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Prehabilitation to mitigate postintensive care syndrome in surgical patients
The rationale for a peri-critical illness pathway involving anaesthesiologists and intensive care physicians
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Berger-Estilita

	The post-intensive care syndrome (PICS) refers to the longterm physical, psychological and cognitive impairments experienced by intensive care unit (ICU) survivors, while PICSFamily (PICS-F) affects their family members. Despite preventive strategies during the ICU stay, PICS remains a significant concern impacting survivors’ quality of life, increasing the healthcare costs, and complicating recovery. Prehabilitation offers a promising approach to mitigating PICS and PICS-F, especially when the ICU stay can be anticipated, such as in the case of major surgery. Recent literature indicates that prehabilitation – interventions designed to enhance patients’ functional capacity before critical illness – may mitigate the risk and severity of PICS. Studies have demonstrated that prehabilitation programs can improve muscle strength, reduce anxiety levels and enhance overall quality of life in ICU survivors. Family prehabilitation (prehabilitation-F) is also introduced as a potential intervention to help families to cope with the stress of
	critical illness. This article aims to explore the role of multimodal prehabilitation and post-ICU follow-up in preventing and managing PICS and PICS-F, focusing on improving patient outcomes, supporting families and optimising healthcare resources. Combining prehabilitation with post-ICU follow-up in peri-critical care clinics could streamline resources and improve outcomes, creating a holistic care pathway. These clinics, focused on both pre-ICU and postICU care, would thus address PICS from multiple angles. However, the heterogeneity of patient populations and prehabilitation protocols present challenges in standardising the interventions. Further research is necessary to establish optimal prehabilitation strategies tailored to individual patient needs and to demonstrate their utility in terms of patient outcome.
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	KEY POINTS

 PICS remains a significant concern despite pre-ventive strategies implemented during the
ICU stay.
 Prehabilitation offers a promising approach tomitigating PICS, especially when the ICU stay
can be anticipated.



	
	 Combining prehabilitation with post-ICU followup clinics could streamline resources and improve
outcomes, creating a holistic peri-critical care pathway.
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Post-intensive care syndrome: the reality of intensive care unit survivors
The post-intensive care syndrome (PICS) refers to a range of new or worsening health issues that affect patients who have survived a stay in the intensive care unit (ICU). Initially defined in 2012, PICS includes physical (such as respiratory problems, muscle weakness and reduced ability to perform daily activities), mental [including anxiety, depression and posttraumatic stress disorder (PTSD)] and cognitive (memory and thinking difficulties) impairment.1 Since then, research has revealed that ICU survivors can also experience a variety of other health problems, including bone loss and a higher risk of fractures,2 swallowing problems,3 endocrine and metabolic disorders (such as new-onset diabetes4 and hormone imbalances5), sleep disorders,6 fatigue7 and chronic pain. Many of these disorders also explained a reduced appetite, reduced oral intake and finally nutritional deficiencies.8 In 2021, a broader definition of PICS was suggested to reflect its wide range of symptoms.9 PICS manifestations are highly variable – patients can experience any combination of these symptoms, and it may last for years after ICU discharge.10–12 Its reported prevalence varies depending on how it is defined, the tools used to diagnose it, and when the diagnosis is made. However, it is estimated that approximately one-third of ICU survivors will experience one or more of these dysfunctions.13 Currently, PICS is viewed as an umbrella term rather than a single syndrome, as its components do not necessarily have a shared underlying cause. However, all of these components negatively affect patients’ quality of life,14 and ability to return to work or previous
activity levels.15,16 It also influences the rate of hospital readmissions17 and healthcare costs for both the individuals and the society.18,19
Diagnosis of post-intensive care syndrome
PICS management requires that its symptoms are recognised early, but there is no agreed-upon method for its diagnosis.20 Experts have suggested several tools to assess outcomes after ICU discharge, focusing mainly on physical function, cognition, mental health and quality of life.21–23 Neither in clinical preactice, nor in clinical research, is there a standardised assessment of PICS. Table 1 describes the advantages and limitations of the most used instruments.23 However, important areas like pain,24 sleep, nutrition and metabolic issues are often overlooked in clinical practice.25
Risk factors for post-intensive care syndrome Risk factors for PICS include both modifiable and nonmodifiable elements, related to the patient’s condition and ICU care.26,27 Older age is a well known risk factor, but younger patients can also develop cognitive issues similarly to older survivors.28 PICS is more common in frail patients,29 and socioeconomic factors also play a role.30 Longer ICU stays have traditionally been seen as a risk factor for PICS, but recent studies suggest that even patients who spend less than 72h in the ICU can be a concern.31 Female sex has been identified as a risk factor for both physical impairments and mental health problems.27 Additionally, some specific risk factors are described for post-ICU psychological and cognitive disorders. Patients with a history of anxiety are more likely to develop PTSD32 and postoperative pain.33 A negative ICU experience and delusional memories from the ICU, especially when factual memories are missing, can also contribute to PTSD.34 The use of benzodiazepines and the occurrence of delirium during the ICU stay have been linked to cognitive issues.28
These findings underscore the importance of early identification and targeted interventions for at-risk populations to mitigate the long-term impacts of PICS. Even in the absence of these risk factors, any ICU survivor can develop PICS, and recovery paths vary widely. This highlights the need for standardised, multimodal screening paired with individualised treatment and followup plans.
Active prevention of post-intensive care syndrome the stay in intensive care unit
Given the high prevalence of PICS and its far-reaching consequences for both individuals and public health, early intervention is essential to support recovery in critically ill patients. PICS needs should be addressed as early as ICU admission. Bundles of care have been described, aiming at reducing ICU-related PICS risk factors.
The ABCDEF approach35 is designed to reduce harm caused by ICU treatments and improve patient recovery. This bundle follows the Society of Critical Care Medicine’s guidelines for managing pain, agitation/sedation, delirium, immobility and sleep disruption.36 The key components include37:
(1) A: Assessing, preventing, and managing pain
(2) B: Conducting spontaneous awakening and breathing trials
(3) C: Choosing appropriate analgesia and sedation
(4) D: Assessing, preventing, and managing delirium
(5) E: Encouraging early mobility and exercise
(6) F: Involving and empowering family members
Evidence supports the safety38 and effectiveness of this approach, particularly in reducing delirium,39,40 and higher adherence to the bundle is associated with lower rates of PICS.41
The e-CASH (early comfort with minimal sedation) approach42 prioritises patient comfort with as little sedation as possible, helping to maintain human-centred care. By encouraging communication between patients and
	Table 1	Summary of instruments to diagnose post-intensive care syndrome, as defined in the princeps definition
	Domain
	Assessment instrument
	Advantages
	Limitations

	Physical function
	6-min walking test
	Simple to administer; evaluates functional exercise capacity.
	Influenced by patient motivation and comorbidities; requires space.

	
	Medical Research Council (MRC) Muscle Strength Score
	Quantifies muscle weakness; quick bedside assessment.
	Subjective; inter-rater variability; poorly discriminating at highest scores.

	
	Handgrip dynamometry
	Objective measure of muscle strength; portable.
	May not reflect overall muscle strength.

	
	Pulmonary function test
	Objective
	Influenced by patient understanding, requires specific devices.

	Autonomy
	Barthel Index
	Assesses basic self-care activities; simple.
	Ceiling effects; does not assess higher-level functions.

	
	Instrumental Activities of Daily Living (IADL)
	Evaluates more complex daily tasks; sensitive to functional changes.
	Subjective; may be influenced by cultural factors.

	Cognition
	Montreal Cognitive Assessment (MoCA)
	Comprehensive; detects mild cognitive impairment.
	Requires training to administer; timeconsuming.

	
	Mini-Mental State Examination (MMSE)
	Widely used; assesses various cognitive domains.
	Less sensitive to mild impairments; cultural and educational biases.

	
	Short Memory Questionnaire (SMQ)
	Brief; focuses on memory-related issues.
	Limited scope; may not detect nonmemory cognitive deficits.

	Psychological health
	Hospital Anxiety and Depression Scale (HADS)
	Screens for both anxiety and depression; easy to use.
	May not capture severe cases; excludes somatic symptoms.

	
	Impact of Event Scale-Revised (IES-R)
	Assesses posttraumatic stress symptoms; validated in ICU populations.
	May be influenced by current mood and sleep disorders.

	
	Patient Health Questionnaire-9 (PHQ-9)
	Specific for depression; aligns with diagnostic criteria.
	May not capture anxiety or PTSD symptoms.

	Quality of life
	Short Form Health Survey (SF-36)
	Comprehensive; covers multiple health domains.
	Lengthy; may be burdensome for critically ill patients.

	
	EuroQol-5 Dimension (EQ-5D)
	Brief; provides utility scores for economic evaluations.
	Less detailed; may not capture all aspects of health-related quality of life.

	PICS
	Healthy Aging Brain Care Monitor (HABC-M)
	Multidomain instrument; can be remotely administered by phone; gives a total score; validated to PICS detection.
	Not widely translated, may not capture all disabilities of PICS


Adapted from Nakanishi et al.23 and from Horlait et al.24 PICS, postintensive care syndrome.


clinicians, it promotes early mobilisation and cognitive training. Unlike the ABCDEF bundle, e-CASH focuses on gradually reducing sedation, rather than implementing daily sedation breaks.
The LIFE-UP approach43 emphasises a holistic approach to reduce PICS, focusing on the entire ICU stay and recovery period. It includes limiting sedation, promoting physical activity, engaging family members (such as through the use of an ICU diary, for example), and providing tailored nutritional support.
All three strategies can be applied to ICU patients, but their success relies on an interdisciplinary collaboration. Challenges include limited resources, environmental constraints and varying levels of clinician knowledge and training.44,45 Overcoming these barriers requires strong leadership, staff education and access to performance data, as seen with the successful implementation of the ABCDEF bundle.46,47
Management of post-intensive care syndrome
Conceptually, post-ICU management requires a multidisciplinary approach, with comprehensive rehabilitation programs targeting all impacted domains. Several interventions, initiated after ICU discharge, have already been studied.48 These interventions include uni-modal or multimodal rehabilitation programs and various forms of follow-up. Unfortunately study findings are inconsistent, probably because of the heterogeneity of PICS presentation and patient’s needs, which are often insufficiently addressed in study protocols.49 Many problems commonly observed after ICU discharge are neglected.50 Many patients do not receive full postICU care51 and, in particular, access to physical and cognitive rehabilitation is often limited once patients return home.52
An important question resides in defining who should screen for PICS and co-ordinate rehabilitation. Many types of specialists may not feel comfortable at handling the problem because being outside their expertise. General practitioners might be more suited, insofar as they have a broad understanding of the patient’s global health and social situation and are responsible for continuous care.53 However, many general practitioners are not familiar with PICS and its risk factors.54 Screening for postICU problems takes time, and general practitioners often receive insufficient information when patients are discharged from the ICU or hospital, such as details about the patient’s condition, follow-up needs and treatments.55
Post-ICU follow-up clinics, run by ICU professionals, could address these issues by focusing on the specific needs of ICU survivors.54 These clinics have been set up in many countries, but evidence of their effectiveness is limited, partly because of the wide range of formats, patient inclusion criteria, timing and rehabilitation protocols. Nonetheless, patients find value in these clinics.56,57 These clinics also benefit ICU teams by raising awareness about post-ICU outcomes, improving care quality, and boosting staff morale by showing them the long-term impact of their work.58 Including general practitioners in these clinics is essential, as they play an important role in the patient’s long-term recovery.54
The role of prehabilitation in preventing postintensive care syndrome
Given the nonmodifiable risk factors of PICS, it is expected to remain a persistent concern for ICU survivors. For these patients, post-ICU follow-up is fundamental – not only to support recovery but also to ensure that they do not feel abandoned after their ICU stay. Although preventing PICS during the ICU stay is possible and effective, it is not always fully implemented, as discussed above. Fortunately, an additional pro-active strategy has the potential to provide further help when an ICU stay is anticipated, particularly in case of elective major surgeries. This strategy is prehabilitation, which prepares patients in advance, boosting their physical and mental resilience, in an attempt to reduce the risk and severity of PICS.
The concept of prehabilitation
Prehabilitation is a process extending from diagnosis to surgery, and consisting of one or more pre-operative interventions that aim to enhance the functional capacity and physiological reserve, allowing patients to withstand surgical stressors, improve postoperative outcomes, and facilitate recovery.59 Although several studies on prehabilitation in surgical and cancer patients exist, results are often mixed.60 This can be because of heterogeneous study design, patient selection, types of interventions, and outcome measures. This leads to inconsistent results and complicates comparisons. Many studies also combine several interventions, making it challenging to pinpoint which specific elements are most effective. Nonetheless, prehabilitation is currently strongly recommended, especially for elderly or frail patients, before several types of surgeries. Prehabilitation is a core component of the Enhanced Recovery After Surgery (ERAS) guidelines.61–63
Frail patients, who have reduced physiological reserves and difficulty recovering from stress, are often prioritised in prehabilitation programs. However, even patients who are not visibly frail may become critically ill and develop PICS.64 Prehabilitation seeks at enhancing physiological reserves and improve overall health, making it a potentially valuable strategy for all future ICU patients, whether frail or not. However, local resources may not be sufficient to cover such a high number of patients.
Further research is still needed to fully understand the role of prehabilitation in preventing PICS. An effort should be made to address the heterogeneity of interventions (during prehabilitation but also during rehabilitation) and the individual patient needs. This should help clarifying the impact of uni-modal vs. multimodal interventions on post-ICU outcomes, and the impact of combined pre and rehabilitation vs. isolated strategies on PICS severity.
Prehabilitation components
Originally focused on physical exercise and nutrition, prehabilitation has evolved into a more comprehensive, multimodal approach. It now includes psychological support, respiratory training, cognitive exercises, metabolic optimisation, pain and sleep management and optimization of polypharmacy.59 This holistic strategy addresses not only physical but also mental and cognitive health, targeting frailty and improving overall quality of life (Fig. 1).
Malnutritionoftenresultsfromdiseasesandinflammation, which alter nutrient needs and renders a once-adequate diet insufficient. Illness, treatments and loss of appetite further reduce dietary intake.65 The main goal of nutritional prehabilitation is to optimise nutrient stores and metabolic reserves. Pre-operative nutritional support, outlined in recent guidelines,66 varies according to patients and their condition. Indirect calorimetry, made simpler with modern devices, accurately measures energy expen-
diture, enabling tailored nutrition plans.67,68 Nutritional prehabilitation also targets the immune system and inflammatory responses. This approach, called immunonutrition, involves nutrients like amino acids, omega-3 fatty acids and antioxidants to lower infection risks.69 It is recommended before major surgeries, regardless of the patient’s nutritional status.70
Low physical activity is a key modifiable risk factor. Preoperative exercise programs (including endurance, strength, flexibility and balance training) aim at improving physical function, enabling the body to better handle surgical stress, muscle weakness and higher oxygen demands.71,72 Exercise not only preserves muscle and cardiopulmonary function but also improves metabolic flexibility.73 However, exercise prehabilitation alone may not be sufficient to improve outcomes. Muscle protein synthesis is more effectively stimulated when physical exercises are combined to adequate nutritional intakes.74 Nutrients like omega-3 fatty acids and leucine benefit muscle health, especially in frail or sarcopenic patients, though more research is needed on their role in prehabilitation and PICS modulation. Optimising vitamin D levels is also essential due to its roles in immune function, oxidative stress regulation and muscle health, particularly in frail individuals.75
	Fig. 1 Components of a prehabilitation program and their interactions.
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Respiratory prehabilitation, such as inspiratory muscle training, can reduce the incidence of pulmonary complications.76 Combined physical activity and cognitive training enhance cognitive function by improving brain plasticity, increasing blood flow and regulating inflammation.77 To reduce delirium risk, cognitive exercises that focus on memory and problem-solving are recommended.78 Melatonin supplementation (even shortly) before surgery seems promising for preventing delirium when given
before surgery, especially in older patients.79,80 However, its overall effectiveness remains inconsistent. The variabilityinstudyoutcomescouldbeattributedtodifferences in patient populations, dosing regimens and study methodologies. Moreover, the complex aetiology of delirium implies that a singular pharmacological intervention may not be universally effective. Given these findings, it is prudenttoconsidermelatoninasacomponentofabroader, multimodal strategy for delirium prevention rather than relying on it as a standalone solution. Further high-quality trials are necessary to delineate the specific contexts in which melatonin may benefit and establish standardised protocols for its use.
Mental health is another important aspect of prehabilitation. Psychological techniques, including relaxation, mindfulness and hypnosis, aim to reduce anxiety and depression before surgery while boosting coping skills.81 Empowerment education, which provides patients with knowledge about their condition, encourages active participation in their own rehabilitation. Social support also plays a vital role in ensuring psychological well being and preparing patients for post-ICU recovery.
A metabolic optimisation includes glycaemia control and mitigation of insulin resistance. It involves controlling blood sugar and improving insulin sensitivity, especially in diabetic patients. A reduction in insulin resistance can be achieved by the increase in physical activity,82 and by a pre-operative carbohydrate loading.83
Addressing pre-operative anaemia, an important determinant of postoperative outcome, depends on its cause.84 The main objective is to identify iron deficiency and to start as early as possible an iron therapy preferably by the intravenous route.85
Smokingcessationbeforesurgeryimprovesoxygendelivery and offers both short-term and long-term benefits, especially when combined with behavioural support and nicotine substitution.86 Alcohol cessation requires more extended periods to show immune benefits, and often needs nutritional support and management for withdrawal symptoms.
Sleep disorders, which are common before surgery and after ICU stays, affect immune function, metabolism, mental health, and cognition. Nondrug interventions like acupuncture, music therapy, and cognitive behavioural therapy can improve sleep in surgical patients, during the pre-operative period87 and in the post-ICU context.88
Polypharmacy, particularly in older patients, is another concern. Deprescribing, with the help of clinical pharmacists, can reduce unnecessary medications.89
		Table 2	Prehabilitation domains, proposed assessment and available interventions

	Domain
	Assessment
First-line assessment
	Second-line assessment
	Intervention

	Functional capacity
	Exercise tolerance and daily activities
(MET, ACTIVLIM)
2-min/6-min walking test
Muscle strength (handgrip, quadriceps)
	Cardiopulmonary exercise testing Muscle mass: muscle ultrasound, bioelectrical impedance analysis (þ phase angle as a surrogate marker of muscle weakness)
	Endurance training Strength training

	Respiratory function
	Maximal inspiratory and expiratory pressures
	Spirometry
	Inspiratory muscle training
Respiratory physiotherapy
Aerosol therapy

	Nutrition
	Body weight and body mass index
Malnutrition screening (MUST, MNA)
Prealbumin (blood)
	Malnutrition diagnosis (GLIM criteria) Indirect calorimetry
	Diet plan
Supplementation (proteins, oral nutritional supplements, enteral nutrition, parenteral nutrition)
Immunonutrition (abdominal cancer)

	Metabolism
	Haemoglobin (blood)
	Iron status, inflammation status (blood)
	Iron supplementation, erythropoietin alpha, vitamin B12, folic acid

	
	Glycated haemoglobin - HbA1C (blood)
	
	Glycaemic control

	
	Vitamin D - 25OH-D (blood)
	
	Vitamin D supplementation


Cognition	MoCA	Cognitive training
	Mental health
	Anxiety and depression (HADS)
Coping (WCC)
Resilience (BRS)
	Previous experiences in ICU
	Information (procedural and sensory) about the ICU stay
Stress management and coping strategies (psycho-education, relaxation techniques, mindfulnessbased techniques)

	Pain
	Visual analog scale
	Pain quality (NPS for neuropathic pain, IASP clinical criteria for nociplastic pain)
Functional, psychological and social interferences (BPI interference items) Chronic pain severity (CPG
questionnaire)
	Multimodal pain management

	Sleep
	PSQI
	
	Education
Cognitive behavourial therapy
Melatonin

	Addictions
	Anamnesis (tobacco and alcohol consumption)
	
	Cessation

	Polypharmacy
	Medication review
	
	Deprescription

	Social condition
	Anamnesis
	
	Social support

	Frailty
	Clinical Frailty Scale
	
	

	Autonomy
	Barthel index
	
	

	Quality of life
	EQ-5D
	SF-36 / SF-12 SarQoL
	



The proposed assessment tools for each domain are based on current dedicated recommendations or current evidence, aiming to be consistent with published post-ICU outcome sets.21,26,91,92 ACTIVLIM, Activity Limitation Questionnaire; BPI, Brief Pain Inventory; BRS, Brief Resilience Scale; CPG, Chronic Pain Grade; EQ, EuroQoL; GLIM, Global Leadership Initiative on Malnutrition; HADS, Hospital Anxiety and Depression Scale; IASP, International Association for the Study of Pain; ICU, intensive care unit; MET, Metabolic Equivalent of Task; MNA, Mini Nutritional Assessment; MoCA, Montreal Cognitive Assessment; MUST, Malnutrition Universal Screening Tool; NPS, Neuropathic Pain Scale; PSQI, Pittsburgh Sleep Quality Index; SarQoL, Sarcopenia Quality of Life questionnaire; SF, Short form health survey; WCC, Ways of Coping


Checklist.
Effective pain management is of utmost importance. Persistent pain can lead to central sensitisation, where the central nervous system becomes more responsive to pain stimuli. This heightened sensitivity may predispose patients to experience more intense and prolonged pain after an ICU stay.90 Moreover, ongoing pain is often linked with altered psychological conditions, such as anxiety and depression, and with reduced physical activities leading to functional decline. Implementing multimodal analgesia strategies can help control pain levels, potentially reducing the risk of central sensitisation and its associated complications.
Overall, prehabilitation must be individualised based on a comprehensive assessment of each patient’s medical, physical and psychological needs. Although there is no standard method for these assessments, establishing core tools and outcomes will help standardise practices. Aligning pre-ICU and post-ICU assessments would also ensure seamless, continuous care throughout the patient’s journey. Suggested assessments and interventions for the various domains of prehabilitation are depicted in Table 2.
Pre-intensive care unit prehabilitation: for who? Prehabilitation is typically provided to patients scheduled for a major surgery involving a potential or certain postoperative ICU admission (Fig. 2).
	Fig. 2 Components of a peri-critical care trajectory.
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ERAS, enhanced recovery after surgery; ICU, intensive care unit.



Monomodal prehabilitation, which focuses on physical exercises for 2 weeks before elective coronary artery bypass graft surgery, has proven to be well tolerated and feasible for patients with stable coronary artery disease.93 However, it is not recommended for those with conditions like unstable angina, recent myocardial infarction, significant left main stem stenosis, reduced ventricular function, ventricular arrhythmias or concurrent heart valve disease. For patients undergoing isolated cardiac valve replacement due to severe aortic stenosis or mitral regurgitation, exercise programs can significantly improve functional capacity.94 In nonurgent cardiovascular surgeries, respiratory muscle training has been shown to increase inspiratory strength and reduce postoperative pulmonary complications.95
Multimodal prehabilitation before thoracic surgery improves both physical and pulmonary function in lung cancer patients, while also reducing hospital stay after surgery.96 Similarly, nutrition-based prehabilitation before surgery for oesophagogastric cancer has been found to lower the incidence of postoperative complications and shorten recovery time.97 In pancreatic cancer patients, pre-operative immunonutrition has been shown to reduce the risk of infections and postoperative fistula forma-
tion.98,99
Prehabilitation before organ transplantation poses unique challenges because of the unpredictability of the transplant timing. Despite this, it has been successfully implemented for patients awaiting kidney, lung, liver, and heart transplants, improving their aerobic fitness.100 In kidney transplant patients, multimodal prehabilitation has demonstrated positive outcomes, reducing complications 3 months after surgery in both frail and nonfrail individuals.101
Prehabilitationcouldalsobeprescribedtofrailormalnourished patients before nonmajor surgeries, as they are at high risk of ICU admission during their illness trajectory.
How to define prehabilitation settings?
Prehabilitation, like in other medical domains, requires a tailored approach – one size does not fit all. These programs need to be both standardised and individualised, to haveachanceofdemonstratingabenefitindiversepatient populations. Whether using single or multiple interventions, they must be personalised based on a thorough assessment of the patient’s physical, medical, psychological and cognitive status. Ideally, prehabilitation should focus on patients who are most likely to benefit from the program, considering factors such as frailty, autonomy and quality of life, insofar as resources do not allow applying prehabilitation to everyone, and as we still have only patchy evidence regarding expected benefits.
The setting of the prehabilitation program can significantly impact patient adherence. In-hospital prehabilitation offers access to advanced resources and often fosters peer support through group participation. Telehealth delivery, which gained prominence during the COVID-19 pandemic, has become a viable complementary option.102 With the increasing use of smartphones, tablets, wearable technologies and virtual platforms among the elderly population, tele-prehabilitation can be convenient and cost-effective. However, it may reduce motivation and adherence compared to in-person programs, especially when space at home is limited, or because of challenging remote monitoring. Regardless of the method, supervised programs are more effective than unsupervised ones.103 Supervision provides patients with feedback from healthcare providers, offers psychological support, encourages healthier behavioural changes, and boosts motivation and compliance.
The optimal duration of prehabilitation is not clearly defined and likely varies depending on the patient, the program and the time available before surgery. Although many studies plan for prehabilitation over 4 to 6 weeks,104 evidence suggests that as little as 2weeks may be sufficient to improve muscle health,105 optimise nutritional intake and reduce the incidence of infectious complications.66 Whether surgery should be delayed, to allow for a prehabilitation-enhanced functional capacity, should be considered on a case-by-case basis by a multidisciplinary team, following a comprehensive assessment of the patient’s condition and analysis of the benefit–risk ratio. The nutritional guidelines for surgical patients may help in this. Patients at high nutritional risk should receive nutritional therapy before major surgery, including cancer surgery, even if it requires delaying the procedure.66
A prehabilitation program can be initiated by various physicians. Surgeons and oncologists are aware of the risks associated with ICU admission based on the patient’s condition and planned surgery, while general practitioners have a better understanding of the patient’s fitness and social circumstances. However, anaesthesiologists, with their holistic approach and expertise in perioperative medicine, may be best positioned to integrate patients into a prehabilitation pathway.
Barriers and facilitators to the implementation of prehabilitation programs
Prehabilitation, especially in the context of PICS prevention, is a relatively new and under-recognised care pathway, both by the medical community and patients. Prehabilitation and post-ICU follow-up programs share common challenges and enablers. For a prehabilitation program to succeed, strong leadership, flexibility within hospital culture and adequate resources are required. A clear care pathway is essential, including establishing a co-ordinating structure, such as a prehabilitation clinic, to oversee the program and the multidisciplinary team.
In healthcare systems with constrained budgets, allocating resources (specialised personnel, equipment and facilities) to these programs can be challenging, especially when immediate benefits are not apparent. This necessitates careful planning and prioritisation to ensure that resources are used efficiently. Healthcare administrators must assess whether the anticipated benefits, such as decreased ICU stays and lower readmission rates, justify the upfront expenses. Comprehensive cost–benefit analyses are essential to determine the economic viability of these programs. Moreover, in many healthcare systems, prehabilitation services need to be adequately reimbursed, creating financial incentives for providers to offer these programs. The need for standardised reimbursement models can impede the integration of prehabilitation into routine care. Advocating for policy changes to develop reimbursement structures that recognise the value of prehabilitation is crucial for its broader implementation. Finally, economic constraints can lead to unequal access to prehabilitation services, disproportionately affecting disadvantaged populations. This disparity can exacerbate existing health inequalities, as those who might benefit the most from prehabilitation are often the least able to access it.
To overcome these challenges, healthcare systems can adopt several strategies. Utilising telehealth platforms for prehabilitation seems feasible and could facilitate broader implementation of such programs. Professionals and patients are likely to engage with use of digital tools if they are easy to use, if they match with their digital literacy and if they are combined with a human support.106 How digital tools may become part of routine prehabilitation needs to be further investigated. Integrating prehabilitation into existing care pathways such as post-ICU follow-up clinics can help reduce costs and improve accessibility (Fig. 2). Prehabilitation clinics and post-ICU follow-up clinics both have similar objectives, namely restoring patient autonomy and quality of life, and both shared facilities, staff and protocols. Additionally, a combined platform can help overcome one of the main barriers to program implementation, namely the lack of adequate training for healthcare providers in managing the complexities of prehabilitation and postICU follow-up.107 The potential benefits on patient outcomes should also motivate many healthcare professionals to implement these programs.
Post-intensive care syndrome-family and prehabilitation
When a patient experiences critical illness, family members may develop psychological troubles such as anxiety, depression, PTSD or complicated grief. This cluster of complication is called ‘PICS-family’ (PICS-F).108 Estimating its prevalence is challenging, depending on the timing of assessments and the used diagnostic tools. However, it is estimated that at least one-third of family members can be affected.109 Risk factors include female gender and a pre-existing history of anxiety or mental health issues,110 as well as a poor communication with the ICU staff.111
Follow-up care for family members in a post-ICU clinic, which includes screening for PICS-F and provision of appropriate interventions, can be a beneficial strategy. Preventive measures during the ICU stay of a relative are focused on family-centred care including effective communication, involvement of families in some aspects of daily care, participation in decision-making and use of a diary to record events.112
Although family prehabilitation is not yet recognised as a formal strategy for preventing PICS-F, it may be valuable to use the time before a planned stressful event (such as surgery) to proactively identify families at high risk for PICS-F and to provide necessary support that reduce anxiety.Offering ongoing educational sessionsfor families aboutthe criticalcareprocess andrehabilitationempowers themtoparticipateactivelyandconfidentlyinthepatient’s recoveryjourney.Familyeducationisakeyelementofthe guidelines for family centred-care in ICU. Education programs have demonstrated beneficial effects for family members by reducing anxiety, depression, posttraumatic stress and generalised stress while improving family satisfaction with care.113 Based on experience, there is a rationale to extend this strategy to the pre-ICU period. Providing information on what to expect during the ICU stay, potential challenges in the recovery process and effective coping strategies can alleviate anxiety and foster a sense of control. Educational initiatives should be accessible and tailored to the unique needs of each family, ensuring they are well prepared to support their loved ones. The potential impact of family prehabilitation (prehabilitation-F) on preventing PICS-F is an area that requires further research.
A patient-centred and family-centred approach is vital for the successful implementation of prehabilitation programs aimed at mitigating PICS. By fostering collaboration among healthcare providers, patients and families, we can enhance recovery outcomes and improve the overall quality of care. Engaging families not only supports the patient’s rehabilitation but also addresses the well being of the family unit, which is integral to holistic recovery.
Conclusion
PICS encompasses a range of physical, cognitive, and psychological impairments that persist following discharge from the intensive care unit (ICU). Some patients are at high risk of an ICU stay after the surgery, because they are frail or scheduled for a major procedure. Recent literature indicates that prehabilitation – interventions designed to enhance patients’ functional capacity before critical illness – may play a crucial role in mitigating PICS among surgical patients. By implementing targeted preoperative interventions for patients, healthcare providers can significantly improve postoperative outcomes and enhance patients’ quality of life. However, the heterogeneity of prehabilitation protocols and patient populations presents challenges in standardising these interventions. Combining prehabilitation with post-ICU follow-up in peri-critical care clinics could streamline resources and improve outcomes, creating a holistic care pathway. Further research is necessary to establish optimal prehabilitation strategies tailored to individual patient needs and to assess cost-effectiveness of a holistic peri-critical care trajectory.
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