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Importance: Prehabilitation has potential for improving surgical out-
comes as shown in previous randomized controlled trials. However, a
marked efficacy-effectiveness gap is limiting its scalability. Compre-
hensive analyses of deployment of the intervention in real-life scenarios
are required.
Objective: To assess health outcomes and cost of prehabilitation.
Design: Prospective cohort study with a control group built using pro-
pensity score–matching techniques.
Setting: Prehabilitation Unit in a tertiary-care university hospital.
Participants: Candidates for major digestive, cardiac, thoracic, gyneco-
logic, or urologic surgeries.
Intervention: Prehabilitation program, including supervised exercise
training, promotion of physical activity, nutritional optimization, and
psychological support.
Main Outcomes and Measures: The comprehensive complication index,
hospital and intensive care unit length of stay, and hospital costs per
patient until 30 days after surgery. Patients were classified by the degree

of program completion and level of surgical aggression for sensitivity
analysis.
Results: The analysis of the entire study group did not show differences in
study outcomes between prehabilitation and control groups (n= 328
each). The per-protocol analysis, including only patients completing the
program (n= 112, 34%), showed a reduction in mean hospital stay [9.9
(7.2) vs 12.8 (12.4) days; P= 0.035]. Completers undergoing highly
aggressive surgeries (n= 60) additionally showed reduction in mean
intensive care unit stay [2.3 (2.7) vs 3.8 (4.2) days; P= 0.021] and gen-
erated mean cost savings per patient of €3092 (32% cost reduction)
(P= 0.007). Five priority areas for action to enhance service efficiencies
were identified.
Conclusions and Relevance: The study indicates a low rate of completion
of the intervention and identifies priority areas for re-design of service
delivery to enhance the effectiveness of prehabilitation.
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P ostoperative morbimortality and slow recovery after surgery
generate a major health burden,1,2 partly explained by pop-

ulation aging and multimorbidity. The 2 factors are increasing
the proportion of frail patients facing surgeries at higher risk for
postoperative complications.3–6 Therefore, implementation of
preventive preoperative interventions constitutes a relevant
unmet need.

Personalized multimodal prehabilitation aims to optimize
physical and psychological resilience to cope with the stress
generated by major surgical procedures. It implies a patient-
centered preoperative process encompassing the following core
actions: (i) enhance management of multimorbid conditions; (ii)
address unhealthy habits; and (iii) optimize physiological
(physical exercise and nutrition) and psychological status.

Over the last years, increasing evidence on efficacy and
potential of prehabilitation to produce health value has been
generated7–10; that is, improving patients’ outcomes while
maintaining an adequate relationship with costs.11 Therefore,
implementation of prehabilitation as a standard clinical practice,
within the widely adopted Enhanced Recovery After Surgery
(ERAS) programs,12 could reasonably constitute a target mile-
stone to achieve. However, despite the emerging recom-
mendations from experts,13–16 there is a lack of studies assessing
the implementation process and impact of prehabilitation pro-
grams in real-life scenarios.DOI: 10.1097/SLA.0000000000005662
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Over the last 5 years, the Prehabilitation Unit at Hospital
Clínic de Barcelona (HCB),9,10 a tertiary university hospital in
Catalonia (ES), has conducted a 2-phase co-creation process17 to
explore determinants of scalability of prehabilitation. During the
first phase, until end-December 2019, main achievements were
organization of the hospital-based service, and assessment of the
activity of the Prehabilitation Unit following the evaluation
framework described in the study by Baltaxe et al.18 The activ-
ities undertaken during the last 2 years, starting at January 2020,
had a 3-fold objective: achievement of maturity of digital
support,19 assessment of financial sustainability and trans-
ferability analysis.

The current study consists of a real-world data analysis of
the activity carried out in the Prehabilitation Unit during a
30-month period, from mid-2017 to end-2019, on patients
undergoing major surgeries in different specialties, namely:
digestive, cardiac, thoracic, urologic and gynecologic.18 The
research had a 2-fold objective: (i) assessment of effectiveness
and costs of prehabilitation in a real-life setting; and (ii) gen-
eration of recommendations for scalability of the service.

METHODS

Study Design
The current manuscript reports a prospective cohort

study conceived to evaluate the deployment of prehabilitation
as mainstream service at HCB from June 2017 to December
2019.18 The Ethics Committee for Medical Research of HCB
approved the study (HCB/2016/0883). The informed consent
was understood, accepted, and signed by all subjects included
in the trial. The study protocol is registered at Clinicaltrials.
gov (NCT02976064).

We built a contemporaneous control group of patients
using propensity score–matching techniques20 taking into
account the following matching variables: (i) age; (ii) sex; (iii)
American Society of Anesthesiologists risk scale21; (iv) type of
surgery; (v) number of drugs; (vi) individual healthcare expenses
across healthcare tiers over the year previous to study enroll-
ment; and, (vii) multimorbidity and complexity evaluated by the
adjusted morbidity groups population-based morbidity index.22

The matching parameters were tuned according to overall
performance on covariate balancing, assessed by the Mahala-
nobis distance,23 Rubin’s B (the absolute standardized difference
of the means of the linear index of the propensity score in the
intervention and control groups) and Rubin’s R (the ratio of
intervention to control variances of the propensity score index)
metrics.24 Quality of comparability between intervention and
control groups after propensity score matching was considered
acceptable if Rubin’s B was <25 and Rubin’s R was between 0.5
and 2.24

Patients enrolled in prehabilitation fulfilled the following
criteria: (i) candidate to major digestive, cardiac, thoracic,
gynecologic, or urologic surgery; (ii) high risk for postoperative
complications defined by age above 70 and/or American Society
of Anesthesiologists risk scale 3 to 421 and/or patients suffering
from severe deconditioning caused by cancer and/or undergoing
highly aggressive surgeries; and (iii) preoperative schedule
allowing for at least 4 weeks of prehabilitation without unnec-
essary delays of the surgical program. Exclusion criteria were: (i)
nonelective surgery; and (ii) no possibility or willingness to
attend the appointments.

It is important to note that all surgeries that were included
in this study are considered as grade III (highly invasive

procedures) based on “modified Johns Hopkins criteria.”25

However, there are very different grades of surgical severity
among them so, based on our own experience and taking into
account some criteria such as potential blood loss, usual post-
operative in-hospital and intensive care unit (ICU) stay, open or
minimally surgical approach, we decided to differentiate 3 levels
of aggression (high, intermediate, and low surgical aggression)
within grade III surgeries (Table 1).

Interventions
Figure 1 depicts patients’ workflow during the study

period, from baseline assessment until 30 days after the surgical
intervention, for both intervention and control groups:

Prehabilitation Program
Apart from enhanced management of multimorbidity and

prevention of unhealthy habits, the multimodal prehabilitation
program, partly supported with a digital health platform
includes: (i) motivational interviewing; (ii) a physical activity
promotion plan; (iii) hospital-based supervised exercise training
sessions 2 to 3 times a week; (iv) nutritional optimization; and (v)
psychological support. The entire program was conducted by a
multidisciplinary team including anesthesiologists, physi-
otherapists, dietitians, psychologists, and nurses. Patients’ diaries
and/or activity trackers and a dedicated mobile application were
provided to facilitate program adherence and weekly follow-up
of program objectives.

As indicated in Figure 1, 2 modalities of prehabilitation
program were offered: Physical activity (PA)-based, including all
the elements indicated above, without supervised training ses-
sions; and Exercise training (ET)-based that additionally
included hospital-based supervised exercise training sessions.
The latter, ET-based program, was prioritized for patients with
relevant comorbidities associated with physical deconditioning
(patient-related risk factors) and/or undergoing highly aggressive
surgeries (surgery-related risk factors). Patients who could not
attend to the sessions scheduled in the ET-based program due to
logistical problems (ie, patients living far away from the hospital
or unavailability of an accompanying caregiver) were referred to
the PA-based program. PA goals for this group were adjusted on
a weekly basis.

Figure 1 indicates, from left to right, the temporal events
followed by candidates to the intervention group: (i) baseline eval-
uation; (ii) assignment to 1 of the 2 prehabilitation programs (PA-
based or ET-based); (iii) weekly follow-up of the program; (iv)
postprehabilitation evaluation; (v) surgical intervention; and, (vi)
final assessment at 30 days after surgery. A detailed version of
the interventions can be found in the Supplementary Material
(Supplemental Digital Content 1, http://links.lww.com/SLA/E177).

Usual Care
Consisted of physical activity recommendation, nutri-

tional counseling, and advice on smoking and alcohol intake
cessation. Moreover, patients suffering from iron deficiency
anemia received intravenous iron and in those at high risk
of malnutrition [Malnutrition Universal Screening Tool
(MUST)≥ 2]26 a nutritional intervention was done by a regis-
tered dietician (Fig. 1, bottom).

Study Variables
Main study outcome variables for the prehabilitation and

control groups were blindly assessed. They included the com-
prehensive complication index (CCI),27 hospital and ICU length
of stay (LoS), surgical reinterventions, hospital readmissions,
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TABLE 1. Baseline Characteristics of the Study Groups

Prehabilitation
(n= 328)

Matched
Controls
(n= 328) P

Training-based
Prehabilitation

(n= 189)

Matched
Controls
(n= 189) P

Physical Activity–based
Prehabilitation Intro

(n= 139)

Matched
Controls
(n= 139) P

Age [median (P25–P75)] (y) 71 (63–77) 71 (63–77) 0.797 71 (63–76) 71 (64–76) 0.809 72 (63–78) 70 (62–79) 0.521
Sex: male [n (%)] 225 (69) 230 (70) 0.672 139 (74) 133 (70) 0.492 91 (66) 92 (66) 0.899
ASA index [n (%)] 0.217 0.519 0.123

ASA 1 3 (1) 5 (2) 2 (1) 5 (3) 1 (1) 0 (0)
ASA 2 150 (45) 165 (51) 78 (41) 77 (41) 72 (52) 88 (63)
ASA 3 154 (47) 127 (39) 97 (51) 87 (46) 57 (41) 40 (29)
ASA 4 24 (7) 30 (9) 15 (8) 19 (10) 9 (7) 11 (8)

GMA score 23 (13) 24 (13) 0.829 23 (13) 25 (14) 0.337 24 (13) 22 (13) 0.423
Previous year healthcare

expenses (Euros 2019)
7479 (6750) 6997 (7659) 0.393 7352 (5791) 6985 (7982) 0.608 7650 (7888) 7012 (7225) 0.483

No. drugs 11 (6) 10 (6) 0.750 11 (6) 11 (6) 0.701 10 (6) 10 (6) 0.345
Level of surgical aggression* [n (%)] 1.000 1.000 1.000

High surgical
aggression

191 (58) 191 (58) 104 (55) 104 (55) 87 (63) 87 (63)

Intermediate surgical
aggression

72 (22) 72 (22) 50 (26) 50 (26) 22 (16) 22 (16)

Low surgical aggression 65 (20) 65 (20) 35 (19) 35 (19) 30 (21) 30 (21)

Data presented as mean (SD), unless otherwise indicated.
Detailed description of the subsets of patients can be found in Tables 1S and 2S (Supplemental Digital Content 1, http://links.lww.com/SLA/E177).
Detailed information on prehabilitation-induced effects are provided in Tables 3S and 4S (Supplemental Digital Content 1, http://links.lww.com/SLA/E177).
*Surgeries have been stratified by level of surgical aggression: (i) high surgical aggression: total esophagectomy, pancreaticoduodenectomy, total gastrectomy, open cardiac surgery, oncologic gynecologic surgery,

radical cistectomy; open bilobectomy or pneumonectomy, colorectal cytoreductive surgery (CRS) with hyperthermic intraperitoneal chemotherapy (HIPEC); (ii) intermediate surgical aggression: gastric bypass, total
colectomy, rectal resection, major liver resection, pancreas resection, open prostatectomy, open partial lung resection (thoracotomy); (iii) low surgical aggression: partial gastrectomy, sleeve gastrectomy, segmental
colon resection, minor liver resection, minor lung resection (videothoracoscopy).

ASA indicates American Society of Anesthesiologists risk score; GMA, adjusted morbidity groups.
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and emergency room visits at 30 days after the intervention. In
addition, preoperative functional capacity and mood change
from baseline to immediately before surgery were measured in
the prehabilitation group using (i) 6-minute walk test28; (ii) sit-
to-stand test29; (iii) hand-grip strength; (iv) Hospital Anxiety and
Depression scale30; and (v) Yale Physical Activity Survey
(YPAS).31

A cost-consequence analysis (CCA) of the service was
carried out. Total individual costs were prospectively obtained
for each group from the hospital perspective, so, the CCA was
restricted to direct healthcare costs. Hospital patient-level data
were collected to analyze the impact of the program on hospital
care costs. A combination of diagnostic-related groups–based
costs and microcosting was used to identify and measure cost
allocation. The implementation strategy, and the co-creation
process, during the study period has been reported in detail in the
study by Baltaxe et al.17

Data Analysis
Health outcomes and cost analysis were assessed for the

entire study group (intention-to-treat analysis). Moreover, a per-
protocol analysis was conducted including only those patients
completing the program (ie, completers). Program completion
was defined as a minimum duration of 4 weeks of prehabilitation
and at least 80% of attendance to the weekly follow-up sessions
or exercise training sessions for PA-based and ET-based

prehabilitation patients, respectively. We also analyzed the
impact of prehabilitation on health outcomes for the level of
surgical aggression.

The costs of the prehabilitation program and hospital
costs up to 30 days after surgery were calculated, as described in
detail in the Supplementary Material (Supplemental Digital
Content 1, http://links.lww.com/SLA/E177). Moreover, we
assessed the impact of program adherence and level of surgical
aggression on hospital costs per patient by the generation of
different simulation approaches.

We computed the difference on the average cost per
patient between groups in a reduced set of 200 patients (100
patients from the prehabilitation group and their 100 paired
controls) using a 10,000 estimates bootstrap sampling approach.
In each iteration we increased gradually, from 0 to 1, the
probability of sampling individuals that meet the modeled con-
ditions: (1) completers; (2) patients undergoing highly aggressive
surgeries; and (3) completers undergoing highly aggressive sur-
geries. Afterwards, we calculated Pearson correlation coefficients
to measure the association among the costs and the 3 modeled
parameters. Finally, we created Linear models to estimate the
potential savings generated by increasing either the rate of
completers or the rate of patients undergoing highly aggressive
surgeries, and the interaction of both factors.

Data are presented as mean (SD), median (P25–P75), or n
(%) as indicated. Comparisons were done using Student t tests,

FIGURE 1. Patients’ workflow: ET-based and PA-based programs. After a first baseline assessment, patients were assigned either to
the program promoting physical activity (PA-based) or to the intervention additionally scheduling hospital-based supervised
exercise training sessions twice or 3 times per week (ET-based). Subsequently, all candidates of the intervention group attended
weekly face-to-face sessions during the prehabilitation program. A postintervention evaluation was scheduled before surgery and a
final assessment of all cases was done at 30 days after surgery. The care in the control group (usual care) is displayed at the bottom
of the figure. ER indicates emergency room.
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nonparametric tests and χ2 or Fisher exact tests for numerical
(Gaussian or non-Gaussian distributions) and categorical vari-
ables, respectively. Comparisons between groups for the CCA
were done using the Fisher-Pitman permutation test. Data
analyses were conducted using R, version 3.6.1 (R Foundation
for Statistical Computing, Vienna, Austria). The significance
threshold was set at P value< 0.05.

RESULTS
A total of 355 patients were included in the prehabilitation

program. Twenty-seven out of them did not eventually undergo
surgery and were excluded from all analyses. Finally, 328 pre-
habilitation patients were included in the study. Main baseline
characteristics of patients and their matched controls are showed
in Table 1. It is of note that 189 patients (58%) were allocated into
the ET-based program, whereas 139 individuals (42%) were
included into the PA-based modality. By design, patients under-
going the PA-based program were less severe in terms of frailty
and multimorbidity. From the overall sample of patients, 20% of
them required protein supplementation and 60% participated in
the mindfulness sessions in addition to availability for App-based
practices at home.

The duration of the intervention for the entire study
group, excluding cardiac surgeries, showed a median of 39
(24–54) days. Cardiac surgery patients underwent a lengthier
prehabilitation intervention, lasting 64 (49–81) days. From the
entire study group, 112 patients (34%) were considered com-
pleters. No baseline differences in matching variables were found
between completers and either the entire study group or the
subset of noncompleters.

Effects of Prehabilitation on Exercise Performance
and Physical Activity Before Surgery

Prehabilitation increased exercise performance (sit-to-
stand test, Δ2.3 repetitions; P= 0.001) and daily physical
activity (YPAS, Δ12 points; P= 0.018) in the PA-based pro-
gram (Table 3S, Supplemental Digital Content 1, http://links.
lww.com/SLA/E177). Similar effects were observed in the ET-
based program (6-minute walk test, Δ13 m; P= 0.004; and,
YPAS Δ20 points; P< 0.001) (Table 4S, Supplemental Digital
Content 1, http://links.lww.com/SLA/E177). The impact of
prehabilitation on exercise performance and on daily physical
activity was similar between the entire study group, the subset
of patients identified as completers (n= 112; 40 PA-based and
72 ET-based prehabilitation) and those undergoing highly
aggressive surgical procedures (n= 60; 21 PA-based and 39 ET-
based prehabilitation). None of the other tests showed changes
after prehabilitation.

Health Outcomes and Value Generation

Impact on Postoperative Outcomes
The entire study group (n= 328), intention-to-treat anal-

ysis, did not show significant differences in the CCI, hospital
and/or ICU LoS, or use of healthcare resources at 30 days
compared with the control group (Tables 5S–7S, Supplemental
Digital Content 1, http://links.lww.com/SLA/E177). However,
patients identified as completers (n= 112), per-protocol analysis,
showed a significant reduction in-hospital LoS [9.9 (7.2) vs 12.8
(12.4) days; P= 0.035] (Table 2).

Likewise, the sensitivity analysis, including only com-
pleters undergoing highly aggressive surgeries (n= 60), addi-
tionally showed a reduction of both hospital and ICU LoS
[hospital LoS: 11.0 (5.4) vs 16.7 (13.1) days; P= 0.002 and ICU
LoS: 2.3 (2.7) vs 3.8 (4.2) days; P= 0.021] (Table 3), as well as a
trend to CCI reduction (1715 vs 2321; P= 0.083).

Cost-consequence Analysis
Figure 2 depicts the total hospital costs of the surgical

process per patient. When analyzing the full sample of patients,
we did not find a reduction of costs in the prehabilitation group
(€−125 per patient; P= 0.806). In contrast, completers generated
a trend towards mean cost reduction of 18% (€1323 per patient;
P= 0.140). Moreover, completers undergoing highly aggressive
surgeries showed a significant mean cost reduction of 32%
(€3092 per patient; P= 0.007). De-aggregated data on costs and
savings are indicated in Tables 8aS and 8bS.

The simulations depicted in Figure 3, indicate that 2 fac-
tors: program completion (R=−0.7, P< 0.001, β=−22) and
highly aggressive surgeries (R=−0.7, P< 0.001, β=−22) are
separately associated to cost savings and both factors have a
synergistic effect (R=−0.69, P< 0.001, β=−40) on reductions of
hospital costs per patient.

DISCUSSION

Main Study Findings
The current research assessed health outcomes and

potential savings generated by the Prehabilitation Unit at
HCB during a 30-month period, wherein multimodal pre-
habilitation was conceived, and implemented, as a preventive
intervention well integrated into ERAS standard of care
recommendations.12

The study was carried out as a first phase of the 5-year
strategy undertaken to explore factors modulating the transition
from clinical research to scalability of the intervention into a
real-world setting.17 The final aim of the scalability program was
to minimize the efficacy-effectiveness gap19 of the intervention. It
is of note that comparisons between the current study outcomes

TABLE 2. Health Outcomes and Use of Healthcare Resources in Completers

Prehabilitation Completers (N= 112) Matched Controls (N= 112) P Value

Comprehensive complications index (score) 15.5 (16.7) 16.4 (19.0) 0.725
Hospital LoS (d) 9.9 (7.2) 12.8 (12.4) 0.035
ICU LoS (d) 1.7 (2.5) 2.3 (3.6) 0.105
30-d surgical reinterventions [n (%)] 4 (4) 7 (6) 0.354
30-d hospital readmissions [n (%)] 18 (16) 14 (13) 0.445
30-d emergency room visits [n (%)] 37 (33) 32 (29) 0.469

Data presented as mean (SD), unless otherwise indicated.
Detailed results are depicted in Tables 5S to 8bS (Supplemental Digital Content 1, http://links.lww.com/SLA/E177).
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and those reported by the same team in the context of a prev-
ious randomized controlled trial9,10 confirm such efficacy-
effectiveness gap. The main lesson learnt from the current
research was that the healthcare value generation of the inter-
vention cannot be inferred from randomized controlled trials.
Instead, there is a clear need for careful assessment of the
deployment process in real-life settings, as well as an adequate
long-term follow-up of service outcomes after adoption.

Highly relevant findings of the current research were the
identification of 2 main factors associated with the effectiveness
of the intervention; that is: (i) completion of the intervention;
and (ii) patients undergoing highly aggressive surgical proce-
dures. We acknowledge that the low completion rate (34%)
achieved in the current study was partly explained by a rather
strict threshold applied (program duration of 4 weeks and 80%
attendance to the sessions). Factors determining completion are
diverse, namely: (i) adherence to the program; (ii) logistic

barriers (transportation, time availability, etc.); and/or, (iii)
alignment of the intervention with surgical agendas.

We observed that, whereas significant benefits of pre-
habilitation on daily physical activity and/or exercise perform-
ance were seen in the entire study group, positive impacts of the
intervention on postsurgical outcomes were only observed in
program-completers and even more clearly in completers
undergoing high aggression surgical procedures. This finding
suggests that other factors beyond optimization of patients’ fit-
ness may play significant roles in determining surgical outcomes.
The current study does not exclude the potential benefits of
prehabilitation in mediumrisk and low-risk patients because
relevant outcomes like patient-reported experience and patient-
reported outcomes were not evaluated.

The effects of prehabilitation on candidates to highly
aggressive surgical procedures seem to indicate that further
studies are needed exploring adjustment of the characteristics of

TABLE 3. Health Outcomes and Use of Healthcare Resources in Completers Undergoing Highly Aggressive Surgeries

Prehabilitation Completers Undergoing Highly
Aggressive Surgeries (N= 60)

Matched Controls Intro
(N= 60) P

Comprehensive complications index (score) 17 (15) 23 (21) 0.083
Hospital LoS (d) 11.0 (5.4) 16.7 (13.1) 0.002
ICU LoS (d) 2.3 (2.7) 3.8 (4.2) 0.021
30-d surgical reinterventions [n (%)] 3 (5) 5 (8) 0.464
30-d hospital readmissions [n (%)] 14 (23) 10 (17) 0.361
30-d emergency room visits [n (%)] 27 (45) 22 (37) 0.353

Data presented as mean (SD), unless otherwise indicated.
Detailed results are depicted in Tables 5S to 8bS (Supplemental Digital Content 1, http://links.lww.com/SLA/E177).

FIGURE 2. Average costs per patient and cost structure of prehabilitation and matched controls for 3 groups of patients. Solid bars
correspond to prehabilitation and hatched bars to controls. Prehabilitation in the entire study group (n=328) did not show cost
reductions (left). Patients completing the program (n=112) (central), presented showed an 18% reduction in costs (P=0.140)
with prehabilitation. The third group (right), completers undergoing highly aggressive surgical procedures (n=60) showed
statistically significant cost savings, 32% (P=0.007).
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the intervention to presurgical risk level. Three major blocks of
determinants of preoperative patients’ risk in prehabilitation
candidates are: (i) baseline multimorbidity, age, unhealthy life-
styles, and socioeconomic frailty; (ii) level of surgical aggression;
and (iii) risks associated to exercise training in frail patients.

The results of the current study, combined with those
generated in the study by Baltaxe and colleagues,17,19 seem to
provide strong grounds to pave the way toward large-scale
adoption of prehabilitation, following a population-based
approach. The uniqueness of the scalability program undertaken
at HCB is the combination of the current prospective cohort
study design and qualitative analysis of the deployment
process following well-established implementation research
methodologies.17,18 It is of note that the cost of prehabilitation
represented a small percentage of the total costs per patient,
therefore, the financial sustainability of the service seems ach-
ievable if the intervention is adequately implemented.

Study Limitations
The continuous learning process experienced during the

implementation of prehabilitation as an innovative service at
HCB implies inherent inefficiencies reflected in the current study.
Consequently, both completion rates and health outcomes
reported in the current study may markedly underestimate the
potential of the intervention. It can be reasonably assumed that
achievement of service maturity in the future should contribute
to the consolidation of prehabilitation as a standard of care
intervention. A more comprehensive assessment of the inter-
vention, for example using a triple/quadruple aim approach, may
contribute to identify potential benefits in a broader spectrum of
patients.

Although we assume that prehabilitation programs should
be effective in all phases of care including posthospital recovery,
home care, etc. the present study has only taken into account the
direct costs of hospitalization.

Finally, the simulations created for cost analysis are based
on the prehabilitation program currently in place at the HCB, so

it is challenging to extrapolate the results to different pre-
habilitation settings.

Lessons Learnt and Recommendations for Scalability
The lessons learnt in the co-creation process reported in

the study by Baltaxe et al17 are aligned with the results of current
study allowing to identify 5 interlinked key challenges modu-
lating adoption in the clinical scenario, as well as to build-up
specific recommendations for successful service scalability which
may require further evaluation on a multicenter basis.

Increase Rate of Completion of the Intervention
The observed low percentage of completers (34%) is lim-

iting effectiveness of prehabilitation. Such limitation could be
overcome with: (i) increase patients’ accessibility to the program
through refinement of the delivery of the intervention; (ii) better
alignment with surgical agendas to prevent unnecessary drop-
outs; and (iii) enhance patients’ engagement and self-efficacy
through appropriate digital support, as well as with introduction
of cognitive behavioral therapies (CBTs).32

Refinement and Standardization of Service Delivery
Since the estimated coverage of existing demand at HCB

for candidates to major surgical procedures during the period
was 21%, on average, additional capacity of the Prehabilitation
Unit could be potentially built with a service re-design using a
Lean approach.33 For example, a progressive standardization of
prehabilitation pathways such that service delivery can be done
by one type of health professional acting as a case manager. But,
most importantly, capacity building can be achieved by partly
transferring service delivery to the community.

An ongoing pilot study seem to confirm feasibility of a
3-layer service design covering low-risk, medium-risk, and high-
risk candidates to surgery. Briefly, low-risk patients should
receive preoperative education and remotely supported CBT. In
medium-risk candidates, prehabilitation should additionally
include promotion of daily-life physical activity and community-
based, partly remotely supported, physical training carried out

FIGURE 3. Impact of program adherence and prehabilitation in patients undergoing highly surgical aggression on hospital costs
per patient. The figure presents 3 different simulations assessing the impact of completing the program (left panel, blue),
prehabilitation of patients undergoing highly aggressive surgeries (central panel, red) and completers undergoing highly
aggressive surgeries (right panel, green) on hospital costs. The x axis indicates the relative frequencies of completers, pre-
habilitation of patients undergoing highly aggressive surgeries and completers undergoing highly aggressive surgeries in each
sample, whose proportion was gradually increased from 0% to 100% in each model. The y axis indicates the difference of hospital
costs per patient between prehabilitation and controls. Detailed information on costs analysis is provided in the Online Supple-
mentary Material (Table 8bS, Supplemental Digital Content 1, http://links.lww.com/SLA/E177).
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through sports. Finally, in high-risk patients, those showing
higher benefits of the intervention in our study, an initial period
with hospital-based face-to-face supervised high-intensity exer-
cise training should be followed by community-based physical
training. Networking and collaborative work among pro-
fessionals delivering the intervention across healthcare layers
should be highly encouraged to enhance safety and efficiency of
the interventions.

Enhanced Risk Assessment and Personalization of
Interventions

Despite current assessment strategies allow reasonable
estimations of patients’ risk, there is room for improvement
using multilevel predictive modeling considering as covariates: (i)
multimorbidity indices such as adjusted morbidity groups,22 (ii)
clinical information, (iii) patients’ self-tracking data; and (iv)
biological markers.34,35

Maturity of Digital Support19
Digitally supported prehabilitation plays a key enabling

role to face some of the identified. Cloud-based digital support,
ensuring interoperability between different healthcare providers,
constitute a key requirement. There is a clear need to broaden
the current scope of digital support to prehabilitation encom-
passing the following facets: (i) self-monitoring data including
goal setting and feedback on achievements; (ii) CBT to enhance
intervention adherence and outcomes; (iii) facilitating patients’
accessibility, as well as bidirectional remote interactions with
health professionals; (iv) collaborative work among pro-
fessionals within and beyond healthcare tiers36; (v) decision
support tools for patients and professionals; and, (vi) facilitating
service management and business intelligence.

Toward a Community-based Service
The transfer of prehabilitation delivery to the community

setting, involving different types of actors (ie, primary care,
health clubs, etc.), is a must. A hospital-centric approach, as
reported in the current study, shows several major limitations in
terms of service capacity and patients’ accessibility.

It is of note that lessons learnt during the implementation
of prehabilitation will likely open novel opportunities in prom-
ising nonsurgical areas like rehabilitation of chronic patients,
prevention of multimorbidity, and enhancement of resilience in
oncologic patients. However, specific cost-benefit analyses
should be undertaken for each of these potential areas of
application of the approach.

CONCLUSIONS
The current study points out that further efforts are

required focusing on optimization of service delivery, as well as
on identification of patients’ profiles that can benefit from the
intervention. Multicenter evaluations of prehabilitation pro-
grams are clearly needed, ideally considering the potential
offered by federated data analysis across centers.
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