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Frailty is a geriatric condition characterized by the reduction of the individual's
homeostatic reserves. It determines an increased vulnerability to endogenous
and exogenous stressors and can lead to poor outcomes. It is an emerging
concept in perioperative medicine, since an increasing number of patients
undergoing surgical interventions are older and the traditional models of care
seem to be inadequate to satisfy these patients’ emerging clinical needs.
Nowadays, the progressive technical and clinical improvements allow to offer
cardiac operations to an older, sicker and frail population. For these reasons, a
multidisciplinary team involving cardiac surgeons, clinical cardiologists,
anesthesiologists, and geriatricians, is often needed to assess, select and provide
tailored care to these high-risk frail patients to optimize clinical outcomes.
There is unanimous agreement that frailty assessment may capture the
individual's biological decline and the heterogeneity in risk profile for poor
health-related outcomes among people of the same age. However, since
commonly used preoperative scores for cardiac surgery fail to capture frailty, a
specific preoperative assessment with dedicated tools is warranted to correctly
recognize, measure and quantify frailty in these patients. On the contrary, pre-
operative and post-operative interventions can reduce the risk of complications
and support patient recovery promoting surgical resilience. Minimally invasive
cardiac procedures aim to reduce surgical trauma and may be associated with
better clinical outcome in this specific sub-group of high-risk patients. Among
postoperative adverse events, the occurrence of delirium represents a risk factor
for several unfavorable outcomes including mortality and subsequent cognitive
decline. Its presence should be carefully recognized, triggering an adequate,
evidence based, treatment. There is evidence, from several cross-section and
longitudinal studies, that frailty and delirium may frequently overlap, with frailty
serving both as a predisposing factor and as an outcome of delirium and
delirium being a marker of a latent condition of frailty. In conclusion, frail
patients are at increased risk to experience poor outcome after cardiac surgery.
A multidisciplinary approach aimed to recognize more vulnerable individuals,
optimize pre-operative conditions, reduce surgical invasivity and improve post-
operative recovery is required to obtain optimal long-term outcome.
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1. Clinical frailty: definition and
pathophysiology

From the latin “fragilis” meaning “easily broken”, frailty is a
geriatric syndrome defined as a form of vulnerability to stress due
to decline of physiologic reserve (1). In particular, frailty is a
multidimensional condition involving many organ systems, general
health status, physical and cognitive functions, nutritional state,
skeletal muscle mass, strength and mobility, mood, social support
and relations (2). Although aging is closely linked to frailty, and
frailty is often seen in older adults, frailty can be present also in
younger people (3). This condition is clinically characterized by
the presence of some key signs, such as weakness, slow gait speed,
poor mobility, fatigue and unintentional weight loss (2).

From a pathophysiological point of view, a two-way relationship
between cardiovascular diseases (CVD) and frailty has been proposed
(4). According to the current hypothesis, a proinflammatory state
occurring with aging represents the key factor of the phenotypic
modifications observed in frail subjects, leading to cellular damage,
catabolic muscles modifications, impaired homeostasis and
ultimately vulnerability to external stressors (5). As CVD shares a
common etiological pathway, these two conditions are clinically
and epidemiologically closely linked with a significant amount of
frail persons among CVD patients (6, 7).

2. Frailty and surgery

Surgery can be considered a major stressor able to unveil a silent
frailty condition or to dramatically decompensate an overtly frail
patient. Since frail subjects are increasingly represented among
surgical patients, their identification in the perioperative phase has
become crucial. This has prompted careful preoperative selection of
cases, appropriate management of pre-operative and post-operative
conditions, and adequate estimation of long-term outcomes (8).

The association between frailty and adverse postoperative
outcome in adult non-cardiac surgery patients has been extensively
described. In particular, frail patients are at higher risk to develop
delirium  (9), (10), and
procedural complications (10-13). They are characterized by a

postoperative cardiovascular  events
slower recovery (14, 15), prolonged intensive care unit (ICU) and
in-hospital stay (14, 16) and ultimately morbidity and mortality
(10, 17), with a huge increase in global medical costs (16, 18).
Moreover, this association between frailty and postoperative adverse
outcomes seems independent from patients’ age, comorbidities and
the procedural-related surgical risk. A recent analysis of a large US
database revealed that among patients undergoing non-cardiac
surgery, those with higher frailty risk score (19) have higher risk for
perioperative cardiovascular events and mortality. They require
more frequent discharge to short-term acute care or intermediate
care facilities compared to those with lower frailty, in all age groups
and independently from patients comorbidities (20). Moreover, in a
large longitudinal cohort study, the independent association of
frailty with an increased postoperative mortality was retained not
only in high risk procedures but also in low-risk procedures from
low-intensity surgical specialties (21).
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The increasing number of aging patients living with more
comorbidities, together with the improvement of surgical outcome
in the older population, led to a large proportion of frail patients
in cardiac surgery. However, cardiac surgery is associated with a
high degree of invasiveness and iatrogenic stress that can
compromise postoperative outcomes in frail patients with reduced
ability to face such distress. As the aim of each cardiac operation is
to restore biological integrity and functional capacity so as to
improve the patient’s quality of life (QoL), the inability to face the
surgical stress may ultimately compromise the net result of a
surgical procedure. Indeed, frailty was reported to be an
independent predictor of in-hospital and mid-term mortality in a
large Canadian cardiac surgery population (22). These data were
confirmed by a meta-analysis including more than 60,000 patients
(23). As in non-cardiac surgery patients, this association is
maintained independently of age (24) or surgical risk score (25)
and is proportional to the degree of frailty (23, 24). Moreover, pre-
operative vulnerability is not only associated with major
postoperative complications and prolonged hospitalization (25), but
also with worse post-discharge QoL up to one year after surgery (26).

For the above mentioned reasons, it can be postulated that the
active pre-operative recognition of frail patients may help to
ameliorate their own outcome and impact patient management in
different moments of the clinical course from risk stratification to
pre-habilitation programs and surgical choices (Figure 1). The first
step to improve outcomes in frail patients is the recognition of
their condition at the moment of surgical indication. Indeed, its
recognition allows clinicians to formulate a more precise risk
estimation (27) based on a precise and commonly accepted
definition of frailty. This issue has important consequences on the
communication with patients and families, as it involves the shared
definition of the goals of care, ensures a patient-centered treatment
and avoids disproportionate treatments or futility. The second step
implies the reduction of patients’ vulnerability by means of a “pre-
habilitation” program (28) involving physical, respiratory and
nutritional preoperative optimization. Last, identification of more
vulnerable patients could promote the tailoring of the best
perioperative pathway for each patient, in particular in terms of
minimally invasive surgical options and postoperative care bundles.

Such a holistic clinical approach matches up well with the already
conceptualized organizational model of the “Heart Team” (28), which
includes the participation of physicians from different disciplines (e.g.,
cardiac anesthesiologists, geriatricians, internal medicine physicians)
in addition to cardiologists and cardiac surgeons to provide the best
comprehensive management of cardiac conditions in frail patients.
The following paragraphs will systematically investigate the available
tools to optimize the clinical course of frail patients in cardiac surgery.

3. Pre-operative assessment of frail
patients
3.1. Predictive scores in cardiac surgery

Estimation of surgical risk relies upon the use of scoring systems
to predict patients’ risk of adverse outcomes. Traditionally, two main
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FIGURE 1
Effect of surgical stress and optimization measures above functional status trajectories in healthy and frail patients. Following the stress of cardiac surgery
healthy individuals (green line) suffer from a acute worsening of functional status, that promptly return to baseline during post-operative period. Frail
individuals (red line) are characterized by a compromised baseline functional capacity. Similarly to healthy individuals, functional capacity is further
reduced after surgery. As frail patients are not able to face such stressing factor, they could not be able to return to baseline functional capacity
during post-operative period. This circumstance can compromise long-term outcome and ultimately the net result of the surgical procedure.
Functional capacity trajectory could be modified by pre-operative, intra-operative and post-operative specific intervention (dashed red line), whose
aim is to improve baseline conditions and to reduce the stressful burden of cardiac surgery.

risk scoring systems have been available in cardiac surgery: the
Society of Thoracic Surgery (STS) Predicted Risk of Mortality or
Major Morbidity (29) and the EuroSCORE (30).

Both these scores incorporate age, major comorbidities and
traditional physiological variables, but they do not consider
variables such as liver cirrhosis, right ventricle function and
frailty (31) which are becoming frequent among cardiac patients.
Consequently, these scores lost their predictive performance. If
STS Score tends to underestimate the risk in more vulnerable
patients (32), the old versions of EuroSCORE were burdened by
a systematic overestimation of perioperative risk. Although they
have been recalibrated (30, 33) high-risk patients remain
excluded from accurate risk predictions. In particular the new
EuroSCORE 1II partially reduces the overprediction of the
previous versions, at the cost of a tendency toward miscalibration
in high-risk groups (31, 32, 34).

Moreover, the inclusion of risk factors for mortality that are
very rare in surgical population but with a dramatic impact on
the outcome poses some unresolved statistical issues. As an
example, advanced liver cirrhosis in extremely rare in surgical
population (<0.5%), but mortality associated with this condition
is probably more than 70% (35).

Already in 2010, it has been described that slow gait speed, a
clinical marker for frailty, confers a 2- to 3- fold increase in risk
for any given level of STS predicted mortality and major morbidity
(27). Based on the growing evidence that the addition of variables
related to frailty could improve the predictive power of these
scoring systems (27), frailty was partially incorporated into the
available scores. Consequently, STS score version 2.73 included gait
speed as a marker of patient frailty, while in the revised version of
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EuroSCORE 1I the variable “neurologic dysfunction” was replaced
by “poor mobility”, as a generic component of frailty phenotype
(30). Although this can be considered a first important step, these
scores will continue to underestimate the impact of frailty on
patient’s outcomes. Moreover, gait speed evaluation is often not
performed in the daily routine of cardiac surgery patients (36).

3.2. Beyond eyeball evaluation: how to
measure frailty using the comprehensive
geriatric assessment

Besides the traditional risk scores for cardiac surgery patients,
specific tools have been designed to test frailty. In 2001, Fried
and colleagues introduced the concept of a physical phenotype
model to clinically characterize frailty (2). According to this
model, older adults can be diagnosed with frailty if they exhibit
three or more out of five criteria: unintentional weight loss of
>10 pounds in the last year, weakness (determined by grip-
strength), exhaustion, low physical activity, and slowed walking
speed (2). Similarly, Rockwood and Mitnitski proposed a frailty
index (FI), based on an accumulation of age-related deficits
model (37). In their model, frailty is quantified as a continuous
score that sums up signs, symptoms, disabilities, and diseases (37).

Frailty leads to various clinical consequences and manifestations,
including cognitive impairment, loss of independence in daily
activities, reduced mobility, and even mortality. Regardless of the
specific tool employed, the diagnosis of frailty can be attained by
gathering information about an individual’s physical performance,
mobility, cognitive and nutritional status. In this context, the
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TABLE 1 Domains of the comprehensive geriatric Assessment and corresponding instrument for clinical assessment.

‘_ Topic investigated Clinical Assessment instruments

Health status

Nutritional status and sarcopenia Malnutrition

Cognition and mood

Functional status

Mobility Gait and balance

Socioeconomic status and quality of life

comprehensive geriatric assessment (CGA) emerges as a robust
method to frailty’s (38). CGA
administering specific scales to assess comorbidities and number

capture essence involves
of medications, functional ability, nutritional status, mobility,
cognition and mood, physical activity and risk of falls, and
socioeconomic status (Table 1). Hereafter the most significant

domains for frailty assessment are presented.

3.2.1. Health status

Health status encompasses medical history, multimorbidity
and polypharmacy. The Cumulative Illness Rating Scale (CIRS) is
a comprehensive tool used to assess an individual’s overall health
status by evaluating the presence and severity of various medical
conditions across different body systems. The CIRS aims to
provide a holistic picture of an individual’s health by considering
the cumulative impact of multiple medical conditions on the
well-being. The scale is widely used in clinical and research
settings to assess the overall health and functional capacity of
individuals, particularly in the context of aging and chronic
diseases (39). The Charlson Comorbidity Index (CCI) is a widely
used scoring system that quantifies the burden of comorbidities
or underlying medical conditions in a patient and their potential
impact on mortality (40). Each condition is assigned a weight,
and these weights are summed to calculate an overall score for
an individual patient. The higher the score, the greater the
burden of comorbidities. The CCI is commonly used in clinical
research and healthcare settings to assess the overall health status
and to predict the risk of mortality or other adverse outcomes. It
provides a standardized way to account for the presence and
severity of comorbidities. The index has been validated and
adapted for various medical conditions and populations.

3.2.2. Functional status

Functional status refers to an individual’s ability to perform daily
activities necessary for independent living and self-care. Functional
status is often categorized into two main components: Activities of
Daily Living (ADLs) and Instrumental Activities of Daily Living
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Chronic diseases, multimorbidity and polypharmacy .

Cognitive status and affective disorders .

Basal and instrumental activities of daily living .

Home care, long term care service, nursing homes, income .

Charlson Index
« Cumulative Illness Rating Scale
o Number of medications

« Mini Nutritional Assessment

+  Geriatric Nutritional Risk Index

o Serum albumin levels

« Anthropometric measures handgrip strength
» Bioelectrical impedance analysis

Mini Mental State Examination

« Montreal Cognitive Assessment

o Geriatric Depression Scale

Activities of Daily Living

o Instrumental Activities of Daily Living
o Gait speed

« Chair Stand Test

o Short Physical Performance Battery
Cohabitation status

o Short Form Health Survey 36

(IADLs). The ADLs encompass the fundamental self-care activities
that are essential for maintaining one’s personal well-being and
functioning daily, including bathing, dressing, toileting, transferring,
continence and eating (41). The Instrumental Activities of Daily
Living (IADLs) include 8 complex activities related to the ability to
live independently in the community, such as managing finances

laundry,

and medications, meal preparation, housekeeping,

transportation, communication, and shopping (42).

3.2.3. Mobility impairment

Mobility impairment in older individuals can have a significant
impact on their health status. The ability to move and navigate
one’s environment is crucial for maintaining independence,
participating in daily activities, and enjoying a high QoL. Gait
speed is a simple test to assess mobility in older adults. This single-
item test involves timing individuals while they walk at a steady
pace for a set distance, usually 4 meters. Generally, a gait speed
greater than 5s for 4 meters (<0.85m/s) is associated with an
risk of having frailty (43). The Short Physical
Performance Battery (SPPB) (44) is a tool designed to evaluate the
physical functioning and mobility of older adults. It is helpful in
identifying age-related declines in physical performance and

increased

predicting functional limitations. The SPPB consists of a series of
three tests (balance tests, gait speed test and chair stand test) that
together provide a comprehensive picture of an individual’s lower
extremity function and overall physical capacity. The tests are
simple, quick to administer, and require minimal equipment.

3.2.4. Cognitive functions and mood disorders
The assessment of cognitive function is a crucial component of
CGA. Utilizing validated screening tools like the Mini-Mental State
Examination (MMSE) (45) and Montreal Cognitive Assessment
(MOCA) (46), physicians can quickly evaluate an individual’s
cognitive abilities, including memory, attention, language, and
executive function. Identification of cognitive deficits enables
timely intervention, such as cognitive rehabilitation and targeted
support, to mitigate functional decline and enhance overall QoL.
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Moreover, the Geriatric Depression Scale (GDS) aids in detecting
depressive symptoms (47), which can intersect with cognitive
impairment. By addressing cognitive well-being, the CGA
contributes to a holistic understanding of a frail person’s health
and guides tailored care strategies.

3.2.5. Nutritional status

Adequate nutritional status is essential for maintaining physical
health, supporting immune function, and preventing chronic
diseases. Measuring nutritional status involves assessing various
factors related to an individual’s diet, body composition, and
overall health. The Mini Nutritional Assessment (MNA) (48) and
the Geriatric Nutritional Risk Index (GNRI) (49) are instruments
to explore nutritional status of the elderly. The MNA is composed
of simple measurements and brief questions that can be completed
in about 10 min. The sum of the MNA score distinguishes
between older people with adequate nutritional status, protein-
calorie malnutrition or at risk of malnutrition. The Geriatric
Nutritional Risk Index (GNRI) (49) is an objective and easy
screening method based on height, weight, and serum albumin
level. Additional evaluations to assess nutritional status include
anthropometric measurements, such as Body Mass Index (BMI),
blood biomarkers, such as albumin serum levels and body
composition analysis, such as bioelectrical impedance analysis (BIA).

3.2.6. Hand grip strength

Hand Grip Strength (HGS) measurement assess muscle function
and overall health in older adults (50). It provides a reliable measure
of muscle strength, an indirect measure of functional independence
and can predict the risk of fall and other adverse outcomes. HGS can
be measured using a handheld dynamometer. Three trials for each
hand are performed, and the highest value of the strongest hand is
recorded. BMI-adjusted values are used to identify low muscle
strength in females and males.

3.2.7. Polypharmacy

Polypharmacy refers to the simultaneous use of multiple
medications by an individual, typically involving the use of five or
more different medications. These medications can include
prescription drugs, over-the-counter medications, and even herbal
or complementary remedies. Polypharmacy becomes particularly
relevant in older adults with multiple chronic diseases and various
medications to manage their health (51). Polypharmacy is a
significant issue due to its potential to cause adverse drug
reactions, decrease medication adherence, and negatively impact
the overall health and well-being of older adults. As a result,
healthcare professionals specializing in geriatrics must carefully
assess and manage medication regimens to ensure that the benefits
of each medication outweigh the risks, and to promote optimal

health outcomes for their older frail patients.

3.2.8. Socioeconomic status and quality of life
Socio-Economic Status (SES) plays an important role since a
high SES provides older adults with material resources, helps them
develop healthy lifestyles, and confers psychological benefits.
Consequently, older adults with a higher SES tend to have a lower
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likelihood of mortality than their lower SES counterparts (52). The
Short Form Health Survey 36 (SF-36) is validated for the
assessment of QoL, the questionnaire consists of 36 questions
covering 8 domains (physical functioning, role-physical, bodily
pain, general health, vitality, social functioning, role-emotional and
mental health), scaled from 0 to 100, a higher score indicates a
better QoL. The domains are summarized into physical and
mental health scores (53).

In summary, CGA is the most reliable approach to identifying
the frail patient and to making a personalized care plan. However,
it is not always possible to take a complete evaluation given the
different settings and available resources. Therefore, health care
professionals need a frailty assessment that is simple, not time-
consuming, and helpful in making decisions about interventions
and care allocation. The Essential Frailty Toolset (EFT), for
example, has shown to be easy to use and predictive of adverse
events in patients undergoing aortic valve replacement procedures
(54) and coronary artery bypass grafting in older adults (55). The
EFT is scored 0 (least frail) to 5 (most frail) based on the
following 4 items: pre-procedural anemia, hypoalbuminemia,
lower-extremity muscle weakness defined as a time of >15s or
inability to complete five sit-to-stand repetitions without using
arms, and cognitive impairment defined as a score of <24 on the
Mini-Mental State Examination. Although the EFT is not all-
encompassing, it is a well-rooted starting point to test for frailty,
and to identify patients in whom further geriatric assessment
should be considered to confirm the diagnosis of sarcopenia,
malnutrition, dementia, depression, or disability.

3.3. Incorporating frailty evaluation into
clinical practice: the Heart Team model

Starting from the belief that a multidisciplinary approach is
frequently required to manage and ensure better care for patients,
international recommendations progressively emphasized the
importance of the Heart Team (HT) in all fields of cardiology and
cardiac surgery. Indeed, current guidelines strongly recommend HT
implementation for optimal management of valvular disease (56),
heart failure (57) and myocardial revascularization (58). Nowadays,
in addition to cardiologists and cardiac surgeons, HT includes
heart imaging specialists, anesthesiologists, ICU physicians and
other specialists (e.g., neurologist, nephrologist, geriatrician) whose
contribution is required by the specific patient condition. As
comprehensive frailty evaluation improves perioperative risk
prediction (27), and since a huge amount of patients with CVD
are deemed to be frail (6, 7), geriatricians play an increasingly
important role in this multidisciplinary patients management.

HT physicians are committed to a unique purpose: to provide a
precise risk stratification of the patient and then to identify the best
treatment strategy. Such a treatment plan cannot disregard patients’
own wishes as shared decision-making improves surgical outcomes
and QoL. In this way, the role of HT is to holistically put the
patients’ complexity at the center of medical decision-making.

Besides perioperative risk quantification and frailty evaluation,

treatment decisions should take into account life expectancy.
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Statistical estimation of the averaged remaining years of life at a
single patient level is not a simple task, in particular in elderly
patients with multiple associate conditions, but different scores
have been developed for this purpose (59). In this perspective, this
evaluation can help to balance perioperative short term mortality
and morbidity risk with long term survival expectancy (60).
According to the guidelines of the European Society of
Cardiology (ESC) and the European Society of Cardio-Thoracic
Surgery for the management of valve diseases, frailty assessment
should always precede the final decision concerning the type of
chosen intervention and its timing, particularly in elderly patients
(56). For example, in the flowchart that outlines the management
of patients with severe aortic stenosis comorbidity and frailty
assessments are mandatory to decide whether any kind of
intervention is likely to be of benefit and should be considered
ESC
recommendation also The American College of Cardiology and

during the HT decision process. Similarly to the
American Heart Association emphasize shared decision-making in
cardiac surgery, taking into account patients’ values, preferences,
and frailty status (61). Both suggest the use of validated frailty
scores such as the Katz index (41) to grade the level of frailty and
take operative decisions accordingly.

Despite preoperative frailty assessment and prehabilitation
practices have been recommended by both the aforementioned
guidelines and several consensus documents, such as the ones
issued by the Society of Perioperative Assessment and Quality
Improvement (SPAQI) (62) and the Enhanced Recovery After
Surgery (ERAS) Society (63), frailty is so far not being routinely
assessed before surgery for many different reasons. First of all,
neither a comprehensive geriatric assessment nor any intervention to
optimize the patient’s condition and reduce complications are
feasible under acute conditions. In addition, many clinical tools to
assess frailty require patient’s active participation and this is not
always the case for patients with a poor clinical, social or educational
status (64). Finally, there is still a lack of consensus among different
frailty instruments that might affect anesthesiologists’ and surgeons’
behavior, suggesting the opportunity to develop a more practicable
and validated workflow in this specific context.

4. Pre-operative optimization: is frailty
a modifiable factor?

As previously mentioned, the preoperative identification of frail
patients can trigger the development of dedicated programs to
improve the preoperative patients’ condition. In this context, the
Enhanced Recovery After Surgery (ERAS) guidelines has gained
(63). ERAS is a
multidisciplinary care improvement initiative to

popularity and are increasingly applied
multimodal,
promote recovery of patients undergoing surgery throughout their
entire perioperative journey (65). Modifiable factors addressed by
the ERAS recommendations include an optimal perioperative
glycaemic control, defined by a hemoglobinAlc level less than 7%
(66), and an evaluation of hypoalbuminemia (63). For patients who
are malnourished or have a serum albumin level less than 3.0 g/dl,
nutritional supplementation for 7 to 10 days before surgery may
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improve outcomes (63, 67). Carbohydrate loading shortly before
surgery might be considered to improve postoperative glucose
control and gut function but evidence to support the routine
application of this strategy are still lacking (63). Intake of clear
liquids until 2 to 4h preoperatively may be considered before
general anesthesia but further studies are required to investigate the
risk of aspiration pneumonitis in cardiac surgery patients
undergoing intraoperative transoesophageal echocardiography or
characterized by delayed gastric emptying due to diabetes mellitus
(63). Screening for excessive alcohol use and cigarette smoking
should be performed (68) and consumption should be stopped 4

weeks before elective surgery (69).

4.1. Patient engagement and prehabilitation

Pre-operative assessment of fragile patients leads to the application
of preventive interventions (prehabilitation) including inspiratory
muscle training, functional exercise training, psychological support
(anxiety and depression reduction), nutritional support, and
smoking cessation (63, 70). It has been demonstrated that such
strategies, together with the optimization of modifiable factors, may
reduce the length of hospital stay, decrease the postoperative
morbidity (especially in terms of pulmonary complications) and
mortality, and improve the transition from the hospital to the
community (71-73). Table 2 provides a summary of the previous
randomized studies evaluating the effect of prehabilitation protocols
on different perioperative outcomes.

Patient education and counseling prior to surgery can be completed
in person, through printed material, or through application-based
approaches (63). As telemedicine has become widely adopted,
especially during the COVID-19 pandemic (77, 78), personalized
prehabilitation programs may also be delivered using this technology,
as already described in the field of cardiac rehabilitation (79, 80).

5. Intraoperative choices for frail
patients: the right strategy for the right
patient

Besides the preoperative targeting of modifiable factors and
prehabilitation programs, much can be done intraoperatively to
optimize patients’ outcomes. A multidisciplinary approach should
guide the intraoperative management in terms of surgical
technique and anaesthesiologic strategies, with careful preoperative
It has
preoperative patient assessment in terms of past medical history,

planning. been demonstrated that with a proper
comorbidities, and anatomy and with an adequate allocation to
the most appropriate surgical and anaesthesiologic approach, the
overall rate of early mortality and main complications remain low
(81). Indeed, the era of the “one size fits all” approach in cardiac
surgery has now been overtaken by precision medicine and
tailored surgery. New technologies such as virtual reality (82) and
3D printing (83) can further assist in surgical planning. Hereafter
the different options for surgical approach according to different
cardiac conditions are presented (Table 3).
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TABLE 2 Available randomized trials evaluating prehabilitation.

Study | Sample
Size

Type of

Intervention

10.3389/fcvm.2023.1295108

Main Results

design

Surgery

Arthur et al. (74) RCT 246 CABG Multimodal prehabilitation before | Reduction of postoperative ICU LOS (by 2.1 h, 95% CI -1.2-16 h,
planned cardiac surgery. p=0.001) and Hospital LOS (by 1 day, 95% CI 0-1, p = 0.002).
Outpatient setting Better preoperative and postoperative quality of life.
No differences in mortality.
Herdy et al. (75) RCT 56 CABG Multimodal Prehabilitation before | Shorter duration of mechanical ventilation.
planned cardiac surgery. Reduction of pleural effusion (RR=0.2; 95% CI: 0.5-0.8), atelectasis
Hospitalized patients. (RR =0.15; 95% CI: 0.03-0.8), and AF (RR=0.2; 95% CI: 0.05-0.8).
Reduction of in-hospital LOS (5.9 #/—1.1 vs. 10.3 +/—4.6 days, p < 0.001).
Rosenfeldt et al. (76) | RCT 117 CABG, valve Multimodal Prehabilitation before | No differences in quality of life, LOS and Atrial Fibrillation.
surgery planned cardiac surgery.
Outpatients setting

RCT, Randomized Clinical Trial; CABG, Coronary Artery Bypass Graft; ICU, Intensive Care Unit; LOS, Length of Stay; Cl, Confidence Interval; AF, Atrial Fibrillation;

RR, Relative Risk.

TABLE 3 Surgical approaches in frail patients.

Disease

Coronary artery disease

Surgical principles in frail patients
Reduce aortic manipulation

Minimize surgical incision

Consider LITA-LAD + PCI of other vessels

Available techniques

Anaortic coronary artery bypass: off-pump + no touch
Left thoracotomy: MIDCAB, MICS CABG

Robotic surgery: TECAB

Hybrid revascularization

Aortic valve disease
Reduce CPB time

Minimize surgical incision

Mini-sternotomy / Mini-thoracotomy /Right Mini-thoracotomy
Sutureless and rapid deployment valves

Mitral valve disease

Minimize surgical incision
Consider trans-apical off-pump approaches

Right Mini-thoracotomy
NeoChord
Trans-catheter valves

Tricuspid valve disease
Reduce CPB time

Minimize surgical incision

Right Mini-thoracotomy
Beating heart right heart surgery

Ascending aorta and aortic arch

Minimize surgical incision
Reduce cardiac ischemic time
Consider debranching of supra-aortic vessels + EVAR

Mini-sternotomy
Beating heart aortic surgery
Hybrid arch repair

Consider total endoscopic approach Fenestrated/branched arch endografts

Heart failure Minimize surgical incision LVAD implantation with right thoracotomy + mini-sternotomy

CABG, coronary artery bypass graft; CPB, cardiopulmonary bypass time; EVAR, endovascular aneurysm repair; LAD, left anterior descending artery; LITA, left internal
thoracic artery; LVAD, left ventricular assist device; MICS, minimally invasive cardiac surgery; MIDCAB, minimally invasive direct coronary artery bypass; PCI,
percutaneous coronary intervention; TECAB, total endoscopic coronary artery bypass.

5.1. Coronary artery bypass graft (CABG)

CABG surgery remains the most frequently performed operation
in adults. Nevertheless, cardiopulmonary bypass and aortic cross-
clamping may be related to complications in fragile patients with
porcelain ascending aorta and/or atheroma in the ascending aorta
or arch. These patients might suffer from embolization due to the
aortic cross-clamp, the jet from the aortic cannula inflow and, in
the case of a porcelain aorta, aortic rupture and or dissection from
a cross-clamp injury. A simple preoperative screening with a non-
contrast computed tomography or an intraoperative epiaortic scan
helps in the triage of these patients (Class Ila indication in the
EACTS/ECC 2018 Coronary Revascularization Guidelines) to the
appropriate surgical technique including no-touch approaches or
hybrid minimally invasive approaches (58).

Anaortic CABG is a technique of off-pump coronary artery
revascularization that avoids aortic manipulation by often using
all arterial grafts. Typically, the mammary arteries are used for
in-flow and the radial artery as a composite graft (84). This
technique is particularly indicated for patients with a diseased
ascending aorta (Class I indication in the EACTS/ECC 2018
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Coronary Revascularization Guidelines and Class 2a indication in
the most recent AHA coronary guidelines) (58, 85).

Where expertise exists, minimally invasive direct CABG
(MIDCAB) through limited thoracic access should be considered in
patients with isolated lesions on the left anterior descending artery
(LAD) or in the context of hybrid revascularization strategies
(Class IIa indication in the EACTS/ECC 2018 Coronary
Revascularization Guidelines) (58). The MIDCAB operation is
characterized by LAD grafting with the left internal thoracic artery
through a left anterior small thoracotomy. It can be combined with
percutaneous coronary intervention (PCI) of non-LAD coronary
stenoses in a sequential or concomitant way. This latter approach
is defined as hybrid revascularization where stents become
substituted for saphenous vein grafts for non-LAD lesions (86).

Minimally invasive coronary surgery (MICS CABG) was
developed as an extension of the MIDCAB operation and implies
multivessel grafting through a limited left anterior thoracotomy
(86, 87). A further development of this approach is the robotic
total endoscopic coronary artery bypass (TECAB) technique
which provides multivessel revascularization without an open
incision through port access (86). Aim of these less invasive
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approaches is to reduce the post-operative complications, reduce
the surgical trauma and accelerate discharge timing (88).

5.2. Aortic valve surgery

Aortic valve (AV) surgery has evolved towards less invasive
approaches including mini-sternotomy or right thoracotomy (89).
Several studies have shown that patients undergoing less invasive
AV surgery have a shorter hospital stay, less pain, shorter
duration of ventilation, less blood loss, and less blood transfusion
than patients undergoing conventional full sternotomy (90).
Postoperatively, patients can be mobilized earlier, and the
respiratory function may be better, making this approach
particularly suitable for fragile and elderly patients (91).

Less invasive surgical approaches can be implemented with the
use of sutureless or rapid deployment valve bio-prostheses. By
tying of after
decalcification, the use of these valves minimizes cross-clamp and

avoiding placement and sutures annular
cardiopulmonary bypass times, reduce post-operative morbidity and
mortality and improve cost-effectiveness, particularly in high-risk
patients as well as in those undergoing complex or concomitant
procedures (92-94). Sutureless or rapid deployment aortic valves
should be considered for isolated AV replacement in patients with
comorbidities, old age, small aortic annulus, delicate aortic wall and

conditions such as calcified root (95).

5.3. Mitral valve surgery

Similarly to AV surgery, mitral valve (MV) interventions can be
performed with techniques to reduce the surgical stress. Right mini-
thoracotomy has become the preferred approach for MV surgery at
many institutions but it might be burdened by perioperative stroke.
Previous cardiac surgery and the severity of aortic and ileo-femoral
arterial disease should guide the choice toward an antegrade arterial
flow when indicated, and the optimal technique of aortic occlusion
and myocardial protection to reduce neurological events (96).

Primary MV regurgitation can also be addressed through off-pump
techniques with trans-apical access to the left ventricle through left
thoracotomy. This approach is used for the implantation of
NeoChord. These artificial chordae tendinae are inserted in the left
ventricle, tensioned under echocardiographic guidance, and secured
to the left ventricular epicardium using Teflon pledgets (97). This
technique has proven effective also in reinterventions and high-risk
patients (98). Catheter-based trans-apical mitral valve prosthesis
implantation is a potential therapeutic option in high-risk patients
but its effect in reducing post-operative morbidity and mortality in
frail patients still needs to be demonstrated (99, 100).

5.4. Tricuspid valve surgery, right heart
failure and atrial fibrillation

MV diseases might be associated with tricuspid valve (TV)
regurgitation, pulmonary hypertension, right heart failure and
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atrial fibrillation (AF). Even though TV disease and AF can be
indications for isolated surgical procedures they are often
associated with MV surgery in frail patients, increasing the
surgical complexity and the risk of postoperative complications.
Less invasive approaches through a right mini-thoracotomy and
beating heart techniques have been described to address both TV
surgery (101, 102) and AF ablation (102).
thoracotomy has proven to be safe and feasible even in the

Right mini-

presence of pulmonary hypertension (103) but its postulated
protective role in case of right heart failure is still under discussion.

5.5. Ascending aorta and arch surgery

Surgical complexity reaches high levels in case of ascending aorta
and aortic arch surgeries where prolonged cardiopulmonary bypass
and circulatory arrest are required with potential detrimental effects
in frail patients. Moreover, up to 25% of aortic patients fall into the
frailty definition (104). Also in this case, less invasive approaches
through mini-sternotomy (105) and beating heart techniques to
reduce the myocardial ischemic time (106) have been described.
Besides the open repair techniques, hybrid arch repair combining
vascular and endovascular treatment has gained popularity (107).
This
pathologic aortic segments following the creation of an adequate

approach implies the endovascular exclusion of the
proximal landing zone (in zones 0, 1 and 2) by means of supra-
aortic transposition (debranching) of one or more arch vessels
(107). Finally, a total endovascular aortic arch repair has become
possible with the introduction of fenestrated and branched arch

endografts (107).

5.6. Heart failure surgery

Many heart failure patients fall into the group of frail patients
due to their catabolic state, end-organ damage and comorbidities
(108). Some of them are candidates for left ventricular assist
device (LVAD) implantation but they might suffer from longer
time to extubation, longer hospital length of stay, and increased
long-term mortality compared to non-frail patients (108). Among
the options to reduce their surgical stress, less invasive strategies to
implant LVADs have been developed (109). A left anterolateral
thoracotomy for pump implant and a mini-sternotomy or a right
anterior thoracotomy for the outflow graft anastomosis can be
used to implant an LVAD (109, 110), exchange a pump (111) or
explant a pump after myocardial recovery (112).

5.7. Other intraoperative strategy that could
improve outcomes

Literature and clinical practices are lacking specific
anesthesiology approaches for frail patients (47, 113). Nevertheless,
geriatric principles of anesthesia management can be applied to
frail patients (113). This implies the use of lung protective
reduction of medications

strategies and the potentially
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inappropriate for older adults, such as long-acting benzodiazepines,
(114).
Temperature management during cardiopulmonary bypass should

diphenhydramine, scopolamine, and promethazine
avoid an excessively fast rewarming phase which has been
associated with postoperative neurological complications (113).
The use of intraoperative anesthesia depth monitoring has been
advocated to decrease the amount of medications required and
therefore allow for more hemodynamic stability and reduced
and 30-day mortality. Nevertheless,

evidence supporting the routine use of electroencephalography-

postoperative  delirium

guided anesthesia protocols are still lacking (115).

6. Outcome evaluation in frail patients

6.1. Postoperative delirium and cognitive
impairment

Delirium is a severe neuropsychiatric syndrome characterized by
an acute disorder of cognition (mainly but not exclusively attention
and awareness), that develops over a short period of time (usually
hours to a few days) and represents a change from baseline
attention and awareness (116). Delirium tends to fluctuate in
severity during the day, and it is almost always caused by
underlying medical issues. Risk factors for delirium include age,
pre-existing cognitive impairment and dementia, multimorbidity,
depression, other psychiatric illnesses, alcohol consumption, poor
nutritional status, visual and auditory impairments and frailty (9).
The relationship between delirium and frailty is particularly
intriguing as these two conditions share similar underlying
pathophysiological mechanisms and act as predisposing factors for
each other (117, 118). Delirium, in fact, arises from an interplay
between predisposing and precipitating factors (9). According to
this view, delirium can thus be regarded as a clinical consequence
of frailty in older persons experiencing stressful events (118). At
least three psychomotor subtypes of delirium can be distinguished:
hyperactive (characterized primarily by agitation), hypoactive
(characterized mainly by lethargy and drowsiness), and mixed
(fluctuation between hyperactive and hypoactive subtypes) (119).

Delirium is a common yet neglected complication after cardiac
surgery, affecting about 25%-50% of all patients (120-122).
Postoperative delirium (POD) usually occurs within the first four
days after surgery (123) and is associated with increased rates of
intubation (124) and longer length of hospital stays (121). Delirium
has been described by patients as something that affects their
emotions and interactions with others and by caregivers as a
frightening experience (125). Patients who experience post-
operative POD also face an elevated risk of mortality at 30 days
and six months after surgery (126, 127), with patients experiencing
the hypoactive subtype carrying the worst prognosis (119).

Notably, delirium is also associated with subsequent decline of
cognitive functions and risk of dementia (127-129), significantly
affecting both individual’s and family QoL, and determining
increased costs for the society and healthcare systems. Several
studies have prospectively assessed cognitive states in medical
patients before, during and after delirium, finding a prospective
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association of delirium with cognitive decline over 2 years and
incident dementia (128, 130, 131). A prospective cohort study
examined the patterns and pace of cognitive decline during a
period of 72 months in 560 community-dwelling older adults
who underwent major elective surgery and developed POD. This
study demonstrated that patients experiencing POD showed
accelerated cognitive decline in comparison to those who either
did not develop delirium or did not undergo surgery (128).
Globally, these studies demonstrate that delirium is associated
with significant cognitive decline in the medium- and long-term.

The mechanisms through which cognitive deficits can develop
because of delirium are not entirely understood. However, Davis and
colleagues have shown that the pathophysiological mechanisms that
contribute to accelerating the progression of cognitive deficits
following delirium differ from those implicated in the pathogenesis
of dementia (particularly Alzheimer’s) which may act independently
and additively to the classical pathological processes of dementia (132).

6.2. Early recognition, prevention and
treatment of postoperative delirium

The initial step for an effective POD treatment is its early

recognition. Terms like “acute confusional state,” “toxic-
metabolic encephalopathy,” or “psychomotor agitation” should be
avoided, while “suspected delirium” should be used for suggestive
symptoms (133). However, a proactive strategy to detect the first
signs and symptoms of POD is advised. All patients undergoing
major surgery (9) should be screened for POD during the first
three days after the operation and until resolution of the clinical
situation. For this purpose, validated scales such as the 4AT
(134) and CAM-ICU (135) scales could be used.

Besides early recognition, it is necessary to reduce precipitating
factors that can trigger the onset of POD. A systematic review
101,144 patients identified 112

precipitating factors associated with the onset of delirium. These

including 315 articles and

factors can be divided into 8 main categories based on
pathophysiology: surgical factors, systemic illness or organ
dysfunction, metabolic abnormalities, drugs, iatrogenic and

environmental factors, trauma, biomarkers, and neurotransmitters
(9). Such a complex list of precipitating factors indicates how
addressing POD  requires
contribution of several medical specialists as well as nurses,

a multimodal approach and the

physiotherapists, psychologists, and other healthcare professionals.
Indeed, the currently best approach to POD is non-pharmacological,
multicomponent, and interdisciplinary (136-138). The Hospital Elder
Life Program (HELP)
interventions like spatial-temporal reorientation (e.g., the use of

exemplifies this approach, including
calendars), limited use of psychoactive drugs, early mobilization,
proper sleep hygiene, hydration, nutrition, and sensory aids
(139, 140). This program has been shown to be effective in
preventing delirium in both medical and surgical patients, potentially
reducing cases by 40% (138, 141, 142). Notwithstanding, application
of all these measures might be complex and healthcare professionals
might experience difficulties in adopting these approaches, often due
to staff shortages and different routines (143).
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Even when all the above mentioned measures are correctly
implemented, POD may still occur. In this case, clinicians should
to POD (144).  All
precipitating factors and potential medical causes underlying

pay attention aetiological treatment
delirium should be excluded and/or addressed (9). The acronym
DELIRIUM, which stands for Drugs, Electrolyte disturbances,
Low Oxygen, Infection, Restraints or Reduced sensory input,
Intracranial disorders, Urinary and fecal retention, Myocardial
and pulmonary disorders (ischemia, heart failure, hypoxia) may
aid remembering the most common medical causes of POD (145).

When a patient develop POD, simultaneous supportive care,
complications prevention, and behavioral symptoms management
required  (133).
communication with patients are essential alongside with family

are also Cognitive stimulation and clear
involvement, mobilization, reduction of restraint and devices
(bladder catheter, venous access), sensory deficits mitigation
(adequate lighting, glasses, hearing aids), and noise reduction (146).

When delirium is severe, causing significant distress to the patient
and/or endangering the continuation of life-saving treatments,
pharmacological interventions might be necessary (146). It is
recommended to start with a single medication at a low dosage

(133, 146). The first-line choice is usually haloperidol (0.5/1 mg im.,

10.3389/fcvm.2023.1295108

repeatable up to a maximum of 5mg/day) with avoidance of
medications with heavy anticholinergic burden (e.g, promazine,
chlorpromazine, promethazine) (147). The use of benzodiazepines
should be considered only in selected cases, such as Lewy body
dementia (marked sensitivity to antipsychotics) and alcohol withdrawal
forms (133). Physical restraint should not be routinely used, and it
might be considered only if other non-pharmacological and
pharmacological approaches have shown to be ineffective (133, 146).
In case of physical restraint, monitoring of agitation should be
provided regularly to check if restraint measures can be removed (133).

The approach described above underscores the need for
comprehensive and coordinated care, emphasizing that managing
such a complex syndrome requires a multidisciplinary team
dedicated to delirium prevention and management.

6.3. Quality of life and functional recovery

Frailty is synonymous with diminished QoL, and its
exacerbation by adverse events significantly compounds the
distress in these patient cohorts (148). Cardiac surgery aims to

enhance QoL and ameliorate patients’ prognosis. However, the
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* Functional Status procedures severe delirium
* Mobility Impairment
* Cognitive function and mood disorders
* Nutritional Status [ Outcome Evaluation }——
* Hand Grip Strenght [ Anesthesiology Management ]_
* Polyfarmacy o q
* Socio-Economic Status and Quality of Life * Int lung pr ventilation jndudelinovtcome svaluation
¢ Temperature Management ¢ Delirium Occuence
e Anesthesia depth monitoring i P"‘Stl "af"l‘;"“ B :
P ] . i ications i i *  Quali ife and functional recove
[ MuIt|d|s¢:|pI|nary Heart Team ‘ Avoid medications inappropriate for older ity ry
adults
Identification of the best intervention plan

Patient and Family involvement

L

[ Patient Optimization

ERAS protocols

* Perioperative glicemic control

¢ Nutritional supplementation

¢ Stop alcol consumption and smoking

Pre-habilitation protocols

FIGURE 2

Suggested pathways for pre-operative assessment, introperative optimization and post-operative outcome improvement for frail patients.
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latter wanes in significance as age advances. Indeed, for older
the
capacities, along with the sustenance of a high QoL, usually

individuals, preservation of cognitive and functional
outwits mere life extension (149). While preoperative risk
calculators are useful for predicting the risk of mortality in
cardiac operations (150), scant guidance is available to anticipate
the potential improvement in postoperative QoL. A systematic
review conducted in 2015 showed that QoL tends to improve in
most octogenarians following cardiac surgery (151). Nonetheless,
8%-19% of them experience a deterioration of QoL, subsequently
regretting their decision to proceed with heart surgery. Given the
burgeoning population of geriatric patients, identifying those who
will not benefit from an improvement of their QoL is pivotal.
the

postoperative QoL is warranted to improve the quality of

Therefore, development of predictive models for
informed consent and ameliorate resources allocation (151).

QoL is closely related to the patient’s functional status (152) and
functional recovery in the postoperative course (153). Notably,
functional decline is closely associated with prolonged length of
hospital stay, greater use of healthcare resources, increased
likelihood of long-term care admission and high mortality risk
(154). Pre-operative impairments in ADLs and disability should be
assessed to screen those patients who might benefit from post-
operative strategizing, especially concerning aid with self-care
during the first 4-6 weeks following cardiac surgery (155). It has
been demonstrated that >20% of those aged 70 years and above
experience functional decline 3 months post hospital admission in
comparison to their preadmission functional status (156), with
delirium influencing the association between frailty and variation
in the TADL score at 1-month (157). This post-hospitalization
functional decline could be predicted using a four-variable model
at a threshold of >1. The contributing factors encompass
preadmission daily reliance on assistance in IADL (1 point), use of
a walking device (2 point), dependence on assistance for travel
(1 point) and no education beyond age 14 (1 point) (156).

In summary, pre-operative assessment of functional and
cognitive status might significantly impact care in the post-
frail adults. Further

warranted to elucidate the role of this potentially powerful tool

operative trajectories for research is

into routine clinical practice.

7. Conclusions

Frail individuals are characterized by an increased vulnerability to
surgical stress due to the decline of their physiological reserve. Indeed,
they are at increased risk for complications and poor outcomes after
cardiac surgery. Pre-operative assessment of these patients should
incorporate a multidimensional frailty evaluation by CGA. An

References

1. Campbell AJ, Buchner DM. Unstable disability and the
fluctuations of frailty. Age Ageing. (1997) 26(4):315-8. doi: 10.1093/ageing/26.
4.315

Frontiers in Cardiovascular Medicine

1

10.3389/fcvm.2023.1295108

accurate quantification of surgical risk is the first step to identify
vulnerable patients suitable for pre-operative optimization programs.
Moreover, it allows a shared decision making process which involves
patients and family to ensure a patient-centered definition of goals of
care and avoid treatment futility. Patients who are deemed suitable
for surgery may benefit from a tailored intraoperative strategy aimed
to minimize surgical invasiveness e to enhance postoperative
recovery. Finally, an early recognition of possible postoperative
complications, such as delirium, may enhance patients’ recovery
toward a better postoperative quality of life (Figure 2).

Author contributions

MP: Conceptualization, Writing - original draft, Writing -
review & editing. SM: Writing — original draft, Writing - review &
editing. MS: Writing — original draft, Writing — review & editing.
DP: Writing - review & editing. AB: Writing - original draft,
Writing — review & editing. AF: Writing — original draft, Writing -
review & editing. ML: Writing — original draft, Writing — review &
editing. GF: Supervision, Writing - review & editing. GB:
Conceptualization, Supervision, Writing — review & editing. GM:
Conceptualization, Supervision, Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

2. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al.
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci.
(2001) 56(3):M146-56. doi: 10.1093/gerona/56.3.M146

frontiersin.org


https://doi.org/10.1093/ageing/26.4.315
https://doi.org/10.1093/ageing/26.4.315
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.3389/fcvm.2023.1295108
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Pozzi et al.

3. Kehler DS, Ferguson T, Stammers AN, Bohm C, Arora RC, Duhamel TA, et al.
Prevalence of frailty in Canadians 18-79 years old in the Canadian health measures
survey. BMC Geriatr. (2017) 17(1):28. doi: 10.1186/s12877-017-0423-6

4. Lindman BR, Patel JN. Multimorbidity in older adults with aortic stenosis. Clin
Geriatr Med. (2016) 32(2):305-14. doi: 10.1016/j.cger.2016.01.006

5. Fried LP, Cohen AA, Xue QL, Walston J, Bandeen-Roche K, Varadhan R. The
physical frailty syndrome as a transition from homeostatic symphony to cacophony.
Nature Aging. (2021) 1(1):36-46. doi: 10.1038/s43587-020-00017-z

6. Sergi G, Veronese N, Fontana L, De Rui M, Bolzetta F, Zambon §, et al. Pre-frailty
and risk of cardiovascular disease in elderly men and women: the Pro. V.A. study.
J Am Coll Cardiol. (2015) 65(10):976-83. doi: 10.1016/j.jacc.2014.12.040

7. Wleklik M, Denfeld Q, Lisiak M, Czapla M, Katuzna-Oleksy M, Uchmanowicz I.
Frailty syndrome in older adults with cardiovascular diseases—what do we know and
what requires further research? Int | Environ Res Public Health. (2022) 19(4):2234.
doi: 10.3390/ijerph19042234

8. Centre for Perioperative Care (CPOC). Guideline for perioperative care for people
living with frailty undergoing elective and emergency surgery. 2021.

9. Ormseth CH, LaHue SC, Oldham MA, Andrew Josephson S, Whitaker E, Douglas
VC. Predisposing and precipitating factors associated with delirium: a systematic
review. JAMA Netw Open. (2023) 6(1):22249950-€2249950. doi: 10.1001/
jamanetworkopen.2022.49950

10. Faroogi MAM, Gerstein H, Yusuf S, Leong DP. Accumulation of deficits as a key
risk factor for cardiovascular morbidity and mortality: a pooled analysis of 154 000
individuals. ] Am Heart Assoc. (2020) 9(3):e014686. doi: 10.1161/JAHA.119.014686

11. Rothenberg KA, Stern JR, George EL, Trickey AW, Morris AM, Hall DE, et al.
Association of frailty and postoperative complications with unplanned readmissions
after elective outpatient surgery. JAMA Netw Open. (2019) 2(5):e194330. doi: 10.
1001/jamanetworkopen.2019.4330

12. Shah R, Attwood K, Arya S, Hall DE, Johanning JM, Gabriel E, et al. Association
of frailty with failure to rescue after low-risk and high-risk inpatient surgery. JAMA
Surg. (2018) 153(5):¢180214. doi: 10.1001/jamasurg.2018.0214

13. Lin HS, Watts JN, Peel NM, Hubbard RE. Frailty and post-operative outcomes in
older surgical patients: a systematic review. BMC Geriatr. (2016) 16(1):157. doi: 10.
1186/s12877-016-0329-8

14. McIsaac DI, Taljaard M, Bryson GL, Beaulé PE, Gagné S, Hamilton G, et al.
Frailty as a predictor of death or new disability after surgery: a prospective cohort
study. Ann Surg. (2020) 271(2):283-9. doi: 10.1097/SLA.0000000000002967

15. Robinson TN, Wu DS, Stiegmann GV, Moss M. Frailty predicts increased
hospital and six-month healthcare cost following colorectal surgery in older adults.
Am ] Surg. (2011) 202(5):511-4. doi: 10.1016/j.amjsurg.2011.06.017

16. Mclsaac DI, Moloo H, Bryson GL, van Walraven C. The association of frailty
with outcomes and resource use after emergency general surgery: a population-
based cohort study. Amesth Analg. (2017) 124(5):1653-61. doi: 10.1213/ANE.
0000000000001960

17. Shinall MC Jr, Arya S, Youk A, Varley P, Shah R, Massarweh NN, et al.
Association of preoperative patient frailty and operative stress with postoperative
mortality. JAMA Surg. (2020) 155(1):e194620. doi: 10.1001/jamasurg.2019.4620

18. Eamer GJ, Clement F, Holroyd-Leduc J, Wagg A, Padwal R, Khadaroo RG.
Frailty predicts increased costs in emergent general surgery patients: a prospective
cohort cost analysis. Surgery. (2019) 166(1):82-7. doi: 10.1016/j.surg.2019.01.033

19. Gilbert T, Neuburger J, Kraindler J, Keeble E, Smith P, Ariti C, et al.
Development and validation of a hospital frailty risk score focusing on older people
in acute care settings using electronic hospital records: an observational study.
Lancet. (2018) 391(10132):1775-82. doi: 10.1016/S0140-6736(18)30668-8

20. Siddiqui E, Banco D, Berger ]S, Smilowitz NR. Frailty assessment and
perioperative major adverse cardiovascular events after noncardiac surgery. Am
J Med. (2023) 136(4):372-9.€5. doi: 10.1016/j.amjmed.2022.12.033

21. George EL, Hall DE, Youk A, Chen R, Kashikar A, Trickey AW, et al.
Association between patient frailty and postoperative mortality across multiple
noncardiac surgical specialties. JAMA Surg. (2021) 156(1):¢205152. doi: 10.1001/
jamasurg.2020.5152

22. Lee DH, Buth KJ, Martin BJ, Yip AM, Hirsch GM. Frail patients are at increased
risk for mortality and prolonged institutional care after cardiac surgery. Circulation.
(2010) 121(8):973-8. doi: 10.1161/CIRCULATIONAHA.108.841437

23. Lee JA, Yanagawa B, An KR, Arora RC, Verma S, Friedrich JO, et al. Frailty and
pre-frailty in cardiac surgery: a systematic review and meta-analysis of 66,448 patients.
J Cardiothorac Surg. (2021) 16(1):184. doi: 10.1186/s13019-021-01541-8

24. Stiindermann SH, Dademasch A, Seifert B, Rodriguez Cetina Biefer H, Emmert
MY, Walther T, et al. Frailty is a predictor of short- and mid-term mortality after
elective cardiac surgery independently of age. Interact Cardiovasc Thorac Surg.
(2014) 18(5):580-5. doi: 10.1093/icvts/ivu006

25. Goldfarb M, Bendayan M, Rudski LG, Morin JF, Langlois Y, Ma F, et al. Cost of
cardiac surgery in frail compared with nonfrail older adults. Can J Cardiol. (2017) 33
(8):1020-6. doi: 10.1016/j.cjca.2017.03.019

Frontiers in Cardiovascular Medicine

12

10.3389/fcvm.2023.1295108

26. Lytwyn ], Stammers AN, Kehler DS, Jung P, Alexander B, Hiebert BM, et al. The
impact of frailty on functional survival in patients 1 year after cardiac surgery. ] Thorac
Cardiovasc Surg. (2017) 154(6):1990-9. doi: 10.1016/j.jtcvs.2017.06.040

27. Afilalo J, Eisenberg MJ, Morin JF, Bergman H, Monette J, Noiseux N, et al. Gait
speed as an incremental predictor of mortality and major morbidity in elderly patients
undergoing cardiac surgery. ] Am Coll Cardiol. (2010) 56(20):1668-76. doi: 10.1016/j.
jacc.2010.06.039

28. Leonardi S, Capodanno D, Sousa-Uva M, Vrints C, Rex S, Guarracino F, et al.
Composition, structure, and function of heart teams: a joint position paper of the
ACVC, EAPCI, EACTS, and EACTA focused on the management of patients with
complex coronary artery disease requiring myocardial revascularization. Eur Heart
J Acute Cardiovasc Care. (2021) 10(1):83-93. doi: 10.1093/ehjacc/zuaa013

29. ACSD Operative Risk Calculator. (cited 2023 Sep 8). Available at: https://www.
sts.org/resources/acsd-operative-risk-calculator

30. Nashef SAM, Roques F, Sharples LD, Nilsson J, Smith C, Goldstone AR, et al.
EuroSCORE II. Eur J Cardiothorac Surg. (2012) 41(4):734-44. doi: 10.1093/ejcts/
ezs043

31. Di Dedda U, Pelissero G, Agnelli B, De Vincentiis C, Castelvecchio S, Ranucci
M. Accuracy, calibration and clinical performance of the new EuroSCORE II risk
stratification system. Eur ] Cardiothorac Surg. (2013) 43(1):27-32. doi: 10.1093/
ejcts/ezs196

32. Barili F, Pacini D, Capo A, Rasovic O, Grossi C, Alamanni F, et al. Does
EuroSCORE II perform better than its original versions? A multicentre validation
study. Eur Heart J. (2013) 34(1):22-9. doi: 10.1093/eurheartj/ehs342

33. O’Brien SM, Shahian DM, Filardo G, Ferraris VA, Haan CK, Rich JB, et al. The
society of thoracic surgeons 2008 cardiac surgery risk models: part 2-isolated valve
surgery. Ann Thorac Surg. (2009) 88(1 Suppl):S23-42. doi: 10.1016/j.athoracsur.
2009.05.056

34. Barili F, Pacini D, Grossi C, Di Bartolomeo R, Alamanni F, Parolari A. Reliability
of new scores in predicting perioperative mortality after mitral valve surgery. ] Thorac
Cardiovasc Surg. (2014) 147(3):1008-12. doi: 10.1016/j.jtcvs.2013.06.042

35. Modi A, Vohra HA, Barlow CW. Do patients with liver cirrhosis undergoing
cardiac surgery have acceptable outcomes? Interact Cardiovasc Thorac Surg. (2010)
11(5):630-4. doi: 10.1510/icvts.2010.241190

36. Shih T, Paone G, Theurer PF, McDonald D, Shahian DM, Prager RL. The society
of thoracic surgeons adult cardiac surgery database version 2.73: more is better. Ann
Thorac Surg. (2015) 100(2):516-21. doi: 10.1016/j.athoracsur.2015.02.085

37. Mitnitski AB, Mogilner AJ, Rockwood K. Accumulation of deficits as a proxy
measure of aging. ScientificWorldJournal. (2001) 1:323-36. doi: 10.1100/tsw.2001.58

38. Cesari M, Pérez-Zepeda MU, Marzetti E. Frailty and multimorbidity: different
ways of thinking about geriatrics. ] Am Med Dir Assoc. (2017) 18(4):361-4. doi: 10.
1016/j.jamda.2016.12.086

39. Parmelee PA, Thuras PD, Katz IR, Lawton MP. Validation of the cumulative
illness rating scale in a geriatric residential population. ] Am Geriatr Soc. (1995) 43
(2):130-7. doi: 10.1111/j.1532-5415.1995.tb06377 x

40. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation. J Chronic
Dis. (1987) 40(5):373-83. doi: 10.1016/0021-9681(87)90171-8

41. Katz S. Assessing self-maintenance: activities of daily living, mobility, and
instrumental activities of daily living. ] Am Geriatr Soc. (1983) 31(12):721-7.
doi: 10.1111/j.1532-5415.1983.tb03391.x

42. Lawton MP, Brody EM. Assessment of older people: self-maintaining and
instrumental activities of daily living. Gerontologist. (1969) 9(3):179-86. doi: 10.
1093/geront/9.3_Part_1.179

43. Middleton A, Fritz SL, Lusardi M. Walking speed: the functional vital sign.
J Aging Phys Act. (2015) 23(2):314-22. doi: 10.1123/japa.2013-0236

44. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG,
et al. A short physical performance battery assessing lower extremity function:
association with self-reported disability and prediction of mortality and nursing
home admission. J Gerontol. (1994) 49(2):M85-94. doi: 10.1093/geron;j/49.2.M85

45. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical method
for grading the cognitive state of patients for the clinician. J Psychiatr Res. (1975) 12
(3):189-98. doi: 10.1016/0022-3956(75)90026-6

46. Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Collin I,
et al. The montreal cognitive assessment, MoCA: a brief screening tool for mild
cognitive impairment. ] Am Geriatr Soc. (2005) 53(4):695-9. doi: 10.1111/j.1532-
5415.2005.53221.x

47. Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, et al. Development
and validation of a geriatric depression screening scale: a preliminary report.
J Psychiatr Res. (1982) 17(1):37-49. doi: 10.1016/0022-3956(82)90033-4

48. Vellas B, Guigoz Y, Garry PJ, Nourhashemi F, Bennahum D, Lauque S, et al.
The mini nutritional assessment (MNA) and its use in grading the nutritional state
of elderly patients. Nutrition. (1999) 15(2):116-22. doi: 10.1016/S0899-9007(98)
00171-3

frontiersin.org


https://doi.org/10.1186/s12877-017-0423-6
https://doi.org/10.1016/j.cger.2016.01.006
https://doi.org/10.1038/s43587-020-00017-z
https://doi.org/10.1016/j.jacc.2014.12.040
https://doi.org/10.3390/ijerph19042234
https://doi.org/10.1001/jamanetworkopen.2022.49950
https://doi.org/10.1001/jamanetworkopen.2022.49950
https://doi.org/10.1161/JAHA.119.014686
https://doi.org/10.1001/jamanetworkopen.2019.4330
https://doi.org/10.1001/jamanetworkopen.2019.4330
https://doi.org/10.1001/jamasurg.2018.0214
https://doi.org/10.1186/s12877-016-0329-8
https://doi.org/10.1186/s12877-016-0329-8
https://doi.org/10.1097/SLA.0000000000002967
https://doi.org/10.1016/j.amjsurg.2011.06.017
https://doi.org/10.1213/ANE.0000000000001960
https://doi.org/10.1213/ANE.0000000000001960
https://doi.org/10.1001/jamasurg.2019.4620
https://doi.org/10.1016/j.surg.2019.01.033
https://doi.org/10.1016/S0140-6736(18)30668-8
https://doi.org/10.1016/j.amjmed.2022.12.033
https://doi.org/10.1001/jamasurg.2020.5152
https://doi.org/10.1001/jamasurg.2020.5152
https://doi.org/10.1161/CIRCULATIONAHA.108.841437
https://doi.org/10.1186/s13019-021-01541-8
https://doi.org/10.1093/icvts/ivu006
https://doi.org/10.1016/j.cjca.2017.03.019
https://doi.org/10.1016/j.jtcvs.2017.06.040
https://doi.org/10.1016/j.jacc.2010.06.039
https://doi.org/10.1016/j.jacc.2010.06.039
https://doi.org/10.1093/ehjacc/zuaa013
https://www.sts.org/resources/acsd-operative-risk-calculator
https://www.sts.org/resources/acsd-operative-risk-calculator
https://doi.org/10.1093/ejcts/ezs043
https://doi.org/10.1093/ejcts/ezs043
https://doi.org/10.1093/ejcts/ezs196
https://doi.org/10.1093/ejcts/ezs196
https://doi.org/10.1093/eurheartj/ehs342
https://doi.org/10.1016/j.athoracsur.2009.05.056
https://doi.org/10.1016/j.athoracsur.2009.05.056
https://doi.org/10.1016/j.jtcvs.2013.06.042
https://doi.org/10.1510/icvts.2010.241190
https://doi.org/10.1016/j.athoracsur.2015.02.085
https://doi.org/10.1100/tsw.2001.58
https://doi.org/10.1016/j.jamda.2016.12.086
https://doi.org/10.1016/j.jamda.2016.12.086
https://doi.org/10.1111/j.1532-5415.1995.tb06377.x
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1111/j.1532-5415.1983.tb03391.x
https://doi.org/10.1093/geront/9.3_Part_1.179
https://doi.org/10.1093/geront/9.3_Part_1.179
https://doi.org/10.1123/japa.2013-0236
https://doi.org/10.1093/geronj/49.2.M85
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1016/0022-3956(82)90033-4
https://doi.org/10.1016/S0899-9007(98)00171-3
https://doi.org/10.1016/S0899-9007(98)00171-3
https://doi.org/10.3389/fcvm.2023.1295108
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Pozzi et al.

49. Bouillanne O, Morineau G, Dupont C, Coulombel I, Vincent JP, Nicolis I, et al.
Geriatric nutritional risk index: a new index for evaluating at-risk elderly medical
patients. Am J Clin Nutr. (2005) 82(4):777-83. doi: 10.1093/ajcn/82.4.777

50. Chen LK, Lee WJ, Peng LN, Liu LK, Arai H, Akishita M, et al. Recent advances in
sarcopenia research in Asia: 2016 update from the Asian working group for sarcopenia.
J Am Med Dir Assoc. (2016) 17(8):767.e1-7. doi: 10.1016/j.jamda.2016.05.016

51. Health Organization W. Medication safety in polypharmacy: technical report.
(cited 2023 Sep 5). Available at: https://apps.who.int/iris/bitstream/handle/10665/
325454/WHO-UHC-SDS-2019.11-eng.pdf

52. Hagger-Johnson G, Roberts B, Boniface D, Sabia S, Batty GD, Elbaz A, et al.
Neuroticism and cardiovascular disease mortality: socioeconomic status modifies the
risk in women (UK health and lifestyle survey). Psychosom Med. (2012) 74
(6):596-603. doi: 10.1097/PSY.0b013e31825c85¢ca

53. Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health survey (SF-
36). 1. Conceptual framework and item selection. Med Care. (1992) 30(6):473-83.
doi: 10.1097/00005650-199206000-00002

54. Afilalo J, Lauck S, Kim DH, Lefévre T, Piazza N, Lachapelle K, et al. Frailty in
older adults undergoing aortic valve replacement: the FRAILTY-AVR study. ] Am Coll
Cardiol. (2017) 70(6):689-700. doi: 10.1016/j.jacc.2017.06.024

55. Solomon J, Moss E, Morin JF, Langlois Y, Cecere R, de Varennes B, et al. The
essential frailty toolset in older adults undergoing coronary artery bypass surgery.
J Am Heart Assoc. (2021) 10(15):e020219. doi: 10.1161/JAHA.120.020219

56. Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus S, Bauersachs J, et al.
2021 ESC/EACTS guidelines for the management of valvular heart disease.
Eurolntervention. (2022) 17(14):e1126-96. doi: 10.4244/EIJ-E-21-00009

57. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Bhm M, et al.
2021 ESC guidelines for the diagnosis and treatment of acute and chronic heart failure:
developed by the task force for the diagnosis and treatment of acute and chronic heart
failure of the European society of cardiology (ESC) with the special contribution of the
heart failure association (HFA) of the ESC. Eur Heart ]. (2021) 42(36):3599-726.
doi: 10.1093/eurheartj/ehab368

58. Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto U,
et al. 2018 ESC/EACTS guidelines on myocardial revascularization.
Eurolntervention. (2019) 14(14):1435-534. doi: 10.4244/EIJY19M01_01

59. Dramé M, Novella JL, Lang PO, Somme D, Jovenin N, Laniéce I, et al. Derivation
and validation of a mortality-risk index from a cohort of frail elderly patients
hospitalised in medical wards via emergencies: the SAFES study. Eur ] Epidemiol.
(2008) 23(12):783-91. doi: 10.1007/s10654-008-9290-y

60. Gallo M, Gerosa G. Multiparameter approach to evaluate elderly patients
undergoing aortic valve replacement. J Thorac Cardiovasc Surg. (2014) 148
(4):1749-51. doi: 10.1016/j.jtcvs.2014.03.051

61. Members WC, Otto CM, Nishimura RA, Bonow RO, Carabello BA, Erwin JP III,
et al. 2020 ACC/AHA guideline for the management of patients with valvular heart
disease: executive summary: a report of the American college of cardiology/
American heart association joint committee on clinical practice guidelines. ] Am
Coll Cardiol. (2021) 77(4):450-500. doi: 10.1016/j.jacc.2020.11.035

62. Alvarez-Nebreda ML, Bentov N, Urman RD, Setia S, Huang JCS, Pfeifer K, et al.
Recommendations for preoperative management of frailty from the society for
perioperative assessment and quality improvement (SPAQI). J Clin Anesth. (2018)
47:33-42. doi: 10.1016/j.jclinane.2018.02.011

63. Engelman DT, Ben Ali W, Williams JB, Perrault LP, Reddy VS, Arora RC, et al.
Guidelines for perioperative care in cardiac surgery: enhanced recovery after surgery
society recommendations. JAMA Surg. (2019) 154(8):755-66. doi: 10.1001/jamasurg.
2019.1153

64. Bentov I, Kaplan SJ, Pham TN, Reed M]J. Frailty assessment: from clinical
to radiological tools. Br ] Anaesth. (2019) 123(1):37-50. doi: 10.1016/j.bja.2019.
03.034

65. Ljungqvist O, Scott M, Fearon KC. Enhanced recovery after surgery: a review.
JAMA Surg. (2017) 152(3):292-8. doi: 10.1001/jamasurg.2016.4952

66. Wong ], Zoungas S, Wright C, Teede H. Evidence-based guidelines for
perioperative management of diabetes in cardiac and vascular surgery. World
J Surg. (2010) 34(3):500-13. doi: 10.1007/s00268-009-0380-0

67. Yu PJ, Cassiere HA, Dellis SL, Manetta F, Kohn N, Hartman AR. Impact of
preoperative prealbumin on outcomes after cardiac surgery. JPEN ] Parenter Enteral
Nutr. (2015) 39(7):870-4. doi: 10.1177/0148607114536735

68. Reid MC, Fiellin DA, O’Connor PG. Hazardous and harmful alcohol
consumption in primary care. Arch Intern Med. (1999) 159(15):1681-9. doi: 10.
1001/archinte.159.15.1681

69. Oppedal K, Moller AM, Pedersen B, Tennesen H. Preoperative alcohol cessation
prior to elective surgery. Cochrane Database Syst Rev. (2012) (7):CD008343. doi: 10.
1002/14651858.CD008343.pub2

70. Scheenstra B, Mohansingh C, Bongers BC, Dahmen S, Wouters YIMS, Lenssen
TF, et al. Personalized teleprehabilitation in elective cardiac surgery: a study protocol
of the digital cardiac counselling randomized controlled trial. Eur Heart ] Digit Health.
(2021) 2(3):477-86. doi: 10.1093/ehjdh/ztab041

Frontiers in Cardiovascular Medicine

13

10.3389/fcvm.2023.1295108

71. Gupta R, Gan TJ. Preoperative nutrition and prehabilitation. Anesthesiol Clin.
(2016) 34(1):143-53. doi: 10.1016/j.anclin.2015.10.012

72. Carli F, Scheede-Bergdahl C. Prehabilitation to enhance perioperative care.
Anesthesiol Clin. (2015) 33(1):17-33. doi: 10.1016/j.anclin.2014.11.002

73. Sawatzky JAV, Kehler DS, Ready AE, Lerner N, Boreskie S, Lamont D, et al.
Prehabilitation program for elective coronary artery bypass graft surgery patients: a
pilot randomized controlled study. Clin Rehabil. (2014) 28(7):648-57. doi: 10.1177/
0269215513516475

74. Arthur HM, Daniels C, McKelvie R, Hirsh J, Rush B. Effect of a preoperative
intervention on preoperative and postoperative outcomes in low-risk patients awaiting
elective coronary artery bypass graft surgery. A randomized, controlled trial. Ann
Intern Med. (2000) 133(4):253-62. doi: 10.7326/0003-4819-133-4-200008150-00007

75. Herdy AH, Marcchi PLB, Vila A, Tavares C, Collago ], Niebauer J, et al. Pre- and
postoperative cardiopulmonary rehabilitation in hospitalized patients undergoing
coronary artery bypass surgery: a randomized controlled trial. Am ] Phys Med
Rehabil. (2008) 87(9):714-9. doi: 10.1097/PHM.0b013e3181839152

76. Rosenfeldt F, Braun L, Spitzer O, Bradley S, Shepherd J, Bailey M, et al. Physical
conditioning and mental stress reduction-a randomised trial in patients undergoing
cardiac surgery. BMC Complement Altern Med. (2011) 11:20. doi: 10.1186/1472-
6882-11-20

77. Mariani S, Schode A, Homann K, Feueriegel S, Noth S, Warnke K, et al.
Telemonitoring and care program for left ventricular assist device patients during
COVID-19 outbreak: a European experience. ASAIO J. (2021) 67(9):973-81. doi: 10.
1097/MAT.0000000000001526

78. Mariani S, Hanke JS, Dogan G, Schmitto JD. Out of hospital management of
LVAD patients during COVID-19 outbreak. Artif Organs. (2020) 44(8):873-6.
doi: 10.1111/aor.13744

79. Peretti A, Amenta F, Tayebati SK, Nittari G, Mahdi SS. Telerehabilitation: review
of the state-of-the-art and areas of application. JMIR Rehabil Assist Technol. (2017) 4
(2):e7. doi: 10.2196/rehab.7511

80. Brouwers RWM, van Exel HJ, van Hal JMC, Jorstad HT, de Kluiver EP,
Kraaijenhagen RA, et al. Cardiac telerehabilitation as an alternative to centre-based
cardiac rehabilitation. Neth Heart J. (2020) 28(9):443-51. doi: 10.1007/s12471-020-
01432-y

81. Barbero C, Marchetto G, Ricci D, El Qarra S, Attisani M, Filippini C, et al. Right
minithoracotomy for mitral valve surgery: impact of tailored strategies on early outcome.
Ann Thorac Surg. (2016) 102(6):1989-94. doi: 10.1016/j.athoracsur.2016.04.104

82. Abjigitova D, Sadeghi AH, Peek JJ, Bekkers JA, Bogers AJJC, Mahtab EAF.
Virtual reality in the preoperative planning of adult aortic surgery: a feasibility
study. J Cardiovasc Dev Dis. (2022) 9(2):31-43. doi: 10.3390/jcdd9020031

83. Montanhesi PK, Coelho G, Curcio SAF, Poffo R. Three-dimensional printing in
minimally invasive cardiac surgery: optimizing surgical planning and education with
life-like models. Braz J Cardiovasc Surg. (2022) 37(1):110-7. doi: 10.21470/1678-9741-
2020-0409

84. Ramponi F, Seco M, Vallely MP. Defining the role of anaortic coronary artery
bypass grafting. J Clin Med Res. (2023) 12(14):4697-706. doi: 10.3390/jcm12144697

85. Writing Committee Members, Lawton JS, Tamis-Holland JE, Bangalore S, Bates
ER, Beckie TM, Bischoff JM, et al. 2021 ACC/AHA/SCAI guideline for coronary artery
revascularization: executive summary: a report of the American college of cardiology/
American heart association joint committee on clinical practice guidelines. ] Am Coll
Cardiol. (2022) 79(2):197-215. doi: 10.1016/j.jacc.2021.09.005

86. Gaudino M, Bakaeen F, Davierwala P, Di Franco A, Fremes SE, Patel N, et al.
New strategies for surgical myocardial revascularization. Circulation. (2018) 138
(19):2160-8. doi: 10.1161/CIRCULATIONAHA.118.035956

87. Ruel M. Nonsternotomy multivessel coronary artery bypass grafting: a key
development in cardiac surgery. JTCVS Tech. (2021) 10:162-7. doi: 10.1016/j.xjtc.
2021.09.033

88. Nisivaco S, Patel B, Coleman C, Kitahara H, Torregrossa G, Balkhy HH.
Postoperative day 1 discharge after robotic totally endoscopic coronary bypass: the
ultimate in enhanced recovery after surgery. Innovations. (2023) 18(2):159-66.
doi: 10.1177/15569845231164374

89. Kirmani BH, Akowuah E. Minimal access aortic valve surgery. ] Cardiovasc Dev
Dis. (2023) 10(7):281-96. doi: 10.3390/jcdd10070281

90. Shrestha M. Aortic valve replacement via right anterior thoracotomy with
sutureless valves: the way to gol. J Thorac Cardiovasc Surg. (2016) 152(6):1547-8.
doi: 10.1016/j.jtcvs.2016.08.003

91. Di Bacco L, Miceli A, Glauber M. Minimally invasive aortic valve surgery.
J Thorac Dis. (2021) 13(3):1945-59. doi: 10.21037/jtd-20-1968

92. Berretta P, Di Eusanio M. Aortic valve replacement with sutureless and rapid
deployment aortic valve prostheses. J Geriatr Cardiol. (2016) 13(6):504-10. doi: 10.
11909/j.issn.1671-5411.2016.06.006

93. Flynn CD, Williams ML, Chakos A, Hirst L, Muston B, Tian DH. Sutureless valve
and rapid deployment valves: a systematic review and meta-analysis of comparative
studies. Ann Cardiothorac Surg. (2020) 9(5):364-74. doi: 10.21037/acs-2020-surd-27

frontiersin.org


https://doi.org/10.1093/ajcn/82.4.777
https://doi.org/10.1016/j.jamda.2016.05.016
https://apps.who.int/iris/bitstream/handle/10665/325454/WHO-UHC-SDS-2019.11-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/325454/WHO-UHC-SDS-2019.11-eng.pdf
https://doi.org/10.1097/PSY.0b013e31825c85ca
https://doi.org/10.1097/00005650-199206000-00002
https://doi.org/10.1016/j.jacc.2017.06.024
https://doi.org/10.1161/JAHA.120.020219
https://doi.org/10.4244/EIJ-E-21-00009
https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.4244/EIJY19M01_01
https://doi.org/10.1007/s10654-008-9290-y
https://doi.org/10.1016/j.jtcvs.2014.03.051
https://doi.org/10.1016/j.jacc.2020.11.035
https://doi.org/10.1016/j.jclinane.2018.02.011
https://doi.org/10.1001/jamasurg.2019.1153
https://doi.org/10.1001/jamasurg.2019.1153
https://doi.org/10.1016/j.bja.2019.03.034
https://doi.org/10.1016/j.bja.2019.03.034
https://doi.org/10.1001/jamasurg.2016.4952
https://doi.org/10.1007/s00268-009-0380-0
https://doi.org/10.1177/0148607114536735
https://doi.org/10.1001/archinte.159.15.1681
https://doi.org/10.1001/archinte.159.15.1681
https://doi.org/10.1002/14651858.CD008343.pub2
https://doi.org/10.1002/14651858.CD008343.pub2
https://doi.org/10.1093/ehjdh/ztab041
https://doi.org/10.1016/j.anclin.2015.10.012
https://doi.org/10.1016/j.anclin.2014.11.002
https://doi.org/10.1177/0269215513516475
https://doi.org/10.1177/0269215513516475
https://doi.org/10.7326/0003-4819-133-4-200008150-00007
https://doi.org/10.1097/PHM.0b013e3181839152
https://doi.org/10.1186/1472-6882-11-20
https://doi.org/10.1186/1472-6882-11-20
https://doi.org/10.1097/MAT.0000000000001526
https://doi.org/10.1097/MAT.0000000000001526
https://doi.org/10.1111/aor.13744
https://doi.org/10.2196/rehab.7511
https://doi.org/10.1007/s12471-020-01432-y
https://doi.org/10.1007/s12471-020-01432-y
https://doi.org/10.1016/j.athoracsur.2016.04.104
https://doi.org/10.3390/jcdd9020031
https://doi.org/10.21470/1678-9741-2020-0409
https://doi.org/10.21470/1678-9741-2020-0409
https://doi.org/10.3390/jcm12144697
https://doi.org/10.1016/j.jacc.2021.09.005
https://doi.org/10.1161/CIRCULATIONAHA.118.035956
https://doi.org/10.1016/j.xjtc.2021.09.033
https://doi.org/10.1016/j.xjtc.2021.09.033
https://doi.org/10.1177/15569845231164374
https://doi.org/10.3390/jcdd10070281
https://doi.org/10.1016/j.jtcvs.2016.08.003
https://doi.org/10.21037/jtd-20-1968
https://doi.org/10.11909/j.issn.1671-5411.2016.06.006
https://doi.org/10.11909/j.issn.1671-5411.2016.06.006
https://doi.org/10.21037/acs-2020-surd-27
https://doi.org/10.3389/fcvm.2023.1295108
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Pozzi et al.

94. Bilkhu R, Borger MA, Briffa NP, Jahangiri M. Sutureless aortic valve prostheses.
Heart. (2019) 105(Suppl 2):s16-20. doi: 10.1136/heartjnl-2018-313513

95. Gersak B, Fischlein T, Folliguet TA, Meuris B, Teoh KHT, Moten SC, et al.
Sutureless, rapid deployment valves and stented bioprosthesis in aortic valve
replacement: recommendations of an international expert consensus panel. Eur
J Cardiothorac Surg. (2015) 49(3):709-18. doi: 10.1093/ejcts/ezv369

96. Barbero C, Pocar M, Marchetto G, Cura Stura E, Calia C, Boffini M, et al.
Antegrade perfusion for mini-thoracotomy mitral valve surgery in patients with
atherosclerotic burden. Heart Lung Circ. (2022) 31(3):415-9. doi: 10.1016/j.hlc.2021.
08.007

97. Colli A, Manzan E, Aidietis A, Rucinskas K, Bizzotto E, Besola L, et al. An early
European experience with transapical off-pump mitral valve repair with NeoChord
implantation. Eur ] Cardiothorac Surg. (2018) 54(3):460-6. doi: 10.1093/ejcts/ezy064

98. Gerosa G, Besola L, Beiras-Fernandez A, Salizzoni S, Vairo A, D’Aleo S, et al.
The neochord procedure after failed surgical mitral valve repair. Semin Thorac
Cardiovasc Surg. (2021) 33(1):35-44. doi: 10.1053/j.semtcvs.2020.06.015

99. Wienemann H, Mauri V, Ochs L, Kérber MI, Eghbalzadeh K, Iliadis C, et al.
Contemporary treatment of mitral valve disease with transcatheter mitral valve
implantation. Clin Res Cardiol. (2023) 112(5):571-84. doi: 10.1007/s00392-022-
02095-y

100. Dahle G. Current devices in TMVI and their limitations: focus on tendyne.
Front Cardiovasc Med. (2020) 7:592909. doi: 10.3389/fcvm.2020.592909

101. Ricci D, Boffini M, Barbero C, El Qarra S, Marchetto G, Rinaldi M. Minimally
invasive tricuspid valve surgery in patients at high risk. J Thorac Cardiovasc Surg.
(2014) 147(3):996-1001. doi: 10.1016/j.jtcvs.2013.03.018

102. Marchetto G, Anselmino M, Rovera C, Mancuso S, Ricci D, Antolini M, et al.
Results of cryoablation for atrial fibrillation concomitant with video-assisted
minimally invasive mitral valve surgery. Semin Thorac Cardiovasc Surg. (2016) 28
(2):271-80. doi: 10.1053/j.semtcvs.2016.04.006

103. Gosain P, Larrauri-Reyes M, Mihos CG, Escolar E, Santana O. Aortic and/or
mitral valve surgery in patients with pulmonary hypertension performed via a
minimally invasive approach. Interact Cardiovasc Thorac Surg. (2016) 22(5):668-70.
doi: 10.1093/icvts/ivw019

104. Ganapathi AM, Englum BR, Hanna JM, Schechter MA, Gaca JG, Hurwitz LM,
et al. Frailty and risk in proximal aortic surgery. ] Thorac Cardiovasc Surg. (2014) 147
(1):186-91.el. doi: 10.1016/j.jtcvs.2013.09.011

105. Kulacoglu UK, Kaya M. Ministernotomy in aortic root and arch surgery: early
outcomes. Braz ] Cardiovasc Surg. (2023) 38(1):15-21. doi: 10.21470/1678-9741-2021-
0372

106. Martens A, Koigeldiyev N, Beckmann E, Fleissner F, Kaufeld T, Krueger H,
et al. Do not leave the heart arrested. Non-cardioplegic continuous myocardial
perfusion during complex aortic arch repair improves cardiac outcome. Eur
J Cardiothorac Surg. (2016) 49(1):141-8. doi: 10.1093/ejcts/ezv009

107. Czerny M, Schmidli ], Adler S, van den Berg JC, Bertoglio L, Carrel T, et al.
Current options and recommendations for the treatment of thoracic aortic
pathologies involving the aortic arch: an expert consensus document of the
European association for cardio-thoracic surgery (EACTS) and the European society
for vascular surgery (ESVS). Eur J Cardiothorac Surg. (2019) 55(1):133-62. doi: 10.
1093/ejcts/ezy313

108. Tse G, Gong M, Wong SH, Wu WKK, Bazoukis G, Lampropoulos K, et al.
Frailty and clinical outcomes in advanced heart failure patients undergoing left
ventricular assist device implantation: a systematic review and meta-analysis. ] Am
Med Dir Assoc. (2018) 19(3):255-61.e1. doi: 10.1016/j.jamda.2017.09.022

109. Schmitto JD, Mariani S, Abicht TO, Couper GS, Danter MR, Itoh A, et al.
Expert consensus paper: lateral thoracotomy for centrifugal ventricular assist device
implant. Ann Thorac Surg. (2021) 112(5):1687-97. doi: 10.1016/j.athoracsur.2020.09.
063

110. Attisani M, Pocar M, Lodo V, Barbero C, Marchetto G, Centofanti P, et al. Off-
pump left ventricular assist device implantation via bilateral mini-thoracotomy in
cardiac reoperations: the extrapericardial subxiphoid route. Ann Cardiothorac Surg.
(2021) 10(2):298-300. doi: 10.21037/acs-2020-cfmcs-25

111. Hanke JS, Mariani S, Merzah AS, Bounader K, Li T, Haverich A, et al. Three-
year follow-up after less-invasive left ventricular assist device exchange to HeartMate
3™, J Cardiovasc Surg. (2021) 62(6):646-51. doi: 10.23736/S0021-9509.21.11756-2

112. Mariani S, Li T, Meyer AL, Geoffrion T, Fittkau M, Schode A, et al. Novel plug
device for HeartMate 3 explantation: first multicenter experience. ASAIO J. (2022) 68
(12):262-7. doi: 10.1097/MAT.0000000000001760

113. Graham A, Brown CH 4th. Frailty, aging, and cardiovascular surgery. Anesth
Analg. (2017) 124(4):1053-60. doi: 10.1213/ANE.0000000000001560

114. Shanker A, Upadhyay P, Rangasamy V, Muralidhar K, Subramaniam B. Impact
of frailty in cardiac surgical patients-assessment, burden, and recommendations. Ann
Card Anaesth. (2021) 24(2):133-9. doi: 10.4103/aca.ACA_90_20

115. Wildes TS, Mickle AM, Ben Abdallah A, Maybrier HR, Oberhaus J, Budelier
TP, et al. Effect of electroencephalography-guided anesthetic administration on
postoperative delirium among older adults undergoing major surgery: the

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2023.1295108

ENGAGES randomized clinical trial. JAMA. (2019) 321(5):473-83. doi: 10.1001/
jama.2018.22005

116. American Psychiatric Association. Diagnostic and statistical manual of mental
disorders. Washington DC: American Psychiatric Association Publishing (2022).

117. Persico I, Cesari M, Morandi A, Haas J, Mazzola P, Zambon A, et al. Frailty and
delirium in older adults: a systematic review and meta-analysis of the literature. ] Am
Geriatr Soc. (2018) 66(10):2022-30. doi: 10.1111/jgs.15503

118. Cerejeira J, Mukaetova-Ladinska EB. A clinical update on delirium: from early
recognition to effective management. Nurs Res Pract. (2011) 2011:875196. doi: 10.
23736/50021-9509.21.11756-2

119. Robinson TN, Raeburn CD, Tran ZV, Brenner LA, Moss M. Motor subtypes of
postoperative delirium in older adults. Arch Surg. (2011) 146(3):295-300. doi: 10.1001/
archsurg.2011.14

120. Falk A, Kahlin J, Nymark C, Hultgren R, Stenman M. Depression as a predictor
of postoperative delirium after cardiac surgery: a systematic review and meta-analysis.
Interact Cardiovasc Thorac Surg. (2021) 32(3):371-9. doi: 10.1093/icvts/ivaa277

121. Kirfel A, Menzenbach J, Guttenthaler V, Feggeler J, Mayr A, Coburn M, et al.
Postoperative delirium after cardiac surgery of elderly patients as an independent risk
factor for prolonged length of stay in intensive care unit and in hospital. Aging Clin
Exp Res. (2021) 33(11):3047-56. doi: 10.1007/s40520-021-01842-x

122. Smulter N, Lingehall HC, Gustafson Y, Olofsson B, Engstrém KG. Delirium
after cardiac surgery: incidence and risk factors. Interact Cardiovasc Thorac Surg.
(2013) 17(5):790-6. doi: 10.1093/icvts/ivt323

123. Sugimura Y, Sipahi NF, Mehdiani A, Petrov G, Awe M, Minol JP, et al. Risk and
consequences of postoperative delirium in cardiac surgery. Thorac Cardiovasc Surg.
(2020) 68(5):417-24. doi: 10.1055/s-0040-1708046

124. Ely EW, Inouye SK, Bernard GR, Gordon S, Francis J, May L, et al. Delirium in
mechanically ventilated patients: validity and reliability of the confusion assessment
method for the intensive care unit (CAM-ICU). JAMA. (2001) 286(21):2703-10.
doi: 10.1001/jama.286.21.2703

125. Morandi A, Lucchi E, Turco R, Morghen S, Guerini F, Santi R, et al. Delirium
superimposed on dementia: a quantitative and qualitative evaluation of informal
caregivers and health care staff experience. J Psychosom Res. (2015) 79(4):272-80.
doi: 10.1016/j.jpsychores.2015.06.012

126. Han JH, Shintani A, Eden S, Morandi A, Solberg LM, Schnelle J, et al. Delirium
in the emergency department: an independent predictor of death within 6 months.
Ann Emerg Med. (2010) 56(3):244-52.el. doi: 10.1016/j.annemergmed.2010.03.003

127. Witlox J, Eurelings LSM, de Jonghe JEM, Kalisvaart KJ, Eikelenboom P, van
Gool WA. Delirium in elderly patients and the risk of postdischarge mortality,
institutionalization, and dementia: a meta-analysis. JAMA. (2010) 304(4):443-51.
doi: 10.1001/jama.2010.1013

128. Kunicki ZJ, Ngo LH, Marcantonio ER, Tommet D, Feng Y, Fong TG, et al. Six-
year cognitive trajectory in older adults following major surgery and delirium. JAMA
Intern Med. (2023) 183(5):442-50. doi: 10.1001/jamainternmed.2023.0144

129. Brown CH 4th, Probert J, Healy R, Parish M, Nomura Y, Yamaguchi A, et al.
Cognitive decline after delirium in patients undergoing cardiac surgery.
Anesthesiology. (2018) 129(3):406-16. doi: 10.1097/ALN.0000000000002253

130. Richardson SJ, Davis DHJ, Stephan BCM, Robinson L, Brayne C, Barnes LE,
et al. Recurrent delirium over 12 months predicts dementia: results of the delirium
and cognitive impact in dementia (DECIDE) study. Age Ageing. (2021) 50
(3):914-20. doi: 10.1093/ageing/afaa244

131. Tsui A, Searle SD, Bowden H, Hoffmann K, Hornby J, Goslett A, et al. The
effect of baseline cognition and delirium on long-term cognitive impairment and
mortality: a prospective population-based study. The Lancet Healthy Longevity.
(2022) 3(4):e232-41. doi: 10.1016/S2666-7568(22)00013-7

132. Davis DHJ, Muniz-Terrera G, Keage HAD, Stephan BCM, Fleming J, Ince PG,
et al. Association of delirium with cognitive decline in late life: a neuropathologic
study of 3 population-based cohort studies. JAMA Psychiatry. (2017) 74(3):244-51.
doi: 10.1001/jamapsychiatry.2016.3423

133. Bellelli G, Morandi A, Trabucchi M, Caironi G, Coen D, Fraticelli C, et al.
Italian intersociety consensus on prevention, diagnosis, and treatment of delirium
in hospitalized older persons. Intern Emerg Med. (2018) 13(1):113-21. doi: 10.1007/
s11739-017-1705-x

134. Bellelli G, Morandi A, Davis DHJ, Mazzola P, Turco R, Gentile S, et al.
Corrigendum to “validation of the 4AT, a new instrument for rapid delirium
screening: a study in 234 hospitalised older people.”. Age Ageing. (2015) 44(1):175.
doi: 10.1093/ageing/aful81

135. Barr J, Fraser GL, Puntillo K, Ely EW, Gélinas C, Dasta JF, et al. Clinical
practice guidelines for the management of pain, agitation, and delirium in adult
patients in the intensive care unit. Crit Care Med. (2013) 41(1):263-306. doi: 10.
1097/CCM.0b013e3182783b72

136. Schrijver EJM, de Vries OJ, van de Ven PM, Bet PM, Kamper AM, Diepeveen
SHA, et al. Haloperidol versus placebo for delirium prevention in acutely hospitalised
older at risk patients: a multi-centre double-blind randomised controlled clinical trial.
Age Ageing. (2018) 47(1):48-55. doi: 10.1093/ageing/afx124

frontiersin.org


https://doi.org/10.1136/heartjnl-2018-313513
https://doi.org/10.1093/ejcts/ezv369
https://doi.org/10.1016/j.hlc.2021.08.007
https://doi.org/10.1016/j.hlc.2021.08.007
https://doi.org/10.1093/ejcts/ezy064
https://doi.org/10.1053/j.semtcvs.2020.06.015
https://doi.org/10.1007/s00392-022-02095-y
https://doi.org/10.1007/s00392-022-02095-y
https://doi.org/10.3389/fcvm.2020.592909
https://doi.org/10.1016/j.jtcvs.2013.03.018
https://doi.org/10.1053/j.semtcvs.2016.04.006
https://doi.org/10.1093/icvts/ivw019
https://doi.org/10.1016/j.jtcvs.2013.09.011
https://doi.org/10.21470/1678-9741-2021-0372
https://doi.org/10.21470/1678-9741-2021-0372
https://doi.org/10.1093/ejcts/ezv009
https://doi.org/10.1093/ejcts/ezy313
https://doi.org/10.1093/ejcts/ezy313
https://doi.org/10.1016/j.jamda.2017.09.022
https://doi.org/10.1016/j.athoracsur.2020.09.063
https://doi.org/10.1016/j.athoracsur.2020.09.063
https://doi.org/10.21037/acs-2020-cfmcs-25
https://doi.org/10.23736/S0021-9509.21.11756-2
https://doi.org/10.1097/MAT.0000000000001760
https://doi.org/10.1213/ANE.0000000000001560
https://doi.org/10.4103/aca.ACA_90_20
https://doi.org/10.1001/jama.2018.22005
https://doi.org/10.1001/jama.2018.22005
https://doi.org/10.1111/jgs.15503
https://doi.org/10.23736/S0021-9509.21.11756-2
https://doi.org/10.23736/S0021-9509.21.11756-2
https://doi.org/10.1001/archsurg.2011.14
https://doi.org/10.1001/archsurg.2011.14
https://doi.org/10.1093/icvts/ivaa277
https://doi.org/10.1007/s40520-021-01842-x
https://doi.org/10.1093/icvts/ivt323
https://doi.org/10.1055/s-0040-1708046
https://doi.org/10.1001/jama.286.21.2703
https://doi.org/10.1016/j.jpsychores.2015.06.012
https://doi.org/10.1016/j.annemergmed.2010.03.003
https://doi.org/10.1001/jama.2010.1013
https://doi.org/10.1001/jamainternmed.2023.0144
https://doi.org/10.1097/ALN.0000000000002253
https://doi.org/10.1093/ageing/afaa244
https://doi.org/10.1016/S2666-7568(22)00013-7
https://doi.org/10.1001/jamapsychiatry.2016.3423
https://doi.org/10.1007/s11739-017-1705-x
https://doi.org/10.1007/s11739-017-1705-x
https://doi.org/10.1093/ageing/afu181
https://doi.org/10.1097/CCM.0b013e3182783b72
https://doi.org/10.1097/CCM.0b013e3182783b72
https://doi.org/10.1093/ageing/afx124
https://doi.org/10.3389/fcvm.2023.1295108
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Pozzi et al.

137. Marra A, Vargas M, Buonanno P, Tacovazzo C, Kotfis K, Servillo G. Haloperidol
for preventing delirium in ICU patients: a systematic review and meta-analysis. Eur Rev
Med Pharmacol Sci. (2021) 25(3):1582-91. doi: 10.26355/eurrev_202102_24868

138. Abraha I, Rimland JM, Trotta F, Pierini V, Cruz-Jentoft A, Soiza R, et al. Non-
pharmacological interventions to prevent or treat delirium in older patients: clinical
practice recommendations the SENATOR-ONTOP series. | Nutr Health Aging.
(2016) 20(9):927-36. doi: 10.1007/s12603-016-0719-9

139. Inouye SK, Bogardus ST Jr, Charpentier PA, Leo-Summers L, Acampora D,
Holford TR, et al. A multicomponent intervention to prevent delirium in hospitalized
older patients. N Engl ] Med. (1999) 340(9):669-76. doi: 10.1056/NEJM199903043400901

140. Inouye SK, Baker DI, Fugal P, Bradley EH, HELP Dissemination Project.
Dissemination of the hospital elder life program: implementation, adaptation, and
successes. | Am Geriatr Soc. (2006) 54(10):1492-9. doi: 10.1111/j.1532-5415.2006.00869.x

141. Abraha I, Trotta F, Rimland JM, Cruz-Jentoft A, Lozano-Montoya I, Soiza RL,
et al. Efficacy of non-pharmacological interventions to prevent and treat delirium in
older patients: a systematic overview. The SENATOR project ONTOP series. PLoS
One. (2015) 10(6):€0123090. doi: 10.1371/journal.pone.0123090

142. Hshieh TT, Yang T, Gartaganis SL, Yue ], Inouye SK. Hospital elder life
program: systematic review and meta-analysis of effectiveness. Am ] Geriatr
Psychiatry. (2018) 26(10):1015-33. doi: 10.1016/j.jagp.2018.06.007

143. Bradley EH, Schlesinger M, Webster TR, Baker D, Inouye SK. Translating
research into clinical practice: making change happen. | Am Geriatr Soc. (2004) 52
(11):1875-82. doi: 10.1111/j.1532-5415.2004.52510.x

144. Finazzi A, Bruni AA, Nistri S, Bellelli G. Asymptomatic aortic stenosis in an
older patient: how the geriatric approach can make a difference. Diagnostics (Basel).
(2023) 13(5):909-17. doi: 10.3390/diagnostics13050909

145. Marcantonio ER. Delirium in hospitalized older adults. N Engl ] Med. (2017)
377(15):1456-66. doi: 10.1056/NEJMcp1605501

146. Inouye SK. Delirium in older persons. N Engl ] Med. (2006) 354(11):1157-65.
doi: 10.1056/NEJMra052321

147. Campbell N, Boustani M, Limbil T, Ott C, Fox C, Maidment I, et al. The cognitive
impact of anticholinergics: a clinical review. Clin Interv Aging. (2009) 4:225-33. doi: 10.
2147/cia.s5358

Frontiers in Cardiovascular Medicine

15

10.3389/fcvm.2023.1295108

148. Crocker TF, Brown L, Clegg A, Farley K, Franklin M, Simpkins S, et al. Quality
of life is substantially worse for community-dwelling older people living with frailty:
systematic review and meta-analysis. Qual Life Res. (2019) 28(8):2041-56. doi: 10.
1007/s11136-019-02149-1

149. Senin U, Cherubini A. Functional status and quality of life as main outcome
measures of therapeutic efficacy in the elderly. Arch Gerontol Geriatr. (1996) 22
(Suppl 1):567-72. doi: 10.1016/0167-4943(96)87000-2

150. Ad N, Holmes SD, Patel J, Pritchard G, Shuman DJ, Halpin L. Comparison of
EuroSCORE II, original EuroSCORE, and the society of thoracic surgeons risk score in
cardiac surgery patients. Ann Thorac Surg. (2016) 102(2):573-9. doi: 10.1016/j.
athoracsur.2016.01.105

151. Abah U, Dunne M, Cook A, Hoole S, Brayne C, Vale L, et al. Does quality of
life improve in octogenarians following cardiac surgery? A systematic review. BMJ
Open. (2015) 5(4):e006904. doi: 10.1136/bmjopen-2014-006904

152. Oh B, Cho B, Choi HC, Son KY, Park SM, Chun S, et al. The influence of
lower-extremity function in elderly individuals’ quality of life (QOL): an analysis of
the correlation between SPPB and EQ-5D. Arch Gerontol Geriatr. (2014) 58
(2):278-82. doi: 10.1016/j.archger.2013.10.008

153. Myles PS. More than just morbidity and mortality—quality of recovery and
long-term functional recovery after surgery. Anaesthesia. (2020) 75(Suppl 1):
e143-50. doi: 10.1111/anae.14786

154. Miller EA, Weissert WG. Predicting elderly people’s risk for nursing home
placement, hospitalization, functional impairment, and mortality: a synthesis. Med
Care Res Rev. (2000) 57(3):259-97. doi: 10.1177/107755870005700301

155. Min L, Mazzurco L, Gure TR, Cigolle CT, Lee P, Bloem C, et al. Longitudinal
functional recovery after geriatric cardiac surgery. J Surg Res. (2015) 194(1):25-33.
doi: 10.1016/j.jss.2014.10.043

156. Hoogerduijn JG, de Rooij SE, Grobbee DE, Schuurmans M]J. Predicting
functional decline in older patients undergoing cardiac surgery. Age Ageing. (2014)
43(2):218-21. doi: 10.1093/ageing/aft165

157. Nakano M, Nomura Y, Suffredini G, Bush B, Tian J, Yamaguchi A, et al.
Functional outcomes of frail patients after cardiac surgery: an observational study.
Anesth Analg. (2020) 130(6):1534-44. doi: 10.1213/ANE.0000000000004786

frontiersin.org


https://doi.org/10.26355/eurrev_202102_24868
https://doi.org/10.1007/s12603-016-0719-9
https://doi.org/10.1056/NEJM199903043400901
https://doi.org/10.1111/j.1532-5415.2006.00869.x
https://doi.org/10.1371/journal.pone.0123090
https://doi.org/10.1016/j.jagp.2018.06.007
https://doi.org/10.1111/j.1532-5415.2004.52510.x
https://doi.org/10.3390/diagnostics13050909
https://doi.org/10.1056/NEJMcp1605501
https://doi.org/10.1056/NEJMra052321
https://doi.org/10.2147/cia.s5358
https://doi.org/10.2147/cia.s5358
https://doi.org/10.1007/s11136-019-02149-1
https://doi.org/10.1007/s11136-019-02149-1
https://doi.org/10.1016/0167-4943(96)87000-2
https://doi.org/10.1016/j.athoracsur.2016.01.105
https://doi.org/10.1016/j.athoracsur.2016.01.105
https://doi.org/10.1136/bmjopen-2014-006904
https://doi.org/10.1016/j.archger.2013.10.008
https://doi.org/10.1111/anae.14786
https://doi.org/10.1177/107755870005700301
https://doi.org/10.1016/j.jss.2014.10.043
https://doi.org/10.1093/ageing/aft165
https://doi.org/10.1213/ANE.0000000000004786
https://doi.org/10.3389/fcvm.2023.1295108
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	The frail patient undergoing cardiac surgery: lessons learned and future perspectives
	Clinical frailty: definition and pathophysiology
	Frailty and surgery
	Pre-operative assessment of frail patients
	Predictive scores in cardiac surgery
	Beyond eyeball evaluation: how to measure frailty using the comprehensive geriatric assessment
	Health status
	Functional status
	Mobility impairment
	Cognitive functions and mood disorders
	Nutritional status
	Hand grip strength
	Polypharmacy
	Socioeconomic status and quality of life

	Incorporating frailty evaluation into clinical practice: the Heart Team model

	Pre-operative optimization: is frailty a modifiable factor?
	Patient engagement and prehabilitation

	Intraoperative choices for frail patients: the right strategy for the right patient
	Coronary artery bypass graft (CABG)
	Aortic valve surgery
	Mitral valve surgery
	Tricuspid valve surgery, right heart failure and atrial fibrillation
	Ascending aorta and arch surgery
	Heart failure surgery
	Other intraoperative strategy that could improve outcomes

	Outcome evaluation in frail patients
	Postoperative delirium and cognitive impairment
	Early recognition, prevention and treatment of postoperative delirium
	Quality of life and functional recovery

	Conclusions
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


