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Method: Three electronic databases (PubMed, Embase and CINAHL) were systemati-
cally searched (up to October 2023) for randomized controlled trials that investigated the
effects of prehabilitation before colorectal resection. Methodological quality and thera-
peutic quality were assessed using, respectively, the Cochrane Risk of Bias 2 tool and the
i-CONTENT tool. Studies were divided into four subgroups based on the estimated risk
of bias and risk of ineffectiveness.

Results: Fourteen studies were included, comprising 986 patients. Meta-analysis showed
that, in general, prehabilitation improved preoperative aerobic fitness but did not im-
prove postoperative outcomes. No differences were found between the four subgroups;

however, only one study (7%) had a low risk of bias in combination with a low risk of

ineffectiveness.
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INTRODUCTION

Despite advances in surgery and care, such as the enhanced recov-
ery after surgery (ERAS) programme [1], the incidence of postopera-
tive complications in colorectal surgery patients remains high (~30%)
[2]. Even without the occurrence of postoperative complications,
surgical treatment is associated with a functional decline that has an
impact on the patient's life [3]. Prehabilitation involves a preventive
approach that aims to improve the patient's health preoperatively
(e.g. improving physical fitness, improving nutritional status, anxi-
ety reduction, smoking cessation) in order to reduce postoperative
complications and enhance postoperative recovery of physical func-
tioning [4].

Recently, several systematic reviews evaluating the effective-
ness of prehabilitation on preoperative aerobic fitness and post-
operative outcomes in patients undergoing abdominal surgery and
colorectal surgery have been published [5-10]. These systematic
reviews show inconsistent results, as some indicate that prehabil-
itation might effectively reduce postoperative complications [5, 6]
whereas others do not [7-10]. Heterogeneity in the content and
context of the prehabilitation interventions might, at least partially,
explain these inconsistent results. That is, in their subgroup anal-
yses, these systematic reviews report that prehabilitation might
effectively improve aerobic fitness and improve postoperative out-
comes if the duration of the intervention is more than 3weeks [9],
if it contains high-intensity interval training [5], is supervised [8]
or is executed in frail (often older) patients [6]. In other words, the
inconsistent findings of previous systematic reviews regarding the
effectiveness of prehabilitation prior to colorectal surgery might be
explained by variations in the therapeutic quality of the studied in-
terventions. The international Consensus ON Therapeutic Exercise
aNd Training (i-CONTENT) tool [11] can be used to systematically
evaluate the therapeutic quality (i.e. the risk of ineffectiveness) of
physical exercise training interventions by assessing their content
and context.

To our knowledge, no study has systematically reviewed the
effectiveness of prehabilitation interventions prior to colorectal
surgery while accounting for their therapeutic quality. Therefore,
the primary aim of the current study was to evaluate whether in-
dicators of therapeutic quality are associated with the ability of
prehabilitation programmes to preoperatively improve aerobic fit-
ness and reduce postoperative complications and length of hospi-
tal stay (LOS) in patients scheduled for colorectal cancer surgery. It

Conclusion: The fact that only one study had a low risk of bias in combination with a low
risk of ineffectiveness precluded us from establishing an association between therapeu-
tic quality and the effectiveness of prehabilitation on postoperative outcomes. The qual-
ity of future prehabilitation research with exercise interventions should be improved by

using an assessment tool during the design phase of prehabilitation programmes.

colorectal cancer, exercise programme, preoperative care, preoperative training, presurgical

What does this paper add to the literature?

There is an ongoing debate on the merit of prehabilitation
to optimize the postoperative recovery of patients sched-
uled for colorectal surgery. With this systematic review we
aimed to evaluate whether the content of prehabilitation
programmes is associated with their effectiveness to im-
prove a patient's aerobic fitness and subsequently postop-

erative outcomes.

was hypothesized that methodologically sound studies investigat-
ing prehabilitation programmes with high therapeutic quality would
demonstrate greater improvements in preoperative aerobic fitness
and reductions in postoperative complications and LOS in patients
with colorectal cancer scheduled for surgery compared with preha-
bilitation programmes with a low therapeutic quality.

METHOD

The current systematic review was conducted in accordance with
the Cochrane systematic review guidelines [12] and is reported ac-
cording to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [13]. The study protocol
was prospectively registered at PROSPERO (CRD42023417172).

Search strategy

The current study is an updated systematic review, including a
more in-depth analysis of the content of the included prehabilita-
tion programmes, extending a systematic review and meta-analysis
by Falz et al. [9]. A systematic literature search was executed in the
databases PubMed, Embase and CINAHL from 2005 until October
2023. The start date of the search was chosen because 2005 was
the year the ERAS protocol was introduced for patients undergoing
colorectal surgery [14]. The search strategy was constructed in col-
laboration with a registered librarian. The search strategy included
colorectal surgery for population and prehabilitation for interven-
tion. The full PubMed search string is shown in File S1.
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Study selection

Randomized controlled trials (RCTs) written in English, German or
Dutch including adult patients aged 218years scheduled for colo-
rectal surgery (290%) were selected. The prehabilitation programme
could be unimodal or multimodal but should at least include a struc-
tured form of physical exercise training that aimed to preoperatively
improve a patient's aerobic fitness. Control groups consisted of
patients who either received no intervention (usual care) or a com-
parison intervention (e.g. a different physical exercise programme).
Studies should include at least one of the following outcome meas-
ures: aerobic fitness, overall postoperative complications, severe
postoperative complications [Clavien-Dindo score 23 or compre-
hensive complication index (CCl) 220] or LOS. Physical exercise
training was defined as a structured form of aerobic, interval and/
or resistance exercises, based upon validated measurements de-
scribing training intensity (e.g. heart rate, rating of perceived exer-
tion, work rate), eventually supplemented with breathing exercises.
Studies with patients receiving (neo)adjuvant treatment during the
prehabilitation programme were excluded to ensure homogeneity
and comparability between studies. Two reviewers (EJ and RF) inde-
pendently screened titles and abstracts of retrieved records based
on inclusion and exclusion criteria using the Rayyan web applica-
tion [15]. Thereafter, the assessment of full-text articles according
to eligibility criteria was performed by the two reviewers (EJ and
RF) independently. Any disagreements between reviewers were re-
solved by reaching consensus after discussion. When no consensus

was reached, a third party acted as an adjudicator (MV).

Data extraction

One reviewer (EJ) extracted the following data from the included
studies: first author, publication year, number of participants, pa-
tient characteristics, type of prehabilitation intervention and main
outcomes. In addition, the items of the i-CONTENT tool [11] and
characteristics of the physical exercise training programme were ex-
tracted using the training frequency, training intensity, training time,
training type, training volume and training progression (FITT-VP)
principles. Accuracy and completeness of the data extraction was
checked randomly by a second reviewer (RF). When outcome data
or data needed for the purpose of estimating the risk of ineffec-
tiveness (i-CONTENT) were missing the corresponding author was

contacted.

Methodological quality

Risk of bias assessment was undertaken using the Cochrane Risk
of Bias 2 (RoB2) tool for RCTs [16]. For all studies that were also
included in the original systematic review of Falz et al. [9], risk of
bias assessment was adopted from Falz et al. and checked by one
reviewer (EJ).
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Risk of bias assessment of the additional studies included in
the current updated systematic review was assessed by two re-
viewers (EJ and RF) independently using the RoB2 tool for RCTs.
Studies were divided in two groups based on the estimated risk
of bias. Studies were considered to be at low risk of bias when all
domains of the RoB2 tool were assessed with a low risk of bias.
Studies were considered at ‘some/high risk of bias’ when one or
more domains of the RoB2 tool were assessed with ‘some/high
risk of bias’. Disagreements between the reviewers were resolved
by discussion until consensus was reached. When no consensus
was reached, a third person (MV) was contacted to resolve the
disagreement.

Therapeutic quality

The i-CONTENT tool was used to assess the therapeutic quality of
the physical exercise training interventions [11]. The i-CONTENT
tool is an internationally developed consensus-based tool that aims
to transparently assess the quality of exercise therapy programmes
of RCTs [11]. Two assessors (EJ and RF) used the i-CONTENT tool
to systematically map and analyse the content of the training
programme. To ensure a more consistent assessment, a guideline
for the interpretation of the items of the i-CONTENT tool in the
context of prehabilitation prior to colorectal cancer surgery was
composed by the authors before the start of data extraction (see
File S2). The content tool distinguishes between seven binary items
based on low risk and high risk of ineffectiveness. Studies were
divided into two groups based on the assessed therapeutic quality.
Studies were considered to be at low risk of ineffectiveness when
all items of the i-CONTENT tool were assessed with a low risk of
ineffectiveness. Studies were considered as having any risk of inef-
fectiveness when one or more items were assessed with a high risk

of ineffectiveness.

Statistical analysis

Extracted data were pooled for the outcome measures aerobic fit-
ness, overall postoperative complications, severe postoperative
complications (Clavien-Dindo 23 or CCI| 220) and LOS. For pool-
ing purposes, the median and (interquartile) range were converted
to mean and standard deviation (SD) using the method by Wan
et al. [17] and confidence intervals were converted to SD using the
Cochrane Review Manager calculator (RevMan version 5.4, The
Cochrane Collaboration, 2020).

A meta-analysis was conducted using the Cochrane Review
Manager (RevMan version 5.4, The Cochrane Collaboration,
2020). Random effects models were used to account for clinical
heterogeneity between studies. Continuous variables were ex-
pressed as mean difference (MD) and 95% confidence interval (Cl).
Dichotomous variables were expressed as odds ratios (ORs) with
Cl. Studies were divided in four groups based on the estimated
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risk of bias and risk of ineffectiveness (group 1, low risk of bias
and low risk of ineffectiveness; group 2, some/high risk of bias
and low risk of ineffectiveness; group 3, low risk of bias and any
risk of ineffectiveness; group 4, some/high risk of bias and any
risk of ineffectiveness). These groups were chosen as the authors
of the i-CONTENT tool advise to assess the risk of ineffective-
ness in conjunction with the risk of bias [11]. Categorization of
the risk of bias (low, some, high) was done according to the cri-
teria of the RoB2 tool. Studies were scored as an overall low risk
of ineffectiveness when all items of the i-CONTENT tool scored
a low risk of ineffectiveness. If one or more items scored a high
risk of ineffectiveness, the study scored as any risk of ineffective-
ness. The associations between the ability of prehabilitation to
improve aerobic fitness, reduce postoperative complications and
LOS were meta-analysed, stratified by the risk of ineffectiveness
on the i-CONTENT tool. Heterogeneity was identified using the I?
statistic and defined as follows: 0%-40%, might not be important;
30%-60%, may represent moderate heterogeneity; 50%-90%,
may represent substantial heterogeneity; 75%-100%, consider-
able heterogeneity [12]. For all statistical analyses, p<0.05 was

considered statistically significant.

RESULTS
Study characteristics

A total of 14 studies were included in the current systematic review
[18-31], comprising a total of 986 participants (see Figure 1 for a
flowchart of study inclusion and Table 1 for characteristics of the
included studies). Ten studies (71%) compared prehabilitation with
usual care [18,21-23,25-28,30,31], two (14%) compared prehabili-
tation with rehabilitation [20,24], one (7%) compared prehabilita-
tion plus rehabilitation with rehabilitation alone [19] and one (7%)
compared two different exercise prehabilitation interventions (high-
and moderate-intensity exercise training) with each other [29].
Eight studies (57%) used a multimodal prehabilitation programme
[19,20,22-24,28-30] and six (43%) used a unimodal prehabilitation
programme [18,21,25-27,31]. Table 1 also summarizes the charac-
teristics and main outcomes of the studies. Two studies were not
eligible for meta-analysis. Of these two studies, one compared two
prehabilitation interventions with each other, and therefore did not
have a control group that did not perform prehabilitation [29], and

one study had only one participant following prehabilitation [23].

Duplicate records removed

Only Chinese full-text available

Wrong population (n = 14)
Wrong publication type (n = 12)
Wrong study design (n = 8)
Wrong intervention (n = 5)

[ Identification of studies via databases and registers ]
_E Records identified from: Records removed before
§ PubMed (n = 1131) screening:
= EMBASE (n = 2649) >
T CINAHL (n = 1989) (n=1376)
35 Total (n = 5769)
v
Records screened > Records excluded
(n=4393) (n=4338)
A4
Reports sought for retrieval o Reports not retrieved:
o = »
2 (n=55) (n=1
c
[
: I
(3]
n
Reports assessed for eligibility Reports excluded:
(n=54) d
Wrong outcome (n = 1)
\4
= Studies included in review
= (n=14)
° Studies included in meta-analysis
= (n=12)

FIGURE 1 PRISMA flow chart of study
inclusion.
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Methodological quality of the studies

The assessment of the methodological quality is depicted in Table 3.
Six out of 14 studies (43%) had a low risk of bias [18,20,22,24,25,30].
Of the remaining studies, one (7%) had a high risk of bias due to
missing outcome data [23] and seven (50%) had some concerns due
to measurement of the outcome [26,27], selection of the reported
result [21,27,29,31], the randomization process [27-29] and devia-
tions from the intended interventions [19,21,26,27].

Characteristics of physical exercise interventions

The physical exercise training interventions of the prehabilita-
tion programmes consisted of aerobic exercise training in all 15
prehabilitation programmes [18-31] and resistance exercises in
13 prehabilitation programmes (87%) [18-21,23-26,28-31]. In
three prehabilitation programmes (20%) [21,22,26], breathing ex-
ercises were also included. Five prehabilitation programmes (33%)
[18,23,25,29,30] used a high-intensity physical exercise interven-
tion and 10 prehabilitation programmes (67%) [19-22,24,26-29,31]
used a moderate-intensity physical exercise intervention, of which
one compared high-intensity exercise with moderate-intensity exer-
cise [29]. The duration of the physical exercise training interventions
varied between 2 and 7weeks. The frequency of training sessions
ranged from two to seven times per week. The duration of training
sessions varied between 25 and 60min per session. A detailed de-
scription of the physical exercise training interventions is reported
in Table 2.

Therapeutic quality of the exercise prehabilitation
interventions

One prehabilitation programme (7%) [18] had a low risk of inef-
fectiveness on all items of the i-CONTENT tool. All the other
prehabilitation programmes (93%) scored a high risk of ineffec-
tiveness on at least one item of the i-CONTENT tool. Of these,
10 prehabilitation programmes (87%) [19-22,24,26-29,31] scored
a high risk of ineffectiveness on the i-CONTENT tool item dosing
of the exercise prehabilitation programme and nine programmes
(60%) [21,22,25,27-31] on patient selection. Six prehabilitation
programmes (40%) [19,20,22,24,27,28] scored a high risk of inef-
fectiveness on the item supervision (i.e. lack of supervised exer-
cise sessions) and four exercise prehabilitation programmes (27%)
[20,24,27,30] on adherence to the physical exercise training pro-
gramme (see Table 3 and File S3).

Effects of prehabilitation on aerobic fitness

Of the studies that were included in the meta-analysis, eight stud-
ies used the distance walked on the 6-min walk test (6MWT) as a

measure of aerobic fitness [19,20,22,24,26,27,30,31]. The pooled
results of all studies showed that prehabilitation improved the dis-
tance walked on the SMWT (MD +31.45m, 95% CI 11.97-50.93m;
12=69%). None of these studies scored a low risk of bias in combina-
tion with a low risk of ineffectiveness. Figure 2 shows the pooled
results of the 6MWT of all studies combined and stratified for the
risk of bias and risk of ineffectiveness. There were no statistically
significant differences found between the subgroups with a low risk
of ineffectiveness and a high risk of ineffectiveness for the individ-
ual items of the i-CONTENT tool (see File S4).

Two studies [27,30] reported on the difference in oxygen up-
take at peak exercise (vozpeak) between the prehabilitation and
control group. One study [30] scored a low risk of bias in combi-
nation with any risk of ineffectiveness and showed that prehabil-
(MD +0.80, 95% Cl 0.13-1.47). The
other study [27] scored some or high risk of bias and any risk of

itation improved the VO2peak
ineffectiveness and showed that prehabilitation did not improve
the VO2peak statistically significantly (MD +0.90, 95% CI -1.53 to
3.33).

Effects of prehabilitation on postoperative
complications

Overall postoperative complications were assessed in 11 studies
[18-22,24-26,28-30]. Four studies [20,24,25,29] were excluded
from the meta-analysis. The reasons for exclusion were an ex-
tremely high proportion of overall postoperative complications
(91%) [25] that was not consistent with other studies (average
of 34%) or that the control group performed a different preha-
bilitation programme [29]. When the control group performed
rehabilitation [24,32], the studies were also excluded to prevent
confounding from an additional postoperative intervention (i.e.
the initiation of any rehabilitation interventions falls within the
follow-up period for the evaluation of postoperative complica-
tions). The pooled results of all studies reporting postoperative
complications did not show a significant difference in overall
postoperative complications in patients receiving prehabilitation
compared with patients receiving usual care (OR 0.89, 95% ClI
0.54-1.46; I =50%; Figure 3).

When stratifying for the risk of ineffectiveness and risk of bias,
only the study that scored a low risk of bias in combination with a
low risk of ineffectiveness [18] showed that prehabilitation reduced
overall postoperative complications (OR 0.29, 95% Cl 0.09-0.85;
Figure 3). There were no statistically significant differences found
between the subgroups with a low risk of ineffectiveness and a high
risk of ineffectiveness for the individual items of the i-CONTENT
tool (see File S4).

Severe postoperative complications were reported in eight
studies [18,19,22,24,25,29,30,32]. Three studies were excluded
in the meta-analysis due to the control group performing a dif-
ferent prehabilitation programme [29] or performing rehabilita-
tion [24,32]. The pooled results of all studies reporting on severe
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TABLE 2 (Continued)

Adherence training

Duration

sessions/adverse

events

of exercise

Description of physical
exercise intervention

Time

Training intensity

Training frequency

intervention

Prehabilitation modules

Study

Adherence: 77.2%
of the patients

Total 60min:

(a) High intensity, work

3 times per week

4weeks

Physical exercise training  Supervised:

Molenaar

(a) 4x work interval

interval at 85%-90% of peak

(a) High intensity interval

Nutritional support

etal. (2023)/

JETTEN ET AL.

89.6% of all planned
sessions were
conducted

(b) 25min

(40%-60%) and 6-20 Borg

scale (11-13)

(a) Aerobic training
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(b) Functional resistance

training

Adverse events: NR

Abbreviations: SMWT, 6-min walk test; ASA, American Society of Anesthesiologists; CPET, cardiopulmonary exercise test; HIIT, high-intensity interval training; HRR, heart rate reserve; LOS, length

of hospital stay; MICT, moderate-intensity continuous training; NR, not reported; OMNI-RES, OMNI Perceived Exertion Scale for Resistance Exercise; PAT, power output at the ventilatory anaerobic

threshold; Prehab, prehabilitation; SRT, steep ramp test.

@Received after contacting the authors.

"The Netherlands, Canada, Spain, Italy, and Denmark.

postoperative complications showed that prehabilitation did not
reduce severe postoperative complications (OR 1.26,95% C1 0.50-
3.18; >=50%; Figure 4). There was one study [18] that scored a
low risk of bias in combination with a low risk of ineffectiveness
that showed that prehabilitation did not reduce severe postoper-
ative complications (OR 1.04, 95% Cl 0.23-4.46; Figure 4). There
were no statistically significant differences found between the
subgroups with a low risk of ineffectiveness and a high risk of in-
effectiveness for the individual items of the i-CONTENT tool (see
File S4).

Effects of prehabilitation on length of hospital stay

LOS was assessed in 12 of the studies assessed [18-22,24-26,28-
31]. No significant difference in LOS was observed in patients re-
ceiving prehabilitation compared with patients receiving usual care
(MD -0.20, 95% Cl -1.16 to 0.76; I>=45%; Figure 5) in all studies
combined or when stratified for risk of ineffectiveness and risk of
bias. There were no statistically significant differences found be-
tween the subgroups with a low risk of ineffectiveness and a high
risk of ineffectiveness for the individual items of the i-CONTENT
tool (see File S4).

DISCUSSION

The aim of the current systematic review was to evaluate whether
therapeutic quality is associated with the ability of prehabilitation pro-
grammes to preoperatively improve preoperative aerobic fitness and
reduce postoperative complications and LOS in patients scheduled
for colorectal cancer surgery. Pooled results of 12 studies [18-22,24-
28,30,31] included in the meta-analysis showed that prehabilitation
improved preoperative aerobic fitness but did not reduce overall post-
operative complications or LOS. Of the 14 studies that were evalu-
ated, 13 scored a high-risk of ineffectiveness on one or more items of
the i-CONTENT tool. Only one study had a low risk of bias in combina-
tion with a low risk of ineffectiveness on all items of the i-CONTENT
tool. This study, by Berkel et al. [18], showed a reduction in overall
postoperative complications of ~50% but not in LOS. The pooled re-
sults of all other studies showed an improvement in aerobic fitness
and a reduction in overall postoperative complications and LOS.

Our result that prehabilitation improves aerobic fitness before
surgery is in line with previous research [5-9]. For overall postoper-
ative complications, previous literature shows inconsistent results,
as some studies show that prehabilitation effectively reduced post-
operative complications [5, 6] whereas others do not [7-10]. These
inconsistent results could partially be explained by differences in
study populations and the training volume reported in these stud-
ies. For LOS, previous research shows that prehabilitation does not
effectively reduce LOS [5, 6, 9, 10], which is in line with our results.

The aim of the current study, to evaluate whether the therapeutic
quality of the physical exercise training intervention (i.e. the anticipated
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p
Prehabilitation Control Mean Difference Mean Difference
Study or Subgrou Mean [meters] SD [meters] Total Mean [meters] SD [meters] Total Weight IV, Random, 95% CI 1V, Random, 95% CI
13.1.1 Low risk of bias — Low risk of ineffectiveness
Subtotal (95% Cl) 0 0 Not estimable
Heterogeneity: Not applicable
Test for overall effect: Not applicable
13.1.2 Low risk of bias — Any risk of ineffectiveness
Carli et al. 2020 20.8 104 47 11.8 95.7 38  8.8% 9.00[-33.54,51.54] —
Fulop et al. 2021 85.7 84 77 23 49 72 14.4% 62.70[40.79, 84.61] e —
Gillis et al. 2014 25 50 38 -16 46 39 14.6% 41.00[19.53, 62.47] -
Molenaar et al. 2023 29 429 123 18.1 483 128 17.4% 10.90 [-0.39, 22.19] ——
Subtotal (95% CI) 285 277 55.2%  31.99 [4.49, 59.49] et
Heterogeneity: Tau? = 629.21; Chi? = 20.03, df = 3 (p = 0.0002); /? = 85%
Test for overall effect: Z = 2.28 (p = 0.02)
13.1.3 Some or high risk of bias - Low risk of ineffectiveness
Subtotal (95% CI) 0 0 Not estimable
Heterogeneity: Not applicable
Test for overall effect: Not applicable
13.1.4 Some or high risk of bias — Any risk of ineffectiveness
Bousquet-Dion et al. 2018 21 47 37 10 30 26 15.3% 11.00[-8.03, 30.03] T
Karlsson et al. 2019 8 48 10 -5 29 11 10.8% 13.00 [-21.33, 47.33] B
Kim et al. 2009 31 61 14 27 50 7 75% 4.00[-44.92,52.92]
Northgraves et al. 2020 68.9 37.6 10 7.9 38.6 11 11.3% 61.00[28.39, 93.61] - -
Subtotal (95% CI) 7 55 44.8% 22.84[-2.31,47.99] P
Heterogeneity: Tau? = 381.06; Chi? = 7.50, df = 3 (p = 0.06); /> = 60%
Test for overall effect: Z=1.78 (p = 0.08)
Total (95% CI) 356 332 100.0% 27.95[10.67, 45.24] i
Heterogeneity: Tau? = 414.27; Chi? = 27.78, df = 7 (p = 0.0002); 12 = 75% i1oo _5=0 s 5:0 100’

Test for overall effect: Z=3.17 (p = 0.002)

Favours control Favours prehabilitation
Test for subgroup differences: Chi =0.23, df =1 (p = 0.63), ?= 0% P

FIGURE 2 Meta-analysis of the effect of prehabilitation versus usual care for the outcome preoperative 6-min walk test distance,
stratified for risk of ineffectiveness.

Prehabilitation Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
13.4.1 Low risk of bias - Low risk of ineffectiveness
Berkel et al. 2022 12 28 21 29 13.9% 0.29 [0.09, 0.86]
Subtotal (95% Cl) 28 29 13.9% 0.29 [0.09, 0.86] ———eesst R
Total events 12 21

Heterogeneity: Not applicable
Test for overall effect: Z = 2.22 (p = 0.03)

13.4.2 Low risk of bias - Any risk of ineffectiveness

Fulop et al. 2021 17 77 16 72 201% 0.99 [0.46, 2.15] -
Molenaar et al. 2023 39 123 54 128 26.4% 0.64[0.38, 1.07] - &
Subtotal (95% Cl) 200 200 46.5% 0.73 [0.47,1.12] i
Total events 56 70

Heterogeneity: Tau? = 0.00; Chi? = 0.87,df = 1 (p = 0.35); > = 0%
Test for overall effect: Z = 1.44 (p = 0.15)

13.4.3 Some or high risk of bias - Low risk of ineffectiveness

Subtotal (95% Cl) 0 0 Not estimable
Total events 0 0

Heterogeneity: Not applicable

Test for overall effect: Not applicable

13.4.4 Some or high risk of bias - Any risk of ineffectiveness

Bousquet-Dion et al. 2018 14 37 8 26 14.5% 1.37[0.47,3.97]

Dronkers et al. 2010 9 22 8 20 12.1% 1.04 [0.30, 3.57]

Karlsson et al. 2019 6 10 2 11 5.9% 6.75[0.93, 49.23] »
Lopez-Rodriguez-Arias et al. 2021 2 20 5 20 71% 0.33[0.06, 1.97] ¢

Subtotal (95% Cl) 89 77  39.6% 1.25[0.49, 3.17] —~coentt

Total events 31 23

Heterogeneity: Tau? = 0.36; Chi* = 5.00, df =3 (p = 0.17); > = 40%
Test for overall effect: Z = 0.47 (p = 0.64)

Total (95% Cl) 317 306 100.0% 0.81[0.48, 1.38]
Total events 99 114

Heterogeneity: Tau? = 0.21; Chi? = 10.80, df = 6 (p = 0.09); I = 44% 0'1 0’2 0' 1 5 5 10
Test for overall effect: 2= 0.78 (p = 0.44) . F-avours preha-bilitation Favours control
Test for subgroup differences: Chi? = 4.02, df = 2 (p = 0.13), I = 50.3%

FIGURE 3 Meta-analysis of the effect of prehabilitation versus usual care on the outcome overall postoperative complications, stratified
for risk of ineffectiveness.

risk of ineffectiveness) is related to the effectiveness of prehabilita- suboptimal. Only one study [18] had a low risk of bias in combination
tion to improve postoperative outcomes, might have been too opti- with a low risk of ineffectiveness, because the physical exercise train-
mistic as (reporting of) therapeutic quality in most studies (93%) was ing intervention had adequate patient selection, adequate dosage, a
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Prehabilitation Control

Study or Subgroup Events

Odds Ratio
Total Events Total Weight M-H, Random, 95% CI

¥ =
F ESCP
b

Odds Ratio

M-H, Random, 95% CI

13.5.1 Low risk of bias - Low risk of ineffectiveness

Berkel et al. 2022 4 28 4 29 20.3%
Subtotal (95% CI) 28 29  20.3%
Total events 4 4

Heterogeneity: Not applicable
Test for overall effect: Z = 0.05 (p = 0.96)

13.5.2 Low risk of bias - Any risk of ineffectiveness

1.04[0.23, 4.64]
1.04 [0.23, 4.64]

Fulop et al. 2021 4 77 2 77 17.2% 2.05[0.37, 11.56] -

Gloor et al. 2022 7 54 2 53 18.6% 3.80[0.75, 19.20] =
Molenaar et al. 2023 21 123 37 128 36.4% 0.511[0.28, 0.93] —

Subtotal (95% Cl) 254 258 72.2% 1.33[0.33, 5.27] et
Total events 32 41

Heterogeneity: Tau? = 1.03; Chi? =6.80, df =2 (p = 0.03); 7 =71%
Test for overall effect: Z = 0.40 (p = 0.69)

13.5.3 Some or high risk of bias - Low risk of ineffectiveness
Subtotal (95% Cl) 0 0
Total events 0 0
Heterogeneity: Not applicable

Test for overall effect: Not applicable

13.5.4 Some or high risk of bias - Any risk of ineffectiveness

Bousquet-Dion et al. 2018 2 37 0 26 7.5%
Subtotal (95% CI) 37 26 7.5%
Total events 2 0

Heterogeneity: Not applicable
Test for overall effect: Z = 0.84 (p = 0.40)

Total (95% CI) 319

Total events 38 45
Heterogeneity: Tau? = 0.52; Chi* = 8.01, df =4 (p = 0.09); /> = 50%
Test for overall effect: Z = 0.49 (p = 0.62)

Test for subgroup differences: Chi? = 0.53, df =2 (p = 0.77), 1= 0%

313 100.0%

Not estimable

3.73[0.17, 81.03]
3.73[0.17, 81.03]

1.26 [0.50, 3.18] ?

0.01 0.1 1 10 100
Favours prehabilitation  Favours control

FIGURE 4 Meta-analysis prehabilitation versus usual care for the outcome severe postoperative complications, stratified for risk of

ineffectiveness.

qualified supervisor, and there was a high adherence to the training
programme. It is not surprising that this study scored a low risk of bias
and low risk of ineffectiveness, because in their discussion the authors
state that the trial methodology and experimental intervention were
designed using the Cochrane Risk of Bias tool and the CONTENT tool
[33]. In addition, comparable reductions in postoperative complica-
tions were reported in a Spanish study [34] investigating prehabilita-
tion in patients undergoing different types of abdominal surgery. That
study [34] also scored a high therapeutic quality in a previous system-
atic review [35]. Although these two studies with a high therapeutic
quality [18,34] show promising results it is hard to reach definitive
conclusions based on the results of just two studies. Therefore, their
results should be confirmed in future research including prehabilita-
tion interventions with a high therapeutic quality.

When stratifying the studies on the basis of their risk of inef-
fectiveness based on the individual items of the i-CONTENT tool
there were no significant differences between the groups who had
a low risk of ineffectiveness comparison with the groups that had a
high risk of ineffectiveness (see File S4). This could be due to a lack
of contrast within these individual items, as most of the studies ei-
ther collectively scored a high or low risk of ineffectiveness for most
items of the i-CONTENT tool. This is in line with a recent review
[36] evaluating prehabilitation programmes for lung cancer patients
where they also reported that most of the included studies had a
high risk of ineffectiveness on one or multiple items and therefore
lacked contrast between studies.

Poor reporting of the physical exercise interventions might
have contributed to the fact that most studies scored a high risk
of ineffectiveness on multiple items of the i-CONTENT tool. In the
current systematic review, 10 prehabilitation programmes (67%)
[19-22,24,26-29,31] scored a high risk of ineffectiveness due to in-
adequate reporting of the dose or due to inadequate dosing of the
exercise prehabilitation programme. This observation is not new,
as reporting of the physical exercise training interventions within
prehabilitation programmes usually only includes reporting of the
prescribed physical exercise training dose, whereas full reporting of
the actually performed physical exercise training dose, other than
training session attendance (i.e. training frequency), is often missing
[37]. Full reporting of the training dose actually performed accord-
ing to the FITT-VP principles is essential to be able to estimate the
performed training volume and subsequent risk of ineffectiveness.
When evaluating the risk of ineffectiveness, the performed training
dose might be more important than the prescribed dose. However,
the latter was not feasible in the current study due to inadequate
reporting.

With regard to the chosen outcome measures, 10 out of 14 studies
used the 6MWT to assess aerobic fitness. Previous research has indeed
shown that the outcomes of the 6MWT are associated with aerobic fit-
ness [38]. However, it is also well known that results of the 6MWT are
affected by many factors that are not related to cardiopulmonary status,
such as sex, body height and body mass [39]. There are more appro-
priate exercise tests for measuring or estimating aerobic capacity [e.g.
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Prehabilitation Control

Study or Subgroup

Mean [days] SD [days] Total Mean [days] SD [days] Total Weight

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

13.6.1 Low risk of bias - Low risk of ineffectiveness

Berkel et al. 2022 8.4 74 28 9.1 7
Subtotal (95% CI) 28

Heterogeneity: Not applicable

Test for overall effect: Z=0.37 (p = 0.71)

13.6.2 Low risk of bias - Any risk of ineffectiveness

Fulop et al. 2021 9.8 6.9 77 8.55 29
Gloor et al. 2022 7 1.1 54 6 13.3
Molenaar et al. 2023 4.8 44 123 4.8 6
Subtotal (95% CI) 254

Heterogeneity: Tau? = 0.00; Chi? = 1.38, df = 2 (p = 0.50); /> = 0%

Test for overall effect: Z=0.96 (p = 0.34)

13.6.3 Some or high risk of bias - Low risk of ineffectiveness

Subtotal (95% Cl) 0

Heterogeneity: Not applicable

Test for overall effect: Not applicable

13.6.4 Some or high risk of bias - Any risk of ineffectiveness

Bousquet-Dion et al. 2018 3.3 28 37 23 1.6
Dronkers et al. 2010 16 1 22 22 23
Karlsson et al. 2019 5 14 10 6 2
Lopez-Rodriguez-Arias et al. 2021 4.8 1 10 7.2 3.2
Northgraves et al. 2020 9.4 21 10 11.4 6.6
Subtotal (95% Cl) 89

Heterogeneity: Tau? = 2.06; Chi? = 11.88, df = 4 (p = 0.02); I = 66%
Test for overall effect: Z=1.05 (p = 0.29)

Total (95% Cl) 371
Heterogeneity: Tau? = 0.81; Chi? = 14.60, df = 8 (p = 0.07); I* = 45%
Test for overall effect: Z=0.41 (p = 0.68)

Test for subgroup differences: Chi? = 2.12, df = 2 (p = 0.35), [ = 5.6%

29
29

72
53
128
253

360

5.4%
5.4%

—0.70 [-4.44, 3.04]
—0.70 [-4.44, 3.04]

15.4%

3.7%
19.1%
38.3%

1.25[-0.43, 2.93]
1.00 [-3.65, 5.65] >
0.00 [-1.30, 1.30]
0.49 [-0.51, 1.50]

Not estimable

21.3%
0.7%
17.4%
12.3%
4.6%
56.4%

1.00 [~0.09, 2.09]
-6.00 [~17.08, 5.08] *
—1.00 [-2.47, 0.47]
—2.40 [-4.48, —0.32]
—2.00[-6.11,2.11] ¢

~0.92 [2.64, 0.80]

-

JE——

-

et

100.0%  —0.20 [-1.16, 0.76]

—

-2 0 2 4
Favours prehabilitation  Favours control

-4

FIGURE 5 Meta-analysis prehabilitation versus usual care for the outcome length of hospital stay, stratified for risk of ineffectiveness.

the (modified) steep ramp test [40] or cardiopulmonary exercise testing
(CPET) [41]—CPET is the gold standard for measuring aerobic fitness
[42]]. Only four studies used outcomes from CPET (e.g. vozpeak) to assess
aerobic fitness. Of these studies, only two [27,30] reported on the dif-

ference in VO between the prehabilitation and control group, which

2peak
precluded us frr)om stratification based on risk of ineffectiveness using
VOzpeak as an outcome. Furthermore, current literature solely reports the
incidence and severity of complications (e.g. Clavien-Dindo classifica-
tion). It can be imagined that a prehabilitation intervention would have
a greater impact on how patients cope with a complication than on the
incidence and severity of complications [43]. Therefore, a composite
measure that considers the impact of complications (e.g. the impact of
complications on time to recovery of physical functioning) might be a
better outcome measure for evaluating an association between thera-
peutic quality and the effectiveness of exercise prehabilitation.

A strength of the current study is the in-depth assessment of the
content of the prehabilitation programmes using the i-CONTENT tool.
The structured assessment of the i-CONTENT tool provides insight in
the weaknesses in (reporting of) physical exercise interventions of pre-
habilitation programmes. Furthermore, prior to the start of the study
assessment, the research team developed operationalization of terms
of the i-CONTENT tool. By using this operationalization of terms, i-
CONTENT assessment was facilitated and reliability and validity of
the assessment was improved. Besides these strengths, the current
systematic review also has some limitations. As discussed before, the
score on the i-CONTENT tool is strongly associated with the quality
of reporting. If the authors did not report certain aspects of the i-
CONTENT tool it is probably more likely to be scored with a high risk
of ineffectiveness. Furthermore, the i-CONTENT tool is only capable of
assessing the physical exercise intervention and not the other modali-
ties in the prehabilitation programme (e.g. nutritional or psychological

intervention). The authors strongly believe that prehabilitation should
be tailored to an individual's risks and that effectiveness probably de-
pends on the synergistic effect of all prehabilitation modules.

Outcome measures of prehabilitation trials should not be lim-
ited to the incidence and severity of postoperative complications
but should include composite measures that also take the impact
of a complication into account. In addition, for an accurate evalu-
ation of exercise prehabilitation studies and the relation to ther-
apeutic quality, full reporting of prescribed as well as performed
exercise (i.e. training volume) is essential. Lastly, the quality of
prehabilitation programmes as well as the reporting of future pre-
habilitation studies should be improved by using the i-CONTENT
or a similar tool [44] for the design of prehabilitation programmes
and their reporting.

CONCLUSION

An association between therapeutic quality and the effectiveness
of prehabilitation in patients scheduled for colorectal surgery
could not be established as only one study had a low risk of bias
and a low risk of ineffectiveness of the physical exercise training
intervention. The quality of physical exercise training interven-
tions within future prehabilitation research should be improved
by using i-CONTENT or a similar tool during the design phase of
prehabilitation programmes.
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