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ABSTRACT
OBJECTIVES The objective of this study was to determine the relationship between heart rate and relapse among
patients in the TRED-HF (Therapy withdrawal in REcovered Dilated cardiomyopathy trial).
BACKGROUND Understanding markers and mechanisms of relapse among patients with recovered dilated
cardiomyopathy (DCM) may enable personalized management.
METHODS The relationship between serial heart rate measurements and relapse was examined among patients in the
TRED-HF trial, a randomized trial which examined the safety and feasibility of withdrawing heart failure therapy from 51
patients with recovered DCM over 6 months. In total, 25 patients were randomized to therapy withdrawal and 26 to
continue therapy, of whom 25 subsequently began therapy withdrawal in a single arm crossover phase.
RESULTS The mean  SD heart rate for those who had therapy withdrawn and did not relapse was 64.6  10.7 beats/min
at baseline and 74.7  10.4 beats/min at follow-up, compared to 68.3  11.3 beats/min at baseline and 86.1  11.8 beats/
min at follow-up for those who relapsed. After adjusting for differences in heart rate at baseline, patients who had therapy
withdrawn and relapsed had a 10.4 beats/min (95% CI: 4.0–16.8) greater rise in heart rate than patients who had therapy
withdrawn and did not relapse (P ¼ 0.002). After data were adjusted for age, log N-terminal pro–B-type natriuretic peptide,
and left ventricular ejection fraction (LVEF), heart rate (per 10 beats/min; hazard ratio [HR]: 1.65; 95% CI: 1.10-2.57;
P ¼ 0.01) and change in heart rate from baseline (per 10 beats/min; HR: 1.70; 95% CI: 1.12–2.57; p ¼ 0.01) were associated
with relapse. The results remained qualitatively the same after adjusting for beta-blocker dose.
CONCLUSIONS For patients with DCM and improved LVEF, the rise in heart rate after treatment is withdrawn
treatment identiﬁes patients who are more likely to relapse. Whether the increase in heart rate is a marker or a
mediator of relapse requires investigation. (Therapy withdrawal in REcovered Dilated cardiomyopathy trial
[TRED]; NCT02859311) (J Am Coll Cardiol HF 2021;9:509–17) © 2021 The Authors. Published by Elsevier
on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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F I G U R E 1 Derivation of Patients for Analyses

Flow chart shows the allocation and follow-up of patients in the randomized and single-arm cross-over phases and the numbers of patients
included in the current analyses.

STATISTICAL ANALYSIS. The main analyses were

models with 4 knots were used. Third, the association

nonrandomized comparisons of heart rate measure-

between heart rates at each visit and relapses at

ments

relapsed

either the same visit or until the time of the next

following therapy withdrawal. Accordingly, data from

heart rate measurement was estimated. To do that,

the therapy withdrawal arm were used during the

Cox proportional hazards model was used, ﬁtting

randomized phase of TRED-HF (baseline at month 0,

heart rates at each visit as the time-updated covariate

according

to

whether

patients

end of follow-up at 6 months) and from the control

(11). Similar models were used to investigate the role
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the subsequent visit (Supplemental Appendix). We

rate measurements at the end of the study or the time
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of relapse were compared between patients who did

tional set of Cox models were adjusted for markers of

relapse and those who did not. Differences were

disease severity at baseline: age, log NT-proBNP, and
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of covariance (ANCOVA) model with the heart rate at

proxy for dose of beta-blocker, a further Cox model
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was also adjusted for beta-blocker dose as a time-
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and relapse status as the independent variables.

change in heart rate and change in LVEF, global lon-
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tracking CMR) and NT-proBNP concentration be-
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patient relapsed. To do this, fractional polynomial

Spearman correlation coefﬁcient.
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patients are presented in Table 1. All patients were in

T A B L E 1 Baseline Characteristics

Age, yrs
Women
Heart rate, beats/min
Systolic BP, mm Hg

sinus rhythm at baseline. Three patients developed
atrial ﬁbrillation during therapy withdrawal. One

Therapy Withdrawal
Without Relapse
(n ¼ 29)

Therapy Withdrawal
With Relapse
(n ¼ 20)

Control
(n ¼ 26)

50  11

59  11

53  13

meeting the primary endpoint criteria; sinus rhythm
was recorded at each study visit. Two others devel-

8 (28)

9 (45)

8 (31)

64.6 (10.7)

68.3 (11.3)

69.9 (9.8)

125 (10)

123 (14)

125 (12)

patient

was

immediately

cardioverted

without

oped atrial ﬁbrillation and met the primary endpoint
and were therefore censored at this date.

Diastolic BP, mm Hg

73 (10)

72 (10)

74 (8)

Weight, kg

87 (24)

84 (19)

82 (21)

CHANGE IN HEART RATE OVER FOLLOW-UP. The

Idiopathic

21 (72)

13 (65)

15 (58)

mean  SD heart rate at baseline and follow-up was

Familial

3 (10)

4 (13)

4 (15)

64.6  10.7 beats/min and 74.7  10.4 beats/min for

Environmental insult

5 (17)

4 (20)

7 (27)

those who had therapy withdrawn but did not
relapse and 68.3  11.3 and 86.1  11.8 beats/min

TTNtv

6 (21)

4 (20)

4 (15)

ACE inhibitor/ARB

29 (100)

20 (100)

26 (100)

Beta-blocker

24 (82.8)

19 (95.0)

24 (92.0)

MRA

8 (27.6)

15 (75.0)

12 (46.0)

Loop diuretic

2 (6.9)

4 (20.0)

3 (12.0)

arm, the baseline and follow-up heart rates were

LVEF %

61 (6)

59 (6)

59 (5)

69.9  9.8 beats/min and 65.9  9.1 beats/min

LVEDVi, ml/m2

78 (16)

81 (13)

80 (13)

(Table 2, Figure 2).

RVEF %

58 (6)

58 (6)

59 (6)

Among patients who had therapy withdrawn, the

RVEDVi, ml/m2

78 (18)

77 (16)

77 (17)

latest time points at which loop diuretics, MRAs,

50 (32–97)

111 (70–159)

75 (38–132)

29 (7)

25 (5)

27 (7)

95 (6.0)

95 (5.0)

93 (7.5)

NT-proBNP, ng/l
Peak VO2, ml/kg/min*
KCCQ

for those who had therapy withdrawn and relapsed.
For those who continued therapy in the control

beta-blockers, and ACE inhibitors and ARBs were
discontinued was 14, 28, 84, and 112 days, respectively. Among patients who had therapy withdrawn

Values are mean  SD, n (%), or median (interquartile range). Characteristics taken at baseline for patients in the
randomized phase and at 6 months for those having therapy withdrawn in cross-over phase. *Data were not
available for n ¼ 2 therapy withdrawal without relapse, n ¼ therapy withdrawal with relapse, and n ¼ 2 controls.

and relapsed, there was a persistent and steady rise in

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker; BP ¼ blood pressure; BSA ¼ body
surface area; KCCQ ¼ Kansas City Cardiomyopathy Questionnaire; LV ¼ left ventricular; LVEDVi ¼ left ventricular
end diastolic volume indexed to body surface area; LVEF ¼ left ventricular ejection fraction;
MRA ¼ mineralocorticoid receptor blocker; NT-pro-BNP ¼ N-terminal pro–B-type natriuretic peptide;
RVEDVi ¼ right ventricular end diastolic volume indexed to BSA; TTNtv ¼ truncating genetic variants in the TTN
gene; VO2 ¼ oxygen consumption.

(Central Illustration). Among patients who had ther-

mean heart rate between baseline and 112 days
apy withdrawn and did not relapse, there was a less
marked rise in mean heart rate between baseline and
84 days that reached a plateau thereafter (Central
Illustration).

A p value of <0.05 was taken as signiﬁcant
throughout. Statistical analyses were performed
using Stata version 16.0 software (StatCorp). The
investigators had complete access to all raw and
derived datasets.

After adjusting for differences in heart rate at
baseline, patients who had therapy withdrawn and
relapsed had a 10.4 beats/min (95% CI: 4.0 to 16.8)
greater rise in heart rate over the follow-up period
than patients who had therapy withdrawn and did not
relapse (p ¼ 0.002) (Table 2). The changes in heart rate

RESULTS

between baseline and 4 weeks were not different be-

Of 51 patients randomized, 26 were assigned to

However, by 8 weeks, those patients who met the

continue therapy and 25 to have therapy withdrawn.

relapse endpoint had a 7.8 beats/min (95% CI: 1.88 to

One patient randomized to the therapy withdrawal

13.82; p ¼ 0.01) greater rise in heart rate than those

arm withdrew from the study shortly after enrolment.

who did not subsequently meet the primary endpoint

Another patient completed follow-up in the control

(Table 2, Supplemental Appendix A).

tween the groups (Table 2, Supplemental Appendix A).

arm but did not enter the single-arm cross-over phase

The mean rise in heart rate after withdrawal of loop

thereafter. Therefore, heart rate data were available

diuretics, MRAs, beta-blockers, ACE inhibitors, and

for 49 patients who had therapy withdrawn, 24 from

ARBs was 6.7  6.6 beats/min, 4.0  9.8 beats/min,

the randomized phase, and 25 from the cross-over

14.5  9.8 beats/min, and 7.0  12.3 beats/min. The

phase (Figure 1). Of those patients, 20 met the pri-

adjusted mean change in heart rate after withdrawal

mary relapse endpoint, and 29 completed follow-up

of each medication was not signiﬁcantly different

without meeting the primary endpoint. Data from 26

between patients who relapsed and those who did not

patients who completed follow-up in the control arm

(Supplemental Appendix B). There was a trend to-

were also analyzed. No patient who continued ther-

ward greater rise in mean heart rate following the

apy met the primary endpoint. Characteristics of

withdrawal of ACE inhibitors and ARBs among
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patients who relapsed (5.8 beats/min; 95% CI: 0.9 to
12.6; p ¼ 0.09).

T A B L E 2 Changes in Heart Rates According to Relapse

There were no differences in heart rate changes
over follow-up among carriers versus among noncarriers of truncating variants in the TTN gene
(adjusted mean difference in heart rate at follow-up
for TTNtv was 1.7 beats/min; 95% CI: 6.9 to 10.3;
p ¼ 0.7).

Baseline

Therapy
Withdrawal Without
Relapse
(n ¼ 29)

Therapy
Withdrawal With
Relapse
(n ¼ 20)

64.6 (10.7)

68.3 (11.3)

Adjusted Mean
Difference in Heart
Rate at Follow-Up

p Value *

0.38

4 weeks

71.8 (12.1)

76.6 (11.6)

2.7 (3.3 to 8.6)

8 weeks

72.0 (11.0)

81.3 (10.6)

7.9 (1.9 to 13.8)

0.01

End of follow-up

74.7 (10.4)

86.1 (11.8)

10.4 (4.0 to 16.8)

0.002

ASSOCIATION BETWEEN HEART RATE AND RELAPSE. In proportional hazard modeling, time-updated

heart rate (or attained heart rate) and change in

Values are n (%), unless otherwise indicated. Heart rate are shown at baseline and follow-up and changes in heart
rate from baseline to follow-up and from previous visit to ﬁnal visit. *Using ANCOVA, adjusting for baseline heart
rate

heart rate from baseline were associated with the
occurrence of the primary relapse endpoint at the
same visit (per 10 beats/min higher heart rate: hazard
ratio [HR]: 1.92; 95% CI: 1.34–2.73; p < 0.001; per 10
beats/min change in heart rate from baseline HR:
1.99; 95% CI: 1.37–2.89; p < 0.001) (Table 3). There was

change observed in NT-proBNP (Spearman correlation coefﬁcient ¼ 0.04; p ¼ 0.77) and change in heart
rate (Supplemental Appendix E).

DISCUSSION

no evidence that change in heart rate between the 2
most recent visits was associated with relapse (per

The present study demonstrates for the ﬁrst time that

beats/min change in heart rate from baseline HR: 1.38;

attained heart rate and change in heart rate from

95% CI: 0.88–2.17; p ¼ 0.16). After adjustments were

baseline are associated with relapse among patients

made for age, log NT-proBNP concentration, and

with recovered DCM who had therapy withdrawn.

LVEF at baseline, the association between time-

This was independent of markers of disease severity

updated heart rate and change in heart rate from

and predictors of relapse at baseline. A sensitivity

baseline and the occurrence of the relapse persisted

analysis conﬁrmed that heart rate was not simply a

(per 10 beats/min rise in heart rate: HR: 1.65; 95% CI:

proxy for beta-blocker dose. Maintaining a lower

1.10–2.57; p ¼ 0.01; per 10 beats/min change in heart

heart rate was associated with a lower risk of relapse

rate from baseline HR: 1.70; 95% CI: 1.12–2.57;

(Table 3). Patients who did not relapse after having

p ¼ 0.01). To ensure that heart rate was not a proxy

therapy withdrawn had an average rise in heart rate

for beta-blocker dose, a ﬁnal sensitivity analysis was

of 10 beats/min compared to 18 beats/min for those

performed, adjusting for beta-blocker dose as a time-

patients who relapsed. After adjusting for differences

updated variable, as well as age, log NT-proBNP

in heart rate at baseline, the average rise in heart rate

concentration, and LVEF at baseline. The results

among patients who met the primary endpoint was 10

remained

(Supplemental

beats/min greater than those who did not relapse. The

Appendix B). A cubic spline curve demonstrated a

differences in heart rates between groups was

near linear relationship between time-updated heart

observed as early as 8 weeks after the start of therapy

rate

withdrawal. In addition, the rise in mean heart rate

and

qualitatively

the

risk

the

of

same

relapse

(Supplemental

among patients who had therapy withdrawn but did

Appendix C).
In supplemental models, time-updated heart rate

not relapse reached a plateau after 84 days, which

(or attained heart rate), change in heart rate from

was also the last point at which beta-blockers were

baseline and change in heart rate from the previous

withdrawn from any patient. This was in contrast to

visit were associated with the occurrence of relapse at

patients who met the primary endpoint, in whom

the subsequent visit (Supplemental Appendix D).

average heart rate continued to rise after this point.

However, after adjustments were made for age, log

Widening of the conﬁdence intervals in the Central

NT-proBNP, and LVEF at baseline, these associations

Illustration from 112 days for patients who relapsed

were

reﬂects the small number of patients left in the

not

statistically

signiﬁcant

(Supplemental

analysis at this point.

Appendix D).
There was a moderate positive correlation between

Although there was overlap in heart rate proﬁles

change in GLS and change in heart rate between

between patients who did and did not relapse, this

baseline

was likely driven by use of a dichotomous measure to

and

follow-up

(Spearman

correlation

coefﬁcient ¼ 0.37; p ¼ 0.01). There were no signiﬁcant

deﬁne the endpoint. This is of course imperfect

correlations between change in LVEF (Spearman

because relapse represents adverse cardiac remodel-

correlation coefﬁcient ¼ 0.18; p ¼ 0.22), nor was a

ing, which is a continuous phenomenon. Some
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F I G U R E 2 Heart Rate and Change Between Baseline and End of Study* According to Relapse During Follow-Up

(A) Heart rate at relapse or the end of the study according to the occurrence of relapse. (B) Change in heart rate between baseline and relapse or the end of study
according to the occurrence of relapse. Mean  SD were included per set. *Either end of study or time of relapse.

patients who had therapy withdrawn and did not

Given the high-risk of relapse, it is crucial that we

meet the primary relapse endpoint still had evidence

have

of adverse remodeling associated with a rise in heart

monitor patients, identify early signs of relapse, and

rate. Longer follow-up is likely to have identiﬁed

reinstitute therapy before clinical decompensation

further cases of relapse. The overlap between the 2

occurs.

effective

non-invasive

measurements

to

groups represents the spectrum of remodeling across

Our data suggest that changes in heart rates may be

these patients. Calculating the sensitivity and speci-

used as a non-invasive marker of relapse to guide the

ﬁcity of a measure to detect a dichotomized deﬁnition

use of cardiac imaging and testing of natriuretic

of relapse, therefore, has obvious limitations and is

peptide. Follow-up with regular CMR, as used in this

likely to underestimate its usefulness.

trial, is rarely feasible in clinical practice. Incorpora-

Although the high rate of relapse in patients with

tion of a strategy informed by heart rate may facilitate

recovered DCM observed in TRED-HF suggests that

the tailored and rapid reintroduction of pharmaco-

most patients should continue to take disease-

logical therapy and prevent clinical relapse. Advances

modifying pharmacological therapy (3); some pa-

in digital health care technology allow heart rate to be

tients and clinicians may still decide to reduce

monitored using wearable or hand-held devices. The

therapy in speciﬁc situations. Women with a previ-

appearance of differences in heart rates between

ous diagnosis of peripartum cardiomyopathy may

groups as early as 8 weeks following the start of

want to try to become pregnant again and elect to

therapy withdrawal raises the possibility of using

stop taking renin-angiotensin-aldosterone blockers

heart-rate monitoring to predict future relapse. Alto-

(12,13). Where an obvious cause for DCM, such as

gether, until more robust evidence is available, a

persistent tachycardia or viral myocarditis, has

multiparametric approach appears advisable, with

resolved, withdrawing treatment may be considered

frequent assessment of heart rate and symptoms

logical. In other situations, patients may perceive

supported by less frequent assessment by imaging

the risk of side effects related to medications and

and biomarkers. Based on these data, a heart rate rise

the associated reduction in quality of life to be

of >10 beats/min from baseline may act as a prompt

greater than the risk of relapse. This is, after all, an

for expedited imaging investigation. Validation of

individual decision made by the patient. Patients

speciﬁc heart rate cutoffs is required and could be

and clinicians may also choose to withdraw speciﬁc

incorporated into future clinical trials investigating

medications, such as MRAs or to reduce the dose of

the management of patients with DCM and improved

medications rather than abandon all treatments.

cardiac function.
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C E N T R A L IL LU ST R A T I O N Mean Heart Rate and Mean Change in Heart Rate From Baseline With
95% Conﬁdence Intervals Calculated Using Fractional Polynomials

Loop
MRA
Beta-blocker
ACEi/ARB

Heart Rate (bpm)

100

90

80

70

Change in Heart Rate from Baseline (bpm)

60
0

28

56

84
112
Days from Baseline

180

0

28

56

84
112
Days from Baseline

180

29
19

26
24
17

26*
28
15

26
29
5

20

10

0

–10

No. of patients:
Controls
Withdrawal without Relapse
Withdrawal with Relapse

26
29
20

21
14

Halliday, B.P. et al. J Am Coll Cardiol HF. 2021;9(7):509–17.

Arrows indicate the time point at which the last patient undergoing therapy withdrawal withdrew the speciﬁed medication. *The 16-week
follow-up visit for 1 patient in the withdrawal-without-relapse group was brought forward by 4 weeks for clinical reasons. ACE ¼ angiotensin
angiotensin-converting enzyme inhibitor; ARB ¼ angiotensin receptor blocker; Loop ¼ loop diuretic; MRA ¼ mineralocorticoid receptor
antagonist.
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T A B L E 3 Association Between Heart Rate and Relapse

Crude HR (95% CI)*

p Value

Adjusted HR (95% CI)†

p Value

Model 1

Time-updated heart rate (per 10 beats/min)

1.92 (1.34 to 2.73)

<0.001

1.65 (1.10 to 2.57)

0.01

Model 2

Change in heart rate from baseline (per 10 beats/min)

1.99 (1.37 to 2.89)

<0.001

1.70 (1.12 to 2.57)

0.01

Model 3

Changes in heart rate from previous visit (per 10 beats/min)

1.38 (0.88 to 2.17)

0.16

1.22 (0.76 to 1.96)

0.42

Association among time-updated heart rate, changes in heart rate from baseline, and changes in heart rate from previous visits over days follow-up in 49 patients who underwent therapy withdrawal. *Adjusted for baseline heart rate in model 2 and heart rate at previous visit in model 3. †Adjusted for age, log NT-pro-BNP, and LVEF at baseline.
beats/min ¼ beats per minute; LVEF ¼ left ventricular ejection fraction; NT-proBNP ¼ N-terminal pro–B-type natriuretic peptide

It is uncertain whether the rise in heart rate

heart disease where reversibility of disease is even

observed in this study was the cause or the conse-

more doubtful and therapy withdrawal is likely to be

quence of worsening cardiac function. Although the

riskier (15,16).

withdrawal of each class of medication was associ-

CONCLUSIONS

ated with an overall rise in mean heart rate, the
magnitude of this was greatest with beta-blockers.
The rise in heart rate seen following the withdrawal
of non-rate-slowing medications, suggests that it may
be a consequence of decompensation and increasing
myocardial workload. However, we would advise
against over-interpretation of these results, given the
modest number of patients taking loop diuretic
agents and MRAs. It should also be borne in mind that
medications were withdrawn sequentially over a
relatively short period of time and that the change in
heart rate observed during the withdrawal of ACE
inhibitors and ARBs might have been inﬂuenced by
the

preceding

withdrawal

of

beta-blockers.

As

demonstrated in the primary publication, those patients who relapsed had markers of more severe disease at baseline with higher concentrations of
natriuretic peptides and also were older (3). It is also
important to emphasize that most patients in this
study had idiopathic or familial disease and that
dedicated studies focusing on speciﬁc causes such as
peripartum cardiomyopathy are needed.
If the rise in heart rate is an important cause for
relapse, then maintaining rate-slowing medications
at a dose sufﬁcient to control heart rate may prevent
relapses, allowing other medications to be reduced.
Adrenergic receptor blockade may be just one means
of reducing heart rate. For patients in sinus rhythm,
ivabradine also improves ventricular function and
clinical outcomes (8,14). Further research in larger
numbers of patients is required before such a
recommendation could be endorsed by guidelines.

Among patients among patients with recovered DCM
who had disease-modifying pharmacological therapy
for heart failure withdrawn, attained heart rate and
change in heart rate from baseline were associated
with relapse. A strategy that combines frequent
measurements of heart rate with less frequent
imaging assessment may be a safe and effective way
of monitoring treatment withdrawal or tapering, for
patients where this is performed out of necessity,
based on clinical circumstances or patient choice. A
lower heart rate was associated with a lower risk of
relapse. Whether heart rate control is a key determinant for maintaining remission of DCM deserves
further investigation.
ACKNOWLEDGMENTS The

authors

thank

Prof

Theresa McDonagh for acting as trial data monitor; all
research nurses in the Cardiovascular Research
Centre for their support, particularly Kevin Kirby and
Geraldine Sloane. The authors also thank Cardiomyopathy UK and the Pumping Marvellous Foundation,
which provided important support throughout the
study. The authors also thank all our colleagues and
Guy’s and St. Thomas’ NHS Foundation Trust; King’s
College Hospital NHS Foundation Trust; St George’s
NHS Foundation Trust; London Northwest NHS
Healthcare Trust; Epsom and St. Helier University
Hospitals; and Basildon and Thurrock University
Hospitals for their help in identifying potential
participants.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

The present authors also emphasize that these results
should not be applied to patients with atrial ﬁbrilla-

The TRED-HF study was an investigator-led trial sponsored by Royal

tion where the relationship between heart rate and

Brompton and Hareﬁeld National Health Service Trust. The study was

prognosis is different and where tight heart control
may be detrimental and also patients with ischemic

funded by a Clinical Research Training Fellowship from the British
Heart Foundation (FS/15/29/31492) awarded to Dr Halliday and Prasad. Additional support was received from the Alexander Jansons

Halliday et al.

JACC: HEART FAILURE VOL. 9, NO. 7, 2021
JULY 2021:509–17

Heart Rate as a Marker of Relapse in Recovered DCM

Foundation; the Cardiovascular Research Centre; and National Institute for Health Research (NIHR) Biomedical Research Unit at Royal

PERSPECTIVES

Brompton Hospital; the NIHR Imperial College Biomedical Research
Centre; and by grants from Rosetrees Trust, awarded to Dr Prasad. Dr
Halliday is supported by a Clinical Lecturer Starter Grant from the
Academy of Medical Sciences (SGL021y1025). Prof John Cleland

COMPETENCY IN MEDICAL KNOWLEDGE: A rise in heart
rate is associated with adverse remodeling and relapse among

received a Centre of Research Excellence award from the British Heart

patients with recovered dilated cardiomyopathy whose medica-

Foundation (RE/18/6/34217). Prof Pennell has received research sup-

tion is withdrawn. Combining heart rate measurement with im-

port from Siemens; and speaker fees from Chiesi and Bayer; is a
consultant for ApoPharma and Chiesi; and is a director and owns
stock in Cardiovascular Imaging Solutions. Prof Cowie has received

aging and natriuretic peptide measurement may be an effective
way of monitoring patients who elect to have medications

personal fees from Servier and Novartis, outside the submitted work.

withdrawn under speciﬁc circumstances. A heart rate rise of >10

Prof Cleland has received personal fees from Abbott, and grants and

beats/min may be used as a guide to prompt further

personal fees from Amgen, Bayer, Medtronic, Novartis, Pharmacosmos, Vifor, Bristol Myers Squibb, and Servier, outside the submitted work. All other authors have reported that they have no
relationships relevant to the contents of this paper to disclose.

investigation.
TRANSLATIONAL OUTLOOK: It remains unclear whether
change in heart rate is a marker or mediator of adverse remod-

ADDRESS FOR CORRESPONDENCE: Prof. Sanjay K.

Prasad,

Cardiovascular

Research

Centre,

Royal

Brompton Hospital, Sydney Street, SW3 6NP, United

eling in patients with recovered dilated cardiomyopathy.
Whether heart rate suppression is the key to maintaining remission deserves further investigation.

Kingdom. E-mail: s.prasad@rbht.nhs.uk.

REFERENCES
1. Arbustini E, Narula N, Tavazzi L, et al. The
MOGE(S) classiﬁcation of cardiomyopathy for clinicians. J Am Coll Cardiol 2014;64:304–18.

in a randomised placebo-controlled trial. Lancet
2010;376:886–94.

2. Merlo M, Pyxaras SA, Pinamonti B, Barbati G, Di
Lenarda A, Sinagra G. Prevalence and prognostic

8. Tardif JC, O’Meara E, Komajda M, et al. on
behalf of the K and Investigators S. Effects of
selective heart rate reduction with ivabradine on

signiﬁcance of left ventricular reverse remodeling
in dilated cardiomyopathy receiving tailored medical treatment. J Am Coll Cardiol 2011;57:1468–76.

left ventricular remodelling and function: results
from the SHIFT echocardiography substudy. Eur
Heart J 2011;32:2507–15.

3. Halliday BP, Wassall R, Lota AS, et al. Withdrawal of pharmacological treatment for heart
failure in patients with recovered dilated cardiomyopathy (TRED-HF): an open-label, pilot, randomised trial. Lancet 2019;393:61–73.

9. Vazir A, Claggett B, Jhund P, et al. Prognostic
importance of temporal changes in resting heart
rate in heart failure patients: an analysis of the
CHARM program. Eur Heart J 2015;36:669–75.

4. Wilcox J, Yancy CW. Stopping medication for
heart failure with improved ejection fraction.
Lancet 2019;393:8–10.
5. Ponikowski P, Voors AA, Anker SD, et al. 2016
ESC guidelines for the diagnosis and treatment of
acute and chronic heart failure. Eur Heart J 2016;
37:2129–200.

10. Vazir A, Claggett B, Pitt B, et al. Prognostic
importance of temporal changes in resting heart
rate in heart failure and preserved ejection fraction: from the TOPCAT study. J Am Coll Cardiol HF
2017;5:782–91.
11. Collett D. Modelling Survival Data in Medical
Research. 3rd edition. Boca Raton, FL: Chapman &
Hall/CRC Press; 2014.

6. Yancy CW, Jessup M, Bozkurt B, et al. 2013
ACCF/AHA guideline for the management of heart
failure. J Am Coll Cardiol 2013;62:e147–239.

12. Amos AM, Jaber WA, Russell SD. Improved
outcomes in peripartum cardiomyopathy with
contemporary. Am Heart J 2006;152:509–13.

7. Bohm M, Swedberg K, Komajda M, et al. Heart
rate as a risk factor in chronic heart failure (SHIFT):
the association between heart rate and outcomes

13. Jackson AM, Dalzell JR, Walker NL, Coats CJ,
Jhund PS, Petrie MC. Peripartum cardiomyopathy:
diagnosis and management. Heart 2018;104:779–86.

14. Swedberg K, Komajda M, Bohm M, et al., on
behalf of the Ford I and Investigators S. Effects on
outcomes of heart rate reduction by ivabradine in
patients with congestive heart failure: is there an
inﬂuence of beta-blocker dose? Findings from the
SHIFT (Systolic Heart failure treatment) with the
I(f) inhibitor ivabradine trial study. J Am Coll
Cardiol 2012;59:1938–45.
15. Cleland JGF, Bunting KV, Flather MD, et al.
Beta-blockers for heart failure with reduced, midrange, and preserved ejection fraction: an individual patient-level analysis of double-blind randomized trials. Eur Heart J 2017;39:26–35.
16. Kotecha D, Flather MD, Altman DG, et al. Heart
rate and rhythm and the beneﬁt of beta-blockers
in patients with heart failure. J Am Coll Cardiol
2017;69:2885–96.

KEY WORDS cardiovascular magnetic
resonance, dilated cardiomyopathy,
recovered ejection fraction, relapse

A PP END IX For supplemental tables and
material, please see the online version of this
paper.

517

