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Abstract

Purpose To assess whether preoperative radiologically defined lean muscle measures are associated with adverse clinical
outcomes in patients undergoing elective surgery for colorectal cancer.

Methods This retrospective UK-based multicentre data collection study identified patients having had colorectal cancer
resection with curative intent between January 2013 to December 2016. Preoperative computed-tomography (CT) scans
were used to measure psoas muscle characteristics. Clinical records provided postoperative morbidity and mortality data.
Results This study included 1122 patients. The cohort was separated into a combined group (patients with both sarcopenia
and myosteatosis) and others group (either sarcopenia or myosteatosis, or neither). For the combined group, anastomotic
leak was predicted on univariate (OR 4.1, 95% CI 1.43-11.79; p=0.009) and multivariate analysis (OR 4.37, 95% CI
1.41-13.53; p=0.01). Also for the combined group, mortality (up to 5 years postoperatively) was predicted on univariate
(HR 2.41, 95% CI 1.64-3.52; p <0.001) and multivariate analysis (HR 1.93, 95% CI 1.28-2.89; p=0.002). A strong cor-
relation exists between freehand-drawn region of interest-derived psoas density measurement and using the ellipse tool
(R>=81%; p<0.001).

Conclusion Measures of lean muscle quality and quantity, which predict important clinical outcomes, can be quickly and
easily taken from routine preoperative imaging in patients being considered for colorectal cancer surgery. As poor muscle
mass and quality are again shown to predict poorer clinical outcomes, these should be proactively targeted within prehabili-
tation, perioperative and rehabilitation phases to minimise negative impact of these pathological states.

Keywords Psoas muscle - Sarcopenia - Myosteatosis - Lean muscle

Introduction
The collaborators for the “POMPOMM Collaborative—
PreOperative Measurement of Psoas—postOperative Morbidity and Predicting complications following major surgery is diffi-
Mortality” are listed in the acknowledgements. . . . .
cult in frail elderly populations undergoing colorectal can-
549 J.E. M. Blackwell cer resection. Risk prediction models suffer methodological
james.blackwell @nhs.net limitations and their utility in elderly cohorts, most at risk of

complications, is unclear [1, 2]. Objective physical measures

1 .
Royal Derby Hospital, Derby, England, UK such as the Timed Up and Go test and hand grip strength

Queens Medical Centre, Nottingham, England, UK correlate with physical fitness levels in the general popula-
3 King’s Mill Hospital, Nottinghamshire, England, UK tion; however, standardised cut-offs are yet to be defined
4 The Northern General Hospital, Sheffield, England, UK within specific comorbid groups matching those undergo-

ing colorectal surgery [3]. The gold standard assessment
of cardiorespiratory fitness, the cardiopulmonary exercise
University of Nottingham, Nottingham, England, UK test (CPET), is not universally available within the UK [4].
University of Glasgow, Glasgow, Scotland, UK There remains a need for objectively measured markers of
8 University of Sheffield, Sheffield, England, UK

Royal Alexandra Hospital, Paisley, Scotland, UK
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individual patient status to more accurately stratify individ-
ual risk associated with major surgical resection.

Quantification of lean muscle mass (and associated
disease states of sarcopenia and myosteatosis) has been
proposed as a metric for individualised risk stratification
and outcome prediction for patients with colorectal cancer
undergoing surgery [5-7]. Sarcopenia, the combined loss
of muscle mass and function with age, is a significant pre-
dictor of major complications following abdominal surgery
and is associated with adverse oncological outcomes [8, 9].
Myosteatosis, fatty infiltration into muscles, is associated
with diabetes and obesity, reduced muscle activity, myositis
and cancer [10]. Myosteatosis increases hospital length of
stay and readmissions following cancer surgery [11]. Sar-
copenia and myosteatosis have independent negative effects
on overall survival in patients with colorectal cancer [9,
12—-14]. The literature suggests the joint effect of sarcope-
nia and myosteatosis is additive (rather than multiplicative)
and highly predictive of reduced overall, recurrence-free,
and cancer-specific survival compared with normal patients
[12, 14].

Preoperative identification of radiologically defined path-
ological states has shown promising predictive values and
propensity toward surgical complications and reduced over-
all survival [5, 8, 15]. Objective muscle measurements from
computed tomography (CT) scans are particularly appealing
as this is the standard preoperative radiological investigation
in the UK when investigating and staging colorectal cancer.
Cross-sectional area of the psoas muscle at the third lumbar
vertebral level (L3) on preoperative CT scans can be used
to assess whole body lean muscle mass, and when normal-
ised for height is used as a quantitative index of sarcopenia
(referred to in this paper as psoas muscle index (PMI) (syn-
onymous with total psoas index (TPI) [15]) [5, 8, 15]. A
CT-derived measure of lean muscle quality is psoas muscle
density (PD) (or muscle radio attenuation) and is measured
in Hounsfield units (HU), with lower PD values indicating
myosteatosis [11]. Measurements of both cross-sectional
area and density can be quickly attained with limited train-
ing, without the requirement of specialist software [5].

Conflicting opinion exists in the literature regarding
definitions, exact measurement and clinical utility of these
radiologically derived values [5, 6], particularly as normal
reference ranges for age, gender and comorbidities are yet
to be fully defined [13]. Developing our understanding of
variation in measurement techniques could further improve
efficacy of measurement and accessibility of this measure-
ment for incorporation within clinical settings.

Identifying patients at high risk of complications, allow-
ing for optimal advance resource allocation (such as high
dependency beds) through ubiquitous, quick and easily
measured parameters is clinically appealing. Understanding
an individual’s specific risk facilitates a more meaningful

@ Springer

informed consent process and should enhance shared deci-
sion-making when considering postoperative quality of life
and certain adjuncts to primary resection (i.e. diverting or
defunctioning stoma), which can minimise the impact of
anastomotic leak should it occur [16]. Individualised risk
assessment, in the fully informed patient, may even provide
evidence for the decision to avoid anastomosis entirely.

Aims

This paper aims to investigate whether the use of preopera-
tive radiologically defined lean muscle measures is associ-
ated with adverse clinical outcomes in patients undergoing
elective surgery for colorectal cancer.

Methods
Ethics

This study was granted NHS ethics approval (IRAS 273242)
with local governance procedures followed at separate sites.

Patient group

This retrospective UK-based multicentre data collection
study identified patients having had colorectal cancer resec-
tion with curative intent between January 2013 and Decem-
ber 2016. Centres included were Royal Derby Hospital
(Derby, England), Queens Medical Centre (Nottingham,
England), King’s Mill Hospital (Nottinghamshire, Eng-
land), The Northern General Hospital (Sheffield, England)
and Royal Alexandra Hospital (Paisely, Scotland). Patient
cohorts were identified from individual hospital cancer
records and cross-referenced with the National Bowel Can-
cer Audit data. Encrypted databases were kept at each site
with central study members conducting data analysis blinded
to patient site. Site leads were responsible for maintaining
validity of locally collected data. Data extractors received
written instructions with verbal troubleshooting from the
central research team (due to COVID travel restrictions pre-
venting in-person Vvisits).

Computed tomography image data extraction

All patients had preoperative contrast-enhanced portal-
venous CT scans. Psoas muscle analysis used the most
superior CT slice in which both transverse processes of
the third lumbar vertebrae (L3) were visible as previously
described [5, 17] (Fig. 1) using the hospital standard PACS
imaging software (Centricity Universal Viewer Version 6.0,
GE Healthcare, Chicago, USA) with one institution using
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Fig. 1 Psoas muscle measurement. Freehand region of interest (ROI)
drawn bilaterally (blue). Example of ellipse tool use for ROI on right
psoas muscle body (red)

Mimcloud (MIMsoftware inc., Cleveland, USA). Freehand
regions of interest (ROI) were drawn around both psoas
muscles in the same CT slice, excluding macroscopically
obvious fat infiltration. The automatically calculated cross-
sectional area and mean density in HU of each ROI was
recorded. The ‘ellipse’ tool was used to draw the largest
possible ellipse-shaped ROI within the psoas muscle borders
in the same CT slice, recording the mean density in HU
of this ellipse. The arithmetic mean of the density of both
psoas muscles and both ellipses was then calculated. The
PMI was calculated as combined left and right psoas mus-
cle cross-sectional area normalised by the patient’s height
[(right CSA +left CSA)/height*(cm?/m?)] [18].

Clinical outcome data

Electronic patient records provided pre- and postoperative
clinical details. The Clavien—Dindo (CD) system was used
to classify postoperative complications with CD 3/4 com-
plications defined as major complications [19]. Anastomotic
leak was defined as proven leaks requiring intervention (i.e.
CD 3/4). Intervention due to anastomotic leak was cross-
referenced with theatre and interventional radiology records
to ensure complete data capture. Postoperative complication
data was collected until discharge from index operation (with
electronic records checked for readmissions up to 30 days)
and mortality data was captured for 5 years postoperatively.

Statistical analysis

Variables included mean psoas density (PD, measured in
HU) and PMI. We calculated PMI as the sum of psoas muscle
areas (right and left) divided by height squared. We defined
myosteatosis as those with PMI <41 HU if body mass index
(BMI) <25 and PMI <33 HU if BMI>25 [9]. We defined sar-
copenia as a PMI < 5.86 cm?/m? for men and MPI < 4.56 cm?/
m? for women [7]. We also identified patients with both

sarcopenia and myosteatosis to assess whether clinical out-
comes were poorer within this group.

Descriptive data of baseline characteristics are presented
as median [interquartile range] or number (%) as appropriate.
Differences were tested using standardised differences with
> 0.1 taken to mean baseline imbalance. To test the associa-
tion between sarcopenia/myosteatosis and binary outcomes
we performed logistic regression. For anastomotic leak, we
excluded patients who had a stoma. Estimates were adjusted
for a priori confounding variables including age at diagno-
sis (<60 years, 60—80 years and over 80 years old), sex,
chronic kidney disease (CKD) stage 4 and 5, severe anae-
mia (Hb < 100 g/L), BMI (underweight, normal/overweight
and obesity) and hypoalbuminaemia (albumin <35 g/L). We
assessed continuous variables for linearity using plots of the
variable versus logit transformed outcomes.

We did not impute missing data, and missing data were
case-wise deleted from multivariate models. As a result of
issues with perfect separation, we used Firth logistic mod-
els with penalised maximum likelihood estimates where
appropriate. Time to event data was analysed using Cox
proportional hazards models. Length of stay was analysed
using negative binomial regression. Binary outcomes are
presented as odds ratios (OR), time to event data as hazard
ratios (HR) and length of stay as incident rate ratios (IRR).
We also assessed whether mean ellipse could predict mean
psoas density using linear regression. We conducted a mul-
tivariate sensitivity analysis evaluating mortality at 1 year
to identify if a shorter follow-up period changed estimates.
All estimates are presented with 95% confidence intervals
(CI) and p values. All analyses were performed using Stata
Version 16.

Results

We included 1122 patients. Missing data meant that BMI
could not be calculated in 114 patients (10%) and height
for 116 patients (10%). As group definitions required these
variables in their calculation, numbers were reduced accord-
ingly. Other missing data included albumin (8%) and length
of stay (2%). All other variables had less than 1% missing
data. Anthropometric and baseline clinical data can be seen
in Table 1. For the purposes of this paper the ‘Combined’
group represents those patients with both radiological sarco-
penia and myosteatosis; the group named ‘Others’ contains
patients who have either radiologically normal muscle meas-
ures or sarcopenia/myosteatosis alone.

Predicting psoas density from ellipse
Mean ellipse was a significant predictor of psoas density

(R*=81%; p<0.001) (Fig. 2). Mean ellipse did not predict
mean CSA (R*>=0%; p=0.98).

@ Springer
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Table 1 Anthropometric and baseline data

Total (n=1122) Combined group (n=282) Others (n=919) Standardised
difference

Age 70 [61-76] 75 [69-81] 69 [61-75] 0.72
Sex (F) 473/1119 (42) 20/82 (24) 396/917 (43) 0.41
BMI (kg/m?) 27.2 [23.9-30.4] 24.5 [22.5-28.4] 27.5 [24.1-30.5] 0.30
eGFR (ml/min) 63 [60-87] 60 [58-70] 60 [60-86] 0.42
Haemoglobin (g/L) 129 [114-142] 120 [112-133] 130 [114-142] 0.27
Albumin 38 [34-41] 35 [32-37] 38 [35-41] 0.76
Complication event rates (n=1122)
Anastomotic leak 3.6%
CD 3-5 complications 8.4%
Mortality during follow-up 24.5%

60 80
|

40
|

Mean Psoas density (R+L)/2 HU
20
|

Ellipse Mean

Fig.2 Graph showing the correlation between freehand-drawn mean
psoas density (HU) and single ellipse (HU) used to capture psoas
density on the same slice at L3

Major complications

Myosteatosis did not predict major complications on uni-
variate (OR 1.48, 95% CI 0.78-2.84; p=0.23) or multivari-
ate analysis (OR 0.97, 95% CI 0.47-1.99; p=0.93). Sar-
copenia did not predict major complications on univariate
(OR 1.51,95% CI 0.9-2.53; p=0.12) or multivariate analy-
sis (OR 1.19,95% C1 0.67-2.1; p=0.55). For the combined
group, major complications were almost predicted on uni-
variate (OR 1.9, 95% CI 0.96-3.76; p=0.06) but not multi-
variate analysis (OR 1.1, 95% CI 0.5-2.4; p=0.81).

Anastomotic leak

There were 702 participants who did not have a defunc-
tioning or diverting stoma who were included in this out-
come. Myosteatosis predicted anastomotic leak on univari-
ate (OR 2.82, 95% CI 1.00-8.00; p=0.05) and multivariate
analysis (OR 3.13,95% CI 1.05-9.33; p=0.04). Sarcopenia
predicted anastomotic leak on univariate (OR 4.97, 95% CI

@ Springer

1.14-21.6; p=0.03) and multivariate analysis (OR 3.97,
95% CI 1.01-15.61; p=0.05). For the combined group,
anastomotic leak was predicted on univariate (OR 4.1,
95% CI 1.43-11.79; p=0.009) and multivariate analysis
(OR 4.37,95% CI1 1.41-13.53; p=0.01).

Length of stay

Myosteatosis predicted increases in length of stay on univar-
iate (IRR 1.21, 95% CI 1.06-1.38; p=0.004) but not on mul-
tivariate analysis (IRR 1.10, 95% CI 0.96-1.25; p=0.16).
Sarcopenia predicted length of stay on univariate (IRR
1.11,95% CI 1.02-1.21; p=0.02) and multivariate analysis
(IRR 1.1,95% CI 1-1.2; p=0.04). For the combined group,
length of stay was predicted on univariate (IRR 1.27,95% CI
1.1-1.47; p=0.001) but not on multivariate analysis (IRR
1.14,95% CI1 0.98-1.32; p=0.09).

Mortality

Myosteatosis predicted increases in mortality on univariate
(HR 1.89, 95% CI 1.31-2.71; p=0.001) and multivariate
analysis (HR 1.61, 95% CI 1.09-2.36; p =0.02). Sarcope-
nia did not predict mortality on univariate (HR 1.3, 95% CI
0.97-1.75; p=0.08) or multivariate analysis (HR 1.12,
95% CI 0.82-1.54; p=0.49). For the combined group,
mortality was predicted on univariate (HR 2.41, 95% CI
1.64-3.52; p<0.001) and multivariate analysis (HR 1.93,
95% CI 1.28-2.89; p=0.002). Figure 3 shows mortality over
time comparing the combined group versus the rest of the
study patients.

On multivariate sensitivity analysis of mortality at
1 year, myosteatosis predicted mortality (OR 2.01, 95% CI
1.17-3.48; p=0.01). As with the main analysis, sarcopenia
did not predict mortality at 1 year although estimates were
imprecise (OR 1.55, 95% CI 0.93-2.59; p=0.09). For the
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Fig.3 Kaplan—-Meier chart showing mortality over time. Red
line=Combined group (both sarcopenia and myosteatosis), Blue
line=Others (rest of patients in study), Red/Blue shaded areas 95%
confidence intervals

combined group, mortality was predicted on multivariate
analysis (OR 2.35, 95% CI 1.31-4.22; p=0.004).

Discussion

This multicentre study adds the largest UK patient cohort
to the growing literature utilising radiologically defined
lean muscle parameters (psoas density and myosteatosis)
to predict clinical outcomes in patients undergoing elective
colorectal cancer surgery. Myosteatosis may have a greater
clinical utility as a simple, easily measured, reproducible
and ubiquitous parameter than CT-derived sarcopenia in this
group. Patients presenting with both myosteatosis and sar-
copenia appears to represent a higher-risk group of patients
as shown previously [12, 14]. Additionally, this study shows
that the density within a simple ellipse ROI drawn within
the psoas muscle using a standard freehand tool (requiring
no training or specialist image analysis software) correlates
well to previously described methods of obtaining density
from freehand-drawn ROIs around psoas muscles. These
measures can complement other variables currently used to
predict individual surgical risk. They should be incorpo-
rated routinely in staging CT scan reports for discussion at
the colorectal multidisciplinary team meeting (MDT) when
assessing functional status and suitability for surgery.
Myosteatosis and sarcopenia both independently pre-
dicted anastomotic leak, in keeping with previous literature
[5]. Our group also however previously demonstrated that
low psoas density predicted Clavien—Dindo grade 3 or 4
complications in a smaller cohort (1.65-24.23) p=0.007,
adjusted OR 14.37 (1.37-150.04) p=0.026 [5], which was
not apparent in this much larger cohort. This discrepancy

may be explained by the small, single-centre nature of the
previous study with a much lower event rate and also by
the multifactorial causative nature of postoperative com-
plications, which will have reduced precision as previously
acknowledged [5, 20]. We saw a trend toward the group of
patients with both sarcopenia and myosteatosis having sig-
nificantly more serious postoperative complications. With
further investigation and a larger sample size this relation-
ship may prove to be more apparent as previously published
studies from other centres highlighting the group of patients
suffering both myosteatosis and sarcopenia [12, 14], who
may be a clinically important cohort to consider when
assessing fitness for surgery and discussing individualised
relative risks.

Both sarcopenia and myosteatosis were associated with
increased length of stay as seen previously [15, 21]. How-
ever, the factors determining postoperative length of stay
are numerous of which postoperative surgical complications
are only one component. It has been previously shown that
sarcopenia in older adults is a risk factor for the require-
ment for future care home use [22] and is associated with
an increased length of stay in medical as well as surgical
patients [23]. As a result of the retrospective nature of this
study, social circumstances and the additional time spent in
hospital for other reasons (i.e. stoma training, physiother-
apy/occupational therapy requirements) were not assessed
which may have reduced the accuracy of our estimation of
the effects of muscle measures on length of stay.

Patients with myosteatosis had a significant increase in
the risk of death in the 5 years following resection compared
with those without myosteatosis. As expected, patients with
both reduced muscle quality and quantity appeared to have a
twice the risk of death (up to approx. 5 years) and is in keep-
ing with a previous systematic review of the impact radio-
logically determined sarcopenia on survival after all types
of abdominal surgery [8]. Myosteatosis may reflect global
frailty and malnutrition at presentation, leading to reduced
muscle quality, which we know carries a poorer prognosis
following major surgery [2, 24]. Sarcopenia alone did not
predict mortality within this study. This contrasts with pre-
vious studies having shown higher short-term (30 days and
1 year) [15] and longer-term mortality rates in sarcopenic
patients with colorectal cancer [9, 12]. It may also reflect
of the omission of muscle function when measuring radio-
logical sarcopenia (from the true definition of sarcopenia)
[25]. Psoas muscle density may more accurately represent
general deconditioning and poor skeletal muscle quality (as
judged by presence of myosteatosis) versus radiologically
defined sarcopenia. This study did not measure muscle func-
tion, which could explain why we saw a lower than expected
rate of complications/mortality in the sarcopenic group (as
there may have been radiologically sarcopenic patients with
preserved muscle function [25]). We know that preserved
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muscle function aides early postoperative mobilisation and
reduces complications and length of stay following colo-
rectal surgery [26], which is unsurprising given that sim-
ple tasks such as sit to stand require optimal functioning of
the trunk muscles (including the psoas muscle). The above
uncertainties highlight the need for larger-scale clinical
population-based studies to define normal cut-offs in patient
groups. Interpretation of muscle quantity, quality and func-
tion, both independently and combined, is of paramount
importance when aiming to individualise preoperative risk
assessment. This may allow muscle quality/quantity and
concurrent function to be targeted by prehabilitation and
perioperative strategies which could lead to improvements
in clinical outcomes [20, 27, 28].

Poor muscle quantity and quality represent chronic decon-
ditioning of skeletal lean muscle mass and are associated
with poorer short- and long-term outcomes [8, 13]. Under-
standing the true meaning of these measures is important (as
discussed above), but more so is the consideration of their
clinical application to help identify and reduce overall surgi-
cal risk to the patient. Reduced values are often multifacto-
rial secondary to chronic health conditions (i.e. anaemia,
diabetes, cardiorespiratory disease, malnutrition) as well as
the underlying disease process of concern (i.e. cancer) and
should be pragmatically interpreted as such. Radiologically
defined parameters of sarcopenia and myosteatosis can aid
preoperative nutritional assessment by adding detail to indi-
vidualised patient assessment versus traditional methods (i.e.
BMI, weight loss) [11] and have been incorporated within
prognostic models for patients diagnosed with colorectal
cancer [7]. Psoas density measurement has been proposed
to aid real-time decision-making in the colorectal MDT and
could add to the individualised counselling of a patient’s
specific risk of complication and death from major surgical
resection [5].

Limitations

This paper used previously published cut-off values for
myosteatosis and sarcopenia; however, further large-
scale cohort studies are required to clearly define these
cut-off values in both health and disease states in addi-
tion to cancer groups [9, 13]. Variation in methodological

Table 2 Breakdown of operations performed in patient cohort

approach for obtaining body composition measures has
been acknowledged within the literature previously [9, 13].
These factors limit the generalizability of our findings.
It is also acknowledged that radiological assessment of
sarcopenia alone is probably insufficient to diagnose true
sarcopenia without concomitant evidence of decreased
muscle function [25]. Preoperative assessment should
include radiological muscle quality/quantity assessment
as well as functional assessment of muscle strength and
performance. This study was a retrospective data col-
lection study and has inherent limitations as such. We
attempted to mitigate convenience sampling by recording
consecutive cases meeting the inclusion criteria through
each unit over the study time period. We accept the risk
of misclassification bias given the study period was longer
than 5 years previously. We cannot account for any com-
plication beyond discharge wherein the patient presented
to a different hospital to that where they had their primary
cancer resection.

Conclusion

Measures of lean muscle quality and quantity, which pre-
dict important clinical outcomes, can be quickly and easily
taken from routine preoperative imaging in patients being
considered for colorectal cancer surgery. As poor muscle
mass and quality are again shown to predict poorer clini-
cal outcomes, these should be proactively targeted within
prehabilitation, perioperative and rehabilitation phases to
minimise negative impact of these pathological states. Fur-
ther work should include incorporation of muscle meas-
ures in prospective cohorts for preoperative risk assess-
ment and explore its efficacy as an objective measure for
enhancing the informed consent process.

Appendix

See Tables 2 and 3.

Operations performed Total Female Male
n=1122 (%) n=477 (%) n=645 (%)
Right sided (right hemicolectomy, extended right hemicolectomy) 402 (39) 178 (44) 224 (56)
Left sided (anterior resection, sigmoid colectomy, left colectomy, Hartmanns, 679 (61) 281(41) 398 (59)
abdomino-perineal resection of rectum, extra-levator excision of rectum)
Total/subtotal colectomy 41 4) 18 (44) 23 (56)

@ Springer



Techniques in Coloproctology (2023) 27:1091-1098

1097

Table 3 Univariate and

A . Variable
multivariate predictors for

Univariate analysis Multivariate analysis

the primary outcome of
anastomotic leak (if no stoma)
and combined group

Combined group
Age group (< 60 years reference)
60-80 years
80+ years
Sex (female reference)
CKD 4 and 5
Anaemia
BMI (normal reference)
Obesity
Underweight
Low albumin

4.1 (1.43-11.79)* 4.37 (1.41-13.53)*
1.78 (0.52-6.1)
0.74 (0.12-4.52)
1.88 (0.8-4.42)
2.92 (0.15-55.73)
1.01 (0.3-3.47)

0.91 (0.27-3.08)
0.24 (0.03-1.89)
1.98 (0.73-5.43)
3.62 (0.18-72.58)
1.73 (0.48-6.19)

0.91 (0.32-2.56)
2.59 (0.31-21.32)
1.02 (0.4-2.64)

0.75 (0.26-2.2)
3.44 (0.51-23)
1.07 (0.36-3.12)

Estimates presented as odds ratios (95% confidence intervals)

*Denotes statistical significance

Acknowledgements Collaborative Authorship: Michael Wong (Royal
Alexandra Hospital Paisley, Scotland, UK), Alexander NC Boucher
(King’s Mill Hospital, Nottinghamshire, England, UK), Ross Sian
(King’s Mill Hospital, Nottinghamshire, England, UK), Peter Metherall
(Northern General Hospital, Sheffield, England, UK), Jenna Harthorne
(Northern General Hospital, Sheffield, England, UK), Natasha Redhead
(Northern General Hospital, Sheffield, England, UK), Leonie Walker
(Northern General Hospital, Sheffield, England, UK), Fiona Marshall
(Northern General Hospital, Sheffield, England, UK), Christopher
GD Clarke (Queens Medical Centre, Nottingham, England, UK), Paul
Thomas (Queens Medical Centre, Nottingham, England, UK), Liam
Hyland (Queens Medical Centre, Nottingham, England, UK), Jacob R
Hatt (Royal Derby Hospital, Derby, England, UK), Edward Hardy (Royal
Derby Hospital, Derby, England, UK), Thomas Smart (Royal Derby Hos-
pital, Derby, England, UK), James Bunce (Royal Derby Hospital, Derby,
England, UK), Alysha Careless (Royal Derby Hospital, Derby, England,
UK), Yi Lin Lai (Royal Derby Hospital, Derby, England, UK), Elizabeth
Gemmill (King’s Mill Hospital, Nottinghamshire, England, UK).

Data availability The datasets generated during and/or analysed dur-
ing the current study are available from the corresponding author on
reasonable request.

Declarations

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose. No funding was received for conducting
this study.

Ethical approval Ethical approval was granted from NHS Ethics as per
the methods section.

Informed Consent Informed consent from individual patients was not
sought for this retrospective data analysis study.

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. Souwer ETD, Bastiaannet E, Steyerberg EW et al (2021) A pre-
diction model for severe complications after elective colorectal
cancer surgery in patients of 70 years and older. Cancers (Basel)
13(13):1-13. https://doi.org/10.3390/cancers13133110

2. Makary MA, Segev DL, Pronovost PJ et al (2010) Frailty as a
predictor of surgical outcomes in older patients. J Am Coll Surg
210(6):901-908. https://doi.org/10.1016/j.jamcollsurg.2010.01.
028

3. Boereboom CL, McGuinness RB, Herrod PJJ et al (2021) Using
a quick timed-up-and-go test to predict surgical risk. JCSM
Rapid Commun 4(2):159-165. https://doi.org/10.1002/rc02.36

4. Reeves T, Bates S, Sharp T et al (2018) Cardiopulmonary exer-
cise testing (CPET) in the United Kingdom—A national survey
of the structure, conduct, interpretation and funding. Perioper
Med. https://doi.org/10.1186/s13741-017-0082-3

5. Herrod PJJ, Boyd-Carson H, Doleman B et al (2019) Quick and
simple; psoas density measurement is an independent predictor
of anastomotic leak and other complications after colorectal
resection. Tech Coloproctol 23(2):129-134. https://doi.org/10.
1007/s10151-019-1928-0

6. Rollins KE, Gopinath A, Awwad A, Macdonald IA, Lobo DN
(2020) Computed tomography-based psoas skeletal muscle area
and radiodensity are poor sentinels for whole L3 skeletal muscle
values. Clin Nutr 39(7):2227-2232. https://doi.org/10.1016/j.
¢lnu.2019.10.003

7. Shan L, Li T, Gu W et al (2022) Application of prognostic
models based on psoas muscle index, stage, pathological grade,
and preoperative carcinoembryonic antigen level in stage II-III
colorectal cancer patients undergoing adjuvant chemotherapy.
J Oncol. https://doi.org/10.1155/2022/6851900

8. Jones K, Gordon-Weeks A, Coleman C, Silva M (2017) Radio-
logically determined sarcopenia predicts morbidity and mor-
tality following abdominal surgery: a systematic review and
meta-analysis. World J Surg 41:2266-2279. https://doi.org/10.
1007/500268-017-3999-2

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/cancers13133110
https://doi.org/10.1016/j.jamcollsurg.2010.01.028
https://doi.org/10.1016/j.jamcollsurg.2010.01.028
https://doi.org/10.1002/rco2.36
https://doi.org/10.1186/s13741-017-0082-3
https://doi.org/10.1007/s10151-019-1928-0
https://doi.org/10.1007/s10151-019-1928-0
https://doi.org/10.1016/j.clnu.2019.10.003
https://doi.org/10.1016/j.clnu.2019.10.003
https://doi.org/10.1155/2022/6851900
https://doi.org/10.1007/s00268-017-3999-2
https://doi.org/10.1007/s00268-017-3999-2

1098 Techniques in Coloproctology (2023) 27:1091-1098
9. Lee CM, Kang J (2020) Prognostic impact of myosteatosis in 19. Dindo D, Demartines N, Clavien P-A (2004) Classification of
patients with colorectal cancer: a systematic review and meta- surgical complications. Ann Surg 240(2):205-213. https://doi.org/
analysis. J Cachexia Sarcopenia Muscle 11(5):1270-1282. 10.1097/01.s1a.0000133083.54934.ae
https://doi.org/10.1002/jcsm. 12575 20. Xiao J, Xiao J, Caan BJ et al (2020) Association of low muscle
10. Aubrey J, Esfandiari N, Baracos VE et al (2014) Measurement mass and low muscle radiodensity with morbidity and mortality
of skeletal muscle radiation attenuation and basis of its bio- for colon cancer surgery. JAMA Surg 155(10):942-949. https://
logical variation. Acta Physiol 210:489-497. https://doi.org/10. doi.org/10.1001/jamasurg.2020.2497
1111/apha.12224 21. Lieffers JR, Bathe OF, Fassbender K, Winget M, Baracos VE
11. Klassen P, Baracos V, Gramlich L, Nelson G, Mazurak V, Mar- (2012) Sarcopenia is associated with postoperative infection and
tin L (2020) Computed-tomography body composition analy- delayed recovery from colorectal cancer resection surgery. Br J
sis complements pre-operative nutrition screening in colorectal Cancer 107(6):931-936. https://doi.org/10.1038/bjc.2012.350
cancer patients on an enhanced recovery after surgery pathway. 22. Hirani V, Blyth F, Naganathan V et al (2015) Sarcopenia is associ-
Nutrients 12(12):1-12. https://doi.org/10.3390/nul12123745 ated with incident disability, institutionalization, and mortality in
12. Hopkins JJ, Reif RL, Bigam DL, Baracos VE, Eurich DT, Saw- community-dwelling older men: the concord health and ageing in
yer MB (2019) The impact of muscle and adipose tissue on men project. J] Am Med Dir Assoc 16(7):607-613. https://doi.org/
long-term survival in patients with stage I to III colorectal can- 10.1016/j.jamda.2015.02.006
cer. Dis Colon Rectum 62(5):549-560. https://doi.org/10.1097/ 23. Sousa AS, Guerra RS, Fonseca I, Pichel F, Amaral TF (2016) Sar-
DCR.0000000000001352 copenia and length of hospital stay. Eur J Clin Nutr 70:595-601.
13. MacCormick A, Streeter A, Puckett M, Aroori S (2022) The https://doi.org/10.1038/ejcn.2015.207
impact of myosteatosis on outcomes following surgery for 24. Birkelbach O, Morgeli R, Spies C et al (2019) Routine frailty
gastrointestinal malignancy: a meta-analysis. Ann R Coll Surg assessment predicts postoperative complications in elderly
Engl. https://doi.org/10.1308/rcsann.2021.0290 patients across surgical disciplines—a retrospective observa-
14. Kroenke CH, Prado CM, Meyerhardt JA et al (2018) Muscle radi- tional study. BMC Anesthesiol 19(1):1-10. https://doi.org/10.
odensity and mortality in patients with colorectal cancer. Cancer 1186/s12871-019-0880-x
124(14):3008-3015. https://doi.org/10.1002/cncr.31405 25. Cruz-Jentoft AJ, Baeyens JP, Bauer JM et al (2010) Sarcopenia:
15. Dolan DR, Knight KA, Maguire S, Moug SJ (2019) The relation- European consensus on definition and diagnosis. Age Ageing
ship between sarcopenia and survival at 1 year in patients having 39(4):412-423. https://doi.org/10.1093/ageing/afq034
elective colorectal cancer surgery. Tech Coloproctol 23(9):877— 26. Department of Health. Enhanced recovery partnership programme.
885. https://doi.org/10.1007/s10151-019-02072-0 2011;(March):23—-4. https://www.gov.uk/government/uploads/sys-
16. Phan K, Oh L, Ctercteko G et al (2019) Does a stoma reduce the tem/uploads/attachment_data/file/215511/dh_128707.pdf
risk of anastomotic leak and need for re-operation following low 27. Blackwell JEM, Boereboom CL, Dawson LA, Williams JP, Lund JN,
anterior resection for rectal cancer: systematic review and meta- Phillips BE (2017) High intensity interval training elicits improve-
analysis of randomized controlled trials. J Gastrointest Oncol ments in cardiorespiratory fitness within 31 days in urological but
10(2):179-187. https://doi.org/10.21037/j20.2018.11.07 not colorectal cancer patients presenting for surgery. In: 22nd Annual
17. Trotter J, Johnston J, Ng A, Gatt M, MacFie J, McNaught CE congress of the European College of Sport Science, Ruhr, Germany
(2018) Is sarcopenia a useful predictor of outcome in patients 28. Blackwell JEM, Gharahdaghi N, Brook MS et al (2021) The
after emergency laparotomy? A study using the NELA database. physiological impact of high-intensity interval training in octo-
Ann R Coll Surg Engl 100(5):377-381. https://doi.org/10.1308/ genarians with comorbidities. J Cachexia Sarcopenia Muscle
rcsann.2017.0230 12(4):866—-879. https://doi.org/10.1002/jcsm. 12724
18. Bukvié¢ M, Zerem E, Begic¢ A et al (2019) Psoas muscle index

as indicator of sarcopenia in patients with colorectal carcinoma
during oncological treatment. Int J Sci Eng Res. https://doi.org/
10.14299/ijser.2019.07.01

@ Springer

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


https://doi.org/10.1002/jcsm.12575
https://doi.org/10.1111/apha.12224
https://doi.org/10.1111/apha.12224
https://doi.org/10.3390/nu12123745
https://doi.org/10.1097/DCR.0000000000001352
https://doi.org/10.1097/DCR.0000000000001352
https://doi.org/10.1308/rcsann.2021.0290
https://doi.org/10.1002/cncr.31405
https://doi.org/10.1007/s10151-019-02072-0
https://doi.org/10.21037/jgo.2018.11.07
https://doi.org/10.1308/rcsann.2017.0230
https://doi.org/10.1308/rcsann.2017.0230
https://doi.org/10.14299/ijser.2019.07.01
https://doi.org/10.14299/ijser.2019.07.01
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1001/jamasurg.2020.2497
https://doi.org/10.1001/jamasurg.2020.2497
https://doi.org/10.1038/bjc.2012.350
https://doi.org/10.1016/j.jamda.2015.02.006
https://doi.org/10.1016/j.jamda.2015.02.006
https://doi.org/10.1038/ejcn.2015.207
https://doi.org/10.1186/s12871-019-0880-x
https://doi.org/10.1186/s12871-019-0880-x
https://doi.org/10.1093/ageing/afq034
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/215511/dh_128707.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/215511/dh_128707.pdf
https://doi.org/10.1002/jcsm.12724

	CT-derived measures of muscle quantity and quality predict poorer outcomes from elective colorectal surgery: a UK multicentre retrospective cohort study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Aims
	Methods
	Ethics
	Patient group
	Computed tomography image data extraction
	Clinical outcome data
	Statistical analysis

	Results
	Predicting psoas density from ellipse
	Major complications
	Anastomotic leak
	Length of stay
	Mortality

	Discussion
	Limitations

	Conclusion
	Appendix
	Acknowledgements 
	References


