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Abstract

Background: Low functional capacity, malnutrition, and anaemia are associatedwith an increased risk of complications after surgery.
These high-risk indicators can be improved through preoperative interventions. The aim of the study was to examine the effect of
screening for modifiable high-risk factors combined with targeted interventions on postoperative complications in patients
undergoing colorectal cancer surgery.

Methods: A controlled before-and-after study was conducted including patients with colorectal cancer undergoing elective curative
surgery between August 2015 and October 2018, in two institutions (intervention and control hospital). The intervention consisted
of a screening for anaemia, low functional capacity, and nutritional status and their implementation (iron supplementation,
prehabilitation, nutritional supplements, and consultation with a dietician), for a minimum of 4 weeks before surgery. The primary
outcome was a composite measure consisting of unplanned admission to the intensive care unit, complications with Clavien–Dindo
score of 3a or above, length of hospital stay less than 10 days, readmission, or death within 30 days during the postoperative course.

Results: A total of 1591 patients were included for analysis with 839 at the intervention hospital and 752 at the control hospital. In a
difference-in-difference analysis, adjusted for age, sex, smoking, stage of disease, ASA score, surgical approach, and surgical
procedure, the intervention was associated with a 10.9 per cent (95 per cent c.i. 2.1 to 19.7 per cent) absolute risk reduction of a
complicated postoperative course, primarily due to a reduction in severe complications.

Conclusion:The combined intervention of screening and prehabilitationwas associatedwith a decreased risk of a complicated course,
primarily in a reduction of severe complications.

Introduction
Complications aftermajor surgery are associatedwitha long-term
reduction in quality of life1, functional capacity2, survival3, and
increased health-related costs4. Thus, preoperative screening for
comorbidity and risk stratification are important, but are
generally limited to organ-specific risks and without means of
preoperative risk reduction5. In patients with cancer, the risk of
disease progression may limit the timeframe for preoperative
optimization, and the modification of risk factors. Low functional
capacity6, anaemia7, and poor nutritional status8 are all
associated with adverse outcomes in colorectal cancer and are
all potentially modifiable risk factors through preoperative
interventions9,10, or ‘prehabilitation’ and several randomized
clinical trials have been conducted in this field11,12. Trials with
prehabilitation in high-risk patients investigating short-term
interventions have been shown to reduce postoperative
complications13,14. Thus, preoperative screening for modifiable
high-risk indicators in the domains of functional capacity,
anaemia, and nutritional status, could provide helpful

information to decision-making, including whether to initiate
prehabilitation15. This study aimed to examine a composite
outcome for a complicated postoperative course before and after
implementing a screening tool for high-risk patients with
modifiable indicators, along with specific interventions aimed
toward these indicators before elective colorectal cancer surgery.

Methods
Study design and setting
The study was a controlled before-and-after study, a
quasi-experimental observational study design, conducted at an
intervention hospital and a control hospital, both providing data
before (1 August 2015 to 31 January 2017) and after (1 March 2017
to 4 October 2018) implementation of the intervention, which
consisted of high-risk indicator screening and prehabilitation,
see following section. The intervention hospital was the
Department of Surgery, Zealand University Hospital, Roskilde,
and the control hospital was the Department of Surgery, Slagelse
Hospital.
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Both departments are geographically placed in the same region
of Zealand in Denmark, have similar size and volume of surgeries,
and adhere to the national guidelines for the treatment of
colorectal cancer. Minimally invasive surgery and enhanced
recovery after surgery (ERAS)16,17 have been the standard of care
at both centres. A comparison of the two centres is provided in
Table S1.

Intervention
On 1 March 2017, a screening tool for modifiable high-risk
indicators was introduced at the Department of Surgery,
Zealand University Hospital, Roskilde for all patients referred
with colorectal cancer. The screening tool assessed patients in
three domains: anaemia, physical capacity, and nutritional
status. The screening tool consisted of a one-page document
(Supplementary material), in which haemoglobin, timed up and go
(TUG), weight loss, BMI, albumin, ASA classification, and WHO
performance status18 had to be registered by the surgeon at the
initiation visit. Patients were considered as having modifiable
high risk if one of the following was present: haemoglobin above
11.28 g/dl (above 7 mmol/l) for both men and women19, TUG
greater or equal to 15 s20,21, weight loss of 10–15 per cent during
the last 6 months, BMI below 18.5 kg/m2, or albumin below 30 g/l.
The TUG test was performed at the visit and registered as the
time spent rising from a chair, walking 2× 3 m and sitting down
again22. If the screening identified a modifiable high-risk
indicator, the surgeon could choose to refer the patient for one or
more prehabilitation interventions.

For patients in need of anaemia correction, intravenously
administered Iron(III)isomaltoside was given on the day of the
initiation visit, or as soon as possible (see Supplementary material
for full description). Training was performed by referral to a
physiotherapist in the patient’s respective municipality for a
minimum of four weeks. Nutritional counselling was performed
by a dietician with a specialty in colorectal cancer in one session
approximately 1 h in length. The current intake was estimated

by a general diet history and a 24-h recall. Total energy
requirements were estimated by the Harris–Benedict equation23

with an added factor of 1.3–1.5, depending on daily activities.
Total protein consumption was aimed at greater than or equal
to 1.5 g protein/kg bodyweight. Further, the surgeon prescribed
three to four protein drinks (Fresubin, Fresenius Kabi®) daily.
Adherence to and compliance with the training, dietary
counselling, and nutritional supplements was not recorded.

Inclusion and exclusion criteria
At both institutions, all patients aged 18 or above, referred with
colorectal cancer were eligible for inclusion. Patients were
excluded if they did not undergo curative intended surgery,
emergency resections, or other surgical procedures that did not
require skin incision. Patients who were referred to neoadjuvant
treatment were assessed by the screening tool after the
oncological treatment.

Data sources
Data from the patients treated before the screening
implementation were retrospectively extracted from all
colorectal procedures in the predefined period recorded in the
hospital’s electronic registry. Data were then retrieved by
screening electronic health records by two authors and
validated by a senior author. A full description of the data
extraction is provided in Supplementary material. The data from
patients treated after the implementation were prospectively
collected from hard-copy screening charts filled out by the
surgeon for the intervention hospital and for the control group
by registration at the outpatient clinic. Patient and treatment
characteristics were subsequently collected from electronic
health records.

Modifiable high-risk factors and patients
A ‘modifiable high-risk indicator’ was defined as a factor
associated with increased risk of postoperative morbidity, but

Control group
n = 926

Included
n = 752

Excluded n = 174
Benign surgery n = 76
Acute/subacute surgery n = 55
Other surgery that did
not require skin incision n = 5
Palliative surgery n = 38

Before
implementation

n = 386

After
implementation

n = 366

Intervention group
n = 947

Included
n = 839

Excluded n = 108
Benign surgery n = 33
Acute/subacute surgery n = 13
Other surgery that did
not require skin incision n = 31
Palliative surgery n = 31

Before
implementation

n = 475

After
implementation

n = 364

No high-risk indicators
n = 246

High-risk indicator
n = 118

Fig. 1 Flowchart of inclusion of patients
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changeable through preoperative interventions. On this basis, a
‘modifiable high-risk patient’ was defined as a patient who
tested positive at least for one indicator.

Outcomes of interest and subgroups comparison
The primary outcomewas ‘a complicated postoperative course’, a
predefined composite endpoint defined by a hospital stay more
than 10 days, unplanned admission to intensive care,
readmission within 30 days, a complication with a Clavien–
Dindo24 score of 3a or higher within 30 days, or death within 30
days after surgery. Further, each component of a complicated
course was analysed separately.

Secondary outcomes were the change in the comprehensive
complication index (CCI)25, and 30-days alive and out of hospital
index26.

After selection, patients were categorized in each hospital as
‘before implementation’ and ‘after implementation’ according
to the timeframe of surgical treatment. The ‘before
implementation’ groups were considered as retrospective
historical cohorts, whereas the ‘after implementation’ groups
were considered as prospective. All groups provided data for the
subsequent analyses of the change in outcomes associated with
the implementation of the intervention.

Subgroups analyses were conducted at the intervention
hospital for patients with modifiable high-risk indicators and
patients without and for patients with modifiable high-risk
indicators referred for prehabilitation and those who were not.

Variables
Clinical variables included sex and patients’ age (see following
section for categories) and smoking status (divided into
non-smoker, previous smoker, current smoker, or unknown).
Polypharmacy was defined as the prescription of five or more
drugs. The surgical procedures were divided into right-sided,
which included extended right-sided hemicolectomies and
transverse colectomies; left-sided hemicolectomies/sigmoid
resections, which included extended left-sided hemicolectomies;
rectal resections; and total colectomy. The surgical approach
was defined as either open/converted or minimally invasive
surgery. The stage of disease was defined by the postoperative
pathology description according to UICC staging and computed
tomography for distant metastasis. Patients who received

Table 1 Patient and treatment characteristics of included
patients at the intervention and control hospital

Control
hospital
(n=752)

Intervention
hospital
(n=839)

P

Age (years), mean (s.d.) 69.1 (9.98) 69.5 (9.75) 0.42
Male sex 401 (53) 466 (56) 0.40
ASA score ,0.001
I 153 (20) 208 (25)
II 446 (59) 521 (62)
III 151 (20) 97 (12)
Missing 2 (0.3) 13 (1.5)

Polypharmacy (5 or more
drugs/day)

214 (28) 203 (24) 0.08

Smoking status 0.91
Non-smoker 318 (42) 343 (41)
Former smoker 301 (40) 341 (41)
Current smoker 122 (16) 136 (16)
Missing 11 (1.5) 19 (2)

Stage of disease 0.24
Not malignant or complete
remission by neoadjuvant
therapy

48 (6) 35 (4)

I 182 (24) 211 (25)
II 231 (31) 281 (33)
III 257 (34) 275 (33)
IV 34 (5) 38 (5)

Surgical approach ,0.001
Primary open 15 (2) 20 (2)
Minimally invasive surgery 670 (89) 782 (93)
Converted minimally
invasive surgery

67 (9) 37 (4)

Surgical procedure 0.01
Right-sided hemicolectomy* 251 (33) 332 (40)
Left-sided hemicolectomy/
sigmoid resection

239 (32) 276 (33)

Rectal resection 251 (33) 219 (26)
Total colectomy 11 (1.5) 12 (1.4)

*Right-sided hemicolectomy includes extended right-sided colectomies and
transverse resections. Values are n (%) unless stated otherwise.

Table 2 Baseline patients’ characteristics and outcomes in the
intervention hospital before and after implementation

Before
implementation

(n=475)

After
implementation

(n=364)

P

Age (years),mean (s.d.) 69 (10.0) 70 (9.4) 0.20
Male sex 270 (57) 196 (54) 0.40
ASA score 0.004
I 126 (27) 82 (23)
II 302 (64) 219 (60)
III 40 (8) 57 (16)
Missing 7 (1.5) 6 (1.6)

Polypharmacy (5 or
more drugs/day)

131 (28) 72 (20) ,0.001

Smoking status 0.40
Non-smoker 193 (41) 150 (41)
Former smoker 201 (42) 140 (38)
Current smoker 71 (15) 65 (18)
Missing 10 (2) 9 (2)

Stage of disease 0.06
Not malignant or
complete remission
by neoadjuvant
therapy

20 (4) 14 (4)

1 111 (23) 100 (27)
2 151 (32) 130 (36)
3 175 (37) 100 (27)
4 18 (4) 20 (5)

Surgical approach 0.03
Primary open 13 (3) 7 (2)
Minimally invasive
surgery

434 (91) 348 (96)

Converted minimally
invasive surgery

28 (6) 9 (2)

Type of operation 0.01
Right-sided
hemicolectomy*

173 (36) 159 (44)

Left-sided
hemicolectomy/
sigmoid resection

152 (32) 124 (34)

Rectal resection 140 (29) 79 (22)
Total colectomy 10 (2) 2 (0.5)

Length of stay (days)
median (i.q.r.)

4 (3–6) 4 (2–5) 0.03

Unplanned stay at ICU 34 (7) 16 (4) 0.11
30-day mortality 4 (0.84) 2 (0.55) 0.70
Complication with

Clavien–Dindo score
3a or above

104 (22) 29 (8) ,0.001

No. (%) readmission 69 (15) 35 (10) 0.04
30-days alive and out

of hospital median
(i.q.r.)

26 (23–27) 26 (24–27) 0.001

*Right-sided hemicolectomy includes extended right-side colectomies and
transverse resections. Values are n (%) unless stated otherwise.
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neoadjuvant oncological treatment and showed a complete
response were defined as stage 0. Patients who were suspected
of having (and treated for) malignant disease with oncological
resections, but later showed benign pathology were also defined
as stage 0. Readmissions were counted as any admission to a
hospital with a length of more than 24 h. Postoperative
complications were graded by the Clavien–Dindo classification24

and the CCI25. Planned collection of data on alcohol
consumption, BMI, weight loss, and WHO performance status
was not available for the retrospective before groups due to poor
registration in medical records.

Ethics
The study was approved by The Danish Data Protection Agency
(REG-044-2019) and representatives of both hospitals’ boards of
directors. The intervention was introduced uniformly as a
standard of care, and the study was performed as quality
assurance. Patients gave informed consent for the surgical
treatment, including all perioperative care according to Danish
legislation. All reporting was conducted in line with STROBE
guidelines27 (Supplementary material).

Statistics
Continuous variables were presented as means and standard
deviations or median and interquartile ranges; categorical
variables were presented using frequencies and percentages.
The patients’ age was first tested for the linearity assumption of
the logistic regression and if this was non-significant, this was
divided into preplanned groups of under 65, 65–69, 70–74, and
75 years or older.

Differences in patient and treatment characteristics between
groups were compared using a Student’s t test on continuous
data with acceptable normal distribution, Wilcoxon signed rank
test on data without a normal distribution, and Fisher’s exact
test and chi-squared test for dichotomous and categorical data.
In comparisons between groups before and after implementation
of the intervention, a multiple logistic regression was used.
Directed acyclic graphs were used to identify potential
confounders and the logistic regression models were
subsequently adjusted for age, sex, smoking status, ASA score,
UICC stage, surgical procedure, and surgical approach
(Supplementary material). A possible interaction between age and
modifiable high risk was checked. For the primary outcome, a
difference-in-differences analysis28,29 was conducted using
general estimated equations with a binomial distribution and
identity link to estimate absolute risk differences. The
difference-in-difference model included variables that specified

whether the patient was treated at the intervention or control
hospital, whether the surgery occurred before or after
implementation of the intervention, and the interaction between
these two variables. The coefficient of the interaction can be
interpreted as the independent association between the
implementation of the intervention and the outcome accounting
for changes in secular trends and regression towards the
mean30. The difference-in-difference model was in addition,
adjusted for the potential confounders of age, sex, smoking
status, ASA score, UICC stage, surgical procedure, and surgical
approach identified through the directed acyclic graphs. For the
explorative secondary outcome of CCI for patients who
developed a complication after surgery, an ANOVA was
performed comparing the two groups before and after
implementation of the intervention. All above-mentioned
analyses were preplanned. Subsequently two unplanned
analyses were performed in the manuscript revision process: a
test of the inter-rater reliability of the extraction process using
Cohen’s κ statistics, and an analysis of the change in days alive
and out of hospital before and after implementation of the
intervention using ANOVA. The inter-rater analysis was
conducted to test the agreement of data entries between the
junior authors and the subsequent validated data collected by
the senior author, thus, showing the consistency of the data
extraction process (Table S2 and Supplementary material). A full
description of the missing data can be found in Table S2, which
were handled by multiple imputations. All analyses were
performed in SAS 9.4 (SAS Institute 2013).

Results
A total of 1873 patients were included in the study with 947
patients included in the intervention group and 926 in the
control group (Fig. 1). Subsequently, 282 patients were excluded,
leaving 1591 eligible patients for analysis, with 418 patients
(26 per cent) having a complicated a hospital course. The
patient and clinical characteristics of the two groups are
presented in Table 1. The two groups differed in ASA score (P,
0.001), frequency of minimally invasive surgery (93 per cent
versus 89 per cent, P,0.001), and surgical procedure (P= 0.01)
with the control hospital having a higher frequency of rectal
resections (33 per cent versus 26 per cent). A full comparison of
the groups and results of the inter-rater reliability analysis is
provided in Tables S2–S4). In the intervention hospital, 364
patients were included after implementation of the
intervention, and of those 118 (32 per cent) were identified with
at least one modifiable high-risk indicator (Table S5). Patients

Table 3Association between before and after implementation of the intervention. Results ofmultivariable logistic regression analyses
and the difference-in-difference analysis, both adjusted for age, sex, smoking status, ASA score, stage of disease, surgical procedure,
and surgical approach

After versus before implementation Before versus after implementation and
intervention versus control absolute

risk reduction (95% c.i.)Intervention hospital (n=839)
Odds ratio (95% c.i.)

Control hospital (n=752)
Odds ratio (95% c.i.)

Complicated course 0.54 (0.38 to 0.77) 1.05 (0.75 to 1.47) 10.9% (2.1 to 19.7), P=0.02
Complication Clavien–Dindo

score 3a or above
0.30 (0.19 to 0.48) 0.92 (0.60 to 1.40) 11.6% (3.3 to 19.8), P= 0.006

Duration of hospital stay 10
days or more

0.61 (0.38 to 1.00) 1.53 (0.99 to 2.37) 7.5% (−2.2 to 17.2), P=0.13

Unplanned stay at ICU 0.60 (0.31 to 1.15) 1.17 (0.57 to 2.42) 2.2% (−6.9 to 11.4), P=0.63
Readmission within 30 days 0.65 (0.41 to 1.02) 0.81 (0.53 to 1.25) 2.3% (−4.3 to 8.9), P= 0.50
30-day mortality 0.59 (0.10 to 3.58) 0.59 (0.12 to 2.89) 0.5% (−11.7 to 12.8), P=0.93
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included in the intervention hospital after implementation had a
significantly higher ASA score (P=0.004), but a lower frequency of
polypharmacy (20 per cent versus 28 per cent, P,0.001) and a
higher frequency of minimally invasive surgery (96 per cent
versus 91 per cent, P= 0.03) (Table 2).

Primary outcome
In the multivariable analyses comparing after versus before
implementation, adjusted for age, sex, smoking, stage of
disease, ASA, surgical procedure, and surgical approach found
an odds ratio (OR) of a complicated hospital course of 0.54 (95
per cent c.i. 0.38 to 0.77) at the intervention hospital, whereas it
remained unchanged at the control hospital (OR 1.05 (95 per
cent c.i. 0.75 to 1.47)) (Table 3). In the difference-in-difference
analysis, implementation of the intervention was associated
with an absolute risk reduction of 10.9 per cent (95 per cent c.i.
2.1 to 19.7 per cent) of a complicated course and 11.6 per cent
(95 per cent c.i. 3.3 to 19.8 per cent) of developing a complication
Clavien–Dindo score of 3a or higher.

Secondary outcomes
In the analysis of the CCI of patients who developed a
complication, a significant decrease in the intervention group
after implementation (P= 0.01) was documented, whereas no
significant change was found in the control group (P= 0.59)
(Fig. 2). When comparing 30-days alive and out of hospital
before and after implementation, a mean increase of 1.70 days
(95 per cent c.i. 0.84 to 2.55) was found at the intervention
centre after implementation, whereas it remained unchanged at
the control centre (−0.04 days (95 per cent c.i. −0.95 to 0.87)). Of
the 118 patients identified with at least one modifiable high-risk
indicator with 93 (79 per cent) had a haemoglobin level above
11.28 g/dl, 19 (16 per cent) had a TUG of 15 s or higher, and 35
(30 per cent) had decreased nutritional status. Seventy-four
patients (63 per cent) were referred to a prehabilitation effort of
a median length of 29 days (i.q.r. 27–35 (range 6–70) days). A full
description can be found in Tables S6 and S7. No difference in a
complicated course was found between the modifiable high-risk
group that underwent an intervention compared with the group
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Fig. 2 Boxplots and results of the ANOVA

Boxplots of the severity of complicationsmeasured by the comprehensive complication index and 30-days alive and out of hospital, before and after implementation
in the intervention and control group. Results of the ANOVA are shown in the boxes in the top right corner. The square represents the mean and extreme
observations by circles CCI, comprehensive complication index; DAOH-30, 30-days alive and out of hospital.
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without modifiable high-risk indicators (OR 1.52 (95 per cent c.i.
0.71 to 3.23)). Furthermore, no difference was found between the
modifiable high-risk group compared with the group without
modifiable high-risk indicators (OR 1.26 (95 per cent c.i. 0.66
to 2.40)).

Discussion
In this study, a screening toolwith an evaluation of threemodifiable
high-risk indicators, along with prehabilitation initiatives aimed at
these indicators, was introduced in a clinical setting. Of the 364
consecutive screened patients with colorectal cancer, 32 per cent
had a minimum of one high-risk indicator. In the
difference-in-differences analysis, the intervention was associated
with an absolute risk reduction of a complicated course by 10.9
per cent (95 per cent c.i. 2.1 to 19.7 per cent), primarily from a
reduction in the frequency of severe complications.

Low functional capacity, anaemia, and poor nutritional status
are all known risk factors for adverse outcomes following
colorectal cancer surgery7,22,31. In three randomized controlled
trials, preoperative exercise has reduced the risk of
postoperative complications after major surgery13,14,32. Two of
the studies were conducted in patients with colorectal cancer
and both selected high-risk patients with low functional
capacity in a setting with preoperative nutritional counselling
and one of them with concomitant anaemia correction13,14.
Other prehabilitation studies in patients with colorectal cancer
without the high-risk patient focus have not been able to show
the same effect33,34 and a recent study including frail patients
was not able to show a reduction in complications12. The
primary benefit of preoperative nutritional support is found
when intervening preoperatively in malnourished patients35.
Anaemia is associated with postoperative complications and
perioperative blood transfusions36 but whether anaemia
correction alone reduces risks of complications remains
unanswered. This suggests that interventions towards patients
with modifiable high-risk indicators utilizing the potential
synergy of a multimodal intervention could provide an
additional effect. However, clinical randomized studies that
involve demanding interventions and high patient participation,
such as multimodal prehabilitation, have innate volunteer and
selection bias37.

A primary strength of this study is introducing the screening
tool and prehabilitation interventions as an addition to a clinical
setting, which included minimal invasive surgery and patient
care within ERAS standards16,17. Adherence to ERAS principles
reduces postoperative complications after colorectal cancer
surgery38, thus the results show the effect of the intervention in
an optimized clinical setting. Further, by introducing screening
and prehabilitation into a clinical setting, the external validity is
high without the risk of volunteer bias.

However, using a quasi-experimental study design has several
limitations39, and causality between the screening or
prehabilitation interventions and the reduced risk of a
complicated course needs to be questioned when interpretating
the data. The risk assessment tool could introduce a selection
bias where the surgeons would be less inclined to offer surgery
for patients with high-risk indicators. A possible indication of
this can be seen in the significant reduction in patients with
polypharmacy after the implementation. Thus, causality
between prehabilitation and risk reduction cannot be inferred,
which is a limitation. Another limitation was that data regarding
compliance and adherence to the dietary and physical training

were not collected. Further, even though the analyses were
adjusted for secular trends, open surgery, co-morbidities, and
surgical procedure a chronological bias could still remain. In
colorectal cancer surgery, the risk of complications, mortality,
and length of stay has been reduced in recent years through the
introduction of several interventions, technological advances,
and policies. However, the pace at which these are implemented
at the departments may differ and potentially affect the parallel
trends assumption of the difference-in-differences analyses. An
indication of chronological bias can be seen in the significantly
higher frequency of minimally invasive surgery after
implementation at the intervention hospital (96 per cent versus
91 per cent). Another difference between the groups was the
higher frequency of right-sided hemicolectomies. This
procedure is associated with a lower risk of complications and
generally shorter length of stay compared to sigmoid and rectal
cancer surgery but to meet these potential confounders, both
the surgical approach and surgical procedure were introduced
in the analyses. Interestingly, no difference was documented in
the subgroup analyses, between patients with high-risk
indicators, and those without, and between patients with
high-risk indicators who underwent prehabilitation efforts and
those who did not. Interpretation of these results is difficult as
they could indicate that the primary effect lies in the screening
and subsequent selection of patients for surgery, that
prehabilitation negated the risk associated with the high-risk
indicators, and/or that the surgeons selected only patients
severely affected by the high-risk indicators. However, the lack
of statistical significance of these results may well lie in the
limited sample sizes in these subgroups, which is indicated by
the wide confidence intervals. The data abstractors were not
blinded for the study objective, which despite the good
inter-rater reliability, could lead to bias. Last, there was a
difference in available information from the medical records.
Performance status, BMI, weight loss, and alcohol consumption
were missing in the majority of cases in both before groups,
which shows the lacking interest in these risk factors before the
intervention. By increasing the focus on high-risk patients and
setting a high-risk screening as standard of care combined with
interventions aimed directly at these risk factors, the surgeons
may have altered their perception, decisions, and care40.
Though, speculative, this could explain why after
implementation, the intervention group had a significantly
higher frequency of ASA III patients (16 per cent versus 8 per
cent), despite the lower frequency of polypharmacy.

Recent systematic reviews concerning prehabilitation find
significant heterogeneity between studies with varying evidence
and lack of clinical outcomes, concluding the need for more
studies to identify the optimal screening and prehabilitation
program before implementation41,42. Numerous screening tools
have been suggested but only a few parameters seem to be valid
and reliable to predict complications43. Predictive measures that
have the potential to be altered before surgery are therefore
especially of clinical interest. Further studies are needed to
identify more potential modifiable risk factors and randomized
trials with prehabilitation focusing on modifiable high-risk
patients to estimate accurate risk reduction.
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