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Introduction

Colorectal cancer represents serious disease 
with steadily growing incidence worldwide, leading 
to significant socio-economic implications both for 
the patients and society. Despite advances in onco-
logical treatment and technical progress in surgical 

techniques, it remains the second most deadly can-
cer [1]. Although surgical treatment is considered 
highly standardised and effective, numerous post-
operative complications resulting in serious morbid-
ity and even mortality are consistently reported [2]. 
Therefore, every effort should be made to improve 
this situation.
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A b s t r a c t

Introduction: Sarcopaenia seems to be predictive factor for postoperative morbidity and mortality after colorectal 
resection for cancer. Nevertheless, an ideal sarcopaenic indicator is still to be identified.
Aim: To evaluate computed tomography (CT) measured total abdominal muscle area (TAMA), total psoas muscle 
area (TPA), and psoas density (PD) – previously described sarcopaenia indicators – as possible risk factors for postop-
erative complications in patients after curative colon and rectal resections for colorectal cancer.
Material and methods: Consecutive patients after elective curative colon or rectal resection for cancer at a  sin-
gle institution were divided into cohorts with uncomplicated postoperative course or complications Clavien-Dindo  
grade I-II (Cl-Di 0-II) and complications Clavien-Dindo grade III-V (Cl-Di III-V). Cohorts were statistically tested for 
significant differences in TAMA, TPA, and PD calculated from preoperative staging CT scans at the level of the third 
lumbar vertebra.
Results: Data of 112 patients were analysed from a prospectively run database; 65 underwent colon and 47 rectal 
resections. PD was significantly higher in the Cl-Di 0-II cohort compared to the Cl-Di III-V for both colon (42.67 ±6.52 
vs. 40.11 ±7.57 HU, p = 0.002) and rectal resections (44.08 ±5.86 vs. 43.03 ±5.70HU, p = 0.016). TAMA and TPA failed 
to show significant differences.
Conclusions: Psoas density is significantly decreased in patients with Clavien-Dindo grade III-V complications after 
curative resection for colon and rectal cancer. Due to the simplicity and affordability of its assessment from preop-
erative staging CT scan, it might be considered an optimal sarcopaenic indicator to be utilised in everyday practice.
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To allow more appropriate comparison of data 
regarding surgical complications, the Clavien-Din-
do classification was introduced in 2004 as a global 
compelling tool for quality assessment in surgery. 
The proposed morbidity scale, based on the ther-
apeutic consequences of complications, is simple, 
objective, and reproducible [3]. As a result, the pre-
viously utilised subjective description of minor (Cla-
vien-Dindo grade I-II) and major complications (Cla-
vien-Dindo grade III or more) should no longer be 
acceptable within surgical research and publishing.

Based on the current guidelines of the Europe-
an Working Group on Sarcopaenia in Older People 
(EWGSOP2), sarcopaenia is defined as muscle dis-
ease characterised by low muscle strength associat-
ed with low muscle quantity or quality. Possible asso-
ciation with low physical performance is an indicator 
of severity [4]. While loss of muscle mass beneath 
the normal values (quantity) is relatively straightfor-
ward, impaired quality appears to be defined more 
vaguely. Nevertheless, sarcopaenic obesity caused 
by fat infiltration of muscle tissue that replaces its 
volume may be considered a good example [5, 6]. 

Both sarcopaenia and sarcopaenic obesity in-
crease health risks and are associated with cardiac 
and respiratory diseases, impaired cognitive func-
tions, reduced physical performance, and increased 
direct hospital costs [4]. Sarcopaenia also seems to 
be a poor prognostic factor for survival of cancer pa-
tients, independent of body mass index [7]. Also of 
note, there is some evidence that sarcopaenia could 
be a predictive factor for postoperative surgical com-
plications in colorectal surgery [8–10]. Nevertheless, 
preoperative assessment of sarcopaenia is not uti-
lised on a  regular standardised basis, and its true 
value for prediction of postoperative outcome re-
mains controversial. This situation is clearly reflect-
ed in the EWGSOP2 guidelines, which declare that 
the search for muscle quality indicators that best 
predict outcomes and identification of measuring 
tools that are affordable represent gaps in sarcopae-
nia research [4].

Aim

The aim of the study was to evaluate computed 
tomography (CT) measured total abdominal muscle 
area (TAMA), total psoas muscle area (TPA), and pso-
as density (PD) – previously described sarcopenia in-
dicators – as possible risk factors for postoperative 

complications in patients after curative colon and 
rectal resections for colorectal cancer.

Material and methods

After the approval of the Multicentre Ethics Com-
mittee (ethical approval number: EK/279/2019), in 
accordance with the Declaration of Helsinki, all pa-
tients who underwent elective curative colon or rec-
tal resection for colorectal cancer at our institution 
between 1.1.2017 and 31.12.2018 were identified 
in the prospectively run database. Rectal cancer was 
defined as a tumour within 15 cm of the anal verge. 
To assure homogenous quality of the CT scans uti-
lised for subsequent analysis, patients with staging 
CT performed outside our institution were excluded 
from the study protocol. 

Demographic and clinical data of the study pop-
ulation including age, sex, body mass index (BMI), 
American Society of Anaesthesiologists (ASA) score, 
neoadjuvant chemoradiotherapy, type of surgical 
approach (open/laparoscopic), postoperative com-
plications according to Clavien-Dindo classification, 
30-day mortality, and 1-year survival were collected/
calculated by a single independent clinical research-
er blinded to the outcomes of CT muscle mass and 
density measurements. 

Assessment of the standardised staging CT scans 
was executed by a single operator, skilled in radio-
logical anatomy and body composition analysis, 
blinded to the patient outcomes to avoid bias and 
possible inter-observer variation. TAMA, TPA, and av-
erage PD were assessed at the cross sections in the 
third lumbar vertebra (L3) level where both trans-
verse processes were visible. For TAMA and TPA, 
freehand drawing around the muscle margins was 
performed (TAMA – psoas, quadratus lumborum, 
erector spinae, external and internal obliques, trans-
versus and rectus abdominis, TPA – psoas), while for 
PD freehand drawing 3 mm centrally to the psoas 
margin was done to avoid density variations at the 
borderline with surrounding tissues. Non-contrast 
CT images were used for the analysis to exclude 
contrast as a possible confounder. Calculations were 
then executed automatically by IntelliSpace Por-
tal 9.0 software (Philips) – muscle attenuation in 
Hounsfield units (HU) for PD and cm2 for TAMA and 
TPA. Final values of TAMA and TPA in cm2/m2 were 
subsequently calculated as the proportion to the 
square of body height.
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Due to the fact that colon and rectal cancer rep-
resent two relatively different entities with regards 
to therapeutic strategies and outcomes, the study 
population was divided according to tumour locali-
sation into two arms – “colon” and “rectum”. Based 
on the recorded postoperative course, each arm was 
subsequently subdivided into two cohorts: Cl-Di 0-II 
(patients with no complications or complications 
Clavien-Dindo grade I-II) and Cl-Di III-V (complica-
tions Clavien-Dindo grade III-V).

Statistical analysis

Finally, statistical analysis was carried out with 
the aid of statistical software (Statistica 12, StatSoft, 
CZ) to detect possible significant differences in mus-
cle mass and density measurements (TAMA, TPA, 
and PD) between cohorts in both arms. A non-para-
metric Mann-Whitney U-test was utilised to com-
pare unpaired continuous data. For the remaining 
variables Mann-Whitney U-test (continuous data) or 
Fischer’s exact test (categorical data) was used for 
statistical analysis where applicable. The level of sta-
tistical significance was set to p < 0.05.

Results

Overall, 118 patients with histologically con-
firmed colorectal adenocarcinoma and elective cura-

tive resection (R0) were identified over the two-year 
period in the prospectively run database. Six cases 
were excluded due to preoperative CT scan per-
formed at a different institution, which resulted in 
112 patients being eligible for the study. The male/
female ratio was approximately 2 : 1, and the aver-
age BMI was 28.29 ±5.62 kg/m2 (overweight range), 
36.2% of rectal cancer cases underwent neoadju-
vant chemoradiotherapy. 90.2% of patients were 
classified as ASA score 2–3, and 83% of surgeries 
were performed by laparoscopic approach. Anasto-
motic leakage occurred in 6.3%, 30-day mortality 
was 5.36%, and 1-year survival reached 92.9%. The 
colon and rectum arms included 65 and 47 patients, 
respectively. Basic descriptive data of the study pop-
ulation are summarized in Table I – continuous vari-
ables are presented as mean values with standard 
deviation, categorical ones as total numbers and 
proportion.

No significant difference was detected between 
Cl-Di 0-II and Cl-Di III-V cohorts in age, gender, BMI, 
ASA score, and neoadjuvant chemoradiotherapy in 
both colon and rectum arms. In the colon arm the  
Cl-Di 0-II cohort significantly more often received lap-
aroscopic procedure (87.8% vs. 37.5%, p = 0.0002) 
while the Cl-Di III-V cohort more often received open 
surgery (62.5% vs. 12.2%, p = 0.0002). This differ-
ence, however, does not compromise subsequent 

Table I. Basic descriptive data

Basic characteristics Total Colon Rectum

Number of patients 112 65 47

Gender ratio (male/female) 74/38 (66/34%) 40/25 (62/38%) 34/13 (72/28%)

Age [years] 68.3 ±10.4 68.5 ±10.8 68.0 ±9.8

Body mass index [kg/m2] 28.29 ±5.62 28.51 ±5.86 27.98 ±5.25

Comorbidity, n (%):

ASA 1 8 (7.1) 6 (9.2) 2 (4.3)

ASA 2 54 (48.2) 28 (43.1) 26 (55.3)

ASA 3 47 (42) 28 (43.1) 19 (40.4)

ASA 4 3 (2.7) 3 (4.6) 0

Therapeutic approach, n (%):

Laparoscopic resection 93 (83) 49 (75) 44 (93.6)

Open resection 19 (17) 16 (25) 3 (6.4)

Neoadjuvant chemoradiotherapy – – 17 (36.2)
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analysis because sarcopaenia is not related to the 
selection of surgical approach. A detailed overview 
is provided in Tables II and III.

PD was significantly higher in the Cl-Di 0-II co-
hort compared to Cl-Di III-V for both colon (42.67 
±6.52 vs. 40.11 ±7.57 HU, p = 0.002) and rectal re-
sections (44.08 ±5.86 vs. 43.03 ±5.70 HU, p = 0.016). 

TAMA and TPA failed to show significant differences 
– Table IV, Figures 1 and 2.

Patients with anastomotic leakage after colon 
resection had significantly lower PD compared to 
those without leak (31.40 ±7.50 vs. 42.73 ±6.37, p = 
0.034), while no such difference was observed in pa-
tients after rectal resection. TAMA and TPA failed to 

Table II. Colon arm cohorts

Basic characteristics Cl-Di 0-II Cl-Di III-V P-value

Number of patients 49 16 –

Gender ratio (male/female) 30/19 (61/39%) 10/6 (62.5/37.5%) NS

Age [years] 68.0 ±10.5 69.8 ±11.4 NS

Body mass index [kg/m2] 28.22 ±5.63 29.39 ±6.41 NS

Comorbidity, n (%):

ASA 1 6 (12) 0 NS

ASA 2 23 (47) 5 (31)

ASA 3 19 (39) 9 (56)

ASA 4 1 (2) 2 (13)

Therapeutic approach, n (%):

Laparoscopic resection 43 (87.8) 6 (37.5) 0.0002

Open resection 6 (12.2) 10 (62.5)

Neoadjuvant chemoradiotherapy – NS –

Table III. Rectum arm cohorts

Basic characteristics Cl-Di 0-II Cl-Di III-V P-value

Number of patients 40 7 –

Gender ratio (male/female) 29/11 (72.5/27.5%) 5/2 (71.4/28.6%) NS

Age [years] 67.7 ±9.8 69.9 ±9.5 NS

Body mass index [kg/m2] 27.96 ±5.41 28.11 ±4.28 NS

Comorbidity, n (%):

ASA 1 2 (5) 0 NS

ASA 2 23 (57.5) 3 (42.9)

ASA 3 15 (37.5) 4 (57.1)

ASA 4 0 0

Therapeutic approach, n (%):

Laparoscopic resection 38 (95) 6 (85.7) NS

Open resection 2 (5) 1 (14.3)

Neoadjuvant chemoradiotherapy 14 (35) 3 (42.8) NS
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show any significant differences in either arm. Nev-
ertheless, analysis of anastomotic leakage was not 
a primary endpoint of the study because the number 
of patients was far too small to provide any reliable 
conclusions.

Discussion

There seems to be growing evidence that sar-
copaenia is associated with postoperative compli-
cations and decreased survival in cancer patients 
[7–12]. Although this is not necessarily causation, 
because low muscle strength and low muscle quan-
tity/quality may be related to age, gender, level of 
physical activity, heritability, and other possible con-
founders [13], it appears that some sarcopaenic indi-
cators might be effective predictors of postoperative 
morbidity and mortality after colorectal resections 
for cancer [8–10]. At the same time, optimal param-
eters best predicting outcome and accurate afford-
able measuring tools are still to be defined [4]. 

CT, magnetic resonance imaging (MRI), dual-en-
ergy X-ray absorptiometry (DXA), and bioelectri-
cal impedance analysis (BIA) have been reported 
as validated tools for sarcopaenia assessment, all 
with specific pros and cons. Taking into account the 
disputable accuracy of BIA and inability of DXA to 
assess intra-muscular fat (muscle quality) [14], CT 
and MRI currently represent the gold standard to de-
scribe skeletal muscle quantity and quality [4, 15]. 

Table IV. TAMA, TPA, and PD comparison be-
tween cohorts

Variable TAMA  
[cm2/m2]

TPA  
[cm2/m2]

PD (HU)

Colon cancer:

Cl-Di 0–II, n = 49 48.62 ±9.82 5.63 ±1.83 42.67 ±6.52

Cl-Di III–V, n = 16 48.64 ±9.38 5.37 ±1.82 40.11 ±7.57

P-value 0.2 0.99 0.002

Rectal cancer:

Cl-Di 0–II, n = 40 50.50 ±11.82 5.96 ±1.64 44.08 ±5.86

Cl-Di III–V, n = 7 51.55 ±9.68 6.51 ±1.78 43.03 ±5.70

P-value 0.67 0.70 0.016

Figure 1. Psoas muscle density and complica-
tions (colon cancer)

Figure 2. Psoas muscle density and complica-
tions (rectal cancer)
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In cancer patients, preoperative staging CT/MRI is 
routinely performed, so data for analysis are readily 
available with no need for any additional investiga-
tions or extra costs. Lumbar muscle cross-sectional 
area analysis, performed at the level of L3, was pro-
posed as an innovative, simple, and practical tool 
to be adopted in clinical practice [4]. Therefore, this 
technique was selected for the presented study.

As for the sarcopaenic indicators assessed radio-
logically at the L3 level, the vast majority of studies 
report TAMA or TPA that were shown to correlate 
with the total body skeletal muscle volume [16]. Both 
parameters provide information about the muscle 
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quantity, thus reflecting the original definition of sar-
copaenia. Nevertheless, novel measures are needed 
to reflect also muscle quality [17]. PD, defined as pso-
as muscle radiation attenuation measured from the 
CT scan in HU, indicates the ectopic lipid deposits in 
muscles that are not visually detectable as fat in the 
CT image, thus providing information about muscle 
quality [5]. Based on the above, the decision was tak-
en to observe traditional TAMA and TPA, as well as 
more novel PD, as the indicators of sarcopaenia in 
our study. Decreased TAMA, TPA, and PD values were 
expected in the Cl-Di III-V cohorts.

Indeed, patients developing Clavien-Dindo grade 
III-V complications had significantly lower PD com-
pared to those with no or Clavien-Dindo I-II complica-
tions after both colon and rectal resections. However, 
TAMA and TPA failed to show a statistical difference, 
which is contrary to the conclusions of some of the 
previously reported studies that suggested that lean 
muscle mass is a predictor of major surgical compli-
cations [9]. Statistical error due to limited sample 
size may be an explanation for this observation. At 
the same time, it can be speculated that TAMA and 
TPA only reflect muscle mass, while PD rather reflects 
muscle quality, thus adhering better to the updated 
sarcopaenia definition [4]. In other words, muscle 
function may be impaired by fat infiltration that does 
not necessarily affect its volume. Also of note, from 
a practical point of view, PD measurement was ex-
perienced as simple and quick procedure, calculated 
automatically in HU from the CT scan, while TAMA 
and TPA measurements were more time consuming, 
requiring also calculation of the proportion to the 
square of the patient’s height as an additional step. 
Based on the above, PD might be considered as a fa-
voured sarcopaenic indicator [10].

Obviously, the presented results should be con-
sidered as preliminary and interpreted with caution. 
Due to the unicentric nature of the study, its external 
validity is limited. Future research is needed to de-
termine cut-off values for PD as a radiological indica-
tor of sarcopaenia. Although different methods have 
been reported to determine reference standards, 
including lower quartile of mean density [18] and 
receiver operating characteristic curve analysis [10],  
the currently reported thresholds are only arbitrary 
[4, 16]. Furthermore, the true value of the PD as 
a  predictor of postoperative complications should 
be investigated to establish a clear definition of the 
perceived correlation. Also of note, PD could become 

a part of more complex predictive tools. This would 
allow for targeted pre-operative interventions to im-
prove postoperative outcomes (preoperative coun-
selling, nutritional support, prehabilitation) as well 
as adjustments of surgical strategies in risk-strati-
fied sarcopaenic patients [16]. Laparoscopic colorec-
tal cancer surgery combined with enhanced recovery 
after surgery protocol seems to reduce the negative 
impact of sarcopaenia on short-term outcomes and, 
as such, may be considered relevant [19]. 

Conclusions

Psoas density is significantly decreased in pa-
tients with Clavien-Dindo grade III-V complications 
after curative resection for colon and rectal cancer. 
Due to the simplicity and affordability of its assess-
ment from preoperative staging CT scan, it might 
be considered as an optimal sarcopenic indicator to 
be utilised in everyday practice. Future studies are 
needed to determine PD cut-off values indicating 
sarcopaenia, thus allowing for its accurate valida-
tion as a  prognostic factor for postoperative com-
plications. 
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