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Abstract
Measurement of the psoas muscle area has been applied to estimate lean muscle mass as a surrogate marker of sarcopenia, 
but there is a paucity of evidence regarding the influence of sarcopenia on clinical outcomes following inflammatory bowel 
disease surgery. The aim of this study was to evaluate the association between MRI enterography defined sarcopenia and 
postoperative complications in patients undergoing elective ileocaecal resection for Crohn’s disease. To obtain cross sectional 
area measurement of the psoas muscle, the freehand area tool was used to trace the margin of each psoas muscle at the level 
of L4, with the sum recorded as Total Psoas Area (TPA). The total cross sectional muscle area of the abdominal wall was 
recorded as Skeletal Muscle Area (SMA), while myosteatosis was measured by normalising the psoas muscle intensity with 
the mean intensity of the cerebrospinal fluid. The primary outcome was the incidence of 30-day postoperative complications 
in patients in the lowest quartile of TPA and SMA. 31 patients were included and ten patients (32.25%) developed postopera-
tive complications within 30 days of surgery. The cut-off values for the lowest quartile for TPA were 11.93 cm2 in men and 
9.77 cm2 in women, including a total of 8 patients (25.8%) with 5 patients in this group (62.5%) developing postoperative 
complications and 3 patients (37.5%) Clavien-Dindo class ≥ 3 complications. The cut-off values for the lowest quartile for 
SMA were 73.49 cm2 in men and 65.85 cm2 in women, with 4 patients out of 8 (50%) developing postoperative complica-
tions. Psoas muscle cross sectional area and skeletal mass area can be estimated on Magnetic Resonance Enterography as 
surrogate markers of sarcopenia with high inter-observer agreement.

Keywords Crohn’s disease · Psoas muscle · Colorectal surgery · Sarcopenia · Magnetic resonance imaging · Inflammatory 
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Introduction

Measurement of the psoas muscle area has been increasingly 
applied to estimate lean muscle mass as a surrogate marker 
of sarcopenia, which is a reduction in lean body mass and 
function [1]. Computed tomography (CT) assessment of the 
psoas muscle cross sectional area has been shown to corre-
late with adverse postoperative outcomes following gastro-
intestinal, endocrine, urological, and transplant surgery [2, 
3] but there is a paucity of evidence regarding the influence 

of sarcopenia on clinical outcomes following inflammatory 
bowel disease (IBD) surgery. Loss of lean muscle mass esti-
mated by measuring the cross-sectional area and density of 
the psoas muscle preoperatively has been associated with 
a significantly increased risk of developing major compli-
cations following resection for colorectal cancer especially 
anastomotic leak [4]. A number of studies have used a radio-
logical assessment of fat and skeletal muscle compartments 
to predict disease activity and progression in Crohn’s disease 
(CD) with lower muscle attenuation and a high visceral fat 
index having been associated with more severe phenotypes 
[5] and L3 skeletal muscle area being demonstrated a prog-
nostic factor for intestinal resection in CD patients [6]. Sar-
copenia has also been suggested to be a novel predictor of 
need for medical or surgical rescue therapy in acute severe 
ulcerative colitis patients [7]. However, the role of radio-
logically assessed sarcopenia in predicting postoperative 
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outcomes in CD patients remains a debatable yet growing 
topic [8, 9].

CD requires surgical treatment in up to 80% of patients. 
Surgery for CD carries high risks of complications includ-
ing wound infections, anastomotic leak and intraabdominal 
sepsis, which are made more likely by immune suppression, 
malnutrition and penetrating or recurrent disease. Ileo-cae-
cal resections for CD have a similar complication profile to 
those undergoing a similar surgery for cancer [10], despite 
CD patients being around 30 years younger and with less 
co-morbidity. Patients with CD also often report weight loss 
and malnutrition [11]. Changes in body composition have 
been described in patients with CD with prevalence of low 
lean mass reported in up to 28% of patients [12]. Lean mass 
deficits have been associated with demonstrable morbidity 
and mortality [13], with IBD patients being particularly at 
risk in view of the associated chronic inflammation [14].

Patients with CD require a multidisciplinary approach 
and when surgery is undertaken it should be carried out by 
a colorectal surgeon who is a core member of the IBD mul-
tidisciplinary team [15] with audited outcomes (stoma rate, 
complications, re-interventions and mortality) [16]. Com-
mon indications for surgery include abscesses, complex 
internal fistulae and fibrostenotic strictures. Many imaging 
modalities are available to plan the surgical treatment and 
include a combination of abdominal ultrasound scan (USS), 
CT and magnetic resonance imaging (MRI). In view of the 
chronic nature of CD patients often require repeated radio-
logical investigations, so imaging modalities that do not 
involve ionizing radiation should be used whenever possible 
[17]. Incorporating a radiological assessment of sarcopenia 
into the preoperative work up of CD may identify patients 
most at risk of postoperative complications, improving pre-
operative counselling, identifying those who may benefit 
from prehabilitation interventions and perhaps influencing 
operative strategy such as avoiding a primary anastomosis 
[18].

The aim of this pilot study was to evaluate the association 
between MRI enterography (MRE) defined sarcopenia and 
postoperative complications in patients undergoing elective 
ileocaecal resection for CD.

Methods

Study setting

This retrospective observational study included all patients 
having elective ileocaecal resection for primary CD during 
a 2 years period from 1st of March 2017 to 28th of Febru-
ary 2019 at Queen Alexandra Hospital (Portsmouth, United 
Kingdom). Patients undergoing emergency operations or 
surgery for CD recurrence were excluded. The study was 

designed according to the STROBE checklist [19]. The indi-
cation for surgical resection was discussed at dedicated IBD 
multidisciplinary team meetings (MDT) involving gastro-
enterologists, colorectal surgeons, radiologists and patholo-
gists. Preoperative assessment included colonoscopy, MRE 
and intestinal ultrasound.

Data collection

Preoperative, operative and postoperative data were recorded 
prospectively for each patient on a dedicated database. Pre-
operative parameters included age, sex, body mass index 
(BMI), comorbidities, American Society of Anaesthesiolo-
gists (ASA) status, albumin and haemoglobin concentra-
tion, smoking status, weight loss, indication for surgery, 
preoperative medical therapy and Montreal classification. 
Operative data included surgical approach, operating time, 
intraoperative complications, estimated operative blood loss, 
conversion rate, reason for conversion and use of temporary 
ileostomy. Postoperative data included length of hospitals 
stay (LOS) and postoperative complications according to 
the Dindo-Clavien classification [20].

MRE protocol and image analysis

Preoperative MRE scans were performed at Queen Alexan-
dra Hospital on either a GE or Siemens 1.5T MRI scanner, 
with a GE 3T scanner occasionally utilised as the depart-
mental requirements dictated. For the purposes of the study, 
the axial T2 weighted (T2-SSFSE) sequences were assessed. 
Three readings were independently performed by a radiolo-
gist, a surgeon and an advanced practitioner radiographer in 
MRI, blinded to the surgical outcomes. An image slice at the 
level of the superior endplate of L4 was selected for assess-
ment by the radiologist, and the slice number was recorded 
to enable direct comparison with both the surgical and radi-
ographer readers.

Analysis was performed using the measuring software 
available on the IDS7 Sectra picture archiving and com-
munication system (PACS) workstation (version 19.3.3). 
Cross sectional area is a relatively quick measurement able 
to be performed using most modern PACS software pro-
grams, and is considered a valid marker for sarcopenia 
[21]. To obtain cross sectional area measurement of the 
psoas muscle, the freehand area tool was used to trace 
around the margin of each psoas muscle, to include the 
intercellular adipose tissue (Fig. 1). Measurement of each 
psoas was performed at the same level, with the sum of 
the two muscles recorded as Total Psoas Area (TPA). To 
assess the total cross sectional muscle area of the abdomi-
nal wall at this level (skeletal muscle area—SMA), two 
separate measurements were obtained using the same tool, 
to measure the outer margin of the muscle groups, and the 
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inner margin, with the free hand tool enabling the exclu-
sion of the vertebra (Fig. 2). By subtracting the second 
measurement from the first, the total cross sectional area 
of all muscle groups was obtained.

TPA and SMA were normalised to the body surface area 
of the patient, calculated according to the Mosteller for-
mula which takes the square root of the height expressed 
in centimetres multiplied by the weight expressed in kilo-
grams, divided by 3600 [22]. The Skeletal Muscle Index 
(SMI) was obtained by correcting the SMA for height: 
SMA  (cm2)/height (m) 2 [23].

Assessment for myosteatosis on MRI is slightly more 
complex than measuring atomic density on CT. Accurate 
assessment of inter and intracellular fat can be obtained 
using additional sequences including MR spectroscopy or 
with chemical shift sequences [24], which are generally 
considered a more accurate method. These sequences are 
not performed routinely given the time restraints on MRI 
scanners, and were therefore unavailable in this retrospective 
study. Fat returns a higher signal on T2 weighted imaging 
than skeletal muscle, and it is proposed that an increase in 
the signal intensity of the muscle is likely due to increased 

Fig. 1  Cross sectional area of 
both psoas muscles measured 
at the level of the superior end-
plate of L4 on axial T2 weighed 
imaging

Fig. 2  Cross sectional total 
muscle area at the level of the 
superior endplate of L4 on axial 
T2 weighed imaging, calculated 
by subtracting the inner area 
from the outer muscle area
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inter and intra muscular fat content. Given the variability 
in scanning parameters between different scanners, as well 
as the differences in scaling between patients, it was not 
possible to simply measure the signal intensity. An internal 
standard was therefore utilised, in this case the mean signal 
intensity of the cerebrospinal fluid (CSF), and a ratio was 
measured. This has been previously shown to be a valid rep-
resentative measure of myosteatosis [25]. The same axial 
T2 weighted imaging was used for this assessment, with 
the musculature first assessed on the separate fat suppressed 
sequences to ensure that any elevated signal on the straight 
T2 sequence was not secondary to intramuscular oedema 
(which would also return a higher T2 signal). The signal 
intensity was obtained for both psoas muscles using the free 
hand tool on the IDS7 Sectra PACS workstation, to encom-
pass the entirety of each psoas muscle (including intercel-
lular adipose tissue). The mean of the two measurements 
was obtained. The CSF signal intensity was also measured, 
excluding any of the cauda equina nerve rootlets, ideally at 
the same level (Fig. 3). However, if there were interfering 
factors (such as spinal canal stenosis or significant CSF flow 
void artefact), a different level was selected from the same 
axial sequence.

Since there are no published cut-offs for MRE based 
measurements of TPA and SMA we determined gender-
specific cut-off values based on the lowest quartile [26], as 
previously reported. As higher signal intensity is associated 
with a higher presence of intramuscular fat, the highest quar-
tile was chosen to indicate sarcopenia when evaluated using 
the psoas muscle intensity to CSF ratio.

For the diagnosis of sarcopenia, the SMI cut-off values 
in a healthy, younger population (20–60 years old) have 

been previously recommended for CT scan imaging, which 
are 43.1 cm2/m2 in men and 32.7 cm2/m2 in women [23]. 
However, as our study focused on patients with CD and the 
measurements were achieved via MRI imaging, also for the 
SMI parameter the lowest quartile cut-off was adopted, as 
considered more appropriate.

Surgical procedure

Surgery was performed with a laparoscopic approach with 
full mobilisation of the terminal ileum and right colon and 
extracorporeal division of the mesentery and anastomosis 
[27]. No intra-abdominal drains were left routinely. Postop-
eratively patients were managed according to an enhanced 
recovery protocol.

Primary and secondary outcomes

The primary outcome was the incidence of 30-day postop-
erative complications in patients with sarcopenia, defined as 
patients in the lowest quartile of TPA and SMA. Secondary 
outcome was inter-observer variability of psoas muscle and 
abdominal wall measurement.

Statistical analysis

Categorical variables are presented as frequency or percent-
age and were compared with the use of the Chi square test or 
Fisher’s exact test, as appropriate. Continuous variables are 
presented as mean (± standard deviation) or median (range) 
and were compared with the use of Student’s t test. The 
Mann–Whitney U test was used for continuous, not normally 

Fig. 3  Free hand region of inter-
est (ROI) area measurement 
of the signal intensity of both 
psoas muscles, and the signal 
intensity of the cerebrospinal 
fluid at the same level
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distributed outcomes. To assess agreement between meas-
urements of a continuous variable across observers, the 
intra-class correlation coefficient (ICC) was used. The ICC 
provides a single measure of the extent of agreement ranging 
from 0 to 1, with high values indicating high correlation [28, 
29]. Statistical analysis was performed by using the Statisti-
cal Package for Social Sciences (SPSS version 16.0; SPSS, 
Chicago, IL, USA) and GraphPad Prism version 8.0.2 for 
Windows, (GraphPad Software, La Jolla California USA, 
www.graph pad.com). All reported p values were two-tailed, 
and p values of less than 0.05 were considered to indicate 
statistical significance.

Ethics

The study is conducted in accordance with the principles 
of the Declaration of Helsinki and ‘good clinical practice’ 
guidelines. The study was registered as an audit and no 
sensitive patients’ data were collected, therefore ethical 
approval was not needed.

Results

31 patients were included. Preoperative data and postopera-
tive outcomes are summarised in Table 1. All procedures 
were performed laparoscopically with no conversions to 
open surgery. A temporary ileostomy was fashioned in 2 
patients (6.45%) and in both cases this had been already 
reversed at the 12 months follow up visit.

Postoperative complications

Ten patients (32.25%) developed postoperative complica-
tions within 30 days of surgery. These were 2 chest infec-
tions, 1 wound infection, 1 bleeding and 6 intra-abdominal 
collections. The patient with bleeding required laparotomy 
and washout whilst 4 collections required radiological 
guided drainage for a total of 5 Clavien Dindo class 3 or 
higher complications (16.12%), 1 patient was readmitted 
(3.22%) for non-specific abdominal pain.

Total psoas area (TPA) and skeletal muscles area 
(SMA) measurements

TPA was 11.79 cm2 (range 8.92–18.01), while SMA was 
71.41 cm2 (range 51.94–92.9).

TPA correlated with SMA (p < 0.0001) but not with 
age, BMI or preoperative albumin and Haemoglobin levels 
(Figs. 4 and 5).

The cut-off values for the lowest quartile for TPA were 
11.93 cm2 in men and 9.77 cm2 in women, including a total 
of 8 patients (25.8%) with 5 patients in this group (62.5%) 

developing postoperative complications (p = 0.46) and 3 
patients (37.5%) Clavien-Dindo class ≥ 3 complications 
(p = 0.25).

The cut-off values for the lowest quartile for SMA were 
73.49 cm2 in men and 65.85 cm2 in women. A SMA below 

Table 1  Patients’ baseline characteristics and short term outcomes

n number, BMI body mass index, CD Crohn’s disease, TNF tumour 
necrosis factor, mls millilitres, LOS length of hospital stay
*Preoperative albumin level < 35 g/L
**Preoperative haemoglobin level < 12 g/dL

Included patients (n) 31
Age (years) 46 (range 19–72)
Sex Male 14 (45.2%)

Female 17 (54.8%)
BMI 24.4 (21.8–28)
Previous abdominal surgery 11 (35.48%)
Penetrating phenotype CD 12 (38.7%)
Preoperative steroids treatment 4 (12.9%)
Preoperative anti-TNF treatment 8 (25.8%)
Hypoalbuminemia* 7 (22.58%)
Anaemia** 8 (25.8%)
Weight loss > 10% 6 (19.35%)
Operating time (minutes) 190 (180–240)
Temporary ileostomy 2 (6.45%)
Blood loss (mls) 75 (50–200)
LOS 7 (6-9)
30 day complications 10 (32.25%)
30 day Clavien-Dindo grade ≥ 3 5 (16.12%)
Readmissions 1 (3.22%)
Reoperations 1 (3.22%)

Fig. 4  Absolute values of total psoas area (TPA), total abdominal 
muscle area (SMA) and body mass index (BMI) in the included 14 
male patients

http://www.graphpad.com
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the cut-off value was present in 8 patients (25.8%) with 4 
patients out of 8 (50%) developing postoperative complica-
tions (p 0.93) and 3 patients (37.3%) developing grade ≥ 3 
Clavien-Dindo complication (p = 0.25). There was no 
increased prevalence of preoperative steroids and anti-TNF 
treatment, penetrating phenotype of disease, hypoalbumine-
mia and anaemia in the group of patients with MRE defined 
sarcopenia.

Median SMI was 47.06 cm2 (range 37.27–60.41). The 
cut-off values for the lowest quartile for SMI were 48.88 cm2 
in men and 39.67 cm2 in women. A SMI value below the 
cut-off was present in 7 patients (22.5%) with 2 patients 
developing postoperative complications (28.5%) which were 
in both cases grade ≥ 3 Clavien-Dindo (28.5%).

Psoas intensity to CSF ratio

The cut-off value for the highest quartile of the psoas muscle 
intensity to CSF ratio was 0.107 with 8 patients (25.8%) 
above the cut-off value. There were a total of 4 complica-
tions (50%) with 3 patients out of 8 having Clavien-Dindo 
grade ≥ 3 (37.5%). There was no correlation with TPA, SMA 
and BMI.

Prevalence of MRE defined Sarcopenia in patients 
who developed postoperative complications

In the group of 10 patients who suffered from postoperative 
complications the prevalence of MRE defined sarcopenia 
was 50%, 40% and 30% according the defined cut-off values 
of TPA, SMA and psoas intensity to CSF ratio, compared to 
23.8%, 19% and 23.8% in the group of 21 patients who did 
not develop postoperative complications (Fig. 6).

Inter observer agreement

There was high inter-observer agreement between the meas-
urements of TPA and SMA recorded by the radiologist and 
by the surgeon, with ICC of 0.98 and 0.97, respectively, 
similarly to the agreement with the measurements reported 
by the radiographer (ICC 0.9 and 0.96 for TPA and SMA 
respectively). The ICC value between radiologist and sur-
geon for psoas muscle intensity to CSF ratio was 0.7, while 
with the radiographer was 0.83.

Fig. 5  Absolute values of total psoas area (TPA), skeletal muscle area 
(SMA) and body mass index (BMI) in the included 17 female patients

Fig. 6  Morbidity in patients 
with and without MRE defined 
sarcopenia according to the 
measurements of psoas muscle 
intensity to cerebrospinal fluid 
intensity ratio (P/CSF), skeletal 
muscle area (SMA) and total 
psoas area (TPA). S value 
indicated sarcopenia, N normal 
range
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Discussion

This pilot study demonstrates that MRE based cross-sec-
tional measurements of the psoas muscle area and of the 
skeletal muscle area can be easily performed with high 
inter-observer agreement using conventional sequences 
obtained for the preoperative mapping of CD. We used 
these measurements as a surrogate marker of sarcopenia 
and found a higher rate of postoperative complications 
in the group of patients whose measurements were in the 
lowest quartile. Our study shows that MRE based meas-
urement of the TPA and SMA is feasible and can be rap-
idly estimated not only by radiologists but also by trained 
surgeons, with an average additional time of 3 to 5 min 
required for MRE reporting.

Previous studies on imaging defined sarcopenia have 
focused mainly on the outcomes of trauma, emergency 
surgery and cancer surgery particularly in the elderly 
population given strong correlation between loss of lean 
muscle mass, frailty and old age [30]. It has been shown 
that sarcopenia assessed by measurement on CT is asso-
ciated with increased post emergency surgery mortality 
and a recent meta-analysis [31] suggests that sarcopenia 
carries a significant increased risk of major complications 
after gastrointestinal tumour resection. The role of radio-
logically defined sarcopenia in predicting postoperative 
outcomes in IBD patients remains a growing topic, with 
the validity of existing data on the correlation between 
sarcopenia and surgical outcomes following IBD surgery 
remaining limited. A systematic review by Ryan et al. [32] 
including five observational studies of IBD patients sug-
gested that sarcopenia correlates with an increased rate of 
major postoperative complications, which concurs with 
the results of our study. Most studies on radiologically 
measured sarcopenia in CD have utilised CT imaging due 
to its better accessibility, and it is a merit of our study to 
have assessed sarcopenia on MRI which is radiation free 
and can also be used interchangeably with CT for assess-
ment of skeletal muscle area as there is strong correlation 
between CT and T2-weighted MRI measurements [33].

Sarcopenia occurs in people of normal or even elevated 
BMI [34] as well as in those who are underweight, high-
lighting the need for a formal assessment of sarcopenia in 
all CD patients, not just those who are visibly malnour-
ished [35]. The cut-off values for MRE defined sarcopenia 
we computed in our specific CD population in this pilot 
need to be validated in a large prospective study with the 
aim of providing additional information to the MDT when 
planning surgical treatment of CD. Preoperative stratifica-
tion of perioperative risk in patients with CD may improve 
clinical decision-making, including the need for preop-
erative optimisation and prehabilitation, intraoperative 

strategy (anastomosis versus stoma) and the specifics of 
postoperative care such as admission to the intensive care 
unit or postoperative nutritional support. Artificial Intelli-
gence may facilitate automated assessment of imaging pro-
tocols in order to routinely include evaluation of the psoas 
muscle and abdominal wall muscles in all CD patients who 
have imaging, to add these surrogate markers of sarcope-
nia into the acquired data set.

Early detection of sarcopenia in patients with IBD is 
important to prevent undesirable outcomes [36]. However, 
we do not believe that the incidence of postoperative com-
plication will linearly reflect the presence of preoperative 
sarcopenia as many other factors have been demonstrated 
to affect surgical outcomes, such as preoperative anaemia 
[37], immunosuppression and penetrating or recurrent CD. 
On the other hand, measures such as albumin, age and BMI 
alone are not reliable correlates of muscle mass [38]. Recent 
evidence suggests that psoas muscle cross sectional area 
is a practical surrogate measure of sarcopenia that can be 
readily and reliably measured by clinicians using standard 
image viewing software [21], as confirmed by our findings. 
A recent study [39], identified CT and MRI measurement 
of the skeletal mass as reliable assessments of sarcopenia in 
CD surgery in a cohort of 230 patients, however although 
all CD operations were included only major postoperative 
complications were reported, whilst our study reported on 
all postoperative outcomes in the specific group of patients 
with CD undergoing primary ileocaecal resection.

The definition of sarcopenia embraces not only lean mus-
cle mass loss, but also strength and function [40] with a 
previous review [41] demonstrating considerable heteroge-
neity in the assessment of sarcopenia in the IBD population, 
likely explained by published studies having a small sample 
size or inconsistency in both nomenclature and techniques 
used to measure body composition [42, 43]. Our study was 
retrospective and had limited power which may explain the 
lack of statistical significance in the association between 
sarcopenia and postoperative complications, similarly to 
other studies [44]. Nonetheless it suggests an association 
between “MRI-defined” sarcopenia and postoperative com-
plications in CD. Larger prospective studies are needed but 
hold the prospect that cross-sectional muscle assessment at 
MRE could supplant conventional sarcopenia assessment as 
a practical guide to perioperative management in CD.

Previous research has evaluated the role of preoperative 
imaging in the assessment of mesenteric adiposity, with 
abundant visceral adipose tissue having been associated with 
clinical recurrence [45] supporting the idea of a pathogenic 
role of the mesenteric fat in CD [46]. No recommendation 
can be made based on the results of our study, on the pre-
ferred modality to be adopted for MRE assessments of sar-
copenia due to the small number of patients. Nevertheless 
the TPA measurement showed a favourable profile due to the 
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rapidity of acquisition and analysis compared to SMA and 
the higher inter-observer agreement compared to psoas mus-
cle intensity to CSF ratio. The assessment for myosteatosis 
at MRE was not immediate and might even require different 
sequences that we could not implement due to the retrospec-
tive nature of the study. In our IBD Unit we are currently 
developing a prospective study with focus on MRE defined 
sarcopenia and functional assessment of muscle function, 
also including a psoas muscle assessment at intestinal USS 
as part of an experimental pre and intraoperative dedicated 
USS protocol. [47].

Conclusion

Psoas muscle cross sectional area and skeletal mass area 
can be estimated on Magnetic Resonance Enterography as 
surrogate markers of sarcopenia with high inter-observer 
agreement.

Author contributions CV conception and design of the study, acquisi-
tion, analysis and interpretation of data, manuscript drafting, K-ML 
acquisition of data, analysis of data and manuscript drafting, BR study 
design and acquisition of data, BC study design and acquisition of data 
FK acquisition of data, manuscript drafting, JZ acquisition and analysis 
of data, OD analysis of data, critical review of the manuscript, HA 
study design, interpretation of data, critical review of the manuscript, 
LS, study design, acquisition, analysis and interpretation of data, criti-
cal review of the manuscript. All authors have reviewed and approved 
the final version of the mansuscript to be published. All authors agree 
to be accountable for all aspects of the study regarding the accuracy 
and integrity of the work presented.

Funding No funding has been received for the preparation of this 
manuscript.

Compliance with ethical standards 

Conflict of interest The authors disclose no conflict of interest.

Research involving human participants and/or animals The study was 
conducted according to the principles of the Declaration of Helsinki. 
It was registered as a clinical audit and therefore ethical approval was 
not required.

Informed consent For this type of study no informed consent was 
required.

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://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Fielding RA, Vellas B, Evans WJ et al (2011) Sarcopenia: an undi-
agnosed condition in older adults. Current consensus definition: 
prevalence, etiology, and consequences. International working 
group on sarcopenia. J Am Med Dir Assoc 12(4):249–256

 2. Joglekar S, Asghar A, Mott SL et al (2015) Sarcopenia is an inde-
pendent predictor of complications following pancreatectomy for 
adenocarcinoma. J Surg Oncol 111:771–775

 3. Miller BS, Ignatoski KM, Daignault S, University of Michigan 
Analytical Morphomics Group et al (2012) Worsening central 
sarcopenia and increasing intra-abdominal fat correlate with 
decreased survival in patients with adrenocortical carcinoma. 
World J Surg 36:1509–1516

 4. Herrod PJJ, Boyd-Carson H, Doleman B, Trotter J, Schlichtemeier 
S, Sathanapally G, Somerville J, Williams JP, Lund JN (2019) 
Quick and simple; psoas density measurement is an independ-
ent predictor of anastomotic leak and other complications after 
colorectal resection. Tech Coloproctol 23(2):129–134

 5. Cravo ML et al (2017) Lower skeletal muscle attenuation and 
high visceral fat index are associated with complicated disease 
in patients with Crohn’s disease: an exploratory study. Clin Nutr 
ESPEN 21:79–85

 6. Bamba S, Sasaki M, Takaoka A, Takahashi K, Imaeda H et al 
(2017) Sarcopenia is a predictive factor for intestinal resec-
tion in admitted patients with Crohn’s disease. PLoS ONE 
12(6):e0180036

 7. Cushing KC, Kordbacheh H, Gee MS, Kambadakone A, Anan-
thakrishnan AN (2018) Sarcopenia is a novel predictor of the 
need for rescue therapy in hospitalized ulcerative colitis patients. 
J Crohn’s Colitis 12(9):1036–1041

 8. Shah M, Ray J, Sontag S, Hayden D (2018) Crohn’s disease and 
sarcopenia: predicting surgical outcomes. Am J Gastroenterol 
113:S22

 9. Zhang T, Cao L, Cao T, Yang J, Gong J, Zhu W, Li N, Li J (2017) 
Prevalence of sarcopenia and its impact on postoperative outcome 
in patients with Crohn’s Disease undergoing bowel resection. J 
Parenter Enteral Nutr 41:592–600

 10. Bone L, Pinkney T et al (2014) A comparison of the post-oper-
ative course of Crohn’s disease and cancer patients undergoing 
similar right-sided bowel operations. Int J Surg 12:S32

 11. Dieleman LA, Heizer WD (1998) Nutritional issues in inflamma-
tory bowel disease. Gastroenterol Clin North Am 27:435–451

 12. Bryant RV, Trott MJ, Bartholomeusz FD, Andrews JM (2013) 
Systematic review: body composition in adults with inflammatory 
bowel disease. Aliment Pharmacol Ther 38:213–215

 13. Dolan DR, Knight KA, Maguire S, Moug SJ (2019) The rela-
tionship between sarcopenia and survival at 1 year in patients 
having elective colorectal cancer surgery. Tech Coloproctol 
23(9):877–885

 14. Jo E, Lee SR, Park BS et al (2012) Potential mechanisms underly-
ing the role of chronic inflammation in age-related muscle wast-
ing. Aging Clin Exp Res 24:412–422

 15. Pellino G, Keller DS, Sampietro GM et al (2020) Inflamma-
tory bowel disease position statement of the Italian Society of 
Colorectal Surgery (SICCR): Crohn’s disease. Tech Coloproctol 
24(5):421–448

 16. Calvet X, Panes J, Alfaro N et al (2014) Delphi consensus state-
ment: quality indicators for inflammatory bowel disease compre-
hensive care units. J Crohn’s Colitis 8:240–251

http://creativecommons.org/licenses/by/4.0/


1427Updates in Surgery (2021) 73:1419–1427 

1 3

 17. Brown SR, Fearnhead NS, Faiz OD, ACPGBI IBD Surgery 
Consensus Collaboration et al (2018) The Association of Colo-
proctology of Great Britain and Ireland consensus guidelines in 
surgery for inflammatory bowel disease. Colorectal Dis 20(Suppl 
8):3–117

 18. Celentano V, O’Leary DP, Caiazzo A et al (2019) Longer small 
bowel segments are resected in emergency surgery for ileocaecal 
Crohn’s disease with a higher ileostomy and complication rate. 
Tech Coloproctol. https ://doi.org/10.1007/s1015 1-019-02104 -9

 19. von Elm E, Altman DG, Egger M, STROBE Initiative et al (2008) 
The Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE)statement: guidelines for reporting obser-
vational studies. J Clin Epidemiol 61(4):344–349

 20. Dindo D, Demartines N, Clavien PA (2004) Classification of sur-
gical complications: a new proposal with evaluation in a cohort 
of 6336 patients and results of a survey. Ann Surg 240:205–213

 21. Jones KI, Doleman B, Scott S et al (2014) Simple psoas cross 
sectional area measurement is a quick and easy method to assess 
sarcopenia and predicts major surgical complications. Colorec-
tal Disease 17:O20. The Association of Coloproctology of Great 
Britain and Ireland

 22. Mosteller RD (1987) Simplified calculation of body surface area. 
NEJM 317:1098

 23. van der Werf A, Langius JAE, de van der Schueren MAE et al 
(2018) Percentiles for skeletal muscle index, area and radiation 
attenuation based on computed tomography imaging in a healthy 
Caucasian population. Eur J Clin Nutr 72:288–296

 24. Triplett WT, Baligand C, Forbes SC et al (2014) Chemical shift-
based MRI to measure fat fractions in dystrophic skeletal muscle. 
Magn Reson Med (Wiley Periodicals) 72:8–19

 25. Van Dijk DPJ, Bakers FCH, Sanduleanu S et al (2018) Myostea-
tosis predicts survival after surgery for periampullary cancer: 
a novel method using MRI. Int HepatoPanceato-Biliary Assoc 
(Elsevier) 20:715–720

 26. van Dijk DP, Bakens MJ, Coolsen MMM et al (2017) Low skeletal 
muscle radiation attenuation and visceral adiposity are associated 
with overall survival and surgical site infections in patients with 
pancreatic cancer. J Cachexia Sarcopenia Muscle 8:317–326

 27. Celentano V (2020) Laparoscopic redo surgery in recurrent ile-
ocolic Crohn’s disease: a standardised technique. J Min Access 
Surg 16(1):90–93

 28. Aggarwal R, Ranganathan P (2016) Common pitfalls in statisti-
cal analysis: the use of correlation techniques. Perspect Clin Res 
7:187–190

 29. Marston L (2010) Introductory statistics for health and nursing 
using SPSS. Sage Publications, Thousand Oaks

 30. Cooper C, Dere W, Evans W et al (2012) Frailty and sarcopenia: 
definitions and outcome parameters. Osteoporos Int 23:1839–1848

 31. Simonsen C, de Heer P, Bjerre ED, Suetta C, Hojman P, Pedersen 
BK et al (2018) Sarcopenia and postoperative complication risk 
in gastrointestinal surgical oncology: a meta-analysis. Ann Surg 
268(1):58–69

 32. Ryan E, McNicholas D, Creavin B, Kelly ME, Walsh T, Beddy D 
(2018) Sarcopenia and inflammatory bowel disease: a systematic 
review. Inflamm Bowel Dis 25(1):67–73. https ://doi.org/10.1093/
ibd/izy21 2

 33. Khan AI, Reiter DA, Sekhar A et al (2019) MRI quantitation of 
abdominal skeletal muscle correlates with CT-based analysis: 

implications for sarcopenia measurement. Appl Physiol Nutr 
Metab 44:814–819

 34. Studenski SA, Peters KW, Alley DE et al (2014) The FNIH sarco-
penia project: rationale, study description, conference recommen-
dations, and final estimates. J Gerontol A Biol Sci 69:547–558

 35. Bonekamp S, Ghosh P, Crawford S et al (2008) Quantitative 
comparison and evaluation of software packages for assessment 
of abdominal adipose tissue distribution by magnetic resonance 
imaging. Int J Obes (Lond) 32:100–111

 36. Erős A, Soós A, Hegyi P et al (2019) Sarcopenia as an independ-
ent predictor of the surgical outcomes of patients with inflam-
matory bowel disease: a meta-analysis. Surg Today. https ://doi.
org/10.1007/s0059 5-019-01893 -8

 37. Ghoneima AS, Flashman K, Dawe V et al (2019) High risk of sep-
tic complications following surgery for Crohn’s disease in patients 
with preoperative anaemia, hypoalbuminemia and high CRP. Int 
J Colorectal Dis. https ://doi.org/10.1007/s0038 4-019-03427 -7

 38. Sheean PM, Peterson SJ, Gomez Perez S et al (2014) The preva-
lence of sarcopenia in patients with respiratory failure classified 
as normally nourished using computed tomography and subjective 
global assessment. J Parenter Enteral Nutr 38(7):873–879

 39. Galata C, Hodapp J, Weiß C et al (2019) Skeletal muscle mass 
index predicts postoperative complications in intestinal surgery for 
Crohn’s disease. J Parenter Enteral Nutr. https ://doi.org/10.1002/
jpen.1696

 40. Cruz-Jentoft AJ, Baeyens JP, Bauer JM et al (2010) Sarcopenia: 
European consensus on definition and diagnosis: report of the 
european working group on sarcopenia in older people. Age Age-
ing 39(4):412–423

 41. Ryan E, McNicholas D, Creavin B et al (2019) Sarcopenia and 
inflammatory bowel disease: a systematic review. Inflamm Bowel 
Dis 25(1):67–73

 42. Carlsson E, Bosaeus I, Nordgren S (2002) Body composition in 
patients with an ileostomy and inflammatory bowel disease: vali-
dation of bio-electric impedance spectroscopy (BIS). Eur J Clin 
Nutr 56:680–686

 43. Kim J, Wang Z, Heymsfield SB et al (2002) Total-body skeletal 
muscle mass: estimation by a new dual-energy X-ray absorptiom-
etry method. Am J Clin Nutr 76:378–383

 44. Thiberge C, Charpentier C, Gillibert A et al (2018) Lower sub-
cutaneous or visceral adiposity assessed by abdominal computed 
tomography could predict adverse outcome in patients with 
Crohn’s disease. J Crohn’s Colitis 12(12):1429–1437

 45. Li Y, Zhu W, Gong J et al (2015) Visceral fat area is associated 
with a high risk for early postoperative recurrence in Crohn’s dis-
ease. Colorectal Dis 17:225–234

 46. Karmiris K, Koutroubakis IE, Kouroumalis EA (2005) The emerg-
ing role of adipocytokines as inflammatory mediators in inflam-
matory bowel disease. Inflamm Bowel Dis 11:847–855

 47. Celentano V, Beable R, Ball C et al (2020) The Portsmouth pro-
tocol for intra-operative ultrasound of the small bowel in Crohn’s 
disease. Colorectal Dis 22(3):342–345

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

https://doi.org/10.1007/s10151-019-02104-9
https://doi.org/10.1093/ibd/izy212
https://doi.org/10.1093/ibd/izy212
https://doi.org/10.1007/s00595-019-01893-8
https://doi.org/10.1007/s00595-019-01893-8
https://doi.org/10.1007/s00384-019-03427-7
https://doi.org/10.1002/jpen.1696
https://doi.org/10.1002/jpen.1696

	Preoperative assessment of skeletal muscle mass during magnetic resonance enterography in patients with Crohn’s disease
	Abstract
	Introduction
	Methods
	Study setting
	Data collection
	MRE protocol and image analysis
	Surgical procedure
	Primary and secondary outcomes
	Statistical analysis
	Ethics

	Results
	Postoperative complications
	Total psoas area (TPA) and skeletal muscles area (SMA) measurements
	Psoas intensity to CSF ratio
	Prevalence of MRE defined Sarcopenia in patients who developed postoperative complications
	Inter observer agreement

	Discussion
	Conclusion
	References




