What matters most for long-term stroke outcomes: a failing
heart, an irregular heart rhythm or their combination?
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What is the problem?
A stroke is caused by a lack of oxygen to the
brain, resulting in the sudden death of brain
cells. Irregular heart rhythms and heart failure
are two common types of heart disease that
are associated with an increased risk of stroke.
Previous studies have shown that stroke patients
with either disease may have poorer outcomes,
but current knowledge does not account for
the fact that the two diseases frequently
co-exist, due to shared risk factors. It may
be that the associations with adverse stroke
outcomes described for one disease is influenced
by the co-existence of the other and vice-versa.

What am I
interested in?
I wanted to determine both the
individual and combined associations
between the two diseases and stroke
outcomes, accounting for disease
co-existence. I chose important
patient outcomes to study, both
during the initial hospitalisation
period (death, disability and length
of in-hospital stay) and in the
long-term post-discharge follow-up
(death and suffering another stroke).

What did I do?
Using a database of 10,816 stroke patients,
who were consecutively admitted to the
Norfolk and Norwich University Hospitals
between 2003 and 2016, I split the stroke
patients into four mutually exclusive groups:
those with neither disease, those with heart
failure only, those with an irregular heart
rhythm only and those with both heart failure
and an irregular heart rhythm (see Figure 1).

• Other co-existent disease that may be
associated both with heart disease and
the outcomes
• Differences in follow-up duration (all
patients were followed up from admission,
which may have occurred anytime between
2003 and 2016, until mid-2017)

• Missing data: not all patient records had
data
recorded
for
some
blood
tests
that
I compared all outcomes of interest between
were performed on admission. A special
patients in the latter three groups against
algorithm, called Multiple Imputation by
those with neither disease.
Chained Equations, was employed to fill
in the missing fields based on patterns
I used special statistical techniques that take
into account potential sources of bias, such as:
observed in the non-missing fields.

Figure 1 Proportion of each disease group in the studied population.

What did I find?
I found that about 40% of all the patients died
and about 30% of all the patients had another
stroke over 14 years of follow-up (see Figure 2).

Irregular heart rhythms were associated with
a 32% increased likelihood of high post-stroke
disability (see Figure 3B), whilst all disease groups
were associated with a 25-72% increased
likelihood of longer hospitalisation (see Figure
3C).

In terms of long-term outcomes, the same
cumulative nature was not observed: patients
with heart failure were at double the risk of
death regardless of whether irregular heart
rhythms co-existed, whilst patients with only
irregular heart rhythms only had 30% increased
risk (see Figure 4A). Similarly, patients with
irregular heart rhythms were at a 60-70%
increased risk of another stroke regardless of
whether heart failure co-existed. Heart failure in
isolation was not found to be associated with an
increased risk of another stroke (see Figure 4B).

Figure 2 Proportion of the patient population surviving
(red line) or having another (recurrent) stroke (blue line)
over the 14 years of follow-up.

In terms of in-hospital outcomes, compared
to having neither disease, heart failure or
irregular heart rhythms in isolation were
associated with a modest increase in the
chance of dying (20-40%), whilst their
combination was associated with a more
than doubled chance of dying (see Figure 3A).

Figure 3 Figure 3 Likelihood of short-term adverse outcomes
((A) in-hospital death; (B) increased disability; and (C) longer
in-hospital stay) associated with irregular heart rhythms, heart
failure and their combination.
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Figure 4 Figure 4 Likelihood of long-term adverse outcomes ((A)
death and (B) recurrent stroke) associated with irregular heart
rhythms, heart failure and their combination.

What does this mean?
My study indicates that patients with
either heart failure or irregular heart
rhythms were at increased likelihood of
dying in hospital, but also that when the
two co-existed they exerted a synergistic
effect. Furthermore, I have shown that
heart failure was the main driver of
long-term death, whilst irregular heart
rhythms were the only driver for having
another stroke, with these effects being
independent of each other.
The most important finding of our study
is that patients with heart failure with
a normal heart rhythm were not at a
higher risk of stroke recurrence and may
not require blood thinning medication
to prevent this event. This finding may
lead to alternative treatment strategies
for stroke patients.

Who am I?
I am 4th year medical student
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After first being exposed to
research in 2017 when I was
awarded the Aberdeen Summer
Research Scholarship, I decided to
continue the pursuit of academic
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Medical Research Scotland
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This experience has allowed
me to work alongside worldleading researchers in producing
evidence which can be used in
clinical practice to improve patient
outcomes. I hope to undertake
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initially as an Academic Foundation
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