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Heart failure (HF) is a complex clinical syndrome that results from structural or functional cardiovascular
disorders causing a mismatch between demand and supply of oxygenated blood and consecutive failure of the
body’s organs. For those patients with stage D HF, advanced therapies, such as mechanical circulatory support
(MCS) or heart transplantation (HTx), are potentially life-saving options. The role of risk stratification of
patients with stage D HF in a value-based healthcare framework is to predict which subset might benefit from
advanced HF (AdHF) therapies, to improve outcomes related to the individual patient including mortality,
morbidity and patient experience as well as to optimize health care delivery system outcomes such as costeffectiveness. Risk stratification and subsequent outcome prediction as well as therapeutic recommendationmaking need to be based on the comparative survival benefit rationale. A robust model needs to (I) have the
power to discriminate (i.e., to correctly risk stratify patients); (II) calibrate (i.e., to show agreement between
the predicted and observed risk); (III) to be applicable to the general population; and (IV) provide good
external validation. The Seattle Heart Failure Model (SHFM) and the Heart Failure Survival Score (HFSS)
are two of the most widely utilized scores. However, outcomes for patients with HF are highly variable which
make clinical predictions challenging. Despite our clinical expertise and current prediction tools, the best
short- and long-term survival for the individual patient, particularly the sickest patient, is not easy to identify
because among the most severely ill, elderly and frail patients, most preoperative prediction tools have the
tendency to be imprecise in estimating risk. They should be used as a guide in a clinical encounter grounded
in a culture of shared decision-making, with the expert healthcare professional team as consultants and the
patient as an empowered decision-maker in a trustful safe therapeutic relationship.
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Introduction
Heart failure (HF) is a complex clinical syndrome that results
from structural or functional cardiovascular disorders causing
a mismatch between demand and supply of oxygenated
blood and consecutive failure of the body’s organs. Despite
significant advances in understanding HF pathophysiology
and development of new treatment modalities, HF is still
associated with high morbidity and mortality, causing a
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significant burden in the healthcare system.
In technologically advanced modern medicine, advanced
HF (AdHF) therapies, such as mechanical circulatory
support (MCS) and heart transplantation (HTx), are
treatment options considered for patients at the most
advanced stages of the disease (1), characterized as stage D
or AdHF (2). These therapies have the potential to improve
survival and enhance quality of life (3). It is paramount to
appropriately select patients that would benefit the most
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from AdHF therapies in order to (I) optimize the benefit
for the individual patient and (II) responsibly utilize a scarce
resource of society such as HTx because, despite increasing
number of patients with HF, the number of HTx performed
per year in United States remains relatively constant.
The goal of this review is to identify current indications
for HTx, discuss risk stratification in patients with stage D
HF, examine patient selection criteria for advanced therapies
and critically review the process of shared decision-making
in identifying the best recommendation consistent with the
patient’s preferences, based on the practice of one of the
world’s premier AdHF/MCS/HTx-programs.
Epidemiology of AdHF
Approximately 6.5 million people in the United States are
affected by HF (4). The lifetime risk of developing HF is at
least 1 in 5 for men and women above 45 years of age (5). It
is estimated that the prevalence of patients living with HF
will increase by 46% by the year 2030, achieving epidemic
proportions (6). Furthermore, HF imposes a great burden
to society with an estimated annual cost of $30.7 billion in
2012 with projected annual cost of almost $70 billion by
the year 2030 (4). Although survival of patients with HF
have improved with time due to advances in therapy, the
death rate remains unacceptably high at approximately 50%
within 5 years from the time of initial diagnosis (4). In the
US, there is an estimated 300,000 individuals annually who
suffer from AdHF or stage D HF which designates patients
with truly refractory HF (2). These patients usually require
inotropic support to maintain hemodynamics and have very
poor prognosis. In a recent clinical trial, 20% of patients
with Stage D HF requiring inotropic support randomized to
medical therapy were alive at 1-year post-randomization (7).
For those patients with stage D HF, advanced therapies,
such as MCS or HTx, are potentially life-saving options.
Pathophysiology & neuro-endocrino-immunology
of AdHF
HF is initiated by various myocardial injury mechanisms and
decompensated HF leads to reduced blood pressure (BP),
cardiac output (CO) and oxygen (O2) delivery. Changes in
metabolism result in overall catabolic/anabolic imbalance,
leading to cardiac cachexia, frailty and muscle wasting.
Additionally, patients with stage D HF tend to develop iron
deficiency anemia, resulting in further impairment of O2delivery to the tissues (8). Through chronic upregulation
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of sympathetic nervous system (SNS) and reninangiotensin-aldosterone system (RAAS) activity, patients
with HF try to maintain a compensated state, yet further
myocardial injury leads to HF progression, reduced O2delivery to organs/tissues and organ dysfunction (OD) (9).
This triggers immune system activation that provides shortterm compensation for the failing heart in an attempt to
reverse OD. However, this immune system activation also
coincides with progressive OD in the kidneys, liver, bone
marrow and brain, profound metabolic derangements,
creating a milieu similar to systemic diseases (10-16).
Elderly and frail patients with stage D HF who fail
optimal medical management (OMM) often suffer from
malnutrition, immune dysfunction, and poor infection
coping potential. They are therefore at increased risk for
OD and death after MCS or HTx surgery. HF-related
preoperative immunologic impairment is a component of
poor outcomes after MCS and HTx, owing to the known
associations between increased age, T cell and innate
immune cell dysfunction (17-19), increased numbers of
terminally differentiated T cells (20), immune-senescence
(deficient replicative ability), and immune-exhaustion
(impaired antigen response) (21,22).
Therapeutic options & outcomes in AdHF
Medical management
During the last five decades, significant advances have been
made in medical management of patients with systolic
HF with the introduction of beta blockers, angiotensin
converting enzyme inhibitors, angiotensin receptor
blockers, aldosterone antagonists and most recently
neprilysin inhibitors. These medications were shown in
clinical trials to improve the survival and reduce morbidity
in this patient population (23-25). However, patients with
stage D HF often cannot tolerate OMM by guideline
directed medical therapy (GDMT) and do not derive the
same benefit as patients with less advanced disease.
High risk coronary artery bypass surgery (CABG)
In individuals with low ejection fraction and ischemic
disease, high risk CABG can be considered. This procedure
requires high level of surgical expertise and should be
performed only in high volume centers. Furthermore, due
to the complexity of these patients and an increased risk
of clinical decompensation, advanced therapies should be
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discussed with the patients a priori and their candidacy for
MCS and HTx should also be assessed. High risk CABG
can modestly improve cardiac function and functional status
in selected patients (26). The impact on survival remains
unclear, with some studies showing benefit and others
showing no difference in mortality (27). Selection of patients
that would benefit the most from high risk revascularization
remains a topic of debate in the HF community.
Anti-arrhythmia device therapy
Patients with stage D HF are at an increased risk of sudden
cardiac death (SCD) from ventricular tachyarrhythmia,
thus anti-arrhythmia device therapy is an integral part of
their management. Introduction of internal cardioverter
defibrillator (ICD) for primary prevention of SCD was
proven to be of great benefit with reduction in mortality
by 31% in 20 months in patients with history of MI and
EF <30% (28). Furthermore, in patients with EF <35%,
regardless of etiology and mild to moderate symptoms,
ICD implantation decreases mortality by 23% over
5 years (29). ACC/AHA HF guidelines recommends
ICD implantation in all patients with ejection fraction of
<30% and New York Heart Association (NYHA) class I
symptoms and in those with EF <35% with NYHA class II
and III symptoms (23). This therapy is, however, reserved
for patients with a projected survival of more than 1 year
which precludes some of the patients with very advanced
disease from receiving an ICD. Cardiac dyssynchrony is
also found to be an important factor that impacts efficiency
of cardiac function. Cardiac resynchronization therapy
(CRT) has been used in patients with wide QRS complex
and left bundle branch block (LBBB) pattern on EKG. The
benefits are seen in improvement of ventricular contractility
and EF, reduction in secondary mitral regurgitation,
reversal of remodeling and at times, improvement in BP.
Despite reducing mortality and improving quality of life in
selected patients, around 30% of individuals receiving this
therapy derive no benefit or experience worsening of their
symptoms (30). Similar to ICD, patients with stage D HF
are often considered to be too sick to benefit from CRT and
therefore their treatment is limited to advanced therapies
(MCS and HTx) or palliative care (23).
Current indications for HTx
Since its first introduction in 1967, HTx offers an
unparalleled survival benefit in select patients with stage D

© Annals of Cardiothoracic Surgery. All rights reserved.

HF, and remains the gold standard of treatment.
Stage D HF is defined as refractory HF and often
accompanied by the following parameters: repeated (>2)
hospitalizations or ED visits for HF in the past year,
worsening renal function, unintentional weight loss
>10% (cardiac cachexia), intolerance to medical therapy
due to hypotension and/or worsening renal function,
persistent dyspnea/fatigue, hyponatremia and escalating
use of diuretics (>160 mg/d and/or use of supplemental
metolazone therapy) and frequent ICD shocks (23,31).
ACC/AHA guidelines designate a class I indication for
HTx only in carefully selected patients with stage D HF
despite GDMT, device, and surgical management. Current
graft survival rates with advances in immunosuppressive
therapy are 85–90%, 75–80%, and 70–75% in adults at
1-, 3-, and 5-year respectively, and a median survival of
11–13 years (23). Additionally, HTx offers significant
improvement in quality of life and patient satisfaction.
However, although potentially curative, HTx requires
long term immunosuppressive therapy, putting patients at
risk of infection. Cardiac allograft vasculopathy, a poorly
understood immunologic process, is the most feared
complication of HTx and is the most common cause of
graft failure. Annually, there are approximately 3,000 HTx
performed in the U.S. and the number of donors have
remained steady for decades. Needless to say, the main
limitation of HTx is the lack of available donors.
Current indications for MCS
As shown in destination MCS trials, mortality in patients
with stage D HF receiving medical therapy is unacceptably
high and other therapeutic options need to be considered
for these patients (7).
Long-term MCS was introduced in early 1980s as an
option for patients with stage D HF. These devices can be
implanted as bridge to transplantation (BTT) or destination
therapy (DT) and can provide LV or biventricular
support. Several devices are approved by Food and Drug
Administration (FDA) for use in stage D HF patients that
fulfill strict selection criteria. MCS therapies have been
shown in clinical trials to improve survival, with survival
rate in current era of 80% and 70% at 1- and 2-year
respectively. Survival rate of MCS as DT therapy is 75–80%
and 55–60% at 1- and 3-year respectively. With advances
in technology, MCS devices are getting smaller, easier to
implant and offer significant improvement in quality of
life. However, despite numerous benefits these therapies
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provide, rates of complication including bleeding, driveline
infection, thrombosis and stroke remain high (32).
Clinical risk prediction & comparative survival
benefit rationale
The role of risk stratification of patients with stage D HF
in a value-based healthcare framework is to predict which
subset might benefit from AdHF therapies, to improve
outcomes related to the individual patient including
mortality, morbidity and patient experience as well as to
optimize health care delivery system outcomes such as costeffectiveness. Risk stratification and subsequent outcome
prediction, as well as therapeutic recommendation-making
needs to be based on the comparative survival benefit
rationale (33). Determining which patients with stage D
HF would derive the most benefit from advanced therapies
and recognizing the appropriate timing for administering
these therapies before development of profound multiOD, remains one of the most important aspects of care in
this patient population. Prognosis can be improved with
early diagnosis, optimization of medical therapy, MCS and
HTx. However, outcomes for patients with HF are highly
variable, which makes clinical predictions challenging.
Despite our clinical expertise and current prediction tools,
the therapy with the best short- and long-term survival for
the individual patient, particularly the sickest patient, is not
easy to identify (18,32,34-46). A key reason is that among
the most severely ill patients, most preoperative prediction
tools in HF, critical care medicine and cardiac surgery have
the tendency to be imprecise in estimating risk, particularly
underestimating risk (41,47). Several parameters including
clinical characteristics, hemodynamic markers, serum
biomarkers, and therapeutic treatment are used in HF
models as clinical risk predictors to prognosticate HF
outcomes. Some commonly used parameters and models
will be discussed below.
B-type natriuretic peptide (BNP) is a widely used
biomarker for diagnosis and prognosis of HF (34).
Troughton hypothesized that titration of treatment to
reduce plasma N-BNP concentrations is beneficial in
patients with systolic HF. However, the use of BNP as
prognostic indicator in AdHF population has not been
rigorously validated. Peak VO 2 has been found to be
a prognostic predictor of survival and is often used as
an initial screen to identify patients with AdHF (48).
Low Peak O2 consumption is an indicator of poor heart
function and VO 2 max ≤14 mL/kg/min is a criteria for
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heart transplant consideration (49). However, peak VO2
may be influenced by several confounding factors such as
age, gender, motivation, anemia, body weight and muscle
deconditioning.
Some clinical variables have been identified to be
associated with increased mortality in patients with HF
and several HF models and risk assessment scores have
been developed, all in the hope of predicting HF survival.
Risk models, or a statistically derived framework from
robust datasets, can be useful in predicting outcomes. A
robust model needs to (I) have the power to discriminate
(i.e., to correctly risk stratify patients); (II) calibrate (i.e.,
to show agreement between the predicted and observed
risk); (III) be applicable to the general population; and (IV)
provide good external validation (50). The UCLA HF risk
model provides a simple prognostic information in both
men and women with AdHF using four common clinical
variables: BNP, peak VO2, NYHA class, and angiotensinconverting enzyme inhibitor/angiotensin receptor
blocker (44). However, its suitability as a selection tool for
MCS and HTx is inconsistent and high-risk discrimination
was poor in an external validation cohort (40). Seattle Heart
Failure Model (SHFM) and the Heart Failure Survival
Score (HFSS) are two of the most widely utilized scores.
Both models have their own intrinsic limitations but both
have been shown to give fairly reasonable estimates of 1-year
survival and have been recommended as consideration for
HTx selection (49).
The SHFM
The SHFM provides risk strata, an estimation of 1-, 2and 5-year survival rates, a mean life expectancy and an
estimated survival curve, using 20 commonly obtained
clinical, pharmacologic, device and laboratory parameters.
T h e w e b - b a s e d c a l c u l a t o r ( h t t p : / / w w w.
SeattleHeartFailureModel.org) provides an automated
risk percentage. The SHFM, described by Levy et al.
in 2006, is widely referenced and has been validated in
numerous settings (38,51,52). However, its derivation
and validation were carried out in datasets obtained from
clinical trials which did not include the use of beta-blockers
and defibrillators/CRT which are the standard of care
for HF patients in the modern era. Its cohort was mostly
Caucasian with a wide range of NYHA classes from I–IV
and left ventricular ejection fractions (LVEF) with 1/3 of
patients in one validation cohort had an LVEF of >40%.
Later studies also found differential effects of some HF
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Figure 1 Kaplan-Meier event-free survival curves stratified by
combined HFSS + SHFM groups [adapted from reference (55)].
Since heart transplantation confers a 1-year survival of 85–90%,
patients with a Heart Failure Survival Score (HFSS) high risk and/
or Seattle Heart Failure Model (SHFM) high risk may derive a
survival benefit from heart transplantation.

medications between Caucasian and African-American
patients which were not addressed in the SHFM (53,54).
Furthermore, 98% of events in the SHFM derivation
and validation databases were death, rather than HTx
or MCS implantation. Kalogeropoulos (51) assessed the
performance of the SHFM in patients with AdHF referred
for transplant evaluation and found that overall the SHFM
provided good discrimination between low-risk versus highrisk patients (Figure 1). However, the model overestimated
survival and underestimated absolute risk among high-risk
black population and patients with implanted devices (51).
These limitations in the original SHFM cohorts question
the applicability of the model in the sicker and more
heterogeneous AdHF population.
HFSS
The HFSS model includes seven parameters: resting heart
rate (HR); mean BP (mBP); LVEF; serum sodium; presence
or absence of ischemic heart disease; presence or absence of
intraventricular conduction defect (IVCD); and peak VO2.
This score stratifies its cohort into three distinct strata: low
risk (HFSS ≥8.10), medium risk (HFSS 7.20 to 8.09), and
high risk (HFSS ≤7.19). Event-free survival rates at 1 year
for the low-, medium-, and high-risk HFSS strata were
93%±2%, 72%±5%, and 43%±7%, respectively (Figure 1).
Patients in the medium or high-risk strata were advised to
consider cardiac transplantation listing and those in the low
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risk category are monitored on OMM unless their clinical
condition deteriorates. HFSS performs better than the
peak VO2 alone (56), and has been revalidated in the era
of Beta blocker therapy (57), in women (58) and in African
American and Hispanic patients (59). In today’s device era,
HFSS still outperforms the peak VO2 in risk stratification
for AdHF patients in the presence of an ICD and/or CRT.
It has been proposed that peak VO2 <10 mL/kg/min rather
than the traditional cutoff value <14 mL/min/kg may be
more useful for risk stratification in the device era (55). The
main criticism of HFSS lies in its requirement of peak VO2
measurement, which has many confounders and requires
specialized equipment and expert interpretation. However,
peak VO 2 assessment is usually available in tertiary
centers where most AdHF therapies are also offered. We
hypothesize that the inability to exercise or inability to
reach the anaerobic threshold (a respiratory exchange ratio
>1) may indicate that the patient might be too sick or too
frail to undergo AdHF therapies.
Comparing SFHM and HFSS
SHFM and HFSS are widely used risk stratification
models. They have both been broadly validated and have
excellent prognostic value. SHFM uses 20 convenient
clinical parameters which are readily available. Although
cumbersome, it may be appropriate as an initial patient
selection screening tool. HFSS is more practical since it
utilizes only seven parameters but they include peak VO2
measurement. A head to head comparison of HFSS and
SHFM on seven hundred fifteen consecutive patients with
systolic HF referred for heart transplant evaluation shows
modest correlation (R=−0.48, P<0.001) (Figure 1). However,
this correlation factor is misleading, given the different
variables and clinical settings from which these two models
were derived. There is, however, concordance in the 1-year
event-free survival of 89%, 72% and 60%, respectively, for
the low-, medium- and high-risk HFSS strata, and 93%,
76%, and 58%, respectively, for the low-, medium- and
high-risk SHFM strata. This reflects the degree of accuracy
in prognostication of each model. When the models
were combined, the area under the curve for combined
outcome of death/LVAD/transplantation was 0.77 and 0.76,
respectively for 1- and 2-year, which is markedly better than
either model alone. If a patient falls into a combined lowrisk HFSS and low-risk SHFM category, the 1-year eventfree survival is 96% which is higher than that in low-risk
HFSS (89%) and low-risk SHFM (93%) group separately.
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Therefore, low-risk scores on both risk models provide
further reassurance to defer AdHF therapy (Figure 1).
On the other hand, the addition of one score to the other
may be especially helpful in risk stratifying patients in
the medium risk category where at times clinical decision
making falls into the grey zone (Figure 1) (55). The validity
of these two models prompted their inclusion in the HTx
guidelines, which recommend cardiopulmonary exercise test
in addition to either (SHFM) score of <80% or a HFSS in
the high/medium risk range be used as cut points for HTx
listing (class IIb, level of evidence: C) (49).
MCS risk prediction
MCS, such as durable LVAD, is an alternative AdHF
therapy, which can be used as a BTT or as DT. If seen as a
part of a continuum of AdHF therapy, the question arises if
LVAD therapy needs its own separate risk prediction model.
The answer largely lies on the intrinsic nature of the device
and the complications encountered with LVAD, namely
the tight balance between bleeding risk and clotting risk.
Nonetheless, several MCS predictive models have been
proposed. It is important to reflect that the MCS model at
this time is not used to accept or deny patients of AdHF
therapies. It is still generally used as a preoperative risk
assessment tool.
Previously, one of the often-used risk scores was
the Destination Therapy Risk Score (DTRS), which
was developed as part of a U.S. FDA mandated postmarket surveillance of the pulsatile flow HeartMate
XVE. However, the DTRS was recently shown to
provide poor discrimination for BTT patients and only
modest discrimination for DT patients supported with
continuous flow LVADs (60). The Interagency Registry for
Mechanically Assisted Circulatory Support (INTERMACS)
classification system, although not designed as a predictive
model, has been proposed to classify patient risk according
to pre-operative clinical acuity with reasonable prognostic
discrimination (61). The HeartMate Risk Score (HMRS)
was derived from clinical trial patients enrolled in the HMII
in BTT and DT clinical trials and it is intended to predict
risk in the current era of continuous flow LVAD. It provides
a simple clinical prediction rule based on patients’ age,
international normalized ratio, albumin, creatinine, and
the implant center’s volume. However, this score excluded
patients who required acute MCS, other than an intraaortic balloon pump (45). HMRS has been validated using
the INTERMACS database. Among 10,847 patients, the
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HMRS exhibits moderate discrimination in both, short
term 90-day and long-term 2-year mortality. Relative risk
of 90-day mortality is 2.8 times greater with patients in the
highest HMRS category compared to those in the lowest
HMRS category (13.0% vs. 4.7%; P<0.001) (62).
Outcome prediction research
Most clinicians use the “eyeball test” to determine which
patients they believe are frail. “Frailty” is a term often
referred to patients with stage D HF since they may be
elderly and/or suffer from cardiac cachexia. This is because
there are no widely accepted frailty parameters in the HF
community. We know from patients who are undergoing
cardiac surgery that frailty is associated with adverse
outcomes. Flint proposed in 2012 that there might be a
subset of frail patients who are responsive to MCS and will
continue to thrive whereas another group may not (18).
Frailty is a reflection of biological age and not chronological
age. It is often thought of as a constellation of subclinical
physiological insults in multiple organ systems which makes
patients more vulnerable in times of physiologic stress. A
study done on 99 patients undergoing DT-LVAD using
31 deficits based on ability to perform activities of daily
living (ADLs) and other clinical factors showed that there
was a >3-fold increased risk of death in patients in the
highest frailty tertile compared with those who were not
frail (lowest tertile) (19).
The NIH-United States Critical Illness and Injury Trials
(USCIIT) Group invited the Deng lab in 2008 to develop a
peripheral blood mononuclear cell (PBMC)-gene expression
profiling (GEP) biomarker test to better understand HFrelated frailty and OD, diagnose and predict outcomes, and
treat HF-related OD. This genomic test, which is under
development at UCLA, was named MyLeukoMAPTM. It is
expected to predict more precisely the comparative survival
benefit of HTx/MCS over OMM than current clinical tests
alone (63-65).
As a long-term vision, this new blood test will assist,
as part of a multidimensional prediction model, the HFspecialist in recommending the best treatment option, either
optimal medical management, HTx, MCS or palliation care
to an individual patient for the best outcome.
Shared decision making in stage D HF—
relational medicine paradigm
Healthcare providers have an obligation to provide
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information on the natural course of end stage HF,
diagnostic tests, risk and benefits of various treatment
options, costs and anticipated outcomes. This information
should be offered in a way that is easily comprehensible
to the patients and their families and in a culturally
sensitive manner. Shared decision making is grounded
in the principle of a person’s autonomy and has been
described as “an approach where clinicians and patients share
the best available evidence when faced with the task of making
decisions, and where patients are supported to consider options,
to achieve informed preferences” (66). The clinical decisionmaking challenge at the time of evaluation in our stage D
HF practice often comes as a big shock to patients. The
choice often culminates between all that high-tech modern
medicine has to offer and compassionate end of life care,
both of which are equally daunting considerations. This
ultimate scenario is medically, ethically and economically
challenging. This life-changing discussion deserves
the best evidence-based decision-making support that
personalized precision medicine research has to offer
to enable a practice of modern medicine that lives up
to the highest humanistic expectations that society
entrusts us with (67).
Shared decision making, with the expert healthcare
profe s s io n a l t e a m c o ns u l ti ng a b o u t the d i ffer en t
options and the empowered patient making decisions
in a trustful safe therapeutic relationship, is key for a
humanistically sound concept of the practice of modern
medicine. This concept which we have coined Relational
MedicineTM (68) is grounded in the basic human right of
personhood for all stakeholders, patients, caregivers and
healthcare professionals alike.
Case illustration
CG is a 50-year-old male with a history of non-ischemic
cardiomyopathy with an EF of 20%, NYHA class III/ACC
stage C HF and left ventricular end diastolic diameter of
9.4 cm. He has a prior history of cardiac arrest and ICD
placement for secondary prevention of SCD. He has a
progressive decline in his functional status, and undergoes
cardiopulmonary stress test as part of his AdHF evaluation.
According to SHFM, his 1-year survival is 94.4%. However,
he develops ventricular tachyarrhythmia during his
cardiopulmonary stress test so HFSS cannot be calculated.
He has a right heart catheterization which showed normal
wedge pressure and a cardiac index of 2.5. Although these
parameters lend adequate reassurance of a high 1-year
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survival rate, there should be a healthy skepticism in such a
rosy computerized outlook in a patient with a 9.4 cm dilated
left ventricle, history of ventricular tachyarrhythmia and a
history of cardiac arrest whom clinicians intuitively consider
as high-risk patient.
Discussion
The role of risk stratification of patients with stage
D HF is to predict which patients might benefit from
AdHF therapies. However, clinical outcomes for patients
diagnosed with HF are highly variable which makes
formulating risk stratification models challenging. Two
patients with the same ejection fraction can have a
different functional status, and different clinical outcomes.
Accurate risk stratification of patients with stage D HF
remains difficult as illustrated in our case presentation.
Various risk stratifications models using clinical data have
been proposed to better identify patients who would
most benefit from advanced therapies. Multiple other
factors such as absence of social support, psychological
suitability and frailty are associated with poor outcomes
after HTx and MCS but they are not incorporated in any
clinical prediction score. All of these factors are needed
to approach AdHF therapy candidacy as “whole person”
instead of a set of clinical data.
Timing of AdHF therapies before development of
profound multi-organ dysfunction remains one of the most
important aspects of care in the AdHF patient population.
A patient with a low ejection fraction can remain in NYHA
class II/III for years and may not be “sick enough” to
warrant AdHF evaluation and there is no straightforward
clinical parameter that predicts if and when the patient
will progress to end stage HF. At the other end of the
spectrum, many patients have a “crashing and burning”
(INTERMACS I) presentation as their initial HF diagnosis
which puts them at the highest risk for adverse outcomes.
Healthcare providers are obliged to respect the sanctity of
human lives and it is our goal to improve the quality of life
of our patients. As such, it is often difficult to recommend
palliative care to patients at the highest risk for adverse
outcomes.
Patients evaluated for AdHF therapies are selected after
careful consideration from a multidisciplinary team in which
psychosocial factors are considered in addition to clinical
data. Selection of patients who would most benefit from
HTx and MCS remains challenging and requires experience
and ethical and social considerations.
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Conclusions
Risk stratification and clinical decision making involving
the AdHF or stage D HF patient population is complex and
multifaceted since the clinical course for patients with HF
is highly variable. Although cardiac transplantation remains
the gold standard for patients with stage D HF, the urgent
need and lack of available donors make MCS an attractive
and viable option, both as a BTT and DT. Various risk
stratifications models have been proposed to predict preand postoperative mortality, each with inherent limitations.
They should be used as a guide and not a replacement
for sound clinical judgment in a clinical encounter that is
grounded in a culture of shared decision-making, with the
expert healthcare professional team members as consultants
about the different options and the patient as empowered
decision-maker in a trustful safe space of the therapeutic
relationship.
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