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Abstract

Background Multimodal prehabilitation programs are effective at reducing complications after colorectal surgery
in patients with a high risk of postoperative complications due to low aerobic capacity and/or malnutrition. However,
high implementation fidelity is needed to achieve these effects in real-life practice. This study aimed to investigate
the implementation fidelity of an evidence-based prehabilitation program in the real-life context of a Dutch regional
hospital.

Methods In this observational cohort study with multiple case analyses, all patients who underwent colorectal
surgery from January 2023 to June 2023 were enrolled. Patients meeting the criteria for low aerobic capacity or mal-
nutrition were advised to participate in a prehabilitation program. According to recent scientific insights and the local
care context, this program consisted of four exercise modalities and three nutrition modalities. Implementation fidel-
ity was investigated by evaluating: (1) coverage (participation rate), (2) duration (number of days between the start
of prehabilitation and surgery), (3) content (delivery of prescribed intervention modalities), and (4) frequency (attend-
ance of sessions and compliance with prescribed parameters). An aggregated percentage of content and frequency
was calculated to determine overall adherence.

Results Fifty-eight patients intended to follow the prehabilitation care pathway, of which 41 performed a preopera-
tive risk assessment (coverage 80%). Ten patients (24%) were identified as high-risk and participated in the preha-
bilitation program (duration of 33-84 days). Adherence was high (84-100%) in five and moderate (72-73%) in two
patients. Adherence was remarkably low (25%, 53%, 54%) in three patients who struggled to execute the prehabilita-
tion program due to multiple physical and cognitive impairments.

Conclusion Implementation fidelity of an evidence-based multimodal prehabilitation program for high-risk patients
preparing for colorectal surgery in real-life practice was moderate because adherence was high for most patients,

but low for some patients. Patients with low adherence had multiple impairments, with consequences for their prepa-
ration for surgery. For healthcare professionals, it is recommended to pay attention to high-risk patients with multiple
impairments and further personalize the prehabilitation program. More knowledge about identifying and treating
high-risk patients is needed to provide evidence-based recommendations and to obtain higher effectiveness.
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Introduction

Colorectal surgery is a frequently performed treatment
for ulcerative colitis, Crohn’s disease, recurrent diver-
ticulitis, and most frequently for colorectal cancer. Of
the patients undergoing colorectal surgery, 25% to 73%
develop postoperative complications (Mayo et al. 2011;
Berkel et al. 2022). These complications affect a patient’s
physical functioning and quality of life and increase
healthcare costs (Khuri et al. 2005). Preoperative risk
factors like older age, multiple comorbidities, and modi-
fiable factors, such as poor nutritional status and low
physical fitness, are known to increase the risk of such
postoperative complications (Moran et al. 2016; Rooijen
et al. 2019a).

The risk of postoperative complications can be
decreased before surgery by multimodal prehabilitation.
The recommended modalities are physical exercise train-
ing, nutritional support, treatment of anemia, smoking
and alcohol cessation, and psychological support, per-
sonalized to the factors that need improvement (Durrand
et al. 2019; Molenaar et al. 2023). Studies show that pre-
habilitation has positive effects, reducing complications
and length of stay, particularly for patients with high
risk of complications, like patients with low preoperative
aerobic capacity (Rooijen et al. 2019b; Heil et al. 2022a;
Cortés-Guiral et al. 2021; Carli et al. 2017; Molenaar et al.
2023; Lambert et al. 2021; Klerk et al. 2021). Therefore,
it is recommended that multimodal prehabilitation pro-
grams be integrated into usual care (Berkel et al. 2022;
Molenaar et al. 2023; Franssen et al. 2022; Heil et al.
2022b).

Implementation of prehabilitation in real-life practice
is challenging (Molenaar et al. 2023; Heil et al. 2022b).
Unfortunately, the “evidence-to-practice gap” is not
unique, as demonstrated by the average implementa-
tion time of 17 years (Bussemaker and KJ, de LM. 2021;
Morris et al. 2011). Many implementation studies have
stated that establishing the effectiveness of innovation
in a research setting does not guarantee its uptake and
effectiveness in usual care (Bauer and Kirchner 2020).
The transition from the usage of an intervention studied
under controlled research circumstances to adoption in
real-life practice is complex, with many influencing con-
textual factors acting as barriers and facilitators (Heil
et al. 2022a; Pearson et al. 2020; Rogers et al. 2020).

Barriers to the implementation of prehabilitation in
real-life practice are multidimensional. For example, the
implementation of prehabilitation in real-life practice in

Dutch hospitals is challenged by financial and logistical
factors, such as the lack of reimbursement by insurance
companies (Molenaar et al. 2023). In addition, a recent
qualitative study found several patient-reported barriers,
including logistic challenges, the program’s complexity,
and reluctance among healthcare professionals caused by
the lack of evaluation outside of research settings (Heil
et al. 2022b). Therefore, as a next step, research into this
real-life practice by an embedded scientist observing and
scientifically evaluating implementation processes in
their context is of value (Vindrola-Padros et al. 2017).

To evaluate the implementation of interventions, the
concept of implementation fidelity can be used, which
is defined as “the scientific degree to which an interven-
tion is implemented as intended by the program develop-
ers” (Proctor et al. 2011). High implementation fidelity is
necessary for achieving the intended outcomes of inter-
ventions (Carroll et al. 2007). To date, the implementa-
tion fidelity of prehabilitation and its influence on the
outcomes are almost unknown and have not yet been
reported. Consequently, the primary aim of this cohort
study with case analysis was to investigate the fidelity of
an evidence-based multimodal prehabilitation program
for high-risk patients undergoing elective colorectal sur-
gery as implemented in a regional hospital in the Neth-
erlands. The secondary aim was to explore the intended
outcomes (i.e., changes in preoperative aerobic capacity
and preoperative nutritional status, as well as postopera-
tive recovery) following the multimodal prehabilitation
program.

Methods

Study design

This observational cohort study was conducted from
January 2023 to June 2023 with a case analysis of the
high-risk patients following the prehabilitation program
in hospital Nij Smellinghe (NS). In January 2023, a mul-
timodal prehabilitation program was implemented in the
colorectal pathway, according to the concept of evidence-
based medicine. Evidence-based medicine involves treat-
ing patients based on the best available clinical evidence,
integrating this with individual clinical expertise, and
tailoring it to the specific needs of each patient (Sackett
et al. 1996). The prehabilitation program was based on
the current scientific insights and guidelines, adapted
to the practical possibilities and local vision of the care
context of NS. This care pathway included assessing a
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patient’s risk of postoperative complications and offer-
ing a multimodal prehabilitation program for high-risk
patients (Fig. 1). The study was approved by the Local
Ethical Committee of NS (reference: 23,017/JB/AB). The
STrengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guideline for reporting observa-
tional studies was followed (Elm et al. 2007).

The coordinating investigator, a physiotherapist, served
as an embedded scientist within the colorectal path-
way (Wittmayer and Schéipke 2014). This embedded
researcher, affiliated with both the hospital and an aca-
demic institution, established strong relationships with
healthcare professionals and collaborated closely with
local teams to generate valuable insights into the imple-
mentation process. Data were extracted by the embed-
ded researcher through desk research from patient files,
complemented by direct consultations with healthcare
professionals. To ensure accuracy, the physiotherapist
randomly reviewed the data, and any discrepancies were
resolved in consultation with an expert.

Patients

All patients (i.e., low-risk and high-risk) of 18 years or
older scheduled for elective colorectal surgery in NS were
asked for their informed consent to be included in the
cohort. No exclusion criteria were applied.

Study setting

NS is a regional hospital in the Netherlands with 339
beds, where 150 patients undergo colorectal surgery
annually (Sluis et al. 2015). NS is an innovative hospital
in perioperative care, and the Enhanced Recovery After
Surgery (ERAS) protocol has been implemented into
usual care since 2018 (Greco et al. 2014). For the period
of this study, a single physiotherapist and dietitian per-
formed the prehabilitation program to prevent provider-
dependent bias. Figure 1 presents a graphical overview
of the implemented colorectal pathway in NS with the
study’s focus section highlighted.

Preoperative colorectal pathway

When patients were planning for elective colorectal sur-
gery, a physiotherapist and dietitian conducted a preop-
erative risk assessment for postoperative complications.
Patients meeting the criteria for low aerobic capacity
and/or high risk of malnutrition (see Fig. 1) were advised
to participate in a prehabilitation program, incorporating
modalities tailored to address their impairments (Berkel
et al. 2022; Molenaar et al. 2023; Franssen et al. 2022;
Cederholm et al. 2019). For at least 30 days, patients per-
formed physical exercise training and/or received dietary
counseling, which were provided by a trained physiother-
apist and dietitian (both with>15 years of experience).
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In addition, the prehabilitation program in NS involved
treating patients with low hemoglobin levels, offering
alcohol- and smoking cessation interventions, and pro-
viding psychological support. However, this is already
part of usual care since the implementation of the ERAS-
protocol and therefore not specifically evaluated in this
study. A more detailed description of the complete care
pathway is provided in Appendix 1.

Exercise modality

The physiotherapist assessed preoperative aerobic capac-
ity using the cardiopulmonary exercise test (CPET) or
modified steep ramp test (SRT), following the proto-
col of previous research on preoperative risk assess-
ment (Berkel et al. 2022; Franssen et al. 2022; Bongers
2023). Patients with a low aerobic capacity, defined as
an achieved work rate at peak exercise at the modified
SRT <1.5 W/kg or an oxygen uptake at the ventilatory
anaerobic threshold (VAT) <11 mL/kg/min at the CPET,
were deemed high-risk patients and indicated for the
physical exercise training modality (Berkel et al. 2022;
Beijsterveld et al. 2019).

The exercise modality consisted of four components:
hospital-based high-intensity interval training (HIIT),
home-based HIIT and low-intensity interval training
(LIIT), functional strengthening exercises, and wearing
an accelerometer (Pam AM300, Pam BV, Oosterbeek,
the Netherlands) (see Fig. 1 and Appendix 1). The home-
based HIIT training was performed on a cycle ergom-
eter delivered to the patient’s home (Corival Home +,
Lode BV, Groningen, the Netherlands). The physi-
otherapist registered the delivery of the different com-
ponents, the description of training variables, and the
6—20 Borg rating of perceived exertion (RPE). Adequate
training adherence was defined as three HIIT sessions a
week, consisting of 14 intervals of 30 s on 60% of WR .y
achieved at the modified SRT, followed by 60 s at 20 W
(Bongers 2023).

Nutrition modality

The dietitian evaluated the risk of malnutrition by using
the Patient-Generated Subjective Global Assessment
Short Form (PG-SGA SF) and applied the Global Lead-
ership Initiative on Malnutrition (GLIM) criteria to diag-
nose malnutrition (Banning et al. 2020; Jager-Wittenaar
and Ottery 2017). According to the GLIM-criteria, mal-
nutrition is defined as the presence of at least one pheno-
typic criterion (non-volitional weight loss, low body mass
index, and reduced muscle mass) and at least one etio-
logic criterion (reduced food intake or assimilation, and
inflammation or disease burden) (Cederholm et al. 2019).
Muscle mass and body composition were assessed with
bioelectrical impedance analysis (BIA) (Bodygram Plus,
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Fig. 1 Colorectal surgery pathway of NS with the study’s focus section highlighted. Abbreviations: BIA bioelectrical impedance analysis, CPET
cardiopulmonary exercise test, DAS/ Duke Activity Status Index, GLIM Global Leadership Initiative on Malnutrition, HGS handgrip strength, HIIT
high-intensity interval training, L/IT low-intensity interval training, PA physical activity, PG-SGA SF Patient-Generated Subjective Global Assessment

Short Form, SRT modified steep ramp test, VAT ventilatory anaerobic threshold, VO, oxygen uptake, WR ea work rate at peak exercise
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Akern, Italy) (Goes et al. 2021). Patients with a high risk
of complications due to impaired nutritional status were
referred for the nutritional support modality of the pre-
habilitation program.

The nutrition modality consisted of counseling ses-
sions, stimulation of protein intake, and use of the eiFIT-
application. The counseling sessions aimed to optimize
energy and protein intake and the timing of eating pro-
tein-rich products. If necessary, a vitamin D and leu-
cine-enriched whey protein oral nutritional supplement
(FortiFit® Powder, Nutricia) was provided. Individual
protein requirements were set at 1.5-1.9 g/kg fat-free
mass. Patients used the eiFIT-application or a food diary
to track their protein intake (AlleyApp. 2021).

Outcomes
Primary outcome: implementation fidelity
The conceptual framework for fidelity described by Car-
roll et al. was used as guidance to assess the implemen-
tation fidelity of the prehabilitation program of high-risk
patients (Carroll et al. 2007). The original framework has
been adapted to the context of this study (Fig. 2) (Frans-
sen et al. 2022; Pearson et al. 2020).

According to this framework, fidelity consists of adher-
ence, the intervention components, its intended out-
comes, and the potential factors influencing adherence.

Possibly influencing factors
- Facilitation strategies
Strategies to optimize implementation (aimed at logistical and financial barriers)
- Practitioner responsiveness
Experiences of healthcare professionals (questionnaire)
- Patient responsiveness
Experiences of patients (questionnaire)
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Adherence

The central aspect of the model is adherence, which
can be subdivided into the following parameters: cov-
erage, duration, content, and frequency. Coverage was
defined as ‘the participation rate in the innovation by the
intended audience! It was measured by the percentage of
eligible patients who were assessed and able to follow the
personalized prehabilitation pathway in the study period
(Pearson et al. 2020). Reasons for drop-out and non-
participation were reported. Duration was measured by
the number of days between assessment and surgery and
should be at least 30 days (Cuijpers et al. 2022). Content
was measured by the number of different components of
the intervention delivered. The frequency of exercise was
measured by the percentage of an adequately performed
training session as prescribed. Frequency of nutrition was
determined by the percentage of days in which the pre-
scribed nutritional intake was achieved. An aggregated
percentage of content and frequency was calculated to
determine adherence (see Fig. 2 and Table 1). Adherence
was categorized as “low” (0-60%), “moderate” (60—-75%),
and “high” (75-100%) (Bragstad et al. 2019).

Secondary outcome: intended outcomes and possible
influencing factors

Evaluation of intended outcomes

The intended outcomes of the multimodal prehabilita-
tion program were an increase in preoperative aerobic
capacity and improved preoperative nutritional status

Adherence
- Coverage

- Duration

- Content:
Intervention

- Preoperative risk
assessment

- Multimodal
prehabilitation program for
high-risk patients

counselling sessions, protein intake, eiFIT-app)
- Frequency:

patients

Training adherence =

Participation rate of preoperative risk assessment and multimodal prehabilitation program
Number of days following the prehabilitation program

Number of components delivered as prescribed of the physical exercise training modality (i.e., HIIT,
functional strength exercises, wearing an accelerometer) and nutritional support modality (i.e.,

Number of HIIT sessions performed as prescribed or adequate protein intake achieved by high-risk

% content+ % frequency home—based sessions + % frequency hospital-based sessions

Intended outcomes

- Preoperative physical fithess
- Preoperative nutritional status
- Postoperative outcomes

3
9% content+ % frequency home—based sessions +% frequency intake

Nutrition adherence =

Total adherence =

3
training adherence+nutrition adherence

2

T

Evaluation of
fidelity

Evaluation of
intended
outcomes

Fig. 2 The conceptual framework of fidelity adapted to the colorectal care pathway in high-risk patients (Carroll et al. 2007)
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Table 1 Operationalization of adherence parameters adapted to this study

Operationalization

Patients assessed by the physiotherapist and dietitian

Patients undergoing colorectal surgery in NS
Duration = Date of surgery — date of preoperative assessment

Content exercise = number of components delivered (HIIT hospital, HIIT home,

strengthening exercises, wearing an accelerometer)
Content nutrition = number of components delivered (counselling sessions,

adequate training sessions at hospital and home

prescribed training sessions at hospital and home
adequate counselling sessions and protein intake
prescribed counselling sessions and protein intake

Coverage Coverage =
Duration
Content
protein intake, eiFlTapp)
Frequency® Frequency exercise =
Frequency nutrition =
Adherence

Nutrition adherence =
Total adherence =

Exercise adherence =

9% content+% frequency hospital+% frequency home

% content+% frequency sessions+% frequency intake
3

exercise adherence+nutrition adherence
2

? An adequately performed training session was defined as a high-intensity interval training session consisting of 14 intervals of 30 s on 60% of WR, at the modified

steep ramp test followed by 60 s at 20 W or a low-intensity interval training consisting of intervals of 30 s at 30% of WR

peak at the modified steep ramp test, followed by

60 s at 20 W; an adequate nutritional intake was defined as a protein intake of 1.5-1.9 g/kg fat-free mass

(PG-SGA SF score 0-3) (Banning et al. 2020; Weemaes
et al. 2021), leading to a decrease in postoperative com-
plications, diminished length of stay, and reduced time to
in-hospital recovery of physical functioning. Preoperative
aerobic capacity and nutritional status were measured
before and after the prehabilitation program by the mod-
ified SRT and PG-SGA SF. The occurrence of complica-
tions was reported, and complications were categorized
according to the Clavien-Dindo classification (Berkel
et al. 2022; Clavien et al. 2009). Length of stay was defined
as days admitted to the hospital (Berkel et al. 2022). Time
to recovery of physical functioning was measured by the
modified Iowa Level of Assistance Scale (mILAS). It was
reported as the time in days between surgery and full in-
hospital recovery of physical functioning (a mILAS score
of 0) (Beijsterveld et al. 2019; Shields et al. 1995).

Potential influencing factors

Potential factors influencing the level of adherence
explored in this study were facilitation strategies, prac-
titioner responsiveness, and patient responsiveness.
Facilitation strategies are strategies to optimize imple-
mentation aimed at barriers known from previous
research, which were logistical and financial challenges
(Molenaar et al. 2023; Heil et al. 2022b). The physiothera-
pist, dietitian, and embedded researcher documented
their observations on influencing factors in a logbook.
Practitioner- and patient responsiveness was defined as
“engagement with the intervention.” Practitioner respon-
siveness was measured by a short questionnaire for the
physiotherapist and dietitian based on a measurement
instrument for determinants of innovation at the end
of the study period (Appendix 2) (Fleuren et al. 2014).
Patient responsiveness was measured by a short ques-
tionnaire for patients after finishing their prehabilitation

program, based on questionnaires used in comparable
studies (Appendix 3) (Franssen et al. 2022; Dronkers et al.
2010).

Clinical characteristics of participating patients follow-
ing the colorectal pathway were collected for descriptive
purposes (Table 2).

Statistical analysis

All data were analyzed using descriptive statistics. For
patient characteristics, continuous data were tested
for normality using Shapiro—Wilk tests and QQ-plots.
Median and interquartile range (IQR) or mean and
standard deviation were reported accordingly. Absolute
values and percentages were given to report the fidelity
of the prehabilitation program. To prevent selection bias,
NS reimbursed the expenses of prehabilitation for people
who otherwise could not afford it, as insurance compa-
nies did not reimburse prehabilitation in the Netherlands
during the study period. Data were analyzed using R
Framework 4.2.2 for macOS (version 2022, Vienna) (R
Core Team. R 2022).

Results

Characteristics of patients in the colorectal surgery
pathway

During the study period, 58 patients started the colo-
rectal surgery pathway, as shown in Fig. 3. Four patients
underwent emergency surgery and four had surgery in
a different hospital, as that hospital specialized in rectal
resections. Nine patients were not referred to the physi-
otherapist and dietitian after assessment by the nurse
practitioner, as clinical reasoning determined it unneces-
sary due to their low risk of complications or the patients’
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Indication for colorectal surgery
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Fig. 3 Flowchart of the colorectal surgery pathway of NS during the study period with the study’s focus section highlighted

personal decision to decline surgery. The physiotherapist
and dietitian assessed 41 patients and the periopera-
tive parameters of all these patients were collected. Ten
(23%) of the assessed patients were classified as high-risk
and, therefore, advised to follow the multimodal preha-
bilitation program. The clinical characteristics of the 41
patients who followed the colorectal pathway are shown
in Table 2.

Implementation fidelity

Relevant characteristics and implementation fidelity
measurements of the ten high-risk patients are shown
in Table 3, ordered from the highest mean adherence
to the lowest. ID1 and ID9 were identified as high-risk
in the assessment by the dietitian, but not according to
the assessment by the physiotherapist. Consequently, the
exercise modality was not indicated for them.

Adherence

The average adherence to the multimodal prehabilitation
program for high-risk patients was 74%, with 63% for
exercise modalities and 80% for nutrition modalities.

Seven patients were unable to use the eiFit-app and the
accelerometer because of digital illiteracy or unwilling-
ness due to its perceived burden. ID4, ID5, and ID6 had
low adherence as both the content and frequency were
insufficient. ID4 and ID5 were unable to perform hospi-
tal-based HIIT training due to logistical reasons, while
ID6 faced difficulties performing home-based HIIT train-
ing due to a lack of internet connection.

ID5 and ID6 had low adherence at the prescribed inten-
sity for the exercise intervention (0%) as they were unable
to cycle due to their physical impairments. Based on clin-
ical expertise, the HIIT training was adjusted to aerobic
walking training in these patients. However, this type of
training did not always challenge their cardiovascular
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system as much as high-intensity interval training, as
indicated by Borg-RPE and heart rate. ID4, ID6, and ID8
did not perform half of the exercise sessions and missed
some counseling sessions because they were not feeling
well due to COVID-19, urinary tract infection, nausea, or
dizziness.

Evaluation of intended outcomes

Aerobic capacity improved in six patients (75%) who fol-
lowed the exercise modality, deteriorated in none, and
measurements were unavailable in two patients (25%).
Five patients achieved a low risk of malnutrition (56%),
two patients had a medium risk at the end of the preha-
bilitation program (22%), and measurements were una-
vailable in two patients (22%). Eight out of the twenty
post-prehabilitation tests were missing (40%), as thera-
pists faced unforeseen circumstances like the inability
of patients to perform the tests, absence of therapists,
advancements in surgeries, oversights by therapists,
or unwillingness of patients to come to the hospital.
When patients were unable to perform an exercise test
on a cycle ergometer, the 2-min walk test 2MWT) was
administered. Four patients (40%) developed complica-
tions after surgery, including two relaparotomies, one
placement of a gastric tube, and one death. Median [IQR]
length of stay was 3 [3-11] days and time to full in-hospi-
tal recovery of physical functioning (a mILAS score of 0)
was 1 day [1-11].

Potential influencing factors

Potential influencing factors investigated in this study
were facilitation strategies, practitioner responsive-
ness, and patient responsiveness. Facilitation strategies
include flexible appointment scheduling by the physi-
otherapist and the dietician, which can help overcome
patients’ logistical challenges. Another facilitation strat-
egy to address logistical challenges was offering therapy at
home and in the hospital. A facilitation strategy to address
financial barriers was the choice of NS to reimburse the

Table 4 Patient responsiveness: questionnaire results
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expenses of prehabilitation for people who otherwise
could not afford it. The practitioner responsiveness was
good (Appendix 2), especially for the outcome expecta-
tions. Patient responsiveness was also good, as all patients
indicated high motivation for the program (Table 4).

Discussion

To the best of our knowledge, this is the first study that
investigated the implementation fidelity of an evidence-
based multimodal prehabilitation program for high-
risk patients undergoing elective colorectal surgery and
explored its intended outcomes. The results of this cohort
study with multiple case analyses suggest that the imple-
mentation fidelity was moderate, as adherence varied
between good (n=5), moderate (n=2), and low (n=3).
Patients with low adherence struggled to execute the dif-
ferent components (content) and frequency of mainly
the physical exercise training modality, due to multiple
physical and cognitive impairments. Aerobic capac-
ity and nutritional status improved preoperatively in all
six patients for whom evaluation was possible; however,
evaluation was not feasible in four patients. Four out of
the 10 high-risk patients developed severe complications
after surgery (Clavien-Dindo IIla-V).

The adherence rates were moderate to high for most
patients, which is a favorable outcome given the com-
plexity of the multimodal intervention for high-risk
patients in a real-world clinical setting. Several factors
influencing the program could be identified, such as the
patient’s motivation for the program and the facilitation
strategies to address logistical and financial barriers. In
this study, the adherence to nutritional modalities was
higher than the adherence to the exercise modalities.
The personalized nature of the nutritional intervention,
combined with the dietitian’s counseling sessions during
a patient’s physical exercise training session at the hos-
pital, might have contributed to this outcome. Adher-
ence to the nutritional modalities was rarely described
in previous studies. A comparable study investigating a

ID 1 2 3 4 5 6 7 8 9 10
1.The aim of the prehabilitation program was clear to me +/= 4+ - ++ ++ ++ ++ ++ ++ ++
2.The experienced exertion during the exercises was high NA +/- /= o+ + - ++ ++ NA +/—=
3.The exercises were useful NA ++ ++ +4+  ++ ++  +4+  ++ NA ++
4.The nutritional support was useful ++ ++ ++ ++ ++ ++ ++ ++ /= ++
5.The exercises were easy to maintain NA +/- ++ + ++ ++ ++ — NA +

6. The nutritional recommendations were easy to maintain + ++ ++ + +4+  ++  ++ ++ o+ +
7.1 was motivated for the prehabilitation program ++ ++ + + ++  ++ ++ ++
8.1think the prehabilitation program prepared me well for surgery ~— ++ + ++ + ++ ++ ++ + +/- ++

+ +strongly agree, + agree, +/ — neutral, — disagree, — — strongly disagree
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tele-prehabilitation program achieved a frequency of 91%
and intensity of 84% for the exercise program (Franssen
et al. 2022). This is higher than we achieved in our home-
based components. Unfortunately, only three patients
were able to carry out all the digital home-based compo-
nents. This suggests that an intervention only contain-
ing digital home-based components might not suit this
population. Blended care could be considered an appro-
priate option, since the possibility of providing both
home-based training and hospital-based training might
contribute to flexibility and therefore higher adherence to
the prehabilitation program.

Adherence varied between patients (25-100%), with
remarkably low adherence (<55%) in three of these
patients. These three patients had impairments, such as
comorbidities, low functional status, cognitive decline,
and lack of social support. Efforts were taken to adapt
the intervention as much as possible for the individual
patients, for example, switching to only home-based or
only hospital-based training and altering training on the
cycle ergometer to walking training. It required flexibility
and clinical expertise by the healthcare professionals to
adjust the program to the patients’ abilities and support
them during their prehabilitation program. The ques-
tionnaire for practitioner responsiveness supported this
inference, showing that the physiotherapist and dietitian
experience the prehabilitation program as time-con-
suming, and they are hesitant about the ability to help
every patient and the visibility of the effects. In previ-
ous research, no suggestions were made for adapting the
assessment and intervention to the needs of patients with
impairments awaiting surgery, even though this is essen-
tial for the intervention’s success (Carroll et al. 2007).
Clinical trials for prehabilitation programs often exclude
patients who cannot perform cycling tests or prescribed
exercises (Berkel et al. 2022; Molenaar et al. 2023). Con-
versely, it can be assumed that these patients are more
prone to negative postoperative outcomes based on their
low functional status. Scientific recommendations for
preoperative optimalization for patients at high risk with
multiple impairments are currently unavailable, to the
best of our knowledge.

The intended outcomes (effects comparable to those
found in previous RCTs) were realized to a certain
extent; while the improvement in preoperative aerobic
capacity fell short, a decreased risk of malnutrition and
favorable postoperative outcomes were achieved in 6
out of 10 patients. The changes in preoperative aero-
bic capacity were less than those previously reported
in two RCTs with comparable prehabilitation programs
(Berkel et al. 2022; Molenaar et al. 2023). A recent clini-
cal trial also found variations in outcomes after preha-
bilitation, which were explained by “non-responders”
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(Berkel et al. 2022). That study acknowledged the chal-
lenge of improving aerobic capacity in all high-risk
patients. Furthermore, the reduction in the risk of mal-
nutrition was comparable to the improvement found
in a recent RCT (Molenaar et al. 2023). Length of stay
and time to recovery of physical functioning was com-
parable to earlier research (Berkel et al. 2022; Molenaar
et al. 2023; Thomas et al. 2019). The complication rate
of the total group was 32%, which is lower or similar to
the complication rate in intervention groups of earlier
RCTs (Molenaar et al. 2023; Thomas et al. 2019). How-
ever, these RCTs included both high-risk and low-risk
patients and provided them all with a multimodal pre-
habilitation program of four weeks. The evaluation of
intended outcomes should be treated with caution due
to the small sample size, and the potential favorable
outcomes should be investigated by a full-scale study.

This study reveals the real-life context involving
patients with multiple impairments, highlighting the
importance of personalized preventive care. For such
patients, prehabilitation becomes crucial for optimiz-
ing their condition before surgery. However, since these
types of patients have been excluded from most previ-
ous RCTs, the one-size-fits-all recommendations often
cannot be applied to this subgroup. Success in real-life
prehabilitation hinges on personalized interventions,
which require healthcare professionals to adapt and
ensure flexibility in the preoperative pathway.

The strength of this study is the observational nature
of real-life practice, which provides a solid impression
of the clinical practice of prehabilitation and its chal-
lenges. An embedded scientist and physiotherapist
actively participated in the real-life practice and facili-
tated the process. Data were gathered through desk
research, incorporating the perspectives of patients,
practitioners, and observations. In situations where
implementation challenges arose (e.g., difficulties
administering measurement tools or delivering ther-
apy to specific patients), the embedded researcher
provided clinical guidance to adapt strategies in real
time. While such involvement in the implementation
process introduces a potential risk of bias, the role of
a reflective, embedded scientist remains vital to achiev-
ing sustainable science (Wittmayer and Schéipke 2014).
Seeking to mitigate bias, the embedded researcher tri-
angulated data from multiple resources and engaged
in direct consultations with healthcare professionals.
Open discussions with the physiotherapist and dietitian
encouraged honest feedback, enabling a more accu-
rate assessment of the implementation process. These
measures were designed to minimize bias and uphold
the integrity and reliability of the research findings.
The lack of exclusion criteria makes the results relevant
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for other healthcare settings and professionals in simi-
lar practices. This broader inclusivity strengthens the
external validity and practical implications of the study.

The main limitation of this study is the small sam-
ple size and therefore the inability to perform statistical
analyses to identify the most important components and
effects of the prehabilitation program (Carroll et al. 2007).
With such a sample size, a mixed-methods process evalu-
ation might have been more appropriate to gain a deeper
understanding of the process. However, descriptive vari-
ables and detailed fidelity reporting, using a commonly
employed framework, provide valuable insights into
the existing literature on barriers and facilitators for the
implementation of prehabilitation (Ginsburg et al. 2021).

In future research, adaptations to the current scientific
recommendations for high-risk patients should be studied
and validated. It is recommended to perform mixed-meth-
ods process evaluations of prehabilitation in real-life con-
texts. An evaluation using the quadruple aim framework
is advised, assessing not only outcomes but also cost-effec-
tiveness, patient perspectives, and healthcare professional
perspectives (Sikka et al. 2015). Research should include a
sufficient sample size and component analysis to identify
key components that explain the variance in practices and
associated outcomes within real-life practice. In real-world
clinical settings, physiotherapists and dietitians should pay
attention to frail patients by being flexible in the content of
their personalized prehabilitation program.

Conclusion

The implementation fidelity of an evidence-based mul-
timodal prehabilitation program for high-risk patients
preparing for colorectal surgery in real-life practice was
moderate, as adherence was low in patients with multi-
ple impairments. For healthcare professionals, it is rec-
ommended to pay attention to high-risk patients with
multiple impairments and further personalize the preha-
bilitation program. More knowledge about identifying and
treating high-risk patients is needed to provide evidence-
based recommendations and increase effectiveness.

Appendix 1

Colorectal pathway of Nij Smellinghe

NS is a regional hospital with 339 beds in the northern
part of The Netherlands, in which approximately 150
colorectal surgeries are conducted each year. All patients
are screened by a nurse practitioner, who also serves as
a case manager. In the current study period, there were
two nurse practitioners, one dietitian, and one physi-
otherapist involved. There are five different surgeons who
perform the surgeries, of which most are laparoscopic.
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Patients are all treated according to the ERAS protocol,
in which all nurses and physiotherapists are trained.

The physiotherapeutic assessment of NS is based on
the study of Berkel, et al. (2022). Patients with a score
£ 7 metabolic equivalents of task (METs) at the Duke
Activity Status Index (DASI) performed a (CPET).
Patients with a score of> 7 METs at the DASI performed
a modified Steep Ramp Test. The tests are admitted on
calibrated cycle ergometers (Lode Corival, Lode BV,
Groningen, The Netherlands). Patients with an oxygen
uptake (VO,) at the ventilatory anaerobic threshold
(VAT) £ 11 mL/kg/min at the CPET or a work rate at
peak exercise (WR,) £ 1.5 W/kg at the modified SRT
are considered to be at high risk of postoperative com-
plications and therefore advised to follow the preopera-
tive physical exercise training program of NS.

The preoperative physical exercise training program
of NS consists of a hospital-based training session two
times a week and home-based exercise five times a
week. Hospital-based exercise consist of high-intensity
interval training (HIIT) and functional strength exer-
cises. The patient is asked frequently for their 6-20
Borg rating of perceived exertion (RPE) to objectively
monitor the perceived training intensity. When patients
score less than Borg RPE 13-15 in the high-intensity
intervals or show no progress in their modified SRT
performance at three weeks, the training intensity will
be increased, taking into account patients’ experiences
and preferences Franssen, et al. (2022). In this way, the
concept of titration is applied to make an individu-
ally tailored intervention to avoid non-response to the
intervention Beijsterveld, et al. (2021). The home-based
exercise consists of one HIIT session, four low-inten-
sity interval training (LIIT) sessions, and functional
strength exercises. The HIIT training consisted of inter-
vals of 30 s at 60% of the SRT WR,, followed by 60 s
at 20 W Bongers (2023). The LIIT training consisted of
intervals of 30 s at 30% of SRT WR, followed by 60 s
at 20 W. The HIIT and LIIT were performed on a sta-
tionary cycle ergometer (Lode Corival Home+, Lode
BV, Groningen, The Netherlands) that was delivered
at the patient’s home. This cycle ergometer was intro-
duced and installed during a home visit by the physi-
otherapist. Patients are advised to work towards a Borg
RPE £ 11 during their home exercises Franssen, et al.
(2022). The training parameters and completed Borg
scores are displayed in an online dashboard to which
the physiotherapist has access. The physiotherapist
checks once a week if the home-based training sessions
are performed properly. Patients also wore an accel-
erometer to monitor physical activity behavior. The
accelerometer (Pam AM300, Pam BV, Oosterbeek, The
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Netherlands) will only be used to check if patients meet
the norm for physical activity.

The dietitian assesses the risk for malnutrition by using
the patient-generated subjective global assessment short
form (PG-SGA SF), after which the nutritional status
is assessed with the bioelectrical impedance analysis
(BIA) (Bodygram Plus, Akern, Italy). These are validated
instruments used by dietitians for the assessment of mal-
nutrition and monitoring of interventions Cederholm
(2019), Goes (2021), Nwosu (2019). Patients with a high
risk for malnutrition, according to the Global Leadership
Initiative on Malnutrition (GLIM) criteria, were indi-
cated as high-risk patients and were advised to follow the
nutrition program of NS Asseldonk (2022).

Appendix 2

Table 5 Practitioner responsiveness
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The nutritional support of NS consists of stimulating
energy and protein intake, optimization of timing protein
intake, and, if necessary, additional protein or vitamin
supplements. Required protein intake was 1.2-1.5 g/kg
body mass. The nutrition program is individualized and
adjusted to a patient’s needs, as indicated by the assess-
ment. The intervention will be evaluated and modified
if needed in face-to-face or telephonic contact sessions.
Protein intake and compliance with nutritional advice
will be monitored by the eiFIT app or a personalized
diary. The frequency of sessions will be adjusted to a
patient’s preferences and the dietitian’s assessment.

Strongly disagree  Disagree

Neutral Agree Strongly agree

The innovation provides clear guid-
ance on the sequence of activities
to be performed.

The innovation is based on accurate
knowledge.

The innovation provides all the nec-
essary information and materials
to work with effectively

The innovation is too complex PTDT

for me to use.

The innovation aligns well with my
usual way of working.

I can clearly see the effects of using
the innovation.

I find the innovation suitable for my
patients.

Benefit: The innovation enables me
to assist all patients in a suitable
manner.

Drawback: The innovation requires
a significant time investment
from me.

| consider it important to use
the innovation to improve
the patient’s fitness.

| expect that the innovation
will effectively achieve the goal
of improving the patient’s fitness.

PTOT

DT PT

PTOT

PTDT

DT PT

PTDT

PT DT

DT PT

PTOT

PTOT
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*: not reliable because of fluid retention.

®: not feeling well during the test.

< dehydrated because of warm weather and stoma.

Abbreviations: 2MWT=2-minute walk test; ID=identification number; NA= not available; PG-SGA-SF=patient-generated subjective global
assessment short form; steep ramp test; anaerobic threshold; VO,=0xygen uptake; VOzpe=0Xygen uptake
at peak exercise; W=week.

Preoperative physical fitness and nutritional status

Abbreviations

2MWT 2-Minute walk test

ASA American Society of Anesthesiologists

ASMM Appendicular skeleton muscle mass

BIVA Bioelectrical impedance vector analysis

BMI Body mass index

ccl Age-adjusted Charlson Comorbidity Index

CPET Cardiopulmonary exercise test

DASI Duke Activity Status Index

DT Dietitian

ERAS Enhanced recovery after surgery

FFM Fat-free mass

FEMI Fat-free mass index

HGS Handgrip strength

MET Metabolic Equivalent of Task

mILAS Modified lowa Level of Assistance scale

NP Nurse practitioner

NS Nij Smellinghe (regional hospital in The Netherlands)

PG-SGA-SF  Patient-generated subjective global assessment short form

PT Physical therapist

RCT Randomized controlled trial

RPE Rating of perceived exertion

SRT Steep ramp test

STROBE STrengthening the Reporting of Observational Studies in
Epidemiology
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