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Ivabradine in heart failure—no paradigm SHIFT…yet
Wisely and slowly, they stumble that run fast

William Shakespeare (Romeo and Juliet, Act II, Scene iii)

In The Lancet today, investigators provide support for 
Shakespeare’s admonishment, in two articles from the 
Systolic Heart failure treatment with the If inhibitor 
ivabradine Trial (SHIFT).1,2 The investigators randomised 
6558 patients with symptomatic (New York Heart 
Association II–IV) chronic heart failure and systolic 
dysfunction (left-ventricular ejection fraction [LVEF] 
≤35%) to placebo or ivabradine. The patients were on 
stable background therapy, had been hospitalised for 
heart failure within the previous 12 months, and were 
in normal sinus rhythm with a heart rate of at least 
70 beats per min.

Ivabradine is a selective inhibitor of the hyper-
polarisation-activated cyclic-nucleotide-gated funny 
current (If) involved in pacemaking-generation and 
responsiveness of the sinoatrial node,3,4 which results 
in heart-rate reduction with no other apparent direct 
cardiovascular eff ects. Ivabradine administration in SHIFT 
over a median follow-up of nearly 23 months resulted 
in a signifi cant reduction in the primary endpoint of 
cardiovascular death or hospital admission for worsening 
heart failure, which was mainly driven by reductions 
in hospitalisations for heart failure.1 There were no 
signifi cant reductions in all-cause or cardiovascular 
mortality, although a reduction in heart-failure-related 
deaths was suggested. There was a consistent treatment 
eff ect in multiple prespecifi ed subgroups, but a 
diminishing benefi t of ivabradine in patients with lower 

baseline heart rates (<77 beats per min). Ivabradine was 
well tolerated with relatively few, although statistically 
signifi cant, mechanism-related adverse events, such as 
bradycardia, atrial fi brillation, and visual disturbances. 
The accompanying analyses from the second SHIFT 
report2 showed a proportional relation between baseline 
heart rate and subsequent outcomes in the placebo-
treated patients with heart failure, a direct association 
between the achieved heart rate after 28 days of 
ivabradine therapy and outcomes, and that most of 
this benefi cial eff ect of ivabradine was accounted for by 
heart-rate reduction. SHIFT is a landmark trial of a novel 
approach to the treatment of patients with heart failure, 
and its broader clinical implications will emerge as more 
information becomes available. However, two issues 
warrant comment: generalisability/applicability and 
associations/causality.5

Who are the patients for whom the results of SHIFT 
might have clinical applicability? Were the patients 
in SHIFT optimally treated with contemporary heart-
failure therapies? The SHIFT investigators attempted 
to enroll a population on optimum and stable 
background treatment for at least 4 weeks, and the 
trial leadership consistently encouraged the site 
investigators to ensure maximally tolerated therapies 
before enrolment. Despite these eff orts, only 23% of 
the patients were at target dose and under half (49%) 
were receiving 50% or more of the targeted β-blocker 
dose. Additionally, almost 16% of the patients received 
β blockers without demonstrated survival benefi t. 
Although the leading reason for failure to reach the 
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Number of 
patients

Age
(years)

Male  (%) SBP 
(mm Hg)

DBP 
(mm Hg)

HR 
(bpm)

LVEF (%) All-cause mortality (%)

 Placebo or comparator β blocker p

MERIT-HF6 3991 64 77 130 78 83 28 11·0 7·2* 0·006

CIBIS-17 641 60 86 127 79 83 25 20·9 16·6† NS

CIBIS-28 2647 61 80 130 80 80 28 17·3 11·8† <0·0001

ANZ9 415 67 80 ·· ·· ·· 29 12·5 9·7‡ NS

US Carvedilol10 1094 58 77 116 73 84 23 7·8 3·2‡ <0·001

COPERNICUS11 2289 63 79 123 76 83 20 18·5 11·4‡ 0·001

COMET12 3029 62 80 126 77 81 26 10·0§ 8·3 0·002

SHIFT1 6505 60 77 122 76 80 29 17·0 16·0¶ NS

All-cause mortality assessed at diff erent times between the trials. SBP=systolic blood pressure. DBP=diastolic blood pressure. HR=heart rate. bpm=beats per minute. 
LVEF=left-ventricular ejection fraction. NS=not statistically signifi cant. *=metoprolol succinate. †=bisoprolol. ‡=carvedilol. §=metoprolol tartrate. ¶=ivabradine. 

Table: Baseline variables in selected contemporary β-blocker trials and SHIFT
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target dose was hypotension, the mean entry systolic 
blood pressure was 122 mm Hg, a value similar to the 
baseline pretreatment blood pressures in selected 
recent outcome trials of β blockers (table). Additionally, 
their heart rates were similar to those of patients naive 
to β blockers, calling into question whether they were 
truly on maximally tolerated doses. Whilst all patients 
in the trial potentially qualifi ed for an implantable 
cardioverter defi brillator, only 3% had such devices 
and only 1% had cardiac resynchronisation therapy. As 
with many contemporary clinical trials, most patients 
were enrolled outside western Europe (only about 14% 
enrolled in western Europe) and the USA (no US sites 
were in the trial), with the majority enrolled in eastern 
Europe (over 66%). Although the β-blocker doses 
and other background therapies used in SHIFT might 
refl ect patterns in community practice, the standard for 
legitimate evaluation of these therapies should be the 
use of guideline-recommended agents and doses with 
proven effi  cacy. It is not clear that SHIFT successfully 
tested the hypothesis that ivabradine provided add-
itional benefi t to patients with heart failure treated 
with contemporary optimal heart-failure therapies.

The potential issue of β-blocker dosing in SHIFT is 
particularly relevant. Despite many studies showing 
the tolerability of β blockers, including overall adverse 
event rates similar to those with placebo in many trials, 
there remains signifi cant reluctance in the community 
to prescribe and up-titrate β blockers. There is the risk 
that some might view the results of SHIFT as potential 
justifi cation for substituting ivabradine for β blockers 
in patients with heart failure, even though the SHIFT 
investigators explicitly state that they “can draw no 
inferences about the relative eff ects of ivabradine 
in absence of these background agents, including 
β blockers or by replacing them by ivabradine”.1 Unlike 
β blockers, which have consistently had benefi cial 
eff ects on survival (table), ivabradine had no signifi cant 
eff ect on all-cause or cardiovascular mortality in SHIFT. 
Patients receiving 50% or more of target β-blocker doses 
at baseline had no signifi cant benefi t from ivabradine 
for the primary endpoint, although there was a modest 
reduction in heart-failure hospitalisations, which raises 
the question of whether there would be any benefi t 
even on hospitalisations with ivabradine in the context 
of β-blocker therapy at or near target doses. In another 
outcome study in 12 473 patients with stable coronary 

artery disease and LVEF less than 40%, ivabradine had 
no benefi cial eff ects on either the primary endpoint 
(cardiovascular death, admission to hospital for acute 
myocardial infarction, and admission to hospital for 
new onset or worsening heart failure), hospitalisation 
for heart failure, or any measure of mortality (all-cause, 
cardiovascular, or cardiac), including in the subgroup 
of patients with heart rate above 70 beats per min.13 
Although the interaction between β-blocker therapy 
and the eff ects of ivabradine can and will be further 
assessed in SHIFT, many unresolved questions about 
the generalisability of these results and applicability to 
a broader population of patients can only be addressed 
in additional clinical trials. For now, it is clear that 
ivabradine should only be considered for patients 
truly intolerant to or on maximally tolerated heart-
failure therapies.

The second issue is the ability of SHIFT to provide 
greater insight into the mechanism of the reported 
benefi ts. The investigators report that the mechanism of 
action of ivabradine, in conjunction with the fi nding that 
the benefi cial eff ects of ivabradine are largely accounted 
for by changes in heart rate, supports the central role of 
heart rate as a direct target for heart-failure therapies; 
their argument is compelling and tempting, yet might 
not be valid.5 What is the biological plausibility for 
a benefi cial eff ect of ivabradine? Although usually 
expressed predominantly in atrial tissue, the If channel 
is up-regulated in human ventricular myocardium in the 
setting of heart failure, especially the ischaemic type.14 
These channels might contribute to calcium overload in 
myocytes, potentially resulting in adverse remodelling 
and myocyte injury.15,16 Additional possible vascular 
eff ects of ivabradine have reported.17,18 Thus ivabradine’s 
mechanism of benefi cial eff ects might lie beyond heart-
rate lowering. In SHIFT,2 the importance of heart rate 
as a risk factor19 for poor outcomes was confi rmed in 
patients with heart failure, and the neutralisation of 
the eff ect of ivabradine after adjustment for the change 
in heart rate at 28 days was posited as evidence that 
the eff ect of the drug is due to heart-rate reduction. 
Although this interpretation is appropriate and might 
be valid, the association does not prove causation. There 
may be many eff ects that are co-linear with ivabradine’s 
eff ects on heart rate that might have been undetected. 
Additional analyses with time-varying methods might 
provide further insights, but caution should be exercised 
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in making claims about mechanisms from this type of 
trial in which heart rate was not controlled.

From the available data and analyses, ivabradine 
might reduce heart-failure hospitalisations when added 
to contemporary heart-failure therapies. However, 
whether ivabradine can improve outcomes in addition to 
optimally managed heart-failure therapies or its benefi ts 
relative to other therapies, especially β blockers, remains 
unknown. The results from SHIFT provide the basis for 
additional trials to test these important and clinically 
relevant questions. An active-control trial of ivabradine 
against an evidence-based β blocker at maximally 
tolerated doses controlling for target heart-rate or an 
add-on trial in patients maintained on proven doses 
of recommended β blockers is needed to address these 
issues. Until these questions are answered, the place of 
ivabradine in heart-failure therapies remains unclear 
and we must heed the Bard’s warning and not rush too 
quickly to embrace this new therapy…lest we stumble.
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Hepatitis E virus (HEV) remains one of the least 
understood and perplexing viruses pathogenic to 
human beings. From 5% to 20% of people in developed 
countries show a steady increase in the titre of anti-
HEV IgG with increasing age,1 but infection with the 
prevalent genotype in Europe and the USA, genotype 3, 
rarely results in symptoms. Although this genotype has 
been recovered from feral and domestic pigs—and 
sometimes from people who have eaten raw pork or 

off al—convincing epidemiological evidence that this 
zoonotic reservoir is the source of most human 
exposures or infections remains elusive.2

Unlike the situation in developed countries, HEV 
infection with genotypes 1, 2, and 4, which predominate 
in developing countries, is not merely an academic 
quandary but a major cause of disease and death. Some 
areas of east and south Asia are highly endemic for the 
virus. Large outbreaks (tens of thousands of cases) have 
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