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Background: Score-based survival prediction in patients with advanced heart failure
(HF) is complicated. Easy-to-use prognostication tools could inform clinical decision-
making and palliative care delivery.

Objective: To compare the prognostic utility of the Seattle HF model (SHFM), the
surprise question (SQ), and the number of HF hospitalizations (NoH) within the last
12 months for predicting 1-year survival in patients with advanced HF.

Methods: We retrospectively analyzed data from a cluster-randomized controlled trial of
advanced HF patients, predominantly with reduced ejection fraction. Primary outcome
was the prognostic discrimination of SHFM, SQ (“Would you be surprised if this patient
were to die within 1 year?”) answered by HF cardiologists, and NoH, assessed by
receiver operating characteristic (ROC) curve analysis. Optimal cut-offs were calculated
using Youden’s index (SHFM: <86% predicted 1-year survival; NoH > 2).

Results: Of 535 subjects, 82 (15.3%) had died after 1-year of follow-up. SHFM, SQ,
and NoH yielded a similar area under the ROC curve [SHFM: 0.65 (0.60-0.71 95% Cl);
SQ: 0.58 (0.54-0.63 95% Cl); NoH: 0.56 (0.50-0.62 95% CI)] and similar sensitivity
[SHFM: 0.76 (0.65-0.84 95% ClI); SQ: 0.84 (0.74-0.91 95% ClI); NoH: 0.56 (0.45-0.67
95% ClI)]. As compared to SHFM, SQ had lower specificity [SQ: 0.33 (0.28-0.37 95% Cl)
vs. SHFM: 0.55 (0.50-0.60 95% CI)] while NoH had similar specificity [0.56 (0.51-0.61
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95% Cl)]. SQ combined with NoH showed significantly higher specificity [0.68 (0.64—

0.73 95% CI)].

Conclusion: SQ and NoH vyielded comparable utility to SHFM for 1-year survival
prediction among advanced HF patients, are easy-to-use and could inform bedside

decision-making.

Keywords: survival prediction, number of hospitalizations, Seattle Heart Failure Model, advanced heart failure,

surprise question, palliative care

INTRODUCTION

Heart Failure (HF) is a life-limiting condition which usually
progresses to an advanced stage with debilitating symptoms,
emotional burden, and reduced quality-of-life (QOL) (1).
Accordingly, current guidelines promote the use of palliative
care for patients with advanced HF (2). Palliative care is
an interdisciplinary approach aimed to alleviate physical and
psychological symptoms and restore and maintain QOL in
patients with serious illness and several studies demonstrated its
benefit in HF patients (3-5). Palliative care is not limited to end-
of-life care and should be integrated early in the disease course
for patients with unmet symptoms and needs (3).

Provision of palliative care is not contingent upon a high
probability of dying, and should be administered based on
clinical necessity. However, clinicians often do not refer patients
with advanced heart failure to palliative care until very late
in their disease trajectory (6), and better information about
prognosis may raise awareness about patients’ clinical needs for
palliative care. Also, prognostication plays an important role
in palliative medicine, in particular when it comes to timing
and planning of discharge, referral to hospice, and transition
to end-of-life care, as well as to addressing patients’ and
caregivers questions and uncertainties (7, 8). Estimates of life
expectancy are particularly critical for decision making regarding
advanced treatment options for cardiac conditions, such as ICD
implantation and transcatheter aortic valve implantation, for
which recent guidelines require a minimum life expectancy of
1 year (2).

To date, survival prediction has mostly been approached by
means of sophisticated multivariable scores, such as the Seattle
Heart Failure Model (SHFM) (2). Although these scores provide
fair prognostic discrimination in patients with advanced HEF,
their utility in clinical practice is limited because they require
a large amount of variables some of which are not routinely
collected (e.g., lymphocyte count and uric acid) and the use of
dedicated calculators.

Simpler prognostic approaches could facilitate the widespread
use of survival prediction. The surprise question (SQ), which asks
clinicians “Would you be surprised if this patient died in the next
12 months?,” and the number of HF hospitalizations within the
last 12 months (NoH) are promising prognostic tools which can
be easily applied at the bedside by tapping into clinician intuition
and basic history-taking. In previous studies of HF patients, both
metrics were found to be closely associated with mortality (9-11).

OBJECTIVES

The aim of this study was to compare the discrimination of
the SHFM, the SQ, the NoH and the combination of SQ
and NoH for prediction of 1-year survival in a population of
advanced HF patients.

METHODS

This study was a retrospective, secondary analysis of advanced
HF patients with an implantable cardiac defibrillator (ICD)
enrolled in the Working to Improve diScussions about
DefibrillatOr Management (WISDOM) trial (NCT01459744,
NCT01454817). The WISDOM trial was a multisite, single-
blinded, cluster-randomized controlled trial to test whether
a clinician-centered intervention of educational content
and automated reminders increased the likelihood of ICD
deactivation conversations and it is described in detail
elsewhere (12).

The final inclusion criteria encompassed inpatients, as well
as outpatients with advanced HF, an implanted ICD and a high
risk of dying according to the following criteria: for inpatients, at
least one other HF hospitalization within the last 12 months, or
two out of four objective measures (age >70 years, blood urea
nitrogen >43 mg/dL, serum creatinine >2.75 mg/dL, systolic
blood pressure <115 mmHg) were required; for outpatients,
at least two HF hospitalizations within the last 12 months,
or New York Heart Association (NYHA) class IV dyspnea, or
NYHA class III dyspnea and either at least one HF hospitalization
within the last 12 months or two out of four objective
measures (age > 70 years, blood urea nitrogen >43 mg/dL, serum
creatinine >2.75 mg/dL, systolic blood pressure <115 mmHg)
were required. The detailed inclusion and exclusion criteria are
published separately (13).

For the present study, we included all patients with
complete data on SHFM, SQ, NoH and I1-year survival
status, which was the outcome of interest. SHFM-predicted
survival was calculated from baseline variables (14).
Clinical research coordinators collected clinical variables
at baseline and ascertained survival status during follow-
up. The SQ was answered by attending HF physicians
who were board certified in Advanced HF and Transplant
Cardiology, Cardiology and Internal Medicine which would
require a minimum of approximately 7 years of clinical
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experience. The NoH was abstracted manually from electronic
medical records.

Statistical analysis was performed using Stata Statistical
Software: Release 16 (StataCorp LLC, College Station,
TX, United States). Categorical variables are presented as
absolute number and percentage. Numerical variables are
presented as mean =+ standard deviation. Baseline variables
were compared using independent t-test or Chi-square test,
whichever was applicable. Discrimination of the SHFM,
SQ, and the NoH for 1-year survival status was assessed
by means of receiver operating characteristic (ROC) curve
analysis. For the SHFM and the NoH, we empirically
determined a cut-off based on Youden’s index (15). We
compared discrimination for prediction of 1-year survival
status of the SHFM, the SQ and the NoH based on area
under the ROC curve (AUC), sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV).
To allow for statistical inference regarding the comparison of
different prognostic approaches, 95% confidence intervals (95%
CI) were computed.

RESULTS

In our sample of 535 patients, 82 (15.3%) had died at 1 year.
Population characteristics are detailed in Table 1. The mean
age was 61.5 & 13.9 years, 379 patients (70.8%) were male
and 286 (52.4%) were White. Overall, the mean left ventricular
ejection fraction (LVEF) was 24.3 £ 10.1%. The vast majority
of patients [485 (94.9%)] had a reduced LVEF a minority 10
(2.0%) had mid-range EF, and 16 (3.1%) had preserved LVEF. The
average predicted 1-year survival according to the SHFEM model
at baseline was 86.8% = 24.9. The SQ was answered with “No, I
would not be surprised if this patient was to die within 1 year”
in 375 (70.1%) of patients overall. And 246 patients (46.0%) were
found to have an NoH > 2 at baseline.

For the SHFM and the NoH, optimal cut-offs based on ROC
curve analysis were found to be a predicted survival <86%
and >2 hospitalizations, respectively. Prognostic performance
metrics of the SHFM, the SQ, and the NoH are shown in
Table 2. The SHFM yielded an area under the ROC curve
(AUC) of 0.65 (0.60-0.71 95% CI), a sensitivity of 0.76
(0.65-0.84 95% CI), and a specificity of 0.55 (0.50-0.60 95%
CI). The SQ demonstrated a comparable AUC [0.58 (0.54-
0.63 95% CI)], similar sensitivity [0.84 (0.74-0.91 95% CI)],
but significantly lower specificity [0.33 (0.28-0.37 95% CI)]
compared to the SHFM. The NoH demonstrated a comparable
AUC [0.56 (0.50-0.62 95% CI)], similar sensitivity [0.56 (0.45-
0.67 95% CI)], and similar specificity [0.56 (0.51-0.61 95% CI)]
compared to the SHFM. The combination of a positive a SQ
and a NoH > 2 showed similar a similar AUC [0.60 (0.54-
0.66 95% CI)], lower sensitivity [0.51 (0.40-0.62 95% CI)],
but significantly higher specificity [0.68 (0.64-0.73 95% CI)]
compared to the SHFM. Of note, the PPV and NPV did not
differ significantly between any of the prognostic approaches,
with PPVs and NPVs ranging consistently around 20 and 90%,
respectively (Table 2).

DISCUSSION

In a sample of advanced HF patients at a high risk
of dying and of which the vast majority had reduced
ejection fraction, two simple single-measure bedside tools,
the SQ, the NoH, and the combination of the SQ and
NoH performed as well as the complex multivariable
SHEM for prediction of 1-year survival status in patients
with advanced HF.

The prognostic utility of the SHEM in our study as assessed
by the AUC [0.65 (0.60-0.71 95% CI)] was comparable to
previous studies of advanced HF populations which reported
AUCs ranging from 0.63 to 0.76 (16-18). Three previous
studies assessed the SQ in HF populations: Aaronson et al. (19)
studied 199 patients presenting to the emergency room with
acute HF and found an AUC of 0.68 which was significantly
higher than what we found [AUC 0.58 (0.54-0.63 95% CI)].
Straw et al. (9) studied 129 patients hospitalized with acute
HF and found a sensitivity of 0.88, which was comparable
to our findings [sensitivity 0.84 (0.74-0.91 95% CI)], and a
specificity of 0.59, which was significantly higher than in our
study [specificity 0.33 (0.28-0.37 95% CI)]. Gonzalez-Jaramillo
et al. (10) studied 174 patients recruited from an HF clinic
and found a sensitivity of 0.85 (0.69-1.00 95% CI), and a
specificity of 0.57 (0.49-0.65 95% CI). Overall, our findings are
in line with previous research. Of note, inclusion criteria and
event rates varied between those and the present study which
limits comparability.

The SHFM is one of the most widely known prognostic
models for survival prediction in HF patients, demonstrating
robust discrimination in different advanced HF populations
and generally considered a gold standard for both clinical
practice and research purposes (16-18). It also allows
clinicians to estimate the effect of medication and devices
such as ICD on mortality (14). For score calculation,
users have to access an online application via computer
or smartphone (20). The SHFM requires measures of 14
variables including the lymphocyte count and uric acid,
which are usually not part of the standard HF laboratory
work-up (20). Those requirements severely hinder widespread
clinical use of this prognostic tool. Unlike the SHEM, the
SQ and the NoH can be easily implemented as part of
the routine clinical work-up of advanced HF patients by
leveraging clinician intuition and basic history-taking. In
our sample, we demonstrated that these simple prediction
tools provided similar prognostic discrimination compared
to the SHFM. Therefore, we believe that the SQ and the
NoH are valuable additions to the “prognostic tool-box”
of HF specialists as well as palliative care clinicians, either
as quick bedside alternatives, or complementary to more
sophisticated approaches.

Previous studies have repeatedly framed the SQ a
possible trigger for palliative care referral (19, 21, 22).
However, current guidelines and position statements clearly
state that palliative care utilization should be based on
unmet physical, psychological, social and spiritual needs
and poor QOL instead of estimated prognosis (1-3). Yet,
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TABLE 1 | Baseline characteristics of the study population overall and stratified for survival status after 1-year follow-up.

Overall (N = 535) Died (N = 82) Survived (N = 453) p-value
Gender, male 379 (70.8) 57 (69.5) 322 (71.1) 0.77
Age - years 61.5 +13.9 62.3 £ 13.9 61.4 +13.9 0.57
Race/ethnicity* 0.18
White 286 (54.2) 49 (59.8) 237 (563.1)
Black 213 (40.3) 31(37.8) 182 (40.8)
Hispanic 74 (13.9) 10 (12.2) 64 (14.2)
Other 17 (8.2) 0(0.0 17 (8.2)
LVEF - % 24.3 +10.1 22.5+9.0 24.6 +£10.3 0.10
HF classification™ 0.229
HFrEF 485 (94.9) 77 (98.7) 408 (94.2)
HFmMrEF 10 (2.0) 0(0.0 10 (2.9)
HFpEF 16 (3.1) 1(1.3 15 (3.5)
NYHA class <0.001
| 3(0.6) 00 3(0.7)
I 43 (8.0) 5(6.1) 38 (8.4)
Il 412 (77.0) 52 (63.4) 360 (79.5)
IV 77 (14.4) 25 (30.5) 52 (11.5)
Ischemic etiology 235 (44.0) 38 (46.3) 197 (43.6) 0.64
VAD/Tx candidate 256 (47.9) 36 (43.9) 220 (48.6) 0.44
Prediction variables
Surprise question*** 0.003
No 375 (70.1) 69 (84.1) 306 (67.5)
Yes 160 (29.9) 13 (15.9) 147 (32.5)
Number of HF hospitalizations**** 0.046
>2 246 (46.0) 46 (56.1) 200 (44.2)
<2 289 (54.0) 36 (43.9) 253 (65.8)
SHFM predicted 1-year survival <0.001
<86% 266 (49.7) 62 (75.6) 204 (45.0)
>86% 269 (50.3) 20 (24.4) 249 (55.0)

Continuous variables are shown as mean + standard deviation. Categorical variables are shown as number (percentage). HF, heart failure; LVEF, left ventricular ejection
fraction; NYHA, New York Heart Association; SHFM, Seattle Heart Failure Model; Tx, transplantation;, VVAD, ventricular assist device. *Not mutually exclusive. **HF
classification according to the Universal Definition and Classification of Heart Failure (27). **Yes = would be surprised if patient died within 1 year; No = would not be
surprised if patient died within 1 year. ***Within the last 12 months before enrollment.

TABLE 2 | Discrimination of the Seattle Heart Failure Model, the surprise question, the number of hospitalizations and a combination of the latter for prediction of 1-year
survival.

Seattle Heart Surprise question No. of Surprise question + No. of
Failure Model hospitalizations hospitalizations
Cut-off Predicted survival “No, would not be NoH > 2 “No, would not be
<86% surprised if patient died.” surprised” + NoH > 2
AUC 0.65 (0.60, 0.71) 0.58 (0.54, 0.63) 0.56 (0.50, 0.62) 0.60 (0.54, 0.66)
Sensitivity 0.76 (0.65, 0.84) 0.84 (0.74, 0.91) 0.56 (0.45, 0.67) 0.51 (0.40, 0.62)
Specificity 0.55 (0.50, 0.60) 0.33(0.28, 0.37) 0.56 (0.51, 0.61) 0.68 (0.64, 0.73)
PPV 0.23(0.18, 0.29) 0.18 (0.15, 0.23) 0.19 (0.14, 0.24) 0.23(0.17, 0.30)
NPV 0.93(0.89, 0.95) 0.92 (0.87, 0.96) 0.88 (0.83, 0.91) 0.89 (0.85, 0.92)

Qutcome of interest was survival status at 1-year follow up. AUC, area under the receiver operating characteristic curve; NoH, number of heart failure hospitalizations
within the last 12 months; NPV, negative predictive value; PPV, positive predictive value; SQ, surprise question; SHFM, Seattle Heart Failure Model.

wide-spread use of evidence-based prognostication, facilitated understanding of their illness trajectory, which remains
by simple tools such as the SQ and the NoH, could inform poor (23), initiating discussions around goals of care and
a variety of clinical scenarios and decisions: Estimation of treatment preferences at the end-of-life (24), referring
a patient’s prognosis is important for improving patients to hospice, which is underused in advanced HF (25),
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and engaging in decisions regarding the implantation,
continuation or discontinuation of device therapies such as ICD
or left ventricular assist devices. The goal of our work is not to
imply that referral to palliative care should be based on prognosis;
instead we hypothesize that the use of simple tools to determine
prognosis might nudge clinicians toward considering palliative
care referrals for patients with unmet needs earlier in their illness
trajectory. Given the fact that patients with advanced HF are
referred to palliative care late (6, 26), we believe that easier
tools to flag severely ill patients might create a path to earlier
integration of supportive and palliative services into the patient’s
overall plan of care.

Of note, all prediction tools - and the SQ in particular —
are flawed by low specificity translating into a poor positive
predictive value. This tendency toward underestimating survival
and the generally low accuracy of less than 0.7 AUC for
all prognostic approaches under investigation must be kept
in mind when applying these tools in clinical practice. Our
findings have to be interpreted with caution. As demonstrated
previously, the reliability of the SQ depends on training and
clinical experience. In our study, the SQ was answered by
specialized HF cardiologists — discrimination might be worse
when used by other clinicians. Although the inclusion criteria
were intended to select patients at high risk of dying, 1-year
mortality in our study population was surprisingly low. Low
event rates might limit statistical power to detect statistically
significant differences. Furthermore, our sample had a rather
young mean age, and a high proportion of patients who
were candidates for transplantation or VAD which may limit
the generalizability of our findings. Readers should bear in
mind that the purpose of this retrospective, non-pre-specified
study was to explore and compare the prognostic potential of
existing approaches, not to develop and validate new prediction
models. Thus, our findings should only be considered hypothesis-
generating.

CONCLUSION

We found that the SQ, the NoH, and the combination of both
could help identify advanced HF patients at increased risk of
1-year mortality; these simple prognostication tools might have
the potential to support decision making around advanced HF
therapies, inform conversations around goals of care, and raise
awareness for unmet palliative care needs.
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