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We sought to examine the management and outcomes of ambulatory patients with heart
failure and reduced ejection fraction in a community-based, dedicated clinic. Patients
with left ventricular ejection fraction (LVEF) ≤40% were actively solicited to attend a
community-based, dedicated clinic. Eligible patients who chose to decline constituted our
control group. Of 552 patients with LVEF ≤40% (median age 73 years and median LVEF
35%), 304 (55%) agreed to attend the clinic. Patients with worse New York Heart Associa-
tion class were more likely to attend the clinic (odds ratio 2.07 [1.45, 2.95], p <0.001),
whereas women were more likely to decline (odds ratio 0.63 [0.42, 0.93], p <0.022).
During 18 months of follow-up, patients in the dedicated clinic significantly improved
their functional capacity (56% New York Heart Association 3 to 4 at baseline vs 27% at
follow-up, p <0.001) and LVEF (35% [interquartile range 25, 35] at baseline vs 35%
(interquartile range 30, 40) at follow-up, p <0.001). In comparison with patients managed
routinely, patients treated in a dedicated clinic achieved better guideline-recommended
pharmacological treatment (65% vs 85% receiving b blockers, p <0.001, 65% vs 82%
receiving renin-angiotensin inhibitors, p = 0.0006, 31% vs 45% receiving mineralocorti-
coid receptor antagonists, p <0.001). During follow-up, electrical device implantation was
similar (6% vs 7% of dedicated-HF-clinic patients, p = 0.700). Furthermore, overall sur-
vival was better in patients treated in the clinic (log rank p = 0.0006), even after censoring
the first 4 months to account for potential bias (log rank p = 0.0232). In conclusion, man-
agement in a community-based, dedicated clinic compared with routine management was
associated with augmented guideline-recommended treatment and improved survival.
© 2019 Elsevier Inc. All rights reserved. (Am J Cardiol 2019;123:1101−1108)
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In an attempt to improve care for heart failure (HF)
patients, dedicated clinics have been established world-
wide.1−4 However, reports regarding dedicated HF clinics
are by and large descriptive, rather than comparative, and
often include heterogeneous HF populations and heteroge-
neous practice settings.1,5 Furthermore, it remains to be
determined whether the augmented therapy in dedicated
HF clinics is translated into a survival benefit in HF with
reduced ejection fraction (HFrEF).1,6 Therefore, we sought
to investigate whether the management of ambulatory
HFrEF patients in a community-based, dedicated HF clinic
is associated with improved guideline-recommended phar-
macological therapy and midterm survival, as compared
with patients who elect to pursue routine management.
Methods

The electronic records of all patients >18 years old
insured by the largest health care management organization
in Israel (“Clalit” Health Services) in a designated district
(n = 115,739 patients) were screened for the documented
diagnosis of LVEF ≤40%. Patients >85 years were
excluded. In collaboration with the general practitioners in
the district and under the auspices of the district manage-
ment, all eligible patients were actively solicited by a dedi-
cated nurse by phone and/or written correspondence to
attend a dedicated HF clinic within their community, with
no additional payment required. Eligible patients that
declined remained at the follow-up and management of
either a general cardiology clinic and/or their family physi-
cian and constituted our control group (categorized as
“routine management”). The prespecified study follow-up
was 18 months (May 1, 2016 until October 31, 2017).

In the first visit, the patients were seen by a certified HF
specialist, and those who were suitable were admitted to
the titration program. The patient was examined by a nurse/
HF specialist every 2 weeks according to the European
Society of Cardiology guidelines for the initiation and titra-
tion HF medications.7 The doses of b-adrenergic blockers
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(BB), angiotensin converting enzyme inhibitors (ACE-I),
angiotensin receptor blockers (ARB), mineralocorticoid
receptor antagonists (MRA), and sacubitril/valsartan were
titrated each visit according to the heart rate, blood pres-
sure, renal function, and electrolytes, aiming to achieve
maximal recommended dose or maximal tolerated dose.
Notably, sacubitril/valsartan was not yet widespread avail-
able at the onset of the study.

The heart function was re-evaluated by echocardiogra-
phy, and according to the LVEF, electrocardiographic
parameters, and functional status, cardiac resynchronization
therapy (CRT), and/or implantable cardioverter defibrillator
(ICD) implantations were considered.

Clinical, pharmacological, and laboratory data of all
patients at baseline and at the end of follow-up were
extracted from the unique electronic medical records sys-
tem of Clalit, as previously described.8 Pharmacological
and nonpharmacological management were at the complete
discretion of the attending physician. LVEF was estimated
visually by transthoracic or transesophageal echocardiogra-
phy. Mortality during follow-up was determined for all
patients through the Israeli National Population Registry.
This study complies with the Declaration of Helsinki, that
the local Institutional Review Board approved the research
protocol

This study’s primary end point was all-cause survival
and the secondary end points were the use of guideline-rec-
ommended therapies and the proportion of patients achiev-
ing guideline-recommended doses at last follow-up versus
baseline.

The statistical analysis for this paper was generated
using SAS Software, Version 9.4. Continuous variables
were presented by medians and interquartile range and
Table 1

Baseline characteristic of patients with heart failure with reduced ejection fraction

Variable Manag

No

(n = 248)

Age (years) 73 (65, 79)

Women 27%

Body mass index (m2/Kg) 26 (24, 30)

Prior coronary artery disease* 69%

Hypertension 77%

Diabetes mellitus 54%

Atrial fibrillation 21%

New York Heart Failure functional class 3 or 4 33%

Estimated left ventricular ejection fraction (%) 35 (27, 40)

Systolic blood pressure (mm Hg) 122 (113, 132)

Heart rate (beats/min) 70 (65, 78)

Estimated glomerular filtration rate (ml/min)y 65 (46, 83)

Sodium (meq/L) 140 (138, 142)

Potassium (meq/L) 4.6 (4,3, 4.9)

Hemoglobin (g/dL) 13 (12, 14)

Prior device implantationz 30%

Prior yearly influenza vaccination 63%

Data are presented as medians (25th, 75th quartiles) or as percentages, as appro

* Significant coronary artery disease in angiography.
yEstimated glomerular filtration rate- based on the Cockcroft-Gault formula
zDevice implantation included implantation of an implantable cardioverter defib

pacemaker.
categorical variables were presented as percentage. The
Student’s t test was used to compare the value of normally
distributed continuous variables between study groups. The
Wilcoxon test was used for non-normally variables and the
Fisher’s exact test was used for categorical variables. Uni-
variate and multivariate odds ratios were evaluated by
logistic regression. The Kaplan Meier model was used for
overall survival. Landmark analysis, with a 4-month time
point, was used to address the problem of immortality bias.
For this survival model, patients with less than 4 months of
follow-up were excluded. A 2-sided p value <0.05 was
used for declaring statistical significance.
Results

We prospectively identified 552 patients who fulfilled
our inclusion and exclusion criteria, of whom 304 (55%)
accepted our proposal to attend a community-based, dedi-
cated HF clinic. Patients’ baseline characteristics are pre-
sented in Table 1. The majority of patients attending our
dedicated HF clinic were males with a median age at pre-
sentation of 73 years (25th, 75th interquartile range of 65,
78). Patients attending the dedicated HF clinic had signifi-
cantly worse HF functional status yet similar baseline
LVEF compared with patients managed routinely. They
were more likely to have had previous CRT or ICD implan-
tations and influenza vaccinations. Multivariable logistic
regression analysis (Table 2), demonstrated that worse HF
functional status (NYHA class 3 to 4) was independently
associated with acquiescence to management in a dedicated
HF clinic. Women were more likely to decline.

The use of HF-targeted pharmacological treatment at
baseline was similar between the study groups (Figure 1),
treated in a dedicated heart failure clinic versus routine management

ement in a dedicated heart failure clinic p value

Yes

(n = 304)

73 (65, 78) 0.978

19% 0.024

27 (25, 30) 0.083

75% 0.085

74% 0.375

57% 0.606

22% 0.917

56% <0.001
35 (25, 35) 0.195

120 (110, 130) 0.015

72 (64, 78) 0.689

65 (48, 85) 0.845

140 (138, 142) 0.486

4.6 (4.3, 4.9) 0.899

13 (12, 14) 0.794

39% 0.034

73% 0.013

priate.

rillator, cardiac resynchronization therapy with or without a defibrillator, or
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Table 2

Univariate and multivariate analyses of likelihood of patients with heart failure with reduced ejection fraction to be treated in a dedicated heart failure clinic

Variable Univariate Multivariate

Odds ratio (95%CI) p value Odds ratio (95%CI) p value

Age 1.00 (0.98, 1.02) 0.978 1.00 (0.98, 1.03) 0.546

Women 0.63 (0.42, 0.93) 0.022 0.59 (0.36, 0.95) 0.028

New York Heart Association class 3-4 vs 1-2 2.07 (1.45, 2.95) <0.001 2.27 (1.54, 3.37) <0.0001
Documented coronary artery disease 1.34 (0.96, 2.03) 0.078 1.42 (0.93, 2.17) 0.951

Systolic blood pressure (mm Hg) 0.99 (0.08, 0.99) 0.029 0.99 (0.98, 1.00) 0.124

Diabetes mellitus 1.11 (0.79, 1.55) 0.550 1.03 (0.70, 1.52) 0.891

Estimated glomerular filtration rate (ml/min) 0.99 (0.99, 1.00) 0.844 1.00 (0.99, 1.01) 0.804

Left ventricular ejection fraction (%) 0.98 (0.96, 1.00) 0.195 1.01 (0.98, 1.04) 0.495

Prior electronic device implantation 1.50 (1.04, 2.16) 0.031 1.55 (0.99, 2.40) 0.053

Prior yearly influenza vaccine 1.59 (1.11, 2.29) 0.011 1.45 (0.96, 2.19) 0.081
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except for lower doses of ACE-Is/ARBs at baseline in the
group of patients attending the dedicated HF clinic
(Figure 2). Sacubitril/valsartan was not yet available at the
onset of the study. However, at the end of follow-up, more
patients treated in the dedicated HF clinic received BB,
renin-angiotensin inhibitors (either ACE-Is, ARBs or sacu-
bitril/valsartan) and MRAs, as compared with patients man-
aged routinely (Figure 1). These differences were mainly
driven by a decrease in the use of BB, renin-angiotensin
inhibitors and MRAs in patients managed routinely during
study follow-up. Notably, in the dedicated HF group, the
use of ACE-Is/ARBS decreased at the expense of increased
use of sacubitril/valsartan, and thus the proportion of
patients with inhibition of the renin-angiotensin axis
remained stable. Furthermore, a greater proportion of
patients attending the dedicated HF clinic achieved the
maximal recommended doses of BB and ACE-Is/ARBs at
the end of follow-up, as compared with patients managed
routinely (Figure 2). Furthermore, more patients attending
the dedicated HF clinic versus routine management were
vaccinated for influenza during study follow-up (79% vs
69%, p = 0.008). Study groups were similar in the rates of
patients that underwent electrical device (CRT alone or
CRT with ICD, or ICD alone) implantation (6% of patients
managed routinely vs 7% of patients treated in the dedi-
cated-HF clinic, p = 0.700).

Hemodynamic and laboratory parameters of study
patients at 18 months of follow-up are presented in Table 3.
Kidney function and serum potassium levels were compara-
ble. The systemic blood pressure at follow-up was signifi-
cantly lower in patients treated in the dedicated HF clinic.
A follow-up echocardiography exam was performed in
32% of patients managed routinely and in 80% of patients
in dedicated HF clinics (p <0.001). Patients treated in a
dedicated HF clinic improved both their LVEF and NYHA
functional class compared with their baseline status
(median LVEF at the end of follow-up 35% [interquartile
range 30, 40] vs LVEF 35% [interquartile range 25, 35] at
baseline p <0.001; proportion of patients with NYHA class
3 to 4 at the end of follow-up 27% vs 56% at baseline,
p <0.001).

We further analyzed our data using only patients whom
were followed by a general cardiologist as our control
group (n = 180; Supplementary Tables 1 and 2). Again,
patients with worse NYHA class were more likely to attend
the dedicated HF clinic and women were more likely to
decrease. At the end of follow-up, we noted greater use of
BB and a nonsignificant trend for greater use of MRAs in
patients treated in a dedicated HF clinic, primarily because
of a decrease in use of these drugs in the subgroup treated
in a general cardiology clinic (Figure 1). Furthermore,
patients treated in a dedicated HF clinic were significantly
more likely to achieve the maximal recommended doses of
BB and ACE-Is/ARBs at the end of follow-up compared
with patients treated in general cardiology clinics (Figure 2).
Follow-up echocardiography exam was performed in
only 36% of patients treated in general cardiology clinics.
No significant differences were noted in the proportion
of patients who underwent implantation of devices or
influenza vaccinations between these 2 groups (data not
shown).

The unadjusted cumulative incidence of mortality of
patients attending the dedicated HF clinic was significantly
lower compared with patients managed routinely (Figure 3).
However, in order to partially preclude a potential mortality
bias, whereby patients with life-threatening co-morbidities
elected not to attend the dedicated HF clinic, we further
excluded patients who died within 4 months of inclusion
into the control or study subgroups or had less than 4
months of follow-up (Figure 3). Nevertheless, survival was
better for patients attending the dedicated HF clinic. In
addition, we analyzed the cumulative incidence of mortality
using only patients attending general cardiology clinics as
our control group (Supplementary Figure 1). A similar, yet
nonsignificant trend was noted. Of interest, in all survival
analyses, the graphs comparing the 2 groups continued to
separate over time.
Discussion

This study provides new insights into the characteristics
and care-patterns of outpatients with HFrEF treated in a
community-based, dedicated HF clinic, by comparing their
midterm outcomes to those of patients that elected to be
managed either routinely or by a general cardiology clinic.
We found that although all financial constraints were elimi-
nated and services were offered within the community,
patients with better HF functional status and women were
more likely to decline management in a dedicated HF
clinic. Furthermore, our findings demonstrate that treatment



Figure 1. The proportion of patients receiving HF-recommended medications* at baseline and during follow-up. Comparison of patients managed in a dedi-

cated HF clinic versus overall routine management (A) or specifically general cardiology clinics (B).

Data are presented as percentages.

*Sacubitril/valsartan was not widespread available in the beginning of the study, thus, use of renin-angiotensin inhibitors at baseline included only the use of

ACE-I/ARBs, while at follow-up sacubitril/valsartan was added.
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in a dedicated HF clinic significantly improved patients’
functional capacity and LVEF, most probably owing to the
achievement of more optimal guideline-recommended
pharmacological treatment. Most importantly, we wit-
nessed improved midterm overall survival in patients with
HFrEF treated in a dedicated HF clinic.
The vast majority of contemporary evidence regarding
HF outpatient management is derived from the Improve the
Use of Evidence-Based Heart Failure Therapies in the Out-
patient Setting study,3 which evaluated the effects of prac-
tice-specific performance improvement initiatives and
demonstrated improvements both in adherence to

www.ajconline.org


Figure 2. Proportion of maximal HF-recommended doses* at baseline and during follow-up among patients attending a dedicated HF clinic versus routine

management (A) or specifically general cardiology clinics (B).

Data are presented as percentages.

*Data regarding sacubitirl/valsartan are not presented due to small sample size.

Table 3

Midterm parameters of patients with heart failure with reduced ejection fraction treated in a dedicated heart failure clinic versus routine management

Variable Management in a dedicated heart failure clinic p value

No

(n = 248)

Yes

(n = 304)

Body mass index (m2/Kg) 26 (24, 30) 27 (25, 31) 0.110

Systolic blood pressure (mm Hg) 120 (114, 131) 120 (108, 130) 0.001

Heart rate (beats/min) 70 (64, 78) 69 (62, 76) 0.149

Estimated glomerular filtration rate (ml/min) 62 (45, 80) 59 (41, 78) 0.113

Sodium (meq/L) 140 (138, 142) 140 (138, 142) 0.704

Potassium (meq/L) 4.6 (4.3, 4.9) 4.6 (4.4, 4.9) 0.503

Hemoglobin (g/dL) 13 (12, 14) 13 (12, 14) 0.636

Data are presented as medians (25th, 75th quartiles).

Heart Failure/Clinic Versus Routine Management 1105



Figure 3. Midterm survival of patients attending a dedicated HF clinic versus routine management.

Kaplan-Meier estimates of probability of survival among patients attending a dedicated HF clinic versus routine management from the beginning of the study

follow-up (A) or censoring for the four first months of study follow-up (B).
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guideline-recommended therapies and LVEF.9 However,
one third of the participating cardiology practices in the
Improve the Use of Evidence-Based Heart Failure Thera-
pies in the Outpatient Setting cohort were affiliated to an
academic center or university setting, and less than half had
a specialized HF clinic in the practice.3 Moreover, outcome
data were either descriptive or comparative to baseline sta-
tus. Other contemporary evidence, by and large derived
from dedicated HF clinics that were either university-affili-
ated or within tertiary-referral centers, described a decrease
in the rates of acute HF decompensation, improvement in
the quality of life, and a reduction in the need of in-hospital
admissions.6,10−13

Our study is unique due to its prespecified patient selec-
tion and comparative design. First, our intervention group
included real-life “all-comer” outpatients with HfrEF, who
did not require a general practitioner referral or previous
hospitalization to be included in the cohort. Moreover, the
dedicated HF clinic model was community-based, and no
additional payment was required from patients who chose
to attend it, partially eliminating possible selection bias
based on economic status. Second, this is the first compara-
tive study, to our best knowledge, that analyzed the man-
agement and outcomes of HFrEF patients treated in
dedicated HF clinics versus general cardiology clinics.

We found that during follow-up, more patients treated in
the dedicated HF clinic received HF-recommended phar-
macological treatment compared with patients managed
routinely. Of interest, these differences were primarily due
to a decrease in the use of these medications in the latter
group. Although the decision to cease use of these drugs
may, in fact, reflect a deterioration of the patients’ HF status
with hemodynamic compromise or worsening kidney func-
tion, it may also reflect less determination to reinstitute the
use of these drugs after overcoming those transient difficul-
ties. In contrast, the use of these drugs did not decrease
over time in the group of patients managed in the dedicated
HF clinic. Furhtermore, management of patients in the ded-
icated HF clinic was associated with achievement of higher
target doses of BB, ACE-Is and ARBs, as previously shown
by others.14,15 The achievement of higher HF target doses
is an established measure for improved clinical outcomes.15
−18 Moreover, the uptake of sacubitril/valsartan into clini-
cal practice, only recently introduced yet universally avail-
able to all patients insured by “Clalit” and strongly
advocated by recent guidelines,7 was more efficient in
patients treated in a dedicated HF clinic. Finally, this is the
first study that demonstrates benefit in managing HFrEF
patients in a dedicated HF clinic versus general cardiology
clinics.

In the majority of previous studies, mortality was either
not reported or unaffected,1 but findings from studies focus-
ing on in-hospital outpatient clinics did show a survival
advantage for dedicated HF clinics over routine manage-
ment.6,19 Our data revealed a significant survival benefit for
patients treated in a community-based, dedicated-HF clinic
compared with patients treated routinely. A similar trend
was evident when we compared the dedicated HF group to
the subgroup managed in general cardiology clinics. In this
subgroup analysis, the survival curves continued to separate
during follow-up, possibly indicating an impact on survival
that was either too early to discern or that the cohort size
was underpowered to detect significant differences in sur-
vival. This salutary trend may be the result of both the
higher adherence to guideline-recommended medical and
invasive treatments and to the improvement of LVEF, all of
which are established prognostic elements in patients with
HFrEF.20−22

This study has several inherent limitations. The data
analysis was retrospective, even though the data were cap-
tured prospectively. Thus, unmeasured variables may have
impacted the results. We may also have missed HF patients
whose LVEF was not recorded in the electronic records.
Second, this study may have suffered from immortality
bias. We attempted to partially address this bias in the sur-
vival analysis by censoring the first 4 months of initial
solicitation, to account for patients who were too ill to
attend the dedicated clinic. Third, this study is single-cen-
tered and the results may not apply to other outpatient com-
munity HF clinics. Fourth, it was not possible to distinguish
between patients for whom dose titration was attempted but
unsuccessful because of intolerance versus patients for
whom no attempts to titrate medication doses were made.
Nonetheless, these results reflect real-world management of
HFrEF patients. Fifth, we lack data on the brain-natriuretic
peptide levels of our patients during follow-up. However, a
recently published study that used a strategy of NTpro-
brain-natriuretic peptide-guided therapy was not more
effective than a usual care strategy in improving outcomes
of HFrEF patients.23 Sixth, since we compared a group of
patients willing to attend the HF clinic versus a group who
declined to do so, this study may be fraught by a selection
bias. However, patients who attended our HF clinic were
actually sicker in terms of HF than our control group. Last,
we have no data regarding the cause of death in our
cohorts.
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