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ABSTRACT

Background. The clinical impact of heart rate (HR) in heart failure with preserved ejection fraction (HFpEF)
is a matter of debate. Among those with HFpEF, chronotropic incompetence (Cl) has emerged as a patho-
physiological mechanism linked to the severity of the disease. In this study, we sought to evaluate
whether admission heart rate in acute heart failure differs along left ventricular ejection fraction (LVEF).
Methods. We included retrospectively 3,712 consecutive patients admitted for acute heart failure (AHF) in
the Cardiology department of a third level center. HR values were assessed at presentation. LVEF was
assessed by transthoracic echocardiogram during the index admission and stratified into four categories:
reduced ejection fraction (<40%), mildly reduced ejection fraction (41-49%), preserved ejection fraction
(50-64%) and supranormal ejection fraction (>65%). The association between HR and LVEF was assessed
by multivariate linear and multinomial regression analyses. Results. The mean age of the sample was
73,9+ 11.3years, 1,734 (47,4%) were women, and 1,214 (33,2%), 570 (15,6%), 1,229 (33,6%) and 648
(17,7%) patients showed LVEF <40%, 41-49%, 50-64%, and >65% respectively. The median HR at admis-
sion was 95 (IQR 78-120) beats per minute and 1,653 were on atrial fibrillation (45.2%). There was an
inverse relationship between HR at admission and LVEF. Lower HR was significantly associated with a
higher LVEF in the whole sample (p < 0,001). This inverse relationship was found in sinus rhythm but not
in patients with atrial fibrillation. Conclusion. HR at admission for AHF is a predictor of LVEF but only in
patients with sinus rhythm.
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Introduction along the continuum of LVEF and whether this association
is modulated by the presence of atrial fibrillation in patients

High heart rate (HR) is a well-known prognostic marker with acute heart failure (AHF),

and therapeutic target in patients with chronic heart failure
with reduced ejection fraction (HFrEF) [1]. Indeed, B-block-
ers are a class Ia drugs for these patients [2,3]. However, the
clinical implication of HR in patients with HF and pre-
served ejection fraction (HFpEF) remains not totally

Methods
Study sample

defined. In these latter patients, both extremes of HR (lower
and higher) have been associated with worse functional sta-
tus, and a higher risk of adverse events [4,5]. Likewise,
among patients with HFpEF, recent data indicate that those
in the upper range of left ventricular ejection fraction
(LVEF) show a differential clinical and pathophysiological
profile [6]. Current data suggests lower chronotropic
response may be more frequent at higher LVEF [7].
However, data is scarce and not conclusive. In this study,
we sought to evaluate whether HR on admission differs

A consecutive cohort of 3,712 patients admitted for AHF in
the Cardiology department of a third level center (Hospital
Clinico Universitario de Valencia, Spain) from July 2011 to
July 2020 was examined retrospectively. We did not include
pacemaker carriers (including implantable cardioverter defib-
rillator or resynchronization therapy) who were considered to
be pacemaker dependent (n=>51). Patients with acute coron-
ary syndrome, active infections as primary diagnosis, and
advanced forms of atrioventricular block (requiring with
pacemaker implantation during the hospitalization) were
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excluded. The final study sample included 3,661 patients.
AHF was defined as severe onset of signs and symptoms of
heart failure (HF) requiring medical attention and included
both new onset and decompensation of chronic HF. All
patients received intravenous diuretics during hospitalization.

We registered demographic data, medical history, vital
signs, 12-lead electrocardiogram, and laboratory (including
natriuretic peptides) data at admission. Vital signs were
assessed at presentation in emergency room. HR was
obtained from the electrocardiogram. For patients in AF,
HR was measured by counting the number of QRS com-
plexes in a 6-second strip and multiplying the result by 10.
LVEF was assessed by 2D-echocardiography during the
index hospitalization using the biplane Simpson’s method.

The protocol was approved by the ethical committee of
our center, following the principles of the Declaration of
Helsinki and national regulations.

Exposures and endpoint

The exposure of the study was heart rate on admission and
the dependent variable was LVEF. This was evaluated as
continuous and stratified in four categories: reduced ejection
fraction (<40%), mildly reduced ejection fraction (41-49%),
preserved ejection fraction (50-64%) and supranormal ejec-
tion fraction (SnLVEF) (>65%).

Statistical analysis

Continuous variables are presented as mean + 1 standard
deviation or median and interquartile range (IQR) for para-
metric and nonparametric distributions, respectively. They
were compared using ¢ test or Wilcoxon rank-sum test
when appropriate. Discrete variables were presented as per-
centages and compared with the Chi-squared test. The cor-
relation between HR and LVEF in the whole sample and
among subgroups was assessed by Pearson correlation anal-
yses. The relationship between HR on admission and LVEF
as continuous variable was assessed by multivariate linear
regression analysis. The association between HR and LVEF
categories was examined through multinomial logistic
regression. Candidate covariates included in the initial and
final multivariate models were selected based on the bio-
logical plausibility. The final multivariate estimates were
adjusted for age, sex, diabetes mellitus, smoking status, his-
tory of ischemic cardiomyopathy, New York Heart
Association (NYHA) class before admission, cerebrovascular
accident, chronic obstructive pulmonary disease, branch
block, atrial fibrillation (AF), edema, previous treatment
with diuretics or [-blockers, systolic and diastolic blood
pressure, hematocrit, C reactive protein, creatinine and esti-
mated glomerular filtration rate at admission, end-diastole
left ventricular volume, posterior wall thickness, tricuspid
annular plane systolic excursion (TAPSE), tricuspid regurgi-
tation grade, N-terminal pro B-type natriuretic peptide (NT-
proBNP) and plasma antigen carbohydrate 125.

Estimates are presented as hazard ratios with their
respective 95% confidence intervals. A 2-sided p value of

<0.05 was considered statistically significant for all analyses.
All analyses were performed using STATA 18.0.

Results

The mean age of the sample was 73.9+11.3 years and 1,734
(47.4%) were women. The mean HR at admission was
99 +28 beats per minute (bpm) and the mean LVEF was
49+15%. According to LVEF categories, 1,214 patients
(33.2%) had reduced ejection fraction (LVEF <40%); 570
patients (15.6%) mildly reduced ejection fraction (41-49%);
1,229 patients (33.3%) preserved ejection fraction (50-64%)
and 648 (17.7%) LVEF >65%.

Tables 1 and 2 show basal characteristics according to
HR quartiles and LVEF categories, respectively. Overall,
patients with lower HR at admission had more cardiovascu-
lar (CV) risk burden, more frequent history of coronary
artery disease, worse functional class prior to admission,
more signs of fluid overload at admission, and were more
frequently treated with B-blockers and digoxin. Conversely,
patients with higher HR were more frequently on AF.
Antiarrhythmics were more frequently used in both the
lower and upper categories of HR. Regarding LVEF, those
in the upper category were older, more frequently women,
had smaller ventricle size, higher prevalence of AF, and
higher use of digoxin. Supplementary Tables 1-4 show basal
characteristics according to HR quartiles and LVEF catego-
ries across the heart rhythm (sinus rhythm -SR- or AF).

Association between admission heart rate and LVEF as
continuous

In the whole sample, HR was significant, inverse, and
weakly correlated with LVEF (r = -0.08, p <0.001). The
magnitude of these inverse correlation was greater in those
in SR on admission (r = -0.23, p<0.001) and in those
without B-blockers on admission (r = -0.10, p < 0.001). The
correlation was still negative but weaker in those with AF
(r = —0.07, p=0.006) and even not significant in those on
B-blockers (r = -0.05, p =0.068).

Multivariate analysis confirmed the inverse association
between HR and LVEF (Figure la). In this case the associ-
ation was not linear revealing an exponential increase of
risk (Figure la). The lower HR, especially lower than 60-50
bpm, the higher LVEF. In those with HR > 70-80 bpm the
association remained mostly flat (Figure la).

Heart rate and LVEF across AF

This relationship was significantly modified by the presence
of AF (p for interaction < 0.001). In SR the association
between lower heart rates and higher LVEF was highly sig-
nificant (Figure 1b). It remained nonlinear with a steeper
increase of LVEF in those lower than 70 bpm (Figure 1b).
At the contrary, when AF was present this association was
no longer significant (Figure 1c).
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Table 1. Baseline characteristics across heart rate quartiles.
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Q1 Q2 Q3 Q4 Total
(N=915) (N=915) (N=916) (N=915) (N=3,661) p value
Demographics and medical history
Age, years 76.1 (9.9) 74.7 (10.5) 72.8 (12.5) 719 (11.7) 73.9 (11.3) <0.001
Male, n (%) 500 (54.6%) 483 (52.8%) 496 (54.1%) 448 (49.0%) 1927 (52.6%) 0.063
Hypertension, n (%) 760 (83.1%) 742 (81.1%) 694 (75.8%) 686 (75.0%) 2882 (78.7%) <0.001
Dyslipidemia, n (%) 563 (61.5%) 518 (56.6%) 470 (51.3%) 438 (47.9%) 1989 (54.3%) <0.001
Diabetes mellitus, n (%) 430 (47.0%) 435 (47.5%) 403 (44.0%) 343 (37.5%) 1611 (44.0%) <0.001
Former smoker, n (%) 4 (8.1%) 1 (9.9%) 124 (13.5%) 157 (17.2%) 446 (12.2%) <0.001
Coronary artery disease, n (%) 394 (43.1%) 355 (38.8%) 286 (31.2%) 201 (22.0%) 1236 (33.8%) <0.001
Prior admission for AHF, n (%) 294 (32.1%) 269 (29.4%) 209 (22.8%) 189 (20.7%) 961 (26.2%) <0.001
NYHA functional class, n <0.001
-1l 739 (80.8%) 756 (82.6%) 811 (88.5%) 812 (88.7%) 3118 (85.2%)
-1v 176 (19.2%) 159 (17.4%) 105 (11.5%) 103 (11.3%) 543 (14.8%)
Vital signs
Heart rate, bpm 68 (60, 74) 87 (82, 90) 104 (100, 110) 134 (125, 150) 95 (78, 120) <0.001
SBP, mmHg 140 (120, 160) 140 (120, 160) 145 (125, 170) 140 (123, 166) 140 (122, 163) <0.001
DBP, mmHg 70 (60, 80) 77 (69, 90) 82 (70, 97) 89 (75, 100) 80 (68, 92) <0.001
Clinical signs
Edema, n (%) 632 (69.1%) 577 (63.1%) 547 (59.7%) 518 (56.6%) 2274 (62.1%) <0.001
Pleural effusion, n (%) 458 (50.1%) 472 (51.6%) 443 (48.4%) 411 (44.9%) 1784 (48.7%) 0.029
Electrocardiogram
Atrial fibrillation, n (%) 314 (34.3%) 337 (36.8%) 328 (35.8%) 674 (73.7%) 1653 (45.2%) <0.001
Branch block, n (%) 349 (38.1%) 289 (31.6%) 298 (32.5%) 234 (25.6%) 1170 (32.0%) <0.001
Echocardiogram
LVEF (%) 55 (40, 64) 0 (37, 61) 46 (34, 59) 0 (36, 61) 50 (36, 61) <0.001
LVEDD, mm 54.0 (48.0, 60.0) 55 0 (49.0, 62.0) 56.0 (49.0, 62.0) 544 (48.0, 61.0) 55.0 (48.3, 61.0) 0.002
IVS, mm 12.0 (10.4, 13.0) 12.0 (10.0, 13.0) 11.5 (10.0, 13.0) 11.1 (10.0, 13.0) 12.0 (10.0, 13.0) <0.001
PWT, mm 11.3 (10.0, 13.0) 11.2 (10.0, 12.6) 11.0 (10.0, 12.0) 11.0 (10.0, 12.0) 11.0 (10.0, 12.2) <0.001
Left atrium diameter, mm 44.0 (40.0, 48.0) 43.0 (39.8, 48.0) 43.0 (39.0, 48.0) 43.1 (39.9, 47.7) 43.0 (39.7, 48.0) 0.032
TAPSE, mm 19.0 (16.7, 21.0) 18.8 (16.6, 21.0) 18.4 (16.1, 20.2) 18.0 (16.1, 20.0) 18.6 (16.4, 20.6) <0.001
Laboratory data
Creatinine, mg/dI 2(1,1.7) 1.1 (0.9, 1.5) 1.1 (0.9, 1.4) 1(09, 1.3) 1.1 (0.9, 1.5) <0.001
eGFR, ml/min/1,73m? 52 5(37.2,71) 59 (42.6, 76.1) 63.7 (46.9, 81.1) 63 6 (48.6, 78.3) 60.1 (43.6, 76.7) <0.001
Hemoglobin, g/dl 11.8 (10.6, 13.1) 12.2 (10.9, 13.5) 12,6 (11.4, 14.1) 13.2 (11.9, 14.4) 124 (11.2, 13.9) <0.001
CRP, mg/L 15.1 (9.2, 26.8) 16.5 (9.6, 28.8) 19.0 (10.7, 35.9) 21.2 (12.3, 36.6) 17.9 (10.0, 32.0) <0.001
NT-proBNP, pg/mL 3500 (1758, 7847) 3741 (1993, 7986) 3840 (2079, 7741) 3250 (1809, 6453) 3572 (1907, 7490) 0.006
CA125, U/mL 1 (25, 128) 60.2 (27, 127) 57 (25, 131) 0 (28, 128) 7 (26, 128) 0.911
Previous treatment
Prior treatment with B-blockers, n (%) 492 (53.8%) 341 (37.3%) 250 (27.3%) 277 (30.3%) 1360 (37.1%) <0.001
Prior treatment with digoxin, n (%) 9 (5.4%) 0 (3.3%) 27 (3.0%) 9 (3.2%) 135 (3.7%) 0.021
Prior treatment with antiarrhythmic, n (%) 101 (11.0%) 0 (7.7%) 5 (6.0%) 133 (14.5%) 359 (9.8%) <0.001
Prior treatment with diuretics, n (%) 655 (71.6%) 584 (63.8%) 467 (51.0%) 454 (49.6%) 2160 (59.0%) <0.001

Values expressed as mean (SD) and median (percentile 25% to percentile 75%); categorical variables are presented as percentages.

AHF: acute heart failure; CA125: carbohydrate antigen 125; CRR: C-reactive protein; DBP: diastolic blood pressure, eGFR; estimated glomerular filtration rate
assessed by CKD-EPI equation; IVS: interventricular septum; LVEDD: left ventricle end diastolic diameter; LVEF: left ventricular ejection fraction; NT-proBNP:
N-terminal propeptide brain natriuretic peptide; NYHA: New York Heart Association; PWT: posterior wall thickness; SBP: systolic blood pressure; TAPSE: tricuspid

annular plane systolic excursion.

Heart rate and LVEF across -blocker treatment

Under the same multivariate setting, prior treatment with
B-blockers did not significantly modify the inverse associ-
ation between HR and LVEF (p value for interaction =
0.201). Thus, lower HR identified a patient with higher
LVEF irrespective of prior treatment with [-blockers
(Supplementary Figure la and 1b).

Association between admission heart rate and LVEF
categories

Admission mean HR (bpm) was lower when moving from
lower to upper LVEF categories with LVEF < 40%, 41-49%,
50-64%, and >65% (101+26, 99+27, 99+29, and 94 + 30,
p value for trend < 0.001). This trend was also found in
subjects with AF (111+30, 10631, 109 +31, and 103 + 34,
p value for trend = 0.011) and in those with B blockers

(97 £26, 91 £26, 93+29, and 88+29, p value for trend =
0.042).

Multivariate multinomial regression analysis confirmed how
HR was associated with LVEF categories (Figure 2). Increased
HR identified patients at higher risk of presenting LVEF <40%
(Figure 2a). In patients with mildly reduced LVEF (41-49%) and
LVEF 50-64% the association was neutral (Figure 2b and 2c,
respectively). At the upper side of LVEF, the lower HR, espe-
cially <60bpm, increased the odds of having LVEF > 65%
(Figure 2d). Similar findings were found when analyzing
patients with SR (Figure 3) and AF (Figure 4) separately. Higher
HR predicted LVEF <40% and lower HR was associated with
higher odds of LVEF > 65% regardless the rhythm.

Discussion

In this large observational study with a wide representation
of patients along the continuum of LVEF, we found an
inverse association between HR on admission and LVEF
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Table 2. Baseline characteristics across LVEF categories.

<40% 41-49% 50-64% >65% Total
(N=1214) (N=570) (N=1229) (N =648) (N=3,661) p value
Demographics and medical history
Age, years 70.3 (12.6) 74.6 (10.5) 76.0 (10.0) 76.1 (9.9) 73.9 (11.3) <0.001
Male, n (%) 866 (71.3%) 354 (62.1%) 486 (39.5%) 221 (34.1%) 1927 (52.6%) <0.001
Hypertension, n (%) 877 (72.2%) 478 (83.9%) 998 (81.2%) 529 (81.6%) 2882 (78.7%) <0.001
Dyslipidemia, n (%) 676 (55.7%) 328 (57.5%) 644 (52.4%) 341 (52.6%) 1989 (54.3%) 0.118
Diabetes mellitus, n (%) 532 (43.8%) 294 (51.6%) 526 (42.8%) 259 (40.0%) 1611 (44.0%) <0.001
Former smoker, n (%) 226 (18.6%) 7 (13.5%) 100 (8.1%) 43 (6.6%) 446 (12.2%) <0.001
Coronary artery disease, n (%) 515 (42.4%) 244 (42.8%) 347 (28.2%) 130 (20.1%) 1236 (33.8%) <0.001
Prior admission for AHF, n (%) 316 (26.0%) 165 (28.9%) 305 (24.8%) 175 (27.0%) 961 (26.2%) 0.300
NYHA functional class, n 0.159
-1l 1045 (86.1%) 484 (84.9%) 1055 (85.8%) 534 (82.4%) 3118 (85.2%)
-1v 169 (13.9%) 6 (15.1%) 174 (14.2%) 114 (17.6%) 543 (14.8%)
Vital signs
Heart rate, bpm 100 (81, 120) 97 (80, 117) 95 (77.8, 120) 90 (71.5, 114) 95 (78, 120) <0.001
SBP, mmHg 136 (118, 156) 144 (124, 171) 144 (127, 169) 141.5 (125, 166.5) 140 (122, 163) <0.001
DBP, mmHg 80 (70, 94) 80 (70, 95) 80 (69, 92) 75.2 (64, 90) 80 (68, 92) <0.001
Clinical signs
Edema, n (%) 724 (59.6%) 339 (59.5%) 803 (65.3%) 408 (63.0%) 2274 (62.1%) 0.015
Pleural effusion, n (%) 599 (49.3%) 277 (48.6%) 595 (48.4%) 313 (48.3%) 1784 (48.7%) 0.963
Electrocardiogram
Atrial fibrillation, n (%) 408 (33.6%) 240 (42.1%) 655 (53.3%) 350 (54.0%) 1653 (45.2%) <0.001
Branch block, n (%) 526 (43.3%) 215 (37.7%) 297 (24.2%) 132 (20.4%) 1170 (32.0%) <0.001
Echocardiogram
LVEF (%) 32 (26, 36) 5 (43, 47) 8 (54, 61) 69 (66, 73) 50 (36, 61) <0.001
LVEDD, mm 62.0 (57.0, 67.0) 57 0 (52.0, 62.0) 51 .0 (46.0, 55.0) 48.0 (43.0, 52.0) 55.0 (483, 61.0) <0.001
IVS, mm 10.9 (9.0, 12.0) 12.0 (10.2, 13.0) 12.0 (11.0, 13.0) 12.0 (11.0, 13.0) 12.0 (10.0, 13.0) <0.001
PWT, mm 10.0 (9.0, 12.0) 11.3 (10.0, 12.5) 12.0 (10.7, 13.0) 12.0 (11.0, 13.0) 11.0 (10.0, 12.2) <0.001
Left atrium diameter, mm 43.3 (39.6, 48.0) 43.0 (39.9, 48.0) 43.0 (39.9, 48.0) 43.1 (39.0, 48.0) 43.0 (39.7, 48.0) 0.963
TAPSE, mm 17.0 (15.2, 19.0) 18.1 (16.5, 20.0) 19.0 (17.0, 21.0) 20.0 (18.1, 21.6) 18.6 (16.4, 20.6) <0.001
Laboratory data
Creatinine, mg/dI 1.2 (0.9, 1.5) 2 (0.9, 1.6) 1(09, 1.4) 1.1 (0.9, 1.5) 1(0.9, 1.5) <0.001
eGFR, ml/min/1,73m? 61.7 (44.8, 78.6) 581 (41.8, 74.9) 60 4 (45.1, 76.9) 57.9 (41.8, 74.0) 601 (43.6, 76.7) 0.029
Hemoglobin, g/dl 13.0 (11.7, 14.3) 12.7 (11.2, 14.1) 12.1 (10.8, 13.5) 12 (109, 13.3) 12.4 (11.2, 13.9) <0.001
CRP, mg/L 15.4 (8.9, 26) 18.7 (10.7, 33.2) 19.9 (11.4, 35.6) 20 (10.2, 37.4) 17.9 (10, 32) <0.001
NT-proBNP, pg/mL 5,088 (2,516, 10,697) 4315 (2,129, 8,490) 3, 075 (1,667, 5,748) 2,499 (1,362, 4,774) 3, 572 (1,907, 7,490) <0.001
CA125, U/mL 76 (33, 157) 0 (25, 126) 8 (23, 106) 47 (23, 107) 7 (26, 128) <0.001
Previous treatment
Prior treatment with B-blockers, n (%) 436 (35.9%) 221 (38.8%) 462 (37.6%) 241 (37.2%) 1360 (37.1%) 0.673
Prior treatment with digoxin, n (%) 32 (2.6%) 5 (2.6%) 0 (4.1%) 38 (5.9%) 135 (3.7%) <0.001
Prior treatment with antiarrhythmic, n (%) 119 (9.8%) 0 (8.8%) 112 (9.1%) 78 (12.0%) 359 (9.8%) 0.172
Prior treatment with diuretics, n (%) 654 (53.9%) 354 (62.1%) 736 (59.9%) 416 (64.2%) 2160 (59.0%) <0.001

Values expressed as mean (SD) and median (percentile 25% to percentile 75%); categorical variables are presented as percentages.

AHF: acute heart failure; CA125: carbohydrate antigen 125; CRR: C-reactive protein; DBP: diastolic blood pressure, eGFR; estimated glomerular filtration rate
assessed by CKD-EPI equation; IVS: interventricular septum; LVEDD: left ventricle end diastolic diameter; LVEF: left ventricular ejection fraction; NT-proBNP:
N-terminal propeptide brain natriuretic peptide; NYHA: New York Heart Association; PWT: posterior wall thickness; SBP: systolic blood pressure; TAPSE: tricuspid

annular plane systolic excursion.

assessed during the hospitalization. These findings con-
firmed the association between higher heart rates and left
ventricular systolic dysfunction but expand to lower rates in
patients with SnLVEF. Thus, these findings suggest that
lower HR may play a role in the pathophysiology of patients
with HF and SnLVEF.

Heart rate and left ventricular ejection fraction

To our knowledge, there are no previous studies showing an
association between HR and LVEF. However, it has been
consistently shown that HR has a differential prognostic
impact when considering LVEF categories in HF. A higher
HR has been repeatedly associated with worse prognosis in
HFrEF [1], and it is a well-known therapeutic target in these
patients [3,8]. In a metanalysis from Kotecha et al. including
11 randomized clinical trials on HFrEF, B-blockers reduced
mortality irrespective of basal HR [9]. This is not true for
HFpEF. In a substudy of the TOPCAT clinical trial

(Spironolactone for heart failure with preserved ejection
fraction) reductions in HR were not significantly associated
with lower risk and B-blockers were associated with higher
risk of HF-readmission [10,11]. More recently, in a large
registry (435,897 patients with HF and LVEF >40%)
B-blocker use was associated with a higher risk of HF hospi-
talization as EF increased, with potential benefit in patients
with HFmrEF and potential risk in patients with higher EF
(particularly >60%) [12].

Pathophysiology of HR response in AHF

Extreme HR (higher but also lower) are common triggers
for HF decompensations [13] in the setting of tachy and
bradyarrhythmia, but not commonly reported in sinus
rhythm. In these patients, under stress conditions (such as
an episode of AHF), HR is expected to increase as a
result of increased sympathetic activity. Thus, in sinus
rhythm, increased HR is a compensatory mechanism
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Figure 1. Heart rate at admission as a predictor or LVEF. a. Total sample, b. Sinus rhythm, c. Atrial fibrillation, Bpm: Beats per minute; HR: heart rate; LVEF: left ven-

tricular ejection fraction.

aiming to increase cardiac output, and not a mechanism
casually linked to worsening HF. At the opposite, blunted
HR response in patients with AHF theoretically may iden-
tify those in which CI may be playing a pathophysio-
logical role [14]. Recent data shows CI is present in
approximately 60% of patients with HFpEF and it may
prevent the increase of cardiac output during stress situa-
tions in these patients that usually have stiff hearts with
decreased compliance [15]. Its potential causes include
peripheral muscle dysfunction, imbalances in the auto-
nomic nervous system, remodeling of the sinus node, and
diminished density and responsiveness of [-receptors
[16-18]. CI has been positively associated with patient’s
functional capacity [19] and related with increased all-
cause mortality and all-cause hospitalization in HFpEF,
especially in SR [20,21].

Lower heart rate in heart failure with supranormal
ejection fraction

SnLVEF is considered by most documents as a LVEF
>65%. Epidemiological studies about this population show
they are predominantly women, have less prevalence of
ischemic heart disease, more non-CV comorbidity and show
lower levels of NT-proBNP[6]. Indeed, there is recent evi-
dence showing that there is a U-shaped curve in terms of
CV events and LVEF, meaning that this subgroup shows an
increased risk of outcomes [22,23]. This risk is not fully
understood but it seems to keep relation with the patho-
physiological mechanisms of the disease, specifically with a
smaller heart and a lower stroke volume [22].

In our study we have shown how patients in the higher
LVEF category showed smaller left ventricle end-diastolic
diameter (LVEDD), greater thickness of both ventricular
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walls, and lower NT-proBNP. In addition, these patients
presented with significantly lower HR at admission for
AHF, even in comparison to those patients with LVEF rang-
ing from 50-65% category. These results are in concordance
to Maredziak et al. who found blunted heart rate reserve to
a stress test with adenosine in women with snLVEF com-
pared to normal LVEF, but not for basal HR or in
men [24].

Clinical implications

According to the current findings, we speculate that in
patients with AHF, the inability to properly increase HR as
expected may be a surrogate of chronotropic incompetence.
Therefore, lower HR response may be helpful for early rec-
ognition of patients with HFpEF, and especially SnLVEF,
avoiding therapeutic measures with no evidence or even
harmful. In this regard, in a recent randomized clinical trial,
Palau et al. demonstrated that betablockers cessation in
patients with HFpEF and chronotropic incompetence led to
a short-term increase in functional capacity evaluated by
peak VO, [25]. However, the evidence is scarce and incon-
sistent when it comes to find any therapeutic measure in
this regard. For instance, the RAPID-HF trial (rate-adaptive
atrial pacing in diastolic heart failure) has shown no benefit
on rate-adaptative atrial pacing for HFpEF and chronotropic
incompetence [26]. We believe the debate is open and more
studies are needed.

Limitations

Our study has several limitations that need to be addressed.
First, it is a retrospective analysis of a single center. Second,
in this observational study there are potential unmeasured
confounders that may modify the reposted association.
Third, we did not assess crucial echocardiographic parame-
ters that may better disentangle these findings. Fourth,
assessment of heart rates in subsequent days following hos-
pitalization (and their changes) were not performed, pre-
cluding to examine the association between different
timepoints of HR and LVEF. Finally, in the current study
we cannot infer the mechanism behind this association and
its clinical implications.

Conclusion

In patients with AHF, HR at presentation was inversely
related to LVEF. This association was significantly found in
sinus rhythm but not in patients with AF.
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