of myopenia using computed tomography 

(CT) or magnetic resonance imaging (MRI), and the strong 
correlation with the visceral fat mass [13–15].

However, there is currently a limited number of stud-
ies investigating the impact of VFA in CD patients. While 
immunosuppressive medication is becoming increasingly 
effective in treating IBD, a significant proportion of CD 
patients still undergo abdominal surgery at least once dur-
ing their lifetime [16]. Ileocecal resection (ICR) remains the 
most common surgical procedure and has been associated 
with longer relapse-free survival in ileocecal CD compared 
to initial immunosuppressant medication [3, 17]. Although 
some data suggest that microscopic inflammation in ile-
ocecal resections does not significantly increase the risk 
of anastomotic leakage [18], the impact of preoperatively 
measured visceral fat on postoperative complications and 
CD relapse has not been definitely established.

Given the scarcity of data in this area, the objective of the 
present study is to assess the influence of MRI-measured 
VFA on the postoperative course following ICR for CD. Due 
to a lack of data, the present study was designed to evaluate 
the influence of MRI-measured VFA on the postoperative 
course following ileocecal resection for CD. Our hypothesis 
was that the amount of visceral fat could serve as an indica-
tor for development of anastomotic leakage in these patients.

Material and methods

Study design and participants

We conducted a retrospective review of 347 consecutive 
patients aged 18 years or older who underwent ICR for CD 
at our tertiary referral center for IBD between 2010 and 2020.

A total of 223 patients with available and high-quality 
preoperative MRI scans, conducted within 12 months prior 
to ICR, were included in the study. All included patients 
received preoperative up-to-date radiological cross-sectional 
imaging. Only patients were included who had also under-
gone high quality MRI imaging within the last 12 months 
before surgery, and whose findings from this examination 
closely matched those of the current preoperative imaging. 
Patients who had additional synchronous bowel resection 
related to CD or underwent ICR for indications other than CD 
were excluded. Indications for ileocecal resection included 
post-inflammatory fibrotic strictures and a fistulizing disease 
with or without abscess. Patients younger than 18 years of 
age were also excluded. We recorded patient demographics, 
postoperative outcomes, and complications, and recurrence 
rates. Using an established image-analysis method, we meas-
ured total fat area (TFA), visceral fat area (VFA), subcuta-
neous fat area (SFA), and abdominal circumference (AC) 
on MRI cross-sectional images at the lumbar 3 (L3) level. 
Additionally, we calculated ratios based on these values.
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All ICRs were performed according to internal clinic 
standards. Based on the surgical indication, the operation 
was either performed laparoscopically, using three lapa-
roscopic access ports and either a minilaparotomy in the 
right lower quadrant, or a small midline incision, or con-
ventionally with a midline laparotomy. The extent of the 
resection involved the terminal ileum and the cecum. The 
resection margins were determined by the surgeon to be 
in macroscopically unaffected tissue. Until January 2020, 
the anastomoses were created as stapled or hand-sewn anti-
mesenteric side-to-side anastomoses. Since January 2020, 
the Kono-S-anastomosis [19] has been introduced as the 
standard procedure. Each patient received intravenous anti-
biotic prophylaxis before surgery. Postoperative care and 
management followed established protocols for ICR. All 
patients received a postoperative IBD-specific consultation 
by gastroenterology specialists, in which, in accordance 
with German S3 IBD guidelines, the use of anti-TNF-alpha 
antibodies was recommended for maintaining remission. 
Medication therapy was tailored based on the previously 
administered medication, taking into account any interim 
occurrences of intolerance or loss of efficacy.

Demographic information, intraoperative findings, post-
operative complications, and recurrence rates were collected 
from the hospital´s electronic health records system. The 
analysis included variables such as gender, age, length of 
surgery, ASA (American Society of Anesthesiologists) 
score, body mass index (BMI), other systemic pre-existing 
diseases, immunosuppressive medication, preoperative 
hemoglobin value, type of anastomosis, surgical technique, 
intraoperative bowel diversion, degree of inflammation at 
the resection margins, use of opiates, peridural anesthesia, 
postoperative use of neostigmine, metoclopramide, bisaco-
dyl, enemas, parecoxib, anastomotic leak, complication rate 
(according to the Clavien-Dindo classification [20]), length 
of hospital stay and postoperative endoscopic or clinical 
recurrence rates of CD at the anastomosis.

The primary endpoint of the study was the incidence of 
postoperative anastomotic leakage at the ileocolonic anasto-
mosis within 30 days postoperatively, which was diagnosed 
using radiological imaging, laboratory tests and clinical 
evaluation. Secondary endpoints included postoperative 
complications assessed according to the Clavien-Dindo 
classification within 30 days postoperatively and clinical 
CD recurrence at the anastomosis site. CD recurrence was 
defined as the reappearance of the clinical manifestations of 
CD that required medical or surgical treatment, as confirmed 
by endoscopy according to the Rutgeerts score [21] (i2 or 
higher), radiological evidence of disease, or histological 
evidence after surgery. In order to assess postoperative CD 
recurrence rates, patients were followed up with endosco-
pies on a regular basis. The endoscopies were carried out 
regularly and as needed in the first year after the operation 

followed by annual endoscopies at the Gastroenterology 
Outpatient Clinic.

The study protocol was approved by the Medical Ethi-
cal Committee of Charité – Universitätsmedizin Berlin 
(EA4/148/20).

MR image analysis

Images were retrieved from digital storage in the local 
Picture Archiving and Communication System (PACS). If 
patients had undergone multiple MRIs within the 12 months 
preceding surgery, only the most recent one was included 
for analysis. A board-certified radiologist screened all MRI 
scans before analysis. Data sets with poor image quality, sig-
nificant artifacts such as motion or implant-related artifacts, 
or incomplete axial depiction of the abdominal wall at level 
L3were excluded from the analysis, resulting in the final 
cohort of 223 subjects, after excluding 30 cases.

MR image analyses were conducted using the  Visage®7 
software (Visage Imaging GmbH, Berlin, Germany). Based 
on axial T1 sequences without fat suppression or DIXON 
technique fat only sequences, several parameters were meas-
ured semi-automatically at the level of the third lumbar 
vertebra (L3):abdominal circumference (AC, in cm), total 
fat area (TFA, in  cm2),visceral fat area (VFA, in  cm2), and 
subcutaneous fat area (SFA, in  cm2). When multiple slices 
at L3 were available, the slice offering the best visibility of 
both transverse processes was selected. According to Shen 
et al. [22, 23], the single slice VFA measurement at level L3 
showed the strongest correlation with the overall volume of 
visceral adipose tissue.

To measure TFA, a mask encompassing all pixels with a 
signal intensity above a manually set threshold, indicative 
of adipose tissue was created. In a subsequent step, intra- 
and intermuscular fat tissue, as well as fat signal equiva-
lents (e.g. within the colon), were manually deselected. 
VFA was calculated by limiting the region of interest to the 
intraabdominal area. Finally, SFA was derived by subtract-
ing TFA from VFA. Figure 1 illustrates an example of VFA 
and SFA. Additionally, to account for variations in patients´ 
body height, a VFA/SFA ratio (V/S ratio), total fat index 
(TFI = TFA/m2), subcutaneous fat index (SFI = SFA/m2), 
and visceral fat index (VFI = VFA/m2) were.

All image analyses were conducted by a single researcher 
who remained blind to the patients´ information.

Statistical analysis

Categorical variables were presented as percentages (%). 
Quantitative variables were presented as median ± stand-
ard deviation (SD). To compare continuous variables the 
Mann-Whitney U test was used. Categorical variables were 
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compared using the chi-square test. Fisher’s exact test was 
utilized for analyzing categorical data when the sample size 
was small. Univariable analysis was used for our primary 
endpoint anastomotic leakage and following secondary end-
points: rates of overall postoperative complications, reop-
eration, length of hospital stay, and CD recurrence. Only 
significant variables from the univariable analysis were 
entered into the multivariable regression model. A p-value 
of ≤ 0.05 was considered statistically significant. For sec-
ondary endpoints, p-values were considered exploratory and 
presented without Bonferroni correction. Statistical analysis 
was performed using SPSS Statistics Software 25.0 (IBM, 
Armonk, NY, USA).

Results

Patient characteristics

The study included 223 patients who underwent ICR for 
CD. A total of 223 patients were included in the study with 
116 (52%) being female and 107 (48%) being male. The 
majority of patients (n = 202, 90.6%) had an ASA clas-
sification of I and II and 21 of III and IV. 63.2% (n = 141) 
of the patients underwent surgery while on immunosup-
pressive medication. Specifically, 8.5% (n = 19) were tak-
ing 5-aminosalicylic acid, 28.3% (n = 63) were on ster-
oids, 21.5% (n = 48) were taking Azathioprine, and 22.9% 
(n = 51) were receiving monoclonal antibodies. Among 
the patients, 16.2% (n = 28) were active smokers, 78% 

(n = 135) were non-smokers and 5.8% (n = 10) were for-
mally smoking. Laparoscopic surgery was performed in 
68.5% (n = 152) of cases, of which 12.6% (n = 28) of these 
cases required conversion from laparoscopic to an open 
approach and 18.9% (n = 42) were operated on openly. A 
protective ileostomy was created in 24.7% (n = 55) of cases.

VFA was significantly higher in patients aged 35 years 
or older (p < 0.001) and in patients with preexisting vas-
cular disease (p < 0.001). Male patients also exhibited a 
significantly higher VFA (p < 0.007). No differences in 
VFA and anemia, immunosuppressive medication or cur-
rent smoking status were found in between both age groups. 
Visceral fat index (VFI) was significantly higher in patients 
aged 35 years or older (p < 0.001), those with ASA III-IV 
(p = 0.015) and patients with preexisting vascular disease 
(p < 0.001). Patients who underwent open surgery as the 
primary approach demonstrated a significantly higher VFA 
(p = 0.030) and VFI (p = 0.008) (Table 1).

Surgical outcome and recurrence at the anastomosis

In our cohort, a total of 26 patients (11.7%) experienced 
anastomotic leakage with 15 (57.7%) being female and 11  
(42.3%) being male. No significant difference could be 
shown between both sexes (p = 0.677). Postoperative com-
plications, as indicated by Clavien-Dindo-Score I-V, were 
observed in 28.7% of the patients. Among them, 19.8% 
required reoperation due to postoperative complications. 
The median follow-up time for all patients was 48.8 months 
(IQR: 20–82.9 months) and 8.1% of them developed 

Fig. 1  Display of Visceral Fat 
Area (VFA, red) and Subcuta-
neous Fat Area (SFA, blue)
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Table 1  Patient characteristics 
subject to ileocecal resection for 
Crohn´s disease in correlation 
with visceral obesity

Variable Visceral obesity

Visceral fat area Visceral fat index

(VFA) [cm2]  (VFI) [cm2/m2]

n = 223 median P value median P value

Preoperative
Age, years 35 (26 – 48)
    ≤ 35 114 (51.1) 39.6  < 0.001 13.7  < 0.001

(25.6–58.7) (88.5–19.2)
    > 35 109 (48.9) 89.8 29.6

(45.6–155.9) (15.9–51.4)
Sex
    Female 116 (52) 44.2 0.007 17.1 0.078

(33.8–81.9) (12.2–28.0)
    Male 107 (48) 69.6 22.5

(32.7–136.8) (10.3–45.9)
ASA score
    I–II 202 (90.6) 48.6 0.186 17.7 0.015

(33.6–97.3) (11.6–34.2)
    III–IV 21 (9.4) 82 29.7

(30.8–150.0) (20.2–51.5)
Vascular disease
    Yes 30 (13.5) 119.3  < 0.001 40.6  < 0.001

(87.7–179.2) (27.8–62.9)
    No 192 (86.1) 46.5 16.1

(29.7–85.9) (10.8–29.1)
Kidney failure
    Yes 23 (10.3) 71.6 0.683 21.3 0.963

(27.3–135.0) (9.7–42.9)
    No 191 (85.7) 49.1 17.7

(33.2–98.5) (11.8–35.1)
Anemia (Hb, g/dl)
    ≤ 12 91 (40.8) 56 0.496 18.5 0.9

(33.6–113.1) (11.4–36.9)
    > 12 126 (56.5) 49.6 17.7

(31.5–90.5) (11.8–30.8)
Immunosuppression 141 (63.2) 51.1 17.9

(34.7–97.3) (12.8–34.3)
    5-ASA 19 (8.5) 68.4 0.178 24.9 0.132

(41.8–125.2) (14.6–48.7)
    Steroids 63 (28.3) 64.3 0.188 22.6 0.226

(37.8–99.0) (13.8–35.1)
    Azathioprine 48 (21.5) 43.4 0.154 14.7 0.112

(30.5–79.8) (12.0–25.1)
    Monocl. antibody 51 (22.9) 51.1 0.854 17.9 0.71

(36.6–98.3) (11.6–34.4)
Nicotine
    Yes 28 (16.2) 63.2 0.185 24.6 0.138

(32.7–98.9) (14.3–35.7)
    No 135 (78.0) 54.4 18.7

(33.2–99.8) (11.7–36.0)
    Ex-smoker 10 (5.8) 99.4 34.2
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clinical recurrence after a median time of 10.2 months (IQR: 
5.7–15.4) with 13 (76.5%) being female and 4 (23.5%) being 
male. There was no difference in length of hospital stay 
(LOS) based on VFA or VFI (Table 2).

The median VFA did not differ significantly in the group 
of anastomotic leakages (p = 0.470) nor in the group of CD 
recurrences (p = 0.906). Likewise, there was no signifi-
cant association between abdominal circumference (AC) 
(p = 0.907), total area (TA) (p = 0.767), TFA (p = 0.932), 
total fat index (TFI) (p = 0.783), SFA (p = 0.951), SFA/TFA 
ratio (p = 0.422), subcutaneous fat index (SFI) (p = 0.986), 
VFA (p = 0.982), VFA/SFA ratio (p = 0.422), VFA/TFA 
ratio (p = 0.422), visceral fat index (VFI) (p = 0.684), and 
the occurrence of anastomotic leakage (Table  3). Fur-
thermore, no significant association was found between 
AC (p = 0.754), TA (p = 0.693), TFA (p = 0.264), TFI 
(p = 0.282), SFA (p = 0.103), SFI (p = 0.141), VFA 
(p = 0.916), VFI (p = 0.912) and clinical CD recurrence at 
the anastomosis (Table 3). A subgroup analysis for female 
and male patients separately showed no association between 
visceral obesity parameters (VFA or VFI) and anastomotic 
leak or CD recurrence (Table 4). A slight trend was observed 
between SFA/TFA ratio (p = 0.059), VFA/TFA ratio 

(p = 0.059), VFA/SFA ratio (p = 0.059), and the occurrence 
of a CD relapse (Table 3).

A subgroup analysis examining differences in VFA and 
VFI based on the severity of postoperative complications, 
according to the Clavien Dindo classification, revealed no 
significant differences (Kruskal–Wallis Test for VFA and 
VFI: p = 0.559 and p = 0.213, respectively).

Discussion

Given the complex nature of CD and its various manifesta-
tions, this study aims to investigate whether preoperative 
radiologically measured mesenteric fat at level L3 can reli-
ably predict anastomotic leakage, postoperative complica-
tions, or CD recurrence in patients with defined CD, specifi-
cally limited to ileitis terminalis.

Anastomotic leakage rates in CD are generally higher 
than in other bowel resections, with reported rates ranging 
from 6.4–14% [24]. In our group, we observed an anasto-
motic leakage rate of 11.7%, consistent with current lit-
erature in Crohn's surgery. Anastomotic leakage can sig-
nificantly increase the likelihood of CD recurrence at the 

Table 1  (continued) Variable Visceral obesity

Visceral fat area Visceral fat index

(VFA) [cm2]  (VFI) [cm2/m2]

n = 223 median P value median P value

(52.9–147.3) (21.6–46.8)
Intraoperative
Surgical approach
    Laparoscopic 152 (68.5) 48.1 0.03 17.8 0.008

(29.0–95.3) (10.3–33.8)
    Conversion 28 (12.6) 41.8 13.8

(34.4–89.6) (12.0–32.0)
    Open 42 (18.9) 69.6 25.2

(41.7–137.8) (15.9–48.2)
Operation time, min 150 (129–193)
    ≤ 150 111 (49.8) 47 0.053 16.4 0.118

(28.0–90.5) (10.8–30.8)
    > 150 110 (49.3) 61.4 22.1

(36.2–108.9) (12.6–37.0)
Ileostomy
    Yes 55 (24.7) 58.5 0.277 20.3 0.131

(36.9–102.5) (13.7–40.4)
    No 168 (75.3) 48.6 17.8

(31.5–98.3) (11.4–33.8)

Bolded numbers indicate significant results, respectively results with a clear trend towards significance
Data are described as n (%) or median (IQR)
ASA American Society of Anesthesiology, Hb hemoglobin, 5-ASA 5-aminosalicylic acid
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anastomosis [25]. However, in our patient cohort, with a 
leakage rate of 11.7% and a recurrence rate at the anastomo-
sis of 8.1% within a median of 10.2 months (IQR: 5.7–15.4) 
after surgery, this does not appear to have an impact. Fur-
thermore, in our patient cohort, we could not demonstrate 
a significant association between any of the radiologically 
measured parameters and the occurrence of anastomotic 
leakage. There is currently no evidence in the literature on 
this question, which is why prospective studies should be 
conducted in the future to verify these findings.

The influence of cachexia or malnutrition on postopera-
tive complications plays a crucial role, especially in IBD. 
Many patients are in a poor nutritional state at the time of 
surgery due to constant diarrhea, bowel stenosis, abdominal 
pain, and the disease activity itself. A deficiency of proteins 
can hinder postoperative healing and weaken the immune 
system [26]. Tjeertens et  al. demonstrated in a general 
surgery patient population that while obese patients have 
a higher immediate risk of complications and longer sur-
gery duration, overall survival is worse in cachectic patients 
[6]. Obesity plays a significant role in the development 
of postoperative surgical site infections and other minor 

complications [27], but it does not significantly impact the 
development of major postoperative complications [28]. 
Notably, there were no morbidly obese patients in our patient 
population. However, a significant difference in VFA and 
VFI was observed between the group “ < 35 years” and the 
group “ ≥ 35 years”. Watanabe et al. showed in colon can-
cer patients that visceral adiposity, expressed by VFA, is a 
better predictor of postoperative complications than BMI 
[29]. Still, the findings of that study cannot be applied to our 
patient population as the research group categorized patients 
into “non-obese” with a VFA of < 100  cm2 and „obese “ with 
a VFA of > 100  cm2. The median VFA in both age groups 
in our study was well below the cut-off value for “obese/
non-obese”, with 39.6  cm2 (< 35 years) and 89.8  cm2 (≥ 35 
years). While we observed a significant difference in the 
volume of fat distribution between the two groups, it did not 
have an impact on the likelihood of postoperative complica-
tions. It is possible that a volume of < 100  cm2 is too small to 
have an influence on potential complications. Furthermore, 
IBD has a different pathomechanism than colon carcinoma. 
In patients with colorectal cancer and obesity, there is a gen-
eral visceral adiposity that that can lead to postoperative 

Table 2  Surgical outcomes and 
recurrence of Crohn’s disease in 
correlation with visceral obesity

Data are described as n (%) or median (IQR)
LOS length of stay

Variable Visceral obesity

Visceral fat area Visceral fat index

(VFA) [cm2] (VFI) [cm2/m2]

n = 223 median P value median P value

Anastomotic leak
    Yes 26 (11.7) 60.8 (29.4–100.7) 0.982 18.5 (11.5–32.0) 0.684
    No 196 (88.3) 50.1 (33.6–99.9) 18.0 (11.9–35.3)
Any Complication Clavien Dindo grade I-V
    Yes 64 (28.7) 58.1 0.885 18.5 0.834

(30.1–105.9) (11.5–36.1)
    No 159 (71.3) 49.4 17.9

(33.8–98.6) (11.9–34.8)
Reoperation
    Yes 44 (19.8) 58.1 (28.7–97.5) 0.839 18.5 (10.9–29.7) 0.461
    No 178 (80.2) 50.1 (33.9–101.1) 18.3 (12.1–35.5)
LOS, days 8 (6 – 11)
    LOS ≤ 8 126 (56.5) 47.4 0.147 16.4 0.224

(32.3–95.2) (11.7–33.7)
    LOS > 8 96 (43.0) 58.1 20.7

(34.6–123.6) (11.4–40.6)
CD recurrence
    Yes 18 (8.1) 47.7 0.916 18.8 0.912

(38.1–90.9) (12.2–33.2)
    No 204 (91.9) 51.1 18.3

(32.6–102.2) (11.6–35.3)
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complications due to poorer microvascularization. In con-
trast, IBD patients typically experience localized increase in 
visceral fat due to locally confined inflammatory reactions.

A research group led by Catherine Rowan showed in a 
large meta-analysis from 2021 that increased visceral fat in 
CD patients may be associated with a more severe course 
of disease and a more complex CD phenotype. This study 

also suggested an increased recurrence rate after surgery in 
patients with increased visceral fat. However, the question 
of postoperative complications and their association with 
visceral fat could not be conclusively answered due to poor 
data quality and low case numbers in the studies used for this 
meta-analysis [9]. Our data do not provide evidence of a sig-
nificant clustering of complications in relation to increased 

Table 3  Overview of radiologic parameters for body fat distribution in correlation with anastomotic leakage and recurrence of Crohn’s disease

Data are described as n (%) or median (IQR)
BMI body mass index, AC abdominal circumference, TA total area in axial scanning view; total fat area (TFA = SFA + VFA), TFI total fat index 
(TFA divided by the square of height), SFI subcutaneous fat index (SFA divided by the square of height), VFI visceral fat index (VFA divided by 
the square of height)

Anastomotic leakage Recurrence

Yes (n = 26) No (n = 196) P value Yes (n = 18) No (n = 204) P value

BMI [kg/m2] 21.3 (19.7–23.5) 21.8 (19.1–24.7) 0.470 22.1 (20.8–22.8) 21.5 (19.1–24.7) 0.906
AC [cm] 83.8 (76.9–100.1) 84.7 (77.2–94.5) 0.907 84.6 (78.8–95.7) 84.8 (77.0–94.7) 0.754
TA  [cm2] 502.2 (438.3–677.9) 509.4 (434.9–635.8) 0.767 504.6 (445.4–660.8) 509.4 (426.3–643.5) 0.693
Total fat area (TFA)  [cm2] 170.5 (114.2–316.3) 178.2 (93.8–277.6) 0.932 215.1 (140.4–344.7) 175.4 (93.4–272.6) 0.264
TFI  [cm2/m2] 57.9 (34.3–95.0) 60.8 (31.4–99.1) 0.738 71.4 (44.2–119.1) 59.6 (31.0–95.9) 0.282
Subcutaneous obesity
Subcutaneous fat area (SFA)  [cm2] 102.2 (69.2–184.3) 104.2 (55.8–165.5) 0.951 149.7 (91.5–233.6) 103.7 (55.8–163.6) 0.103
SFA/TFA ratio 0.684 (0.598–0.748) 0.643 (0.523–0.741) 0.422 0.729 (0.650–0.782) 0.643 (0.523–0.741) 0.059
SFI  [cm2/m2] 38.4 (20.3–63.3) 36.4 (18.9–58.0) 0.986 49.4 (26.6–84.3) 36.1 (18.9–57.5) 0.141
Visceral obesity
Visceral fat area (VFA)  [cm2] 60.8 (29.4–100.7) 50.1 (33.6–99.9) 0.982 47.7  (38.1–90.9) 51.1 (32.6–102.2) 0.916
VFA/SFA ratio 0.462 (0.337–0.672) 0.555 (0.350–0.912) 0.422 0.372 (0.278–0.539) 0.555 (0.350–0.912) 0.059
VFA/TFA ratio 0.316 (0.252–0.402) 0.357 (0.259–0.477) 0.422 0.271 (0.218–0.350) 0.357 (0.259–0.477) 0.059
VFI  [cm2/m2] 18.5 (11.5–32.0) 18.0 (11.9–35.3) 0.684 18.8 (12.2–33.2) 18.3 (11.6–35.3) 0.912

Table 4  Anastomotic leak and 
recurrence of Crohn’s disease in 
correlation with visceral obesity 
for female and male patients

Data are described as n (%) or median (IQR)

Variable Visceral obesity

Visceral fat area Visceral fat index

(VFA) [cm2] (VFI) [cm2/m2]

median P value median P value

Female n = 116 44.2 (33.8–81.9) 17.1 (12.2–28.0)
Anastomotic leak
   Yes 15 (12.9) 41.4 (28.4–90.9) 0.59 16.1 (11.4–29.7) 0.609
    No 101 (87.1) 44.2 (34.3–81.9) 17.2 (12.6–27.9)
CD recurrence
    Yes 13 (11.2) 47.7 (38.1–77.6) 0.555 18.8 (14.5–27.0) 0.601
    No 103 (88.8) 43.2 (32.6–83.7) 16.4 (12.0–29.3)
Male n = 106 69.6 (32.7–136.8) 22.5 (10.3–45.9)
Anastomotic leak
    Yes 11 (10.4) 86.6 (41.7–144.5) 0.586 23.5 (10.8–45.4) 0.981
    No 95 (89.6) 63.2 (30.9–136.8) 22.3 (10.3–46.3)
CD recurrence
    Yes 4 (3.8) 128.6 (18.4–222.1) 0.714 38.2 (5.5–74.8) 0.786
    No 101 (96.2) 66.7 (31.7–136.1) 22.1 (10.3–45.7)
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visceral fat. In contrast to the studies included in the meta-
analysis by Rowan et al., our cohort includes a larger num-
ber of patients, likely providing more reliable data. In our  
patient population, no increased recurrence rate based on the 
volume of visceral fat was observed. All patients included 
in our study received a side-to-side anastomosis (conven-
tional stapled or hand-sewn) or Kono-S-anastomosis, which 
are always wider than end-to-end anastomoses. Generally, 
for CD patients, the creation of side-to-side anastomoses  
is recommended, as they have a lower restenosis rate over 
time [25]. However, in the studies included in the meta-
analysis, no conclusion can be drawn regarding the type 
of anastomoses used. Therefore, the studies may have also 
included larger numbers of end-to-end anastomoses in the 
data collection. Furthermore, in most studies included in this 
meta-analysis, patients were only followed up for possible 
anastomotic restenosis for 6 months postoperatively. In our 
study, the median follow-up period was 48.8 months (IQR: 
20–82.9 months). Therefore, based on our data, the state-
ment, that visceral fat in CD has no influence on postopera-
tive complications and CD recurrence at the anastomosis 
is reliable due to a larger number of patients, standardized 
anastomosis techniques, and a longer follow-up period.

Li et al. also investigated the influence of visceral fat on 
complications and the recurrence rate at the anastomosis in CD 
patients. This research group found a recurrence rate of 66.6% 
at the anastomosis 6 months after surgery in patients with 
increased VFA [30]. In our patient population, we observed a 
recurrence rate of only 8.1%, during a median follow-up time 
of 48.8 months (IQR: 20–82.9 months). after surgery. The dif-
ference in case numbers may play a role (Li et al. n = 72 vs. 
n = 223 in the present study). Additionally, the study does not 
provide any conclusions about the type of anastomosis, raising 
the possibility that different anastomotic techniques, possibly 
not appropriate for the underlying disease, were performed, 
which naturally entail a higher recurrence rate.

While we could not establish a significant association 
between all radiologically measured parameters and CD 
recurrence at the anastomosis, a statistical trend is evident 
between SFA/TFA ratio, VFA/SFA ratio and VFA/TFA ratio, 
and the occurrence of a CD relapse. As increased visceral fat, 
as demonstrated by Rowan et al., reflects a more severe course 
of disease [9], it is possible that these patients may develop a 
recurrence over time more often than other patients with lower 
fat ratios. To conclusively address this point, future studies 
should extend the follow-up period accordingly.

Limitations

This study has several limitations, as is common in retro-
spective studies. Despite its retrospective design, this study 
benefits from analyzing a homogeneous group with respect 

to underlying disease, surgical and medical therapy, and 
gender distribution. However, only patients who underwent 
ICR for CD and had high-quality preoperative MRI scans 
available were included in this study. Nevertheless, given the 
large number of patients enrolled during the study period, 
when compared to the disease´s incidence and prevalence, 
as well as similar studies, it is unlikely that selection bias 
exists with 223 included patients. Potential biases could 
result from emergency surgeries where patients may not 
have received appropriate preoperative imaging and fall 
outside the scope of our analysis concerning VFA, VFI, and 
postoperative complications. However, since very few CD 
patients undergo absolute emergency procedures without 
appropriate imaging, this bias is unlikely.

Certainly, the timeframe of preoperative MRI imaging 
poses a certain limitation. However, the choice of the inclu-
sion period, especially in retrospective analyses, always rep-
resents a balance between practicability, standardization, data 
availability, clinical relevance, and the need for the most cur-
rent data. While the choice of a 12-month window for MRI 
imaging may be debatable, the study´s findings stand inde-
pendently based on the reported results and statistical analysis.

Another limitation may pertain to the assessment of 
CD relapse at the anastomosis. The development of a CD 
relapse is a multifactorial process and depends, among 
other factors, not only on the pharmacological relapse 
prophylaxis but also on the width of the anastomosis, 
postoperative complications at the anastomosis, and the 
time elapsed since the operation. Since we routinely per-
form antimesenteric side-to-side anastomoses or Kono-S-
Anastomoses, the likelihood of early stenosis due to overly 
tight anastomoses is minimal. As for the follow-up period, 
it would certainly be useful to follow up these patients for 
a longer period in future studies. While a longer follow-
up period would be valuable in future studies, it is worth 
noting, that a 6-months follow-up period is commonly 
employed in the literature to evaluate anastomotic recur-
rence following surgery. Therefore, our data provides a 
valid comparison to other studies.

Another limitation of this study lies in the nature of 
a retrospective analysis and the fact that both medical 
and surgical therapies and techniques have evolved over 
the course of 10 years. Patients operated on since 2020 
underwent reconstruction using a Kono-S-anastomosis a 
technique developed in recent years for ICR in CD, which 
reduces the likelihood of early restenosis at the anastomo-
sis. However, the positive influence of this reconstruction 
on Crohn´s relapse at the anastomosis has not been defi-
nitely established and is subject to current investigations 
[31]. Therefore, our data, despite the variation in anasto-
motic reconstructions within the cohort, yields consistent 
results concerning recurrence.
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Conclusion

In the largest and most homogeneous cohort of CD patients 
who underwent ICR and had high-quality pre-surgery 
MRIs, we have found no evidence to support an association 
between either visceral or subcutaneous fat and anastomotic 
leakage, postoperative complications, or clinical recurrence 
at the anastomosis. While measuring visceral fat may serve 
as a useful parameter for assessing the severity of CD activ-
ity, it appears to lack specificity in predicting potential post-
operative complications and CD relapse.

Authors' contributions Ioannis Pozios, Christian Hans Wolfgang Schineis 
and Johannes Christian Lauscher designed the study, analysed, and inter-
preted the experimental data. David Kaufmann and Jan Luitjens assessed 
the imaging. Christian Hans Wolfgang Schineis and Ioannis Pozios wrote 
the manuscript. Johannes Christian Lauscher, Katharina Beyer, Benjamin 
Weixler, Carsten Kamphues, Georgios Antonios Margonis, Martin Ernst 
Kreis, Rahel Maria Strobel, Katharina Boubaris, Claudia Seifarth and 
David Kaufmann critically reviewed the manuscript. All authors read and 
approved the final manuscript.

Funding Open Access funding enabled and organized by Projekt 
DEAL. The authors received no financial support for this study.

Availability of data and material  The data supporting the findings of 
this study are available from the corresponding author upon reason-
able request.

Declarations 

Ethical approval The Medical Ethical Committee of Charité –  
Universitätsmedizin Berlin (EA4/148/20), approved the study protocol.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Karaskova E et al (2021) Role of Adipose Tissue in Inflammatory 
Bowel Disease. Int J Mol Sci 22:4226

 2. Bilski J et al (2019) Role of Obesity, Mesenteric Adipose Tissue, and 
Adipokines in Inflammatory Bowel Diseases. Biomolecules 9:780

 3. Frolkis AD et al (2013) Risk of Surgery for Inflammatory Bowel 
Diseases Has Decreased Over Time: A Systematic Review and 
Meta-analysis of Population-Based Studies. Gastroenterology 
145:996–1006

 4. Patel KV et al (2016) Patient optimization for surgery relating to 
Crohn’s disease. Nat Rev Gastroenterol Hepatol 13:707–719

 5. Khoury W, Stocchi L, Geisler D (2011) Outcomes after laparo-
scopic intestinal resection in obese versus non-obese patients. BJS 
Br J Surg 98:293–298

 6. Tjeertes EEKM et al (2015) Obesity – a risk factor for postopera-
tive complications in general surgery? BMC Anesthesiol 15:112

 7. Adamová Z, Bár T (2018) Influence of overweight and obesity 
on complications in colorectal surgery. Rozhl V Chir Mesicnik 
Ceskoslovenske Chir Spolecnosti 97:464–468

 8. Ramadan B et al (2022) Obesity: A risk factor for postoperative 
complications in laparoscopic surgery for colorectal cancer. J Mini-
mal Access Surg. https:// doi. org/ 10. 4103/ jmas. jmas_ 165_ 22

 9. Rowan CR, McManus J, Boland K, O’Toole A (2021) Visceral 
adiposity and inflammatory bowel disease. Int J Colorectal Dis 
36:2305–2319

 10. Fink C, Karagiannides I, Bakirtzi K, Pothoulakis C (2012) 
Adipose tissue and inflammatory bowel disease pathogenesis. 
Inflamm Bowel Dis 18:1550–1557

 11. Erhayiem B, Dhingsa R, Hawkey CJ, Subramanian V (2011) Ratio 
of visceral to subcutaneous fat area is a biomarker of complicated 
Crohn’s disease. Clin Gastroenterol Hepatol Off Clin Pract J Am 
Gastroenterol Assoc 9:684-687.e1

 12. Bryant RV et al (2019) Visceral Adipose Tissue Is Associated 
With Stricturing Crohn’s Disease Behavior, Fecal Calprotectin, 
and Quality of Life. Inflamm Bowel Dis 25:592–600

 13. Andreoli A, Garaci F, Cafarelli FP, Guglielmi G (2016) Body 
composition in clinical practice. Eur J Radiol 85:1461–1468

 14. Lee JY et al (2022) Serial Changes in Body Composition and the 
Association with Disease Activity during Treatment in Patients 
with Crohn’s Disease. Diagnostics 12:2804

 15. Pozios I et al (2022) Impact of myopenia and myosteatosis on 
postoperative outcome and recurrence in Crohn’s disease. Int J 
Colorectal Dis 37:791–804

 16. Husnoo N et al (2023) Is early bowel resection better than medical 
therapy for ileocolonic Crohn’s disease? A systematic review and 
meta-analysis. Colorectal Dis Off J Assoc Coloproctology G B 
Irel. https:// doi. org/ 10. 1111/ codi. 16502

 17. Ma C et al (2017) Surgical Rates for Crohn’s Disease are Decreas-
ing: A Population-Based Time Trend Analysis and Validation 
Study. Am J Gastroenterol 112:1840–1848

 18. Schineis C et al (2021) Microscopic inflammation in ileocecal 
specimen does not correspond to a higher anastomotic leakage 
rate after ileocecal resection in Crohn’s disease. PLoS ONE 
16:e0247796

 19. Kono T et al (2011) A New Antimesenteric Functional End-to-
End Handsewn Anastomosis: Surgical Prevention of Anastomotic 
Recurrence in Crohn’s Disease. Dis Colon Rectum 54:586–592

 20. Dindo D, Demartines N, Clavien P-A (2004) Classification of 
Surgical Complications. Ann Surg 240:205–213

 21. Rutgeerts P et al (1990) Predictability of the postoperative course 
of Crohn’s disease. Gastroenterology 99:956–963

 22. Shen W et al (2007) Visceral adipose tissue: relationships between 
single slice areas at different locations and obesity-related health 
risks. Int J Obes 2005(31):763–769

 23. Shen W et al (2004) Visceral adipose tissue: relations between 
single-slice areas and total volume. Am J Clin Nutr 80:271–278

 24. Bælum JK, Qvist N, Ellebæk MB (2021) Ileorectal anastomo-
sis in patients with Crohn’s disease. Postoperative complica-
tions and functional outcome—a systematic review. Colorectal 
Dis 23:2501–2514

 25. Shimada N et al (2019) Surgical Recurrence at Anastomotic Site 
After Bowel Resection in Crohn’s Disease: Comparison of Kono-
S and End-to-end Anastomosis. J Gastrointest Surg 23:312–319

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.4103/jmas.jmas_165_22
https://doi.org/10.1111/codi.16502


International Journal of Colorectal Disease (2024) 39:20 

1 3

Page 11 of 11 20

 26. Wagner IJ, Rombeau JL (2011) Nutritional Support of Surgical 
Patients with Inflammatory Bowel Disease. Surg Clin North Am 
91:787–803

 27. Gurunathan U et al (2017) Association Between Obesity and 
Wound Infection Following Colorectal Surgery: Systematic 
Review and Meta-Analysis. J Gastrointest Surg Off J Soc Surg 
Aliment Tract 21:1700–1712

 28. EuroSurg Collaborative (2018) Body mass index and compli-
cations following major gastrointestinal surgery: a prospective, 
international cohort study and meta-analysis. Colorectal Dis Off 
J Assoc Coloproctology G B Irel 20:O215–O225

 29. Watanabe J et al (2014) The impact of visceral obesity on surgical 
outcomes of laparoscopic surgery for colon cancer. Int J Colorec-
tal Dis 29:343–351

 30. Li Y et al (2015) Visceral fat area is associated with a high risk 
for early postoperative recurrence in Crohn’s disease. Colorectal 
Dis Off J Assoc Coloproctology G B Irel 17:225–234

 31. Ng CH et al (2021) Kono-S anastomosis for Crohn’s disease: a 
systemic review, meta-analysis, and meta-regression. Surg Today 
51:493–501

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Role of visceral fat on postoperative complications and relapse in patients with Crohn's disease after ileocecal resection: Is it overrated?
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusions 

	Introduction
	Material and methods
	Study design and participants
	MR image analysis
	Statistical analysis

	Results
	Patient characteristics
	Surgical outcome and recurrence at the anastomosis

	Discussion
	Limitations
	Conclusion
	References


