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Abstract

Cardiogenic shock continues to portend poor outcomes, conferring short-term mortality rates
of 30% to 50% despite recent scientific advances. Age is a nonmodifiable risk factor for
mortality in patients with cardiogenic shock and is often considered in the decision-making
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process for eligibility for various therapies. Older adults have been largely excluded from
analyses of therapeutic options in patients with cardiogenic shock. As a result, despite the
association of advanced age with worse outcomes, focused strategies in the assessment and
management of cardiogenic shock in this high-risk and growing population are lacking. Individual
programs oftentimes develop upper age limits for various interventional strategies for their
patients, including heart transplantation and durable left ventricular assist devices. However,

age as a lone parameter should not be used to guide individual patient management decisions

in cardiogenic shock. In the assessment of risk in older adults with cardiogenic shock, a
comprehensive, interdisciplinary approach is central to developing best practices. In this American
Heart Association scientific statement, we aim to summarize our contemporary understanding of
the epidemiology, risk assessment, and in-hospital approach to management of cardiogenic shock,
with a unique focus on older adults.

Keywords

AHA Scientific Statements; aging; decision making; frailty; heart transplantation; heart-assist
devices; risk assessment; shock, cardiogenic

Cardiogenic shock (CS) is a complex multifactorial syndrome associated with high
morbidity and confers a short-term mortality rate of 30% to 50%.12 Survival in patients with
CS depends on multiple factors, including patient-specific baseline features, shock severity,
number and degree of organ dysfunction, response to therapy, and other risk modifiers
such as cardiac arrest.1:3 Age is a nonmodifiable risk factor for mortality in patients with
CS and is associated with higher in-hospital mortality across all stages of shock severity.*
Commonly used in the risk assessment of CS, age has become a highly relevant factor

in the decision-making process for these patients, especially when it comes to the use of
invasive therapies or determining which patients will derive benefit from escalation of care.
Although most transplantation centers apply an upper age limit for heart transplantation
(HT) candidacy, the establishment of age cutoffs for older adults seeking candidacy for
durable left ventricular assist device (LVAD) has considerable variability among different
medical centers and institutions.>

Older adults are now experiencing therapeutic outcomes similar to those of their younger
counterparts across various cardiovascular disease states. For example, older adults have
demonstrated improved mortality with coronary revascularization after acute myocardial
infarction (AMI), including AMI-CS.5.7 Recent years have shown a surge in the incidence
of CS-related hospitalizations nationwide, including substantial growth in the number of
older patients presenting with CS.# There has also been a concomitant increase in the

use of temporary mechanical circulatory support (t-MCS) in CS across all age groups.
However, robust data to support guideline level of evidence for CS management are lacking,
especially among older adults, creating a significant knowledge gap in the care of this
high-risk population. The aim of this American Heart Association scientific statement is
to summarize our contemporary understanding of the epidemiology, risk assessment, and
in-hospital approach to management of CS in the older adult, supplementing knowledge
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gaps in the evaluation and management of CS with expert opinions and suggestions for
clinical practice.

DEFINITIONS AND EPIDEMIOLOGY

Definitions

Older Adults—Clinical practice guidelines currently lack consistent definitions for older
adults and offer limited guidance on applying evidence-based recommendations to this
population. Currently, there is no standardized age threshold beyond which a patient can

be classified as an older adult, nor has an unequivocal age limit been established to define
futility of invasive therapies after CS.8-10 This knowledge gap is particularly pronounced

in patients >75 years of age and becomes even more acute in those >80 years of age8; in
these age groups, virtually no high-quality evidence is available to guide clinical decision-
making. Furthermore, clinical decision-making frequently places significant emphasis on
chronological age, resulting in a disregard for the critical link between in-hospital outcomes
and individual patient characteristics, including the presence of geriatric conditions such as
multimorbidity, polypharmacy, cognitive decline, delirium, and frailty.11 This overreliance
on chronological age as the sole determining factor overlooks the complexity and variability
of older patients’ health profiles and fails to account for the effect of these geriatric
conditions on their outcomes.

Cardiogenic Shock—The current trial and guideline criteria for defining CS have
limited standardization, a narrow focus on hypotension, and inadequate inclusion of older
adults.1213 CS is typically defined as a clinical syndrome characterized by hypotension
(systolic blood pressure <90 mm Hg or the need for vasopressors to maintain systolic blood
pressure 290 mm Hg) accompanied by signs of organ hypoperfusion such as altered mental
status, liver dysfunction, renal dysfunction (urine output <30 mL/h), and elevated serum
lactate levels (>2.0 mmol/L) in the presence of cardiac dysfunction.!

More recent evidence suggests that CS should be viewed as a continuum ranging from
preshock to refractory shock states, involving cycles of ischemia, vascular instability,

and inflammation and the potential for multiorgan dysfunction and death.1# Furthermore,
emerging data strongly suggest the critical importance of incorporating additional criteria
that go beyond hypotension alone to accurately reflect the severity of illness.? In a single-
center, retrospective study of >10 000 patients, inpatient mortality was higher in patients
with CS with laboratory evidence of isolated hypoperfusion (eg, rising lactate and creatinine;
mortality rate, 17.2%) or combined hypotension/hypoperfusion (mortality rate, 34%)
compared with those defined by hypotension criterion alone (mortality rate, 9.3%).1° In
addition, CS definitions based on distinct phenotypes, including noncongested, cardiorenal,
or cardiometabolic subtypes, have also been described. Among these phenotypic clusters,
older adults tend to be more prevalent in the cardiorenal phenotype, exhibiting greater
congestion, cardiorenal dysfunction, and higher comorbidity burdens.16 In 2022, the Society
for Cardiovascular Angiography & Intervention (SCAI) revised the shock classification
system to incorporate these key phenotypic elements and to capture the dynamic progression
of CS.10 In addition, studies have shown that patients >70 years of age have a higher
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representation in SCAI shock stages C/D compared with stages B/E, indicating that age acts
as a modifier of mortality risk beyond the SCAI stage alone.1’

Suggestions for Clinical Practice

1. Inconsistent definitions of older adults and CS, along with limited
recommendations within clinical practice guidelines, especially for individuals
>75 years of age, create a knowledge gap for evidence-based recommendations
in older adults.

2. Clinical decision-making frequently places significant emphasis on
chronological age, resulting in a disregard for the critical link between in-
hospital outcomes and individual patient characteristics, including the presence
of geriatric conditions such as multimorbidity, polypharmacy, cognitive decline,
delirium, and frailty.

Epidemiology
The epidemiology of CS causes has undergone significant changes in the past decade.
Although the incidence of CS associated with AMI is decreasing, there is a concurrent rise
in the prevalence of CS attributed to heart failure (HF) and CS resulting from structural heart
disease.18-20 In a recent report from the Critical Care Cardiology Trials Network, 46% of
CS cases were attributed to HF-CS, 30% had AMI-CS, and 17% had an identified cardiac
cause that was not related primarily to myocardial dysfunction (eg, incessant ventricular
tachycardia or severe valve disease).?! Similar findings with a predominant incidence of
HF-CS have been noted by the Cardiogenic Shock Working Group.?

Older patients with cardiac dysfunction, regardless of the underlying cause, have a higher
incidence of CS. In the setting of AMI, CS has been observed in >10% of patients >75 years
of age.*22 Recent data from a European cohort revealed a significantly higher prevalence

of AMI-CS among patients =75 years of age compared with younger patients in both
ST-segment—elevation myocardial infarction (10.8% versus 3.9%; A<0.0001) and non-ST-
segment—elevation myocardial infarction (4.6% versus 1.8%; £<0.0001).23 Moreover, within
the subgroup of patients with cardiomyopathy, there is a growing proportion of individuals
>80 years of age, representing 12% of the overall HF population, and those >75 years of
age exhibit the highest rates of acute HF (30 per 1000 person-years).24 Consequently, the
prevalence of HF-CS is expected to rise among older adults in the coming years.

Regardless of CS cause, the associated short-term mortality rate remains high (30%—
50%),12 and this increases incrementally with advancing age across all SCAI stages.# A
recent analysis performed selective analyses to assess the prognostic effect of age stratified
by CS cause (ie, AMI-CS versus non—-AMI-CS). Although robust data remain limited, this
analysis demonstrated a significantly increased mortality risk among patients with AMI-CS
in the group >80 years of age, which was still evident after multivariable adjustment.
Conversely, no difference in prognosis was observed when the 2 age groups were compared
in patients without AMI-CS.2°

Circulation. Author manuscript; available in PMC 2024 May 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Blumer et al. Page 7

Suggestions for Clinical Practice

1. HF-CS has emerged as the primary cause of CS. Older adults are more likely
to develop AMI-CS compared with younger individuals. With the increasing
prevalence of HF among the older adult population, a rise in HF-CS cases may
be anticipated.

2. Regardless of shock cause, CS mortality remains high and increases
incrementally with advancing age.

RISK ASSESSMENT AND CONSIDERATIONS FOR DECISION-MAKING

Risk Assessment

Accurately assessing the mortality risk in older patients with CS is crucial for informing
care interventions and facilitating shared decision-making with patients and families. Several
factors are known to be independently associated with an increased risk of adverse events

in the general CS population and have been included in available contemporary risk
scores.1426-28 Although the magnitude of conferred risk varies across scores, older age
remains a consistent patient-related risk factor associated with increased mortality.#12.17.29
However, the heightened mortality risk observed in older adults is multifactorial, and a
comprehensive assessment within an interdisciplinary team is essential.

When risk is being evaluated and decisions are being made for older adults, it is crucial

to consider individual patient factors, the clinical trajectory, and the capabilities of the
health care center (Figure 1). Older adults frequently present with more severe forms of

CS and higher incidence of cardiac arrest, which serves as a CS risk modifier.3:30 This

is further compounded by concurrent geriatric syndromes, including frailty, polypharmacy,
multimorbidity, cognitive impairment, and socioeconomic disparities.1* According to their
individual baseline risk profiles, older adults with CS can be particularly susceptible to
intensive care unit (ICU)-related complications, including ventilator-associated pneumonia,
delirium, critical illness myopathy, central line—associated blood-stream infection, and
multiorgan dysfunction.1131 Furthermore, the absence of pre-established care goals often
adds complexity to these risks, potentially altering or delaying resuscitation efforts or the
initiation of disease-modifying treatments. Last, it is imperative to recognize that in all
patients with CS, including older adults, survival should not be the sole determinant guiding
the care and decision-making processes. Evaluating health-related quality of life (QOL) and
anticipating the potential impact of CS-related complications (eg, stroke and renal failure)
on physical function, cognitive outcomes, and discharge burdens become paramount when
determining the appropriate level of care aggressiveness and the use of invasive approaches.
Consequently, the inclusion of an interdisciplinary approach, including a heart team when
available, becomes critical in the optimal management of older adults with CS. It serves

as a vital means to facilitate the implementation of evidence-based practices and has been
associated with improved patient outcomes.32 In sum, the cumulative effect of all these
factors, rather than age alone, contributes to an increased risk of morbidity, mortality, and
prolonged hospitalization stays in older adults.
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Suggestions for Clinical Practice

1. Age is recognized as a contributing factor to increased mortality risk in older
adults with CS; however, it should not be regarded as the sole determinant.
Individualized assessments considering a range of contributing factors are
necessary.

2. A comprehensive assessment by an interdisciplinary team is crucial in the
evaluation of the multifactorial heightened mortality risk in older adults, taking
into account baseline patient factors, clinical trajectory, and health care center
capabilities.

Shared Decision-Making and Advance Care Planning

In older patients with CS, treatment options often involve significant tradeoffs, emphasizing
the importance of shared decision-making to align therapeutic approaches with patient
values and preferences. Shared decision-making has been shown to enhance outcomes,
including patient satisfaction, adherence to medical therapy, and health-related QOL .33
However, decision-making in older adults is complex because of their diverse functional

and comorbidity profiles, ranging from high functionality to significant frailty, cognitive
impairment, and caregiver dependence. Age-related challenges such as cognitive and
sensory impairments and involvement of multiple family member caregivers can complicate
information sharing and decision-making.34 Nonetheless, these challenges should not hinder
the implementation of care discussions.

Decision support tools have been developed specifically to enhance the shared decision-
making process, proving their efficacy in facilitating informed decisions among older
adults. A recently described shared decision-making intervention demonstrated a modest
improvement in patient decision quality, as evidenced by increased patient knowledge

and alignment between stated values and treatment choices among patients undergoing
destination therapy LVAD.33 However, it is important to recognize that the potential

for advancing shared decision-making extends beyond decision aids. The greatest
opportunities for improvement lie in enhancing clinician communication skills and
fostering interdisciplinary collaboration in the care of older adults with CS, promoting a
comprehensive and patient-centered approach.34 It is important to note that the involvement
of palliative care for complex shared decision-making constitutes an integral component

of the delivery of shared decision-making among older adults (see the Palliative and End-of-
Life Care section).

Advance care planning, including the identification of care preferences and surrogate
decision-makers, should be integrated into patient-centered care, particularly in critical
illnesses like CS. Clinicians can translate preferences into the approach to care, including
either life-prolonging efforts or do-not-resuscitate orders, to respect patient and family
wishes.3® It is equally important to recognize situations in which invasive therapies such as
LVAD placement or HT may be considered futile and to align decisions with the principles
of beneficence and nonmaleficence.36 These discussions become even more critical when
there is no evident exit strategy and the initiation of t-MCS poses challenges in subsequent
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care withdrawal, the latter potentially adversely affecting both family members and health
care professionals.

Suggestions for Clinical Practice

1. Shared decision-making is vital in older patients with CS because it facilitates
aligning treatment choices with patient values and preferences, improving
outcomes and health-related QOL.

2. Advance care planning, including the identification of care preferences and
surrogate decision-makers, is essential in patient-centered care for older adults
with CS, ensuring that decisions are in accordance with their wishes and the
principles of beneficence and nonmaleficence.

APPROACH TO MANAGEMENT

Initial Stabilization and Resuscitation Strategies

Regardless of age, the initial treatment approach for patients with CS focuses on early
recognition and stabilization. This involves a comprehensive approach to identify the
underlying cause, to optimize congestion management, to improve volume status, and to
address hypoperfusion to mitigate or prevent multiorgan dysfunction. Older adults may
demonstrate atypical or delayed presentations, necessitating a heightened level of suspicion
for timely identification of CS, stabilization, and optimal initial care pathways (Figure 2).
Serial laboratory studies should be conducted to assess biological markers of end-organ
function (eg, renal and hepatic biomarkers), cardiac myonecrosis (eg, cardiac troponin), and
perfusion (eg, serum lactate); to monitor the patient’s response to therapies; and to detect
any progression to worsening stages of shock.

Although a detailed diagnostic assessment, including noninvasive and invasive monitoring,
is beyond the scope of this review, it is important to highlight that patients should undergo
regular assessments to gauge their response to therapies and to monitor for signs of
deteriorating shock. Observational data suggest that admission to a cardiovascular-specific
ICU and the use of a pulmonary artery catheter for guided therapies are associated with
improved outcomes and optimal use of resources.3’39 Therefore, transfer to a facility with
specialized cardiovascular care capabilities such as a cardiovascular-specific ICU should
be an early consideration in the management of CS to optimize patient outcomes and to
ensure appropriate monitoring and treatment. In this regard, as part of the early assessment,
it is crucial to concomitantly consider the potential need for hospital transfer. Although
establishing protocols for the early recognition of CS that facilitate prompt transfer of
patients is recommended, the association between these protocols and improved outcomes
remains unclear. Further research is needed to identify the optimal strategies for promoting
standardized care and achieving better outcomes across regional CS networks.14

Parenteral vasoactive medications, including vasopressor and inotropic agents, are often
the first-line therapy used to manage patients with CS. The choice of initial therapy

should be guided by a patient’s pathophysiology and by a thorough understanding of the
anticipated pharmacological actions of each vasoactive medication (Supplemental Table 1).
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It is also important to remember and expect that the presence of concomitant renal or
hepatic dysfunction may potentiate the effects and prolong the action of many of these
drugs, especially among older adults. Careful attention should be paid to the influence of
presenting rhythm disturbances on patient hemodynamics and clinical stability. Restoration
of atrioventricular synchrony may play a significant role in enhancing cardiac output and
optimizing systemic perfusion. Therefore, when possible, pharmacological or electrical
cardioversion of arrhythmias (or treatment of inappropriate bradyar-rhythmias) should be
considered promptly in the hemodynamically unstable patient with CS.

Suggestions for Clinical Practice

1. Older adults presenting with CS can have atypical or delayed presentations,
warranting a high index of suspicion for timely recognition, prompt evaluation,
and optimal management.

2. Regardless of age, initial stabilization of a patient in CS consists of resuscitation
ideally in an ICU, including volume expansion (if appropriate), vasopressors,
inotropes, and additional therapy for decongestion; restoration of perfusion; and
the prevention or treatment of multiorgan dysfunction.

Mechanical Ventilation

A common complication of CS is the development of pulmonary dysfunction; this may be
the result of cardiogenic pulmonary edema, inadequate pulmonary perfusion, aspiration
injury, or other pathological events. Adequate gas exchange and enhanced ventilation

are critical for handling the systemic acidosis that may result from the shock state. As

a result, many patients with CS will ultimately require mechanical ventilation (MV),
including invasive and noninvasive MV.49 For those who need invasive MV, the decision
to intubate a patient should be balanced with the potentially undesirable hemodynamic
effect of the intubation process. The process of transitioning from spontaneous, negative-
pressure ventilation to intubation and invasive, positive-pressure ventilation can result in
atelectasis and alveolar derecruitment, hypotension due to loss of sympathetic tone with
anesthetic induction, and even deleterious vagal stimulation. Special attention should be
directed toward ensuring adequate ventilatory settings, need for emergency resuscitation,
patient-ventilator synchrony, optimal gas exchange, and patient comfort. Age has been
strongly associated with mortality among mechanically ventilated patients; however, data
have shown that survival depends not only on the factors present at the start of MV but
also on the development of complications and patient management in the ICU.4142 pPatient
wishes in terms of their advance care planning, including cardiopulmonary resuscitation
and prolonged MV preferences, should be acknowledged before initiation of invasive MV,
especially in older patients.

Suggestions for Clinical Practice

1. Invasive MV is often needed to optimize the respiratory status in older patients
with CS.
2. Patient wishes regarding MV are taken into consideration before the initiation of

invasive MV and are periodically reviewed if an extended duration is expected.
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Renal Replacement Therapy

Patients presenting with CS, especially older patients with underlying renal diseases, often
require renal replacement therapy (RRT).4344 As a result of hemodynamic instability and
the potential impact of large shifts in intravascular volume, continuous RRT (CRRT) is
favored over intermittent forms of dialysis for the management of acute renal failure in
patients with CS. The basic goals of CRRT include decongestion, management of electrolyte
disturbances, and treatment of acid-base disorders. Not surprisingly, older adults with CS
who require CRRT are at higher risk for in-hospital death.#344 A recent comparison of
outcomes between older and younger patients who required an escalation of care to CRRT
in the ICU demonstrated a significantly higher mortality among older patients during their
entire hospital admission; however, there was not a significant difference in long-term
dialysis dependence between the groups.#® For older adults who have an episode of acute
kidney injury during a CS hospitalization, the decision to initiate permanent dialysis can be
challenging and depends on multiple factors, including underlying renal function. Potential
advantages and disadvantages of dialysis therapy, including associated morbidity and QOL,
should be considered in conjunction with each patient’s unique goals and priorities.

Suggestions for Clinical Practice
1. Older adults in CS requiring RRT in particular are at high risk of in-hospital
mortality.

2. In older patients with CS requiring RRT, CRRT is favored over intermittent
forms of dialysis for management of acute renal failure.

Percutaneous Revascularization

Percutaneous coronary intervention (PCI) remains the most widely used method to establish
early revascularization in patients with AMI-CS. This approach to management is supported
mainly by evidence from the seminal SHOCK trial (Should We Emergently Revascularize
Occluded Coronaries for Cardiogenic Shock), which showed an improvement in survival

at 6 months for patients who received early revascularization.12 However, the efficacy of
PCI for adults =75 years of age remains an area of active debate, with conflicting evidence
suggesting a derived benefit from early intervention in this patient demographic#17:47-56
(Table). A subanalysis of the SHOCK trial showed no benefit of early revascularization
compared with initial medical stabilization among the 56 older adults =75 years of age

who were included in the analysis, with the 30-day mortality rate approaching 75%. Of
note, among the 152 patients who were randomized to early revascularization, 24 patients
(16%) were =75 years of age, and 20% of those did not undergo PCI but were nonetheless
included in the intention-to-treat analysis.>” From 2005 to 2013, several studies reported
high mortality rates associated with PCI during AMI-CS that approached 50%, but the

rate of PCI use in practice has increased steadily over time with substantial reductions in
unadjusted mortality rates.>®

Recent data have demonstrated benefit of early revascularization with PCI in select older
patients presenting with AMI-CS compared with all-comers and attributed their results to
improved patient selection compared with the restrictive inclusion criteria used in prior
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randomized studies.*’~4° Damluji et al®® reported that older patients who did not receive
PCI had higher comorbidity burden, higher crude mortality rates, and worse CS phenotypes
compared with older patients who were percutaneously revascularized. When propensity
matching was used to account for these differences in treatment selection, PCI was found to
be associated with significant improvements in hospital mortality among older adults.

In all, these findings highlight the influence of underlying age-associated risks in patient
selection for early revascularization with PCI.58 Older patients remain at the greatest

risk for complications, including in-hospital mortality, bleeding, vascular injury, prolonged
hospital length of stay, multisystem dysregulation, and baseline geriatric risks.1159 In
recent years, several scientific statements on the management of CS have endorsed

early revascularization.11 According to the 2021 American College of Cardiology/
American Heart Association/SCAI coronary artery revascularization guidelines,50 the
optimal treatment strategy in older adults should be patient centered and should include
consultation with an interdisciplinary heart team that incorporates a geriatric specialist who
can help to facilitate discussions with patients about treatment preferences in the context of
age-associated impairments.

Suggestions for Clinical Practice
1. An optimal treatment strategy to determine benefit from PCI should be patient
centered and include discussions within an interdisciplinary heart team.

2. Early percutaneous revascularization can be considered in select older adults
with AMI-CS.

Surgical Revascularization

The benefits of surgical revascularization in AMI-CS are to achieve complete
revascularization and to repair concomitant valvular or mechanical complications of AMI.5
Data derived from the Society of Thoracic Surgeons National Cardiac Database showed
that of 708 593 patients undergoing coronary artery bypass graft (CABG), only 2.1%

(n=14 956) had preoperative shock.51 Of those, only 26% (n=3874) were =75 years of age,
which accounted for only ~0.5% of the total CABGs performed in the Society of Thoracic
Surgeons database.®1 CS before CABG increased the risk of mortality by 7-fold, accounting
for 1 in 7 deaths in patients with CABG; moreover, the mortality rate among those >75 years
of age was 1.7-fold higher than in those <75 years of age (31% for those =75 years of age
versus 18% for those <75 years of age).81 Although 40% of patients randomized to early
revascularization in the SHOCK trial received CABG surgery, the overall rates of CABG in
AMI-CS remained low, and 80% of older adults who were revascularization eligible did not
receive CABG.52 Among those who receive CABG for CS, the mortality rate can approach
50%, and the morbidity among the survivors is not insignificant.

In addition to increasing rates of in-hospital mortality, older adults undergoing CABG
are disproportionately affected by bleeding, hemodynamic compromise, wound healing,
prolonged hospitalization, and readmission.®3:64 For this reason, the decision to proceed
with CABG surgery should take into account the preoperative burden of geriatric
syndromes.31:%8 When older patients have a low burden of age-associated risks and PCI
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is not feasible, surgical revascularization can be considered in select patients with CS,
multivessel coronary disease, and mechanical complications.®

Suggestions for Clinical Practice
1. Surgical revascularization can be considered in select older adults when PCI is
not feasible or when CABG is highly indicated.

2. The decision to proceed with CABG surgery takes into account the preoperative
burden of geriatric syndromes and potential postoperative risks.

Valvular Interventions

Acute valvular heart disease can result in hemodynamic compromise and CS.8 For older
adults with severe aortic stenosis and pulmonary edema or CS, percutaneous balloon
valvuloplasty has been used previously as a bridge to transcatheter aortic valve replacement.
Recent advancements in transcatheter heart valve technologies in high-risk patients have
made immediate transcatheter aortic valve replacement possible in most circumstances.55
Transcatheter aortic valve replacement should be considered in patients with aortic stenosis
CS if the patient’s burden of geriatric syndromes is not prohibitive and the patient otherwise
has a good life expectancy (>1 year).

For older patients with acute aortic insufficiency secondary to aortic dissection or infective
endocarditis, temporary hemodynamic stability should be obtained immediately; however,
it is important to be mindful that intra-aortic balloon pump therapy is contraindicated in
acute aortic sufficiency. Urgent cardiac surgery should be discussed with patients and their
families as the definitive gold standard therapy,11:66

For older adults with severe acute mitral regurgitation and hemodynamic compromise,
particularly those with papillary muscle rupture, t-MCS can reduce the incidence of
preoperative or postanesthetic induction of hemodynamic and respiratory deterioration.
Chordal-sparing mitral valve replacement is generally used because of the predictability

of procedural success and durability of valve during follow-up.6 According to a recent
American Heart Association scientific statement on mechanical complication of AMI,
although emergency mitral valve replacement is the treatment of choice for acute mitral
regurgitation, transcatheter edge-to-edge repair for patients who are not surgical candidates
with prohibitive risk can be considered by the heart team.® In all, the goals of care for
acute valvular interventions in older adults should follow patient preferences and values in
addition to patient- and procedure-specific risk when surgical or transcatheter approaches are
considered because of their inherent higher risk for morbidity and mortality.

Suggestion for Clinical Practice and Care

1. Valve replacement in older adults considers patient preferences and values,
as well as patient- and procedure-specific risk assessments when surgical or
transcatheter approaches are considered, acknowledging the inherent higher risk
for morbidity and mortality.
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Temporary Mechanical Circulatory Support

Although there is lack of high-quality randomized evidence to support their use in CS, t-
MCS devices are increasingly available, and patients previously considered too high risk are
now being supported with t-MCS. The selection of therapies, particularly t-MCS in patients
with CS, is a complex process that necessitates individualized decision-making, considering
baseline characteristics, pathogenesis, clinical presentation, in-hospital trajectory, and
patient preferences.8” Because high-quality data to drive clinical practice are lacking, the
age cutoffs used to limit the use of t-MCS are highly variable in clinical practice. Although
t-MCS is applicable across the age spectrum, the decision to proceed with t-MCS in

older adults should involve a heart team discussion, accounting for any contraindications

to advanced HF therapies (HT or durable LVVAD) and the patient’s expressed preferences
for or against aggressive care. Considering the high mortality rates associated with

HT or durable LVVAD placement in older patients with multiple comorbidities, careful
consideration is necessary to avoid futile t-MCS interventions when there is no appropriate
exit strategy in the setting of critical illness and recovery appears unlikely. Moreover,

older patients with explicit do-not-resuscitate preferences should not be candidates for
t-MCS; instead, pharmacological support or comfort care should be provided as appropriate.
Recommendations should be conveyed during shared decision-making encounters with the
patient or medical decision-makers. It is imperative to present realistic estimates of potential
complications and mortality to the patient and decision-makers, allowing their input in care
trajectory and frequent reassessments of care planning throughout the treatment course.

In older patients without clear contraindications to advanced HF therapies, early engagement
with an HF specialist and a palliative care specialist is crucial to guide evaluation, to provide
necessary education, and to facilitate a smooth transition to durable LVAD or HT. For

select patients who demonstrate marked frailty of uncertain prognosis, a trial of t-MCS

(or inotrope support) to achieve near normalization of cardiac output and improvement

in congestion may provide an opportunity for the patient to demonstrate improvement

in factors contributing to frailty, including reversal of delirium or cognitive decline,
improvement in ambulation and strength, and improvement in nutritional parameters. The
ability to undertake these interventions must be balanced against the associated risks (eg,
infection, bleeding, stroke) of ongoing critical care management, and robust data to support
this approach are lacking. Device selection for t-MCS should be based on factors similar

to those guiding selection in younger patients, including the degree of required cardiac
support, availability of vascular access, comorbidities, and oxygenation status.5” After
device placement, careful attention should be given to complications that are more prevalent
in older patients such as bleeding, critical care myopathy, progression of pre-existing

organ dysfunction, infection, and worsening of cognitive impairment during nonpulsatile
mechanical support.58 In addition, regular reassessment of patient progress and encountered
complications is essential, with effective communication of this knowledge to the patient’s
family if the anticipated clinical trajectory does not align with achieving reasonable survival,
morbidity, and health-related QOL. Although an extensive analysis of individualized t-MCS
devices is beyond the scope of this scientific statement, it is worth noting that compared with
other modes of t-MCS, venoarterial extracorporeal membrane oxygenation support carries
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the highest risk of morbidity and mortality, with age being one of the leading risk factors for
adverse outcomes.%9

Suggestions for Clinical Practice

1. The decision to proceed with t-MCS in older adults is made after a heart team
discussion, which factors in immediately known contraindications to advanced
therapies and the patient’s known wishes for or against aggressive care.

2. Initiation of t-MCS in older patients is typically undertaken when there is a clear
exit strategy, and daily interdisciplinary assessments are performed to monitor
the escalation, de-escalation, and minimization of t-MCS-related complications.

Durable Mechanical Circulatory Support

Patients with refractory CS and an inability to be weaned from t-MCS or parenteral
pharmacological circulatory support should be evaluated early for consideration of durable
LVAD or HT. Criteria for patient selection for durable LVAD are beyond the scope of

this scientific statement and have been discussed elsewhere in detail.>70 In brief, patients
with multimorbidity, severe end-organ dysfunction, poor physical or cognitive functional
status, or malnutrition or cachexia are at increased risk for poor outcomes. Among the
elderly, other considerations, including dementia, frailty, malnutrition, and the suitability of
caregiver support, should be addressed. It is crucial to engage in shared decision-making
discussions to ensure that patients and their caregivers fully comprehend the risks associated
with surgery, the rigorous medical regimen, the need for close medical follow-up, and the
potential emotional burden for all involved. It is important for patients to be provided with
ample information to enable them to anticipate and understand their expected health-related
QOL after the implantation of a durable LVAD.

The evolution of durable device technology over the past 2 decades has led to remarkable
improvements in survival that are now in direct competition in the shorter term with HT.
Survival at 2 years nationally averages 80% (equivalent to HT at 2 years), and the most
recent MOMENTUM 3 (Multicenter Study of Maglev Technology in Patients Undergoing
Mechanical Circulatory Support Therapy with HeartMate 3) trial of the latest-generation
LVAD demonstrated survival of nearly 60% at 5 years after implantation.58 Given the
average mortality rate of 30% to 50% at 30 days with medical management of CS and

the age limits set at most centers offering HT, durable LVAD therapy is a reasonable
consideration for carefully selected older adults. Patients of any age presenting with CS
requiring t-MCS have a higher mortality after durable LVAD. In an analysis of >13

000 patients with CS requiring either inotropes or t-MCS (INTERMACS [Interagency
Registry for Mechanically Assisted Circulatory Support] profiles 1-3), survival at 1 year
was 86% for those requiring t-MCS for stabilization compared with 91% for those supported
pharmacologically. When survival was assessed by type of t-MCS, patients on venoarterial
extracorporeal membrane oxygenation had the worst survival (88% at 1 year) after durable
LVAD, and this held true after propensity matching (which included patient age).”® In
contrast, patients stabilized with intra-aortic balloon counterpulsation or other t-MCS had a
1-year survival rate equivalent to that of individuals with severe HF stabilized with inotropes
(91%)."1
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Suggestions for Clinical Practice

1. Evaluation of older adults being considered for durable LVAD should especially
focus on the comorbidities of advanced HF, including frailty, end-organ
dysfunction, malnutrition, and caregiver support.

2. Shared decision-making includes a review of the benefits, risks, and burdens
associated with durable L\VVAD and options for palliative care with patients and
caregivers.

Heart Transplantation

Advanced age has historically been viewed as a contraindication for HT; however,

recent studies have shown similar survival outcomes in carefully selected older adults
compared with younger patients undergoing HT.”2 Based on these reassuring findings, the
International Society for Heart Lung Transplantation guidelines state that patients in need
can be considered for HT if they are <70 years of age (Class I, Level of Evidence C) and
“carefully selected patients =70 years of age may be considered for HT” (Class Ilb, Level
of Evidence C).5 There is little to no guidance for older adults of extreme age (=75 or 80
years of age). However, it is important to consider that for older patients who are of an
extreme age for organ transplantation, their actuarial life expectancy has typically already
been surpassed or will soon be reached, well before the expected graft survival of 15 years.

In the United States, urgent HT from the shock state is an increasingly common strategy
among older adults. In 1990, only 3.4% of all HT recipients were =65 years old, increasing
t0 9.8% in 2000 and 18% in 2020. Relative to other age groups, contemporary rates of HT
among adults =65 years of age have increased exponentially to >150 transplantations per
100 wait-list years, whereas rates of HT in other age ranges have remained mostly stable

at <100 transplantations per 100 wait-list years.’3 Pretransplantation wait-list demographics
show the same upward trend in older adults; in 2020, 15.9% of all candidates were =65
years of age.”3 Of great concern is the potential number of older patients who died while on
the wait list who were eligible but did not accept LVAD therapy for definitive stabilization
and recovery from acute shock. Although overall wait-list deaths are decreasing, wait-listed
patients =65 years of age are demonstrating increased rates of wait-list deaths and an
increase in death within 6 months of being removed from the wait list (regardless of the
reason for removal).”

According to an analysis from the United Network for Organ Sharing/Organ Procurement
and Transplantation Network database, highly selected older HT recipients had acceptable
outcomes before the 2018 New Heart Allocation.’* Nevertheless, from 2011 to 2017, 86%
of patients =65 years of age (7009 patients) were not hospitalized at the time of HT,
representing an overall healthier cohort for which contemporary comparisons with urgent
transplantation from a shock state might yield little guidance. Critical review of early to
midterm outcomes of older patients transplanted at high urgency status after the 2018
allocation has been confounded by morbidity and mortality associated with COVID-19
infection, and published data on the incidence of patients =65 years of age transplanted as
status 1 through 3 are lacking.
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Evolving trends have indicated that fewer patients are undergoing durable LVAD as a
bridge to transplantation, and the decision to offer durable LVAD to an older patient in
shock effectively renders the patient destination therapy given deprioritization of stable
patients with LVAD in the new allocation scheme. However, the time sensitivity inherent
to the shock state can make decision-making difficult, with many turning to the use of
semidurable support options (ie, t-MCS), which may allow time, reflection (team and
patient/family), and the opportunity for ambulation and optimization of nutrition status
before a more durable solution is considered. The confluence of transplantation trends,
variable advanced therapy pathways, and the marked increase in older patients presenting
in CS represents a new population of extremely ill patients undergoing a highly selective
therapy, and guidelines and tailored management strategies (including immunosuppression)
may require reconsideration. The incidence of older adults emergently placed on t-MCS
being urgently evaluated for durable mechanical circulatory support or HT, many of whom
need consideration for dual organ (eg, heart-kidney), warrants careful study.

Suggestions for Clinical Practice

1. Extending HT candidacy to older, often frail patients with multicomorbidities
and under the conditions of intensive care and t-MCS support is challenging and
controversial.

2. We concur with the International Society for Heart Lung Transplantation
guidelines that patients can be considered for HT if they are <70 years of age,
and carefully selected patients =70 years of age may be considered for HT when
perceived benefits outweigh the potential risks.

Palliative and End-of-Life Care

Older adults should be considered for early integration of a palliative approach within

their care, regardless of projected trajectory and eligibility for advanced therapies. Palliative
services should be provided by an interdisciplinary team. The inclusion of consultative
palliative care can play a crucial role in managing symptoms and facilitating shared
decision-making and advance care planning, thereby incorporating patient and family
preferences into specific goals and plans for end-of-life care. In the context of older adults
in CS, regardless of the projected outcome, prompt offering of palliative care support should
be standard practice within hospitals. This holds particular importance for individuals who
are unlikely to benefit from advanced therapies, including those who are ineligible for
device implantation or HT or those who choose not to undergo invasive interventions.”
Simultaneous provision of palliative care along with any advanced therapy is also essential
because it not only aids in decision-making but also provides crucial support in the event of
adverse outcomes.

Furthermore, when appropriate, referrals to inpatient or outpatient hospice care should
be considered. Inpatient hospice can provide a dedicated and specialized environment for
end-of-life care, ensuring that the patient’s needs are met comprehensively. Outpatient
hospice care, on the other hand, allows patients to receive comfort-focused services
while remaining in their own home or nonskilled care setting but requires that family

or paid caregivers deliver daily care. The decision to refer a patient to either inpatient
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or outpatient hospice should be based on an individualized assessment of the patient’s
clinical condition, preferences, and available resources. By integrating palliative care and
considering appropriate hospice referral, health care professionals can optimize QOL for
older adults facing critical illness or end-of-life situations.

Suggestion for Clinical Practice

1. Palliative or supportive care services are typically consulted early for older
adults with CS, regardless of their projected trajectory or eligibility for advanced
therapies.

FUTURE DIRECTIONS

Older adults constitute a large, heterogeneous demographic within the population of patients
presenting with CS. A clear imbalance exists between CS prevalence in older adults and
their representation within CS clinical trials and registries, limiting the ability to derive
high-quality recommendations to guide CS care within this subgroup. Although specific
recommendations pertaining to older adults are lacking, it is important to acknowledge

that clinical practice guidelines do not explicitly prohibit older adults from receiving more
intensive treatment. Hence, currently established age cutoffs used in clinical practice to
determine eligibility for escalation of care among older adults in CS are mostly not
supported by evidence.

Multiple opportunities exist to improve the care of older adults with CS. (1) Tools to better
assess patients who may benefit from more aggressive treatment strategies despite older

age are a major unmet need. It is fundamental to devise risk assessment tools specific

to older adults that take into account patient-specific characteristics and facilitate clinical
decision-making based on individualized risk and not rely on age as an isolated risk factor.
(2) Representation of older adults in CS clinical trials and registries needs to be expanded

to better guide clinical care recommendations specific to this patient demographic. (3)
Meaningful end points specific to older adults should be considered. Although mortality is a
relevant outcome to all patients with CS, other outcomes such as health-related QOL might
be of particular importance among older adults when invasive therapies are considered in the
setting of critical illness.

In the interim, timely recognition of shock, recognition of age-specific risk factors that
might behave as risk modifiers in the older adult, and an interdisciplinary team approach to
facilitate decision-making and to guide management are strongly suggested.

CONCLUSION

Data to support the development of clinical practice guidelines and recommendations

for the diagnosis and management of the older adult in CS are lacking. The approach

to management of CS in the older adult is nuanced and should take into account the
heterogeneity of this population, including age-associated risks and individual goals of care.
Throughout this scientific statement, we have provided suggestions for clinical practice,
highlighting the crucial role of individualized risk assessment, an interdisciplinary approach,
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and patient-centered decision-making when determining escalation, de-escalation, and end-
of-life care in the management of CS among older adults.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Decision-making in CS.
Risk assessment in cardiogenic shock (CS), especially among older adults, necessitates

an interdisciplinary approach. The decision-making process involves considering individual
patient factors, relevant aspects of the clinical trajectory, and the capabilities of the health
care center. This comprehensive approach empowers health care professionals to customize
care on the basis of each patient’s unique needs, to monitor the progression of the

condition closely, and to use available resources effectively. By addressing the multifactorial
challenges associated with the heightened mortality risk in older adults through an
individualized and comprehensive interdisciplinary approach, health care professionals can
optimize outcomes and enhance the overall management of CS in this subgroup. HT
indicates heart transplantation; LVAD, left ventricular assist device; PCI, percutaneous
coronary intervention; and t-MCS, temporary mechanical circulatory support.
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Figure 2. Approach to management in CS.
Regardless of age, the initial treatment approach for patients with CS should prioritize

early recognition, initial stabilization, and timely identification of those requiring transfer to
higher-level care. An interdisciplinary risk assessment and implementation of appropriate
care pathways should be tailored to individual phenotypes. The management goals
encompass decongestion, restoration of perfusion, limitation of multiorgan dysfunction, and
evaluation of the risks and benefits of treatment escalation. Taking into account patient
factors, clinical trajectory, and center capabilities, potential exit strategies may include
recovery, the use of durable LVAD, heart transplantation, or transition to comfort care. CS
indicates cardiogenic shock; and LVAD, left ventricular assist devices.
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