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Prehabilitation - Better In -
Better Out.

From a metabolic point of view, the stress of surgery on the human body is
comparable to the stress induced by running a marathon. No unfit,
malnourished, elderly person would ever agree to participate. With surgery,
they do not have a choice. Prehabilitation can help them to prepare.
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Complications after surgery - still a thing?

Despite significant advances in surgical techniques, anaesthesia, analgesia,
and perioperative care, complication rates following major surgery remain
unacceptably high—affecting 10-50% of patients and including
life-threatening events (1-3). It is increasingly clear that the success of an
operation extends beyond the procedure itself to include the patient's
ability to regain physical activity and psychological well-being. Optimal
outcomes therefore depend not only on surgical expertise but also on
structured strategies that support recovery and resilience.
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Figure 1: Functional prognosis in the year after major surgery is highly
dependent on preoperative function or low preoperative function is
associated with worse postoperative outcome: Rapid improvement: Low
post-op disability that returns quickly toward baseline; Gradual
improvement, Moderate post-op disability with progressive recovery over
time; Partial improvement: Persistent moderate disability with some
functional gain but not full recovery; Little improvement: High and largely
unchanged disability throughout the post-op year (7).

Evidence indicates that poor physical fitness is associated with adverse
outcomes following surgery (4). At three months after major elective surgery,
up to half of patients still experience significant disability (5). Similarly, when
functional capacity is measured after abdominal surgery, only 30% of
patients have returned to baseline by eight weeks and 50% by six months
postoperatively (5, 6). Functional prognosis in the year after major surgery is
therefore highly dependent on premorbid function (7).
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Before there was the Enhanced Recovery After Surgery
Program...

Perioperative medicine seeks to deliver a personalized, patient-centered,
multidisciplinary care pathway—from preoperative assessment through
postoperative recovery—designed to minimize risk, reduce complications,
and promote full restoration of health (8). Since the introduction of the
enhanced recovery after surgery program (ERAS) in the 1990’s led by
Hendrik Khelet and colleagues, multiple studies and meta-analyses have
confirmed its positive impact. Compared to traditional care, enhanced
recovery after surgery programs were associated with significantly
decreased primary hospital stay, total hospital stay, total complications, as
well as hospital acquired infections, non—procedure-specific complications
and improved patient experience (9-12).

...then came Multimodal Prehabilitation

The term prehabilitation emerges in medical sports literature 40 years ago in
the context of rehabilitation following an injury and preventing unnecessary
atrophy (13) or to avert further injuries (14). Prehabilitation was also a
program to prepare soldiers for battle of the second World War with proper
food, lodging, hygiene, and controlled physical training and education (15). In
current medical literature, prehabilitation is described as a program of
enhancing functional capacity of an individual to enable him or her to better
withstand an upcoming stressful event (16). By improving the individual's
functional capacity, the patient would maintain a higher level of functioning,
thus resulting in a facilitated and accelerated recovery. Functional capacity
is the term used to reflect the ability to perform activities of daily living and
is determined by the integrity of the pulmonary, cardiovascular, and
musculoskeletal systems. The preoperative period is understandably the
opportune time to promote prehabilitation, and to act on physical unfitness,
malnutrition, and anxiety while patients are waiting for surgery. Pre-
operative modification of the high-risk patient includes both lifestyle
changes and medical optimisation of comorbidities (17, 18). Several original
studies and systematic reviews show a positive impact of prehabilitation on
physical function and quality of life (19-22). Since it has been proven that the
number and severity of complications are closely related to the preoperative
function of the individual, there has been increasing interest in targeting
these issues with a multimodal intervention program (23). From a
physiological point of view, it seems feasible to achieve clinically relevant
effects during a period of 2-4 weeks. However, this can only be achieved
with targeted interventions including exercise, nutritional intervention,
treatment of anaemia, smoking cessation and psychological support (24). An
additional benefit can be expected from the empowerment of patients, who
may then play a more active role in coping with their disease by preparing
themselves for their upcoming surgery. An optimal recovery after surgery
will also increase the potential of patients to withstand additional therapies
such as chemotherapy, metastatic disease resection and more (25).
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Current evidence - not great (yet)

It began with the establishment of unimodal prehabilitation in the first years
of its introduction; multimodal prehabilitation (education, exercise incl.
inspiratory muscle training, nutrition, psychologic support) is now the
preferred form of prehabilitation when available by leading experts today (18,
26). Many of the early studies investigating the effect of prehabilitation were
only unimodal in nature (mostly exercise), had inadequate reporting, did not
properly select patients at risk or had other shortcomings (27). As a
consequence, in a recent umbrella review of 55 systematic reviews on
prehabilitation, only 15 individual reviews could be pooled for meta-analyses
to measure the overall certainty of effect as a result of heterogeneity.
Despite this limitation, prehabilitation was found to improve functional
recovery after oncological surgeries with moderate certainty, while the
certainty of the evidence for non-oncological surgeries was rated as low or
critically low (28).

It is plausible to hypothesise that patients at greater risk for postoperative
complications, such as the frail elderly (a fast growing patient population),
are more likely to benefit from prehabilitation (29). Another population most
probably to benefit from such a program are cancer patients with decreased
functional health after cancer treatment (30). Cancer prehabilitation offers
an opportunity for the patient to improve functional status while awaiting
treatment. This is likewise a patient group expected to grow in the future

(31).

Preoperative Risk factors — the big three

Exercise capacity. Low physiological reserve respectively reduced aerobic
fitness measured by cardiopulmonary exercise testing (CPET) is associated
with increased postoperative morbidity and mortality (32). Further,
ventilatory inefficiency, namely an increase in ventilation relative to the
elimination of carbon dioxide, commonly quantified as VE/VCO, slope, has
also been identified as a prognostic marker for postoperative morbidity and
mortality (33-37).

Malnutrition and surgical stress. Prospective cohort studies have shown that
diagnose-related malnutrition significantly worsens clinical outcome in the
perioperative phase, including increased odds of complications, as much
risk of mortality, readmissions, prolonged length of hospital stay (LOS) and
increased healthcare costs (38-42). The surgical trauma itself leads to
metabolic reaction characterised by hormonal, haematological, metabolic
and immunological alterations, defined as surgical stress response (42-44).
The release of stress hormones and inflammatory mediators, i.e. cytokines,
induce the so-called “Systemic Inflammatory Response Syndrome” (SIRS)
which has a major impact on metabolism. SIRS causes hyperglycaemia and
whole-body protein catabolism.
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The elderly and frail. The elderly undergo surgery four times more often than
the rest of the population, thus in the near future, a major proportion of
patients presenting for surgery will be aged more than 65 years, with a
substantial number older than 85 years (45). By extrapolating the impact of
the ageing population, we should expect more than a 10% increase in the
incidence of postoperative morbidity annually, with increased healthcare
expenditure. This is underpinned by the fact that the population segment
older than 80 years is expected to increase by 351% by 2050 (46). The frailty
syndrome denotes age-related multisystem physiological reserve decline,
manifesting as increased vulnerability to minor stressors. Frailty is a
validated and independent risk factor for complications (47).

Selecting the right patient — not so easy.

Since prehabilitation programs are resource intensive and can be time
consuming, selection of the right program for the right patient remains one of
the major challenges. For functional capacity, this is the Duke Activity Status
Index (DASI), where a questionnaire of 12 questions estimates the functional
capacity of the patient (48). Whereas the gold standard for measurement of
the exercise capacity remains the CPET on a stationary bike as mentioned
above. A poor nutritional status can be reliably identified with simple
questionnaires such as the nutritional risk score (NRS) (49) or the Canadian
Nutrition Screening Tool (CNST) (50), and can be further quantified with the

Patient-Generated Subjective Global Assessment (PG-SGA) (51). Frailty is
operationalized via the Fried phenotype (23 of 5 criteria) (52) or the
Rockwood cumulative-deficit frailty index (53). There are multiple tools to
assess a patient for frailty (54). Most of these tools represent a composite of
nutritional, physical and psychological deficiencies. Another challenge is
integrating these simple tests into routine clinical practice.

Postpone surgery for Patient Optimization — are you mad?

Delaying elective procedures to allow for targeted preoperative optimization
might enhance both clinical outcomes and patient experience. Especially
high-risk individuals, such as those with poor cardiopulmonary fitness,
severe malnutrition, anemia or poorly-managed diabetes mellitus, benefit
most from a brief postponement that enables tailored interventions like
exercise-based prehabilitation, nutritional supplementation, anemia
management, and smoking cessation programs (55). A very recent
systematic review in patients undergoing major gastrointestinal oncological
surgery (56), together with a meta-analysis on prehabilitation in frail
patients (57), demonstrated that prehabilitation significantly reduces the
rate of postoperative complications. On the other hand, retrospective
studies, analyzing delays for cancer surgery during the Covid-19 pandemic,
indicated that delays of weeks and even months did not compromise
oncologic safety in cancer resections (58-62). This suggests that short
delays do not worsen long-term survival or cancer-specific outcomes;
rather, a short period of 2-4 weeks can be used to build resilience against
the “surgical stress” response and decrease the likelihood of complications
and prolonged recovery or loss of independence. In practice, thoughtful
postponement—when balanced against disease urgency—ensures that
patients proceed to surgery in the best possible condition, avoiding the
downstream morbidity associated with “rushed” interventions.

Experiences from the ongoing PREHABIL trial at the Inselspital
in Bern
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The prospective, planned multicentre, multidisciplinary and multimodal
PREHABIL started in early 2022 (63). The study initiated by two
anesthesiologists and planned in cooperation with cardio-rehabilitation and
nutrition experts as well as physical therapists, initially aimed to include
over 450 patients over a period of 3 years. However, not everything worked
out as planned. Despite broad endorsement from surgical colleagues across
multiple specialties, recruitment has remained—and continues to be—the
primary challenge for this SNSF-supported trial. Despite initial optimism that
surgeons would refer patients opportunistically following consultations
which represents an important step in the process of prehabilitation, referral
rates remained disappointingly low—even after daily reminders to every
operating surgeon. To address this, the research team instituted proactive
measures: a dedicated member now continuously screens surgical
schedules, attends tumor board meetings, and invites eligible patients for
cardiopulmonary exercise testing to identify those with low functional
capacity for enrollment. As of now, half of our target cohort was enrolled in
the first quarter of this year, with 2—3 new recruits per week. Since the trial
has started, we demonstrated that simple preoperative physical activity
monitoring significantly increases daily step counts in high-risk non-cardiac
surgery patients (64), and that tele-supervised inspiratory muscle training is
both feasible and effective in improving maximal inspiratory pressure (MIP)
in elderly patients with low cardiopulmonary reserve (data not published
yet). Further, to identify the challenges and facilitators of adherence among
older participants in our multimodal prehabilitation program, colleagues from
the Institute of Psychology, Faculty of Philosophy and Human Sciences
conducted ten telephone interviews with patients enrolled in the PREHABIL
project. In their final evaluation patients noticed real physical gains and felt
mentally stronger, which kept their motivation and confidence high. Social
support—from partners, family, friends, and the research staff—gave them
helpful advice and a sense of care (65). Although the efficacy of our
multimodal program in reducing postoperative complications remains under
evaluation, preliminary findings show good patient acceptance and
adherence. Most participants express enthusiasm about actively
contributing to improved surgical outcomes. Furthermore, for many—
especially those facing cancer surgery—the opportunity to engage in a
structured prehabilitation regimen provides significant psychological
support during a challenging period of their life.

Future directions

From prehab to rehab. Prehabilitation should not end once a patient is
admitted for surgery. Therefore, in future projects, we plan to combine
prehabilitation with targeted early rehabilitation (66). Early rehabilitation
may even begin at the post-anaesthesia care unit, before patients are
transferred to the ward (67). The main goal of early rehabilitation is to
mobilize patients as quickly as possible after surgery.

Digital biomarkers in perioperative care. The rapid development of wearable
technology offers opportunities for perioperative care (68). Physical activity,
heart rate, heart rate variability, blood pressure, respiratory rate, and sleep
patterns can be monitored continuously. These digital biomarkers can be
used to detect patients that are at high risk for complications, to tailor and
monitor prehabilitation programs, and to track postoperative recovery.

Large language models to assess postoperative complications. Furthermore,
to monitor whether newly introduced prehabilitation interventions are able
to lower complication severity and/or incidence, specialized large language
models may play an important role in near future. As of today, the
assessment of complications is time consuming and requires dedicated
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staff. Based on hospital discharge reports, in-hospital hosted large language
models may automate this task in the future (69). Studies that evaluate the
performance of these models compared to human based ratings are needed.

Exploring the cost-saving effect of prehabilitation. With the increasing
financial pressure on Swiss hospitals, economic factors need to be
considered for the successful implementation of prehabilitation. There is
some evidence that prehabilitation has a cost-saving effect in the context of
the English National Healthcare Service (70). The cost-saving effect was
explained by the lower incidence of severe complications and the shorter
length of hospital stay of the patients participating in prehabilitation.
Whether a cost-saving effect can be observed in context of the Swiss
healthcare system needs to be evaluated.

Conclusion
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Figure 3: The modern perioperative pathway (73).

Ideally, perioperative care would be organized as a standardized pathway
starting in the outpatient clinic when indication for surgery is made until the
patient returns to his full functional recovery at home (71). Prehabilitation, an
emerging concept to improve patients before the surgery, is unquestionably
part of the solution to improve postoperative outcomes in patients with a
low functional capacity. There are many obstacles and challenges for
reaching this integrative approach to delivering care for "a single operation”,
and it is key that care providers focus on the bigger picture and not only on
the surgical procedure alone. For this, it is crucial that the surgeons and
anesthetists consider themselves as one perioperative team rather than
isolated specialties.
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