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The number of patients who could ben-
efit from cardiac transplantation far out-
strips the available donor pool. It is there-
fore essential that only those patients most
likely to benefit from transplantation be
placed on the waiting list. Peak exercise
oxygen consumption (VO2) is widely con-
sidered the best indicator of whether heart
failure is severe enough to warrant placing
a patient on the heart transplantation wait-
ing list, and is recommended for this use in
several guidelines and statements1-8. On the
basis of Mancini’s landmark study, a peak
VO2 < 14 ml/kg/min is most commonly
used9, but several other cut-off values have
been proposed10-14. The ease of use renders
a threshold value for a single test an attrac-
tive criterion, but this approach has impor-
tant limitations. First, dichotomizing con-
tinuous data tends to oversimplify a com-
plex issue. Patients with a value just below
or just above the predefined cut-off have a

similar expected survival even if they are
artificially placed in different risk cate-
gories. We and others have shown that the
relationship between peak VO2 and sur-
vival in heart failure is continuous within
the range of values commonly observed in
patients evaluated for transplant candida-
cy15-17. Second, in adopting a single para-
meter, many other prognostic factors are ig-
nored despite the incremental information
that they may provide.

Multivariate statistical models may pro-
vide a more effective means of assessing
individual mortality risks in the absence of
transplantation. The heart failure survival
score (HFSS) was specifically developed
for this purpose18. It incorporates seven
non-invasively derived measurements,
which with appropriate weighting, are
combined into the overall risk score. The
HFSS was shown to segregate into three
HFSS strata (low-, medium- and high-
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Background. The heart failure survival score (HFSS), a multivariable predictive index that has
been shown to predict death or inotrope-dependent transplant in ambulatory patients referred for
transplant evaluation has not been independently validated. We sought to independently assess the
prognostic ability of the HFSS in a group of patients undergoing transplant evaluation in Italy, and
to compare its prognostic value to that of peak exercise oxygen consumption (VO2), the standard tool
for risk stratification in most transplant centers.

Methods. Data for the seven variables that constitute the HFSS, including peak VO2, were collect-
ed for 107 ambulatory patients referred to the heart transplant center of the University of Turin. Pa-
tients were followed prospectively for 997 ± 32 days, with outcome events defined as death prior to
transplant or inotrope-dependent transplant.

Results. The discriminative abilities of peak VO2 and the HFSS and their respective risk strata
were compared. At univariate Cox regression models, peak VO2 did not successfully predict out-
comes, neither when evaluated continuously (p = 0.25) nor when dichotomized at 14 ml/kg/min (p =
0.18). Both the HFSS (p = 0.011) and the HFSS strata (p = 0.008) successfully predicted outcome
events.

Conclusions. The HFSS was more accurate than peak VO2 for the prediction of event-free survival,
both when evaluated continuously and as risk strata. The HFSS is a valid and widely applicable tool
for the identification of patients who, in the absence of contraindications, would benefit from trans-
plantation.
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risk); both the HFSS and the strata have been shown to
predict death or urgent transplant in ambulatory pa-
tients referred for transplant evaluation18. We have rec-
ommended that patients in the medium- or high-risk
strata be listed for heart transplantation (in the absence
of significant contraindications), whereas patients in
the low-risk stratum may be placed on the waiting list
at a later date.

This clinical index was derived and then validated
on data from two separate heart transplant centers (the
Hospital of the University of Pennsylvania and the Co-
lumbia-Presbyterian Medical Center, respectively).
However, the investigators at both centers were the
same, so the validation was not truly independent. Fur-
thermore, both study centers are located in the urban
northeastern United States; this homogeneity may have
falsely enhanced the HFSS performance.

Therefore, the aims of the present study were to
evaluate the predictive value of the HFSS and to com-
pare these predictions to those of peak VO2 in a fully in-
dependent sample of patients being evaluated for trans-
plant at the University of Turin.

Methods

Patients. Among all patients referred since 1 year to
the University of Turin for cardiac transplant evalua-
tion, we retrospectively evaluated the data of patients
for whom the seven variables needed to calculate the
HFSS had been obtained. During the study period, it
was standard practice at the University of Turin to ex-
clude patients with the most severe functional limita-
tions as evaluated at cardiopulmonary exercise testing;
accordingly, the data of these patients were not avail-
able for analysis. The study population therefore con-
sisted of 107 ambulatory patients (86 males, 21 fe-
males) with chronic heart failure followed prospective-
ly for at least 1 year. Follow-up information was ob-
tained at clinic visits or by telephone interview and was
complete for all patients, with mean ± SEM follow-up
of 997 ± 32 days.

Cardiopulmonary exercise testing. Peak VO2 was de-
termined during maximal treadmill exercise using a
modified Bruce protocol and a metabolic cart. The
anaerobic threshold was defined using the V-slope
method19.

Calculation of the heart failure survival score. The
HFSS is a clinical index derived from a Cox propor-
tional-hazards regression model that was developed
and subsequently validated in ambulatory patients with
advanced heart failure. Details of the model derivation
and the determination of the threshold values for the
HFSS strata have been published18. Of 80 original can-
didate variables considered for the model, a seven vari-
able model was selected that reflects different aspects

of the pathophysiology of heart failure: resting heart
rate, mean blood pressure, left ventricular ejection frac-
tion, serum sodium, and peak VO2 during treadmill ex-
ercise as continuous variables, and intraventricular con-
duction delay (defined as a QRS complex ≥ 120 ms)
and coronary artery disease as the heart failure etiology
as dichotomous measures (i.e., present or absent). 

For each patient, the HFSS was calculated as the ab-
solute value of the sum of the products of the seven
prognostic variables and their computed coefficients
(i.e., | �
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are the coefficients [i.e., weights] assigned to each vari-
able) (Table I). Finally, the HFSS strata were grouped
into the low-, medium- and high-risk strata using the
HFSS ranges previously defined (Table II)18. The cal-
culation of the HFSS and the assignment to strata were
performed by one of the investigators (KDA) who was
unaware of the patients’ outcome event status.

Statistical analysis. Outcome events were defined as
death prior to transplant, or inotrope-dependent trans-
plant; no patient received a left ventricular assist device
prior to transplant. Follow-up was censored for all oth-
er (i.e., non-urgent) transplants, or for those alive (with-
out transplant) at the end of the follow-up period. The
event-free survival for peak VO2 stratum (defined as
≤ 14 ml/kg/min or as > 14 ml/kg/min) was calculated
using the Kaplan-Meier method, and was compared be-
tween strata using the log-rank test. Similar calcula-
tions were made for the HFSS strata. 

The discriminative values of peak VO2 and the HFSS
were quantified by calculating both the area under a re-
ceiver operating characteristic curve (AUC) for the de-
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Table I. Heart failure survival score model coefficients.

Variable Coefficient

Resting heart rate (b/min) 0.0216
Mean blood pressure (mmHg) -0.0255
Left ventricular ejection fraction (%) -0.0464
Serum sodium (mmol/l) -0.0470
Peak VO2 (ml/kg/min) -0.0546
Intraventricular conduction delay 0.6083
Ischemic cardiomyopathy 0.6931

VO2 = oxygen consumption.

Table II. Heart failure survival score (HFSS) strata according to
the score and the relative odds of an outcome event at 1 year in
the original derivation sample.

HFSS HFSS strata Relative odds of event at 1 year

≥ 8.10 Low-risk 0.23
7.20-8.09 Medium-risk 1.19
≤ 7.19 High-risk 5.00



velopment of an outcome event at 1 year (excluding pa-
tients with censored follow-up at < 1 year), and the cen-
sored c-index for the development of an outcome event
at any time during follow-up20,21. The c-index is an es-
timate of the probability that, of two randomly selected
patients, the patient with the higher peak VO2 or HFSS
will live longer free of an outcome event than the pa-
tient with the lower peak VO2 or HFSS20. The censored
c-index differs from the 1-year AUC in that it continues
to differentiate between outcome events occurring after
1 year of follow-up, and is able to consider censored
events that occur at < 1 year of follow-up. Calculations
of the AUCs and the censored c-indices were made sep-
arately for peak VO2 and HFSS considered as continu-
ous measures and for the peak VO2 and HFSS strata.

Univariate Cox proportional-hazards modeling was
performed to test the significance of peak VO2 and the
HFSS as predictors of survival; multivariate modeling
was then performed to test whether each was indepen-
dently predictive in the context of the other. The same
methods were used with the peak VO2 and HFSS strata
to test their predictive values. 

Results

Patient characteristics. The descriptive characteristics
for the 107 study patients are presented in table III
where the results of the seven variables included in the
HFSS are reported. Peak VO2 was 16.0 ± 4.7 ml/kg/min.
Peak VO2 was ≤ 14 ml/kg/min in 51 patients (48%) and
> 14 ml/kg/min in 56 patients (52%). The anaerobic
threshold was achieved in 67% of patients with a peak
VO2 < 14 ml/kg/min vs 91% of patients with a peak VO2
≥ 14 ml/kg/min (p = 0.004). A separate analysis was
performed for the 34 patients with both peak VO2 < 14
ml/kg/min and achieved anaerobic threshold. The HFSS
was 9.03 ± 0.67, with 87 patients (81%) during the study

period classified in the HFSS low-risk stratum, 17
(16%) in the medium-risk stratum, and 3 (3%) in the
high-risk stratum (Table III).

Table IV displays the relationship between the
HFSS and peak VO2 strata. In this sample, all but 2 of
the 56 patients with a peak VO2 > 14 ml/kg/min were
classified as low-risk using the HFSS. However, of the
51 patients who were classified as high-risk using the
peak VO2 criterion (≤ 14 ml/kg/min), 33 (65%) were
classified as low-risk using the HFSS and 19 (56%) of
these with either ≤ 14 ml/kg/min and achieved anaero-
bic threshold.
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Table III. Heart failure survival score (HFSS) model character-
istics of the patient population and HFSS strata.

Continuous variable
Heart rate (b/min) 80 ± 14
Mean blood pressure (mmHg) 99 ± 14
Left ventricular ejection fraction (%) 26 ± 9
Serum sodium (mg/dl) 140 ± 4
Peak VO2 (ml/kg/min) 16.0 ± 4.7

Dichotomous variables
Intraventricular conduction delay 35 (33%)
Ischemic cardiomyopathy 39 (36%)

HFSS 9.03 ± 0.97
(range 6.42-11.43)

HFSS strata
Low-risk stratum 87 (81%)
Medium-risk stratum 17 (16%)
High-risk stratum 3 (3%)

VO2 = oxygen consumption.

Table IV. Relationship between the heart failure survival score
(HFSS) strata and peak exercise oxygen consumption (VO2)
strata.

Peak VO2 strata HFSS strata

Low-risk Medium-risk High-risk

> 14 ml/kg/min 54 1 1
≤ 14 ml/kg/min 33 16 2
≤ 14 ml/kg/min and
≤ anaerobic threshold 19 13 2

Outcomes. At 1 year, 3 (2.8%) deaths and 4 (3.7%) in-
otrope-dependent heart transplantations occurred. Dur-
ing this first year of observation, 23 patients (21.5%)
were electively transplanted, leaving 77 patients
(72.0%) alive without transplantation. Throughout the
entire follow-up period we observed 23 events: 19
(17.8%) deaths and 4 (3.7%) inotrope-dependent trans-
plants. Twenty-six patients (24.3%) were “electively”
transplanted, and 58 (54.2%) were still alive without
heart transplantation.

Predictive value of peak exercise oxygen consump-
tion. The Kaplan-Meier event-free survival curves for
the peak VO2 strata are shown in figure 1; these did not
differ significantly (p = 0.173), due to the relatively low
event rate in patients with a peak VO2 < 14 ml/kg/min.
The event-free survival curve for patients with either
≤ 14 ml/kg/min and achieved anaerobic threshold was
very similar to that of the group of patients with a peak
VO2 ≤ 14 ml/kg/min. The AUC for the 1-year event-free
survival and the censored c-index were respectively
0.76 ± 0.08 and 0.62 for peak VO2, and 0.67 ± 0.09 and
0.68 for the peak VO2 strata. Peak VO2 was not a sig-
nificant predictor of survival at univariate Cox regres-
sion models, both when evaluated continuously (p =
0.25) and as strata (p = 0.18).

Predictive value of the heart failure survival score.
As shown in figure 2, the actuarial event-free survival
at 1-year was 96 ± 2% in the low-risk stratum and 64 ±
15% for patients in the medium-risk stratum, with an



event-free survival over the entire course of follow-up
markedly better in the low-risk stratum (log-rank p =
0.0006). When the 3 patients in the high-risk stratum
were added to those in the medium-risk stratum, the 1-
year event-free survival for the combined group was 68
± 14% (log-rank p = 0.005 compared to the low-risk
group).

The HFSS was equally effective in identifying pa-
tients with a low-risk of experiencing an outcome event
despite a “high-risk” peak VO2 ≤ 14 ml/kg/min (Fig. 3).
Among these 51 patients, the 1-year event-free survival
was 97 ± 3% for the 33 subjects classified as low-risk
by the HFSS vs 67 ± 14% for the 18 patients classified
as medium- or high-risk (log-rank p = 0.037). In the
subgroup of the 34 patients with either ≤ 14 ml/kg/min
and achieved anaerobic threshold, the 1-year event-free

survival was 94 ± 6% for the 19 classified as low-risk
vs 62 ± 18% for the 15 patients classified as medium-
or high-risk (log-rank p = 0.028).

In table V, the survival rates for each of the HFSS
strata of the Turin model derivation and model valida-
tion cohorts are shown. The survival rates for the low-
and medium-risk strata of the Turin cohort were quite
similar to those of the model derivation and validation
cohorts (log-rank, all p = NS).

The AUC for the 1-year event-free survival and the
censored c-index were respectively 0.91 ± 0.04 and
0.70 for the HFSS, and 0.74 ± 0.08 and 0.83 for the
HFSS strata. Both the HFSS (p = 0.011) and HFSS stra-
ta (p = 0.008) were significant predictors of survival
when entered as the independent variable in separate
univariate Cox regression models. Even when the peak
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Figure 1. Kaplan-Meier actuarial event-free survival curves for patients with a peak exercise oxygen consumption (VO2) > 14 ml/kg/min and a peak
VO2 ≤ 14 ml/kg/min.

Figure 2. Kaplan-Meier actuarial event-free survival for patients with a low- and medium-risk stratum. HFSS = heart failure survival score.



VO2 was “forced” into the regression model, the HFSS
remained a significant predictor of survival (p = 0.026);
the same held true for the peak VO2 and HFSS strata (p
= 0.044).

Discussion

The main findings of this study are the independent
validation of both the HFSS and its strata as accurate
methods for the prediction of event-free survival in am-
bulatory patients with advanced heart failure and the
superiority of these measures to peak VO2 or its strata,
especially among patients with a peak VO2 ≤ 14
ml/kg/min who do not achieve maximal exercise.

The HFSS and HFSS strata were strong predictors
of event-free survival in this independent sample of
ambulatory patients with chronic advanced heart fail-
ure from Turin. Predictive models often perform less
well when applied by different investigators in new
clinical settings. Since the same investigators cared for
the patients in both the original model derivation (Hos-
pital of the University of Pennsylvania) and validation
(Columbia-Presbyterian Medical Center) samples,
there was a possibility that aspects of this care could
have uniquely affected patient outcomes. There was al-
so concern that the similarity of the original model de-
velopment and validation sites in Philadelphia and New
York could have falsely enhanced the HFSS perfor-

mance. Given the need to censor non-urgent transplants
in the survival analysis, the similar waiting list dynam-
ics at these sites could have biased the results of the
original validation. Yet, with new investigators collect-
ing the relevant data and caring for the patients in a
country with quite different waiting list dynamics (e.g.,
very few inotrope-dependent transplants in Turin), the
HFSS and its strata predicted outcomes quite well.

A major strength of the HFSS in this study was its
ability to identify patients with a peak VO2 ≤ 14
ml/kg/min who remained nevertheless at low risk for
death or inotrope-dependent transplant over the next
few years. This group, which constituted 65% of the
“high-risk” peak VO2 group (33 of 51 individuals) had
the same excellent event-free survival as did the HFSS
low-risk stratum patients with a peak VO2 > 14
ml/kg/min. Thus, a listing strategy based on the HFSS
strata would have led us to place only one third as many
patients on the transplant waiting list as would have oc-
curred if a peak VO2 threshold of 14 ml/kg/min were
used.

Since the work of Mancini et al.8,9, peak VO2 has as-
sumed a central role in the decision-making process for
heart transplantation listing. In this study, peak VO2
was not a statistically significant predictor of survival,
both when evaluated continuously and when stratified
at a threshold value of 14 ml/kg/min. The poor perfor-
mance of peak VO2 may have been due to that one third
of patients in the low peak VO2 group did not achieve
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Table V. Comparison of the 1-year outcomes between the study sample (Turin) and the original model derivation (Hospital of the Uni-
versity of Pennsylvania) and validation (Columbia-Presbyterian Medical Center) samples.

Samples Low-risk Medium-risk High-risk

Turin 96 ± 2% 63 ± 15% No data (n=3)
Hospital of the University of Pennsylvania 93 ± 2% 72 ± 5% 43 ± 7%
Columbia-Presbyterian Medical Center 88 ± 4% 60 ± 6% 35 ± 10%

Figure 3. Kaplan-Meier actuarial event-free survival for patients with a low- and medium-risk stratum among the subgroup of 51 patients with a peak
exercise oxygen consumption ≤ 14 ml/kg/min. HFSS = heart failure survival score.



the anaerobic threshold. Failure to perform truly maxi-
mal cardiopulmonary exercise will systematically un-
derestimate peak VO2, thereby overestimating the risk;
submaximal ventilatory parameters may be helpful in
these situations22-24. Adjusting peak VO2 for age, gen-
der and weight may improve its predictive ability, par-
ticularly for women and those who are significantly
younger or older than the usual patients evaluated for a
heart transplant25,26. The relatively high range of peak
VO2 values in this sample and the moderate sample size
may have also limited the predictive value of this para-
meter in this study.

The ability of the HFSS to outperform peak VO2,
one of its component measures, should not be surpris-
ing. The HFSS provides a more comprehensive assess-
ment of heart failure severity. Its seven variables bring
together multiple aspects of the pathophysiology of
heart failure: myocardial ischemia (ischemic cardiomy-
opathy), systolic dysfunction (left ventricular ejection
fraction), activation of the renin-angiotensin-aldos-
terone system (serum sodium), activation of the sym-
pathetic nervous system (resting heart rate), myocardial
injury/fibrosis (intraventricular conduction delay), and
more integrative measures (peak VO2 and mean blood
pressure). Measurement error and day-to-day variabili-
ty may have a large adverse impact on performance if a
single parameter is chosen for prognostication. The
danger of over-reliance on a single measure of disease
severity is highlighted by this study, in which submax-
imal exercise by some of the study subjects probably
contributed to the limited predictive ability of peak
VO2. Although a component of the HFSS, peak VO2 is
only the sixth (of seven) most important contributors to
the model18. By incorporating multiple weakly corre-
lated variables, the HFSS is more robust than any of its
single component clinical parameters when prospec-
tively applied for risk stratification.

Study limitations. Our study does have important lim-
itations. First, the study sample is small and the most
severely ill patients were excluded. Only 3 patients
were classified at high-risk according to the HFSS stra-
ta. Therefore, validation of the HFSS for the most se-
verely ill patients who would be in the high-risk stra-
tum could not be performed with this sample. Howev-
er, the critical issue in evaluating the HFSS is its abili-
ty to distinguish between the low- and medium-risk
groups, since our recommendation has been to trans-
plant the latter group and to defer listing (with appro-
priate close follow-up and serial re-evaluations) in the
former. The lack of high-risk patients in this sample
provided a more difficult, but nevertheless successful
test for the model.

Second, data collection was performed retrospec-
tively. However, the outcomes were independently de-
fined before determining the HFSS and were hence not
influenced by the post-hoc knowledge of the estimated
risk. 

In conclusion, the HFSS and the HFSS strata have
been independently validated as an effective tool to dis-
criminate between patients at low- and medium-risk for
death or urgent transplantation. The HFSS was more
accurate than peak VO2 in predicting the event-free sur-
vival at 1 year and throughout the follow-up period,
both when evaluated continuously and as risk strata.
The HFSS is a valid and widely applicable method for
the estimation of the event-free survival in patients with
advanced heart failure referred for transplant. The
event-free survival for patients in the high- and medi-
um-risk strata is poor, and, in the absence of con-
traindications, these patients should be listed for trans-
plant. Transplant listing may be safely deferred for low-
risk stratum patients.
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