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Prehabilitation is a multimodal concept to improve functional capability prior to surgery, so that the patients’ resilience is strengthened to withstand any peri- and postoperative comorbidity. It covers physical activities, nutrition, and psychosocial wellbeing. The literature is heterogeneous in outcomes and definitions. In this scoping review, class 1 and 2 evidence was included to identify seven main aspects of prehabilitation for the treatment pathway: (i) risk assessment, (ii) FITT (frequency, interventions, time, type of exercise) principles of prehabilitation exercise, (iii) outcome measures, (iv) nutrition, (v) patient blood management, (vi) mental wellbeing, and (vii) economic potential. Recommendations include the risk of tumor progression due to delay of surgery. Patients undergoing prehabilitation should perceive risk assessment by structured, quantifiable, and validated tools like Risk Analysis Index, Charlson Comorbidity Index (CCI), American Society of Anesthesiology Score, or Eastern Co-operative Oncology Group scoring. Assessments should be repeated to quantify its effects. The most common types of exercise include breathing exercises and moderate- to high-intensity interval protocols. The program should have a duration of 3–6 weeks with 3–4 exercises per week that take 30–60 min. The 6-Minute Walking Testing is a valid and resource-saving tool to assess changes in aerobic capacity. Long-term assessment should include standardized outcome measurements (overall survival, 90-day survival, Dindo–Clavien/CCI®) to monitor the potential of up to 50% less morbidity. Finally, individual cost-revenue assessment can help assess health economics, confirming the hypothetic saving of $8 for treatment for $1 spent for prehabilitation. These recommendations should serve as a toolbox to generate hypotheses, discussion, and systematic approaches to develop clinical prehabilitation standards.
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Introduction

Major surgeries are one of the top three reasons of deaths in hospitals (1). The World Health Organization analyzed that $1 out of $7 is spent for the treatment of complications in hospitals worldwide (2, 3). Patients undergoing major surgeries have an increased risk of experiencing minor and major complications, which may impact quality of life and lead to short-term failure to rescue and increased mortality (4, 5). Data on the prevalence of such surgical complications range between 15% and 50%, which covers uncertainty unless systematically assessed by the current gold standard, which is the Dindo–Clavien classification of surgical complications or its evolution to the comprehensive complication index (6–10). Taking these scientific aspects into account, major surgery may be considered one of the greatest contributors of clinical deaths despite its lifesaving and curative role being an early therapeutic option in most solid cancers. As the Western societies are getting older, and the average age to get diagnosed with a malignant tumor is currently 65, it is crucial to address a clear strategy to identify and improve modifiable factors before surgery and thus mitigate the risk of experiencing an adverse course after major surgery (11).

Clinical treatment strategies have been constantly improved over the last 20 years to increase the safety and quality surgical treatments have been implementing, e.g., the use of checklists, interdisciplinary board decision-making, treatment at specialized centers, a refinement of neoadjuvant and adjuvant treatment strategies, enhanced recovery after surgery, and minimally invasive techniques (2, 12, 13). One field that is gaining importance and popularity recently is prehabilitation. This means the strategy of adequately preparing the patient for a surgical procedure by identifying and improving modifiable factors in advance of the surgical procedure. In general, prehabilitation is based on three pillars that are physical activity, healthy nutrition, and psychosocial wellbeing. Patient–blood management, a bundle strategy to correct anemia before surgeries, should also be mentioned in this context and contributes to better outcomes after oncologic surgeries (14–17).

To date, there is debate among healthcare professionals as to which systematic and structured assessments are most appropriate for patients to assess their individual risk profile, what kind of prehabilitation modalities should be used, and how long patients need to exercise to see an effect without increasing the risk for progression of the underlying disease and thus worsening prognosis from a potentially beneficial intervention.

Strikingly, prehabilitation is only marginally implemented in clinical settings and still lacks reimbursement or awareness by the stakeholders. The required setup in a hospital is cost intensive as, e.g., dedicated and mostly non-existent personnel are required. The evaluation of cost-effectiveness is the subject of current research, but first theoretical algorithms estimate a small return on investment. In addition, approaches are faced with individual barriers, e.g., patients need to be motivated to come to hospitals/gyms for multiple appointments prior to surgery (18).

In summary, the current overview of studies and recommendations suggests a variety of approaches due to the heterogeneity of provided data. Yet, there is no general recommendation (“toolbox”) mapping the best of prehabilitation concepts. The aim of this review is to systematically screen current literature to identify the best available evidence to obtain structured and useful assessment tools to measure patient risk before surgeries and prehabilitation. In addition, we aim to identify the most promising interventions for the single elements of prehabilitation in addition to the best dose relationships, i.e., the duration of exercise interventions, all this considering the risk–benefit of delaying oncologic surgeries and identifying strategies for a reasonable and broad penetration and traction of measurable prehabilitation in clinical or remote settings. The targeted groups of interest are all adult surgical oncologic indications in abdominal, thoracic, urologic, and gynecologic surgeries.



Methods

The systematic scoping review was developed using guidance from the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines (19).


Search strategy

The electronic databases PubMed, Google Scholar, and AWMF Leitlinienportal (Official German Medical Guidelines) were systematically queried to find applicable articles published between the years 1991 and 2021. The search was structured in three relevant blocks using the following terms, PICO-searches and MeSH terms where applicable: risk assessment (RAI-C scoring, Charlson Comorbidity Index, Patient Blood Management, QLQ-C-30 questionnaire, Timed-Up and Go Testing, 6 Minute walking test, Dindo-Clavien scoring, 90-day surgical mortality (specific search after deciding for the tools that will be used from clinical use), prehabilitation (PICO search: P(surgery) I(prehabilitation) O(survival) to obtain relevant results; (((((((surgery) AND (prehabilitation)) AND (complications)) AND (survival)) NOT (cardiac surgery)) NOT (orthopedic surgery)) NOT (emergency). MESH: (((((“surgery”[MeSH Subheading] OR “surgery”[All Fields] OR “surgical procedures, operative”[MeSH Terms] OR (“surgical”[All Fields] AND “procedures”[All Fields] AND “operative”[All Fields]) OR “operative surgical procedures”[All Fields] OR “general surgery”[MeSH Terms] OR (“general”[All Fields] AND “surgery”[All Fields]) OR “general surgery”[All Fields] OR “surgery s”[All Fields] OR “surgerys”[All Fields] OR “surgeries”[All Fields]) AND (“prehabilitative”[All Fields] OR “preoperative exercise”[MeSH Terms] OR (“preoperative”[All Fields] AND “exercise”[All Fields]) OR “preoperative exercise”[All Fields] OR “prehabilitation”[All Fields]) AND (“complicances”[All Fields] OR “complicate”[All Fields] OR “complicated”[All Fields] OR “complicates”[All Fields] OR “complicating”[All Fields] OR “complication”[All Fields] OR “complication s”[All Fields] OR “complications”[MeSH Subheading] OR “complications”[All Fields]) AND (“mortality”[MeSH Subheading] OR “mortality”[All Fields] OR “survival”[All Fields] OR “survival”[MeSH Terms] OR “survivability”[All Fields] OR “survivable”[All Fields] OR “survivals”[All Fields] OR “survive”[All Fields] OR “survived”[All Fields] OR “survives”[All Fields] OR “surviving”[All Fields])) NOT (“thoracic surgery”[MeSH Terms] OR (“thoracic”[All Fields] AND “surgery”[All Fields]) OR “thoracic surgery”[All Fields] OR (“cardiac”[All Fields] AND “surgery”[All Fields]) OR “cardiac surgery”[All Fields] OR “cardiac surgical procedures”[MeSH Terms] OR (“cardiac”[All Fields] AND “surgical”[All Fields] AND “procedures”[All Fields]) OR “cardiac surgical procedures”[All Fields] OR (“cardiac”[All Fields] AND “surgery”[All Fields]))) NOT (“orthopaedic surgery”[All Fields] OR “orthopedics”[MeSH Terms] OR “orthopedics”[All Fields] OR (“orthopedic”[All Fields] AND “surgery”[All Fields]) OR “orthopedic surgery”[All Fields])) NOT (“emerge”[All Fields] OR “emerged”[All Fields] OR “emergence”[All Fields] OR “emergences”[All Fields] OR “emergencies”[MeSH Terms] OR “emergencies”[All Fields] OR “emergency”[All Fields] OR “emergent”[All Fields] OR “emergently”[All Fields] OR “emergents”[All Fields] OR “emerges”[All Fields] OR “emerging”[All Fields])) AND (y_5[Filter])), nutrition (Surgery and immunonutrition, AWMF screening, PICO search: P(surgery) I(immunonutrition) O(survival)), delay of surgery (delaying cancer surgery and mortality). Inclusion criteria were clinical trials that published data on prehabilitation in adult oncologic surgery of the abdomen, thoracic, gynecologic oncologic surgery, and urology. Risk assessment data had to include outcome measurement (survival and complication rates). Nutrition data should comprise data from clinical trials, randomized controlled trials, or systematic reviews and meta-analyses. Delaying surgery focused on oncologic treatments as outlined for prehabilitation above. Exclusion criteria were indications other than those mentioned above, pediatric surgeries, cardiovascular surgeries, trauma surgeries, missing data on exercising and assessment modalities, and missing outcome data.



Study selection and data extraction

Studies were included when they analyzed risk assessment scores and risk factors. They were included when they used either exercise tests or nutritional therapy, or psychoeducation as a prehabilitation modality and assessed the QoL (Quality of life), mortality, costs, or length of hospital stay postoperatively. Studies for which the full text was not available were excluded, as were studies of patients undergoing orthopedic, pediatric, trauma, and cardiac surgery and opinion, statement, position papers, letters to the editor, guidelines, symposium protocols, study protocols, advisory reports, manuals, commentaries, or recommendation papers. Case reports, opinion papers, animal studies, and studies other than the English language were also excluded. After the removal of double hits from the search results, three reviewers (EW, SS, and AAS) independently screened and selected potentially eligible studies. After consensus was reached in this initial selection procedure, the reviewers independently reviewed the full text of the selected studies to determine the final suitability for inclusion based on the established inclusion criteria. To include additional relevant studies, after full-text assessment, the references sections of papers were screened, and relevant papers were chosen based on the above-described criteria.



Risk of bias

Risk of bias is regarded high due to the high number of lower level of evidence, especially large cohorts (20).



Recommendations

Based on the evidence found in the literature, statements were derived from the findings. The GRADE (Grading of Recommendations Assessment, Development, and Evaluation) for the clinical guidelines pathway was followed, which is shown in Table 1 (21).


TABLE 1 Recommendations and suggestions for use, further exploration, and generation of hypotheses to strengthen prehabilitation as a standard of care and generate the political will to reimburse the medical intervention.
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Results


Literature search report and PRISMA flow chart for selection of studies

The literature search report identified 1,559 manuscripts of which 134 were doubles; 1,132 were not suitable after screening the titles and abstracts and another 195 were not suitable because of the defined criteria outlined above. The selection process is outlined in the PRISMA flowchart in Figure 1 (19). A total of 93 studies were identified to be suitable for the review.


[image: Figure 1]
FIGURE 1
PRISMA flowchart of selection of studies.




Description of the level of evidence and bias

The Oxford levels for evidence-based medicine were applied to classify the quality of studies identified. From 93 identified studies, 13 were defined as class 1 evidence delivering solid meta-analysis of high-quality trials; 41 trials were defined as class 2 delivering data from randomized controlled trials or large cohorts with a dramatic effect; 23 trials were class 3 consisting of a cohort and observational studies; 15 were class 4 cohort, observational, and case (control) series with low patient numbers; and finally, 1 publication was classified as class 5 evidence as it depicted a standpoint about the topic. Bias was high in the screened trials, as most trials were simply not randomized, blinded, or dropouts, and withdrawals were not described adequately.

Finally, only class 1 and 2 articles with one selected class 3 evidence article (in total n = 55) (class 3 selected because of high-quality economic work-up) were considered for a deeper analysis and as a valid source to build recommendations and suggestions about the investigated topics. Notably, one article could cover several of the following topics so the following numbers don’t add up to the total.

The topics covered by this review were “risk assessment tools” (k = 13; n = 3,686,465), “prehabilitation, exercise testing, and physical activity” (k = 23; n = 352,898), “delay of surgery and risk of oncologic progression” (k = 10; n = 1,846,995), “nutrition” (k = 20; n = 565,843), “patient blood management” (k = 2; n = 3,008), mental wellbeing (k = 10; n = 8,100), and “economics and prehabilitation” (k = 4; n = 290,522). A closer description can be found in Table 2.


TABLE 2 Studies included in final recommendation/suggestion generating synthesis analysis.
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Risk assessment tools

We identified activity of daily living (ADL), Age, Risk Analysis Index (RAI score), Charlson Comorbidity Index (CCI), Clinical frailty scale (CSHA), Sarcopenia, (modified) frailty index (mFI), American Society of Anesthesiology Score (ASA), Timed Up and Go Testing (TUG), 6-Minute Walking Testing (6-MWT), Eastern Co-operative Oncology Group (ECOG), and Psoas muscle Index being the most frequently used risk assessment tools in the published literature. There is no general international agreement or highly evident recommendation, on which scores should be used to identify the individual risk profile of (major) surgical patients. Thirteen of the 26 analyses have an Oxford level of evidence of 2 or better and accumulate almost 3.7 Mio. patients analyzed (5, 24, 25, 42, 44, 45, 50, 54, 59, 63, 64, 70, 71). Six include the ADL, 10 evaluate age as a risk factor, 5 studies highlight the RAI score, 4 picked up the CCI, 5 used ASA, 4 assessed the 6-MWT, and 2 measured sarcopenia by muscle density in imaging (multiple answers).

The RAI score consists of age, clinical risk factors, and a modified ADL checklist that generates a scoring that was validated in multimillion patients in the United States. It has shown a highly significant association between the risk groups in various studies and is an excellent marker for frailty. Moreover, it was validated as a highly correlative marker for failure to rescue after major surgical procedures with rising scores (5, 24, 45, 63, 64). Similar results were obtained by the ASA and the CCI score, which, however, do consider fewer variables than the RAI score that can be assessed within 2–5 min and delivers a highly valuable clinical assessment.



Exercise training recommendations in prehabilitation: type, duration, frequency, and intensity

The literature research revealed 24 out of 55 studies with Oxford evidence levels of 1 and 2 focusing on prehabilitation prior to intra-abdominal or thoracic surgery predominantly in the oncologic area and including 353,014 patients for analysis (27, 29–32, 34, 36–39, 43, 48, 49, 51, 52, 55, 56, 58, 60, 65, 68, 69, 72). One guideline was related to the general population with recommendations for physical activity (22).




Type of exercise

A total of 18 (78%) studies investigated different types of exercise interventions and exercise testing. Thirteen studies applied inspiratory muscle training (IMT) to prepare patients for surgery (30, 32, 36, 43, 48, 49, 52, 55, 58, 60, 68, 69, 72). Five studies reported high intense interval training (HIIT) as modality (27, 29, 34, 60, 68), and in five studies, the intensity was controlled with various target measurements of intensity (27, 29, 55, 56, 72). Two interventions were performed as purely home based (55, 68); all other trials were carried out as hybrid trials, and only five trials offered individualized exercising programs tailored to each patient (27, 29, 49, 56, 68). Most trials were supervised for at least the first session or for the HIIT exercises by a physician, physiotherapist, or other qualified medical staff.



Duration, frequency, and intensity of exercise

Frequency and duration differed between the evaluated clinical trials. There was a range between 3 times per day to 5 times per week using the time period of 1–6 weeks before the surgical procedure. The individual session lasted between 20 and 75 min. The most popular load was moderate- to high-intensity interval training [common protocols: (i) 2 min high intensity vs. 3 min low intensity, (ii) 15 s of very high intensity vs. 15 s of passive rest for 4 min and additional 4 min rest, or (iii) continuous moderate]. Patients were instructed personally or with leaflets. In most studies, the patients received a standard of care control group intervention explaining the benefits of breathing or recommending some low-intensity exercise before surgery.



Exercise testing

A variety of methods to assess aerobic capacity and endurance following prehabilitation programs has been described among the 23 studies: 6-MWT (k = 17) (22, 25, 27, 29, 32, 34, 36, 43, 44, 48, 49, 51, 55, 56, 58, 68, 72). Cardiopulmonary exercise testing (CPET) analyzed the VO2max or Metabolic Equivalents of Task (k = 9) (22, 27, 29, 32, 34, 44, 50, 68, 72), patient-reported outcomes [PROMS, i.e., perceived exertion with the Borg scales or other comparable scales like the Visual Analog Scale (VAS) or Numeric Rate Scale (NRS); k = 7] (22, 25, 29, 34, 55, 56, 72), a combination of vital signs (e.g., HR, the BP, or both; k = 7) (22, 27, 29, 36, 43, 50), or the Forced 1 Sec. Expiratory Volume (FEV1, k = 6) (22, 27, 29, 36, 43, 50). Other tests such as muscle strength, oxygen saturation, or Diffusion Capacity of the Lungs for Carbon Monoxide (DLCO) played a minor role (22, 25, 27, 29, 34, 47, 60).


Impact of prehabilitation on tumor growth

To better understand the duration of prehabilitation modalities, especially in surgical oncology, the data on tumor progression before surgical procedures have been analyzed. Ten studies were identified as grade 1 or 2 Oxford level of evidence classified. Those studies evaluated most solid cancers in the thorax and abdomen and found that a delay of surgery for 30 days is not associated with adverse outcomes in surgical patients (26, 33, 40, 41, 57, 61, 66, 67, 74). However, a meta-analysis by Hanna et al. revealed an increased risk for additional tumor-associated deaths by 6%–8% for every 4 weeks of every oncologic treatment delay, which must be weighed against the potential benefits of prehabilitation and its morbidity-reducing effects (46).


Outcome measures

Outcome measurements were heterogeneous and clinically not necessarily meaningful. For a clinically relevant outcome measure, it is important to be easily implemented in the clinical workflow and pathway. Overall, there is a general agreement that good cardiopulmonary fitness is associated with a decreased risk for cardiovascular risk in the general population (37). Patients with heart failure have lower functional capacity and should be assessed routinely with ergometer-based methods (maximal exercise test) prior to exercise interventions. From a pragmatic point of view, ergometer-based assessment is often replaced by 6-MWT and has been used in 10 out of 19 studies reporting outcome measures as well as 23 out of 37 studies investigating exercise testing. This decision is based on strong to moderate correlations between methods (44) and can thus be transferred into the surgical setting, where a lower anaerobic threshold is associated with a higher risk for 90-day mortality after e.g., esophagectomies (65). We identified four RCTs included in this analysis that revealed significant improvements for perioperative complications: The studies showed complications to be reduced by 51% [relative risk (RR): 0.51; 95% CI: 0.3–0.8; p = 0.001], including shorter ICU and hospital stays, lower rates of hospital readmission rates (drop from 18% to 3%, p = 0,009), and delivering high compliance (up to 87%). Other studies revealed pulmonary complications to be reduced by 50% (HR 0.48; 95% CI: 0.30–0.75; p = 0.001), or functional capacity to be improved by 130% [interquartile range (IQR): 112–137; p < 0.001], as assessed by 6-MWTs (27, 29, 30, 43).

Importantly, there were only single reports about intervention-related adverse events in predominantly patients who were older than 60 years, which displays strong safety for the patients in a high-intensity interval training advocating for a patient-empowering home-based setting with an unsupervised moderate to vigorous interval training in case of exclusion of major cardiopulmonary risk factors. Endpoint measurements are heterogeneous and should include measurable and meaningful clinical endpoints for short-term outcome quality and long-term oncologic outcome stratified to the underlying disease.




Nutrition items

Nutritional assessment tools are important to identify patients with an impaired nutritional status and support those that require medically indicated nutritional supplementation. This is important as it is known that an impaired nutritional status may be associated with increased complication rates like surgical site infections.

A total of 20 articles with an Oxford level of evidence of 2 or better analyzed nutritional recommendations before surgical procedures (23, 27, 32, 34, 35, 37–39, 43, 49, 51–53, 55, 56, 62, 69, 72, 73, 75), of which 12 used a nutritional assessment tool or self-reporting to measure the nutritional status of an individual patient (22, 27, 35, 37–39, 43, 53, 56, 58, 69, 72, 73). Fourteen studies recommended a specific nutrition support mode that consisted predominantly of specific protein supplementation varying between the publication and/or the regular supplementation with immunonutrition, ranging between 3 days and 6 weeks before surgery. Compliance ranged between 72% and 100%. Outcome measures like the length of stay or the occurrence of surgical site infections could be reduced in some trials. Generally, most authors are advocating for a protein-enriched (immune-) nutritional protocol before major surgery, focusing on mitigating the risk of sarcopenia, post-aggressive metabolism, and malnutrition.



Patient blood management items

Anemia is associated with adverse outcomes after surgical procedures. In more than 95% of all cases, iron deficiency is the leading reason for anemia and those can be corrected with intravenous application of iron. Indeed, several studies have shown that the oncologic outcomes of patients who are not anemic are better than the outcomes of those who are. However, there are contradicting data from purely iron supplementing clinical trials as well (76). In contrast, the structured implementation of patient blood management (PBM) was shown to reduce the requirements for transfusions, i.e., the ratio of anemic patients undergoing operations, and was associated with better oncologic outcomes in multiple real-life cohorts and scenarios (14–17). Only two high-quality studies in abdominal surgery identified anemic patients and tried to correct the anemia with i.v. iron injections in accordance with the recommendations of the patient blood management associations (14, 15, 27, 32).



Mental wellbeing

Mental (or psychosocial) wellbeing is key to success in any medical treatment. However, personalities, resilience, and coping mechanisms are as heterogeneous as patient risk factors. Psychosocial factors can be measured; stress and other adverse factors can be mitigated systematically, and thus may have a positive influence on the patients’ experience before and after a surgical intervention. Only 10 high-quality studies out of 55 hits considered mental wellbeing as an outcome measure in their program (22, 27, 34, 43, 49, 51, 55, 56, 69, 72). There was a heterogeneous mix of behavioral strategies to improve the quality of life, motivational interviews, psychological support, anxiety, stress-reducing approaches, and relaxation strategies as the main tools to improve or keep psychosocial wellbeing in patients. The most frequently used tools include the SF-36 (short-form 36), HADS (hospital anxiety and depression scale), and CGA (comprehensive geriatric assessment). Only 4 of the 10 studies evaluated the effect of the intervention and concluded that behavioral strategies can increase compliance to exercise (70%–90%) by increased motivation and significantly reduced anxiety in patients during their surgical experience (reduction in anxiety score, p = 0.03).



Economic potential measurement (cost-effectiveness)

Prehabilitation to date is not reimbursed by any payers in any healthcare system, to our knowledge. This means that surgeons, dedicated care nurses, and other healthcare professionals use extra time, extra effort, and extra money to improve patient outcomes. For the evaluation of the economic potential, all four studies with an Oxford level of evidence level III or higher were included in the evaluation (28, 31, 42, 47). There was a significant benefit of prehabilitation on postoperative complications reflected by the cost-efficiency of a preoperative intervention. Simply expressed, every 1$ that was invested in prehabilitation led to a saving of 8$ in the postoperative course, which is a tremendous return on investment (31). These findings were just confirmed by the group of Howard, having established a trimodal prehabilitation program at their hospital reducing minor and major complications, leading to an economic advantage of prehabilitated patients of $65,000 vs. emergency patients and of $25,000 vs. routine elective patients (47).

Based on the findings from the extractions, recommendations were made for application, further systematic research, and evaluation and are displayed in Table 1.





Discussion

As surgeons and anesthesiologists, we do care about our patients and try to avoid harm. Surgery is among the top risks of hospital deaths after nonemergent operations (1). This requires careful selection and a risk–benefit assessment that weighs in existing and modifiable risk factors and the potential of failure to rescue after surgery. Prehabilitation has, therefore, been recognized as a potential game-changer not only for selecting but also for increasing the ratio of patients who do not experience preventable harm, which still accounts for 1 out of 3 adverse events that occur in a hospital (13). Data that promote the establishment of prehabilitation are promising and show that there is a high potential to reduce the number of complications by 50% and that there is a realistic chance to simultaneously save $8 for care after surgery for every $1 invested into prehabilitation and proper evaluation and preparation of the patient before a major surgical procedure (27, 31).

To our best knowledge, prehabilitation is not an established and reimbursed treatment in healthcare systems worldwide, and it is dependent on enthusiastic clinical champions that shape a better understanding of the field by generating class 1 and 2 evidence. The field, however, is thriving at this moment making it challenging to keep up with the new evidence that emerges every month. Prehabilitation should be embedded in the whole clinical pathway and needs to be established for the patient immediately and fast. The establishment of an individualized prehabilitation program requires the knowledge of measurable and comparable patient risk factors. In this review, multiple highly evident risk assessment tools were identified, which in combination deliver a meaningful, reproducible, and structured assessment and have been proven to be associated with outcomes.

Exercise testing, the interventions of prehabilitation, and their duration remain the biggest challenges of definition in the literature. Multiple authors recommend dedicated pretraining exercise diagnostics to assess exercise capacity, likely comparable to professional sports. The type, frequency, duration, and intensity of each exercise are also the subject of discussion and ongoing research. However, real-life infrastructure to perform this kind of performance diagnostics in all patients is barely available considering the number of patients requiring surgical procedures. Most high-intensity exercises may appear too challenging, especially in view of the elderly. To date, prehabilitation has been shown to be effective when performed in clinical trials but is highly cost intensive, and lacks infrastructure as well as personnel in most hospitals. Patients, nonetheless, are motivated and compliance seems high with a proposed adherence ratio ranging from 70% to 100%. Therefore, based on our findings, we suggest a pragmatic approach (“toolbox”) for the clinical implementation of prehabilitation concepts (see also Figure 2).


[image: Figure 2]
FIGURE 2
A workflow for the prehabilitation pathway that when implemented into routine procedures of the hospital workflow is likely to decrease the workload of surgeons, anesthesiologists, physiotherapists, and specialized nurses. Measurement of success based on baseline and reassessments as well as meaningful outcome measurements is key to success when implemented.


The assessment of the risk factors with validated scores like the RAI score, the Charlson comorbidity index, the ASA score, or the ECOG score leads to highly reliable discrimination between patients (5, 54, 59, 63). Precise patient history is still critically important and needs to be regarded as the gold standard in patient and doctor interaction as Faqar-Uz-Zaman et al. have shown in a large double-blinded trial in patients with abdominal pain in an emergency room setting (77, 78). Although exercise testing such as CPET is the gold standard for assessing functional capacity, the 6-MWT can provide reliable information about the patient's daily activity and short-term prognosis, especially in patients with heart failure (HF) (chronic stable or acute decompensation). The 6-MWT is an easy-to-perform, widely available, and well-tolerated test for assessing the functional performance of patients with HF in daily clinical practice (44).

However, contraindications against the performance of a 6-MWT and/or a moderate to vigorous aerobic exercising program should be excluded using the recommendations of the ATS (American Thoracic Society) (25), which majorly includes acute and decompensated cardiac, vascular, and pulmonary diseases. Patients with an increased cardiovascular risk are recommended for CPET on an ergometer or any other maximal exercise test. Taking the considerably low serious adverse event rates into account, i.e., 1 out of 10,000 cardiac events and 2–5 deaths out of 100,000 in large cohorts (50), allows for a risk-adapted ergometry testing in high-risk, (borderline) symptomatic patients before assigning them to a prehabilitation program. The exercises can be based on the recommendations of the World Health Organization for physical activity (79). The duration, frequency, and elements of the program can be built around these recommendations and adapted after risk–benefit analysis in an ongoing fashion. Special attention and risk–benefit estimation should be put on the progress of malignancies as every 4 weeks of treatment delay (not only surgical) will increase the risk for tumor progression, which calls for programs that last up to 3 weeks in patients without neoadjuvant strategies and up to 6 weeks in benign or neoadjuvant settings before surgery (46).

Nutrition, patient–blood management, and psychosocial wellbeing have been described as fundamental pillars of prehabilitation. Still, considering this analysis, these items feel like side dishes when compared to the effects mediated by exercise interventions. Screening helps identify patients at increased risk for surgical site infections and other perioperative complications. Perioperative nutrition is critical to fill protein resources, and immunonutrition has been shown to be associated with beneficial and adverse event-reducing effects after surgery (23, 75). PBM as a bundle program can help reduce the number of operations in anemic patients, as anemia is known to be associated with adverse outcomes. It can help reduce the number of transfusions, which are associated with increased mortality (14, 15), and psychosocial wellbeing is important to keep the patients motivated and stay focused before, during, and after the surgical treatment (34, 43, 49, 69). Even if there are contradicting and heterogeneous data on the effect of the above-mentioned items, they might have a granular influence on the complete patient experience, but their effects are hard to measure. In the perception of the authors, they are positive cofounding and surrogate factors for the success and penetration of prehabilitation and should be definitively communicated and implemented in each clinical program. Currently, factors like a stable quality of life and the increase in motivation reflected by high compliance seem to be the clinically best accessible factors.

One aspect that has not been specifically highlighted in the systematic review is smoking cessation. Indeed, this is a critical aspect of improved clinical outcome after surgery and is strongly recommended in the European Code Against Cancer (https://cancer-code-europe.iarc.fr/index.php/en/), and there is a specific World Health Organization Knowledge Summary on key facts about smoking cessation that should be recommended before every surgery that are beneficial for our patients (80).

The economic potential of prehabilitation has not yet been systematically evaluated, but there seems to be a significant return on investment for hospitals that try to get their patients involved in prehabilitation. The data that were analyzed in this systematic and pragmatic review justify an investment into prehabilitation by hospitals as they reduce complications and generate better outcomes for their surgical cohorts. It affects patients that require abdominal operations just as it affects patients with thoracic indications. A lower number of complications usually go hand in hand with less use of intensive care resources, shorter hospital stays, and reduced overall treatment costs. The published data indicate a potential of up to 800% in return on investment (28, 31, 42, 47). An example of an return on investment (ROI) is the availability of hospital days that can be used for additional patients. Staff experience less trauma or frustration due to better outcomes, better quality, and increased safety for the patients (27, 81–83). These are only two among a broad spectrum of factors becoming more and more important in the political demand and obligation toward transparent and risk-adjusted hospital quality reports per indication in most healthcare systems. This is to empower patients to choose the best available treatment location and to shift the payment system to a pay-for-performance approach. Insurances and other stakeholders should establish a reimbursement system for qualified prehabilitation as soon as possible to enable surgeons and anesthesiologists to modify early determinants (physical, nutritional, and psychological state) of late outcomes (morbidity and mortality). This could already start at the referring General Practitioner (GP) level and would foster the collaboration between the ambulatory and hospital sector in a proactive way. The potential of remote digitized solutions should be explored to empower and involve patients and decompress infrastructures on the GP level and at hospitals.

The limitation of this review is its reduced specification, as suggestions are based on the inclusion of all oncologic and major pathologies in the abdomen and thorax. However, patients in these indications are comparable with each other, and the increase in exercise capacity can be regarded as the main goal in improving resistance to postoperative complications. Reasons for excluding other indications were obvious. Cardiosurgical patients often have contraindications against a potentially unsupervised moderate to vigorous aerobic exercise program although the major aim is to increase their functional capacity. Trauma and orthopedic patients, on the other hand, have injuries or physical limitations that indicate a more muscle-strength-focused program. A definite strength of the review is that class 1 and 2 evidence studies were included in the data extraction and evaluation process, indicating high reliability of the published data, except for one exceptional class 3 trial in the economy. Finally, the proposal of a clinical pathway with synergistic and complementary parts shows how prehabilitation might optimally be implemented into the daily hospital and outpatient workflow, including a focused risk management and outcome data measurement to enable penetration and reduce barriers. There are numerous options for further deployment of the tools identified. The authors are currently working on the development of a medical device and have tested it in a pilot study (https://drks.de/search/de/trial/DRKS00026985). A randomized controlled trial is currently set up by the group to explore the potential of remote exercising. In the future, artificial intelligence (AI) applications could analyze the baseline assessments as well as the exercising data and create an AI-based program or directly intervene, tailor, and adapt the individual programs (84).

In conclusion, prehabilitation is a new field in surgery and perioperative medicine requiring definition, assessment, and active quality- and evidence-based approaches, as well as rapid action by stakeholders to establish prehabilitation as a reimbursable instrument for better patient care and increased safety and quality of surgical care. It is not a lifestyle but a critical mosaic stone in a professional and successful surgical treatment strategy with a tremendous economic potential serving for better patient care.
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Risk assessment
and safety
considerations

Recommendation/suggestion
#1: To generate comparable and measurable bascline data of patient risk, the standard patient history should be complemented by at least two different risk
assessments like the Risk Assessment Index, the Charlson Comorbidity Score, the ASA or ECOG score, and the measurement of sarcopenia and/or the
assessment of the 6 MWT or the TUG. This is suggested to be implemented into the structured patient pathway to surgery in every setting to avoid double-
documentation and mitigate waste of time.

Exercise

recommendations:

type, duration,
frequency

#2: Unfit patients should try to increase their exercise capacity to at least 75 min of vigorous (conversation is difficult but breathing fast) or 150 min of
moderate (conversation possible, breathing increased) intensity per week. Sedentary time should be reduced, and stabilization and resistance training
should be done at least 2 times per week.

#3: A specific exercise program before surgical procedures is suggested to be performed for at least 3-6 weeks and might consist of 3-4 times per week
‘moderate aerobic interval training when performed remotely, and moderate to vigorous training when performed in a completely supervised setting. The
sessions should last between 30 and 60 min. Patient progress should be monitored or supervised with adequate measures and safety interventions,
especially when done remotely.

Exercise testing

#4: The 6-MWT is suggested to be performed as a baseline and post-prehabilitation exercise testing tool in a clinical setting. A CPET might be considered
in case that the infrastructure is asily available. The Karvonen method is suggested to calculate the individual program that might be adjusted considering
additional individual risk factors like heart rate modulating drugs.

#5: The extension of an exercise program beyond 4 weeks in patients undergoing neoadjuvant or bridging therapies to the operation might be considered.
Patients not undergoing these kinds of strategies should be operated after 4 weeks of preparation at the latest.

Outcome. #6: Patients require a baseline risk assessment including exercise testing and a preoperative/post-prehab assessment to measure improvement or

measures deterioration. This might include real-time exercise measurements as well as patient-reported outcomes.

#7: Surgical outcomes should be measured in a structured way. The following outcome parameters should be considered: diagnosis (ICD), procedure (OPS-
coded), complication assessment with the Dindo-Clavien score or the comprehensive complication index®, and 90-day overall survival. Long-term follow-
up, impact on oncologic outcomes per indication, as well as in-depth analysis of the individual complications are suggested.

Nutrition #8: Patients should be screened with the standardized nutritional risk surveys on the patient pathway either directly or as a (digitized) self-reporting tool.
Based on the results, professional nutritional consulting should be performed. Protein-enriched (immune) nutrition might be generally considered while a
patient is in the prehabilitation program.

Patient-blood | #9: All patients in prehabilitation programs should undergo a structured patient blood management pathway, and anemic patients should receive special

management focus and attempts to correct the anemia.

Mental wellbeing

#10: Patients in prehabilitation programs should undergo  quality-of life assessment before and after the program to measure improvement or
deterioration. Every patient should be asked whether they want psycho-oncologic counseling. Stress reducing and motivational behavior strategies might
increase general compliance, motivation, and surgical success.

Economic
potential

#11: Key performance indicators for the economic success of  prehabilitation program should include an individual and detailed complete cost-revenue
calulation for each patient including stays in normal wards, intermediate care wards, and ICUs, and readmission. Long-term costs might be considered by
payers to measure the effects on oncologic success. Payers should analyze the potential of establishing reimbursement codes to implement prehabilitation as
a refundable medical service.

ASA, American Society of Anesthesiology Score; ECOG, Eastern Co-operative Oncology Group; 6-MWT, 6-Minute Walking Testing: TUG, Timed Up and Go Testing; CPET
cardiopulmonary exercise testing: ICUs, intensive care units; ICD, international statistical classification of diseases and related health problems; OPS, operations anc
rocechres key (Scliluessel)
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ACSM Guidelines (22) General Guideline 2 na. na.

Prehab, mental

Arends et al. (23) Surgical oncology | Guideline 2 na. na. Nutrition
Arya et al. 24) 2020 | Major surgery Cohort study 2 1879372 607 (13.1) | Assessment
ATS Statement (25) 2002 | General Guideline 2 na. na. Assessment
Bagaria et al. (26) 2019 | Surgical oncology | Cohort study 2 4,685 7 Delay time to surgery
Barberan-Garcia et al. (27) 2018 | GI surgery Randomized controlled 2 125 7 Prehab, nutrition, PBM,
trial mental
Barberan-Garcia et al. (28) 2019 | G surgery Randomized controlled 2 125 7 Economy
trial

Bhatia and Kayser (29) 2019 | Thoracic surgery | Randomized controlled 2 151 ot Prehabilitation
trial
Randomized controlled 432
trial 675
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trial

Boden et al. (30) Upper GI surgery Prehabilitation

Bolshinsky et al. (32) GI surgery Systematic review 2 Prehab, nutrition, PBM
Bourgade et al. (33) 2014 | Surgical oncology | Systematic review 2 na na. Delay time to surgery
Briggs et al. (34) 2022 | Surgical oncology | Systematic review 2 513 61.2-72 | Prehab, nutrition, mental
Bruns et al. (35) 2018 | GI surgery Meta-analysis 3 583 63 Nautrition

Cavalheri et al. (36) 2017 | Thoracic surgery | Meta-analysis 1 167 54-725 | Prehabilitation
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