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Heart failure (HF) is a major disease in our society that often presents with multiple comorbidities with mutual interaction and aggravation.
The comorbidity of HF and stroke is a high risk condition that requires particular attention to ensure early detection of complications,
efficient diagnostic workup, close monitoring, and consequent treatment of the patient. The bi-directional interaction between the heart
and the brain is inherent in the pathophysiology of HF where HF may be causal for acute cerebral injury, and — in turn — acute cerebral
injury may induce or aggravate HF via imbalanced neural and neurovegetative control of cardiovascular regulation. The present document
represents the consensus view of the ESC Council on Stroke, the Heart Failure Association and the ESC Working Group on Thrombosis
to summarize current insights on pathophysiological interactions of the heart and the brain in the comorbidity of HF and stroke. Principal
aspects of diagnostic workup, pathophysiological mechanisms, complications, clinical management in acute conditions and in long-term
care of patients with the comorbidity are presented and state-of-the-art clinical management and current evidence from clinical trials is
discussed. Beside the physicians perspective, also the patients values and preferences are taken into account. Interdisciplinary cooperation
of cardiologists, stroke specialists, other specialists and primary care physicians is pivotal to ensure optimal treatment in acute events and
in continued long-term treatment of these patients. Key consensus statements are presented in a concise overview on mechanistic insights,
diagnostic workup, prevention and treatment to inform clinical acute and continued care of patients with the comorbidity of HF and stroke.
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Introduction

Heart failure (HF) is commonly presenting as a systemic clinical
syndrome associated with multiple organ dysfunctions and various
comorbidities. Comorbidities can complicate the diagnosis of HF,
worsen symptomatic status, accelerate disease progression and
can make treatment more difficult and more expensive. Among
these HF related comorbidities, brain disorders are some of the
most prevalent and most difficult to manage." The comorbidity
of HF and stroke is of particular importance as this comorbidity
substantially impacts on adverse outcome, delayed recovery,
prolonged hospitalization, and chronically impaired quality of life.
Moreover, the comorbidity of HF and stroke is driven by common
cardiovascular risk factors such as hypertension, atherosclerosis,
diabetes mellitus, dyslipidaemia but also by mutually affecting
pathophysiological mechanisms such as thromboembolic acti-
vation, haemodynamic failure, and neuroendocrine feedback
activation.

This tight and mechanistic interaction of both diseases has been
acknowledged in the concepts of a ‘cardio-cerebral syndrome’
addressing brain injuries induced by HF? and the ‘stroke—heart
syndrome”, addressing myocardial injuries and further cardiovas-
cular complications induced by acute stroke.? Despite the clinical
and socioeconomic impact of the HF—stroke comorbidity, evi-
dence on specific diagnostic and treatment recommendations in
this high-risk setting are limited and therapeutic options are often
empirical with little specific guidance from relevant clinical practice
guidelines.

A recent position paper from the European Society of Cardiol-
ogy (ESC) Council on Stroke has emphasized the need for a holistic
or integrated approach to stroke and heart disease, including HF*
This approach would include the following three pillars of manage-
ment:

e A: Appropriate antithrombotic therapy.

e B: Better functional and psychological status.

e C: Cardiovascular risk factors and comorbidity optimization
(including lifestyle changes).

Antithrombotic therapy (A) and cardiovascular risk factor opti-
mization (C) are discussed in subsequent chapters. Better func-
tional and psychological status (B) includes prolonged and mul-
tidisciplinary efforts along a long-term stroke care pathway that
ought to combine multiple medical specialties, psychological sup-
port in both acute care and rehabilitation programmes and con-
tinued home care and social services.* Such an integrated care
approach requires standardized post-stroke care concepts with
multidisciplinary collaboration and coordination of care. Adequate
diagnostic workup and treatment of patients with the comorbidity
of HF and stroke require interdisciplinary management concepts
involving cardiologists, stroke specialists, internists, neurologists,
radiologists with expertise in cardiovascular and brain imaging and
others.

To address this complex medical condition, the ESC Coun-
cil on Stroke together with the Heart Failure Association (HFA)
of the ESC and the Working Group on Thrombosis (WGT) of

the ESC have convened a task force with the remit to review
current evidence on the complex condition and interplay of HF
and stroke comorbidity. In this clinical consensus document we
address both clinical perspectives: (i) on HF patients with increased
risk of stroke or with acute stroke including transient ischaemic
attack (TIA), and (ii) on stroke patients with existing HF or at risk
of acute decompensated HF (ADHF). We also evaluate epidemio-
logic data, present mechanistic insights and discuss state-of-the-art
diagnostic principles and treatment approaches of this high-risk
comorbidity.

A better understanding of the pathophysiological mechanisms
linking HF and stroke in mutual interaction and aggravation may
help to inform the clinical work on early diagnosing, efficient
diagnostic workup and optimal treatment of patients at risk or with
the comorbidity of HF and stroke.

Epidemiology of the comorbidity
heart failure and stroke

The global prevalence of stroke is about 100 million patients,
whereas stroke accounts for up to 6.6 million deaths per year
worldwide.® In European countries stroke is the second most
common cause of death® and the most common cause of disability
in adult life. HF is, too, a leading disease in developed countries
with an incidence in Europe of about 5/1000 person-years and
a prevalence of about 1-2% in adults (all age groups). HF is a
particular disease of advanced age and prevalence increases from
~1% at the age <55years to >10% at the age >70years. The
frequent comorbidity of HF and stroke is determined by the mutual
mechanistic interaction between both syndromes: HF represents a
major risk factor for stroke and, in turn, stroke may induce acute
HF to trigger haemodynamic decompensation, even more so in
case of pre-existing HF3

Prevalence of heart failure in patients
with stroke

Heart failure is present in about 10—24% of patients with ischaemic

stroke,”~10

which reflects either pre-existing HF or de novo acute
HF secondary to the acute stroke. The latter can present as
stress-induced cardiomyopathy (see below) which may develop
in about 1% of acute stroke patients.""'? The most frequent
cause of HF among stroke patients is ischaemic heart disease
in about 50% of patients, followed by dilated cardiomyopathy
(23%), valvular heart disease (17%) and hypertension (11%).” Based
on echocardiography, 10% of all ischaemic stroke patients have
systolic and additional 23% have diastolic dysfunction.”> Among
stroke patients, those with HF tend to have a higher overall
comorbidity level that includes more frequent diabetes mellitus,
coronary artery disease, valvular heart disease, and atrial fib-
rillation (AF) compared to those without HF’ In a nationwide
analysis in the U.S., the proportion of stroke patients with HF
increased from 10.8% of all stroke admissions in 1995 to 12.3%
in 2005.1
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Heart failure and stroke interaction

Prevalence of stroke in patients
with heart failure

Numerous studies have provided evidence that patients with HF
are at increased risk of ischaemic stroke compared to the general
population.’ The prevalence of stroke in clinical trials and reg-
istries of HF ranges between 8% and 11%."-"® In Europe, about
85% of all strokes are ischaemic strokes on populational level, while
haemorrhagic strokes (including subarachnoid haemorrhage and
intracerebral haemorrhage) account for about 15% of all strokes.
Among patients with HF, cardioembolic aetiology is the main cause
of stroke due to activation of multiple pathways of thrombus for-
mation (see Section ‘Mechanisms of interaction of heart failure and
stroke’). Some studies suggested that the stroke rate was related to
New York Heart Association class and inversely to left ventricular
ejection fraction’~2" but this was not confirmed in later studies.?
In fact, comparison of the stroke risk according to the category

23-29 3031 risk of stroke for

of HF showed a similar or even higher
patients with HF with preserved ejection fraction (HFpEF) com-
pared to HF with reduced ejection fraction (HFrEF). The higher
stroke rate in HFpEF is not fully understood but several factors
such as higher prevalence of AF, higher age and comorbidity level
are discussed as contributing factors.32%

There is a clear temporal factor in the interaction of HF and
stroke with clinical relevance: the risk of stroke is highest (between
5-fold and 17-fold) within the first 30 days after newly diagnosed
HE™-"8 |n turn, a cumulative risk of stroke over time living
with HF has been shown in a meta-analysis: stroke prevalence
increased from 18 per 1000 HF patients in the first year to 47
strokes per 1000 HF patients after 5years." An elevated risk
of stroke is present as well in HF patients in sinus rhythm (SR)
compared to non-HF subjects,®*3° while AF confers a further
increased risk. As such, the annualized stroke risk was 2.00 per
100 person-years in patients with chronic HF and SR compared
to 2.87 for patients with chronic HF and AF in a 2003-2012
cohort.3*37 Assessment of the attributable risk of HF alone to
the overall stroke risk is, however, challenging. Ischaemic stroke
is attributable to several pathologies including cardioembolic (left
atrial, ventricular or valvular pathologies), atherosclerosis, small
artery disease, or less frequent causes such as arterial dissection,
paradox embolism (involving a persistent foramen ovale), vasculitis,
and cardiac tumours, most of which being tightly interrelated with
HF3® (Figure 7).

Moreover, not only this risk for clinically overt stroke but also
the prevalence of so-called silent brain infarcts is higher in patients
with HF (20—35% vs. <5% without HF).39-%

Stroke outcomes in heart failure patients

Outcome of stroke is worse in patients with HF compared to
non-HF patients. Cardioembolic stroke is the predominant aetiol-
ogy of stroke in HF and is known to be often larger, multilocal,
and more severe than other types of strokes, leading to more
significant brain damage and disability. The larger strokes result
from the cardiac thrombus causing occlusion of larger vessels and
inducing multiple ischaemic lesions in different vascular regions

due to fragmentation of the embolus. Mortality after stroke was
observed between 2.2 and 4.5 times higher in patients with HF
compared to non-HF patients.”'%# Patients with HF experience
higher stroke recurrence risk during follow-up* and have higher
death rates.”*’*8 Not only mortality of stroke is higher in HF
patients. Patients with comorbid HF compared to non-HF patients
are 2.5-3 times more likely to present with severe functional dis-
ability after stroke (modified Rankin scale 3—6)*4%%° with more
severe short-term and long-term disability.”“>! A direct relation
between impaired left ventricular function and poor functional out-
come after stroke has been reported.>? In the COMMANDER-HF
trial, 47.5% of strokes were either disabling (16.5%) or fatal
(31%).3> This unfavourable outcome in HF-related stroke resem-
bles the findings in AF-related strokes, which further underlines
that cardioembolic origin may be a predominating mechanism in
these patients.

Mechanisms of interaction of
heart failure and stroke

Mechanisms of heart failure to cause
stroke

Cardioembolism is the most common aetiology of stroke in HF.
Haemodynamic strokes due to hypoperfusion may result from
low cardiac output and other stroke aetiologies may apply due
to the interrelation of HF with other cardiovascular diseases
(i.e. AF, hypertension, arteriosclerosis, and valvular disease). The
principal concept of thrombus formation applies particularly in HF,
as all three components of Virchow’s triad are fulfilled, namely
hypercoagulation, endothelial activation and a low-flow state with
risk of blood stasis®? (Figure 2).

(1) The hypercoagulation state in HF is complex. HF is associated
with higher platelet activity and thrombin generation.* Patients
with HF have elevated levels of soluble markers of platelet activ-
ity; beta-thromboglobulin, P-selectin, and CD40 ligand, as well as
coagulation activity; fragment 1+ 2, thrombin-antithrombin com-
plexes, and fibrinopeptide A.>>*¢ The fibrinolytic system is also
altered, irrespective of preserved or reduced ejection fraction,
which results in higher levels of D-dimer, tissue-type plasminogen
activator and plasminogen activator inhibitor-1.5657

(2) Endothelial dysfunction is a characteristic feature of HF
pathophysiology characterized by functional and structural impair-
ment of the endothelium that results in impaired organ- and
regional blood flow, and reduced vascular adaptability to perfu-
sion demands.>® The change in vascular integrity can be measured
by higher concentrations of von Willebrand factor and reduced
thrombomodulin in patients with HE*® In both HF with pre-
served or reduced ejection fraction, neurohormonal activation
leads to production of reactive oxygen species (ROS) and results
in nitric oxide deficiency thus promoting immune activation and
endothelial dysfunction. Leucocyte adherence to the endothelial
surface is activated and together with endothelial cells release
of inflammatory cytokines is increased, such as interleukin-6

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Ischaemic stroke aetiology

~25%  Cardio-embolic stroke

~20% Large artery atherosclerosis

~25%  Smallartery occlusion (lacunes)

~25%  Undetermined “cryptogenic” stroke

~5% Rare causes of stroke

Cardiologic contribution
to diagnostics and treatment

Atrial fibrillation
Any cardiac pathology - detailed diagnostic

Arteriosclerosis
CVrisk factors

CVrisk factors
Diabetes

Hitherto undetected cardiac pathology
AF screen
Further search for potential cardiac origin

Further search for potential cardiac origin
Coagulopathy

Hereditary cause

Other comorbidity

Figure 1 Stroke aetiology according to TOAST classification and respective cardiological input in diagnostic work-up and in acute and subacute

stroke care. AF, atrial fibrillation; CV, cardiovascular.

and tumour necrosis factor alpha, which are associated with
the severity of HF>%0 Activated platelets expressing P-selectin
and CDA40 ligand form aggregates with monocytes and promote
the inflammatory process and initiate production of tissue fac-
tor.816? Extracellular vesicles released from activated platelets and
endothelial cells can also express tissue factor, and together with
their negatively charged phospholipid surfaces facilitate thrombin
generation.®?

(3) The intracardiac flow may be reduced when the left ventricle
is enlarged and contractility is reduced. Blood flow may be further
slowed in patients with concomitant AF. When HF is accompanied
by valvular diseases, abnormal regional left ventricular morphol-
ogy (aneurysm) or contractility (dys-akinetic segments), blood flow
may be further compromised.” The impaired contractility with sub-
sequent myocardial remodelling processes contributes further to
increased myocardial fibrosis, and, again, endothelial dysfunction.
Progressing decrease of left ventricular ejection fraction together
with the above discussed mechanisms has led to recognize a par-
ticular cardiac thrombogenicity with a high risk of cardioembolic
stroke.%¢4

Ischaemic stroke due to large artery atherosclerosis may occur
in ischaemic HF with generalized atherosclerosis, as atheroscle-
rotic disease is associated with systemic activation of both
inflammation and coagulation**¢%%¢ A haemodynamic stroke may

result from HF with low cardiac output particularly when com-
bined with significant stenosis of carotid and cerebral arteries due
to atherosclerosis.®’ 68

Haemorrhagic stroke may occur in patients with HF in the con-
text of anticoagulation therapy, which contributes to the attenu-
ated beneficial effect of oral anticoagulation in patients with HF
without AF (see Section ‘Anticoagulation for stroke prevention in
heart failure’). Furthermore, antiplatelet therapy increases the risk

of haemorrhagic stroke.

Mechanisms of stroke to cause or
aggravate heart failure

The heart as a major cause of stroke is widely understood
in the heart—brain interaction. There are as well reciprocal
cerebral-cardiac effects®® (Figure 3). An acute stroke can trig-
ger an imbalance of the autonomic nervous system, of the
hypothalamic—pituitary—adrenal axis and immune activation
which all contribute to an exaggerated cardiovascular stress
response.’ The autonomic dysfunction includes impairment of the
baroreceptor sensitivity, the stress response results in elevated
catecholamine levels and cortisol levels.”’ This contributes to
systemic microvascular vasoconstriction and systemic vascular

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Impaired contractility HEART FAILURE Coagulation activation
(systolic dysfunction) 4> Fragment 1+2

Impaired relaxation
(diastolic dysfunction)

Regional wall motion
abnormalities

/> Thrombin-anti thrombin complexes
" Fibrinopeptide A

Impaired fibrinolysis
1 D-dimers

(coronary artery disease) c)\"o /" Tissue plasminogen activator
Atrial blood flow stasis é\V‘ 2 1 Plasminogen activator inhibitor-1
7.
(atrial fibrillation) \$ '?;, Platelet activation
L © .

Impaired intracardiac S 2 T Surface P-selectin
haemodynamics S 53 1 Surface CD40 ligand

~ . o
(valvular disease) Q VIRCHOW'’ (Z\ T Pr.othrom‘botlc platelet derived

- TRIAD = microvesicles
F g /N Beta-thromboglobulin

Impaired vasodilation ‘ ENDOTHELIAL \k Monocyte-platelet aggregates
Jd Nitric oxide (NO) DYSFUNCTION/INJUR 4 /" Tissue factor

™ Von Willebrand factor
J Thrombomodulin

Surface expression
of adhesion molecules

Inflammation

/* Reactive oxygen species
N ICAM, VCAM STROKE /M Cytokine release (IL6, TNFao)

Figure 2 Virchow’s triad of thrombus formation and stroke risk in patients with heart failure. ICAM, intercellular adhesion molecule; IL6,
interleukin-6; TNFa, tumour necrosis factor alpha; VCAM, vascular cell adhesion molecule.

Heart failure as risk factor
of stroke

Cardiac embolism

Enlarged LV and low global
contractility

Hypo-/akinetic LV segments
Aneurysm

AF related

Arteriosclerosis

Cerebral perfusion failure due
to low cardiac output

Stroke induced cardiac
complications aggravating HF

Contractile function
Neurogenic myocyte injury
(cardiac troponins 1)
Arrhythmias

Inadequate BP regulation
Microvascular dysfunction
Cardiac / vascular re-embolism
Myocardial Infarction

CHF exacerbation

Figure 3 Bidirectional interaction of heart failure and stroke. AF, atrial fibrillation; BP, blood pressure; CHF, congestive heart failure; HF, heart

failure; LV, left ventricle.

resistance, increased heart rate and arrhythmogenic potential with
subsequent myocardial injuries, disturbed calcium homoeostasis,
and accelerated oxidative and metabolic stress.> The cumula-
tive cardiovascular effects of a stroke may thus result in clinical
complications of acute hypertensive episodes, acute myocardial

ischaemia, AF, arrhythmias, ventricular dysfunction and may ulti-
mately trigger cardiac decompensation (Figure 4).%° The systematic
interactions of acute stroke to induce cardiovascular complica-
tions have been summarized as stroke—heart syndrome.> Such
cardiac complications may be more pronounced and prolonged

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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TISSUE ISCHAEMIA, NECROSIS

Involvement of insular cortex

INJURY OF STRUCTURES OF

CENTRAL AUTONOMIC NETWORK

Inflammatory response

HPA axis

Sympatho-vagal imbalance

Central immunodepression Metabolic stress  Cortisol ‘> Catecholamine Arterial
Systemic cytocine overflow Oxidative stress levels baroreflex
Coronary rombos Intracellulfrc;laum Altefan%r_] of gut Vﬁpconstrlcflon High BP Electrical
laque instability fombosis overiod . microblome Icrovascutar variability instability
P Myocardial necrosis Intestinal permeability dysfunction
Myocardial injury Ventricular/atrial strain

Stress induced
cardiomyopathy

Acute coronary
syndrome

Ventricular
Arrhythmia

Atrial fibrillation Progression of HF

Progression and/or decompensation of heart failure

Figure 4 Signalling pathways in acute and subacute stroke to provoke cardiac injury and to induce or aggravate heart failure. BP, blood
pressure; HF, heart failure; HPA, hypothalamic—pituitary—adrenal. Modified from®’.

in conditions of pre-existing cardiac diseased since an add-on
effect may results in more severe complications than in case of a
previously healthy heart. Of note, the intensity of the autonomic
dysfunction and subsequent myocardial injury are not related to
age, the severity of the stroke or the volume of brain injury but
are associated with injury of certain cerebral regions (including
the insula region, the anterior cingulate gyrus and the amygdala).”’

Although stroke-related cardiac changes are typically transient
within the subacute phase of 2-5days after a stroke, some
stroke survivors may experience long-term deterioration of left

ventricular function.”?> Even though further research is needed,
these mechanisms can contribute to progression of prevalent HF
or new onset of HE'

Stratification of stroke risk
in heart failure patients

The individual stroke risk of patients with HF depends on clinical
variables of the HF plus additional clinical characteristics and
comorbidities (Table 7TA). The temporal association of a particular

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Heart failure and stroke interaction

Table 1 Clinical parameters which are known to affect
the stroke risk in heart failure patients and clinical
parameters included in a prognostic model to predict
risk of stroke

A. Clinical characteristics B. Prognostic model®?
Age Age (</> 60years)
Sex

Timing of HF diagnosis
Myocardial factors
- Impaired contractile

Left ventricular ejection fraction

function
- Enlarged left atrial
diameter/volume
- Enlarged left ventricular
diameter/volume
- Low cardiac output
- Left ventricular thrombus
Atrial fibrillation
Cardiovascular comorbidities Prior stroke or transient
ischaemic attack
Diabetes mellitus
Diastolic blood pressure
Blood urea nitrogen
Haemoglobin

Renal function
Prothrombotic conditions

high stroke risk early after the de-novo diagnosis of HF (<30 days)
or related to an episode of ADHF has been discussed above (see
Section ‘Epidemiology of the comorbidity heart failure and stroke’).
In turn, the risk of stroke is accumulating over years of chronic HF.
In a 30-year Danish nationwide cohort study between 1980 and
2021, the 1-, 3- and 5-year risk of stroke among HF patients was
1.4%, 2.9% and 3.9%, respectively."’

Age is an important determinant of stroke risk in HF, and both
HF and stroke have a strong association with increasing age. The
mean age of diagnosis is >71 years in both HF and stroke patients."

Myocardial factors are related to HF: impaired contractile func-
tion, enlarged left atrial and left ventricular diameter and low
cardiac blood flow contribute to the increased thromboembolic
risk in HF (see Section ‘Mechanisms of interaction of heart fail-
ure and stroke’). Notably, while a reduced left ventricular systolic
function does not seem to be a strong determinant of stroke
risk in HF patients, a high E/e’ value was observed as an inde-
pendent risk factor for stroke’' The latter may also support
the finding of a higher stroke rate in patients with HFpEF. Ele-
vated N-terminal pro-B-type natriuretic peptide (NT-proBNP) was
shown to be predictive of increased stroke risk in acute HF. In 3261
patients hospitalized with acute HF in the APEX trial, elevated
NT-proBNP was associated with a 3.6-fold higher risk of stroke
(adjusted hazard ratio [HR] 3.64, 95% confidence interval [CI]
1.35-9.83).73

A Left ventricular thrombus is not a rare finding in HF patients
particularly in connection to left ventricular regional akinetic seg-
ments or aneurysms and has an obvious mechanistic association
with ischaemic stroke.?® Patients with left ventricular thrombus
identified on cardiac magnetic resonance imaging have a 9%

short-term risk of stroke,”* and should be considered for oral
anticoagulation.”

It is evident that multiple cardiac pathologies are related to HF
and carry in addition a direct or indirect risk of stroke. Such comor-
bidities include anatomical abnormalities, ventricular aneurysm,
valvular pathologies, AF, storage diseases and others. Those dis-
eases may require specific diagnostic workup and treatments that
is beyond the scope of this document.

Atrial fibrillation as a major cause of stroke has a strong bidirec-
tional association with HF with interchangeable roles as cause and
consequence. Patients with HF and AF have worse prognosis and
higher stroke risk compared to patients with SR.347%77 Notably,
a pooled analysis of the PARADIGM-HF and the ATMOSPHERE
trials has shown that among patients with HF and AF, those with
paroxysmal AF were at greater stroke risk compared to patients
with persistent or permanent AF’¢ which seems to be in contrast
to the association seen in non-HF AF patients.”®

Cardiovascular comorbidities are associated with the risk of stroke
in patients with HE. Notably, the CHA,DS,-VASc score, which is
used to assess stroke risk and guide treatment decisions explicitly
in patients with AF, shows a similar stepwise increase of stroke
risk in HF patients, even in the absence of AR7~8! Although the
CHA,DS,-VASc score may predict stroke in HF patients without
AF® prescription of oral anticoagulants regularly requires the
documentation of clinical AF.

A prognostic algorithm for stroke prediction was devel-
oped specifically for patients with systolic HF based on the
WARCEF cohort which included the following parameters: age
(dichotomized at the threshold of 60years), sex, haemoglobin,
blood urea nitrogen, ejection fraction, diastolic blood pressure,
diabetes status, and prior stroke or TIA (Table 7B).%* It showed a
C-index of 0.63 for the prediction of the overall risk of ischaemic
stroke or death in HF patients. A recent analysis used pooled data
from HF cohorts of three clinical trials, to test a simple risk model
based on three variables (history of prior stroke, insulin-treated
diabetes, and plasma NT-proBNP level).®* This model was able
to identify a subset of HFrEF patients without AF which had a
stroke risk equivalent to that of patients with AF who are not
anticoagulated.

Renal function is related to higher stroke risk in patients with
HF® In the Danish nationwide registry, among patients with HF,
those with chronic renal disease had a 30% higher stroke risk
compared to patients without.?

Beside these risk factors, any (systemic) clinical characteristics
that may increase the likelihood of thrombus formation may further
add to the HF-related risk of stroke, including chronic inflammatory
diseases and venous vascular comorbidities.

Primary and secondary stroke
prevention in heart failure

Prevention has a key role in reducing the burden of stroke globally,
since it is generally assumed that up to 90% of all strokes could
be preventable, and attributable to 10 modifiable risk factors®’:#

(Figure 5). Preventive measures should be addressed as primary and
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Primordial HF prevention

Modifiable CV risk factors

of global
Promoting healthy lifestyle RF'S 1

of stroke
Avoiding risk factors

of global
RF’S
of stroke

Primary stroke prevention

" Hypertension
>80%J Current smoking
Abdominal obesity
Poor Diet
Low physical activity

Secondary stroke prevention

CV diseases and risk factors

Complete diagnostic workup
Consequent treatment
Monitoring of efficient treatmet

Atrial fibrillation
Arteriosclerosis

Diabetes mellitus CAD
»90% Alcohol
Psychosocial factors
Cardiac causes
Apo-B : Apo-Al ratio

HF

Figure 5 Sequence of prevention concepts in preventing the heart failure—stroke comorbidity. Apo, apolipoprotein; CAD, coronary artery

disease; CV, cardiovascular; HF, heart failure; RF, risk factor.

secondary prevention but also primordial prevention may exert
important benefits towards risk reduction.

Primary and secondary prevention of stroke are not particularly
different in HF patients compared to non-HF patients following
principles to reduce cardio-cerebro-vascular risk factors. Preven-
tion of stroke involves both screening for and treatment of major
risk factors including hypertension, AF, atherosclerotic disease,
lipid disorders, as well as lifestyle factors such as smoking, alcohol,
physical inactivity, or abdominal obesity; and other risk factors such
as diabetes mellitus or a family history of stroke or AF. However,
once HF has been established, an increased risk of stroke should
be acknowledged as motivation for further diagnostic assessment
and monitoring of these patients. Accordingly, thorough echocar-
diographic assessment of the left atrium and left ventricle should
be pursued in patients with HF for both primary and secondary
prevention of stroke.®’

Prevention of stroke (primary and secondary) in patients with
HF is supported by optimization of HF treatment according to
guideline recommendations.”> Given the known association of a
particular high risk of stroke with ADHF (see above), avoiding such
decompensation will likely reduce the risk of stroke. Meticulous
monitoring and careful (slow) rebalancing of volume status in the
treatment of ADHF, avoiding infections and other complications
during recompensation may therefore be particularly relevant for
stroke prevention.

Detection of AF is a major factor for stroke prevention and
there are mutual interactions between AF and HFE82%1 Sjlent
AF is detected in approximately one-third of embolic strokes of
undetermined source, although its causal association with stroke
seems to be less important than initially thought.’>*> Therefore,
prevention and treatment of AF in HF is important for both
prevention of HF progression and prevention of stroke. The
comprehensive concept of management of AF in HF includes (i)
identification and treatment of triggers of AF, (ii) prevention of

embolic events, (iii) rate control to prevent HF progression, and
(iv) rhythm control to improve outcome.”> Catheter ablation of
AF has been shown to improve outcome in patients with HF**
and even in patients with end-stage HF.> Screening for AF should
be pursued according to the guideline-recommended principles
with opportunistic screening in elderly patients aged >65 years
and systematic screening in patients aged >75years.”® For this
screening, implanted devices with rhythm recording capacity should
be utilized where possible. If AF is detected, anticoagulation is
the cornerstone for preventing stroke and this is not different
in patients with or without HF (see Section ‘Anticoagulation for
stroke prevention in heart failure’).

In secondary stroke prevention (i.e. in patients after stroke), a
thorough diagnostic workup of potential cardiac involvement is par-
ticularly recommended, if risk profile, family history or hitherto
unclear (and undiagnosed) symptoms may hint towards a cardiac
origin of the cerebral injury. Notably, secondary prevention after
stroke benefits as well the prevention of myocardial infarction,
peripheral artery disease and HF.?”?® Taking into account the mech-
anistic interrelation of HF and AF, detection of abnormalities of the
left atrium may be of particular value for stroke risk assessment
in patients with concomitant HE?*~1°" A number of echocardio-
graphic parameters have been associated with an increased risk of
stroke in AF patients, with or without HF (Table 2),'%2 but it remains
unclear which incremental value these parameters may carry on
top of the widely used CHA,DS,-VASc score for improved stroke
risk stratification.

An important impact to reduce the burden of stroke could be
achieved through a paradigm shift in prevention towards so-called
‘primordial prevention’, defined as prevention of the develop-
ment of risk factors in the first place.'® This approach is even
upstream to primary prevention and aims at avoiding the pen-
etration of risk factors into the population rather than treating
them, and has been proposed for the prevention of cardiovascular
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Heart failure and stroke interaction

Table 2 Echocardiographic parameters associated
with an increased risk of stroke in atrial fibrillation
patients (with or without heart failure)'%

o Enlarged left atrial dimension
o Enlarged left atrial volume
e Spontaneous echo contrast

o Left atrial appendage non-chicken wing shape

Left atrial appendage peak velocity <20 cm/s at pulsed-wave
Doppler

Abnormal left atrial longitudinal strain at speckle tracking
echocardiography

disease in general.’%1% This concept should imply joint efforts to
improve social and environmental conditions, as well as individual

behaviours for a wider adoption of healthy lifestyles.’%+1%°

Anticoagulation for stroke
prevention in heart failure

Anticoagulation treatment is the cornerstone for prevention of
cardioembolic stroke in HE. The concept of anticoagulation in HF
needs to be addressed separately for the two main situations of HF
with AF, and HF without AF, that is, when SR is maintained.

In patients with HF and concomitant AF the ESC guidelines
for the diagnosis and treatment of HF clearly recommend oral
anticoagulation, unless contraindications for oral anticoagulation
apply and direct oral anticoagulants (DOACs) are the preferred
choice for patients with non-valvular AF”> Randomized controlled
trials (RCTs) of DOAC:s for stroke prevention in non-valvular AF
included a significant proportion of patients with HF to support
this anticoagulation choice.”® A relative risk reduction of recurrent
stroke by 64% and all-cause mortality by 26% can be achieved by
anticoagulation compared to placebo or control, yielding a num-
ber needed to treat (NNT) in secondary prevention of 14 within
1year.'% Comparing anticoagulation strategies in AF, DOACs
significantly reduced the risk of stroke compared with warfarin by
19% (relative risk 0.81, 95% CI10.73—0.91)."%” HF is one risk factor
of the CHA, DS,-VASc score and hence patients with HF but with
no other risk factors for stroke should be considered for oral anti-
coagulation.”® However, this would apply only to a small number of
HF patients as the common aetiological factors of HF, such as coro-
nary artery disease, hypertension, diabetes, and older age further
increase the CHA,DS,-VASc score to >2 where oral anticoagula-
tion is recommended. Of note, the beneficial effect of oral antico-
agulation for stroke prevention has been confirmed only in patients
with clinical AR Whether anticoagulation improves outcome as
well in patients with subclinical (i.e. device-detected) AF is currently
undecided as recent trials reported conflicting results.'81%

In contrast, in patients with HF and with maintained SR, the
benefit of anticoagulation for stroke prevention is less clear. Five
RCTs have assessed oral anticoagulation in HF with SR compar-
ing warfarin with aspirin or placebo (Table 3)."1%-1* All these

studies were restricted to HFrEF. Two small studies (WASH and
HELAS) did not have adequate statistical power.”® In the larger
WARCEF trial (n=2305), warfarin did not improve the composite
primary outcome of ischaemic stroke, intracerebral haemorrhage,
or death from any cause (HR 0.93, 95% CI 0.79—-1.10). Notably,
warfarin reduced the rate of ischaemic strokes (HR 0.52, 95% CI
0.33-0.82).""3 However, treatment with warfarin resulted in more
major haemorrhages (adjusted rate ratio 2.05, 95% Cl 1.36—-3.12)
with no significant difference in the rate of intracerebral haemor-
rhage. A Cochrane meta-analysis showed similar all-cause mortality
for warfarin versus aspirin (risk ratio 1.00, 95% Cl 0.89—-1.13) with
a two-fold increase in major bleeding with warfarin (risk ratio 2.00,
95% Cl 1.44—2.78)."® Comparison of warfarin with clopidogrel in
the WATCH trial showed similar findings.''? There were fewer
non-fatal cardiovascular events, including non-fatal strokes in the
warfarin group (odds ratio [OR] 0.79, 95% CI 0.63—-1.00).

The double-blind COMMANDER-HF trial is the only clinical
trial to assess the efficacy of a DOAC in the setting of HF
with maintained SR." In this trial, 5022 participants with HF
and background coronary artery disease were randomized to
rivaroxaban 2.5 mg twice daily or placebo on top of usual care
including aspirin in 93% of patients. There was no significant
difference in the primary composite efficacy outcome of death
from any cause, myocardial infarction, or stroke (HR 0.94, 95% CI
0.84—-1.05), nor in overall mortality (HR 0.98, 95% Cl 0.87-1.10),
or in any prespecified secondary outcome. A detailed post-hoc
analysis, however, showed a 32% reduction in strokes and TIAs
in the rivaroxaban arm (HR 0.68, 95% CI 0.49-0.94; p =0.02),
due to a lower rate of ischaemic strokes.?> In turn, rivaroxaban
led to more major bleeding events (HR 1.68, 95% CI 1.18-2.38),
but there was no significant difference in the primary composite
safety outcome of fatal bleeding or bleeding into a critical space
with a potential for causing permanent disability (HR 0.80, 95%
Cl 0.43-1.49). The outcome in the study population was mainly
driven by HF deterioration rather than thrombotic events, which
explains the net neutral effect of rivaroxaban on the primary
outcome. A similar result was reported from a recent meta-analysis
including 15794 patients from seven controlled trials."" It was
found that the reduced rate of stroke or systemic embolism (OR
0.57, 95% CI 0.39-0.82, NNT 65) was outweighed by a higher
rate of major bleeding (OR 1.86, 95% Cl 1.32-2.63, number
needed to harm 58). In the subgroup analysis according to the
type of oral anticoagulation, rivaroxaban was associated with a
significantly reduced rate of stroke or systemic embolism (1.24
vs. 1.97 events per 100 patient-years, respectively; OR 0.63, 95%
Cl 0.45-0.88, NNT 82) without excess risk of major bleeding
(OR 1.66, 95% CI 0.26—10.59) compared to antiplatelets or
placebo. There was no significant difference between groups for
the outcomes of myocardial infarction, all-cause mortality, and
HF hospitalization. The accumulated data emphasize that further
biomarkers and individualized risk profiles may be taken into
account and structured decision pathways may be pursued to
identify patients at high risk of recurrent stroke and who may
benefit from oral anticoagulant therapy.'"®

Overall, oral anticoagulation in HFrEF with SR did not improve
mortality, and the stroke events were relatively few in all groups
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Heart failure and stroke interaction

1

A 43 year old patient presented with symptoms of congestive heart failure
with elevated levels of brain natriuretic peptides following a myocardial infarction

three years previously.

Echocardiogram showed left ventricular ejection fraction of 35%.

Electrocardiograms consistently showed sinus rhythm.

Routine oral anticoagulation
dose is not indicated

The patient received treatment with low dose aspirin, bisoprolol, ramipril

and spironolactone.

One year later the patient presented with palpitations, and atrial fibrillation
was found on an electrocardiogram. The patient has a low risk of bleeding.

CHA?DS?-VASc score is 2.

Stop aspirin and start the
treatment dose of a direct
oral anticoagulant.

Figure 6 Example of anticoagulation treatment decision in the course of heart failure (HF) disease progression.

(Table 3). A consistent increase in bleeding events offsets the poten-
tial benefits of anticoagulation on thromboembolism reduction.!"’
RCTs on oral anticoagulation for HFpEF with SR are lacking. The
ESC guidelines for the diagnosis and treatment of HF point out
that the lack of data does not support the routine use of antico-
agulation in HFrEF with SR and recommend anticoagulation once
AF has been diagnosed (Figure 6). However, low-dose rivaroxaban
may be considered in HF patients with coronary artery disease or
peripheral artery disease, a high risk of stroke and no major haem-
orrhagic risk. This recommendation is based on a subgroup analysis
of the COMPASS trial where a low dose of rivaroxaban, on top of
aspirin, reduced ischaemic events in patients with HF, mainly HF
with moderately reduced or preserved ejection fraction.'°

Oral anticoagulation treatment may be prohibited in case of
increased risk of bleeding and other options to prevent cardiac
embolism may be pursued. Left atrial appendage closure (LAAC)
has been established as a safe and effective procedure for stroke
prevention in patients with non-valvular AF. Observational data
from over 34000 LAAC procedures have shown that the use in
patients with AF and HF (25% of the LAAC cohort) is safe and there
is no difference in inpatient mortality and cardiac complications
between the HF and non-HF subgroups. However, higher incidence
of non-cardiac complications such as acute kidney injury and
respiratory failure were noted for the HF subgroup.’?’ Another
study observed during a 3-year follow-up a higher rate of major
adverse cardiac and cerebrovascular events (31% vs. 15%) and
of death (24% vs. 7%)."* The impaired outcome was, however,
attributed by the authors to the overall adverse outcome due to
the HF comorbidity compared to the non-HF group.

Specific aspects of heart failure
treatment after stroke

Treatment of HF after stroke needs to be separately addressed
for acute stroke and the subacute phase after stroke and for
the chronic treatment long-term after stroke (Figure 7). It

also needs to take into account the specific background and
guideline-recommended therapy for HFrEF and HFpEF which
are materially different. Currently, for HFpEF a class IA guideline
recommendation is given only for the treatment with SGLT2
inhibitor, although it is important to control congestion with
diuretic treatment and to treat common comorbidities such as
hypertension and AF. This treatment will apply independent of the
presence of stroke. The rest of this section will concentrate on
the management of HFrEF.

The chronic treatment of HF after a stroke should follow the
HF management guidelines.”> However, certain specific aspects
may need adaptation in the setting of an acute stroke event.
Optimization of cardiac output, blood pressure and heart rate is
of crucial importance during the vulnerable phase following acute
stroke for both improving outcome after stroke and preventing
episodes of ADHFE

As a general rule, existing treatment for HF should be main-
tained if clinically possible and titration or interruption of med-
ical treatment should be done slowly and under close clinical
supervision. Most HF guideline-recommended medical treatments
reduce blood pressure. In acute stroke, whether there is clini-
cally evident hypotension or not, a temporary down-titration or
discontinuation of some of the standard HF treatments might
be needed. Notably, any reduction of beta-blocker needs to be
done with great caution and sudden cessation of such therapy
should be avoided given the risk of neuroendocrine rebound and
the consequent increased risk of arrhythmias and sudden car-
diac death. An early reinitiation/uptitration of HF treatment in the
post-acute phase is beneficial for both the secondary prevention of
stroke, that is, as anti-hypertensive treatments, and for the reduc-
tion of mortality/morbidity in patients with HF with reduced and
mildly reduced ejection fraction.” In the post-acute phase, when
required, anti-hypertensive treatment can be performed by first
re-implementing full-dose HF therapies.

Maintaining optimum blood pressure control in acute stroke is
crucial for outcome and may be particularly challenging in stroke
patients with HE. The relationship of systolic blood pressure with
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Acute/subacute stroke

Optimization of:

Cardiac output
Blood pressure
Heart rate

Keep existing HF treatments
if clinically possible

Consider temporary
down-titration or
suspension of HF treatments
if necessary

STROKE

Figure 7 Shifting treatment targets for heart failure (HF) in the acute, subacute and chronic phases after stroke.

mortality after ischaemic stroke follows a U- or J-shape, with
an optimal blood pressure range of 130—150 mmHg.'?'4 The
interaction of blood pressure and stroke is indeed complex and
time-dependent: While hypertension is a major risk factor for
ischaemic stroke, severe elevation of blood pressure may occur
secondary to the acute stroke due to imbalanced neurovegeta-
tive vascular control. Acute hypertensive episodes may not only
increase cerebral oedema or foster a haemorrhagic transformation
in the acute phase, it can as well worsen HF by increasing afterload.
Despite this, a moderately higher blood pressure during the acute
phase of stroke is understood to improve outcome by maintain-
ing adequate brain perfusion in the presence of ischaemia-induced
cerebral oedema. Maintaining adequate cerebral perfusion may
be further complicated when concomitant HF accounts for low
blood pressure and low cardiac output with the risk of aggravated
ischaemic cerebral injury in the border infarct zone. Therefore,
both hypotension and hypertension should be avoided in acute
stroke, with chronic blood pressure lowering strategies being pro-
gressively re-established in hypertensive patients after the acute
phase of a stroke.'?5126

The occurrence of stroke may be associated with tachycardia
and with new-onset AF as stroke is also associated with increased
sympathetic activity'?’. A high ventricular rate might contribute to
worsening HF and, therefore, initiation/uptitration of beta-blockers
might be particularly helpful (see Section ‘Cardiac complications
and heart failure management on the stroke unit’). Ivabradine might
be considered in patients with tachycardia without AF.

Specific aspects of acute stroke
treatment in heart failure patients

Reduced cardiac output is observed in 10—24% of all patients with
acute ischaemic stroke.”®° As the normal vascular autoregulation

Post-acute
stroke phase

Chronic phase
after stroke

Early re-initiation/
up-titration of
HF treatments
Treat according

Anti-hypertensive to the HF guidelines

treatments by
implementing
full-dose HF therapies

in the brain is impaired in acute stroke, cerebral perfusion will
linearly be correlated to cardiac output.

Maintaining adequate cerebral perfusion in acute stroke is partic-
ularly complicated in patients with HF when low ejection fraction
and low blood pressure inhibit sufficient cerebral perfusion pres-
sure, thus increasing the risk of border zone infarction. In these
patients, rehydration may support blood pressure and hence cere-
bral perfusion pressure. However, fluid management for improved
blood pressure control has to be carefully balanced in HF due
to risk of volume overload which may lead to haemodynamic
decompensation. On the other hand, blood pressure lowering is

128 and will

key in hypertensive patients with haemorrhagic stroke
as well prevent cardiac decompensation due to acute hyperten-
sive episodes. Blood pressure management should therefore be
adapted to the individual (HF) patient requirements that include
type of stroke, cardiac comorbidity, spontaneous blood pressure
level, and the use of fibrinolytic therapy. Therefore, cardiac func-
tion and clinical signs of cardiac decompensation should be tightly
monitored in HF patients in the acute phase of stroke, taking into
account proactive management of associated comorbidities (see
also Section ‘Cardiac complications and heart failure management
on the stroke unit’).'?’

Regarding interventional treatments for acute ischaemic stroke,
to date, no randomized data are available focusing on the effi-
ciency and safety of (systemic) thrombolysis using recombinant
tissue-type plasminogen activator (rt-PA) or mechanical recanal-
ization in stroke patients with HE'3® Moreover, HF patients were
often excluded from randomized stroke trials. A retrospective anal-
ysis of the VISTA database comparing HF versus non-HF patients
suggests a similar efficiency® and safety of thrombolysis, while
rt-PA-associated bleeding was almost doubled in HF patients'’
in a meta-analysis including 55 studies. In a German single-centre
cohort study, recanalization rate and the rate of rt-PA-associated
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secondary intracranial haemorrhage was not different in HF versus
non-HF patients.3°

The same holds true for (HF vs. non-HF) patients undergoing
(additional) mechanical recanalization.'® In stroke patients under-
going mechanical recanalization, HF may impact on anaesthesiolog-
ical management during the procedure that should aim to maintain
certain blood pressure levels, as this correlates with clinical out-
come."? A report from the Interventional Management of Stroke
(IMS) 1ll study showed a significantly lower baseline degree of col-
lateral vascularization in HF patients, which correlated with clinical
outcome.’3? Nevertheless, in a single-centre prospective registry
on acute stroke treatment, a similar outcome in HF versus non-HF
patients after mechanical recanalization was observed.'®

Taken together, available data on patients with HF and with acute
stroke are limited and despite the higher risk of these patients,
no curtailment of state-of-the-art stroke care should be accepted.
Special attention must be paid on blood pressure management in
HF patients during the acute phase of stroke.

Cardiac complications and heart
failure management on the stroke
unit

Stroke unit care for patients with acute stroke has been shown
to result in better short-term and long-term outcome, greater
independence and lower mortality by applying multidisciplinary
treatment concepts, close monitoring and prevention or fast
treatment of complications.134 As outlined above, an increased
risk of cardiac complications (like HF, myocardial infarction, Takot-
subo cardiomyopathy, acute hypertensive episodes, AF, ventricular
arrhythmias, change of repolarization; Table 4%13128135-151) arises
in acute stroke, peaking within the first 3 days.'37/142145.148.152 Cap.
diac complications in acute stroke imply poor short- and long-term
prognosis.’38153-155 |t is therefore consensus that cardiologists
should be consistently integrated in stroke unit care to address
cardiovascular aspects of acute stroke in selected patients.’>® The
systematic cardiologic workup of patients on a stroke unit should
address three main targets'>® (Figure 8):

e Diagnostic workup to establish the stroke aetiology (cardioem-
bolism related to HF; evaluation of cardiac structure and func-
tion, other cardiovascular causes).

e Cardiovascular monitoring for prevention of cardiac complica-
tions in (sub-)acute stroke (high risk of ADHF and HF-related
complications, other cardiovascular complications).

e Initiation of continued cardiovascular management for sec-
ondary prevention (as well as optimizing HF treatment).

The rate of cardiac complications differs to some extent between
ischaemic stroke, haemorrhagic stroke, or subarachnoid haemor-
rhage (Table 4). Pre-existing HF will inevitably account for a more
vulnerable heart to neuronal injury which may explain both a par-
ticular high risk of cardiac complications and a worse outcome with
these complications in HF patients. In addition, the risk of cardiac

complications is related to patient characteristics, such as age, risk
profile and underlying comorbidities.">’

Key factors of cardiac monitoring on a stroke unit are (Figure 8)
(i) preventing haemodynamic decompensation and ADHF, (ii) elec-
trocardiographic (ECG) monitoring for AF, heart rate, severe ven-
tricular and supraventricular arrhythmias, (jii) fluid status monitor-
ing, (iv) blood pressure monitoring, (v) blood-based biomarkers,
(vi) cardiac imaging, to identify stroke patients at higher risk of
cardiac complications (Table 4).5%139.140.148.155

Pathological ECG findings are observed in a relevant proportion
of stroke patients even when accounting for pre-existing heart
disease. Changes of repolarization appear early, indicating a higher
risk of arrhythmias and increased mortality.'*>152158 A first episode
of AF is detected in up to 10% of stroke patients and account
for the majority of arrhythmias in acute stroke.'*® Whether AF
is the underlying cause of stroke or stroke-induced is difficult to
disentangle in individual cases but adequate treatment of AF in
acute stroke, including rate control and antithrombotic therapy,
should follow guideline recommendations in any case.”

While elevated levels of high-sensitivity cardiac troponin
(hs-cTn) are frequently found in patients with stroke and even
transient increased hs-cTn are related to worse prognosis,'>>1>
a dynamic change in hs-cTn is associated with an early increased
risk of mortality.>> However, in patients with troponin elevation,
a culprit coronary lesion is found in a mere 25%, especially in such
patients with dynamic rise and fall of hs-cTn."* The PRAISE trial
is ongoing and will evaluate when a coronary angiography should
be performed in these high-risk patients in the subacute phase
of stroke.’® A complication in the management of subarachnoid
haemorrhage is the occurrence of cerebral vasospasms. The
acute treatment by nimodipine infusion and volume expansion
requires careful blood pressure management which may, again, be
particularly susceptible in patients with HF.

Taken together, acute stroke patients should be treated in
a stroke unit, as this treatment has been shown to improve
outcome after stroke.'3* There are apparently no published data
on the efficacy of stroke unit treatment in HF patients. However,
the haemodynamically vulnerable state of HF patients suggests a
particular benefit of stroke unit care for patients with HF as they
have a particularly high risk for cardiac complications and a higher
risk of recurrent stroke.®!

Cerebral complications including
stroke and cognitive decline
in acute heart failure

The strong mutual interaction between brain and heart in func-
tional and structural injury is particularly pronounced in ADHF. In
general, 6.5-15% of all strokes occur in patients while in hospi-
tal, and cardiac disorders besides perioperative settings are a main
underlying condition in these patients.’®? As discussed above, the
risk of stroke in acute HF is excessively high,'” even among patients
in SR that is, without pre-existing AF.'63

In line, Asian HF registries show a particular high stroke risk
during hospitalization or shortly after discharge.'®*~1¢ In the Kyoto
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Table 4 Cardiac complications in acute stroke patients

Ischemic stroke Subarachnoid Intracerebral What to do if ...
haemorrhage haemorrhage
Heart failure® 13135 - 5% clinical HF 3-26% 3.8%'36 Echocardiography when suspicion of
- 10% systolic impaired heart function.
dysfunction Avoid inconsiderate discontinuation of
- 23% diastolic HF drugs (in particular beta-blockers).
dysfunction Sympathomimetic rebound effect can
worsen cardiac function without
increasing blood pressure.
Troponin elevation and - 20—34% troponin 11-71% troponin 0.4-2.0% Ml Assess dynamic changes of troponin
myocardial infarction’37-141 elevation elevation levels, as this indicates high-risk
- Whereof 25% with patients. Combine with clinical
significant coronary evaluation and other diagnostic tests
stenosis (ECG, Echo, history). Avoid
inconsiderate discontinuation of HF
drugs (in particular beta-blockers).
Takotsubo cardiomyopathy'4? 1.3% 0.8-8%143.144 1.2% Echocardiography/cardiac MRI to
identify apical ballooning. Cardiac
biomarkers (TnT, BNP). Coronary
angiogram may be indicated.
ECG repolarization 15-40% 75% 60-70% Continuous rhythm monitoring for at
disturbance'4>-147 least 72 h. Avoid inconsiderate
discontinuation of beta-blockers.
Heart rhythm 25%, AF as most 5%, AF as most 2.9%, Continuous rhythm monitoring for at
disturbances48-150 common common new-onset least 72 h with sufficient quality for
arrhythmia arrhythmia AF151 confirmation by a health professional.
AF detection rate is related to ECG
duration and quality of analysis, and
patient characteristics.
Hypertensive crisis'2 7.5-15% 40% 15-20% BP reduction according to

recommendations considering stroke
aetiology, acute stroke intervention
strategy. Continued BP monitoring
while on stroke unit.

AF, atrial fibrillation; BP, blood pressure; BNP, B-type natriuretic peptide; ECG, electrocardiogram; Echo, echocardiography; HF, heart failure; MRI, magnetic resonance imaging;

TnT, troponin T.

Congestive HF (KCHF) registry including 4056 patients with acute
HF, 1.6% of patients developed an ischaemic stroke during a
hospitalization for acute HFE'®” The stroke risk in acute HF can
be predicted by the CHA,DS,-VASc score,'®® which also can
predict rehospitalization for acute HE'®? In turn, acute HF has been
observed to occur in 5% of patients within 7 days after admission
for stroke and is shown to affect survival."”®

A history of cerebrovascular disease has significant impact on
the outcome of acute HF episodes. In the ASCEND-HF trial popu-
lation, enrolling patients with acute HF, a pre-existing cerebrovas-
cular disease was associated with an 80% higher risk of death or HF
rehospitalization.””" Consistently, in the Euro Heart Failure Survey
II, a history of cerebrovascular disease was associated with higher
mortality at 3 months and 1 year after the ADHF event.'’2

Mechanistically, a number of factors contribute to the high risk
of stroke in ADHF. Low cardiac output, procoagulant properties
of activated endothelium and of circulating thrombogenic factors

(Virchow's triad, see above) are particularly pronounced in ADHF,
compared to chronic HE'7® This may in part explain the very high
risk of ischaemic stroke in close timely relation to the de-novo
diagnosis of HE'>'7 ADHF results in systemic tissue hypoxia with
subsequent activation of pathogenic signalling cascades such as
neuroendocrine activation,'* ROS accumulation and inflammatory
activation.'”> Moreover, the initiation of haemodynamic recompen-
sation therapy including enforced diuresis to achieve euvolaemia
and haemorheological changes may contribute to the increased
stroke risk in ADHFE'7%77 Furthermore, pathophysiological and
clinical changes in acute HF such as high heart rate, new onset of

179 or comorbidities and polypharmacy'®

AF.'8 low blood pressure
predispose to temporal (TIA) or persisting brain injury (stroke).
Cardioembolism is the main cause of stroke as well in patients
with ADHF (64%), with first-time hospitalization for HF and high
natriuretic peptides being predictors of stroke in these patients.'®’

Indeed, the degree of acute ventricular dysfunction seems to relate
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Stroke patient
on the stroke unit

o | 0 |

Diagnostic workup CV monitoring
( Diagnostic basics ) (" Basic stroke unit monitoring )
A 4 . \ 4
o | ° Ccv hlsto-ry - °
* CVmedication * ECG monitoring >24h (-72h)
* CV symptoms before /
at the acute stroke * Blood pressure
__* CVclinical status ) » Haemodynamic / fluid balance
v | Flectrocardiography * Myocardial function (biomarkers)
® | ° 12lead ECG
* 24h Holter ECG* \ J
:Cardiacimaging < : [ Individualised monitoring ]
;  Echocardiography* * Prevent exacerbation of
TTE or TOE pre-existing CV disease
* Extended imaging* * Maintain and adapt CV medication
CCT, CMR, CAG, other according to acute clinical condition
A 4 v
) Stroke aetiology > Early detection and
2 CV comorbidity treatment of CV complications

Subsequent CV management (begin on stroke unit, continue after discharge)

Definite CV management

D Initiate secondary stroke prevention
target CV risk factors

Initiate appropriate CV treatment

) Instruct on further CV diagnostic needs

J

Figure 8 Flowchart of cardiovascular management of stroke patients: (1) diagnostic work-up, (2) monitoring for cardiovascular complications,
and (3) secondary prevention and subsequent cardiovascular management. CAG, coronary angiography; CCT, cardiac computer tomography;
CMR, cardiac magnetic resonance; CV, cardiovascular; ECG, electrocardiogram; TOE, transoesophageal echocardiography; TTE, transthoracic
echocardiography. * as clinically indicated.
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directly to the risk of stroke. In the VALIANT study in patients after
myocardial infarction with compromised left ventricular function,
the stroke rate was directly related to a higher risk class compared
to the lowest Killip class amounting to a relative risk of 4.85."8
In turn, acute HF worsens the risk for death and cardiovascular
complications as well in the follow-up after acute stroke.®?

There is sound evidence comparing acute HF with reduced ver-
sus preserved ejection fraction regarding the risk of stroke. Data
from the Nationwide US Readmission Database (NRD) includ-
ing over 2.5 million patients with acute HF showed higher event
rates of stroke in acute HF with reduced (4.7%) versus preserved
(2.5%) ejection fraction.’ A study in 2922 patients admitted
with acute HF and AF showed that the predictive power of the
CHA,DS,-VASc score for stroke risk prediction was similarly valid
in HF patients with reduced as with preserved ejection fraction."®
However, only a modest predictive power of the CHA,DS,-VASc
score in patients with acute HF was observed in a HF registry from
Korea.'®

Beside a stroke, other cerebral functional and structural alter-
ations may occur in acute HF such as cognitive decline or
depression. Cognitive impairment is augmented in episodes of
haemodynamic decompensation and partially reversible after rec-
ompensation.'® Also, silent cerebral infarctions, that are known
to relate to subtle functional deficits, are significantly more preva-
lent in patients with HF.4*"85 Depression is a prevalent comorbidity
in HF and may further accelerate in acute HF Clinically signifi-
cant depressive symptoms affect 20—-50% of HF patients depending
on HF severity.'8 Depression in HF is associated with advanced
HF severity, and poor prognosis.'®’
ment in HF has not convincingly shown efficacy. Selective sero-

To date anti-depressive treat-

tonin reuptake inhibitors have been shown to improve depressive
symptoms and to be safe but failed to improve prognosis.'®® Tri-
cyclic antidepressants may cause cardiovascular side effects includ-
ing hypotension, arrhythmias and worsening of HF and should
therefore be avoided in patients with HE. A recent meta-analysis
has suggested that the use of antidepressants could increase
all-cause death, although this might simply be reflection of disease
severity.'®’

Taken together, acute HF represents a high-risk condition for
stroke, transient cognitive decline and depression. During treat-
ment for acute HF, particular attention should be paid on the
neurological, cognitive and psychological status of the patients and
its potential changes. Clinical signs of stroke should trigger imme-
diate diagnostic clarification (brain imaging) and fast-track stroke
treatment. The interdisciplinary care of cardiologists and stroke
specialists are pivotal to ensure optimum treatment for both clinical
conditions. Avoiding abrupt haemodynamic changes in the course
of the treatment of acute HF with careful titration of diuretic ther-
apy and close monitoring of fluid and haemodynamic balance of
the patients may help to prevent thromboembolic activation and
stroke as complications of acute HF.

Patient values and preferences

The long-term management of stroke and HF focuses on the
patient’s ability to adopt complex lifestyle changes and adhere to

treatment regimens whilst suffering increasing levels of cognitive
and/or functional impairment.’”®'! Cardiac rehabilitation as a
multi-factorial and comprehensive secondary prevention interven-
tion is designed to limit cardiovascular disease’s physiological and
psychological effects, manage symptoms, and reduce the risk of
future cardiovascular events.'®? Rehabilitation is recommended for
patients living with cardiovascular disease.'”® Notably, fewer than
one out of five HF patients are referred to cardiac rehabilitation
according to recent UK data. A systematic review reported that
few cardiac rehabilitation studies focused on stroke care.’™ Unlike
cardiac patients (including HF and a range of other cardiac condi-
tions) who are recognized as chronic patients and usually referred
for long-term cardiac monitoring and ambulatory management, no
such long-term care exists in most healthcare systems for a patient
with stroke. Indeed, in a recent systematic review, stroke patients
discharged into the community and their carers reported a feel-
ing of abandonment and an inability to re-engage with healthcare
services.'” Limited information, resources and a lack of access to
psychological support are common.'%
In the absence of proper support, cardiac and stroke patients
rely on informal caregivers'®” who play a crucial role in providing
patients with motivation, hope and meaning."”® They help man-
age medicines, provide personal care, facilitate conversations with
healthcare professionals, aid symptom recognition and promote
lifestyle change.'” However, the responsibility placed on the care-
giver can cause deleterious effects on their own health with sus-
tained levels of anxiety and depression being witnessed in this
population.2®

Hendriks et al2°! suggest that a personalized care model that
considers the aims for treatment and care of patients with
co-existing morbidities would result in significant benefits in terms
of improved quality of life and life expectancy. Whilst this approach
is welcomed, these benefits will only be realized if the patient
and their caregiver play an active role in the decision-making
process.

Consensus statements

The comorbidity of HF and stroke represents a high-risk condi-
tion that requires particular attention to ensure early detection,
efficient diagnostic workup, consequent and careful treatment and
close monitoring of the patient. Interdisciplinary cooperation of
cardiologists, stroke specialists, other specialists and primary care
physicians is pivotal to ensure optimal treatment in acute disease
events and during long-term care of these patients. The following
consensus statements of the authors may inform clinicians on diag-
nostic workup, prevention and treatment of the comorbidity of HF
and stroke.

Epidemiology

Patients with heart failure

o The prevalence of stroke among patients with HF is 8—11%.
e The risk of stroke is highest in the first 30days of initial
diagnosis of HF.
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e The risk of stroke is elevated during episodes of ADHF.
e HF-related factors contributing to the risk of stroke are

Treatment and prevention

older age, HF duration, HF severity and the comorbidity The heart failure perspective

of AF. e Optimal treatment of HF and avoidance of episodes of acute

e Patients with HF have not Only an increased risk of Stroke, but cardiac decompensation are important to prevent stroke in HE

also an increased risk of silent brain lesions.

Patients with stroke

e The prevalence of HF in patients with ischaemic stroke is about
10—-24%, either as pre-existing HF or as acute haemodynamic
decompensation secondary to the acute stroke.

e The outcome after stroke is worse in patients with HF (higher
mortality and worse functional outcomes) compared to stroke
patients without HF.

Mechanistic interaction

Cardioembolism is the most common aetiology of stroke
in HF (at 40-50%) but also haemodynamic stroke due to
hypoperfusion as well as other stroke aetiologies may apply due
to the interrelation of HF with other cardiovascular diseases
(i.e. AF, hypertension, arteriosclerosis).

All factors of the Virchow'’s triad (slow blood flow, endothelial
activation and coagulation system activation) are activated in
HF indicating a high-risk procoagulant state.

Stroke-induced cardiac complications (‘stroke—heart syn-
drome’) present often as a clinical pattern of acute HF
stress-induced cardiomyopathy, (micro-)vascular dysfunction,
arrhythmias, and blood pressure deviations. The vulner-
ability may be particularly pronounced in patients with
pre-existing HF.

Impaired left ventricular function with low cardiac output
may contribute to reduced cerebral perfusion pres-
sure and may worsen cerebral ischaemia and functional
outcome.

Cardiac diagnostic workup in stroke
patients

e Cardiovascular workup should include the patients’ cardiovas-
cular history, current and previous symptoms and medications,
cardiac rhythm (12-lead ECG on admission) and left ventricular
functional status (transthoracic echocardiography).
Echocardiographic imaging should be performed if structural
and functional abnormalities are suspected. The appropri-
ate type of echocardiography (i.e. transthoracic vs. transoe-
sophageal echocardiography) should be selected according to
the intended information.

Cardiac biomarkers may be helpful to inform clinicians on
dynamic cardiac functional status in the subacute phase of
stroke and are mandatory for the evaluation of suspected
myocardial injury including myocardial infarction.

Subsequent diagnostic workup for cardiac comorbidity may be
extended as appropriate and may be continued after discharge
from stroke hospitalization.

During treatment for cardiac recompensation of acute HF
patients, abrupt haemodynamic changes should be avoided,
titration of diuretic therapy should be done carefully and with
close monitoring of fluid status to prevent thromboembolic
complications.

In acute HF, close monitoring of the patient should include the
neurological status (prompt stroke detection), cognitive and
psychological status.

Anticoagulation is applicable to prevent thromboembolic com-
plications in patients with HF and AF according to the
CHA,DS,-VASc score. In HF patients with maintained SR,
there is no evidence for improved outcome in HF patients
receiving anticoagulant therapy, since a reduction in ischaemic
stroke in anticoagulated patients is outweighed by an increased
risk of major bleeding.

The stroke perspective

e Management principles aligned with the concept of integrated

care for stroke and heart disease should be applied including
three pillars of management:

o A: Appropriate Antithrombotic therapy.

e B: Better functional and psychological status.

e C: Cardiovascular risk factors and Comorbidity optimiza-
tion (including lifestyle changes).

Data on systemic thrombolysis and mechanical thrombectomy
in patients with concomitant HF are limited. Observational
data suggest a similar effect in HF patients and non-HF patients.
Therefore, systemic thrombolysis and mechanical thrombec-
tomy should be performed according to licensed indication and
irrespective of HF status.

Patients with acute stroke should be treated in a stroke unit,
irrespective of HF status.

Patients with acute stroke and pre-existing HF are at risk of
cardiac decompensation in the (sub-)acute phase after stoke,
requiring careful monitoring for cardiovascular complications.
Cardiologists should be consistently integrated in stroke unit
care for selected patients.

Chronic HF treatment should be continued in the acute phase
of stroke if clinically possible including angiotensin-converting
enzyme inhibitors, or angiotensin receptor antagonists or
angiotensin receptor—neprilysin inhibitor, beta-blockers, min-
eralocorticoid receptor antagonists, and sodium—glucose
cotransporter 2 inhibitors. If needed, titration (particularly of
beta-blockers) should be done carefully and with continued
monitoring of haemodynamic stability. Early reinitiation of HF
treatment should be pursued.

Blood pressure control is particularly challenging and requires
careful monitoring as hypertensive episodes may cause cardiac
decompensation and maintaining cerebral perfusion pressure
may be limited by low systemic blood pressure due to low
cardiac output in HF.
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e Elevation of troponin levels are frequently observed in acute
stroke. The decision on invasive coronary diagnostics needs
to be based on individual considerations taking into account
a comprehensive cardiovascular diagnostic workup (troponin
dynamics, symptoms, ECG, echocardiography, risk profile, dis-
ease history).

e Thereis alack of continued and long-term (cardiovascular) care
for stroke patients as most patients are discharged to their
general practitioner or basic healthcare service.

o After discharge from the stroke centre, systematic completion
of cardiovascular diagnostic workup should be pursued as
clinically required.

e Optimal treatment of HF and cardiovascular secondary pre-
vention should be initiated without delay.

Supplementary Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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