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Key summary points
Research question How can recovery trajectories after critical illness in very old ICU survivors be better understood and potentially modified across the continuum of care?
Main findings Recovery trajectories in very old ICU survivors are highly heterogeneous and result from the interaction between baseline vulnerability (frailty, multimorbidity, social factors), the acute stress of critical illness, and individual resilience.
Opportunities to influence these trajectories exist at multiple stages, including prehabilitation before ICU admission,brain- and neuromuscular-protective strategies during ICU stay, and structured, transdisciplinary post-ICU follow-up.
Conclusion A shift from survival-focused metrics to a trajectory-based, transdisciplinary approach is essential to improve functional recovery and quality of life in very old ICU survivors.
Abstract
Background The growing number of very old patients admitted to intensive care units (ICUs) challenges traditional outcome perspectives focused primarily on short-term survival. In this population, recovery after critical illness is often considered more important and characterized by heterogeneous trajectories of functional, abilities.
Aim To explore the concept of recovery trajectories in very old ICU survivors and discuss potential strategies to influence these trajectories across the continuum of care.
Methods This narrative review synthesizes current evidence on determinants of long-term outcomes in older ICU survivors, including baseline vulnerability, the physiological stress of critical illness, and post-ICU recovery processes.
Results Recovery after critical illness in very old patients is shaped by the interaction between pre-existing vulnerability— such as frailty, multi-morbidity, and socioeconomic factors—the acute stress of critical illness and its treatments, and the individual capacity for recovery. Adopting a trajectory-based framework helps to better understand the heterogeneity of outcomes observed in very old ICU survivors. Opportunities to influence these trajectories may exist at different stages of care, including prehabilitation before planned ICU admissions, protective strategies during the ICU stay aimed at preserving neurological and neuromuscular function, and structured post-ICU follow-up involving geriatric and community-based care.
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Conclusion Improving outcomes in very old ICU survivors requires moving beyond survival-focused metrics toward a trajectory-based approach integrating geriatric principles across the continuum of care. Strengthening transdisciplinary collaboration between intensivists, geriatricians, rehabilitation specialists, and primary care physicians may help support functional recovery and quality of life in this growing patient population.
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Abbreviations
ICU 	 Intensive care unit
PICS 	 Post-intensive care syndrome
QOL 	 Quality of life
Introduction
Survival after intensive care has long been considered a binary outcome, opposing survival to death. However, for very old patients (≥ 80 years) surviving an intensive care unit (ICU) stay rarely represents a return to the pre-illness state. Instead, ICU survival often marks the beginning of a new phase characterized by further increased vulnerability, functional decline, and complex healthcare needs. As life expectancy increases and admission of very old patients to ICUs becomes more frequent [1], the concept of “ICU survivorship” deserves to be analyzed through a geriatric lens.
Objective
This narrative review aims to explore recovery trajectories in very old ICU survivors and to identify potential strategies to influence these trajectories across the continuum of care.
We first describe the concept of recovery trajectories after critical illness, with a focus on their multidimensional and dynamic nature. We then examine the key determinants shaping these trajectories, including baseline vulnerability and reserve (frailty, intrinsic capacity, and social factors), the physiological stress associated with critical illness and ICU-related exposures, and the capacity for recovery, often conceptualized as resilience. Subsequently, we discuss potential opportunities to modulate these trajectories at different stages of care. This includes prehabilitation strategies before anticipated ICU admission, brain- and neuromuscular-protective approaches during the ICU stay, and structured post-ICU follow-up and rehabilitation involving geriatric and community-based care.
Throughout this review, based on a targeted, non-systematic literature search conducted in PubMed and major critical care and geriatric journals, we integrate findings from recent clinical studies, cohort analyses, and international guidelines, with a focus on contemporary literature from the last decade, in order to provide a clinically relevant and conceptually grounded framework applicable to very old ICU patients.
To be a very old ICU survivor: what does it mean?
Survival after critical illness, particularly in older adults, is frequently associated with persistent physical, cognitive, and psychological impairments, which are collectively described as post-intensive care syndrome (PICS) [2]. This syndrome encompasses new or worsening impairments that persist beyond hospital discharge and may evolve over months or years [3]. PICS does not represent a single disease entity but an umbrella construct encompassing heterogeneous and frequently overlapping sequelae of the critical illness and intensive care.
In very old survivors, PICS domains are closely intertwined, with impairments in one sphere often precipitating decline in others. Physical manifestations of PICS are particularly prominent in very old patients and include profound loss of muscle mass and strength, reduced mobility, and impaired balance, leading to difficulties in activities of daily living and increased risk of falls. In one study, only 25% of patients greater than 80 years old return to their pre-admission functional status [4]. Cognitive consequences, ranging from mild cognitive impairment to persistent deficits in attention, executive function and memory, or dementia, may be unmasked or accelerated by critical illness and delirium [5]. Psychological sequelae, such as depression, anxiety, and post-traumatic stress symptoms, further compound recovery and may limit engagement in rehabilitation. Additional postICU conditions [6], that extend beyond the original physical domain traditionally associated with PICS, include accelerated bone loss with an increased risk of fragility fractures, swallowing disorders with potential nutritional and respiratory consequences, endocrine and metabolic disturbances such as new-onset diabetes, as well as transient or persistent alterations in hypothalamic–pituitary–adrenal axis function. Sleep disorders, persistent fatigue, chronic pain and immune vulnerability are other PICS domains that are recognized as common and clinically relevant sequelae of critical illness [6]. Despite their clinical relevance, these sequelae have been insufficiently studied in the specific subpopulation of older and very old ICU survivors. Long-lasting PICS may affect survivor’s quality of life (QOL), that is typically lower than in the general population years after ICU discharge [7]. However, from a general point of view, there is a large variation in QOL between subgroups of ICU survivors, depending on pre-ICU status and reason for ICU admission for example [8]. Quality of life is inherently a subjective and individualized construct, shaped not only by health status and functional abilities but also by personal values, expectations, coping strategies, and social context, all of which has matured into individual concepts at very old age. In older ICU survivors, some data indicate that their QOL perception could be similar to general population and even better than their younger counterparts [9]. These apparently surprising findings may possibly be related to a best acceptance of limitations with aging and a better coping capacity in some individuals [10, 11].
Beyond individual impairments, PICS in very old survivors often translates into major social consequences. Loss of independence, increased caregiver burden, and transition to institutional care are frequent and sometimes irreversible outcomes [12, 13]. These consequences are particularly meaningful in this population, for whom quality of life, autonomy, and functional independence often outweigh survival itself as primary health priorities [14]. As such, PICS, in conjunction with other age-related conditions, represents not only a clinical syndrome but also a pivotal determinant of long-term life trajectories in very old ICU survivors.
Why considering trajectories and not just outcomes?
Traditionally, prognosis studies in critical care have focused on outcomes documented at a single points in time, such as ICU or hospital mortality, 30-day survival or functional outcomes. While these metrics are meaningful, they fail to capture the multidimensional and dynamic evolution of health after critical illness [15]. This is particularly problematic in older populations where the same survival outcome can correspond to different experiences of recovery or decline. A more holistic understanding of outcomes recognizes that critical illness is not a discrete event, but rather an ongoing process that begins before ICU admission and continues long after hospital discharge [3, 16]. This trajectory-based approach considers how health evolves over time, taking into account pre-ICU functional patterns, the acute response to critical illness and subsequent recovery or decline. The ICU stay may thus act as a catalyst that accelerates an underlying decline already present before admission, particularly in individuals with limited physiological and functional reserve.
In order to identify and understand these trajectories, it is necessary to analyze some of the key components that can influence them: baseline vulnerability and reserve, the stress of critical illness and its treatments, and the capacity for recovery [17, 18].
Baseline vulnerability and reserve
Baseline vulnerability is defined as a pre-ICU health state and refers to the anatomical, physiological and immunological age-related changes, that, combined to multimorbidity, reduce functional performances and abilities to withstand acute stressors [19]. The pre-morbid functional status can be captured, for example, by dependency in activities of daily living, as a mirror of the real-life consequences of vulnerability.
Baseline vulnerability in older ICU patients should not be restricted to biological or medical dimensions. Increasing evidence supports the inclusion of social vulnerability as a key component of pre-ICU vulnerability. Social factors, such as social isolation, low socioeconomic status, and living alone, substantially influence both exposure to critical illness and recovery trajectories after ICU discharge [20]. Integrating social vulnerability into baseline assessment is therefore essential, using simple, pragmatic indicators, such as living situation (living alone vs with others), availability of an informal caregiver, perceived social support, or prior use of home care services.
Reserve refers to the potential capacity of biological systems to tolerate and compensate for insults without manifesting marked dysfunction [21]. Individuals with higher reserve can absorb the perturbations of critical illness with less functional disruption and are more likely to remain on a relatively stable trajectory or return to baseline. Conversely, low reserve predisposes to steeper declines and reduced recovery potential. Physiological reserve has been defined as the ability of a cell, tissue, or organ system to function beyond basal needs in response to stress; it can be conceptualized as the “gap” between baseline function and maximal response capacity, which determines the threshold beyond which a stressor triggers clinically apparent dysfunction. Because “reserve” spans multiple domains, it is clinically helpful to align reserve assessment with the notion of intrinsic capacity [22]—a multidimensional construct reflecting baseline physical and mental capacities across locomotion, vitality, cognition, sensory function, and psychological well-being. This approach reframes the patient not only through diseases/deficits but through preserved capacities that can be measured and targeted. In practice, intrinsic capacity domains can be approximated using brief, validated measures: assessing muscle strength or function, gait speed, nutritional status, cognitive function or psychological status.
Frailty is a particularly useful clinical expression of baseline vulnerability because it operationalizes the notion of increased vulnerability to stress resulting from multisystem decline and diminished physiological reserves. Notably, the proportion of old critically ill patients with pre-existing frailty, disabilities and multi-morbidity significantly increased over time during the last decades [23]. From a clinical standpoint, frailty screening relies on phenotypic scales or quick questionnaires: the Clinical Frailty Scale is useful for rapid bedside estimation [24, 25]. Frailty has been shown to be strongly associated with worse short- and long-term outcomes, including disability and nursing home placement following critical illness [26]. Importantly, older patients with higher levels of disability prior to ICU admission are much more likely to experience poor functional outcomes during the 6–12 months following critical illness than those with minimal disability [27], and this influence of pre-morbid functional trajectory can be as strong a predictor as the severity of the acute illness itself [28].
This conceptualization of vulnerability and reserve aligns with frameworks that integrate frailty and intrinsic capacity in aging research, highlighting that reserve influences both the depth of the initial decline and the potential for recovery [29].
Acute stressor
Another critical point is the stress imposed by the acute critical illness, its treatments and supports, and the stay in an environment often considered as hostile [30]. The physiological insult initiates a cascade of systemic inflammation, catabolism, immobility, and organ dysfunction [31]. Interventions that are required to sustain life, while often necessary, contribute to muscle loss and weakness [32, 33], delirium and cognitive dysfunction [34], all laying the foundation for persistent disability. The duration and severity of these stressors have been demonstrated to be independently associated with increased disability and mortality at one year, as evidenced by studies showing that longer ICU stays and prolonged mechanical ventilation are associated with an elevated risk of adverse outcomes [35, 36].
Resilience
The capacity for recovery, often termed resilience, refers to the capacity to withstand, recover, or adapt after exposure to a stressor, and is therefore fundamentally dynamic. Resilience can be defined as achieving a valued outcome after a stressor expected to diminish that outcome, and it is increasingly viewed as multidimensional (physical, cognitive, psychosocial, emotional, economic, biological) rather than a single trait [37]. Emerging evidence from the Japanese model of care suggests that resilience is preserved in a substantial proportion of very old ICU survivors, challenging the assumption that advanced age alone implies limited recovery potential [38, 39]. Post-ICU resilience has been showed to be inversely correlated with neuropsychological impairments, pain and loss of autonomy during year following ICU discharge [40]. A higher pre-ICU resilience is also associated with increased likelihood of functional independence in survivors [41].
Clinically, resilience is most meaningfully operationalized by examining recovery trajectories after a defined stressor. These trajectories are highly heterogeneous. Recent cohort studies using longitudinal assessments of healthrelated quality of life and physical function have identified latent classes of recovery after ICU discharge, characterized by resilient stability, moderate recovery, or slow or incomplete recovery over two years [42]. However, bedside clinicians also need actionable proxies when longitudinal data are not yet available. Resilience specific questionnaires or instruments are potential approaches to capture the ability to cope and recover, either psychologically (Brief Resilience Scale [43], Connor–Davidson Resilience Scale [44]) or physically (Physical Resilience Scale [45] or Physical Resilience Instrument for Older Adults [46]). However, to the best of our knowledge, these tools have never been validated in the post-ICU context.
Trajectory‑based framework
Frailty, reserve and resilience are not solely determined by biological factors but result from the cumulative effects of multimorbidity, polypharmacy, and social determinants accumulated over the life course. These factors contribute to substantial heterogeneity in post-ICU trajectories among very old adults with comparable acute illness severity. From an epidemiological standpoint, this heterogeneity underscores the need to account for baseline status when studying long-term ICU outcomes, and to prioritize longitudinal assessments over single endpoint measures. In such framework, frailty can be viewed as a snapshot of diminished reserve (a higher vulnerability state at a given time point) that will influence both the depth of the acute functional hit and the ceiling for recovery, whereas resilience relates to the dynamic mobilization of reserve after exposure to a stressor (Fig. 1).
Adopting a trajectory framework has important implications for care and research. First, it aligns outcome evaluation with what patients and families value most, i.e., not only survival but preservation or restoration of independence and quality of life [47]. In this context, integrating advance care planning and aligning treatment strategies with patients’ goals and preferences are essential. Second, it helps clinicians frame expectations 
[image: ]Fig. 1  Trajectory-based framework for very old critically ill patients. The upper part of the figure illustrates the main determinants influencing recovery trajectories after critical illness. These factors interact dynamically to shape heterogeneous functional outcomes over time. The lower part of the figure highlights potential modifiable factors across the continuum of care. Together, these elements emphasize that critical illness represents a turning point within a life-course trajectory, and that targeted interventions before, during, and after ICU stay may help preserve functional reserve and improve long-term outcomes in very old patients

realistically, incorporating pre-morbid health trajectories into discussions about goals of care and targeting interventions and follow-up. The use of integrative models, such as one including age, pre-ICU disability, probable dementia, frailty, prior hospitalizations, vision impairment, depressive symptoms, and hospital length of stay, may help identify older adults at the highest risk of persistent functional impairment in the subsequent year [48]. Third, it provides a conceptual basis for targeted interventions aiming to modify this trajectory, such as prehabilitation for vulnerable patients prior to elective interventions, appropriate management strategies in the ICU, structured post-ICU rehabilitation and follow-up, all of which seek to enhance reserve and recovery capacity. Finally, a trajectory approach acknowledges that critical illness represents a continuum rather than a discrete episode, requiring integrated care models that extend beyond the ICU to encompass rehabilitation, geriatric co-management, and long-term follow-up.
How to modulate the trajectories of the very old critically ill patient?
Prehabilitation
A proportion of critically ill patients—particularly those undergoing major elective surgery—experience planned or highly predictable ICU admissions. In these situations, the period preceding surgery represents a unique window of opportunity to prepare the patient for the physiological stress of critical illness and intensive care, and thus to modulate baseline vulnerability and reserve. This proactive preparation is referred to as prehabilitation, a strategy aimed at optimizing functional capacity and physiological reserve before exposure to a major stressor (Fig. 1). Prehabilitation therefore aligns naturally with a trajectorybased approach to critical illness. Rather than intervening only after functional decline has occurred, it attempts to strengthen reserve upstream, before the acute insult, in order to mitigate the depth of the subsequent functional hit and facilitate recovery [49]. This concept is particularly relevant in older and frail patients, whose reduced physiological reserves make them more vulnerable to postoperative complications, ICU admission, and long-term disability [50]. Prehabilitation has been associated with a reduced risk of postoperative complications, especially medical, after diverse surgical procedures, including colorectal surgery [51], major hepatectomy in sarcopenic patients [52], and lung resection surgery [53, 54]. A recent meta-analysis suggested that, although certainty of evidence was overall low, both unimodal exercise or nutritional preoperative interventions as well as multimodal prehabilitation are associated with a shorter hospital length of stay, reduced risk of complications, enhanced physical recovery, and an improved postoperative quality of life [55].
Although beneficial for a wide array of patients, programs must be individualized: tailored prehabilitation is more effective in optimizing postoperative clinical outcomes and immunological function than standard interventions [56]. Since prehabilitation can be resource-intensive, screening and identifying patients that will benefit the most from individualized interventions is crucial [57]. Older patients living with frailty would theoretically derive the greatest benefit from prehabilitation as it aims to optimize their specific vulnerabilities and reduced cardiopulmonary, nutritional, functional and cognitive reserves [50]. Patients with lower preoperative functional capacity are more prone to respond positively to prehabilitation, with a greater increase in perioperative walking capacity than patients with normal physical function [58], suggesting that individuals with poorer preoperative reserves improve the most. However, studies examining the effects of prehabilitation specifically in the elderly frail population have shown heterogenous results [59–63]. The differences seen in postoperative outcomes in older individuals after these diverse prehabilitation programs can be explained by variable engagement of patients with the interventions prescribed. High compliance to prehabilitation results in reduced ICU admission rates and postoperative complications [62], better disability scores, and overall improved health-related quality of life [60]. This underscores the role of adherence to prehabilitation as a key mediator of its efficacy in improving postoperative outcomes and modifying older patient’s trajectory after major surgery.
Prehabilitation entails patients engaging with new and intense exercise routines and diet modifications while waiting for surgery, which might prove difficult for some individuals. Older surgical patients face barriers to adherence that arise from their particular state of vulnerability. In a qualitative study in oncological frail patients undergoing exercise prehabilitation [64], pre-existing fatigue and previous chronic musculoskeletal conditions, both very prevalent in the frail population, were perceived as barriers to engage with the program. Likewise, adverse weather conditions might hinder engagement in physical activity, and feelings of guilt over not completing exercise sessions negatively impact adherence to a home-based program. Finally, uncontrolled musculoskeletal pain represents an important barrier to engage in exercise for more than half of elderly surgical patients [65]. Individuals also identify aspects of prehabilitation programs that encourage them to participate and foster adherence. Having an easy-to-follow program, adapted to their capacities and that does not require prior exercise skills is appreciated by participants. The provision of written and audiovisual aides to guide exercise routines done at home, as well as follow-up by the pre-habilitation team (e.g., via telephone calls) between sessions also facilitates engagement. Finally, the perception of social support from family, peers and health professionals through the duration of the program appears as a key facilitator to adherence in elderly patients [64, 66].
Prehabilitation has the potential of modifying the postoperative trajectory of patients admitted to the ICU after major elective surgery [67]. The geriatric surgical population, however, faces specific challenges that should be addressed when designing preoperative programs to enhance their outcomes. Future research must focus on prehabilitation modes of delivery to foster adherence. Telehealth and the use of wearable technology to monitor and encourage patients during prehabilitation have been proposed as potential strategies to augment participation of patients and should be further explored [68]. Addressing barriers (e.g., adequate pain management, adapting programs to weather and environmental conditions) and leveraging facilitators to participation (e.g., incorporating caregivers throughout the program) is key for implementing these programs as evidence shows promising results for elderly patients that do engage with prehabilitation.
Overall, evidence supporting prehabilitation in older adults remains limited and, in key settings such as cardiac surgery, despite its high likelihood of ICU admission, is virtually absent [69]. Very old patients are even less studied, highlighting a major gap and a clear call for targeted investigation.
Brain and neuromuscular protecting ICU environment
Improving outcomes in very old critically ill patients requires reconceptualizing the ICU not only as a life-sustaining environment but also as a brain- and neuromuscular-protective environment, in which care strategies aim to preserve neurological, nerve and muscle integrity and functional reserve throughout the course of critical illness (Fig. 1).
In very old critically ill patients, the brain and the neuromuscular system are the primary determinants of post-ICU outcomes. Acute encephalopathy, ranging from delirium to coma, is a major determinant of long-term neurological outcomes and an independent risk factor for persistent cognitive impairment and incident dementia [70]. Stroke occurring during ICU stay represents an under-recognized but clinically significant neurological complication. Acute ischemic or hemorrhagic stroke may develop in approximately 1% of critically ill patients and is associated with substantial mortality and long-term disability [71]. These events may arise in several contexts, including atrial fibrillation, hemodynamic instability, or as complications of invasive cardiovascular or neurovascular procedures. Importantly, stroke occurring during critical illness may remain underdiagnosed because neurological examination is frequently limited by sedation, mechanical ventilation, or delirium [71]. Positive pressure mechanical ventilation has been associated to brain injury of dysfunction named ventilator-induced brain injury, independently of confounding factors [72]. Acute loss of muscle mass, strength, and neuromuscular coordination develops early during critical illness and progresses rapidly in very old adults, who generally have reduced muscle reserves and altered anabolic responses [73]. Compression neuropathies also come with abnormal positioning or restraints [74]. ICU-acquired neuromyopathy represents a pivotal inflection point, often shifting patients from a potentially recoverable trajectory to persistent disability, loss of independence, and institutionalization.
From a neurological perspective, brain protection aims to minimize secondary cerebral injury during critical illness. The aging brain is particularly vulnerable to systemic inflammation, hypoxia, hypotension, metabolic disturbances, and exposure to sedative medications [75]. In very old patients, impaired cerebrovascular autoregulation and reduced neuronal reserve further increase susceptibility to neurological damage [76]. Brain-protective ICU care therefore focuses on maintaining adequate cerebral perfusion and oxygen delivery, preventing secondary insults, and enabling early detection of neurological complications. Hemodynamic stability to preserve cerebral perfusion pressure, avoidance of both hypoxia and hyperoxia, ventilator setting optimization, prompt treatment of sepsis, and careful glycemic control all contribute to maintaining favorable conditions for neuronal function [77–79]. Neuromonitoring strategies, including continuous electroencephalography, transcranial Doppler, near-infrared spectroscopy, or automated pupillometry, may assist in detecting early neurological deterioration and guiding individualized management in high-risk patients [80].
In parallel, a neuromuscular-protective ICU environment aims to minimize preventable harm to muscle, nerve, and motor control systems while actively preserving functional reserve. This approach recognizes that immobility, deep sedation, delirium, systemic inflammation, catabolism, and iatrogenic interventions collectively accelerate neuromuscular decline. In very old patients, even brief periods of immobilization can result in disproportionate and sometimes irreversible functional loss [17, 27]. Neuromuscular protection should therefore be initiated early, maintained proactively, and sustained throughout the ICU stay. Early and progressive mobilization represents a cornerstone of neuromuscular protection. Mobilization should be considered as a graded continuum, ranging from passive and active-assisted movements to sitting, standing, and functional task training. Even low-intensity mobilization can preserve muscle activation, postural control, and confidence in movement in very old patients [81]. Strategies should be individualized according to pre-morbid mobility, current physiological stability, and patient-centered goals, and require close collaboration between ICU physicians, nurses, physiotherapists, and rehabilitation teams [82, 83]. Adequate nutritional support also plays a key role in neuromuscular preservation. Catabolic stress and insufficient protein intake accelerate sarcopenia and impede neuromuscular recovery. While aggressive nutritional strategies have not consistently improved outcomes, timely provision of adequate protein and energy supports muscle preservation and enhances the effectiveness of mobilization and rehabilitation [31]. In older patients, particular attention should be paid to swallowing disorders, gastrointestinal tolerance, and micronutrient deficiencies that may further contribute to neuromuscular decline [84].
Importantly, brain protection and neuromuscular protection share several key determinants, reflecting the interconnected nature of neurological and functional outcomes after critical illness. Sedation practices represent one of the most important shared targets. Excessive or prolonged sedation promotes immobility, delirium, and cognitive dysfunction, thereby simultaneously impairing both brain and neuromuscular recovery. In very old patients, sedation strategies should therefore be individualized and continuously reassessed according to frailty status, cognitive vulnerability, and baseline functional reserve [85]. Similarly, delirium prevention and management are essential components of both brain- and neuromuscular-protective care. Delirium impairs cognitive processing, motor planning, and engagement in rehabilitation, and is strongly associated with long-term cognitive and functional decline. Non-pharmacological strategies, such as sleep promotion, sensory optimization, patient orientation, cognitive stimulation, emotional and psychological support, and family engagement, play a central role in mitigating delirium and supporting neurological recovery [86]. Current ICU care frameworks, including the ABCDEF bundle (Assess, prevent and manage pain; Both spontaneous awakening and breathing trials; Choice of analgesia and sedation; Delirium assessment, prevention and management; Early mobility and exercise; Family engagement and empowerment) [87] and the eCASH concept (early Comfort using Analgesia, minimal Sedatives, and maximal Humane care) [88], integrate many of these principles. By simultaneously addressing neurological stability, sedation exposure, delirium, and mobilization, these approaches illustrate how brain and neuromuscular protection can be operationalized in routine ICU practice.
Within a trajectory-based framework, preserving brain and neuromuscular function during critical illness is not merely aimed at reducing ICU complications but at maintaining the patient’s long-term recovery potential. Even modest preservation of cognitive and physical capacity during the ICU stay may translate into substantial differences in autonomy, independence, and quality of life among very old survivors. Thus, the ICU represents a decisive phase in shaping survivorship trajectories rather than a temporary interruption before recovery. In the general ICU population, increasing evidence confirms the role of early mobilization and optimized sedation strategies in mitigating components of PICS [89, 90]. However, the extent to which these benefits apply to very old ICU patients remains uncertain. As a result, extrapolation of findings from younger or more selected ICU populations should be made with caution, and robust conclusions regarding the impact of these strategies in very old patients cannot yet be drawn.
Post‑ICU follow‑up and individualized rehabilitation: collaboration between intensivists, geriatricians and primary care
In very old adults, recovery is not always synonymous with a return to pre-ICU status; instead, it often involves a process of functional recalibration, in which patients and their caregivers learn to cope with persistent limitations, redefine priorities, and establish new daily routines. In this context, follow-up care should not be framed solely around symptom resolution, but rather around supporting adaptation, autonomy, and quality of life [91].
From a conceptual standpoint, post-ICU care should rely on an integrated, transdisciplinary model that addresses the multidimensional consequences of critical illness in older ICU survivors. (Fig. 1). Such an approach presupposes systematic screening for post-ICU sequelae in the context of pre-existing co-morbidities and functional impairments, made possible through the use of validated questionnaires, targeted clinical assessments, and, when appropriate, biological markers [92–95]. Beyond ensuring access to appropriate interventions, coordinated post-ICU care also provides patients with a clear point of reference within the healthcare system, helping to counteract the frequent sense of abandonment experienced after hospital discharge and to navigate fragmented care pathways [96]. However, there still are a number of obstacles for developing coordinated care systems, especially the availability of geriatric knowledge and skills among intensivists and ICU teams [97]. In addition, post-intensive care syndrome (PICS) is not currently recognized as a formal diagnostic entity in international classification systems, which may partly explain the difficulties in structuring referral pathways and coordinated follow-up care. Finally, although transdisciplinary approaches are increasingly advocated in the care of older ICU survivors, their implementation in routine clinical practice remains challenging because it requires sustained collaboration between multiple healthcare professionals and care settings [98].
The transition from the ICU to conventional hospital wards represents a critical but often overlooked phase in the recovery trajectory of older patients. Following discharge from intensive care, many patients remain highly vulnerable, with ongoing physiological instability, delirium, severe deconditioning, and complex care needs. Yet this transition is frequently characterized by fragmentation of care and discontinuity in rehabilitation efforts [99]. Strengthening collaboration between intensivists and geriatricians during this phase may represent an important opportunity to improve outcomes. Geriatric co-management models, which integrate geriatric assessment, medication review, early rehabilitation, and discharge planning, may help identify reversible contributors to functional decline and facilitate individualized recovery strategies in older ICU survivors.
After hospital discharge, post-ICU follow-up in dedicated in-hospital clinic offers a structured setting to reassess physical, cognitive, psychological, and social needs over time, identify potentially reversible contributors to disability, and distinguish between expected sequelae of critical illness and evolving or unrelated conditions, and, eventually, coordination of rehabilitation [100]. Effective post-ICU follow-up also requires strong integration with primary care physicians. General practitioners play a central role in the longterm monitoring of older ICU survivors, given their knowledge of the patient’s medical history, pre-morbid functional status, and social environment. Their involvement facilitates early identification of delayed complications, adjustment of treatments, and alignment of care plans with patients’ preferences and living conditions. However, integration of primary care into post-ICU pathways remains challenging [101]. Communication between ICU teams and community physicians is often limited, discharge summaries may insufficiently address post-ICU sequelae, and general practitioners may have limited awareness of post-intensive care syndrome and its manifestations. Improving information transfer, developing shared care pathways, and strengthening collaboration between hospital specialists and primary care providers are therefore key priorities for optimizing longterm recovery trajectories.
Despite increasing interest in post-ICU follow-up and rehabilitation programs, the level of evidence supporting the effectiveness of non-pharmacological interventions remains limited [102]. These limitations are even more pronounced in very old ICU survivors, who are often underrepresented in clinical trials and present with greater baseline heterogeneity in terms of frailty, comorbidities, and social context. As a result, the impact of post-ICU follow-up and rehabilitation strategies in this specific population remains insufficiently established, highlighting an important gap for future research.
Shaping future trajectories in very old ICU survivors
As populations age and ICU admissions of very old patients become increasingly frequent, the challenge for critical care will not only be to save lives but also to shape the course of recovery that follows critical illness. Future approaches to critical care in this population will likely rely on a trajectorybased framework, integrating information from before, during, and after the ICU stay.
Technological and methodological advances may further refine our ability to understand and anticipate recovery patterns. The integration of large clinical datasets, longitudinal outcome measurements, and real-world health information collected after discharge may allow clinicians to better identify patients at risk of unfavorable trajectories and to tailor interventions accordingly. In this context, artificial intelligence and machine learning approaches may help analyze complex and multidimensional datasets, identifying latent recovery patterns and supporting individualized prediction of long-term outcomes. Predictive models integrating premorbid characteristics, ICU exposures, and early post-discharge indicators should help clinicians recognize patients at risk of functional decline, cognitive impairment, or loss of independence. Digital health technologies may further complement these approaches. Remote monitoring tools and wearable devices may provide continuous information on physical activity, sleep patterns, or functional recovery in the community, offering new opportunities to monitor recovery trajectories beyond the hospital setting. Combined with AIdriven analytical methods, these data may contribute to a more dynamic and personalized understanding of recovery after critical illness.
Equally important will be the development of care models that extend beyond the ICU itself. Rather than relying solely on coordination between specialties, future approaches may need to evolve toward transdisciplinary models of care, in which intensivists, geriatricians, rehabilitation specialists, other in-hospital specialists, primary care physicians, nurses, and community services jointly contribute to the management of older ICU survivors. A transdisciplinary model refers to an approach in which professionals from different disciplines work within a shared framework of care, jointly defining goals and management strategies rather than intervening sequentially or in parallel. Such models would aim to integrate every expertise across the continuum of care in order to address the complex and multidimensional needs of very old patients after critical illness. The impact of these transdisciplinary approaches on long-term trajectories, including functional recovery, autonomy, and quality of life, remains insufficiently studied and should represent an important priority for future research.
Finally, regardless of future advances in predictive modeling, digital health, and transdisciplinary care, a trajectorybased approach to critical illness in very old patients must remain grounded in a strong ethical perspective. As outcomes extend beyond survival to encompass quality of life and functional independence, clinical decisions should not rely solely on prognostic estimates but must integrate patient preferences, prior functional status, and individual goals of care. In this context, advance care planning and shared decision-making are essential to ensure that proposed interventions remain aligned with what matters most to patients. Particular attention should also be paid to equity in access to care and to avoiding age-based discrimination, especially in a population frequently exposed to implicit biases. Importantly, while predictive models and emerging technologies may enhance our ability to anticipate recovery trajectories, they should support—rather than replace—individualized clinical judgment, in order to avoid self-fulfilling limitations of care. Maintaining this ethical framework is essential when shaping future trajectories in very old ICU survivors.
Conclusion
The increasing admission of very old patients to intensive care challenges traditional outcome perspectives centered primarily on survival. In this population, recovery after critical illness follows heterogeneous trajectories shaped by baseline vulnerability, the acute stress of critical illness, and the capacity for recovery. A trajectory-based approach provides a meaningful framework to understand and potentially modify these outcomes. Interventions before ICU admission, protective strategies during critical illness, and coordinated follow-up after discharge may all contribute to preserving functional reserve and supporting recovery. Future progress will likely depend on the development of integrated and transdisciplinary care models, strengthened collaboration between hospital and community care, and improved ability to anticipate individual recovery patterns.
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