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Abstract

Purpose of Review Improving outcomes with durable mechanical circulatory support have led to expanding interest in the earlier
recognition of patients destined to develop refractory heart failure (HF). The recognition of advanced HF has received increasing
attention.

Recent Findings The Interagency Registry for Mechanically Assisted Circulatory Support (INTERMACS) registry developed
patient profiles of advanced HF to describe the spectrum of patients with refractory HF undergoing mechanical circulatory
support. These patient profiles have been extended to advanced HF patients on medical therapy and used to align outcomes
with medical and device therapy in the Medical Arm of Mechanically Assisted Circulatory Support (MedaMACS) registries and
the ROADMAP study.

Summary Shared decision-making about treatment options for advanced HF requires individualized consideration of risks and
benefits beyond survival. Future studies, including the ongoing Registry for Vital Information for VADs in Ambulatory Life
(REVIVAL) study, will provide prognostic information for patients transitioning from stage C to stage D HF to help patients,

caregivers, and physicians navigate the increasingly complex terrain of HF care.
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Introduction

The prevalence of heart failure (HF) continues to rise
with recent estimates suggesting 6.5 million American
adults are living with HF [1]. By 2030, more than 8
million adults are projected to have HF with an annual
cost of almost 70 billion dollars [2]. Over the last
50 years, medical and electrical therapies improved
and mortality from HF dramatically reduced, although
the 5-year mortality following initial diagnosis remains
greater than 40% [3-5]. Options for advanced surgical
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therapies are available to select patients with HF. Heart
transplant listings have steadily increased with a 127%
10-year increase in 2016 compared with 2006 with 3209
adult heart transplants being performed in 2016 [6].
Unrestricted by a limited donor supply, mechanical cir-
culatory support (MCS) device implantation has seen
even greater expansion, now exceeding 2500 per year
[7], up from under 100 just over 10 years ago [8].
Adding to the enthusiasm for these advanced therapies,
survival rates have continued to increase, with modern
1 year survival for MCS recipients >80% [7] and for
heart transplant recipients >90% [6].

There is a critical need to identify patients with refractory
HF who may benefit from these advanced surgical therapies.
The optimal method for identifying eligible patients has been
slowly evolving, with thresholds for considering MCS mov-
ing to earlier stages of HF as outcomes following MCS have
improved. While pivotal clinical trials have propelled innova-
tive next-generation devices to regulatory approval [9], pro-
spective registries remain essential to monitoring how to best
implement these therapeutic advancements. We will review
the lessons learned about stage D HF from recent medical
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and device registries, with a focus on the expanding interest in
identifying those patients still ambulatory on oral therapies
who may merit consideration of MCS.

What Is Stage D HF?

In the most recent ACCF/AHA HF guidelines, HF is recog-
nized as a progressive disease with identifiable stages at which
different treatments are recommended to reduce morbidity and
mortality [10]. Stage D heart failure has been called many
names over the years including “end-stage” and “refractory”
HF [11, 12]. For the purposes of this review, all these terms are
used interchangeably. Stage D HF typically describes patients
who experience persistent symptoms despite optimal
guideline-directed medical therapy (GDMT) who may be el-
igible for advanced therapies [10].

Given the potential implications of identifying stage D HF, a
number of more precise definitions have been proposed which
can be integrated into clinical care including those by the Heart
Failure Society of America [11], the European Society of
Cardiology [12], and the American College of Cardiology
Foundation (ACCF)/American Heart Association (AHA) [10]
(Table 1). Updates in these guidelines reflect the rapidly chang-
ing landscape of HF patients as well as available therapies.
Compared with prior guidelines, there is a recognition of the
need to be on GDMT which includes implantable electrical
devices, the changing locations of care with options for outpa-
tient intravenous diuretics, the inclusion of intractable arrhyth-
mias as a marker of stage D, and emphasis on confirmation that
HF is responsible for symptoms. Delineating the specific role
HF plays in overall symptom burden has become increasingly
necessary given the advancing age and comorbid complexity of
contemporary patients with HF [13]. Importantly, current defi-
nitions of stage D HF do not require a reduced left ventricular
ejection fraction, given the recognition of similar disease bur-
den, morbidity, and mortality in patients with HF with pre-
served ejection fraction [14].

Presently, stage D patients with HF and reduced ejection
fraction are still those most likely to be considered for ad-
vanced therapies including intravenous inotropes, MCS place-
ment, and transplantation. Despite improvements in the treat-
ment of HF, an estimated 1-10% of patients with HF progress
to stage D each year [15, 16]. Among this group, prognosis
without advanced therapies from clinical trials of systolic HF
is dismal with only 11-25% survival at 1 year [11, 17, 18].
Complicating this, the perception of prognosis among both
treating physicians and patients may be inaccurate. Less than
half of physicians accurately predicted survival among HF
patients, including overestimation of survival by cardiologists
[19, 20]. Given the current prognosis and the discordance
between both physician and patient perception of prognosis,
identification of stage D HF patients is critical not only to

allow the receipt of information about and the acceptance of
advanced therapies but also to enable patients and their fam-
ilies to participate in advanced care planning.

Identification of Advanced Heart Failure

Historically, advanced HF has been identified through a com-
bination of symptoms, individual predictors, risk scores, func-
tional parameters, and clinical events [11]. In a review of
criteria used to identify patients with advanced HF in 134
clinical trials, the most common criteria were New York
Heart Association (NYHA) functional class (n, %; 119,
88.8%), left ventricular ejection fraction (LVEF) (84,
62.7%), specific HF symptoms present (18, 13.4%), inotrope
dependence (17, 12.7%), prior HF admission (14, 10.4%),
peak oxygen consumption (14, 10.4%), and cardiac index
(14, 10.4%) [21]. While NYHA functional class is the most
consistently used measure, there remains considerable varia-
tion among practitioners in assessing class, and assignment of
NYHA class remains largely dependent on a given patient’s
desired level of activity [22]. Furthermore, many of the symp-
toms of HF are fairly non-specific, with overlap with comor-
bidities and frailty which is increasingly recognized in this
population [23].

HF Taxonomy: Classes, Stages, and Profiles

The modern evolution of classifications for severity of disease
has been influenced by the available therapeutic options.
When transplantation was the only approved therapy for stage
D HF, the persistence of NYHA class IV symptoms at rest or
minimal exertion was adequate to define stage D HF. As the
benefits of durable MCS devices extended into prolonged
support outside of the hospital, they began to be considered
for prevention as well as treatment of terminal hemodynamic
decompensation leading to secondary organ dysfunction. The
Interagency Registry for Mechanically Assisted Circulatory
Support (INTERMACS), the landmark US Registry of ap-
proved durable MCS devices, developed a new classification
scheme for advanced HF (Fig. 1). In the wake of the
REMATCH trial that expanded the MCS indication to include
lifelong destination therapy, part of the INTERMACS mission
was to distinguish patients with various levels of compromise
to standardize comparison of outcomes for different devices,
different patients, and different implanting centers.

The INTERMACS profiles were created to describe patients
failing medical therapy who would benefit from advanced ther-
apies beyond the NYHA classifications with inclusion of ar-
rhythmia burden, the need for temporary support, and recurrent
hospitalizations as modifiers [24, 25]. The colloquial descriptor
of “crash and burn” for profile 1 described the patient on max-
imal inotropic support in whom survival was defined in hours.
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Table 1 Recent major society

definitions of advanced heart 2018 HFA of the ESC* 2015 HFSA® 2013 ACCF/AHA®
failure
All of the following must be present 1. Presence of progressive and/or 1. Persistent severe
despite GDMT: persistent severe signs and symptoms despite
1. Severe and persistent symptoms of symptoms of HF despite GDMT. maximum GDMT.
heart failure 2. Generally accompanied by (a) 2. Presence of events and/or
2. Severe cardiac dysfunction frequent hospitalization, (b) findings useful for
including one of the following: severely limited exercise tolerance, identifying:

(a) LVEF <30%
(b) Isolated RV failure

(c) Non-operable severe valve
abnormalities

(d) Congenital abnormalities

(e) Persistently high BNP or
NT-proBNP and severe diastolic
dysfunction or LV structural
abnormalities

3. Episodes of the following
prompting an unplanned visit or
hospitalization in the past
12 months:

(a) Volume overload requiring
high-dose diuretics

(b) Low cardiac output necessitating
inotrope or vasoactive drugs

(c) Malignant arrhythmias

4. Severe exercise capacity limitation
with inability to exercise or low
6MWD or pVO2 thought to be
secondary to HF

and (c) poor quality of life and is (a) Repeated (>2)

associated with high morbidity and hospitalizati:)ns or ED

mortality. visits for HF in the past
3. The HF syndrome is the primary year

reason for the progressive decline. (b) Progressive deterioration

in renal function

(c) Weight loss without other
cause

(d) Intolerance to ACE
inhibitors due to
hypotension and/or
worsening renal function

(e) Intolerance to beta
blockers due to worsening
HF or hypotension

(f) Frequent systolic blood
pressure < 90 mmHg

(g) Persistent dyspnea with
dressing or bathing
requiring rest

(h) Inability to walk 1 block
on the level ground due to
dyspnea or fatigue

(i) Escalating diuretic dosing
and/or use of
supplemental metolazone
therapy

(j) Progressive decline in
serum sodium

(k) Frequent ICD shocks

HFA, Heart Failure Association; ESC, European Society of Cardiology; HFSA, Heart Failure Society of America;
ACCF, American College of Cardiology Foundation; AHA, American Heart Association; GDMT, guideline-
directed medical therapy; LVEF, left ventricular ejection fraction; RV, right ventricular; BNP, B-type natriuretic

peptide; NT-proBNP, N-terminal pro-B-

type natriuretic peptide; LV, left ventricular; 6MWD, 6-min walk distance;

pVO,, peak oxygen consumption; HF, heart failure; ACE, angiotensin-converting enzyme; /CD, implantable

cardioverter defibrillator
# Crespo-Leiro et al. [12]
®Fang et al. [11]

€ Yancy et al. [10]

Profile 3 was defined as “stable on inotropes,” which could be
either in or out of the hospital, recognizing regional variation in
availability of inotropic infusions at home. “Resting symptoms”
daily despite high doses of diuretic therapy without any intra-
venous medications defined profile 4, which was essentially
chronic NYHA class IV symptoms. The designations of
“homebound” but comfortable at rest defined profile 5, and
“walking wounded” with limited activity outside the home de-
fined profiles 6 and 7. The least compromise was in profile 7,
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which was added as a placeholder for patients comfortable with
some limitation, without frequent exacerbations. The
INTERMACS patient profiles have been shown to more accu-
rately predict failure of medical therapy and mortality than the
NYHA classification [26]. Despite emerging utility of this pow-
erful shorthand descriptor of stage D patients, the
INTERMACS profiles have not been used as primary entry
criteria in clinical studies. Rather entry criteria have been de-
signed to enrich cohorts with specific patient profiles.



Curr Heart Fail Rep (2019) 16:130-139

133

At risk for Heart Failure

Heart Failure

P AL A
ACCF/ Stage A Stage B Stage C
AHA NYHA Class 2 m
INTERMACS Profile . = T XD EDEDED

Fig. 1 Classification schemes for heart failure severity. Overlapping
classification systems provide complementary descriptive and
prognostic information for patients with advanced heart disease. The
New York Heart Association (NYHA) classifies dynamic functional
limitation and the American Heart Association (AHA)/American

Aligning Medical and Device Outcomes

There are clear benefits for MCS implantation among eli-
gible patients in profiles 1-2 compared with medical ther-
apy [17, 27]. Ambulatory patients in profile 3 receiving
continuous inotropic support have improving survival but
still only 50% per year, well below that offered by contem-
porary CF-LVAD therapy [28]. As a result, dependence on
intravenous inotropic support as in INTERMACS profile 3
has traditionally been considered the threshold that defines
irreversible advanced HF and mandates consideration of
advanced therapies. In the absence of this clear marker of
severity, identifying which patients with advanced HF on
oral therapies (INTERMACS profiles 4-7) who would
likely benefit from MCS becomes challenging. The largest
potential impact of MCS on public health is for patients on
oral HF therapies, well before the development of circula-
tory shock and end-organ dysfunction, in whom support
could be employed electively for long-term benefit with
diminished perioperative risk. However, in 2015-2016,
only 13% of device implants in INTERMACS were per-
formed in patients prior to inotrope dependence [7]. In this
ambulatory population, for whom death from HF is not
imminent, shared decision-making about MCS requires
more measured and individualized consideration of risks
and benefits beyond survival.

Integral to the original intent of INTERMACS was
comparison between patients receiving approved LVADs
and ambulatory patients living with advanced HF who
were not receiving MCS. Until recently, the field has
struggled to identify ambulatory patients who are both
sick enough (with regard to cardiac dysfunction and lim-
itations) and healthy enough (with regard to non-cardiac
issues) to derive more benefit from MCS than from con-
temporary oral medical therapy. Creating a contemporary
medical therapy comparison group became necessary to
understanding stage D HF with the goal of better identi-
fying patients failing medical therapy who would benefit
from advanced therapies.

College of Cardiology (ACC)-Stages of Heart Failure highlight
antecedent risk factors and disease progression, while the Interagency
Registry of Mechanically Assisted Circulatory Support INTERMACS)
patient profiles integrate symptom burden and ongoing measures use to
treat evolving shock

MedaMACS Screening Pilot

The Medical Arm of Mechanically Assisted Circulatory
Support, or MedaMACS, was a prospective cohort study de-
signed to increase our understanding of HF trajectory among
patients with advanced symptoms on oral therapies.
MedaMACS was completed in two phases, an initial pilot
study that enrolled 168 non-inotrope-dependent patients be-
tween 2010 and 11 who were being followed at VAD centers,
followed by a pilot study of 162 non-inotrope-dependent pa-
tients from 11 centers in 2013-2015 with data fields designed
to align with those of INTERMACS (Table 2). Among screen-
ing pilot participants, over half were INTERMACS profile 4
or 5 (23% profile 4, 32% profile 5, and 45% profile 6/7).
Despite being less sick, over half of the patients were some-
what or definitely willing to consider MCS based on their
current condition. As INTERMACS profile decreased, more
patients were definitely willing to consider MCS, including
35% of participants in INTERMACS profile 4. Importantly,
patients equally valued the potential impact of MCS therapy
on both quality of life and mortality [29°]. The pilot study
additionally provided insight into the use of INTERMACS
profiles for risk assessment in ambulatory HF patients not
being considered for MCS. In the screening study, less than
half of the cohort remained alive on medical therapy without
advanced therapies (LVAD or transplant). At 1 year, just 39%
of INTERMACS profile 4 patients were alive without receiv-
ing advanced therapies compared with 84% of profile 6/7
patients. A number of important differences were identified
that differentiated the higher profile groups including in-
creased tolerance of neurohormonal antagonists and less hos-
pitalizations [30]. INTERMACS profiles were also associated
with HRQOL and health utility as expected with both worse in
lower profiles [317].

MedaMACS Study

The MedaMACS pilot study built on the screening study but
enrolled predominantly outpatients in profiles 5—7. Among
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Table 2  Clinical studies of ambulatory patients with advanced heart failure. Revised and used with permission from Springer Nature
MedaMACS screening pilot ROADMAP MedaMACS study REVIVAL
Number of 166 103 on OMM (200 total) 161 400
Patients
Enrollment 20102011 2011-2013 2013-2015 2015-2016
Period
Inclusion
criteria
NYHA class -1V BV H-1v -1V
EF <30% <30% <35% <35%
High-risk 2 HF hosp in 12 months or | HF > 1 HF hosp in 1 HF hosp in 12 months and 1 2 HF hosp in 12 months, or 1 HF
features hosp + 1 high-risk feature: peak 12 months or 2 high-risk feature: additional HF ~ hosp in 12 months with outpt
VO, < 16 ml/kg/min for men, unscheduled EW hosp in 12 months or peak BNP>500 pg/ml or NT-proBNP
peak VO, < 14 ml/kg/min for visits for HF and VO, < 16 ml/kg/min for men, >2000 pg/ml, or if no HF hosp,
women w/ RER >1.08 or 6MW <300 m peak VO, < 14 ml/kg/min for > 1 high-risk feature: peak
< 55% predicted, or 6 MW women, 6MW < 300 m, or VO, <16 ml/kg/min or <55%
<300 m, or BNP > 800 ng/ml, outpatient NT-BNP predicted with RER >1.05, or
or serum Na* < 135 mEq/dl >4000 ng/dl, or SHFM 1 year ~ 6MW <350 m, or BNP
predicted survival <83% >750 pg/ml or NT-proBNP
>3000 pg/ml as outpt (w/o HF
hosp), SHFM 1 year predicted
survival <85%
Exclusion Intravenous inotropes Intravenous inotropes  Intravenous inotropes Intravenous inotropes
Criteria Listed for transplant Listed for transplant Listed for transplant Listed UNOS 1A/B for transplant
DT VAD ineligible Congenital heart defect Congenital heart defect
Amyloidosis Amyloidosis
Dialysis or serum Cr >3 mg/dl
INTERMACS  4-22% 4-34% 4-12% 4-8%
profiles 5-32% 5-28% 5-32% 5-21%
enrolled 6-34% 6-34% 6-49% 6-39%
7-12% 7-2% 7-7% 7-32%
Major findings * INTERMACS profiles identify ¢ Survival with * High early event rates in patients * Overall event rate 24% in this

high-risk patients on medical improved functional

therapy (6MW > 75 m) status

* Profile 4 patients had 52% better on HMII than
survival without LVAD by OMM at both 1 and
6 months and 39% at 1 year 2 years

» Most participants would be
willing to consider LVAD and
place considerable emphasis on
anticipated improvement in

QoL

* Patients choosing
LVAD more likely to
be in sicker
INTERMACS profile
and have poorer QoL

* Intent-to-treat survival
had no difference
between LVAD and
OMM at 1 year

with questionable eligibility for
VAD/Tx

* Physicians identified patients to
be at higher risk than patients
themselves

» Compared with contemporary
device registrants in
INTERMACS, survival on
LVAD improved in
profiles 4-5 compared with
medical therapy

predominantly profile 5—7 cohort

* Positioned to map transition from
stage C to stage D HF

» Core labs for exercise,
echocardiography, and
biomarkers will facilitate deeper
phenotyping of patients at risk for
refractory HF

BNP, B-type natriuretic peptide; Cr, creatinine; D7, destination therapy; EF, ejection fraction; EW, emergency ward; HF, heart failure; HMII, HeartMate
IT assist device; INTERMACS, Interagency Registry for Mechanically Assisted Circulatory Support; MedaMACS, Medical Arm for Mechanically
Assisted Circulatory Support; Na*, sodium; NYHA, New York Heart Association; NT-proBNP, N-terminal pro-B-type natriuretic peptide; OMM,
optimal medical management; QoL, quality of life; REVIVAL, Registry Evaluation of Vital Information for VADs in Ambulatory Life; ROADMAP,
Risk Assessment and Comparative Effectiveness of Left Ventricular Assist Device and Medical Management in Ambulatory Heart Failure Patients;
SHFM, Seattle Heart Failure Model; Tx, transplant; UNOS, United Network of Organ Sharing; VAD, ventricular assist device; VO,, oxygen consump-

tion; 6MW, 6-min walk

the 162 patients, 12% were profile 4, 32% were profile 5, 49%
were profile 6, and 7% were profile 7. By 2 years, almost half
(47%) had required advanced therapies or died including 11%
receiving LVAD support and 12% receiving transplant. When
patients in MedaMACS were compared with 1752 contempo-
rary continuous flow LVAD recipients in INTERMACS (dates
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of implant), survival with LVAD therapy was improved com-
pared with medical therapy for profiles 4 and 5 [32]. In a
subset of these patients who were ineligible for either destina-
tion therapy (DT) LVAD or transplant, mortality was higher
compared with patients eligible for either DT-LVAD or trans-
plant (23.3% vs 8% in the DT-LVAD group and 5.9% in the
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transplant group; p = 0.02). The reasons for ineligibility were
multiple including advanced age, renal dysfunction, malnutri-
tion, pulmonary hypertension, frailty, limited social support,
and non-compliance [33]. These findings from the
MedaMACS pilot highlight that not only do ambulatory
INTERMACS profile 4-7 participants have high event rates,
but also there is a need to begin having discussions about
preferences for therapies before progressive end-organ dys-
function leaves the patient ineligible for therapies, as this por-
tends a worse prognosis [32, 33].

Another goal of MedaMACS was to understand how per-
ception of prognosis translates into informed decision-making
for physicians and patients. The MedaMACS pilot study
assessed the current state of both physician and patient under-
standing of prognosis with a survey about short-term risk for
requiring advanced therapy with a median follow-up of
13 months. Of the 161 patients completing the survey, 86%
of patients with ambulatory advanced HF thought that they
were low risk for an event in the next year, yet 69% of the
same patients were identified by their treating physicians as
high risk. At 1 year, 38% of patients registered had experi-
enced an endpoint [34™"]. Neither physician nor patient predic-
tions accurately identified high-risk patients, highlighting the
difficulty of identifying stage D patients in clinical practice
even among experienced HF clinicians and the need for im-
proved metrics of assessment. At the very least, recognition of
those likely to fail medical therapy will hopefully enable dis-
cussions on patient preferences for care in ambulatory patients
with HF.

Our ability to have timely discussions remains limited by
difficulties in understanding prognosis and identifying stage D
patients. Despite being at centers with experience providing
advanced therapies, only 24% of participants in MedaMACS
had undergone formal evaluation for LVAD or transplant.
While some patients may have developed obvious contraindi-
cations to these advanced therapies and others were truly too
well, prior work suggests inaccurate patient and physician
understanding of prognosis and trajectory likely contributory
[347]. Shared decision-making remains the emphasis in de-
ciding appropriate therapies for stage D HF patients [10].
MedaMACS illuminated several important limitations in our
ability to engage effectively in shared decision-making with
stage D HF patients related to disease trajectory and overly
optimistic prognostic expectations.

ROADMAP

The Risk Assessment and Comparative Effectiveness of Left
Ventricular Assist Device and Medical Management in
Ambulatory Heart Failure Patients (ROADMAP) trial looked
to improve our current understanding and identification of
ambulatory stage D patients through prospective, observation-
al comparison of medical therapy versus durable MCS support

in ambulatory patients less sick than MedaMACS (Table 2).
The goal of the study was to enroll patients with a 20-30% 1-
year mortality. In addition to low ejection fraction, patients
had to be on stable GDMT with persistent NYHA class IlIb
or IV symptoms, ineligible for transplant, and have either 1
HF hospitalization or 2 unscheduled emergency room or in-
fusion clinic visits in the past 12 months and a 6-min walk
distance (6MWD) less than 300 m. Participants chose either
continued GDMT or DT-LVAD at the time of enrollment in
the study. The primary endpoint was a composite of survival
and improvement in 6 MWD >75 m [35].

Being an observational study, there were several important
differences between the DT-LVAD patients (n=97) and the
medical therapy patients (z = 103) at baseline. The LVAD pa-
tients had lower QOL and were sicker based on INTERMACS
profiles, NYHA functional class, and Seattle HF Model
(SHFM) predicted survival [36]. The patients enrolled in the
study were high risk. Over half in each arm required hospital-
ization during the 2-year study period (80% LVAD and 62%
medical therapy). At 2 years, more participants in the LVAD
group met the combined endpoint of survival with improved
6MWD (30% vs 12%; odds ratio, 95% confidence interval,
3.2, 1.3-7.7). There was no difference for survival in the
intention-to-treat analysis (22%, n = 23 of the medical therapy
arm received delayed LVAD) but there was a 30% improve-
ment in survival (70% vs 41%, p <0.001) when analyzed as
treated [37]. There was an initial increase in adverse events
driven by bleeding in the LVAD group at 1 year [36].

There are several additional observations from
ROADMAP that warrant discussion when attempting to iden-
tify stage D HF. Given the prominent role of risk scores to aid
in identification of high-risk patients, the investigators ex-
plored the accuracy of the SHFM in the medical therapy
arm. Among the 103 participants on medical therapy, the
SHFM predicted survival (ROC area under curve =0.71;
95% CI 0.59-0.83; p value <0.001) but overestimated
LVAD free survival (ROC area under curve =0.56, 95% CI
0.44-0.68; p value >0.20) at 1 year. The Heartmate II Risk
Score (HMRS) performed less well and did not discriminate
events at 1 year (ROC=0.62, 95% CI 0.47-0.76; p value >
0.12) [38°]. Taken together, while the SHFM predicted 1-year
mortality, neither risk score adequately differentiated non-
inotrope-dependent patients who would clinically worsen.
The ROADMAP investigators also looked at the outcomes
of the medically managed participants grouped by
INTERMACS profiles [24]. Of the medically managed pa-
tients, 35% (n=235) were profile 4 and 66% (n=66) were
profiles 5—7. Compared with medical therapy, INTERMACS
profile 4 participants who underwent LVAD were more likely
to meet the composite primary endpoint (survival with im-
proved 6MWD) at 1 year (40% vs 15%; odds ratio =3.9
(1.2-12.7)). There was, however, no difference for
INTERMACS profile 5-7 patients. Findings were similar
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for the composite endpoint of survival on original therapy
with acceptable health-related quality of life (defined as VAS
score > 60) [39]. In summary, current risk scores do not ade-
quately predict who will clinically worsen, and there did not
appear to be a clear advantage for LVAD in medically man-
aged INTERMACS profile 5-7 patients with respect to either
improvement in HRQOL or survival.

REVIVAL: Mapping the Transition From Stage
C to Stage D

Current use of LVADs for treatment of refractory stage D heart
failure continues to grow with greater than 22,000 implanted
over 10 years [7]. Given the poor HRQOL among ambulatory
patients with advanced HF, consideration has been given to
earlier implant among less symptomatic ambulatory patients
with by INTERMACS profile 5-7 symptoms. Greater under-
standing of not only prognosis in this less sick group but also
factors that drive patient choice for LVAD therapy in this
group is critical as our understanding of the heterogeneity of
potential benefit remains unclear, and the decision is certainly
preference sensitive. In 2015-2016, of the 5400 registered
implants in INTERMACS, only 1.6% were in patients with
profiles 5-7 at the time of LVAD implantation [7]. Much of
this reluctance stems from the unacceptably high adverse
event rates across approved and investigational devices.
Additional expansion of LVADs into ambulatory patients in
INTERMACS profile 5-7 HF will require not just improved
technology with fewer adverse events but also better prognos-
tic tools to identify those at greatest risk of dying without
MCS and those who are most likely to have favorable out-
come with VAD support.

Recent attention to adverse events on LVAD therapy—
particularly to pump thrombosis and stroke—prevented equi-
poise for randomizing patients in NYHA class III to medical
versus currently approved device therapy [40]. The closing of
the REVIVE-IT (Randomized Evaluation of VAD
Intervention before Inotropic Therapy) deprived the HF com-
munity of important information on a medically managed co-
hort in parallel to device therapy. Fortunately, the prospective
registry intended to be part of the REVIVE-IT effort has been
reformulated as the Registry Evaluation of Vital Information
for VADs in Ambulatory Life (REVIVAL). REVIVAL is a
prospective, observational multicenter patient cohort that has
completed enrollment and follow-up of 400 patients with am-
bulatory advanced HF across 21 sites in the USA. Unlike
MedaMACS, REVIVAL also includes patients listed for
transplant as status 2 (former United Network of Organ
Sharing Status definitions). This group was included as trans-
plant candidates on oral medical therapy alone face a growing
waitlist and difficult decisions about when and if to pursue
MCS. Entry criteria were designed to map the transition from
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stage C to stage D HF. Overall 92% of enrollees were in
INTERMACS profiles 5-7, and the 1-year combined rate of
urgent transplant, death, or durable MCS was 24% [41]. To
better phenotype patients with advancing HF, REVIVAL en-
rolled more patients than both phases of MedaMACS com-
bined and nearly four times as many ambulatory advanced HF
patients on optimal medical therapy than ROADMAP
(Table 2).

The REVIVAL cohort recently completed 2-year follow-up
for death, durable MCS, or transplantation. Each available
participant also contributed data 2 months following enroll-
ment to core laboratories on cardiopulmonary exercise testing,
echocardiography, and biomarkers. Indices of functional ca-
pacity, frailty, and quality of life, as well as caregiver burden,
were assessed serially to better understand the factors under-
pinning the decision to proceed with MCS. By providing de-
tailed information on patient-reported outcomes, prognosis,
and dynamic clinical trajectories through serial evaluation,
REVIVAL will determine the feasibility of identifying candi-
dates for a trial of next-generation LVAD technology and other
investigational therapies in NYHA class III HF.

Remaining Challenges and Future Directions

Despite new insights from medical registries, the available
evidence suggests that predicting which patient with HF will
fail medical therapy remains challenging. There are a number
of high-risk features identified in recent HFSA guidelines that
are highly suggestive of stage D HF and should trigger a
referral to a HF specialist [11]. Assessment requires using a
holistic evaluation of a patient and not placing undo emphasis
on one finding. Using a combination of history (e.g., hospital-
izations, functional class), objective exercise capacity testing
(e.g., 6BMWT, maximal cardiopulmonary exercise testing),
therapy review (e.g., lack of response to diuretics, inability
to tolerate angiotensin-converting enzyme inhibitors, ARBs,
or beta blockers), laboratory data (e.g., serum sodium and
creatinine), and risk prediction score (e.g., SHFM), one can
facilitate timely referral to an advanced HF specialist for as-
sessment of HF status. Unfortunately, until available predic-
tive assessment improves, stage D HF largely remains a diag-
nosis of “knowing it when you see it.” Moreover, a major
ongoing limitation has been the focus on current symptoms
and risk markers of refractoriness rather than the trajectory of
illness, which can be dynamic and unpredictable in a given
patient [11, 42].

Our understanding of the transition to and management of
stage D HF is even more limited in several growing patient
populations. Elderly patients have thus far not been enrolled in
the prospective cohort studies including MEDAMACS,
ROADMAP, and REVIVAL [32, 35, 43]. Current evidence
suggests that advancing age is consistently associated with
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worse outcomes [11, 44] and more limited availability of ad-
vanced therapies [45]. Several comorbidities that further de-
stabilize the patient with advanced HF and impact what opti-
mal medical therapy may look like are emerging [11]. Frailty
is a syndrome of decreased physiologic reserve and increased
vulnerability to stress [46]. Occurring more commonly in the
elderly, frailty has been consistently linked to increased mor-
bidity and mortality in advanced HF patients [46]. REVIVAL
looks to give insight in the impact of frailty on risk prediction
and outcomes with ascertainment of commonly used mea-
sures of frailty. Depression similarly has been associated with
consistently worse outcomes including patient-reported out-
comes such as HRQOL [47] and usual measures of morbidity
and mortality [48, 49]. Although current definitions for stage
D HF do not take LVEF into consideration [10—12], current
evidence-based therapies that improve outcomes for patients
with preserved LVEF are limited [50]. Despite this, identifi-
cation of a patient with stage D advanced HF remains critical-
ly important to ensure development of an individualized treat-
ment plan, including advanced care planning. While ideally
conversations about advanced care planning occur prior to the
transition to stage D HF [11], the results of the Palliative Care
in Heart Failure (PAL-HF), which included participants with
varied EF, suggests that an interdisciplinary approach to the
stage D patient including palliative care can have a positive
impact on important patient-centered outcomes including
QOL, anxiety, depression, and spiritual well-being [51].

A significant challenge remains in how to best engage in
shared decision-making and how to translate registry findings
into shared decision tools. One such undertaking was the re-
cent Effectiveness of an Intervention Supporting Shared
Decision-Making for Destination Therapy Left Ventricular
Assist Device (DECIDE-LVAD) trial. In the trial, an interven-
tion supporting shared decision-making was associated with
improved patient decision quality as measured by higher con-
cordance between stated values and patient-reported treatment
choice [52]. Incorporation of registry data into ongoing im-
provements in shared decision-making tools, particularly by
aligning anticipated outcomes with medical and device thera-
py, will better enable patients to make the optimal decision
aligned with their values and preferences.

Conclusions

Increasing therapeutic options for the management of ad-
vanced HF have made early recognition of stage D HF critical.
Recent registry and cohort studies have greatly contributed to
our understanding of advanced HF and given insight into out-
comes with the use of modern therapies. Ongoing work is
aimed at identifying patients at greatest risk for the transition
from stage C to stage D HF to better enable advanced care

planning and inform shared decision-making around ad-
vanced therapies.
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