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ABSTRACT
Introduction  The global volume of surgery is growing and 
the population ageing, and economic pressure is rising. 
Major surgery is associated with relevant morbidity and 
mortality. Postoperative reduction in physiological and 
functional capacity is especially marked in the elderly, 
multimorbid patient with low fitness level, sarcopenia and 
malnutrition. Interventions aiming to optimise the patient 
prior to surgery (prehabilitation) may reduce postoperative 
complications and consequently reduce health costs.
Methods and analysis  This is a multicentre, 
multidisciplinary, prospective, 2-arm parallel-group, 
randomised, controlled trial with blinded outcome 
assessment. Primary outcome is the Comprehensive 
Complications Index at 30 days. Within 3 years, we aim 
to include 2×233 patients with a proven fitness deficit 
undergoing major surgery to be randomised using a 
computer-generated random numbers and a minimisation 
technique. The study intervention consists of a structured, 
multimodal, multidisciplinary prehabilitation programme 
over 2–4 weeks addressing deficits in physical fitness 
and nutrition, diabetes control, correction of anaemia and 
smoking cessation versus standard of care.
Ethics and dissemination  The PREHABIL trial has 
been approved by the responsible ethics committee 
(Kantonale Ethikkomission Bern, project ID 2020-01690). 
All participants provide written informed consent prior to 
participation. Participant recruitment began in February 
2022 (10 and 8 patients analysed at time of submission), 
with anticipated completion in 2025. Publication of the 
results in peer-reviewed scientific journals are expected in 
late 2025.
Trial registration number  NCT04461301.

INTRODUCTION
Background
The global volume of surgery has grown by 
about a third, from 234 million procedures in 
2008 to more than 312 million in 2012, with 

most surgeries being performed in developed 
countries.1 2 Mortality rates are estimated 
to be between 1% and 4% in Europe.3 A 
minority of patients at high risk seem respon-
sible for the majority of complications and 
mortality.4 It is, therefore, of key importance 
to identify patients at risk preoperatively for 
several reasons: it allows informed decision-
making, it offers the opportunity for preop-
erative optimisation and it identifies patients 
with increased intraoperative and postopera-
tive monitoring needs.

Risk prediction before major surgery
Perioperative risk is largely determined by 
three domains: urgency of surgery, surgery-
specific risk factors such as invasiveness, 
expected blood loss or fluid shifts, and 
patient-specific risks such as age, comorbid-
ities and fitness. Whereas the first domain 
is usually non-modifiable, the latter two are 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This study focuses on frail, elderly patients under-
going major surgery with a proven low functional 
capacity using cardiopulmonary exercise testing.

	⇒ It implements a structured, multidisciplinary, mul-
timodal prehabilitation intervention addressing 
low functional capacity, malnutrition, anaemia and 
smoking.

	⇒ The primary endpoint is the Comprehensive 
Complication Index at 30 days.

	⇒ Patient-reported outcomes such as Quality of 
Recovery are implemented as secondary outcomes.

	⇒ The study is not blinded due to the nature of the 
intervention, however, primary outcome is assessed 
by a blinded adjudication committee.
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modifiable to some extent, offering the opportunity to 
adjust the surgical procedure or optimise the patient’s 
condition prior to surgery.

Several preoperative or perioperative risk scores and 
prediction models have been proposed and validated, 
such as the Portsmouth Physiological and Operative 
Severity Score for the enumeration of Mortality and 
morbidity (P-)POSSUM, Surgical Risk Score, the Amer-
ican College of Surgeons National Surgical Quality 
Improvement Programme or the Preoperative Score to 
Predict Postoperative Mortality for non-cardiac surgery 
(NCS) or the European System for Cardiac Operative 
Risk (EuroScore) for cardiac surgery.5–9 In addition, 
organ-specific risk scores such as Revised Cardiac Risk 
Index for cardiac complications and many others have 
been published and widely used.10 11

Traditionally, patients’ reported health state, medical 
history and clinical assessment were used to classify the 
patients’ individual risk, for example, using the American 
Society of Anesthesiologists12 score. Accordingly, level of 
fitness was reported by the patients themselves. Based 
on the 2022 European Society of Cardiology/European 
Society of Anaesthesiology (ESC/ESA) guidelines, for 
example, further investigations such as (cardiac) stress 
testing are indicated for patients with low functional 
capacity (less than four metabolic equivalents of task) 
before high-risk elective NCS and high likelihood or 
proven coronary artery disease or before intermediate-
risk NCS when ischaemia is of concern in patients with 
clinical risk factors and poor functional capacity.13

Patient-reported measures of functional capacity 
remain notoriously unreliable. Better performance was 
seen when using the Duke Activity Status Index (DASI) 
questionnaire, which correlated well with objective, 
cardiopulmonary exercise testing (CPET)-derived param-
eters such as peak oxygen consumption (VO2peak) and was 
able to predict cardiovascular events in a recent trial.14 
While CPET remains the gold standard for global assess-
ment of functional capacity, it is laborious for the patient 
and costly. Therefore, the Canadian Cardiovascular 
Society recommends against performing perioperative 
CPET to enhance cardiac risk estimation.15 Neverthe-
less, an anaerobic threshold (AT) level of <11 mL/kg/
min has been confirmed as a reliable predictor for 
increased perioperative risk.16 17 This also applies to 
the elderly patient.18 In addition, the AT has the better 
discriminatory power to identify patients with reduced 
functional capacity comparted to the 6 min walking 
test (6MWT), which is recommended for departments 
lacking CPET equipment.19 Very recent evidence found 
that an increased VE/VCO2 slope might be an even more 
sophisticated prognostic marker to predict morbidity in 
high-risk patients having major cancer surgery or patients 
undergoing lobectomy for lung cancer.20 21

With increasing age, the physiological resilience to 
external stressors such as surgery diminishes, while the 
number of comorbidities rises and muscle mass decreases. 
In addition, elderly people are often malnourished, have 

a weakened immune system and impaired wound healing. 
All these factors contribute to a reduction in functional 
capacity.22 Despite the inconsistency of the definition of 
frailty, it can be assessed using a variety of tools such as the 
clinical frailty scale or more objective Fried frailty criteria 
including gait speed and handgrip strength, which are 
useful predictors of all-cause mortality and cardiovascular 
disease and death in elderly surgical and non-surgical 
patients.23–25 Similarly, standardised screening and 
assessments exist for the diagnosis of malnutrition and 
sarcopenia, which demonstrated significant overlap with 
frailty.26–28 In summary, the elderly, frail, malnourished 
and sarcopenic patient is especially at risk for perioper-
ative complications, however, many options for medical, 
physiological and psychological optimisation exist.29

Interventions to reduce perioperative risk
Organ specific, medically mandated interventions (as 
brought up by the preoperative assessment, such as treat-
ment of relevant aortic or coronary stenosis) have to be 
completed prior to major surgery, irrespective of any 
study participation. However, despite clear guidelines 
on patient blood management, for example, relevant 
anaemia is not always corrected. In fact, less than half of 
Swiss hospitals had implemented a patient blood manage-
ment programme in the year 2022.30

To empower the patient physically and psychologically 
to withstand the stress of surgery and to hasten recovery, 
the focus is widening from the intraoperative and post-
operative to the perioperative period as a continuum. 
In addition, patients are believed to be more receptive 
for beneficial changes in behaviour prior to surgery than 
during the phase of recovery. Whereas rehabilitation is 
covering the postoperative period, the term prehabili-
tation has emerged for interventions occurring weeks 
before surgery.

As of today, prehabilitation is a complex approach with 
a combination of possible interventions (e.g., exercise, 
nutrition, psychosocial, and medical optimisation), and 
there is no precise definition of the type of intervention, 
the optimal dose nor duration required. This has led to 
widely differing interpretations and protocols of interven-
tional trials with unimodal (addressing only one domain 
such as physical fitness, whereby also mixed-exercise 
programmes including aerobic, resistance and inspira-
tory muscles training were implemented) or multimodal 
(addressing additional domains such as anaemia, malnu-
trition, smoking behaviour and psychological support) 
interventions.

Many conflicting results for clinical effectiveness of 
prehabilitation interventions have been reported.31–34 
The potential for cost reduction seems plausible, but 
good evidence from randomised controlled trials is 
lacking so far.35–38

Potential reasons for these equivocal results are several 
fold, with the first and most important probably being inap-
propriate patient selection. From eight randomised trials 
addressing prehabilitation before major intra-abdominal 
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cancer surgery, only two limited the study population 
to ‘high-risk’ patients, based on age, American Society 
of Anaesthesiologists or Dukes classification, however, 
none of them used objectively measured physical fitness 
as an inclusion criteria.39 Selecting patients with a rela-
tively low risk for perioperative complications will inevi-
tably lead to a dilution of the possible positive effects and 
produce negative results regardless of the intervention or 
surgeries studied. The small or inexistent benefit to ‘low-
risk’ patients does not warrant the time-demanding and 
resource-demanding interventions. In addition, the time 
required for the intervention has been found to make 
recruitment of large cohorts difficult.40 41

Second, poor results may have been due to imple-
menting unimodal rather than individually tailored 
multimodal interventions that cover all domains of 
patients’ health state prior to surgery, such as physical 
fitness, malnutrition, diabetes control, anaemia, smoking 
and psychological well-being.

Insufficient exercise capacity is believed to be the most 
important predictor for postoperative complications,42 
and therefore, mandates careful assessment with appro-
priate patient selection. While physical fitness interven-
tions (even high-intensity/interval training) have been 
proven to be safe and feasible and have led to a measur-
ably increased fitness levels (e.g., 6MWT), they failed to 
produce outcome benefits, possibly due to inappropriate 
patient selection, unimodality (e.g., lack of considerations 
of other factors such as malnutrition) and adherence.43–46

Further, up to one-third of surgical patients are malnour-
ished, and malnutrition has been proven to be associated 
with increased morbidity, mortality and cost.47 48 For 
malnourished patients, oral nutritional supplementation, 
in particular adequate protein supplementation, was 
shown to be effective in improving outcomes.49–51 Malnu-
trition is often associated with sarcopenia and frailty, 
making a combined intervention of exercise training 
and nutritional support promising.22 45 52 However, so far, 
nutritional assessment and intervention have been poorly 
standardised, making conclusions regarding its efficacy 
and interstudy comparisons difficult.53

A further frequent metabolic comorbidity is diabetes 
affecting approximately 30%–40% of people under-
going elective surgery. Surgical outcomes are worse in 
people with diabetes with an up to three-fold higher risk 
of postoperative complications including poor healing, 
wound complications and renal dysfunction. Although 
inadequate glucose control was associated with poor 
surgical outcomes,54 no systematic strategies to improve 
diabetes management prior to surgery are currently 
recommended and only few prehabilitation programmes 
included diabetes optimisation as part of a multimodal 
concept.

Anaemia-related perioperative blood transfusions and 
smoking have both been found to be related to worse 
outcomes and increased costs.55–57

The negative influence of preoperative anxiety or 
depression on postoperative outcomes such as quality 

of life has gained more attention.58 59 Even without an 
proper psychosocial intervention, physical exercise can 
reduce psychological distress in addition to improving 
cardiovascular function and ultimately improve wound 
healing.60

Another factor contributing to negative results of 
existing multimodal prehabilitation programmes might 
be attributable to the simple fact that patients were 
randomised into the intervention group, but were not 
taking actively part in the programme (lack of patient 
adherence).61 Some studies fail to demonstrate this effect 
by not measuring adherence rates at all12

So the necessity of implementing a multimodal inter-
vention seems obvious given the important contribution 
of anaemia, smoking, nutritional status, physical fitness 
and psychological well-being. Nevertheless, even for 
multimodal prehabilitation, the level of evidence remains 
low and conflicting, with inappropriate patient selection 
appearing to be the main reason.32 33

In conclusion, no trials to date have limited the study 
population to ‘high-risk’ patients most prone to benefit 
from prehabilitation. Further, only few studies have 
implemented a multimodal approach targeting correc-
tion of anaemia and malnutrition, smoking cessation and 
improving physical fitness. There is a need for trials with 
stringent selection of the patients who will benefit most 
from preoperative optimisation and implementation 
of personalised comorbidity mitigation and risk factor 
management offered in the form of individually tailored 
multimodal prehabilitation.62

Outcome measures after major surgery
The most widely accepted postoperative hard outcome 
measure is mortality at 30 days.6 Nevertheless, extending 
the follow-up to at least 90 days or ideally 1 year has been 
proposed.63 To grade postoperative complications, the 
Clavien-Dindo classification has been established and 
recommended by the ESA-European Society of Intensive 
Care Medicine joint taskforce on perioperative outcome 
measures.63–65 There is a huge variety of possible post-
operative complications, and powering studies for indi-
vidual complications is nearly impossible. To overcome 
this difficulty, the Comprehensive Complication Index 
(CCI) has been developed.66 It is a continuous scale to 
measure surgical morbidity (ranging from 0=no compli-
cations to 100=death) and can be used to reduce sample 
size in randomised controlled trials as it provides a more 
sensitive endpoint.67–69

Calculation of cost savings
The CCI can be used to calculate costs, as postopera-
tive morbidity correlates highly with healthcare costs. 
Staiger et al found a 14% increase to the baseline cost 
for each 10-point increase in CCI.70 Therefore, a CCI 
reduction can serve as a surrogate marker for cost 
savings.
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Study hypothesis
We hypothesise that the implementation of a multi-
modal, multidisciplinary prehabilitation programme 
over 2–4 weeks, consisting of physical exercise, nutrition, 
anaemia correction and smoking cessation, will result in 
lower CCI within 30 days after major surgery in elderly 
patients.

Feasibility: preliminary data
After ethics approval and logistic preparations, we were 
able to include 18 patients from March 2022 to October 
2022 (table 1).

Table 1  Preliminary results

Control group (n=8) Intervention group (n=10)

Demographics/comorbidities

 � Age (years) 78.25 (SD 5.4) 78.20 (SD 5.5)

 � Female sex 2 (25%) 1 (10%)

 � ASA score=III (n) 2 (25%) 2 (20%)

 � ASA score ≥IV (n) 6 (75%) 8 (80%)

 � Fried Frailty Scale (n) 1.9 (SD 1.1) 2.1 (SD 1.2)

 � Smoking (y/n) 1 (12.5%) 0 (0%)

 � Anaemia (y/n) 2 (25%) 4 (40%)

 � Nutritional deficit (NRS-2002≥3) (y/n) 2 (25%) 1 (10%)

 � Ischaemic heart disease or chronic heart failure (y/n) 4 (50%) 6 (60%)

 � Diabetes (y/n) 3 (37.5%) 3 (30%)

 � Obesity (BMI ≥30 kg/m2) (y/n) 1 (12.5%) 1 (10%)

Surgical procedure

 � Cardiac 2 3

 � Orthopaedic 0 1

 � Thoracic 0 1

 � Urologic 3 4

 � Vascular 2 1

 � Visceral 1 0

 � Use of ECC (y/n) 2 (25%) 3 (30%)

 � P-POSSUM (baseline) 43.3 (SD 6.5) 45.2 (SD 8.2)

 � Days to surgery (days) 29.8 (SD 19.7) 28.5 (SD 9.3)

Laboratory parameters (baseline)

 � Haemoglobin (g/L) 136.8 (SD 16.3) 126.9 (SD 13.8)

 � NT-proBNP (pg/mL) 3677.4 (SD 5022.3) 886.8 (SD 881.5)

 � Albumin (g/L) 33.3 (SD 3.9) 36.0 (SD 2.3)

 � Prealbumin (g/L) 0.22 (SD 0.04) 0.25 (SD 0.06)

 � HbA1c (%) 6.0 (SD 0.7) 6.4 (SD 1.4)

 � Creatinine (mmol/L) 147.9 (SD 51.5) 131.0 (SD 53.4)

Fitness

 � MIP (cmH20) 51.3 (SD 28.0) 46.9 (SD 16.1)

 � AT (mL/min/kg) 9.8 (SD 1.0) 9.1 (SD 1.3)

 � VO2peak (mL/min/kg) 12.7 (SD 1.4) 11.8 (SD 2.8)

Questionnaires

 � STAI (n) 10.6 (SD 2.4) 13 (SD3.9)

 � DASI (n) 4.1 (SD 0.8) 4.6 (SD 1.4)

ASA, American Society of Anesthesiologists; AT, anaerobic threshold; BMI, body mass index; DASI, Duke Activity Status Index; ECC, 
extracorporeal circulation; HbA1c, glycated haemoglobin; MIP, maximum inspiratory pressure; NRS-2002, Nutritional Risk Screening 
2002; NT-proBNP, N-terminal-pro hormone brain-derived natriuretic peptide; STAI, state-trait anxiety inventory.
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METHODS
Study design
This is a national multicentre, multidisciplinary, prospec-
tive, two-arm parallel-group, randomised, controlled 
superiority trial with blinded outcome assessment. We 
aim to include 466 patients within 3 years. The present 
protocol complies with the Standard Protocol Items: 
Recommendations for Interventional Trials (SPIRIT) 
2013 guidelines, defining standard protocol items for 
clinical trials.

Participants and enrolment
Surgeons scheduling the operation will prescreen the 
patients for frailty based on the clinical frailty scale.71 This 
tool is easy to implement in clinical practice, especially 
when compared with other, more sophisticated scales.72 
If the patient achieves at least four points on the clinical 
frailty scale (living with very mild frailty) and there is suffi-
cient time for prehabilitation (at least 2 weeks), informed 
consent will be sought, followed by a screening CPET 
(baseline visit, see figure 1).

Inclusion criteria
Participants are eligible if aged 65 years or over, have 
planned major visceral, urologic, cardiac, vascular, 
orthopaedic or thoracic surgery, are classified as ASA 

III or higher by the attending anaesthetist, and have a 
proven deficit in functional capacity measured during the 
screening CPET defined as follows:

	► VO2 at AT <11 mL/kg/min or peak VO2 <14 mL/kg/
min on cycle ergometer.

	► VO2 at AT <13 mL/kg/min or peak VO2 <16.5 mL/
kg/min on treadmill.

	► VO2 at AT <9 mL/kg/min or peak VO2 <11.3 mL/
kg/min with arm crank.

	► VE/VCO2 slope ≥33 (independent of modality).
Patients with VO2 above thresholds during the 

screening CPET will nevertheless be consented, in order 
to collect their CCI at 30 days. CCI at 30 days will be 
compared descriptively between patients qualifying and 
not qualifying for this study for qualitative clinical assess-
ment outside the purpose of this study.

Exclusion criteria
Patients are excluded if scheduled for emergency surgery, 
if unable to exercise for physiological or psychological 
reasons, if having cognitive disabilities making adherence 
to interventions impossible or if requiring dialysis due to 
logistic reasons.

Preoperative assessments
All patients are assessed twice during the preoperative 
phase, once at inclusion (baseline) and once the day 
before surgery (preoperative). Measurements conducted 
during these visits include CPET, grip strength and 
maximal inspiratory pressure for the assessment of phys-
ical fitness. Bioelectrical impedance analysis13 measure-
ments and validated nutritional screening and assessment 
tools (Nutrition Risk Screening 2002 (NRS-2002) and the 
Subjective Global Assessment [SGA]) will be performed to 
quantify participants’ body composition and nutritional 
status. Blood samples are taken to screen for anaemia 
(haemoglobin, reticulocyte index, renal function, iron 
status using transferrin saturation), nutritional and 
diabetic status (albumin, prealbumin, glucose, glycated 
haemoglobin (HbA1c)), micronutrient deficits (erythro-
cyte folate, holotranscobalamin, 25-hydroxy-vitamin D) 
and cardiac function (N-terminal-pro hormone brain-
derived natriuretic peptide (NT-proBNP), high-sensitivity 
(hs) TroponinT). For smokers, exhaled carbon monoxide 
(CO) is measured (Smokerlyzer Bedfont Scientific, Kent, 
UK) and smoking habits evaluated by questionnaire 
including the Fagerström test. All patients are asked to 
fill in the short form of the State-Trait Anxiety Inven-
tory,70 the DASI and (on the day prior to operation) the 
Quality of Recovery (QoR-)15 questionnaire. An activity 
tracker (AX3, Axivity, Newcastle, UK) is provided at the 
screening visit and continuously worn until the preopera-
tive visit, when it is collected from the patient.

Group allocation (minimisation)
After completion of the screening visit (CPET), patients 
who fulfil the inclusion criteria are randomised using 
computer-generated random numbers, into either 

Figure 1  Study flow chart. CFS, Clinical Frailty Scale; CPET, 
cardiopulmonary exercise testing.
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intervention or control group. For group allocation, a 
probabilistic minimisation procedure is used to achieve 
balanced groups in regard to parameters known to be rele-
vant for outcome after major surgery. We have included 
the following parameters in the minimisation algorithm 
(SecuTrial, V.6.1.1.10): type of surgery (visceral, urologic, 
cardiovascular, orthopaedic, thoracic), smoking, pres-
ence of anaemia (haemoglobin below 120 g/L in females, 
<130 g/L in males), nutritional deficit (NRS ≥3), age 
group (65–74, 75–84, 85+), ischaemic heart disease or 
heart failure, known diabetes, sex, obesity (body mass 
index (BMI) >30 kg/m2) and use of extracorporeal 
circulation.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

Study interventions
Control group
For the control group, there is a medical work up by the 
study team of the results obtained. In case of abnormalities 
found mandating medical interventions prior to surgery 
based on clinical judgement, these will be initiated either 
by the research team or the general practitioner (GP) at 
the patients' discretion. Regardless of existing deficits, the 
patient’s GP will be informed about the patient’s study 
participation and will receive the results of the screening 
assessment. All study patients wear the accelerometer 
between screening and preoperative visit.

Intervention group
For patients of the intervention group, we will imple-
ment an individually tailored, multimodal prehabilita-
tion programme consisting of physical and respiratory 
training, correction of nutritional deficits and anaemia 
and smoking cessation counselling based on the identi-
fied deficits.

Physical activity
All patients perform a tailored exercise intervention based 
on their individual physical fitness level. The interven-
tion includes 1–2 sessions (60 min each) with a licensed 
physical therapist trained in exercise prescription and 5 
years of experience in the field of exercise prescription. 
The physical therapist will assess the patient’s physical 
abilities and discuss the possibilities of incorporating at 
least 30 min of exercise at least five times per week at 
home. Based on the planned surgical intervention (e.g., 
hip, back), the preferences and barriers of each indi-
vidual patient, the physical therapist composes a tailored 
personal training programme. This physical training 
programme is composed of endurance training (e.g., 
walking at moderate intensity, climbing stairs), resistance 
training (e.g., upper limb strengthening using a resis-
tance band, Theraband, Akron, Ohio, USA) and inspira-
tory muscle training (Threshold IMT, Philips Healthcare, 
Horgen, Switzerland). The patient receives the personal 

training programme either via smartphone application or 
as a hard copy. The non-supervised home-based exercise 
training sessions will be supported by illustrative mate-
rials (smartphone application with pictures and videos 
or brochure with pictures). Each patient receives weekly 
phone calls by the physical therapist to record adherence, 
as a motivational strategy, to discuss any boundaries to 
adhering to the programme and to progress the exercises 
if possible. An exercise intervention might look like the 
following programme: Respiratory: Inspiratory muscle 
training (IMT) at 40% of measured maximum inspira-
tory pressure (MIP), 60 repetitions daily (30 morning, 
30 evening); Endurance: outdoor walking at moderate 
intensity, 30 min 5 days/week; strength: squats with 
bedside support, 3×10 repetitions, as deep as pain free, 
5 days/week.

Nutritional support and management of anaemia
We aim to optimise the nutritional status to minimise the 
surgery-related catabolic stress. Nutritional risk will be 
assessed at baseline, preoperatively and postoperatively 
during study visits using the NRS-2002 total score.73 This 
validated screening tool attributes scores of different 
levels of nutritional status to patients based on weight loss, 
BMI and food intake, taking into account disease severity 
(degree of stress metabolism) and age. NRS-2002 total 
score is obtained by adding impaired nutritional status 
score (0–3 points), severity of disease score (0–3 points) 
and age (1 point if age ≥70 years). Patients are classified 
as being at high nutritional risk or malnourished (score 
≥3) or at low risk (score <3), according to the total score 
obtained (see figure 2).

After screening with NRS-2002, nutritional status will 
be further quantified according to the patient gener-
ated SGA (PG-SGA) score, which defines the need for 
nutritional intervention: no intervention needed (score 
0–1), needing education by a professional (score 2–3), 
requiring intervention by a certified dietitian (score 4–8) 
and having a critical need for symptom management 
and/or nutrient intervention (score ≥9).74

Patients with low risk for malnutrition (NRS-2002 <3) 
will be provided with dietary advice on how to achieve set 
individual nutritional targets (energy intake according 
to the Harris-Benedict equation and protein intake of 
>1 g/kg BW/day). Adjusted bodyweight will be used in 
case of BMI >25 to prevent overestimation of nutritional 
requirements.

Patients at high risk for being malnourished (NRS-2002 
≥3, PG-SGA ≥4) will receive dietary counselling and indi-
vidualised plans to meet their energy and protein require-
ments. Individual energy needs will be calculated using the 
Harris-Benedict equation. A protein intake of 1.2–1.5 g/
kg BW will be recommended to all malnourished partic-
ipants (using adjusted body weight when BMI >25, as 
described above). To facilitate the achievement of these 
goals, oral nutritional supplements will be prescribed. 
The aim is to achieve at least 75% of the set energy and 
protein goal. The adherence in the malnourished group 
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Figure 2  Nutrition and diabetes intervention workflow. NRS-2002, Nutrition Risk Screening 2002; PG-SGA, The Scored Patient 
Generated Subjective Global Assessment; 25-OH-D, 25-hydroxy-vitamin D; RBC-Folate, Erythrocyte Folate; Hb, Haemoglobin; 
eGFR, estimated Glomerular Filtration Rate; EPO, erythropoietin; HbA1c, glycated haemoglobin; HBE, Harris-Benedict 
Equation; PAL, Physical Activity Level; BW, bodyweight; ON, Oral Nutrition; ONS, Oral Nutritional Supplements; EN, Enteral 
Nutrition. * Usage of adjusted bodyweight, if BMI>25.
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will be checked by performing 24 hours dietary recall 
3 days after baseline visit. In case of reaching <75% of 
set dietary goals, the intervention will be escalated to 
enteral nutrition. If the goals are not fulfilled during the 
following 3 days as evaluated with 24 hours dietary recall, 
the intervention will be escalated to parenteral nutrition.

If scheduled for major abdominal surgery and if indi-
cation exists according to Swiss Society for Clinical Nutri-
tion, patients will additionally receive immunonutrition 
(e.g., high protein oral supplements enriched with immu-
nonutrients such as arginine, omega-3-fatty acids and 
nucleotides) for five consecutive days before surgery,75 76 
as per ERAS guidelines. All participants will receive two 
doses of carbohydrate loading, one dose on the evening 
before and one up to 2 hours prior to surgery.76

In patients with an established or newly diagnosed 
diabetes and HbA1c >7.5%, glucose levels will be opti-
mised using pre-scribed glucose monitoring and treat-
ment intensification where appropriate. Delivered 
strategies represent best practice of diabetes care based 
on the European Association for the Study of Diabetes 
(EASD)/American Diabetes Association (ADA) position 
statement.77

Independent of the nutritional status, individual defi-
cits in vitamin D, iron, vitamin B12 and folate will be 
addressed. Vitamin D is associated with muscle mass and 
muscle strength. Additionally, hypovitaminosis D was 
found to be correlated with increased risk of postoperative 
complications.78 79 It will be supplemented daily according 
to the blood sample values: 1000 U/day for patients with 
vitamin D deficiency (25-hydroxy-vitamin D <50 nmol/L) 
and a one-off substitution of 150 000 U for patients 
with severe vitamin D deficiency (25-hydroxy-vitamin D 
<25 nmol/L).80

In case of severe renal anaemia (haemoglobin <100 g/L, 
estimated glomerular filtration rate <45 mL/min/1.73 m2 
and a reticulocyte index below 2), a one-off erythropoi-
etin application (Mircera, Vifor Pharma, Switzerland) will 
be provided.

Smoking cessation
The smoking cessation programme includes intensive 
counselling by a graduate psychology student during 
three phone-call sessions as well as dispensary of nicotine 
replacement therapy (NRT) perioperatively if desired 
by the patient. NRT consists of transdermal application 
for moderate to heavy smokers and individual supple-
mentation with chewing gum or lozenges (Nicotinell, 
GlaxoSmithKline, Brentford, UK) according to the 
current guidelines. NRT will either be handed out during 
the nutritional intervention session or sent via postal 
mail. The goal is to achieve a reduction in smoking quan-
tity (cigarettes per day) of 80% before surgery.

Compliance with the study interventions
Adherence rates to the physical fitness intervention are 
primarily collected by patient-recorded standardised 
physical activity log books, by weekly phone calls and 

complemented by accelerometer data (AX3, Axivity, 
Newcastle, UK). Successful completion of the exercise 
programme is defined as adherence to 80% of prescribed 
exercise sessions.

For patients with an NRS-2002 ≥3 or PG-SGA ≥4, weekly 
phone calls by the dietician will secure adherence to the 
study intervention. In addition, the patients will docu-
ment the intake of prescribed supplements in a log book.

The three phone call smoking cessation counselling 
sessions for smokers are intended to monitor and further 
adherence to smoking cessation. Further, exhaled CO is 
measured at every visit.

Reasons for non-compliance are recorded during all 
phone calls and strategies to increase compliance are 
sought in the discussion with the patient.

Perioperative management
Perioperative management follows the usual care of the 
corresponding clinic, usually following standardised, 
multielement ERAS guidelines. Management decisions 
such as extension of monitoring and admission to post-
operative care (postoperative care unit vs intermediate or 
intensive care unit (ICU)) are purely based on clinical 
judgement, taking the results of the preoperative testing 
into account as it is accessible by the clinicians through 
the electronic healthcare record system.

In case of raised preoperative NTproBNP >200 pg/mL, 
hsTroponinT will be measured 6 hours after surgery as 
well as on the first and second postoperative day.81

Postoperative assessment
The postoperative assessment as described above will 
be repeated at 30 days after surgery when the patient 
is scheduled for surgical follow-up. The only difference 
from the preoperative assessment is that micronutrient 
and iron status are not measured again.

Blinding procedure
This is an unblinded study due to the nature of the inter-
vention. Nevertheless, the treating anaesthetist, while 
having access to the results of the preoperative assessment 
results via EHR, is blinded to group allocation. Primary 
end point adjudication committee will also be blinded 
(see below).

Data collection
All data will be collected by the research team and docu-
mented in a research database (RedCap) according 
to local legislation. Data will be verified by dedicated 
members of the research team. Original source data is 
available in the EHR or in patients’ files.

End point adjudication Committee
In order to standardise the review process and to reduce 
bias and variability in assessing the primary outcome, the 
CCI at 30 days will be assessed by an independent and 
blinded committee of three experts, which are other-
wise not involved in the trial. The experts are yet to be 
nominated.
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Data monitoring
The data will be monitored by an external institution 
(Clinical Trials Unit, University of Bern) at regular inter-
vals according to a preset monitoring plan to ensure the 
safety of the trial participants and the integrity of the trial 
data.

Primary endpoint
Postoperative complications at 30 days after surgery 
scored by the CCI, assessed by a blinded, independent 
expert committee.

Secondary endpoints
Secondary outcomes are measured before prehabilitation 
(screening visit) and thereafter (preoperative visit) and 
at 30 days after surgery (postoperative visit) unless other-
wise specified:

Cardiovascular and pulmonary
	► CPET: Peak VO2, VO2 at AT, peak VE, VE/VCO2 

slope, oxygen uptake efficiency slope, forced expira-
tory volume in 1 s (FEV1), FEV1/forced vital capacity, 
resting HR, HR reserve, resting systolic and diastolic 
BP.

	► Grip strength.
	► Physical Function Performance 10 Test (CS 10).
	► CPAx ICUD and CPAX HosD in case of ICU admission.
	► MIP.
	► NTproBNP.
	► Serial hs-Troponin-T.
	► Change in preoperative P-POSSUM score.

Nutrition and bioimpedance
	► NRS 2002.
	► PG-SGA
	► Bioelectrical impedance analysis: weight, muscle 

mass, fat mass, percent body fat, extracellular water/
intracellular water, phase angle, fat free body mass.

	► Days nil per mouth (only at postoperative visit).

Anaemia
	► Presence of anaemia.
	► Transfusion in the first 30 days after surgery.

Smoking
	► Average number of cigarettes per day, 

Fagerström-Score.
	► Exhaled CO.

Patient-reported outcomes
	► QoR-15.
	► State-Trait Anxiety Inventory.70

	► DASI.

Other outcomes of interest
	► Length of hospital stay.
	► Days at home at 30 days.
	► Predicted costs for visceral interventions.
	► CCI at 30 days postoperative assessed by the treating 

physician (unblinded).

	► CCI at 90 days postoperative assessed by the treating 
physician (unblinded).

Safety outcomes
	► Days to surgery.
	► (Serious) adverse events.

Sample size
Based on internal data (Bern University Hospital), 
median CCI is expected to be 30 (IQR 21–37). Assuming 
an average clinically relevant improvement of 15% in the 
intervention group compared with the control group, the 
sample size calculation for a non-parametric Wilcoxon-
Mann-Whitney test resulted in a total patient sample 
of 388 (assuming a significance level alpha of 0.05 and 
power of 0.80). We expect a dropout rate of 20%. We, 
therefore, need 466 patients: 233 in each arm. We aim to 
complete the inclusion within 3 years.

Statistical analysis
Data will be analysed on an intention-to-treat basis 
(primary outcome). Primary and secondary outcomes for 
the intervention and control groups will be compared.

Primary outcome: We expect that CCI will be skewed, 
so we will describe CCI as the median plus first and third 
quartiles. To test the hypothesis (H0) that the study 
arms result in similar CCIs (in other words, prehabili-
tation does not prevent postoperative complications), 
we will use a generalised linear model that can account 
for skewed data and zero inflation. The model will be 
adjusted for the minimisation factors used at randomisa-
tion. If no adequate model can be fit, the non-parametric 
Mann-Whitney U test will be used.

Secondary outcomes: All secondary outcomes will 
be described as means plus SD or median plus first 
and third quartiles for continuous data as appropriate. 
Categorical parameters will be described as frequencies 
plus percentage per time point. To account for repeat 
measurements of patients, we will use generalised linear 
mixed models to test the hypothesis of both study arms 
being equal in terms of secondary outcomes over time. 
Models will be adjusted for minimisation factors as well as 
baseline values (before randomisation) of the respective 
outcome.

Data distribution will be assessed by visual inspection of 
Q-Q plots.

As a secondary analysis, we will perform a PP anal-
ysis. Since the time between randomisation and surgery 
might differ between the two randomisation groups, we 
will additionally adjust generalised linear models of the 
primary outcome for this factor in a sensitivity analysis. 
Further, we will analyse the impact of adherence to the 
interventions to the primary outcome.

Subgroup analysis
We will study whether effects differ between subgroups. 
Subgroup analyses will be performed according to the 
minimisation parameters (ie, surgery type, anaemia, 
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nutritional deficit, age, frailty score, ischaemic heart 
disease/heart failure).

ETHICS AND DISSEMINATION
The trial will be conducted according the current version 
of the Declaration of Helsinki, International Council 
for Harmonisation of Technical Requirements for Phar-
maceuticals for Human Use (ICH) Guideline for Good 
Clinical Practice (GCP), and applicable national regula-
tions, that is, the Human Research Act in Switzerland and 
has been accepted by the responsible Ethics Committee 
(REC) of the Canton of Berne, Switzerland (Kantonale 
Ethikkomission Bern 2020-01690). After initial ethics 
approval, subsequent protocol amendments will be 
submitted to the REC. Written informed consent will be 
obtained from all participants before entering the study.

Meetings and project presentations will be performed 
at the involved surgical clinics to advertise our project 
and raise awareness in order to motivate recruitment at 
regular intervals.

Results of the trial are expected to be published in 
major medical journals and to be presented at interna-
tional congresses.

Authorship for the project will be based on the 
Uniform Requirements for Manuscripts of the Interna-
tional Committee of Medical Journal Editors (http://
www.icmje.org/#author). We followed the SPIRIT check-
list when writing our report.82

Public access to the dataset on patient-level is not 
planned but possible on reasonable request.
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