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High resting heart rate predicts mortality,
disability, and cognitive decline in patients after
ischaemic stroke: time for additional selective I(f)
channel inhibitor trials?
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This editorial refers to ‘Impact of resting heart rate on
mortality, disability, and cognitive decline in patients
after ischaemic stroke’†, by M. Böhm et al., on page 2804

Michael Böhm and co-workers1 have reported on the relationship
of cardiovascular and neurological outcomes to baseline heart rate
after ischaemic stroke in 20 165 patients (mean age 66.1, SD 8.6
years) with baseline heart rate data assigned to the treatment
arms of the PRoFESS trial. Patients were grouped by quintiles of
baseline heart rate and were evaluated for a primary outcome of
recurrent stroke, a secondary outcome of the composite of recur-
rent stroke, myocardial infarction, or death from a vascular cause,
and were further assessed for new or worsening heart failure and
non-vascular death. Additional pre-defined endpoints were disabil-
ity after recurrent stroke, assessed with the modified Rankin scale
(mRS) and Barthel index at 3 months, and cognitive function,
assessed with the Mini-Mental State Examination (MMSE) score
at 4 weeks after randomization and at the penultimate visit.

Although there was no significant relationship of recurrent
stroke, new myocardial infarction, or the composite secondary
endpoint to baseline heart rate, these findings further support
the strong relationship of heart rate to mortality. Patients in the
two highest quintiles of heart rate (77–82 and .82 b.p.m.)
were at higher risk for total death [hazard ratio (HR) 1.42, 95%
confidence interval (CI) 1.19–1.69; and HR 1.74, 95% CI 1.48–
2.06, P , 0.0001] compared with patients in the lowest quintile.
Risk of vascular death (starting at heart rates from 71 to ≤76
b.p.m., HR 1.39, 95% CI 1.11–1.74, P , 0.0001) and non-vascular
death (from .82 b.p.m., HR 1.66, 95% CI 1.29–2.13, P ¼ 0.0016)
was also strongly associated with higher baseline heart rate. Im-
portantly, increased mortality risk persisted after adjusting for

multiple confounders including baseline blood pressure. Perhaps
most interesting, in the group of patients with recurrent stroke,
lower baseline heart rate was associated with better neurological
outcomes as measured with the Barthel index and mRS score,
and with less cognitive decline according to an MMSE score ≤
24 points at 1 month and at the penultimate visit or a decline
of ≥ 2 points between these two time periods. Thus, a high base-
line heart rate is a risk indicator for mortality in patients with
stroke and, importantly, low heart rate is associated with better
functional outcome and less cognitive decline after ischaemic
stroke.

The evidence that heart rate predicts hypertension and cardio-
vascular disease is strong; to date, most of the data supporting this
relationship have come from epidemiological observations or
cross-sectional studies with single measurements of heart rate at
the beginning of the study.2– 8 However, two large randomized
clinical trials in hypertension with repeated measurements of
heart rate recently added substantial evidence to the heart rate
story in hypertension.9 –12

The relationship of in-treatment heart rate over time based on
annual electrocardiograms (ECGs) to incident heart failure was eval-
uated in 9024 hypertensive patients without heart failure at baseline
who were treated with losartan- or atenolol-based regimens in the
LIFE study.9 During 4.7+ 1.1 years mean follow-up, heart failure
developed in 285 patients (3.2%). In multivariate Cox analyses that
adjusted for randomized treatment, baseline risk factors for heart
failure, baseline and in-treatment blood pressure, QRS duration,
and ECG left ventricular hypertrophy, higher in-treatment heart
rate predicted a 45% higher adjusted risk of new heart failure for
every 10 b.p.m. higher heart rate (95% CI 34–57%) or 159%
higher risk of heart failure in patients with persistence or
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development of a heart rate ≥ 84 b.p.m. (95% CI 88–257%). With
adjustment for the same covariates, baseline heart rate as a continu-
ous variable was a significantly less powerful predictor of new heart
failure (HR 1.15 per 10 b.p.m., 95% CI 1.03–1.28), and a baseline
heart rate ≥ 84 b.p.m. did not predict new heart failure (HR 1.00,
95% CI 0.63–1.58). Thus, higher in-treatment heart rate on serial
ECGs predicts greater risk of incident heart failure during antihyper-
tensive treatment, independent of covariates, in hypertensive
patients with ECG left ventricular hypertrophy. These data add to
previous observations from LIFE that a higher in-treatment heart
rate over time is associated with increased risk of cardiovascular
and all-cause mortality and incident atrial fibrillation in patients
with hypertension and left ventricular hypertrophy.10,11

The predictive value of heart rate in patients with high risk
hypertension was further evaluated in a pre-planned secondary
analysis of data from the VALUE Trial.12 Participants were 15
193 hypertensive patients randomized in the trial and followed
for 5 years. Heart rate was assessed from ECG recordings
obtained annually throughout the study. The primary endpoint
was time to cardiac events. After adjustment for confounders,
the HR of the composite cardiac primary endpoint for a 10
b.p.m. increase from baseline heart rate was 1.16 (95% CI 1.12–
1.20). Compared with the lowest heart rate quintile, the adjusted
HR in the highest quintile was 1.73 (95% CI 1.46–2.04). Compared
with the pooled lower quintiles of baseline heart rate, the annual
incidence of the primary endpoint in the top baseline quintile
was higher in each of the 5 years of the study (all P , 0.05). The
adjusted HR for the primary endpoint in the highest in-trial heart
rate quintile vs. the lowest quintile was 1.53 (95% CI 1.26
–1.85). The incidence of primary endpoints in the highest in-trial
heart rate group compared with the pooled four lower quintiles
was 53% greater in patients with well controlled blood pressure
(P , 0.001) and 34% greater in those with uncontrolled blood
pressure (P ¼ 0.002). These data provide evidence that increased
heart rate is a long-term predictor of cardiovascular events in
patients with high risk hypertension and that this effect is not
modified by good blood pressure control.

The study by Böhm et al. has several limitations that warrant
mention. First, as the authors note,1 they were unable to evaluate
the predictive value of serial measures of heart rate over time
during the study. This may in part explain the lack of association
with heart failure1 given the less powerful association of baseline
heart rate with incident heart failure among hypertensive patients
in the LIFE study.9 In addition, patients could be enrolled in
PRoFESS during up to 120 days after their qualifying stroke, with
some patients being enrolled while still in the hospital from their
stroke. Given that heart rate may vary significantly over this time
period and that there was no attempt to control statistically for
time from stroke to initial heart rate determination, this may have
impacted on the prognostic value of heart rate in an unpredictable
fashion. Finally, increased heart rate is strongly associated with inci-
dent atrial fibrillation,11 which may have an independent impact on
cardiovascular outcomes. However, incident atrial fibrillation was
not determined or controlled for in the study of Böhm et al.1

Similarly to the PRoFESS data,1 the prognostic impact of high
heart rate is strong and independent of co-variables including
high blood pressure. The exciting news with the current

PRoFESS data, however, is that that the prognostic impact of a
high heart rate is brought forward into a population of stroke sur-
vivors. While the prognostic influence on cardiovascular disease
and mortality was not unexpected, the prognostic relationship of
heart rate to disability and early cognitive decline after recurrent
stroke is a major new finding.1 With the ageing of the population,
the number of people surviving strokes who will suffer subsequent
cognitive decline is increasing and, to date, there has been little in
the way of meaningful findings with respect to either prognostic
markers or treatment. The significant relationship of neurological
function after recurrent stroke to heart rate suggests a relationship
with the cardiovascular system; raised heart rate could be a marker
of underlying cardiovascular disease or high blood pressure that is
not yet detected in stroke survivors (e.g. ambulatory hypertension
or high out-of-office blood pressure). High heart rate could, on the
other hand, be a marker of sympathetic overactivity and/or unto-
ward parasympathetic withdrawal,7 or a marker for subclinical
left ventricular dysfunction.9

It is not yet known whether therapeutic reduction of heart rate
can improve cardiovascular prognosis. The randomized, double-
blind placebo-controlled BEAUTIFUL trial showed that reducing
heart rate with the selective I(f) channel inhibitor, ivabradine, did
not reduce hospitalization for new or worsening heart failure in
patients with stable coronary disease and left ventricular dysfunc-
tion at higher risk due to a baseline heart rate ≥70 b.p.m.13

However, in the randomized, placebo-controlled SHIFT trial, ivab-
radine significantly reduced the composite endpoint of cardiovas-
cular death and hospitalization for worsening heart failure in
patients with chronic heart failure at baseline.14,15 In light of the
recent finding of the prognostic importance of increased baseline
heart rate in stroke survivors,1 and the benefit of ivabradine in
heart failure patients,14,15 randomized, controlled trials of this
compound in stroke survivors as well as in hypertensive
people9 –12 with controlled blood pressure and residual heart
rate elevation may be warranted.
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Catch me, if you can!
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A 78-year-old gentleman with symptomatic
aortic valve stenosis (EuroSCORE: 26.9%) was
referred for transcatheter aortic valve implant-
ation (TAVI). Open heart surgery was denied
due to a floating thrombus in the aortic arch
near the origin of the left common carotid
artery, considered as a source of two left-sided
ischaemic strokes 3 months prior to TAVI
(Panels A and B; see Supplementary material
online, Video S1). The patient underwent trans-
femoral TAVI with the peri-procedural use of a
cerebral protection device (CE ProTM Claret
Medical Inc., Santa Rosa, CA, USA), deployed
via the right brachial artery. The filters were
deployed within the brachiocephalic and left
carotid artery, respectively (Panel C). As the
system was retrieved after successful TAVI, a
significant amount of debris was found within
the filters (Panel D). In post-procedural trans-
oesophageal echocardiography, the thrombus
was not detectable (see Supplementary mater-
ial online, Video S2). Diffusion-weighted magnet-
ic resonance imaging ruled out silent cerebral
embolism (Panel E). The use of a dedicated cerebral protection device might reduce peri-interventional embolic burden in patients
undergoing TAVI.

Supplementary material is available at European Heart Journal online.
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