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Results: Of 238 included patients, 96 (40.3%) developed postoperative complica-
tions. Better preoperative aerobic fitness decreased the likelihood to develop
complications, independent of muscle mass (odds ratio [OR]: 0.55, 95% confidence
interval [Cl]: 0.35-0.85) or muscle density (OR: 0.57, 95% CI: 0.36-0.89). A pro-
longed time to recovery following complications was associated with lower pre-
operative muscle density (OR: 4.14, 95% Cl: 1.28-13.41), independent of aerobic
fitness.

Conclusions: Lower aerobic fitness increases the risk of complication development,
while low muscle density seems associated with a prolonged recovery from com-
plications. Aerobic fitness and muscle density could be valuable additives to pre-

operative risk assessment.
KEYWORDS

aerobic fitness, colorectal cancer surgery, complication development and subsequent recovery,
muscle density, preoperative risk assessment

been studied separately regarding their relationship to postoperative

Surgery is the main curative treatment for colorectal cancer (CRC).
Surgery inherently exposes patients to multiple perioperative stres-
sors, leading to a physiological stress response including hormonal,
metabolic, haematological and immunological changes.>? Patients
with a reduced capacity to meet these increased physiological de-
mands appear to be more vulnerable to the impact of surgery and
have an increased risk for developing postoperative complications.’

Complications after CRC surgery remain highly prevalent.* Tradi-
tional predictors of postoperative complications, such as age, sex and
comorbidities are insufficiently accurate in estimating a patient's ability
to cope with perioperative stressors. Furthermore, these predictors do
not anticipate the impact of surgery and potential complications on the
recovery of physical functioning.” Several physical fitness-related
variables, especially preoperative aerobic fitness and body composi-
tion variables, are gaining interest as modifiable risk factors that better
reflect a patient's preoperative reserve capacity.

Aerobic fitness reflects the maximal capacity of the pulmonary and
cardiovascular systems to take in and deliver oxygen to metabolically
active tissues, and the ability of these tissues to extract and use oxygen
in response to metabolic needs." Low preoperative aerobic fitness
might lead to insufficient oxygen delivery to meet the increased post-
operative metabolic demand,’ resulting in increased complication
risk.>” In addition to aerobic fitness, preoperative body composition
analysis provides information about skeletal muscle mass and muscle
density. Myopenia, a condition characterized by low skeletal
muscle mass, and myosteatosis, a condition characterized by low
muscle density due to increased fat and fluid infiltration in the muscle,
reflect reduced energy reserves, malnutrition, and are related to chronic
systemic inflammation.>®? Preoperative aerobic fitness and body
composition variables have been associated with postoperative

outcomes in patients with CRC.®”*° However, both factors have only

morbidity in CRC surgery. Because preoperative aerobic fitness and
body composition differently contribute to a patient's reserve capacity,
different associations with postoperative complications and recovery of
physical functioning following complications might be expected. The
primary aim of this study was to assess how these preoperative
physical fitness variables interact and influence each other's relation
regarding the development and severity of postoperative complications
after elective CRC surgery. The secondary aim was to assess how these
physical fitness variables interact and affect the potential individual
relation with the recovery of physical functioning in patients with

postoperative complications following CRC surgery.

2 | MATERIALS AND METHODS

2.1 | Study design and population

The study was performed at the Maastricht University Medical Centre
(MUMCH+) and reported according to the STrengthening the Reporting
of OBservational studies in Epidemiology (STROBE) statement.* The
Medical Ethical Committee of the MUMC+/Maastricht University ap-
proved the study (15-4-234). Between January 2016 and March 2020,
patients diagnosed with CRC and scheduled for elective resection were
referred to the outpatient physical therapy department for a pre-
operative physical fitness assessment as part of usual care. Data from
all consecutive patients who signed informed consent to use their usual
care data for research purposes were prospectively recorded. Baseline
characteristics, preoperative aerobic fitness and preoperative abdom-
inal computed tomography (CT) scans were collected. American Society
of Anaesthesiologists (ASA) classification'? and Charlson comorbidity
index (CCI)*® were used to classify comorbidities. Patients without an
available CT scan or poor CT scan quality due to radiation artefacts or
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missing muscle parts on the ventral, dorsal or lateral edges were ex-
cluded. Other exclusion criteria were pelvic exenteration, preoperative
assessment of physical fitness before neoadjuvant chemoradiotherapy
or >2 months before surgery, participation in a prehabilitation pro-
gramme, no bowel resection performed due to peritoneal metas-
tases and postoperative air-fluidized sand bed therapy.

2.2 | Preoperative aerobic fithess assessment

Aerobic fitness was estimated using the steep ramp test (SRT), a
short-time maximal cycle ergometer exercise test (Lode Corival Re-
hab, Lode BV),** and expressed as the attained work rate at peak
exercise (WRpeak) adjusted for body mass (SRT WRpeak in W/kg).
After 2min of unloaded cycling, the work rate was increased by
10 W/10 s in a ramp-like manner until voluntary exhaustion. Patients
were asked to maintain a pedalling frequency between 70 and 80
revolutions/min throughout the test. When pedalling frequency
dropped definitely <60 revolutions/min (peak exercise), despite ver-

bal encouragement, the test was ended.

2.3 | Preoperative body composition analysis
Preoperative skeletal muscle mass and muscle density were analysed
using preoperative contrast-enhanced abdominal CT scans performed as
part of usual care. In the case of multiple CT scans, the scan closest to
surgery was selected. In the case of neoadjuvant treatment, the CT scan
performed after neoadjuvant treatment was used. CT scans were
analysed anonymously by a single trained investigator (A. C. M. C.) using
slicOmatic 5.0 (TomoVision) software for Microsoft Windows®. During
analysis, the investigator was blinded for all patient characteristics.
Surface area measurements were performed using transverse slides at
the third lumbar vertebra (L3) level where both transverse processes
were visible."> Total cross-sectional areas of skeletal muscle were de-
termined using predefined Hounsfield unit (HU) thresholds (-29 to 150
HU) and corrected for the patient's body height to obtain the skeletal
muscle index (SM-index, cm?/m?). Skeletal muscle radiation attenuation
(SM-RA), a measure reflecting muscle radiodensity, was determined
using the average HU value of the total skeletal muscle area within the
predefined HU ranges. Low muscle mass was defined using sex and
body mass index (BMI) adjusted cut-off values for SM-index (males:
< 43 cm?/m? when BMI < 25.0kg/m?, < 53 cm?/m? when BMI 2 25.0
kg/m?; females: < 41 cm?/m? regardless of BMI).*® Low muscle density
was defined using BMl-adjusted cut-off values for SM-RA (HU <41
when BMI < 25 kg/m?, and HU < 33 when BMI = 25 kg/m?).%°

2.4 | Postoperative outcomes

All patients received similar postoperative care according to the
enhanced recovery after surgery (ERAS) protocol.>” Furthermore, all
patients received physical therapy from postoperative day one
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onwards, which included transfers, airway-clearing exercises, walk-
ing, stair climbing (when needed), muscle function exercises and
aerobic fitness exercises. Recovery of physical functioning was as-
sessed daily by the physical therapist using the modified lowa level of
assistance scale (mILAS).*® This scale assesses the ability to perform
five daily activities (supine-to-sit, sit-to-supine, sit-to-stand, walk-
ing and stair-climbing [when-needed]), which are scored from O to 6
for the amount of needed assistance. The mILAS score is calculated
by the sum of the five individual scores and ranges from O to 30.
Higher scores indicate more assistance. Time to recovery of physical
functioning was defined as the number of days between surgery and
the day when a mILAS score of O (mILAS =0) was reached.

Primary outcome measures were the development and severity of
postoperative complications, and were scored using the Clavien-Dindo
(CD) classification.’” Development of any postoperative complication
was defined as a CD-grade 2 1. Complication severity was graded as
minor (CD-grade | or Il) or major (CD-grade 2 llla). Secondary outcome
measure was time to recovery of physical functioning in patients with
postoperative complications. The impact of postoperative complica-
tions on the time to recovery of physical functioning was defined based
on the median time to mILAS =0 in patients with postoperative com-
plications. Patients with any postoperative complication and a time to
recovery of physical functioning shorter than or equal to the median
time to mILAS =0 were classified as having a complicated course with
low impact, whereas patients who needed a longer recovery time than
the median time to mILAS =0 were classified as having a complicated

course with high impact.

2.5 | Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics for
Windows, version 26 (IBM Corp.). Normality was tested using histo-
grams and Kolmogorov-Smirnov tests. According to normality, con-
tinuous variables are displayed as mean + standard deviation (SD) or
median and interquartile range [IQR]. Frequencies are presented as
absolute numbers and percentages. Independent samples t tests and
one-way analysis of variance (ANOVA) were used for normally dis-
tributed variables. Mann-Whitney U tests and Kruskal-Wallis tests
were used for nonparametric variables. x? tests were used for cate-
gorical values. Correlations were assessed using Pearson correlation
coefficients and regression plots. Associations of preoperative aerobic
fitness, muscle mass and muscle density with postoperative outcomes
were assessed using binary and multinomial logistic regression analyses,
adjusted for relevant confounders including age, sex, CCl and tumour
location (colon or rectum). Aerobic fitness and body composition vari-
ables were also adjusted for each other to assess independent asso-
ciations. Statistical interactions between preoperative aerobic fitness
and body composition variables were checked to determine whether
potential adverse effects of poor aerobic fitness and poor body com-
position might reinforce each other in case of co-occurrence. Results
are presented as odds ratios (OR) with 95% confidence intervals (Cl).
Two-tailed p values < 0.05 were considered statistically significant.
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3 | RESULTS

Of 505 patients undergoing elective CRC surgery, 304 patients un-
derwent preoperative physical fitness assessment followed by elec-
tive surgical tumour resection. Reasons for not receiving preoperative
physical fitness assessment are listed in Figure 1. Sixty-six patients
were excluded and 238 patients were included in the study (Figure 1).
Baseline characteristics are shown in Table 1. Median time between
preoperative physical fitness assessment and surgery was 10.5 days
[6.0; 17.0]. Median time between preoperative CT scan and surgery
was 25.0 days [19.0; 35.5]. Preoperative aerobic fitness was not
correlated with muscle mass (r: 0.081; p = 0.215), whereas a moder-
ately positive correlation was observed between preoperative aero-
bic fitness and muscle density (r: 0.597; p < 0.001) (Figure 2).

3.1 | Preoperative aerobic fitness, body
composition and postoperative complications

Significant differences in aerobic fitness were observed when com-
paring groups based on complication severity, with the lowest SRT
WRpeak (W/kg) measured in patients with the highest complication
severity (p =0.035). Low muscle mass and low muscle density were

Total population elective CRC patients
(n=515)

significantly more prevalent in patients with a higher complication
severity (p =0.047 and p = 0.034 respectively; Table 1).
Multivariable logistic regression analysis (Table 2) showed that a
better preoperative aerobic fitness level was significantly associated
with a lower likelihood of postoperative complications (OR: 0.54,
95% Cl: 0.35-0.85). Associations remained significant after additional
adjustment for low muscle mass (OR: 0.55, 95% Cl: 0.35-0.85) or low
muscle density (OR: 0.57, 95% Cl: 0.36-0.89). When adjusted for
aerobic fitness, low muscle mass was not associated with post-
operative complications (OR: 0.92, 95% Cl: 0.52-1.62). Low muscle
density was statistically significantly associated with complications in
the unadjusted analysis (OR: 1.71, 95% Cl: 1.01-2.90), but the as-
sociation was attenuated in the multivariable analysis (OR: 1.33, 95%
Cl: 0.69-2.54; Table 3). There was no statistical interaction between
the level of aerobic fitness and low muscle density (p =0.991) or low

muscle mass (p =0.710).
3.2 | Preoperative aerobic fitness, body
composition and postoperative complication severity

Multinomial logistic regression analysis (Table 3) showed that

preoperative aerobic fitness was inversely associated with minor

No preoperative assessment of physical fitness (n=211)

A 4

Logistic reasons (no referral to physical therapist
due to diagnosis made outside usual care CRC care
pathway, no show by the patient (n=197)

Not enough time between diagnosis and surgery
(n=11)

Unable to perform physical fitness assessment
(recent joint replacement, spasms) (n=2)
Language barrier (n=1)

\ 4

physical fitness (n=304)

Patients with preoperative assessment of

A 4

Excluded patients, with reasons (n=66)

Preoperative physical fitness assessment prior to
neoadjuvant treatment or >2 months prior to
surgery (n=20)

Participation in a prehabilitation program (n=6)
Pelvic exenteration (n=13)

No bowel resection (n=5)

Air-fluidized sand bed therapy (n=4)

No preoperative CT-scan available (n=15)

Poor CT-scan quality (n=3)

\4

Patients included in analyses (n=238)

FIGURE 1

Patient flow chart



CULJPERS ET AL

WILEY—¥

TABLE 1 Baseline characteristics and postoperative outcome according to complication severity

Overall (n =238) No (n=142)
Age (years) 69.3 (£9.9) 68.8 (£10.2)
Sex
Male 134 (56.3%) 74 (52.1%)
Female 104 (43.7%) 68 (47.9%)
BMI (kg/m?) 27.0 (+5.01) 26.6 (£5.0)
Haemoglobin (g/dl) 12.8 (x2.0) 12.9 (£2.8)

Smoking (yes)
Ccl
ASA
|
Il
1]
Neoadjuvant therapy
Tumour location
Colon
Rectum
Surgical approach
Laparoscopy/robot (assisted)
Laparotomy
Preoperative physical fitness
SRT WRpeak (W/kg)
Body composition
SM-index (cm?/m?)
SM-RA (HU)
Low muscle mass (yes)
Low muscle density (yes)

Postoperative outcomes

30 (12.6%)
3.00 [3.00; 5.00]

20 (8.4%)
153 (64.3%)
65 (27.3%)
51 (21.4%)

159 (66.8%)
79 (33.2%)

214 (89.9%)
24 (10.1%)

2.151 (+0.806)

45.12 (+8.71)
37.62+9.41
142 (59.7%)
98 (41.2%)

18 (12.7%)
3.00 [2.00; 5.00]

17 (12.0%)
97 (68.3%)
28 (19.7%)
23 (16.2%)

103 (72.5%)
39 (27.5%)

132 (93.0%)
10 (7.0%)

2.260 (+0.827)

44.75 (£8.38)
38.53 (+9.17)
87 (40.1%)
51 (35.9%)

Minor (CD I-I1l) (n=57) Major (CD 2 llla) (n = 39) p value
70.5 (+8.6) 69.0 (£10.8) 0.578
0.281

36 (63.2%)

24 (61.5%)

Conversion 32 (13.4%) 10 (7.0%)
Time to mILAS=0 (days) 4.00 [3.0; 7.0] 3.00 [2. 0; 4.0]
LOS (days) 5.00 [4.0; 10.0] 4.00 [3.0; 5.0]
Readmission 25 (10.5%) 2 (0.7%)

21 (36.8%) 15 (38.5%)
27.5 (#4.7) 27.3 (£5.6) 0.435
12.9 (+3.0) 12.5 (+1.8) 0.605
2 (3.5%) 10 (25.6%) 0.006
3.00 [3.00; 5.00] 5.00 [3.00; 6.00] 0.008
<0.001
3 (5.3%) 0 (0.0%)
39 (68.4%) 17 (43.6%)
15 (26.3%) 22 (56.4%)
17 (29.8%) 11 (28.2%) 0.056
0.035
36 (63.2%) 20 (51.3%)
21 (36.8%) 19 (48.7%)
0.110
50 (87.7%) 32 (82.1%)
7 (12.3%) 7 (17.9%)
2.022 (+0.697) 1.942 (+0.824) 0.035
46.70 (£9.16) 44.18 (£9.13) 0.274
37.22 (+8.37) 35.25 (£11.27) 1.142
27 (47.4%) 28 (71.8%) 0.047
24 (42.1%) 23 (59.0%) 0.034
14 (24.6%) 8 (20.5%) 0.001
6.00 [4.5; 10.0] 17.00 [7.0; 25.0] <0.001
9.00 [6.0; 14.5] 22.00 [14.0; 31.0] <0.001
10 (17.5%) 13 (33.3%) <0.001

Note: Data displayed as absolute number (%), mean + SD, or median [IQR]. Statistically significant values are displayed in italic and bold.

Abbreviations: ASA, American Society of Anaesthesiologists physical status classification; BMI, body mass index; CCl, Charlson comorbidity index;
CD, Clavien-Dindo; HU, Hounsfield Unit; LOS, length of hospital stay; mILAS, modified lowa level of assistance scale; SM, skeletal muscle; SM-RA,
skeletal muscle radiation attenuation; SRT, steep ramp test; WRpeak, peak work rate.

complications (OR: 0.57, 95% Cl: 0.34-0.95) and major compli-
cations (OR: 0.50, 95% Cl: 0.27-0.93), when adjusted for
confounders. The association with minor complications also
remained statistically significant when adjusted for low muscle
mass (OR: 0.59, 95% Cl: 0.36-0.99) or low muscle density (OR:
0.57, 95% Cl: 0.34-0.96). Aerobic fitness remained significantly

associated with major complications when adjusted for low
muscle mass (OR: 0.46, 95% CIl: 0.24-0.88), but the association
attenuated when adjusted for low muscle density (OR: 0.55, 95%
Cl: 0.29-1.03).

In the case of complications, patients with low muscle mass were

more likely to develop major complications than minor complications
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FIGURE 2 Correlations and regression plots of (A) muscle mass, (B) muscle density and preoperative aerobic fitness
TABLE 2 Logistic regression analyses for development of postoperative complications and impact of complications on recovery time

Postoperative complications (CD = 1) (n = 238)*

Time to mILAS = 0 > 8 days (n = 96)°

OR 95% ClI

SRT WRpeak(W/kg)

Unadjusted 0.66 (0.46-0.91)

Adjusted 0.54 (0.35-0.85)

Adjusted, including muscle mass® 0.55 (0.35-0.85)

Adjusted, including muscle density 0.57 (0.36-0.89)
Muscle mass®

Unadjusted 0.85 (0.50-1.44)

Adjusted 0.85 (0.49-1.50)

Adjusted, including aerobic fitness’ 0.92 (0.52-1.62)
Muscle density®

Unadjusted 1.71 (1.01-2.90)

Adjusted 1.57 (0.83-2.94)

Adjusted, including aerobic fitness’ 1.33 (0.69-2.54)

Note: Statistically significant values are displayed in italic and bold.

p value OR 95% CI p value
0.012 0.90 (0.52-1.55) 0.700
0.007 0.76 (0.34-1.69) 0.492
0.008 0.65 (0.31-1.38) 0.259
0.013 0.95 (0.40-2.25) 0.910
0.540 1.62 (0.71-3.68) 0.249
0.578 1.19 (0.44-3.22) 0.734
0.763 1.27 (0.46-3.51) 0.642
0.046 2.54 (1.11-5.80) 0.027
0.163 4.20 (1.33-13.25) 0.014
0.396 4.14 (1.28-13.41) 0.018

Abbreviations: BMI, body mass index; CD, Clavien-Dindo; Cl, confidence interval; mILAS, modified lowa level of assistance scale; OR, odds ratio; SRT,

steep ramp test; WRpeak, peak work rate.

#Multivariable analysis in total population (n = 238), adjusted for age, sex, Charlson comorbidity index, and tumour location.

®Multivariable analysis in subgroup with postoperative complications (n = 96), adjusted for age, sex, Charlson comorbidity index, tumour location, and

complication severity (minor [CD I-11] vs. major [CD 2 llla] complication).
“Also adjusted for muscle mass.
9dAlso adjusted for muscle density.

Dichotomized by sex and BMI adjusted cut-off values (low muscle mass in males: <43 cm2/m? when BMI <25.0 kg/m?, <53 cm?/m? when
BMI = 25.0 kg/m?; low muscle mass in females: <41 cm?/m? regardless of BMI).*®

fAlso adjusted for aerobic fitness.

&Dichotomized by BMI adjusted cut-off values (low muscle density: HU < 41 when BMI < 25 kg/m?, and HU < 33 when BMI 2 25 kg/m?2.*®

(OR: 3.30, 95% Cl: 1.29-8.47), despite the fact that no significant
associations were found between low muscle mass and the devel-
opment of minor or major postoperative complications. Low muscle

density was not associated with minor complications but significantly

associated with the development of major complications (OR: 2.57,
95% Cl: 1.24-5.29) in the unadjusted analysis. The association with
major complications lost significance in the multivariable analysis
(OR: 1.87, 95% Cl: 0.74-4.69).
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Minor versus major (ref = minor)

TABLE 3 Multinomial logistic regression analyses for complication severity®
No vs. minor (ref = no)
OR 95% Cl p value
SRT WRpeak(W/kg)
Unadjusted 0.68 (0.46-1.00) 0.062
Adjusted 0.57 (0.34-0.95) 0.030
Adjusted, including muscle mass” 0.59 (0.36-0.99) 0.044
Adjusted, including muscle density® 0.57 (0.34-0.96) 0.035
Muscle mass*
Unadjusted 0.57 (0.31-1.06) 0.075
Adjusted 0.57 (0.30-1.09) 0.087
Adjusted, including aerobic fitness® 0.60 (0.31-1.16) 0.132
Muscle density’
Unadjusted 1.30 (0.69-2.43) 0416
Adjusted 1.25 (0.60-2.58) 0.603
Adjusted, including aerobic fitness® 1.07 (0.51-2.25) 0.869

Note: Statistically significant values are displayed in italic and bold.

OR 95% ClI p value OR 95% ClI p value
0.59 (0.37-0.96) 0.032 0.87 (0.50-1.50) 0.609
0.50 (0.27-0.93) 0.028 0.88 (0.44-1.75) 0.712
046 (0.24-0.88) 0.018 0.77 (0.38-1.58) 0.483
0.55 (0.29-1.03) 0.063 0.97 (0.48-1.96) 0.932
1.61 (0.74-3.49) 0.229 2.83 (1.19-6.75) 0.019
1.77 (0.76-4.12) 0.182 3.13 (1.24-7.93) 0.016
199 (0.84-4.73) 0.117 3.30 (1.29-8.47) 0.013
2.57 (1.24-5.29) 0.011 1.98 (0.87-4.52) 0.106
225 (0.92-5.58) 0.077 1.81 (0.67-4.90) 0.246
1.87 (0.74-4.69) 0.184 1.75 (0.64-4.83) 0.277

Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odds ratio; SRT, steep ramp test; WR,c.k, peak work rate.

#Multivariable analysis in total population (n = 238), adjusted for age, sex, Charlson comorbidity index and tumour location. Complication severity: no
complications (CD 0), minor complications (CD I-11), major complications (CD = llla).

bAlso adjusted for muscle mass.

“Also adjusted for muscle density.

9Dichotomized by sex and BMI adjusted cut-off values (low muscle mass in males: <43 cm?/m? when BMI <25.0 kg/m?, <53 cm?/m? when

BMI = 25.0 kg/m?; low muscle mass in females: <41 cm?/m? regardless of BMI

®Also adjusted for aerobic fitness.

).16

Dichotomized by BMI adjusted cut-off values (low muscle density: HU < 41 when BMI < 25 kg/m?, and HU < 33 when BMI 2 25 kg/m?2.*®

3.3 | Preoperative aerobic fitness, body
composition and time to recovery of physical
functioning in case of postoperative complications

Median time to mILAS =0 in patients with postoperative complica-
tions was 8 days. As such, time to mILAS = 0 was dichotomized as <8
(low impact) and >8 days (high impact). A total of 96 patients de-
veloped postoperative complications; 52 patients recovered within
the median time of 8 days, and 44 patients needed >8 days for their
recovery of physical functioning. Low muscle density was sig-
nificantly more prevalent in patients who needed a longer recovery
time compared with patients who recovered within the median re-
covery time (respectively 61.4% vs. 38.5%; p = 0.025; Table 4). When
adjusted for sex, age, CCI, tumour location, aerobic fitness and
complication severity (minor vs. major complications), low muscle
density was strongly associated with a longer time (>8 days) needed
to recover in case of postoperative complications (OR: 4.14, 95% Cl:
1.28-13.41; Table 2). No significant associations were observed
between aerobic fitness or low muscle mass and time to recovery of
physical functioning after postoperative complications. No statisti-
cally significant interactions were observed between aerobic fitness

and muscle density (p = 0.864) or muscle mass (p = 0.585).

4 | DISCUSSION

This study demonstrated that preoperative aerobic fitness and
muscle density are independently and differently associated with
postoperative complications. Preoperative aerobic fitness was
strongly associated with the incidence of overall postoperative
complications, regardless of preoperative muscle density or muscle
mass. When addressing the relation of preoperative aerobic fitness
with complications in more detail by using complication severity,
aerobic fitness was associated with developing both minor and major
postoperative complications; however, the association with major
complications lost statistical significance when adjusted for pre-
operative muscle density. Preoperative muscle density was not
associated with the incidence of minor postoperative complications
but was significantly associated with major complications in the un-
adjusted analysis. Despite losing statistical significance, the individual
associations of preoperative aerobic fitness and muscle density with
the development of major complications remained substantial in the
multivariable analyses. From these results, it appears that patients
with a lower preoperative aerobic fitness have an increased risk for
minor postoperative complications, whereas both poor preoperative

aerobic fitness and low preoperative muscle density lead to a higher
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Complication and time to

Complication and time to

TABLE 4

Baseline characteristics of

patients with postoperative

mILAS =0 = 8 days (n=52) mILAS =0 > 8 days (n =44) p value
complications (n = 96)

Age (years) 71.8 [61.8; 75.7] 70.4 [66.3; 77.0] 0.988
Sex 0.526

Male 31 (59.6%) 29 (65.9%)

Female 21 (40.4%) 15 (34.1%)
BMI (kg/m?) 27.2 [24.4; 29.6] 28.4 [23.6; 30.8] 0.421
Ccl 4.00 [3.00; 5.00] 4.00 [3.00; 6.00] 0.849
ASA 0.220

| 3 (5.8%) 0 (0.0%)

Il 31 (59.6%) 25 (56.8%)

1 18 (34.6%) 19 (43.2%)
Tumour location 0.580

Colon 29 (55.8%) 27 (61.4%)

Rectum 23 (44.2%) 17 (38.6%)
Preoperative physical

fitness

SRT WRpeak (W/kg) 1.922 [1.488; 2.489] 1.861 [1.427; 2.328] 0.487
Body composition

Low muscle 27 (51.9%) 28 (63.6%) 0.248

mass (yes)
Low muscle 20 (38.5%) 27 (61.4%) 0.025
density (yes)

Complication severity <0.001

Minor complications 41 (78.8%) 16 (36.4%)
(CD I-11)
Major complications 11 (21.2%) 28 (63.6%)

(CD 2 1lla)

Note: Data displayed as absolute number (%) or median [IQR]. Statistically significant values are

displayed in italic and bold.

Abbreviations: ASA, American Society of Anaesthesiologists physical status classification; BMI, body
mass index; CCl, Charlson comorbidity index; CD, Clavien-Dindo; mILAS, modified lowa level of
assistance scale; OR, odds ratio; SRT, steep ramp test; WRyea, peak work rate.

risk for major postoperative complications. Although no overall
association of preoperative muscle mass with the development of
postoperative complications was observed, patients with low muscle
mass who developed complications were more likely to develop
major than minor complications. Interestingly, muscle density, and
not preoperative aerobic fitness or muscle mass, appeared to be
predictive of the impact of complications on postoperative time to
recovery of physical functioning.

Perioperative stressors result in an increasing demand on a pa-
tient's cardiovascular and pulmonary systems to increase the intake,
transport and utilization of oxygen.?® On the one hand, patients with
poor aerobic fitness levels might be unable to sufficiently increase
their cardiopulmonary performance in response to perioperative

stress and could become prone to minor complications (such as

cardiovascular and pulmonary events), as well as to major complica-
tions (such as anastomotic leakages and intra-abdominal abscess
formation).>?%?* On the other hand, suboptimal body composition,
expressed as low muscle density and low muscle mass, reflects re-
duced energy reserves and malnutrition, and is related to chronic
systemic inflammation.>®” Low muscle density characterizes myos-
teatosis. Due to increased intramuscular fat depositions, myostea-
tosis may represent the manifestation of metabolic risk factors,
such as insulin resistance and chronically elevated levels of pro-
inflammatory cytokines.®???® Low muscle mass, which characterizes
myopenia, can also reflect disturbances in energy levels, nutritional
status and inflammatory responses.™®? A relationship exists between
low muscle density, low muscle mass and systemic inflammation;

however, it remains unclear whether altered muscle mass and muscle
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density lead to chronic systemic inflammation or if inflammatory
changes cause muscle alterations.>?2?4"2¢ However, the pro-
inflammatory state related to myopenia and myosteatosis might
disturb the physiological inflammatory responses to withstand peri-
operative stressors, impairing wound and anastomotic healing and
increasing the risk for postoperative infections.?”-? This might ex-
plain why low muscle density is predominantly associated with the
risk for major complications, rather than minor complications,??:*°
and why patients with low muscle mass who developed complica-
tions were more likely to develop major than minor complications. In

3132 no direct associations between

contrast to previous literature,
muscle mass and complications were found. However, low muscle
mass might only reflect a part of malnutrition and other factors,
including muscle density, might also be important.”>°

Surprisingly, a better preoperative aerobic fitness does no longer
seem to significantly influence postoperative recovery of physical
functioning once complications have occurred. However, patients
with low muscle density were four times more likely to need a longer
time to recover from postoperative complications. Where poor pre-
operative aerobic fitness increases the risk of postoperative compli-
cations, the course of recovery of physical functioning following
complications might depend more on other underlying factors, such
as a patient's 'immunological reserve capacity'. Patients with an al-
tered inflammatory state might need significantly more time to re-
cover from complications. Unfortunately, no preoperative nutritional
scores, preoperative albumin or C-reactive protein levels were
available, limiting this study to further assess the level of malnutrition
or preoperative inflammatory state in the included patients. As sug-
gested by the positive correlation observed in this study and by
previous literature,>* poor aerobic fitness and low muscle density
may coincide in CRC patients. In this study, however, no significant
statistical interaction between preoperative aerobic fitness and low
muscle density was observed, indicating that these co-occurring risk
factors do not seem to reinforce each other's negative effects on
postoperative complications and recovery. Future studies are needed
to further assess the relationship between myopenia, myostea-
tosis and systemic inflammation, and to gain insight into post-
operative changes in aerobic fitness, inflammatory status and muscle
metabolism caused by perioperative stress and complications.

Improving preoperative aerobic fitness by interventions like ex-
ercise prehabilitation possibly enables patients to better withstand
perioperative stressors, and lowers the risk of postoperative mor-
bidity, particularly in patients with poor preoperative aerobic fit-
ness.>>¢ Prehabilitation can improve preoperative aerobic fitness,*>®
and decrease the perioperative loss of lean body mass.>’ As in-
creased intramuscular fat accumulation is associated with poor phy-
sical activity, prehabilitation might also improve muscle mass and
muscle density by remodelling intramuscular fat distribution, and
induce anti-inflammatory effects.>®~“° However, it remains unclear if
a short period of exercise prehabilitation causes clinically relevant
improvements in muscle density.>® Future research should focus on
improving preoperative body composition variables and preoperative

aerobic fitness to make patients more resilient to perioperative

of
SURGICAL ONCOLOGY.

stressors and the consequences of complications. Future studies
should look beyond predicting the development of complications
alone and focus on predicting the potential impact of complications
on postoperative recovery. This will help to anticipate potential
problems and to better inform patients on what someone is likely to
expect in the full range of postoperative recovery.

5 | CONCLUSIONS

Preoperative aerobic fitness and muscle density seem independent
risk factors for postoperative complications and the course of re-
covery of physical functioning in case of complications. Where poor
preoperative aerobic fitness increases the risk of developing both
minor and major complications, low muscle density was associated
with a prolonged recovery from complications. Both variables could
be valuable additives to improve preoperative risk assessment in CRC
surgery and to offer patient-tailored preoperative preventive

interventions.
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