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Background: Computed tomography (CT) can be used for accurate estimation of whole-body muscle
mass and muscle density and for detection of sarcopenia. The goal of this study was to evaluate the
additional value of CT measured sarcopenia and muscle attenuation alongside the Malnutrition Universal
Screening Tool (MUST) for the prediction of post-operative morbidity after oncological colorectal
resection, whilst correcting for known risk factors.
Methods: A prospective cohort study of 80 patients undergoing elective colorectal surgery in the
Netherlands. Patients were screened for nutritional risk upon admission using the MUST. Additionally,
preoperative CT scans were used to determine skeletal muscle mass for the detection of sarcopenia and
muscle attenuation. Univariate and multivariable analyses were performed to evaluate associations be-
tween the MUST, muscle attenuation and sarcopenia on the one hand and post-operative complications
measured by the Clavien-Dindo score on the other hand.
Results: American Society of Anesthesiology-classification (ASA) �3, age �70, MUST �2 and lower than
median muscle attenuation were significantly associated with a higher risk for postoperative compli-
cations (Clavien-Dindo score �2) (p � 0.05), whereas sarcopenia was not (p ¼ 0.59). Multivariate ana-
lyses showed that only MUST �2 remained significantly associated with postoperative complications
when corrected for age (p ¼ 0.03, OR 5.8, 95%CI 1.1e29.6), but not when corrected for age �70 and ASA
�3. Muscle attenuation and sarcopenia were not significantly associated with postoperative
complications.
Conclusion: Our results suggest that using CT measured sarcopenia may have only little additional value
over the MUST for the prediction of increased short-term post-operative morbidity after oncological
colorectal surgery. It also underlines the importance of currently implemented easy-to-use nutritional
screening tools (MUST) and raises the question of the evaluation of muscle quality versus quantity in
body composition imaging. However, further research is needed to investigate the role of sarcopenia for
predicting outcome after colorectal surgery, and investigate the role of muscle attenuation measure-
ments for the prediction of muscle function.
Category of submission: observational study.

© 2018 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
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1. Introduction and rationale

In the Netherlands, colorectal cancer (CRC) constitutes the sec-
ond most common type of malignant disease. According to statis-
tics from the population-based Netherlands Cancer Registry almost
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15,600 new cases of CRCwere diagnosed in the Netherlands in 2015
(almost 8900 men and almost 6700 women). A general epidemi-
ological trend in CRC shows an increase in incidence over time,
increased incidence with age and decreasing mortality [1].

Nutritional status has been shown to be an independent risk
factor for post-operative complications amongst all patients un-
dergoing colorectal resection [2e5]. Typical measures used to
screen for and assess malnutrition include dietary intake and
changes in body mass index (BMI). Nutritional screening tools that
use these parameters have been shown to be useful for the iden-
tification of individuals at nutritional risk [6e8]. The European
Society for Clinical Nutrition and Metabolism (ESPEN) recom-
mends the use of the Malnutrition Universal Screening Tool
(MUST) for clinical use [6]. Nutritional screening tools have been
shown to be independent risk predictors for post-operative
complications [2e5]. Recently, the use of computed tomography
(CT) has been suggested to be a reliable tool for accurate estima-
tion of whole-body muscle mass and the detection of sarcopenia
[9e15], although not all evidence unequivocally supports this
[16e18]. This technique uses CT images at the level of the third
lumbar vertebra (L3) to determine cross-sectional area of skeletal
muscle at L3, which when corrected for the patient's height is a
measure of lean body mass [9,19]. Besides estimation of body
mass, e.g. for the detection of sarcopenia, CT image analysis has
been used for the estimation of muscle density, also known as
muscle attenuation. Muscle attenuation measures the mean value
of Hounsfield units in skeletal muscle mass at the L3 level, and
may possibly be used for the estimation of muscle function, rather
than muscle mass [20].

This direct quantification of lean body mass and muscle atten-
uation offers a potentially objective measure of patients' body
composition and potential loss of functional muscle mass. The goal
of this study was to assess whether CT sarcopenia screening has
additional value besides the MUST for the prediction of post-
operative complications after oncological colorectal resection.

2. Study design & methods

A prospective cohort study of patients undergoing elective
surgical intervention was conducted. All patients aged 18 years and
older undergoing elective oncological colorectal resection between
October 2012 and July 2013 for the treatment of colon and rectal
cancer in VieCuri teaching hospital in the south of the Netherlands
were included (N ¼ 80). Patients with American Society of Anes-
thesiology (ASA)-classification V, severe liver cirrhosis e Child
grade C, end stage renal disease requiring dialysis, severe heart
disease e New York Heart Association class IV and chronic
obstructive pulmonary disease (COPD) requiring (home)oxygen
therapy or an interval greater than 2 months between the time of
the scan and the operation were excluded (N ¼ 6).

Prior to this study, a nutritional screening and intervention al-
gorithm had successfully been implemented at our hospital in
accordance with ESPEN guidelines. All patients were screened us-
ing theMUST screening tool upon hospital admission. Patients with
MUST scores of 2 or higher received a nutritional intervention in
the form of additional high caloric food products before surgery, in
accordance with ESPEN guidelines. As a nutritional screening and
treatment algorithm was already in place, no change in the nutri-
tional intervention regime was implemented in this study.

Patients with rectal carcinoma underwent neoadjuvant therapy
for a period of 8 weeks, followed by a restaging CT and then surgery
within 2 weeks in accordance with dutch guidelines. Colon carci-
noma patients did not receive neoadjuvant treatment. For the
purpose of this study, the restaging CT was used for sarcopenia
measurements.
Besides nutritional status, known risk factors for post-operative
complications were recorded: age (<70 and � 70 years), ASA-
classification (<3 and � 3), stage of disease (1e4), planned type
of procedure (laparoscopic or open: conversion from laparoscopic
to open surgery was classified as open surgery) and peri-operative
blood transfusion. Comorbid diseases were categorized according
to the Charlson Comorbidity Index. In the Charlson Comorbidity
index, a weighted score is assigned to each of 17 comorbidities and
the sum of the index score is an indicator of disease burden and an
estimator of mortality. For the analyses we classified the Charlson
index as a binary variable; a score of 3 or more was considered an
increased comorbidity risk [21].

The primary endpoint was the occurrence of post-operative
complications within 30 days after surgery, which were prospec-
tively registered. Post-operative complications were categorized by
severity as proposed by Clavien-Dindo [22]. According to this
classification, complications are defined as any deviation from the
normal post-operative course. Complications were graded from I to
V, based on the extent of intervention needed to correct the
complication. In the case of several complications these were
recorded separately, and the most severe complication was used in
the statistical analyses. For the statistical analyses, we classified
postoperative complications as a binary outcome: complications
graded 2 or higher were categorized as the occurrence of serious
post-operative complications, whereas grade 0 and 1 were graded
as no serious complications.

Data from this cohort has previously been used for a different
study [23].

3. CT measured sarcopenia

Pre-operative abdominal CT scans were available for all patients
(N ¼ 80). Exclusion was on the basis of poor quality of CT scans
(N ¼ 5), scans not showing the abdominal wall (N ¼ 4), absence of
the third lumber vertebra on the scan (N ¼ 2), and/or an interval
greater than 2 months between the time of the scan and the
operation (N ¼ 6).

Muscle mass was measured by analyses of electronically stored
CT images, which had been routinely taken for diagnostic purposes.
The third lumbar vertebra (L3) was used as a standard landmark to
measure muscle cross-sectional area in cm2. Skeletal muscle tissue
was identified and quantified on CT images by means of Hounsfield
unit (HU) thresholds (�29 to þ150 HU). The total cross-sectional
area of skeletal muscles at L3 was computed by use of Slice-O-
matic software, version 5.0 (Tomovision, Montreal, QC, Canada)
(Fig. 1). Total muscle area at L3 normalized for body height (L3
skeletal muscle index, cm2/m2) is linearly related to whole-body
muscle mass. Based on the L3 skeletal muscle index, sarcopenia
was defined using sex-specific cutpoints: 43 cm2/m2 for males with
BMI <25.0 kg/m2 and 53 cm2/m2 for males with BMI �25.0 kg/m2;
the cutpoint for sarcopenia in females was 41 cm2/m2, irrespective
of BMI [24,25]. Besides muscle mass, muscle radiation attenuation
(i.e. the mean HU of muscle tissue) was also determined as an in-
dicator of muscle density. Study participants were divided in
groups of high versus lowmuscle attenuation based on the median
value as cutoff (low: <34.1 HU; high: �34.1 HU).

4. Statistical analyses

Frequencies are presented as absolute numbers and percent-
ages. Univariate analyses were used to determine the association
between each individual variable and the outcome variable using
Chi-square analysis or Fisher's Exact test and or likelihood ratio test
in case of low expected frequencies. P¼<0.05 was considered
significant.



Fig. 1. Segmented CT image at the L3 level showing subcutaneous fat in blue, muscle in
red, and visceral fat in yellow.

Table 1
Division of study variables in sarcopenic and non-sarcopenic groups.

Study parameters Sarcopenia
no (n ¼ 30)

Sarcopenia yes
(n ¼ 33)

P-value

Muscle Attenuation (HU) 0.00
<median 7 (23%) 24 (77%)
�median 23 (72%) 9 (28%)
Muscle area (CM2) 0.00
<median 8 (24%) 25 (66%)
�median 22 (73%) 8 (27%)
MUST 0.06
<2 28 (53%) 25 (47%)
�2 2 (20%) 8 (80%)
Perioperative transfusion 0.13
no 25 (53%) 22 (47%)
yes 5 (31%) 11 (69%)
Age groups 0.25
<70 18 (55%) 15 (45%)
�70 12 (40%) 18 (60%)
ASA 0.43
<3 28 (50%) 28 (50%)
�3 2 (29%) 5 (71%)
Charlson 0.46
<3 25 (50%) 25 (50%)
�3 5 (39%) 8 (61%)
BMI groups 0.60
<30 28 (47%) 32 (53%)
�30 2 (67%) 1 (33%)
Sex 0.82
male 19 (49%) 20 (51%)
female 11 (46%) 13 (54%)
Procedure 0.84
laparoscopic 18 (49%) 19 (51%)
open 12 (46%) 14 (54%)
Tumor Stage 0.97
Stage 1 9 (50%) 9 (50%)
Stage 2 6 (46%) 7 (54%)
Stage 3 10 (50%) 10 (50%)
Stage 4 5 (42%) 7 (58%)

Division of study variables in sarcopenic and non-sarcopenic groups. P-value
calculated by Chi-square, likelihood ratio Test or Fisher's Exact test.
Muscle CM2 was defined as lower or higher than the median (men: <154.5 cm2/
m2 and �154.5 cm2/m2 woman <103.3 cm2/m2 and �103.3 cm2/m2), Muscle
attenuation was defined as higher or lower than the media value (<34.1HU or
�34.1HU).

Table 2
Registered complications.

Type of complication Frequency n Clavien-Dindo-Score

Anastomotic leakage 5 3b
Wound infection opened at bedside 5 1
Abdominal sepsis 4 4a/b
Post-operative ileus 3 2
Pneumonia 3 2
Presacral abcess 2 3a
Urinary tract infections 2 2
Abdominal abcess 2 3a
Line infections 2 2
Ostomy problems

requiring re-operation
2 3b

CVA 1 4
Deep Vein Thrombosis 1 2
Bleeding requiring re-operation 1 3b
Death 2 5
Total 35

Total number of registered complications Clavien-Dindo �2.
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4.1. Multivariable analyses

Confounding between sex, age (<70 and � 70), ASA-
classification (<3 and � 3) and MUST and CT-measured sarcope-
niawas tested by consecutively evaluating them in our multivariate
model. Multiple logistic regression analysis was used to analyse the
independent association between our primary study variables and
the occurrence of post-operative complications (yes versus no).
Only variables with a significant association in univariate analyses
were included in multivariable analyses. Due to limited statistical
power allowing for a limited number of variables to be included in
our multivariable model, we opted to run several multivariable
models, i.e., an uncorrected model containing the primary study
variables and four models correcting for other risk factors. The first
model only included the two main variables of our study (MUST
and sarcopenia). The second contained muscle attenuation instead
of sarcopenia. In the third model, age (age �70) was added. The
fourth and final model contained both the primary study variables
with the addition of age and ASA �3. All statistical analyses were
performed by using SPSS version 20.0.

5. Results

Of the 80 included patients, a total of 63 were selected for CT
analysis, of whom 64% were male. The mean time between CT and
operation was 20 days. The mean age was 69 years (SD 10.5) and
48% of patients were aged seventy years or older. Seventy-three
73% (n ¼ 46) of patients suffered from colon carcinoma and 27%
(n ¼ 16) from rectal carcinoma. Fifty-two percent of patients were
sarcopenic before surgery (n¼ 33). Of the colon and rectal resection
groups, respectively 57% (n ¼ 26) and 44% (n ¼ 9) were sarcopenic.
Eighteen patients suffered stage 1 (28%), 13 patients stage 2 (21%),
20 stage 3 (32%) and 12 patients stage 4 (19%) tumors. Five percent
had a BMI higher than 30 kg/m2 (N ¼ 3), of which one was sarco-
penic. The mean BMI was 26 kg/m2. Sixteen percent had a MUST
score of 2 or higher (N¼ 10). Eleven percent of patients had an ASA-
classification of three or higher (N¼ 7). Forty-four percent (N¼ 26)
underwent open surgery and 56% (N¼ 27) underwent laparoscopic
surgery, of which 9% (N ¼ 3) converted to an open procedure.
Twenty-five percent (N ¼ 16) received packed cells peri-
operatively. Twenty-one percent of patients (N ¼ 16) had a Charl-
son index of 3 or higher. Sarcopenic patients had higher MUST
scores, however this was not signifficant (p ¼ 0.06) (Table 1).
Three percent of patients (N ¼ 2) died due to post-operative
complications, one of which was sarcopenic before surgery.
Thirty-eight percent of patients (N ¼ 24) suffered complications of
which the highest grade complication was used for analyses (4x
grade 1, 7x grade 2, 8x grade 3, 2x grade 4, 2x grade 5) (Table 2).
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Univariate analysis showed that ASA �3, age �70, MUST �2
and lower than median muscle attenuation were significantly
associated with a higher risk for postoperative complications
(Clavien-Dindo score �2) (p � 0.05). Sarcopenia was not signif-
icant (p ¼ 0.59) (Table 3).

Multivariable analyses showed that MUST �2 (p ¼ 0.03, OR 5.8,
95%CI 1.1e29.6) remained significantly associated with the occur-
rence of postoperative complications after adjustment for
Table 3
Univariate analyses of all study parameters on post-operative complications clavien-
dindo score �2.

Complications n (%) P-Value

ASA No (n ¼ 42) Yes (n ¼ 21) <0.01
<3 41 (73%) 15 (27%)
�3 1 (14%) 6 (86%)
Age <0.01
<70 27 (82%) 6 (18%)
�70 15 (50%) 15 (50%)
MUST 0.01
<2 39 (74%) 14 (26%)
�2 3 (30%) 7 (70%)
Muscle Attenuation 0.05
<Median 17 (55%) 14 (45%)
�Median 25 (78%) 7 (22%)
Perioperative transfusion 0.10
No 34 (73%) 13 (17%)
Yes 8 (50%) 8 (50%)
Procedure 0.20
Lap 27 (73%) 10 (27%)
Open 15 (56%) 11 (44%)
Stage 0.25
1 12 (67%) 6 (33%)
2 6 (46%) 7 (54%)
3 14 (70%) 6 (30%)
4 10 (83%) 2 (17%)
BMI groups 0.25
<30 41 (68%) 19 (32%)
�30 1 (33%) 2 (67%)
Sex 0.27
Male 28 (70%) 12 (30%)
Female 14 (61%) 9 (39%)
Muscle CM2 0.28
<Median 24 (73%) 9 (26%)
�Median 18 (60%) 12 (40%)
Sarcopenia 0.59
No 21 (70%) 9 (30%)
Yes 21 (64%) 12 (36%)
Charlson 0.66
<3 34 (68%) 16 (32%)
�3 8 (61%) 5 (39%)

Univariate analysis for each study variable with corresponding P-values for the
occurrence of postoperative complications (Clavien-dindo � 2), calculated by Chi-
square, Likelihood ratio or Fisher's Exact test.
Muscle CM2 was defined as lower or higher than the median (men: <154.5 cm2/m2

and �154.5 cm2/m2 woman <103.3 cm2/m2 and �103.3 cm2/m2), Muscle attenua-
tion was defined as higher or lower than the media value (<34.1HU or �34.1HU).

Table 4
Multivariable analyses of all study parameters on post-operative complications clavien-d

Uncorrected Alternate A

MUST �2 (P ¼ 0.02 OR
6.6 95%CI 1.4e30.9)

MUST �2 (P ¼ 0.04 OR
5.1 95%CI 1.1e23.6)

A
4

Sarcopenia (P ¼ 0.91 OR
0.9 95%CI 0.3e2.9)

Muscle Attenuation Index
(P ¼ 0.18 OR 0.5 95%CI 0.1e1.4)

M
5
S
0

Multivariable analysis for each study variable significant in univariate analyses, calculat
taining MUST and Sarcopenia. Second Alternative model containing muscle attenuation in
both Age�70 and ASA�3.
Muscle attenuation was defined as higher or lower than the media value (<34.1HU or �
differences in age. After additional adjustment for ASA, only age
�70 (p ¼ 0.05, OR 3.4, 95%CI 1.0e11.5) remained significant, whilst
ASA �3 approached significant levels (p ¼ 0.08, OR 8.5, 95%CI
0.8e94.5). MUST �2 (p ¼ 0.12, OR 4.1, 95%CI 0.7e24.7) and muscle
attenuation (p ¼ 0.18, OR 0.5, 95%CI 0.1e1.4) were insignificant in
multivariable analysis. All multivariable models showed sarcopenia
(p � 0.66) to be insignificant (Table 4).

6. Discussion

Our study shows a high prevalence of sarcopenia (52%) in pa-
tients who have to undergo colorectal surgery, but failed to show a
significant association with post-operative complications. In
contrast, MUST�2 and lower muscle attenuation were univariately
associated with postoperative complications. However, when
including both measures in multivariable analyses, muscle atten-
uation failed to show a significant association with postoperative
complications in addition to MUST.

Malnutrition as measured with a variety of validated malnutri-
tion screening tools has shown to be a predictor for worse outcome
after colorectal, gastric, and general abdominal surgery [2e5,23].
More recently, body composition measurement through CT image
analysis has become increasingly common. Several studies previ-
ously showed a relationship between CT-measured sarcopenia and
increased post-operative morbidity and mortality following colo-
rectal resection [10e12,18]. A number of studies have investigated
the relationship between CT-measured sarcopenia and outcome
after hepatocellular carcinoma (HCC) resection and the resection of
colorectal liver metastasis. These studies also showed higher post-
operative morbidity in sarcopenia patients [12e14]. However, not
all studies support these findings [16,17]. Tegels et al. found a high
prevalence of sarcopenia in gastric cancer patients, but no associ-
ation with worse outcome [16]. In addition, Lodewick et al. found
that obesity and sarcopenic obesity did not worsen disease-free
survival, overall survival or complication rates after partial liver
resection for colorectal liver metastasis [17]. Reisinger et al. [18]
recently found that there was no significant association between
sarcopenia alone and sepsis after CRC surgery, but postulated that a
combined risk stratification using sarcopenia, functional compro-
mise (measured by Groningen Frailty Index) and nutritional risk
(measured by Short Nutritional Assessment Questionnaire) could
successfully predict sepsis. Huang et al. [26] argued that sarcopenia
should be defined as reduced muscle mass and reduced muscle
strength, and/or physical performance, and showed that sarcopenia
measured as reduced muscle mass and reduced physical perfor-
mance (measured by gait speed and handgrip strength) was an
independent predictor of post-operative complications after CRC
surgery. The studies by Reisinger et al. and Huang et al. suggest the
importance of physical function in the investigation of the role of
sarcopenia in CRC.
indo score �2.

ge corrected Age þ ASA corrected

ge�70 (P ¼ 0.02 OR
.0 95%CI 1.2e13.3)

Age �70 (P ¼ 0.05 OR 3.4 95%CI 1.0e11.5)

UST �2 (P ¼ 0.03 OR
.8 95%CI 1.1e29.6)

ASA �3 (P ¼ 0.08 OR 8.5 95%CI 0.8e94.5)

arcopenia (P ¼ 0.70 OR
.8 95%CI 0.2e2.7)

MUST �2 (P ¼ 0.12 OR 4.1 95%CI 0.7e24.7)

Sarcopenia (P ¼ 0.66 OR 0.8 95%CI 0.2e2.7)

ed by multiple binary logistic analyses. Left to right. First; uncorrected model con-
stead of Sarcopenia. Third; model corrected for Age�70. Fourth; model corrected for

34.1HU).
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Muscle attenuation has been used as a measure for muscle
density or function rather than muscle mass [20]. Although evi-
dence is still limited, muscle attenuation may be independently
prognostic of survival in patients with solid based tumors
[24].This could possibly imply that muscle quality, i.e. muscle
attenuation, may be of importance besides muscle quantity
measurement, i.e. muscle volume measurements. Our study
shows promising results regarding muscle attenuation, with a
significant relationship with increased complications in univari-
ate analysis. However, muscle attenuation did not reach statistical
significance in predicting postoperative complications in addition
to MUST. This might have been due to the small number of pa-
tients in the current study. Therefore, more research is needed on
this topic, and we suggest the need for standardized muscle
attenuation cutoff values. The causal relationship between sar-
copenia, cachexia and post-operative morbidity is unknown. A
correlation between preoperative inflammatory response and
postoperative complications and mortality has previously been
demonstrated [27e29]. Recently, Reisinger et al. [30] showed that
low muscle mass in patients undergoing CRC surgery was asso-
ciated with an increased post-operative inflammatory response.
This may explain the high incidence of postoperative complica-
tions in sarcopenic patients.

The clinical implementation of CT sarcopenia measurement is
time-consuming and therefore costly. Our study used pre-operative
CT scans that were performed for oncological dissemination pur-
poses and not for the purpose of sarcopenia measurement. This
lead to a substantial percentage of CT scans being unusable for
sarcopenia measurements (21%) and therefor-limited statistical
power. A strength of this study is that both the MUST screening and
CT measurements were performed by only one researcher,
reducing the influence of potential inter-observer differences. It
must be noted that ASA�3 has an excessively wide 95% confidence
interval in our multivariate model (OR 8.5, 95%CI 0.8e94.5). This is
most likely due to the fact that this variable shows a substantial
skewness with only one of 63 cases having an ASA �3 without
complications. This combined with a limited power consequent to
the low number of outcome events causes this variable to have a
profound impact on our multivariate models.

Our results suggest that CT-measured sarcopenia may have
only little additional value over the MUST for the prediction of
increased short-term post-operative morbidity after oncological
colorectal surgery. It also underlines the importance of currently
implemented easy-to-use nutritional screening tools (MUST) and
raises the question of the evaluation of muscle quality versus
quantity in body composition imaging. However, further
population-wide research is needed to investigate role of sarco-
penia for predicting outcome after colorectal surgery, and inves-
tigate the role of muscle attenuation measurements for the
prediction of muscle function.
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