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ABSTRACT
OBJECTIVES This study sought to assess the performance of the HeartMate Risk Score (HMRS) in a large multicenter
cohort, with a focus on its performance as a function of disease severity.
BACKGROUND The HMRS has been proposed as a simple tool for risk stratiﬁcation of LVAD recipients, but subsequent
studies have challenged its validity.
METHODS We performed a retrospective, longitudinal, comparative study using the INTERMACS (Interagency Registry
for Mechanically Assisted Circulatory Support) database. The HMRS was calculated for each patient and its association
with mortality was assessed using Cox models, including a pre-speciﬁed interaction by INTERMACS proﬁle groups (1 vs. 2
vs. 3 vs 4þ).
RESULTS Among 10,847 patients with a mean age of 57.0  12.9 years, 78.9 % were male; and 14.1%, 37.4%, 30.4%,
and 18.2% were in INTERMACS proﬁle groups 1, 2, 3, and $4, respectively. The HMRS showed moderate discrimination
for both short-term (90-day, C-index 0.62) and long-term (2-years, C-index 0.60) mortality, with no signiﬁcant
difference between axial and centrifugal devices. Patients in the highest HMRS group had a relative risk of 90-day
mortality 2.8 times greater than those in the lowest HMRS group (13.0% vs. 4.7%; p < 0.001). Importantly, the relative
risks of higher HMRS scores were similar across INTERMACS proﬁle groups, with subgroups of patients in INTERMACS
proﬁle 1 and 2 having comparable or lower mortality than some in INTERMACS proﬁle 4þ.
CONCLUSIONS The HMRS is a valid means of risk-stratifying patients across all INTERMACS proﬁles and may
be superior to traditional INTERMACS classiﬁcation. Risk stratiﬁcation with the HMRS showed that patients within
each INTERMACS proﬁle groups have a wide spectrum of mortality risk and low INTERMACS proﬁles should
therefore not be considered a contraindication to mechanical support. (J Am Coll Cardiol HF 2016;4:950–8)
© 2016 by the American College of Cardiology Foundation.
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echanical circulatory support with left

LVAD is a complicated and expensive procedure that

ventricular assist devices (LVAD) is rapidly

not only provides great beneﬁt to some patients but

becoming a prevalent therapeutic option

also is associated with signiﬁcant morbidity and mor-

for patients with advanced heart failure with reduced

tality in others (3). Pre-operative risk estimation is

ejection fraction (1,2). However, placement of an

therefore a cornerstone for patient selection and
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shared decision making with patients and their care-

continuous-ﬂow LVAD implant to replace a

ABBREVIATIONS

givers (4,5).

previously placed VAD.

AND ACRONYMS

Several studies have sought to deﬁne quantitative
STATISTICAL

more objectively and consistently estimate the peri-

calculated by the INTERMACS Data Coordi-

procedural and long-term outcomes of LVAD im-

nating Center at the University of Alabama at

INTERMACS = Interagency

plantation (5,6). Among these is the HeartMate Risk

Birmingham using exact age at the time of

Registry for Mechanically

Score (HMRS), a simple clinical prediction rule based

implant and volume of VAD implants in the

on patients’ age, international normalized ratio, al-

year before that of each implant. The HMRS

bumin, creatinine, and the implant center’s volume

was

(7). The HMRS was recently derived in a large cohort

(<1.58), mid (1.58 to 2.48), and high (>2.48), as previ-

of patients enrolled in the HMII trials and was shown

ously described, to maintain consistency with current

to be superior to other existing risk scores within that

clinical practice and previously published studies (7).

cohort. Nevertheless, it’s applicability to real-world

Survival while on mechanical circulatory support

populations

single-

was calculated from the date of implant to death

center study, the HMRS had good discriminatory

and patients were censored as alive at the time of car-

ability and was able to successfully risk stratify

diac transplantation. Baseline characteristics were

patients in INTERMACS (Interagency Registry for

compared among patients with low-, mid-, and high-

Mechanically Assisted Circulatory Support) proﬁle 1

HMRS using 1-way analysis of variance for contin-

(8). Another single-center study, however, found that

uous variables and chi-square tests (or Fisher exact

the HMRS was poorly correlated with mortality after

test) for categorical variables. Kaplan-Meier survival

implantation (9). In addition, the applicability of the

curves were developed to calculate the mortality risk

score to centrifugal devices is unknown, because all

at 90 days, 1 year, and 2 years for all the patients

prior studies only assessed its performance in axial

identiﬁed in our cohort and were compared using the

ﬂow devices. Given the need to identify a valid risk

log-rank test. The association between HMRS and

score and the unclear utility of the HMRS in a real-

mortality was also investigated using Cox proportional

world setting, we assessed its performance in the

hazards models by including HMRS as both a categor-

INTERMACS database, with special attention to its

ical and as a continuous variable within each INTER-

performance as a function of disease severity and

MACS proﬁle group (1 vs. 2 vs. 3 vs. 4þ) and by

device type.

including all proﬁles with an interaction term for

remains

controversial.

In

a

ANALYSIS. The

CI = conﬁdence interval

risk scores that could help heart failure specialists

subsequently

categorized

HMRS

into

was

HMRS = HeartMate Risk Score

Assisted Circulatory Support

LVAD = left ventricular assist
device

low

HMRS and INTERMACS proﬁles to deﬁne whether the
SEE PAGE 959

association of HMRS with mortality differed across
INTERMACS proﬁles. To support clinical interpret-

METHODS

ability of these results, the Cox model was also used to

PATIENT COHORT. We performed a retrospective,

groups. Discrimination of the models was summarized

longitudinal, comparative study using the data

with the C statistic. The impact of adding the HMRS to

compare similar HMRS groups from different proﬁle

collected in the INTERMACS database between 2006

the INTERMACS classiﬁcation was evaluated by C sta-

and June 2015. The INTERMACS database is a North

tistic and calculating the category-free Net Reclassiﬁ-

American registry for patients who are receiving du-

cation Improvement (an index that quantiﬁes how well

rable mechanical circulatory support device therapy

a new model reclassiﬁes subjects, either appropriately

to treat advanced heart failure. Launched in June

or inappropriately, as compared with an old model)

2006 with 15 U.S. hospitals, the INTERMACS registry

(10). To explore the applicability of the HMRS score to

collects clinical data relevant to mechanical circula-

centrifugal devices, we built a Cox model including the

tory support devices starting at the index hospitali-

variable axial versus centrifugal device type and we

zation. The registry has progressively grown to

studied the interaction between HMRS and this vari-

include most LVAD implanting centers in North

able. All analyses were performed using SAS version

America. We queried the INTERMACS database and

9.3 (SAS Institute, Cary, North Carolina), and a p value

included for analysis all recipients of a primary

of <0.05 was used to indicate statistical signiﬁcance.

continuous-ﬂow LVAD with pre-implant data available to calculate the HMRS. We excluded patients

RESULTS

with continuous-ﬂow LVAD implant after March 2015
to ensure a minimum of 90 days of follow-up, pa-

PATIENT

tients with biventricular VAD, and patients with

MACS database we identiﬁed 10,847 patients meeting

CHARACTERISTICS. Within

the

INTER-
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INTERMACS proﬁles 1 at the time of implantation,

T A B L E 1 Patient Characteristics (N ¼ 10,847)

Age, yrs
Male
Albumin, g/l

57.03  12.86
78.9
3.4  0.7

37.3% as INTERMACS proﬁle 2, 30.4% as INTERMACS
proﬁle 3, and 18.2% as INTERMACS proﬁle 4þ. There
was a wide distribution of patients across the 3 HMRS
levels of risk, with 24.2% having a low-HMRS risk,

Creatinine, mg/dl

1.4  0.7

INR, IU

1.3  0.4

38.4% having an intermediate risk, and 37.5% having

88.0

a high-HMRS. Mortality for the entire cohort was 9.2%

Axial continuous-ﬂow LVAD

at 90 days, 19.1% at 1 year, and 29.9% at 2 years

INTERMACS proﬁles, %
Proﬁle 1

14.1

(Table 1, Online Table 1). Although all INTERMACS

Proﬁle 2

37.4

proﬁle groups were represented in each HMRS level,

Proﬁle 3þ

48.5

HMRS, %

the

prevalence

of

lower

INTERMACS

proﬁles

increased with increasing HMRS category (Online

Low

24.17

Mid

38.37

Table 1). When compared with the original HMRS

High

37.46

derivation cohort our cohort was a little younger
(57.03 vs. 58.9; p # 0.001) and had a slightly lower

Mortality, %
9.17

creatinine (1.40 vs. 1.47 mg/dl; p ¼ 0.009) but it was

1 yr

19.11

similar in terms of sex, albumin, and international

2 yrs

29.91

90 days

Values are mean  SD or %.
HMRS ¼ HeartMate Risk Score; INR ¼ international normalized ratio;
INTERMACS ¼ Interagency Registry for Mechanically Assisted Circulatory Support;
LVAD ¼ left ventricular assist device.

normalized ratio (Online Table 2).
ASSOCIATION

OF

HMRS

RISK

SCORE

WITH

MORTALITY. The HMRS, as a continuous variable,

was

strongly

associated

with

90-day

mortality

(hazard ratio: 1.32; 95% conﬁdence interval [CI]: 1.26
our inclusion/exclusion criteria. The cohort was

to 1.38, for each unit increase in HMRS). Patients in

composed predominantly of white males (78.9%). The

the highest HMRS group had a relative risk of 90-day

average age was 57.0  12.9 years and 88% received

mortality 2.8 times greater than those in the lowest

an axial device. A total of 14.1% were classiﬁed as

HMRS group (unadjusted rates: 12.9% vs. 4.6%;

F I G U R E 1 The HMRS Stratiﬁes 90-Day Mortality Risk of Left Ventricular Assist Device Recipients

Survival probability is plotted as a function of time and stratiﬁed by HMRS. The 90-day survival probability for high-HMRS is 0.953, for
mid-HMRS is 0.917, and for low-HMRS is 0.859. Hazard ratio for high-HMRS versus low-HMRS is 1/0.345 ¼ 2.899, and for high-HMRS versus
mid-HMRS is 1/0.619 ¼ 1.616. The x axis reports time in months. HMRS ¼ HeartMate Risk Score.
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p < 0.001) and 1.6 times greater than those in the

after stratifying patients within each INTERMACS

mid-HMRS group (unadjusted rates: 12.9% vs. 8.2%;

proﬁle by HMRS class, we found that INTERMACS

p < 0.001) (Figure 1). We found similar results for

proﬁle 1 patients with a low-HMRS had a 90-day

1-year (hazard ratio: 1.27; 95% CI: 1.23 to 1.32) and

mortality risk similar to that of INTERMACS proﬁle 3

2-year mortality (hazard ratio: 1.25; 95% CI: 1.21 to

patients with a high-HMRS (8.4% vs. 8.8%; p ¼ 0.82)
(Figure 2) and similar to that of INTERMACS proﬁle 4þ

1.29) (Online Figures 1 and 2).

patients with a high-HMRS (8.4% vs. 10.9%; p ¼ 0.27)
ASSOCIATION OF HMRS WITH MORTALITY ACROSS

(Figure 2). INTERMACS proﬁle 2 patients with low-

INTERMACS

had

HMRS had a risk of 90-day mortality lower than that

similar

PROFILE

performance

GROUPS. The

across

HMRS

proﬁle

of INTERMACS proﬁle 4þ patients with high-HMRS

groups (1 vs. 2 vs. 3 vs. $4; p ¼ 0.85). The hazard ratio

INTERMACS

(5.4% vs. 10.9%; p < 0.001). The ability of HMRS to

for 90-day mortality among INTERMACS proﬁle 1 pa-

identify patients from low INTERMACS proﬁle with

tients was 1.29 (95% CI: 1.17 to 1.42) for each unit in-

mortality risk lower or similar to that of patients with

crease in the HMRS, among INTERMACS proﬁle 2

higher INTERMACS proﬁle was similar when exam-

patients was 1.27 (95% CI: 1.18 to 1.36), among

ining 1- and 2-year mortality (Figures 3 and 4).

INTERMACS proﬁle 3 patients was 1.30 (95% CI: 1.18 to

Importantly, there was no difference in 1- or 2-year

1.44), and among INTERMACS proﬁle 4þ patients was

mortality across patients of different INTERMACS

1.34 (95% CI: 1.18 to 1.50). We found similar results for

proﬁles with low-HMRS (16% for proﬁle 1, 13.5% for

1- and 2-year mortality (Online Table 3). Importantly,

proﬁle 2, 11.2% for proﬁle 3, 11.9% for proﬁle 4þ;

F I G U R E 2 The HMRS Identiﬁes Patients With Similar Risk of 90-Day Mortality Across All INTERMACS Proﬁle Groups and Identiﬁes

INTERMACS Proﬁle 2 Patients With 90-Day Mortality Risk Lower Than That of Certain INTERMACS Proﬁle 4þ Patients

Ninety day mortality rate as a function of INTERMACS class, stratiﬁed by HMRS group. INTERMACS proﬁle 1 patients with low-HMRS have
a 90-day mortality risk similar to that of INTERMACS proﬁle 3 patients with high-HMRS (8.41% vs. 8.8%; p ¼ 0.82) and to that
of INTERMACS proﬁle group 4þ patients with high-HMRS (8.41% vs. 10.9 %; p ¼ 0.27). INTERMACS proﬁle 2 patients with low-HMRS
have a 90-day mortality risk lower than that of INTERMACS proﬁle group 4þ patients with high-HMRS (5.4% vs. 10.9%; p < 0.001).
IM ¼ INTERMACS; INTERMACS ¼ Interagency Registry for Mechanically Assisted Circulatory Support; ns ¼ non-signiﬁcant; other
abbreviation as in Figure 1.
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F I G U R E 3 The HMRS Identiﬁes Patients With Similar Risk of 1-Year Mortality Across All INTERMACS Proﬁle Groups

One-year mortality rate as a function of INTERMACS class, stratiﬁed by HMRS group. Patients with low-HMRS and patients with mid-HMRS
have similar 1-year mortality independently of their INTERMACS proﬁle group (p for difference between low-HMRS patients in various
INTERMACS proﬁle groups ¼ 0.11; p for difference between mid-HMRS patients in various INTERMACS proﬁle groups ¼ 0.28). Abbreviations as
in Figures 1 and 2.

p ¼ 0.11 at 1 year) (Figure 3) (23.7% for proﬁle 1, 21.8%

Calculation of a Net Reclassiﬁcation Index showed

for proﬁle 2, 21.1% for proﬁle 3, 20.7% for proﬁle 4þ;

that addition of the HMRS to INTERMACS classiﬁca-

p ¼ 0.36 at 2 years) (Figure 4) or with mid-HMRS

tion led to appropriate reclassiﬁcation of about 25% to

(17.8% for proﬁle 1, 17.9 % for proﬁle 2, 17.1% for

30% of events (29% of 90-day outcomes, 27% of 1-year

proﬁle 3, 15.6% for proﬁle 4þ; p ¼ 0.28 at 1 year)

outcomes, 25% of 2-year outcomes), mostly through

(Figure 3) (25.0% for proﬁle 1, 29.2% for proﬁle 2,

appropriate reclassiﬁcation of nonevents (Table 2).

29.5% for proﬁle 3, 26% for proﬁle 4þ; p ¼ 0.36 at 2

HMRS HAS SIMILAR PERFORMANCE IN AXIAL AND

years) (Figure 4) and at 2 years the mortality rate of

CENTRIFUGAL DEVICES. As shown in Table 3, the

both INTERMACS proﬁle 1 and proﬁle 2 patients with

HMRS as a continuous variable had similar correlation

low-HMRS was lower than that of INTERMACS group

with 90-day mortality for both centrifugal and axial

4þ patients with high-HMRS (23.7% and 21.8%,

LVADs. Hazard ratio for 90-day mortality was 1.329

respectively vs. 34.2%; p < 0.05) (Figure 4).

(95% CI: 1.270 to 1.392) for axial devices and 1.277 (95%

HMRS RISK STRATIFIES MORTALITY RISK POST-LVAD

CI: 1.120 to 1.456) for centrifugal devices with a p value

BETTER THAN INTERMACS CLASSIFICATION. When

for the interaction between HMRS and device type of

directly comparing INTERMACS classiﬁcation and

0.577. We found similar results analyzing 1- and 2-year

HMRS in terms of their ability to stratify mortality risk

mortality (Table 3).

(Table 2), the HMRS had better discrimination for
mortality than INTERMACS proﬁle groups (HMRS C

DISCUSSION

statistic ¼ 0.62 at 90 day, 0.60 at 1 year and 2 years;
INTERMACS proﬁle C statistic ¼ 0.58 at 90 day, 0.55

PRE-OPERATIVE HMRS CORRELATES WITH MORTALITY

at 1 year, and 0.54 at 2 years). Addition of the HMRS

POST-LVAD. Risk stratiﬁcation of patients with severe

to INTERMACS classiﬁcation improved the C statistic

heart failure is critically important to better estimate

of the INTERMACS classiﬁcation but did not produce

the potential outcomes of LVAD therapy. Although

a C statistic superior to that of the HMRS alone.

several risk models have been developed for this
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F I G U R E 4 The HMRS Identiﬁes Patients With Similar Risk of 2-Years Mortality Across All INTERMACS Proﬁle Groups and Identiﬁes

INTERMACS Proﬁle 1 and 2 Patients With 2-Years Mortality Risk Lower Than That of Certain INTERMACS Proﬁle 4þ Patients

Two-year mortality rate as a function of INTERMACS proﬁle group, stratiﬁed by HMRS group. Patients with low-HMRS and patients with
mid-HMRS have similar 2-year mortality independently of their INTERMACS proﬁle group (p for difference between low-HMRS patients in
various INTERMACS proﬁle groups ¼ 0.34; p for difference between mid-HMRS patients in various INTERMACS proﬁle groups ¼ 0.36).
INTERMACS proﬁle 1 and 2 patients with low-HMRS have a 2-year mortality risk that is about two-thirds that of INTERMACS proﬁle 4þ patients
with high-HMRS (respectively, 23.7% and 21.76% vs. 34.2%, for proﬁle 1 vs. proﬁle group 4þ p ¼ 0.04; for proﬁle 2 vs. proﬁle group
4þ p # 0.001). Abbreviations as in Figures 1 and 2.

purpose, traditionally this has been done by catego-

reasonable (C statistic ¼ 0.62) and comparable with

rizing patients into different INTERMACS proﬁles.

that of the original HRMS validation cohort (8). Not

Although the HMRS was a promising approach to risk

only were we able to conﬁrm this across a large num-

stratiﬁcation, subsequent reports have questioned its

ber of hospitals and to demonstrate its superiority in

utility. In the largest validation study to date, we

estimating prognosis, as compared with INTERMACS

explicitly examined the performance of the HMRS

proﬁles, our data are the ﬁrst to show the prognostic

with short- (90-day) and long-term (1- and 2-year)

signiﬁcance of HMRS in centrifugal devices.

survival. In a multicenter cohort of almost 11,000

LOW INTERMACS PROFILE SHOULD NOT BE CONSIDERED

patients, we found that the HMRS validly risk-

A CONTRAINDICATION TO LVAD IMPLANT. Our study

stratiﬁed patient survival across all INTERMACS

also has important clinical implications. Although the

proﬁle groups, and in both axial and centrifugal

INTERMACS proﬁle was not initially designed as a

devices. We were also able to demonstrate that the

tool for risk stratiﬁcation (11), INTERMACS proﬁles at

HMRS was much better at estimating short- and long-

the time of LVAD implant, were shown to correlate

term prognosis than INTERMACS proﬁle groups.

with mortality post-implant (12), with the most recent

This study signiﬁcantly extends prior insights

estimates reporting hazards ratios for post-LVAD

about the validity of the HMRS (7). Whereas Thomas

mortality in INTERMACS proﬁle 1 and 2 of 1.55 and

et al. (9) suggested that the HMRS did not stratify risk

1.37 (1,13,14). In light of this, several authors have

well, our data from this study support our earlier

advocated a reduction of LVAD implants in the most

ﬁndings that the discrimination of the HRMS was

critically ill INTERMACS proﬁles (4,15). INTERMACS
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T A B L E 2 C Index for Mortality and NRI for HMRS þ INTERMACS Proﬁle Groups Versus

INTERMACS Proﬁle Only

STUDY LIMITATIONS. Our ﬁndings should be inter-

preted in the context of several potential limitations. First, our study is based on analysis of data

90-day
HMRS
mortality INTERMACS proﬁle

C Index

NRI (95% CI)

0.62

0.29 (0.35–0.22)

Proportion of
Proportion of
Nonevents
Events Correctly
Correctly
Reclassiﬁed
Reclassiﬁed

0.085

0.20

0.58

HMRS þ INTERMACS
proﬁle
1-yr
HMRS
mortality INTERMACS proﬁle

2-yr
HMRS
mortality INTERMACS proﬁle

0.05

0.22

HMRS þ INTERMACS
proﬁle

of

retrospective

cohort

studies.

clinical trial population in which the HMRS was

performance of the HMRS in a real-world population. A second concern is that we were not able to

0.60
0.60

limitations

However, unlike the original carefully selected

11,000 patients provides robust evidence of the
0.27 (0.32–0.22)

0.55

HMRS þ INTERMACS
proﬁle

the

developed, the broad, multicenter data from almost

0.63
0.60

from the INTERMACS registry and therefore has all

include all patients and those in whom an HMRS
0.25 (0.30–0.20)

0.01

0.24

could not be calculated may have introduced some

0.55

selection biases. Third, there may be other variables

0.60

that could further improve the performance of the
HMRS and we did not explore opportunities to
further improve the discrimination of the model.

CI ¼ conﬁdence interval; NRI ¼ Net Reclassiﬁcation Index; other abbreviations as in Table 1.

Fourth, in our analysis we made multiple comparisons but did not adjust our p value and therefore
proﬁle 1 was described as a contraindication to me-

our analysis has an inherent increased risk of type 1

chanical circulatory support with the result that the

errors. Fifth, it should be recognized that the C

relative number of implants in patients in INTER-

statistic of the HMRS was only modest (0.6 to 0.62),

MACS class 1 and 2 has been progressively decreasing

and may not be sufﬁcient for rigorous clinical

(4), although the HMRS scores of patients denied

application. However, we would argue that much of

treatment are unknown. However, the INTERMACS

the outcomes are often conditional on events that

classiﬁcation reﬂects a subjective rapid assessment of

could not be known at the time of a treatment de-

the clinical trajectory of a patient. Our own experi-

cision (e.g., post-procedure strokes or bleeding

ence and the data we extracted from the analysis of

events). Hayward et al. (16) have suggested that a

our own cohort of LVAD recipients (8) suggest that

C statistic >0.60 adds value to clinical decision-

INTERMACS classiﬁcation does not reliably discrimi-

making and we have shown previously that pro-

nate between patients with preserved organ function

spective implementation of a risk model with only a

and

multiorgan

slightly higher C statistic was able to improve clin-

dysfunction, and that it can therefore overestimate

ical outcomes (17). Although it would be ideal to

the mortality risk in certain groups of patients (8).

have a score with better predictive value than that

Data from this study suggest that the HMRS can more

of the HMRS, our data suggest that risk assessment

effectively risk stratify patients’ prognosis than

models based on a quantitative assessment of

INTERMACS proﬁle groups. In fact, many patients

physiologic parameters can predict mortality risk

patients

with

long-standing

with low INTERMACS proﬁle had a post-implant
mortality risk lower than some patients with higher
INTERMACS proﬁles. Conversely, INTERMACS proﬁle
4þ patients with high-HMRS had a similar risk of 90-

T A B L E 3 Survival Time Versus HMRS by Device Type

day mortality than INTERMACS proﬁle 1 patients with
HR

95% CI

p Value

p Value for HMRS by
Device Type
Interaction Test

1.329

1.270–1.392

<0.0001

0.577

Centrifugal 1.277

1.120–1.456

0.0003

1.230–1.323

<0.0001

low-HMRS, and they had a higher risk of 90-day
mortality than INTERMACS proﬁle 2 patients with
low-HMRS. When looking at the 2-year time points,
the mortality of INTERMACS proﬁle 3þ with highHMRS was approximately 40% higher than that of

90-day
Axial
1-yr

INTERMACS proﬁle 1 and INTERMACS proﬁle 2 pa-

Axial

tients in the low-HMRS category. Collectively, these

Centrifugal 1.257

data suggest that restricting LVAD implantation in

1.276

2-Year

patients with low INTERMACS proﬁles might inad-

Axial

1.250

1.210–1.291

<0.0001

vertently prevent some patients with a good prog-

Centrifugal 1.245

1.134–1.367

<0.0001

nosis after implantation from being offered a lifesustaining treatment.

0.79

1.141–1.386 <0.0001

HR ¼ hazard ratio; other abbreviations as in Tables 1 and 2.

0.91
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post-LVAD

implant

INTERMACS Class 1 Should Not be Considered a Contraindication to LVAD

better

than

the

subjective

assessment of clinical trajectory made by treating
physicians at the time of LVAD implant and that
using INTERMACS proﬁles as a tool for pre-VAD risk
stratiﬁcation might be unwarranted.

PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE: Patients in
INTERMACS proﬁles 1 and 2 have been shown to have increased
risk of mortality post-LVAD. INTERMACS proﬁle 1 is therefore
considered a contraindication to durable mechanical circulatory

CONCLUSIONS

support and several authors have argued that LVADs should be
placed in clinically stable patients to improve outcomes. Here we

We have validated the prognostic signiﬁcance of the
HMRS in short- and long-term survival among patients undergoing LVAD implantation, either with
centrifugal or axial devices. Patient selection and
patient education before implantation of mechanical
circulatory devices are critical aspects in the care of
patients with advanced heart failure. Quantitative
risk scores, such as the HMRS, could be of great help

show that the HMRS identiﬁes patients with similar mortality risk
across INTERMACS classes and it stratiﬁes mortality risk postLVAD better than INTERMACS proﬁle groups. These data
demonstrate that low INTERMACS proﬁle should not be considered a contraindication to LVAD implant and that objective measures of organ function, as those used to calculate the HMRS,
correlate with post-LVAD outcomes better than clinical status at
the time of implant.

in this effort. Using such risk models, especially when
supplemented with risk estimates of quality of life

TRANSLATIONAL OUTLOOK: LVAD therapy has revolution-

outcomes, estimates of periprocedural risks and es-

ized the care of patients with advanced heart failure but too many

timates of these outcomes with medical therapy

LVAD recipients still harvest only small beneﬁts from this invasive

alone, might improve care and shared medical

and expensive therapy, mostly because of complications or early

decision-making. However, risk scores with discrim-

mortality. Many authors have looked at better patient selection as

inatory ability superior to that of the HMRS needed to

a potential solution to this problem. In this manuscript, through

realize the full potential of quantitative risk stratiﬁ-

the analysis of a large multicenter cohort, we provide new infor-

cation of LVAD candidates.

mation to help clinicians risk stratify LVAD recipients. Importantly,
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