
Circulating troponin and further left ventricular
ejection fraction improvement in patients with
previously recovered left ventricular ejection fraction

Jonathan G. Howlett1* , Nakul Sharma1, Wendimagegn G. Alemayehu2, Jason R.B. Dyck3, Todd Anderson1,
Nowell Fine1, Harald Becker2, James A. White1, D. Ian Paterson2, Richard B. Thompson4, Gavin Y. Oudit2, Mark
J. Haykowsky5 and Justin A. Ezekowitz2

1Cumming School of Medicine, Libin Cardiovascular Institute, University of Calgary, Calgary, Alberta, Canada; 2Division of Cardiology, Mazankowski Alberta Heart Institute,
University of Alberta, Edmonton, Alberta, Canada; 3Department of Paediatrics, University of Alberta, Edmonton, Alberta, Canada; 4Department of Biomedical Engineering,
University of Alberta, Edmonton, Alberta, Canada; 5Faculty of Nursing, University of Alberta, Edmonton, Alberta, Canada

Abstract

Aims The aim of this study is to determine factors associated with long-term recovery of left ventricular ejection fraction
(LVEF) in patients with heart failure with reduced EF (HFrEF) and if further recovery also occurs in this group.
Methods and results Among 621 participants enrolled in the Alberta Heart Failure Etiology and Analysis Team (HEART)
Study, 316 with Stage C HF underwent comprehensive imaging and biomarker testing at enrolment and at 1-year follow
up. Using pre-enrolment data, HF with recovered EF (HFrecEF) was defined as an absolute improvement ≥5% in LVEF from
the prior lowest LVEF value, with a final LVEF value > 35% at or prior to study baseline. Participants with all LVEF > 40% were
included for comparison. Hospitalization-free survival to 5 years was performed.
The median cohort age was 66 years, and time from diagnosis was 4 years; 82% were male patients. Of the 316 patients, 95
(30%) patients had HFrecEF and 56 (18%) patients pHFrEF. On multivariate analysis, only shorter duration of HF was predictive
of HFrecEF status. Over 1 year, LVEF increased in the HFrecEF group 4.0% (0.15–7.90, P = 0.042) as compared with persistent
HFrEF, who in turn demonstrated higher baseline serum high sensitivity Troponin-T with further increase at follow up 0.55
(0.33–0.86, P = 0.011). No change in any parameter in the HFpEF/HFmrEF group at follow up was observed.
Conclusions Patients with HFrecEF demonstrate evidence of additional late improvement in LVEF and unchanged troponin
levels, in contrast to those with persistent HFrEF, where LVEF does not improve and serum troponin rises over time. These
data help to inform mechanisms relating to late LV remodelling.
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Introduction

Treatment of patients with left ventricular (LV) systolic dys-
function using evidence-based medical therapy is associated
with improved symptoms and reduced morbidity and
mortality.1–5 Previous reports suggest that patients may dem-
onstrate significant improvement in LV ejection fraction (EF)
with evidence-based medical therapy (i.e. reverse remodel-
ling), also referred to as heart failure with recovered EF

(HFrecEF).2,6,7 This phenomenon occurs in 20–45% of pa-
tients with HF with reduced EF (HFrEF), is associated with im-
proved prognosis, and is more commonly seen in patients of
female gender, non-ischaemic aetiology of HF, shorter dura-
tion of HF, and persistence of beta blocker use.1,6,7 However,
few reports detail serial clinical, biomarker, and imaging cor-
relates of patients previously experiencing reverse remodel-
ling. The Alberta Heart Failure and Etiology Analysis Team
(HEART) study, patients with American Heart Association
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Stage B or C HF (irrespective of LVEF) were enrolled and
followed with serial testing.8 The aim of this analysis was to
characterize and compare study participants with HFrecEF
vs. those with persistent HFrEF regarding baseline character-
istics, changes in imaging and laboratory markers, and quality
of life and associate these with clinical outcomes.

Methods

Study cohort

The study was approved at both institutional Research Ethics
Boards, and all study participants signed informed consent
prior to enrolment. The investigation conforms with all princi-
ples outlined in the Declaration of Helsinki. Details of the
study participants of the Alberta HEART study have been pre-
viously described.8 In brief, participants were recruited in Al-
berta, Canada from 2010 to 2014 from a variety of outpatient
clinics and the community at large. We prospectively enrolled
621 participants and classified each into one of five groups: (i)
at risk of developing HFpEF/HFmrEF and no clinically overt HF
or known cardiovascular disease; (ii) at risk of developing
HFpEF/HFmrEF but no clinically overt HF and the presence
of another symptomatic disease (e.g. chronic lung disease);
(iii) clinical HFpEF/HFmrEF; (iv) clinical HFrEF; and (v)
age-matched and gender-matched controls. For the purposes
of this analysis, only groups 3 and 4 are included.

Data sources

Standard baseline demographics, medical history, physical ex-
amination, quality of life (using the Kansas City Cardiomyopa-
thy Clinical Summary Score), medication use, and laboratory
and imaging data were collected at study enrolment and
1-year follow up.

Additional data on clinical outcomes were extracted from
administrative databases by the regional health authority, Al-
berta Health Services. These include (i) the Discharge Abstract
Database, which contains diagnostic and treatment informa-
tion and discharge status for patients admitted to any acute
care hospital in Alberta; (ii) the National Ambulatory Care
Reporting System database, which records all outpatient
clinic visits (including emergency department visits) in Al-
berta; and (iii) the Alberta Health Care Insurance Registry da-
tabase, which tracks the vital status of all residents of Alberta.
These databases are linkable to our study cohort using a
unique and anonymous patient identifier. The primary study
data were collected and managed using RedCap electronic
data management tools hosted at the University of Alberta.
All patients were followed for clinical outcomes for a period
of 5 years.

Ejection fraction data and classification of
responder status

Historic echocardiographic LVEF measurements clinically per-
formed prior to study enrolment were collected from the
medical record. Participants for this analysis were included
if they were determined at study baseline to have (i) Stage
C HF, (ii) at least two prior adequate studies with a recorded
LVEF, and (ii) at least 1 year between first and most recent
measurements (including baseline). Historical LVEF measure-
ments were not adjudicated. Reported values for LVEF were
recorded; if a range was reported in any report, we recorded
the mean value and rounded and decimal > 0.5 to the next
highest (i.e. 32.5% was recorded as 33%) and 0.4 or less to
the lower number (i.e. 32.4% to 32%). Duration of HF was de-
termined by using the earliest date of HF diagnosis from any
available clinic note or by direct patient history.

At study baseline and 1-year follow up, all participants
underwent 2D echocardiography. All measurements were ob-
tained using a commercially available ultrasound system
equipped with a 1–5 MHz transducer (iE33, Phillips Medical
Systems, Andover, Massachusetts) and archived for offline
assessment. All images were acquired according to American
Society of Echocardiography recommendations. LVEF was
quantified using the 2D biplane Simpson’s rule.

All prior historical LVEF values, together with the study
baseline LVEF, were used for participant classification. Study
subjects with recovered LVEF (HFrecEF) if at least one histor-
ical LVEF measured<35% and a subsequent or study baseline
LVEF measured >35% and an absolute improvement ≥5% in
LVEF from the prior lowest LVEF value. Participants were clas-
sified as persistent HFrEF if any prior LVEF measured < 35%
and they did not experience improvement as previously men-
tioned and as HF with preserved ejection (HFpEF/HFmrEF)
fraction if no prior or baseline LVEF measured < 40%.

Outcomes

The outcomes of interest included change from study enrol-
ment to 1-year follow-up for (i) echocardiographic LVEF;
and (ii) serum biomarkers, inclusive of B-type natriuretic pep-
tide (BNP), N-terminal pro-BNP (NT-proBNP), and high sensi-
tivity Troponin-T (hs-TnT). Clinical outcomes included
hospitalization-free survival at 1 year and change from base-
line Kansas City Cardiomyopathy Questionnaire Clinical Sum-
mary Score.

Statistical analysis

Patient characteristics at enrolment were compared for each
of the HFrecEF, persistent HFrEF, and HFpEF/HFmrEF groups.
Median and interquartile interval (IQR) for continuous
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variables and frequency (%) for categorical variables were es-
timated and compared between the groups using the
Kruskal Wallis one-way analysis of variance and the Pearson
χ2 test, respectively. For comparisons of change from base-
line, HFrecEF and HFrEF groups were compared with each
other. For participants in the HFpEF/HFmrEF group, only
in-group baseline to 1-year follow up changes were evalu-
ated. We used logistic regression models to examine the un-
adjusted and independent factors associated with the
likelihood to respond (HFrecEF vs. persistent HFrEF). Odds ra-
tios were calculated with 95% confidence intervals (CIs).
Modelling assumption of linearity and normality of continu-
ous risk factors were assessed. Flexible modelling that relaxes
the linearity and/or appropriate transformation for skewed
variables has been applied when the assumptions failed.

For the comparison of the change in the diagnostic imaging
parameters, biomarker values, and the quality of life mea-
sures, the linear mixed effects model for repeated measure
outcomes was applied. The model comprises the responses
of the three groups and its interaction with time (baseline,
12 months) as fixed-effects component and patient-specific
random intercept to account for the correlation of repeated
measurements within a subject. The distribution of the mea-
surements was assessed for violation of the normality as-
sumption and was log transformed if necessary.

Proportional hazards Cox regression was used to evaluate
whether the HFrecEF patients differ from persistent
HFpEF/HFmrEF regarding hospitalization and the composite of
hospitalization and emergency department visit at 1 year. Both
univariable and multivariable regression models were used to
determine the unadjusted and adjusted effect estimates of haz-
ard ratios (HRs) and 95% CI. Baseline risk factors that were dif-
ferent expressed between the groups in a univariable analysis
were considered in the adjusted model. The factors include
age (per 10 years and split at 65 years), gender, aetiology of
HF (ischaemic vs. non-ischaemic), duration of HF, history of cor-
onary artery disease, and previous coronary revascularization
(coronary artery bypass grafting or percutaneous coronary in-
tervention). Kaplan–Meier method was used to estimate the
event-free survival rates, and the log-rank test was applied to
evaluate significance of the difference between the three
groups. No imputation for missing data was performed for
any variable. A two-sided test with P value< 0.05was regarded
as significant. All statistical analyses were performed with SAS
version 9.4 (SAS Institute, Inc., Cary, NC).

Results

Study cohort

The cohort distribution is shown in Figure 1. Among the 621
patients, 261 without Stage C HF were excluded and an

additional 44 were subsequently excluded for either insuffi-
cient echocardiographic data (29 patients) or a bidirectional
LVEF pattern (15 patients, including 4 with initial EF > 40%
falling to below 40% and 11 with initial improvement in LVEF
and subsequent fall to below 40%), leaving 316 for this anal-
ysis. The median age (IQR) was 69 (60.78) years. Most of our
cohort were Caucasian (91%), male patients (63%), suffered
from non-ischaemic HF aetiology, (64%) and reported HF as
a diagnosis for median 4 (IQR: 1.5–8) years duration at the
time of enrolment. We identified 95 participants with
HFrecEF, 56 who did not improve LVEF (persistent HFrEF)
and 165 with persistent HFpEF/HFmrEF.

Baseline characteristics by heart failure group

Overall, participants with persistent HFpEF/HFmrEF were
older, more likely to be female participants, to have a
non-ischaemic aetiology of HF, a history of hypertension,
atrial fibrillation, and less likely to be treated with beta
blockers when compared with pooled participants in both
HFrecEF and persistent HFrEF groups (Table 1). There was
no difference in baseline medical therapy, quality of life
scores, biomarker values, or left atrial volume index between
groups (Table 2).

As shown in Tables 1 and 2, participants with HFrecEF were
more likely than those with persistent HFrEF to be female
participants (28% vs. 16%; P = 0.064), present with
non-ischaemic HF (65% vs. 41%; P = 0.0041), reported shorter
duration of HF [median (IQR): 24 (12.72) months vs. 78
(24.120); P = 0.0001], and a lower prevalence of prior revas-
cularization (coronary artery bypass grafting: 10.5% vs. 25%
and percutaneous coronary intervention: 20% vs. 39.3%). At
study baseline, LVEF was higher in the HFrecEF group while
RVSP, LV diameter, and end-systolic and end-diastolic volume
index were lower. In addition, baseline serum BNP, NT-
proBNP, and hs-TnT were all lower (Table 3) in the HFrecEF
group. There were no differences in medical therapy or qual-
ity of life scores observed between the two groups.

Table 3 summarizes the association of baseline characteris-
tics to response status. In the adjusted analysis, only the du-
ration of HF was found to be independently associated with
recovery of LVEF [adjusted odds ratios (95% CI): 0.48(0.31–
0.76)].

Cardiac imaging and biomarkers: change from
baseline to 1 year

Participants with HFrecEF demonstrated an increase in LVEF
at 1 year (44.9 ± 1.0 to 49.9 ± 1.0, P < 0.001) and a decrease
in LV end systolic diameter (4.09 ± 0.09 to 3.94 ± 0.088
P = 0.043. Compared with that of the persistent HFrEF, the
mean change in LVEF was significantly higher [Δβ1(95% CI):
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4.0% (0.15–7.90), P = 0.042] while there were not significant
changes nor difference of changes in right ventricular systolic
pressure or left atrial volume index (Table 2). Participants
with persistent HFrEF did not demonstrate change from base-
line in any of these parameters. There was no difference in
change from baseline to 1 year in BNP or NT-proBNP in either
group. However, baseline hs-TnT did not change from base-
line in the HFrecEF group (12 ± 17 to 9 ± 14) while it increased
at 1-year follow up in the persistent HFrEF group (17 ± 3 to
25 ± 5), a difference of 6 (3–9, P = 0.01). Participants with per-
sistent HFpEF/HFmrEF did not demonstrate significant
change from baseline in any echocardiographic, or biomarker
parameter.

Clinical outcomes at 1 year

Figure 2 shows higher hospitalization-free survival in the
HFrecEF group with similar event rates compared with the
persistent HFrEF and HFpEF/HFmrEF groups [adjusted HR:
0.40 (0.18–0.90)], while event rates between persistent
HFrEF and HFpEF/HFmrEF groups were similar [HR, 1.16
(0.59–2.29)]. No differences in the change in quality of life
over time were observed in any of the three groups.

Discussion

Our data confirm the association of baseline patient charac-
teristics related to LVEF recovery1,5,6,9–11, and demonstrate
two novel findings in patients with pre-existing HFrecEF: (i)
evidence of additional LVEF improvement at a median 2 years
following initial diagnosis and (ii) lower baseline and stable
serum hs-TnT levels in contrast to increasing levels in those
with persistent HFrEF. Taken together, these findings support
the notion that significant improvement in LVEF may occur
after 2 years and associate with lower and stable serum levels
of cardiac damage.

Reverse remodelling and myocardial recovery

Reduction of LV volume with consequent improvement in
LVEF, known as reverse remodelling (LVRR), has been de-
scribed in 16–70% of patients with HFrEF, largely related to
variable definitions according to absolute change in LVEF
and duration of follow up. McNamara et al.13 reported that
a 6-month improvement in LVEF from baseline of >10% oc-
curred in 70% while 40% improved by >20%. Kalogeropoulos
et al.10 utilized a single cut point EF of 40% and reported only

FIGURE 1 CONSORT diagram of patient disposition. Measurements of left ventricular ejection fraction (LVEF) included all obtained historical data (not
evaluated in the core lab) and the study baseline echo (evaluated in the core lab). Participants were included if there were at least two LVEF measure-
ments of adequate quality, measured at least 1 year apart. They were classified as heart failure with recovered ejection fraction (HFrecEF) if at least one
historical LVEF measured <35% and a subsequent or study baseline LVEF measured >35% and was at least 5% higher than the lowest previous LVEF.
Participants were classified as persistent heart failure with reduced ejection fraction if any prior LVEF measured <35% and they did not experience
improvement as previously mentioned and as heart failure with preserved ejection (heart failure with mid-range ejection fraction) fraction if no prior
or baseline LVEF measured <40%.
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16.5% of their cohort met this criteria while While Bhatt re-
ported LV recovery in 263 of 568 patients using a single cut
point EF of 35%.16

Lupon used a single cut point of 45% in a sample of 1000
patients and found that 25% met criteria for
improvement.5,10 We have previously reported a much
higher rate of LV improvement (37%) using a EF cut point
of 40% in very large cohort (10 641, of whom 3124 have base-
line LVEF < 40%).6 These results compare with previous re-
views of reverse remodelling, which suggest a 35% rate of
reverse remodelling as defined by >10% improvement in
LVEF at 24 months from baseline and with an initial mean im-
provement of 8–10%.1,7 Thus, the prevalence of LVRR de-
pends greatly upon both definition and disease duration.
Importantly, no single definition of LVRR has been validated,
which is perhaps not surprising given the continuous nature
of this measure. Accordingly, we employed a less restrictive
definition of LVRR for our analysis as a means of expanding
the sample size of patients with recovered EF.

Predictors of late left ventricular reverse
remodelling

Several correlates for LVRR have been reported in most stud-
ies, including younger age, female sex, non-ischaemic
aetiology, shorter duration of HF, higher baseline LV volume,
and use of beta blockers.1,6,7 Other factors reported to asso-
ciate with LVRR, such as the presence of the minor allele of
re777652, a hypocretin receptor-2.17 Recently, hs-TnT has
been reported to associate with outcomes in HF with a
meta-analysis of studies suggesting a level < 18 ng/L to pre-
dict lower risk of death and hospitalization, but this level was
not tested for prediction of reverse remodelling.18 Others
have suggested superior predictive strength for LV recovery
of circulating ST2 level, where a score has been developed
and validated.1,9,19 However, these results were derived from
data at initial diagnosis (disease duration < 1 year) and its
correlation with LVRR. In our cohort, the median time from
diagnosis of HF to study baseline was 4 years. Thus, our re-
sults reflect processes occurring much later in the disease
journey, a period that has not been studied. Upon availability
of our multi-marker data, we plan to assess these and other
biomarkers for prediction of late improvement of LV function
and of outcomes.

Characteristics that have been previously reported to be
associated with recovery of LVEF were so associated in our
cohort, although in multivariate analysis, we found that only
duration from HF diagnosis remained predictive. Importantly,
we noted patients with persistent HFrEF demonstrated a
small but significant increase in hs-TnT, a finding not previ-
ously reported. Although the between-group differences in
hs-TnT levels were not ‘clinically’ elevated, serial measure-
ment may provide clues to future clinical trajectory. Recent

Table 1 Patient characteristics by the response group (n = 316)

Baseline
characteristics

Response status

HFrecEF
(n = 95)

Persistent
HFrEF

(n = 56)
HFpEF/HFmrEF
(n = 165)

Overall
P value

Age, median
(IQR)

66 (55, 74) 65 (58, 74) 73(64,81) ***<.0001

Gender (female),
%

28 (29.5) 9 (16.1) 80(48.5) *** <.0001

Ethnicity 0.66
Caucasian 82 (86.3) 53 (94.6) 151(91.5)
Aboriginal 3 (3.2) 1 (1.8) 3(1.8)
South Asian 7 (7.4) 1 (1.8) 6(3.6)
Other 3 (3.2) 1 (1.8) 5(3.0)

CCS angina
classification

0.43

0 82(86.3) 43(76.8) 126(76.4)
>1 11(11.6) 10(17.9) 26(15.8)
Not available 2(2.1) 3(5.3) 13(7.9)

NYHA functional
classification

0.49

Class I 26 (27.4) 11 (19.6) 38(23.0)
Class II-IV 67 (70.5) 45 (80.4) 125(75.8)
Not available 2 (2.1) 0 (0.0) 2(1.2)

Quality of life
KCCQ-CSS 77.0 ± 2.2 75.8 ± 2.8 69.1 ± 1.67

Primary
aetiology of
heart failure

0.0003

Ischaemic 32 (33.7) ** 32 (57.1) 45(27.3) ***
Non-ischaemic 62 (65.3) 23 (41.1) 116(70.3)
Not available 1(1.1) 1(1.8) 4(2.4)

Duration of HF
diagnosis,
(median IQR,
months)

24 (12, 72)**78 (24, 120) 48(18,96) * 0.0015

Medical comorbidity
Hypertension 50 (52.6) 28 (50.0) 128 (77.6) *** <.0001
Diabetes 33 (34.7) 20 (35.7) 65(39.4) 0.73
Coronary artery
disease

37 (38.9) * 33 (58.9) 65(39.4) * 0.026

Atrial fibrillation 34 (35.8) 26 (46.4) 85(51.5) 0.049
Chronic
obstructive
pulmonary
disease

19 (20.0) 10 (17.9) 36(21.8) 0.81

Previous CABG 10 (10.5) * 14 (25.0) 24(14.5) 0.054
Previous PCI 19 (20.0) * 22 (39.3) 30(18.2) ** 0.0038
Medication use, %
Beta blocker 93 (97.9) 55 (98.2) 136(82.4) ** <.0001
ACEi/ARB 85 (89.5) 52 (92.9) 136(82.4) 0.083
Diuretic 75 (78.9) 44 (78.6) 136(82.4) 0.72
Statins 59 (62.1) 37 (66.1) 111(67.3) 0.70
ASA 60 (63.2) 41 (73.2) 93(56.4) * 0.075
Digoxin 17 (17.9) 9 (16.1) 16(9.7) 0.14
Antiplatelet 11 (11.6) 9 (16.1) 11(6.7) * 0.097
Anticoagulant 41 (43.2) 27 (48.2) 79(47.9) 0.73

ACEi/ARB, angiotensin II converting enzyme inhibitor/angiotensin II
receptor blocker; CABG, coronary artery bypass grafting; CCS, Ca-
nadian Cardiovascular Society; HFrecEF, heart failure with recov-
ered ejection fraction (responder); HFrEF, persistent heart failure
with reduced ejection fraction; HFpEF/HFmrEF, heart failure with
preserved ejection fraction; IQR, interquartile interval; KCCQ-CSS,
Kansas City Cardiomyopathy Questionnaire Clinical Summary
Score; NYHA, New York Heart Association; PCI, percutaneous coro-
nary intervention.
*P < 0.05 compared with HFrEF.
**P < 0.01 compared with HFrEF.
***P < 0.001 compared with non-responders.

2729

ESC Heart Failure 2020; 7: 2725–2733
DOI: 10.1002/ehf2.12863



Ta
b
le

2
H
ea

rt
fa
ilu

re
w
it
h
re
co

ve
re
d
ej
ec
ti
on

fr
ac
ti
on

an
d
he

ar
t
fa
ilu

re
w
it
h
pr
es
er
ve
d
ej
ec
ti
on

fr
ac
ti
on

vs
.p

er
si
st
en

t
he

ar
t
fa
ilu

re
w
it
h
re
du

ce
d
ej
ec
ti
on

fr
ac
ti
on

:c
ha

ng
e
fr
om

ba
se
lin

e
to

1-
ye
ar

fo
llo

w
up

ac
co

rd
in
g
to

he
ar
t
fa
ilu

re
w
it
h
re
co

ve
re
d
ej
ec
ti
on

fr
ac
ti
on

,p
er
si
st
en

t
he

ar
t
fa
ilu

re
w
it
h
re
du

ce
d
ej
ec
ti
on

fr
ac
ti
on

,a
nd

he
ar
t
fa
ilu

re
w
it
h
pr
es
er
ve
d
ej
ec
ti
on

fr
ac
ti
on

;
ec
ho

ca
rd
io
gr
ap

hi
c,

bi
om

ar
ke

r,
an

d
qu

al
it
y
of

lif
e
pa

ra
m
et
er
s

Pa
ra
m
et
er

(m
ea

n
±

SE
)

D
iff
er
en

ce
/r
at
io

in
ra
te

of
ch

an
ge

(Δ
β1

a )

C
om

pa
ra
to
rs

H
Fr
ec
EF

(n
=

95
)

Pe
rs
is
te
nt

H
Fr
EF

(n
=

56
)

H
Fp

EF
/H
Fm

rE
F
(n

=
16

5)
H
Fr
ec
EF

vs
.H

Fr
EF

H
Fp

EF
/H
Fm

rE
F
vs

H
Fr
EF

Ba
se
lin

e
12

m
on

th
s

Ba
se
lin

e
12

m
on

th
s

Ba
se
lin

e
12

m
on

th
s

Δ
β1

(9
5%

C
I)

P
va
lu
e

Δ
β1

(9
5%

C
I)

P
va
lu
e

Ec
ho

ca
rd
io
gr
ap

hi
c
m
ea

su
re
m
en

ts
LV

ej
ec
ti
on

fr
ac
ti
on

(%
)

44
.8

±
1.
0

49
.9

±
1.
0

24
.7

±
1.
2

25
.8

±
1.
6

58
.0

±
0.
7

59
.6

±
0.
8

4.
0(
0.
15

–
7.
90

)
0.
04

2
0.
51

(�
3.
11

–
4.
13

)
0.
78

RV
SP

+
31

.9
±

2.
0b

32
.8

±
2.
1

40
.2

±
2.
8

39
.5

±
3.
3

34
.4

±
1.
6N

S
33

.7
±

1.
6

1.
04

(0
.8
2–

1.
33

)
0.
72

1.
0(
0.
80

–
1.
24

)
0.
96

LV
ID
d
(c
m
)

5.
37

±
0.
08

0b
5.
32

±
0.
08

2
6.
39

±
0.
10

6.
33

±
0.
12

4.
77

±
0.
06

b
4.
76

±
0.
06

2
0.
01

3(
�0

.2
0–

0.
23

)
0.
90

0.
05

(�
0.
15

–
0.
25

)
0.
62

LV
ID
s
(c
m
)

4.
09

±
0.
09

0b
3.
94

±
0.
08

8
5.
57

±
0.
11

5.
50

±
0.
13

3.
17

±
0.
06

4b
3.
15

±
0.
06

7
�0

.0
88

(�
0.
36

–
0.
18

)
0.
52

0.
05

4(
�0

.1
9–

0.
30

)
0.
67

LA
V
i(
m
L/
m

2
)+

31
.8

±
1.
5b

33
.1

±
1.
6

42
.7

±
2.
6

45
.0

±
3.
1

36
.1

±
1.
3b

36
.4

±
1.
3

0.
99

(0
.8
6–

1.
13

)
0.
86

0.
95

(0
.8
4–

1.
08

)
0.
46

Bi
om

ar
ke

rs
BN

P+
(p
m
ol
/m

L)
96

.7
±

11
.8
4b

87
.0

±
11

.0
28

2.
7
±

41
.8

26
9.
9
±

43
.6

12
1.
4
±

10
.7

b
11

7.
6
±

10
.6

0.
94

(0
.7
2–

1.
24

)
0.
67

1.
01

(0
.7
9–

1.
30

)
0.
89

N
T-
pr
oB

N
P+

(p
m
ol
/m

L)
61

.2
±

9.
1b

50
.8

±
7.
8

17
4.
0
±

31
.3

17
0.
3
±

33
.2

64
.6

±
7.
0b

67
.3

±
7.
4

0.
85

(0
.6
2–

1.
16

)
0.
30

1.
07

(0
.8
0–

1.
42

)
0.
66

Tr
op

on
in

+

(n
g/
L)

0.
01

2
±

0.
00

17
b
0.
00

96
±

0.
00

14
0.
01

7
±

0.
00

28
0.
02

5
±

0.
00

48
0.
01

±
0.
00

1b
0.
01

1
±

0.
00

11
0.
55

(0
.3
3–

0.
86

)
0.
01

0
0.
76

(0
.4
8–

1.
14

)
0.
17

H
ae

m
og

lo
bi
n
(m

g/
dL

)
14

0.
4
±

1.
9N

S
13

9.
9
±

2.
0

13
7.
2
±

2.
6

13
7.
1
±

2.
9

13
3.
1
±

1.
5N

S
13

2.
0
±

1.
5

�0
.3
7(
�7

.0
6–

6.
32

)
0.
91

�0
.9
3(
�3

.2
5–

9.
56

)
0.
33

A
LT

+
(IU

/m
L)

23
.3

±
1.
5N

S
26

.9
±

6.
3

27
.5

±
2.
4

23
.2

±
5.
5

22
.1

±
1.
1N

S
25

.8
±

3.
7

1.
36

(0
.5
6–

3.
31

)
0.
41

1.
41

(0
.6
8–

2.
93

)
0.
28

C
re
at
in
in
e+

(u
m
ol
/L
)

92
.7

±
3.
5b

96
.5

±
3.
6

10
7.
3
±

5.
3

10
5.
5
±

5.
6

10
4.
3
±

2.
9N

S
10

6.
4
±

3.
1

1.
06

(0
.9
6–

1.
17

)
0.
26

1.
04

(0
.9
5–

1.
14

)
0.
43

Po
ta
ss
iu
m

(m
m
ol
/L
)

4.
45

±
0.
05

N
S

4.
55

±
0.
05

4.
56

±
0.
07

4.
47

±
0.
08

4.
37

±
0.
03

8b
4.
33

±
0.
04

0.
19

(�
0.
03

–
0.
41

)
0.
09

0.
06

(�
0.
14

–
0.
27

)
0.
55

So
di
um

+

(p
m
ol
/m

L)
13

9.
8
±

0.
4

13
9.
4
±

0.
4

13
9.
4
±

0.
5

13
9.
2
±

0.
6

14
0.
0
±

0.
3

13
9.
4
±

0.
3

1.
00

(0
.9
9–

1.
01

)
0.
82

1.
00

(0
.9
9–

1.
01

)
0.
63

Q
ua

lit
y
of

lif
e

KC
C
Q

C
lin

ic
al

Sc
or
e

77
.0

±
2.
2

77
.0

±
2.
2

75
.8

±
2.
8

77
.7

±
3.
2

69
.1

±
1.
67

68
.3

±
1.
73

�1
.8
3(
�7

.6
–
3.
92

)
0.
53

�2
.6
9(
�8

.0
9–

2.
72

)
0.
33

KC
C
Q

O
ve
ra
ll
Sc
or
e

73
.6

±
2.
3

74
.5

±
2.
4

72
.5

±
3.
0

74
.0

±
3.
3

67
.9

±
1.
74

67
.4

±
1.
8

�0
.6
8(
�6

.6
6–

5.
30

)
0.
82

�2
.0
8(
�7

.7
–
3.
54

)
0.
47

A
LT
,a

la
ni
ne

am
in
ot
ra
ns
fe
ra
se
;B

N
P,

br
ai
n
na

tr
iu
re
ti
c
pe

pt
id
e;

H
Fp

EF
/H
Fm

rE
F,
he

ar
t
fa
ilu

re
w
it
h
pr
es
er
ve
d
ej
ec
ti
on

fr
ac
ti
on

;H
Fr
ec
EF
,h

ea
rt
fa
ilu

re
w
it
h
re
co

ve
re
d
le
ft
ve
nt
ri
cu

la
re

je
ct
io
n

fr
ac
ti
on

;H
Fr
EF
,h

ea
rt
fa
ilu

re
w
it
h
re
du

ce
d
le
ft
ve
nt
ri
cu

la
r
ej
ec
ti
on

fr
ac
ti
on

;K
C
C
Q
,K

an
sa
s
C
it
y
C
ar
di
om

yo
pa

th
y
Q
ue

st
io
nn

ai
re
;L

A
V
i,
le
ft
at
ria

lv
ol
um

e
in
de

x;
LV

ES
V
i,
le
ft
ve
nt
ri
cu

la
r
en

d
sy
st
ol
ic

vo
lu
m
e
in
de

x;
LV

ID
d,

le
ft

ve
nt
ri
cu

la
r
en

d
di
as
to
lic

di
m
en

si
on

;
LV

ID
s,

en
d
sy
st
ol
ic

le
ft

ve
nt
ric

ul
ar

di
m
en

si
on

;
N
S,

no
t
si
gn

ifi
ca
nt

ba
se
lin

e
di
ff
er
en

ce
co

m
pa

re
d
w
it
h
pe

rs
is
te
nt

H
Fr
EF

gr
ou

p;
N
T-
pr
oB

N
P,

N
-T
er
m
in
al

br
ai
n
na

tr
iu
re
ti
c
pe

pt
id
e;

RV
ES

V
i,
ri
gh

t
ve
nt
ri
cu

la
r
en

d
sy
st
ol
ic

vo
lu
m
e
in
de

x;
RV

SP
,e

st
im

at
ed

ri
gh

t
ve
nt
ric

ul
ar

sy
st
ol
ic

pr
es
su
re
.

a Δ
β1

is
th
e
de

ri
ve
d
fr
om

fi
xe
d
ef
fe
ct

sl
op

e
in

th
e
ra
nd

om
ef
fe
ct
s
m
od

el
an

d
it
m
ea

su
re
s
th
e
di
ff
er
en

ce
in

th
e
ra
te

of
ch

an
ge

or
th
e
ra
ti
o
of

th
e
ra
te
s
of

ch
an

ge
s
(f
or

va
ri
ab

le
s
in
di
ca
te
d
‘+

’

fo
r
w
hi
ch

th
e
m
od

el
w
as

fi
tt
ed

in
a
lo
g-
sc
al
e)
.

b
Si
gn

ifi
ca
nt

di
ff
er
en

ce
(P

<
0.
05

)
at

ba
se
lin

e
co

m
pa

re
d
w
it
h
pe

rs
is
te
nt

H
Fr
EF
.

2730 J.G. Howlett et al.

ESC Heart Failure 2020; 7: 2725–2733
DOI: 10.1002/ehf2.12863



reports indicate subclinical but elevated levels of hs-TnT asso-
ciate with incident HF, irrespective of coronary artery
disease,20,21 and with worse clinical outcomes following HF
decompensation.18 Similarly, falling levels have been associ-
ated with improved prognosis, suggesting that progression
of HF is preceded by ongoing myocyte injury.20,22,23 In this re-
port, we provide the link between late serial troponin levels
and LV function. With upcoming availability of our
multi-marker data, we hope to examine other biomarker cor-
relates of late reverse remodelling, including attempted vali-
dation of the ST2-R2 score.

No differences in quality of life scores at baseline or were
seen between our groups, reinforcing that assessment of LV
remodelling cannot be ascertained on a clinical basis alone.

However, scores in this study were higher than typically seen
in patient registries, suggesting a relatively stable cohort with
little potential for additional improvement in symptoms or
quality of life.

Study limitations

Our study had several limitations. This study enrolled partici-
pants from stable outpatient clinics from two tertiary care
centres, limiting generalizability. The cohort of 360 patients,
of which only 95 demonstrated LVEF recovery, is of modest
size, limiting statistical power. While the study baseline and
follow up data were interpreted and adjudicated centrally,
the historical LVEF values were obtained from several differ-
ent diagnostic centres, without standardized imaging fre-
quencies and with baseline images were not available for
interpretation to confirm the reported EF. This may have in-
creased error in participant categorization and further selec-
tion bias. The threshold for improvement in LVEF in our
study was 5%, in contrast to previous studies. However, EF
is generally continuous measure and therefore no gold stan-
dard threshold to dichotomize recovery of EF has been
established. Several reports have also included an absolute
EF threshold value, such as 35%, 40%, 50%, above, or below
which patients were categorized. While each level may have
its own merit, EF is a generally continuous measure. We
elected to include both an improvement threshold (5%) as
well as an absolute level (35%) because this allowed for in-
creased number of HFrecEF classifications and ability to align
with previous reporting algorithms employed during histori-
cal measurements. The major concern with the use of a 5%
absolute increase in EF would be lack of sensitivity for detec-
tion of differences between those with recovered vs.
non-recovered EF; however, our findings were consistent
with previously reported studies and so we feel that 5%
may be a reasonable threshold. Several unmeasured factors
associated with reverse remodelling may not have been in-
cluded in our logistic model for recovery for LVEF, such as
medication adherence, family history of non-ischaemic car-
diomyopathy, or other reversible causes of HF such as
tachycardia-mediated cardiomyopathy or substance abuse.
Further differences in LVEF or other biomarkers might have
been evident with longer follow up. We defined HFrEF as less
than 35%. We used this cut point primarily because earlier
echocardiographic grading systems used 35% as the cut point
in many labs to define severe HFrEF and many of the histor-
ical LVEF values were described in this manner. As such, we
included patients with historical LVEF 36–40% as having
HFpEF/HFmrEF. While we did not observe changes in quality
of life scores, baseline levels were high and may limit oppor-
tunities for further improvement, particularly in the HFrecEF
group.

Table 3 Baseline characteristics associated with responder (heart
failure with recovered ejection fraction) status (n = 95)

Factors

Univariable analysis Multivariable analysis

OR (95% CI) P value OR (95% CI) P value

Age, per 10 years
≤65 0.72(0.43–1.26)0.26 1.17(0.58–2.37)0.66
>65 1.42(0.74–2.75)0.29 1.37(0.61–3.10)0.45

Gender: female vs.
male

2.18(0.94–5.05)0.068 2.37(0.75–7.53)0.14

CCS angina
classification

0.25

0 ref -
≥1 0.58(0.23–1.47) -

NYHA functional
class

0.19

Class I ref -
Class II-IV 0.59(0.27–1.29) -

Primary aetiology of
HF

0.004 0.82

Ischaemic vs.
non-ischaemic

0.37(0.19–0.74) 0.80(0.12–5.42)

Duration of HF
(months log scale)

0.48(0.32–0.73)0.00010.48(0.31–0.76)0.0016

Medical
comorbidity

Hypertension 1.11(0.57–2.15)0.75 -
Diabetes 0.96(0.48–1.91)0.90 -
Coronary artery

disease
0.45(0.23–0.87)0.018 0.64(0.12–3.35)0.60

Atrial fibrillation 0.64(0.33–1.26)0.20 -
COPD 1.15(0.49–2.67)0.75 -

Previous CABG or
PCI

0.36(0.18–0.72)0.00340.68(0.17–2.72)0.58

Medication use
Beta blocker 0.85(0.08–9.54)0.89 -
ACEi/ARB 0.65(0.20–2.19)0.48 -
Diuretic 1.02(0.46–2.29)0.96 -
Statins 0.84(0.42–1.68)0.62 -
ASA 0.63(0.30–1.29)0.20
Digoxin 1.14(0.47–2.76)0.77 -
Antiplatelet 0.68(0.26–1.77)0.44 -

ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin II
receptor blocker; CABG, coronary artery bypass grafting; CCS, Ca-
nadian Cardiovascular Society; COPD, chronic obstructive pulmo-
nary disease; HF, heart failure; HFrecEF, heart failure with
recovered ejection fraction (responder); NYHA, New York Heart As-
sociation; PCI, percutaneous coronary intervention.
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Conclusions

In this Alberta HEART sub-study, patients evaluated a median
4 years following diagnosis and with prior recovery of LVEF
demonstrate, in addition to previously reported characteris-
tics, lower and stable levels of circulating hs-TnT and further
improvement in LVEF. These findings help to provide insights
into the nature of the LV remodelling process and support
the importance of markers of low-level myocyte injury and
ongoing surveillance of LVEF, even without any change in
symptoms.
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