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Abstract
Purpose of Review The purpose of this review is to describe
the extent and scope of acute heart failure (AHF), place it
within its clinical context and highlight some of the difficulties
in defining it as a pathophysiological entity.
Recent Findings A diagnosis of AHF is made when patients
present acutely with signs and symptoms of heart failure, often
with decompensation of pre-existing cardiomyopathy. The
most current guidelines classify based on clinical features at
initial presentation and are used to both risk stratify and guide
the management of haemodynamic compromise. Despite this,
and there i§Hi0
therapy proven to have [GhgHterm mortality benefits!
Summary We provide an introduction to AHF and discuss its
definition, causes and precipitants. We also present epidemi-
ological and demographic data to suggest that there is signif-
icant patient heterogeneity and that AHF is not a single pa-
thology, but rather a range of pathophysiological entities. This
poses a challenge when designing clinical trials and may, at
least in part, explain why the results in this area have been
largely disappointing.
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Introduction

Heart failure (HF) is a clinical syndrome characterised by a
constellation of symptoms (dyspnoea, orthopnoea, lower limb
swelling) and signs (elevated jugular venous pressure, pulmo-
nary congestion) often caused by a structural and/or functional
cardiac abnormality resulting in reduced cardiac output and/or
elevated intracardiac pressures [[1%8]. As a disease entity, it has
wide-reaching implications not only in terms of mortality and
morbidity for affected individuals but also for the infrastruc-
ture required to provide care for these patients. Within the UK,
an estimated 980 million'is'Spent per year on managing HF
[2] and the World Bank estimates the global economic cost at
$108 billion per annum [3]. Although estimates vary depend-
ing on the study population, the prévalence of HF is approx-
imately 1-2% and rises to2109%lamong people OVer the age of
[0¥/@ats [4]. This figure may the true scale of
disease as the stimated prevalence of those with aSymptomn-
atic left ventricular (LV) Systolic dysfunction in those aged
Bver65years is 515% [5]. One study estimates that the-

of developing HF is 339! for fien and 28% for

women [6].

Consensus guidelines [1¢¢] tend to use the term HF to refer
to those patients with established chronic heart failure (CHF)
whose symptoms may be graded according to the New York
Heart Association (NWHA) functional classification. Over the
past 20-30 years, the understanding of this condition has im-
proved significantly both from the pathophysiological per-
spective and from the provision of disease-modifying thera-
pies informed by clinical studies. In contrast, the presentation
and management of patients presenting with acute heart
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failure (AHF)isiess welltnderstood. These patients present

with a rapid onset of disease, often in the context of pre-
existing cardiomyopathy, and their admission to hospital her-
alds a poor prognosis with a high risk of readmission and
death post-discharge. Data from the UK National Heart
Failure Aldif demonstrate [Orality rates during the index
admission offaround 10% with a post-discharge B0%day and
[5/carmortality of 6:5% and B0%) respectively [7].

In this article, we seek to provide an introduction to AHF
and place it in its appropriate clinical context. Using epidemi-
ological and demographic data, we highlight some of the chal-
lenges faced in the identification and management of this con-
dition and the role that clinical trials have to play.

De Novo Acute Heart Failure

Acute heart failure is broadly defined as a rapid onset of new
or worsening signs and symptoms of HF [8]. It is often a
potentially life-threatening condition, requiring
hospitalisation, and emergency treatment is aimed predomi-
nantly at managing fluid overload and haemodynamic com-
promise. This umbrella term includes patients presenting for
the first time with typical symptoms and signs of heart failure
(de novo AHF) and also those with worsening of their pre-
existing cardiomyopathy (acute decompensated heart failure).

De novo AHF occurs when there is a sudden increase in
intracardiac filling pressures and/or acute myocardial dysfunc-
tion which can lead to decreased peripheral perfusion and
pulmonary oedema. The most common 2etiology is cardiac
ischaemia where (sub)-total coronary occlusion leads to de-
creased contractility in myocardium subtended by the affected

coronary artery. In this case, flanagement is focussed not only
on haemodynamic compromise but also on feperfusion with

the aim of festoring myocardial Gonractile function.

A less common precipitant to AHF is one of a number of
possible fonfisehaemic myocardial insults. This includes the
onset of acute myocardial dysfunction with inflammatory in-
sults (e.g. viral cardiomyopathy), with foXi€ insults (e.g drug-
induced cardiomyopathy) and indeed with insults of ar-

nature such as with pefipartum cardiomyopathy.
Admission to hospital with AHF can often herald a diagnosis
of CHF as these acute insults may have long-term sequelae on
myocardial function. Equally, patients may present with AHF

in the context of feversible myocardial dySfunction such as
tachycardia-induced arrhythmogenic Cardiomyopathy.
sympathoexcitation-induced [FaKotsubo cardiomyopathy and
those related to endocrine disease such as the hypermetabolic
state in fyF0Id storm. Management in these causes is aimed at
not only at mitigating haemodynamic compromise during the
index admission but also at the identification and correction of
the underling insult.
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In addition to myocardial dysfunction, AHF can be precip-
itated by acute Valvular incompetence. This most commonly
occurs in an iSehaemie context (damage to the sub-valvular
apparatus) leading to acute mitral FegUrgitation but can also
occur without ischaemia per se as is the case with infective
and non-bacterial thrombotic Sndocarditis. Extra-cardiac
pathologies may also precipitate AHF as is the case with
pulmonary E@mBOliSM or pericardial effusion causing
famponade, both of which reduce LV output and therefore
reduce peripheral perfusion

De novo AHF can therefore be precipitated by a number of
causes, not exclusively with pump failure, which characteris-
tically present with reduced perfusion pressures and pulmo-
nary oedema. Management is aimed at supporting, either
pharmacologically or mechanically, haemodynamic compro-
mise and at correction of the underlying cause.

Acute Decompensated Heart Failure

The large Majority of patients presenting with AHF do so in
the context of presexistilg cardiomyopathy, a situation de-
scribed as acute decompensated heart failure (ADHF). There
are a number of key differences between this group of patients
and those presenting with @8ROVOIA HF that have implications
for how haemodynamic compromise is assessed and how the
condition is managed.

Unlike with @&Move AHF, patients with ADHF tend to
present with signs and symptoms of gongestion and flliid e

-(welght gain, exertional dyspnoea, orthopnoea, depen-

dent oedema) Father than with pllihonary oedema or cardio-

genic SHOCK that characterise acute LV systolic dysfunction.

This is the fesulf of the Ehromie, often dysregulated, -

which act to maintain a

humoral compensatory mechanisms
haemodynamic §aflls quo despite Worsening LV function.

Decompensation occurs when the balance fips towards fiid
Gverload as the Gompensatory mechanisms prove inadequate
or indeed fail all together. This is borne out by data from the
IMPACT-HF registry which shows that acute decompensated
heart disease takes a more [fi8idious course and patients pres-
ent to hospital in extremis following reported _

their Admission by days or even weeks

[9].

As with de novo AHF, decompensation of CHF can occur
in a range of clinical settings. Demographic studies of patients
with decompensated CHF have shown that there is a high
prevalence of co-morbidities including [aftial fibtillation/

, ValVulat heart discase (44%) and dilated
cardiomyopathy (25%) [10]. These conditions are in precari-
ous balance in patients with pre-existing myocardial dysfunc-
tion, and any perturbation, for example an episode of atrial
fibrillation with fast ventricular response, can trigger decom-
pensation and admission with AHF. In fact, a number of
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descriptive studies including OPTIMIZE-HF have identified
uncontrolled hypertension, new or worsening ischaemia, and
arrhythmias (mostly atrial) as the most common co-
morbidities precipitating admission to hospital in patients with
pre-existent cardiomyopathy [11].

Due to the BRFORIG nature of their underlying disease, pa-
tients presenting ADHF will invariably exhibit a number of
medical Eofmorbidities that contribute to the onset and sever-
ity of hospital admission. Refal dysfunction and diabetes
mellitus are two examples of non-cardiac co-morbidities that
are highly prevalent in patients with decompensated heart dis-
ease which may adversely affect outcomes. This is borne out
by observational studies of patients with ADHF in Wthh-
- have an element of fenal dystunction and #0% have
diabetes mellitus [10]. Furthermore, as a result of multiple
co-morbidities, this patient group will invariable also exhibit
polypharmacy and side effects of medications, such as non-
steroidal anti-inflammatory analgesics and thiazolidinediones,
may also precipitate admission. Conversely, non-compliance
or cessation of medication, particularly with diuretics or those
with proven prognostic benefit in CHF, has also been identi-
fied as a significant factor precipitating admission. Finally, the
presence of multiple co-morbidities renders these patients
much more susceptible to [ercurrent infective illness such
as cellulitis or exacerbations of chronic lung disease. There is
a haemodynamic strain placed upon the body to fend of these
illnesses, and in the context of limited cardiac reserve, this
strain can be a precipitant to admission with ADHF. These
factors are often complex and interlinked, and it is important

to note that in - of patients Admitted with ADHE, a
clear Uinderlying precipitant Cannot be identified [12].

Patients with ADHF present with a more insidious onset
complicated by multiple medical co-morbidities and often
with congestion as their predominant clinical feature.
Management is aimed at treating intercurrent precipitants
and encouraging adherence to disease-modifying therapy.

Epidemiology of Acute Heart Failure

Our knowledge of the epidemiology of AHF is informed by a
number of [afgescale registries conducted in the USA, includ-
ing ADHERE [13e¢] and OPTIMIZE-HF [14], Europe includ-
ing the European Heart Failure Surveys (EHFS) I [15] and II
[16] and the ESC-HF Pilot Registry [17], as well as the inter-
national ALARM-HF [18] registry. This allows for a compre-
hensive description of patients presenting with AHF; howev-
er, there are three key demographic details to highlight. Firstly,
patients are predominantly male with a fiean Age at presenta-
tion of S70/years which is consistent with the epidemiology of
both ischaemic heart disease and CHF. Secondly, and related
to the first point, the Majority of patients (66=75%) have a
previous history of HE and present with décompensation of

their existing disease rather than de novo AHF. Finally, as
discussed earlier, these patients exhibited a high burden of

goimorbid|discase including diabetes mellitus (@p't0 40%!in
some registries) and Chronic obstructive pulmonary disease

(approximately 2098 of patients) [7].
In most of the published registries of AHE including

ADHERE [19], OPTIMIZE [20] and the EHFS [10], the.

ith a median length of
stay between 4 and 11 days. Data from the ALARM-HF reg-
istry however suggests that iifhospital mortality is approxi:
- with a similar median length of stay which may
be attributable to the higher number of patients admitted with
cardiogenic shock in this study. The most recent data from the
National Heart Failure Audit (2016) in the UK (7) gives a
clearer picture. From 56,915 admission captured by the audit

from April 2014 to March 2015, the_
_ However, there were significant differences

in mortality rates when comparing patients aged <75 years
(4.8%) to those aged >75 years (12%). Furthermore, in-
hospital mortality was consistently better for patients managed
in a specialist cardiology setting (7.1%) when compared to
those admitted to a general medical ward (9.6%).

Micrtality post-discharge continues to be Righ and appears

ot to have improved significantly over the past decade.
Previous studies have demonstrated that at [i§ear, mortality

for patients hospitalised for AHF was in the order off2094 [21].
The ADHERE registry demonstrated a [[5year mortality as
Righ'as'36%; [[13%:] but once again, this may be attributable
to the high proportion of patients within that registry admitted
with cardiogenic shock. The National Feart Failure Audit has
demonstrated an overall [ CATINONAIBAORIONOUin paticnts

hospitalised for HF in the K, and as with in-hospital mortal-
ity, this was influenced by the setting in which the patients
were managed during their index admission (cardiology vs
general medical) and also by the follow-up received. Those
patients who were prescribed a full complement of disease-
modifying therapy (ACE inhibitor/angiotensin receptor
blocker, beta blocker and mineralocorticoid receptor antago-
nist) and those followed up in a HF disease management pro-
gramme had better mortality rates at 1 year than their counter-
parts without these interventions [7]. These observations
strongly support the provision of specialist care and judicious
use of evidence-based pharmacological therapy in the long-
term management of patients with AHF.

It is interesting to note that #0=5594 of patients admitted
with HF in the registries and 30% in the National Heart Failure
Audit had fiofmal or near-normal EV/Systolic function Those
patients presenting with AHF in the context of preserved LV
systolic function tend to be 0ldef and fémale and are more
likely to have hiypertension as a co-morbidity [22]. HF with
preserved ejection fraction (HIEPEE) is consistently a signifi-
cant feature in the clinical trials of AHF. In RELAX-AHF
where investigators examined the effect of serelaxin in a
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placebo-controlled trial, only 55% of patients recruited had an
ejection fraction (EF) of less than 40%. When compared to
patients with HF with fedliced cjection fraction (HIFEEE), all-
cause hospitalisations and deaths in patients with FIFPER are
more likely due to Hon-cardiovascular disease [23] and are
reflective of the demographics of this population and their
extensive co-morbidities. However, the difference between
patients with FIEPEE and HEfEF, in terms of cardiovascular
@8ath and hospitalisations for worsening HF, are dispropor-

tionately [odest given that HoMtreatment has been shown to
convincingly feduce mortality or morbidity in HIEPEE. The
BVEREST trial investigated the effects of oral folVaptan on
mortality outcomes in patients admitted with AHF. The
trialists recruited patients, with a mean EF of 27.5% in the
placebo arm, and demonstrated a 1-month cardiovascular
mortality and/or hospitalisation for HF of 9-10% [24]. In con-
trast, the placebo arm of RELAX-AHF had a higher mean EF
of 38.6% but a comparable 1-month cardiovascular death or
readmission for HF (8-9%) [25]. The reasons for this are
likely multifactorial and reflect a balance between the worse
haemodynamic profile exhibited by patients with HFrEF
(which may offset the benefits of disease-modifying therapies)
and a

(which will negatively impact on cardiovascular outcomes),
combined with all of the caveats of comparing trials powered
for different endpoint. However, it may also reflect the fact
that the definition and classification of patients with AHF do
not preclude variability in LV systolic function and the differ-
ence in outcomes may in part be attributable to subtle differ-
ences in pathophysiological entities included under this com-
mon term.

Classification of Acute Heart Failure

The definition of AHF presented here is broad and there have
been many attempts to stratify this further [26]. Although
characterised by a distinctive set of signs and symptoms, a
major challenge in classifying AHF as a single entity is that
the patient population is not uniform. Patients admitted with
HF exhibit a wide §pecirum of disease and range from those
with Severe LVisystolic dysfunction and [ow cardiac bufput to
those with Severe hypertension and formal or near-normal LV
§ystolie function. The majority of patients with AHF lie be-
tween these extremes and therefore also demonstrate a distri-
bution of underlying pathology and precipitants, leading to the
common endpoint of fluid overload.

Older guidelines by the European Society of Cardiology
[27] classified patients into GnelOf sixgroups (I-VI) on the
basis of clinical and haemodynamic characteristics. The first
three categories, namely those with ADHF (I), hypertensive
AHF (II) and AHF with pulmonary oedema (1II), account for
>90% of presentations to hospital. Patients with ADHF
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typically present with mild—moderate symptoms whereas
those patients with AHF and pulmonary oedema (III) have a
clinical presentation dominated by respiratory distress and
hypoxaemia and display a continuum of severity from low-
output states (IVa) to outright cardiogenic shock (IVb). -
cause of AHF and is
associated with conditions such as anaemia, thyrotoxicosis
and Paget’s disease. It generally presents with warm extrem-
ities and pulmonary congestion and in the case of systemic
sepsis, hypotension. The classification system also defines a
category for fight-sided heart failure (VI) and is predominated
by patients with pre-existing lung disease and ot pulinonale

although
is also included in this group.

This is a neat classification system and focusses the treating
physician towards the management of the underlying cause of
AHF. However, given patients often present with a range of
co-morbidities, the reasons for decompensation may not be
apparent at initial presentation or indeed, there may be multi-
ple contributing factors. Practically speaking, therefore, it may
be more prudent to stratify patients with AHF based on their
initial clinical presentation. This allows the attending physi-
cian to identify those most at risk in order to direct specific
interventions such as instituting ionotropic agents and/or me-
chanical circulatory support.

One such marker used to Stratify patients is §ystolie blood
pressure (SBP) on admission. In the majority of cases, patients
with AHF present with either preserved (90-140 mmHg) or
glevated (>140 mmHg) SBP; the latter of which imparts a
more favourable prognosis. This may be due to the permissi-
bility of vasodilator therapy which inevitably has a hypoten-
sive effect or indeed may reflect the fact that a higher SBP is

more often seen in the context of preserved LV function. .

(SBP < 90 mmHg) which carries with it a POOr Prognosis
and thereby allows the stratification of these patients to higher
dependency areas and more aggressive therapy [28].

A more comprehensive method to classify patients present-
ing with AHF was developed by Stevenson and colleagues [29]
and is proposed by the most recent guidelines of the European
Society of Cardiology [1++]. Based on the SeVetity Of presentas
-rather than the underlying aetiology, this method is based
on the initial clinical assessment of the patient to take into
account signs and symptoms of Gongestion (orthopnoea, depen-
dent oedema, elevated jugular venous pulsation) and peripheral
perfision (cold extremities, oliguria and narrow pulse pressure).
Patients are described as either ‘Wet’ or ‘@i’ depending on their
fluid status and either ‘€0ld’ or ‘Wamm’ depending on the as-
sessment of their perfusion status. This combined clinical as-
sessment identifies four groups of patients (warm and wet,
warm and dry, cold and dry, cold and wet) that not only allow
for initial stratification as a guide to therapy (Fig. 1) but also
carries with it prognostic information [I¢¢]. Warm and dry
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Fig. 1
based on

initial clinical presentation.
Patients may be classified,
irrespective of underlying
aetiology, according to both their
perfusion status (COED vs

) and degree of fluid

congestion (WET vs DRY).

Based on the initial clinical

Adjust oral therapy

Consider Fluid challenge
Consider lonotropic agents if still
hypoperfused

assessment, prognosis can be
determined and an appropriate
management strategy put in place.
It is important to note that 95% of
patients presenting with AHF to
the hospital have clinical features

of congestion (WET). Adapted Hypertension
from the 2016 ESC guidelines Predominates

Congestion Systolic Systolic
Predominates BP<90mmHg BP>90mmHg

[1+] l

* Vasodilators
* Diuretics

! l l

* Diuretics * lonotropic agent  * Vasodilators
* Vasodilators * Vasopressor (in * Diuretics
* Ultrafiltration (if refractory * lonotropes (in
diuretic hypotension) refractory cases)
resistance) * Diuretics
* Mechanical
circulatory
support (if drug-
refractory)

patients have a Gmonth mortality rate of 11% as compared with
B09% for the €0ld and Wet profile [29]. As a practical measure,

this method of classification and risk stratification is a prudent
step in the management of AHF.

Challenges Posed by Classification
and Identification

Prior to 1990, patients with stable chronic heart failure (CHF)
experienced a mortality rate in the range of 60-70% [30]
which has essentially halVed fora cuttent 1=year mortality of
30240% [31]. This ifprovement in Survival is largely attrib-
utable to the application of therapies demonstrated to provide
prognostic benefit in numerous randomised controlled trials,
treatments based upon an increased understanding of the path-
ophysiology of CHE.

However, commensurate iiiprovements in the Glitcomes
for patients admitted with /AHE have fof materialised. Data
from the UK National Heart Failure Audit has revealed a 308
day mottality of approximately 15% which has remained es-
sentially linchanged over the past 6 years [7]. Other studies
have shown that the prognosis for
- remains BIGAK with rates of death or recurrent
hospitalisation at Glonths approaching 509 [32].

There is a notable Paradox in these statistics in that despite
the poor mortality outcomes, the Sighs and Symptoms of AHF

are Sticcessfully fféated in the Majority of patients during their

index admission. This may reflect the current understanding
of the pathophysiology of AHF wherein haemodynamic ab-
normalities result in the early features of congestion whereas
end-organ damage contributes to the morbidity and mortality
experienced by patients [33]. Broadly speaking, the pharma-
cological armament used in the fféatment of AHF (loop di-
uretics, vasodilators and inotropes) has remained largely-
[34] and is predominantly aimed at
correcting haemodynamic compromise and fluid overload.
Furthermore, there has been a relative
the first of which occurred
as recently as 2002 [35]. Of the studies that have been per-
formed to date, none have presented any convincing impact of
the intervention of interest on mortality rates in patients ad-
mitted with AHF.

There may be a number of different reasons for this but
some centre around how the term AHF is used and by
what criteria we recruit patients into trials. Randomised
controlled trials in AHF usually compare treatment with
a placebo and standard medical therapy. However, stan-
dard therapy has rarely been explicitly defined and, due to
the nature of AHF, is often variable between patients.
Large variations, often determined by clinical condition
during the index admission, in the application of diuretics,
inotropes, vasodilators and non-invasive ventilation may
have significant effects on long-term clinical outcomes.
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Furthermore, the introduction, up-titration and indeed ces-
sation of oral neurohumoral antagonists with proven prog-
nostic benefit in CHF will inevitably vary between pa-
tients admitted with AHF, influenced by factors such as
systolic blood pressure and renal function. Given the
proven benefit of these drugs, it is therefore reasonable
to expect that perturbations in treatment during the index
admission influence long-term outcomes. Therefore, the
evaluation of new therapies, especially when considering
‘hard’ clinical endpoints such as cardiovascular mortality
or readmission rates, can be lost in the maelstrom of var-
iable ‘standard’ therapy.

Another difficulty in managing patients is the_

which thereby ren-
ders more difficult the definition of standardised inclusion
criteria for studies. AHF is a Cliical diagnosis based on symp-
toms and signs of fluid overload, with or without evidence of
hypoperfusion, which may be supported by radiological evi-
dence (pulmonary congestion on chest X-ray) and biochemi-
cal markers (B-type natriuretic peptide (BNP) of NSterminal
As with the assessment of symptomatology using
the NYHA Elassification in patients with €CHE, the clinical
assessment of fluid overload or LV function does not neces-
sarily correlate with the severity of symptoms. Patients may
present with similar severities of pulmonary or peripheral con-
gestion but can be classified as either Stable’ CHE or
_based on semi-subjective factors such as
symptom severity, functional status of the patient and the in-
frastructure in place for providing out of hospital care. This
means that when recruiting patients with AHF into trials of
therapies using these clinical criteria, there is inevitably a het-
erogeneous population which may dilute the effect of the in-
tervention under investigation.

A related issue is that of timing. As patients with similar
clinical signs of fluid overload may present with different
symptoms, patients with AHF may also present at different
points in the course of their illness. To date, there is little
information as to whether a therapeutic window exists in the
treatment of AHF which may improve long-term outcomes
and therefore, patients presenting at different stages of decom-
pensation of cardiac function are another source of heteroge-
neity in clinical trials. This can be partially mitigated by the
use of more objective criteria such as plasma natriuretic pep-
tide concentrations. Data from the ADHERE registry suggests
that earlier measurement of natriuretic peptides and earlier
implementation of therapy may improve long-term outcomes
[36]. Nevertheless, patient heterogeneity and uncertainties re-
garding timing of admission and intervention are ever-present
when conducting these trials.

Finally, there has been a lack of consensus on appropriate
endpoints for phase III studies in AHF [37]. Endpoints should
be consistent, reproducible and sensitive in addition to being
clinically meaningful if advancement is to be made in this
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field. When considering ‘hard’ outcomes such as cardiovas-
cular mortality and readmission, there have been no trials in
AHF to date that have demonstrated convincing effects in this
respect in response to treatment during the index admission.
More recent trials have therefore been designed to study the
effects of novel interventions in AHF with respect to short-
term symptoms relief, as in RELAX-HF and their use of the
Likert Scale of dyspnoea [25], or shorter-term outcomes such
as the use of worsening heart failure in ASCEND-HF [38].
This is most likely a recognition that there is a lack of evidence
for improvement in ‘hard’ clinical endpoints and that these
‘softer’ endpoints are more achievable and clinically mean-
ingful in the management of patients with AHF. The design of
trials also belies a fundamental question related to our under-
standing of the pathophysiology of this condition, namely can
acute intervention during the index hospitalisation improve
post-discharge outcomes? This has been shown to be the case
in other areas such as early reperfusion therapy in acute myo-
cardial infarction or thrombolytic therapy in hyperacute
stroke. However, to date, no short-term therapy for AHF has
convincingly shown improvements in long-term mortality
outcomes. Recent trials have been designed to make inroads
into this very question. RELAX-AHF2 for example is a
randomised, double-blind placebo-controlled phase III trial
of serelaxin in patients with AHF. This drug was given in
addition to standard therapy during the patient’s hospital ad-
mission, and notably, the primary endpoints are cardiovascu-
lar death and time to worsening heart failure [39¢]. At the time
of writing, the results of the trial are yet to be published but the
study failed fo'show'a benefit of serelaxin on the two primary
endpoints. Nevertheless, the use of hard clinical endpoints in
trial design is a positive step in the assessment and provision
of novel disease-modifying therapy

Conclusions

[AGute heart faillite is a clinical Syndrome characterised by
signs and symptoms of flllid OVerload which require
. Patients may present with AHE as the first
presentation of heart disease but fiore Commonly as-
- of a prefeXisting Cardiomyopathy. In the latter case,
admission to hospital represents a significant Prognostic event
in the natural history of cardiomyopathy as it is associated
with Worsening mortality and morbidity. The classification
and subsequent treatment strategies have focussed on the
management of the initial haemodynamic disturbances in a
population often with multiple medical co-morbidities.

However, in Gonfrast to Chronic stable heart failure, little has
materialised in the way of fietapies that iprove long-term

survival following admission with AHF. If future clinical trials
are to bear fruit, their design and conduct must be done with a
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more comprehensive understanding of the pathophysiology
and with better definition of the patient population.
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Abstract

Purpose of Review Acute decompensated heart failure is a
serious and common condition where close monitoring of
symptoms, vital signs, haemodynamic and other markers are
needed after the patient is admitted to hospital as the in-
hospital outcome is poor. This review focuses on advances
in the assessment and monitoring of these patients.

Recent Findings The adoption of the CHAMP acronym to
identify precipitating factors and of the classification using
wet-warm, wet-cold, dry-warm and dry-cold categories is an
improvement regarding assessment.

Summary Although the outcome of acute decompensated
heart failure has remained poor with no new treatments found
for a number of years, a structured approach to assessment and
monitoring is now available.

Keywords Decompensated heart failure - Monitoring

Introduction

Acute decompensated heart failure (ADHF) is a fatal condi-
tion, in which there is rapid onset or deterioration of symp-

toms and/or signs of heart failure. It is the |Gading cause of
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. (https://www.nice.org.uk/guidance/cg187/chapter/

Introduction). Worldwide, there are at least 20 million
patients from suffering from heart failure (HF) and over 1
million HF hospitalizations per year occur in the USA alone
[1]. Admission with ADHF is associated with a high 1-year
mortality of approximately 30% [2]. Patients with ADHF re-
quire urgent medical assessment and treatment, and inpatient
admission itself carries an in-hospital mortality (especially in
the elderly) of approximately 13% [3, 4]. Whilst over the past
two decades, the stable chronic HF patients have experienced
significant improvement in their prognosis with the discovery
of new HF drugs; the same cannot be said about ADHF pa-
tients [5]. Therefore, thorough inpatient monitoring and man-
agement for this large patient group is needed. This article
focuses mainly on the in-hospital monitoring following an
admission with ADHF; treatment is dealt with in separate
articles.

Classification

Whilst there are several ways of classifying ADHF patients
[6-8], they present Either as decompensation of chronic HE or
asa _). In 2008, the European
Society of Cardiology (ESC) [9] classified ADHF patients
into six groups based on the work of Cotter et al. [10].
Although this classification covered the various presentations
of ADHF, there was much overlap within the classification in
terms of the underlying pathophysiological processes which
was a limitation. The ADHF is
based on bedside clifiical evaltiation and haecmodynamic profile,
which is determined by the presence or absence of congestion
(Wet versus @) in combination with the presence or absence of

peripheral hypoperfusion (€01d versus Warm) [ 11]. This groups all
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patients into four groups, namely wet-warm, wet-cold, dry-warm
and dry-cold or groups with equivalent names (Fig. 1). This clas-
sification was adopted for routine use in ADHF in the 2013 ACC/
AHA guidelines for the management of heart failure [12] and by
the ESC in their 2016 HF guidelines [[i8%]. This method of clas-
sification allows ADHF patients with the highest clinical risk to be
identified early and effective treatment to be given promptly [14].
Once a patient is placed within the correct group, the plan of the
treatment is then to consider using intravenous vasodilators and
diuretics in the congested but well-perfused patients, oral
evidence-based treatment in the non-congested and well-
perfused patient, intravenous inotropes/vasopressors with or
without diuretics and vasodilators or even mechanical circulatory
support in the congested and poorly perfused patient (depending
on systolic blood pressure) and finally, an intravenous fluid chal-
lenge and inotropes in the non-congested but poorly perfused
patient [12, 13ee].

Diagnosis and Initial Evaluation

Diagnostic evaluation ought to be established pre-hospital if pos-
sible with continued evaluation in the emergency department
(ED). Precipifants and oexisting life-threatening Conditions that

require urgent medical treatment (such as acute Coronary syn-

dromes, Affhythmias or pulmonary Embolism) need to be

Fig. 1 Classification of patients
presenting with ADHF. Source
reference [11]

HYPOPERFUSION (-)

HYPOPERFUSION (+)
Cold sweated extremities

Oliguria
Mental confusion
Dizziness

Narrow pulse pressure

identified and dealt with immediately. Furthermore, alterna-
tive causes for the patient’s signs and symptoms need to ruled
out (e.g. pulmonary infection and acute fenal failure). A thor-
ough history, including the past cardiac history, eliciting the
precipitating cardiac and non-cardiac causes is paramount,
along with a physical examination to establish the clinical
profile the patient falls into based on the presence of conges-
tion and peripheral hypoperfusion. Following this, appropriate
investigations should be performed to establish the diagnosis:
resting 12-lead electrocardiogram (ECG), chest X-ray, a com-
plete laboratory assessment (full blood count, renal function,
electrolytes, liver function test, glucose, cardiac biomarkers
including cardiac troponin and plasma natriuretic peptide
levels as well as D-Dimer, if acute pulmonary embolism is
suspected) and urgent echocardiography in haemodynamical-
ly compromised patients (cardiogenic shock, suspected struc-
tural cause, e.g. mechanical complication of acute coronary
syndrome). Other early investigations may include coronary
angiography, transoesophageal echocardiography and cardiac
MRI scanning.

Precipitating Factors and Underlying Causes

Whilst approximately 402509 0f ADHE admissions have.

[15], it is vital that a precipitating cause is

CONGESTION (-) CONGESTION (+)

Pulmonary congestion
Orthopnoea/paroxysmal nocturnal dyspnoea
Peripheral (bilateral) oedema

Jugular venous dilatation

Congested hepatomegaly

Gut congestion, ascites

Hepatojugular reflux

_

WARM-WET

WARM-DRY

7

COLD-DRY

//

COLD -WET

Hypoperfusion is not synonymous with hypotension, but often hypoperfusion is accompanied by hypotension.
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identified and managed promptly. The European Society of
Cardiology guideline [13¢¢] recommends immediate identifi-
cation of coexisting life-threatening clinical conditions and/or
precipitants using the CHAMP acronym (acute Coronary syn-
drome, Hypertension emergency, Arrhythmias, acute
Mechanical cause [e.g. mechanical complication of ACS,
acute native or prosthetic valve regurgitation due to endocar-
ditis, aortic dissection] and Pulmonary embolism). Other pre-
cipitating factors include non-compliance with HE medication
or dietary restriction and non-cardiac triggers such as side-
effects of medications (e.g. calcium-channel blocker,
thiazolidinediones) and kidney injury [16]. If an underlying
cause of the HF is not apparent, it is important to hunt for a
cause whilst monitoring is in progress with the aim of trying to
identify reversible and treatable causes. Multivariable validat-
ed risk scores may be used to assess the subsequent risk of
mortality at any stage after admission [12].

Monitoring and Treatment

Early In-hospital Monitoring in the Emergency
Department, the Coronary Care Unit or the Intensive
Care Unit

Rapid diagnosis is important and initial management in-
cludes assessment for the need of oxygen therapy with or
without ventilatory support. Therefore, ADHF patients
should be admitted to a centre with adequate intensive care
unit (ICU)/coronary care unit (CCU) facilities, where im-
mediate cardio-respiratory support can be provided. After
initial assessment, patients deemed to be high risk (cardio-
genic shock, those needing ventilatory or inotropic support,
high-risk acute coronary syndrome) need to be moved to
the coronary care unit or the intensive care unit as appro-
priate. Pulmonary congestion resulting in hypoxaemia
ought to be corrected with the fraction of inspired oxygen
(Fi0?%) aimed to be 100%, unless contraindicated. During
oxygen administration, transcutaneous oxygen saturation
should be monitored. Where indicated, non-invasive
positive pressure ventilation, which is especially useful in
patients with COPD, ought to be commenced. Patients
requiring inotropic or vasopressive support should have
continuous telemetry monitoring, as they are at risk of de-
veloping arrhythmias. Those patients requiring either in-
vasive or non-invasive ventilatory support need regular
acid-base balance, pH and arterial blood gas monitoring.
In case of refractory symptoms, despite appropriate
management (e.g. persistent hypoperfusion), intra-
arterial line and/or pulmonary artery catheterisation
may be considered. Patients in cardiogenic shock who
are not responding to inotropic support should be [con-
sidered for mechanical circulatory support and cardiac

transplantation if appropriate. A palliative strategy may
be required for those where further escalation is not
appropriate.

Pulmonary artery catheterisation has a limited role in
patients with ADHF and should be only considered in
patients (i) that are refractory to pharmacological treat-
ment, (ii) that are persistently hypotensive, (iii) in whom
LV filling pressure is uncertain or (iv) that are being con-
sidered for cardiac surgery [14]. The aim is to assess
whether hypotension is related to low LV filling pressure
(in which case, diuretics and vasodilators may need to be
reduced and volume replacement considered) or related to
high LV filling pressure/systemic vascular resistance
(where use of inotropes or vasodilators will be necessary
depending on the blood pressure). For those undergoing
cardiac surgery, the procedure would be mainly to routine-
ly assess pulmonary vascular resistance.

Inpatient Monitoring on the Ward

Low-risk ADHF patients should be monitored on the ward.
As patients are at risk of hemodynamic compromise and
arrhythmias, inpatient monitoring of cardio-respiratory
function, including blood pressure, pulse oximetry with
ECG monitoring or telemetry for at least 24 to 48 h, is vital
to ensure adequate organ perfusion and oxygenation
(Fig. 2). Urine output should be daily monitored, along with
strict fluid balance monitoring and daily weight. However,
according to the European Society of Cardiology guide-
lines, the routine use of urinary catheterisation is not rec-
ommended| [14]. Furthermore, daily renal function and
electrolytes monitoring during intravenous therapy, along
with at least daily evaluation of clinical signs and symp-
toms of congestion, should take place. All patients should
be given thromboembolism prophylaxis, unless contraindi-
cated or already being treated with oral anticoagulation. At
the time of transition from intravenous to oral diuretics,
careful attention must be given to the status of congestion,
supine and upright blood pressure, electrolytes and renal
function. Awareness of the likely adverse effects of therapy
(renal dysfunction, electrolyte abnormalities, metabolic al-
kalosis and symptomatic hypotension) helps in the moni-
toring process to prevent these. The 2017 focused update of
the 2013 ACC/AHA guidelines on heart failure suggests
that during a HF hospitalization, a predischarge natriuretic
peptide level can be useful to establish a postdischarge
prognosis [17¢].

Conclusion

In-hospital monitoring of ADHF patients is of critical impor-
tance in determining outcome. The immediate identification
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Fig. 2 Overview of ADHF in-
hospital monitoring

Hospital admission with ADHF

Prompt clinical bedside assessment.

Risk stratification based on clinical assessment:
(“wet-warm, wet-cold, dry-warm, dry-cold”)
ventilatory (respiratory failure) and haemodynamic
(cardiogenic shock) monitoring and support

Prompt identification and management of precipitating factors
(ACS, hypertensive crisis, arrhythmias, mechanical causes, pulmonary

Low risk ADHF patient:

embolus)

High risk ADHF patient:
(cardiogenic shock, on ventilatory support)

Ward based management (ventilatory and

haemodynamically stable ADHF patients)

includes

Initial 24-48 hours telemetry

of the precipitating factors on presentation, including the use
of the CHAMP acronym, as well as a hunt for underlying
causes is vital. Intensive monitoring is of particular impor-
tance in the high-risk and really ill patients. Ample provi-
sion of haemodynamic and ventilatory support is necessary
in addition to the basic monitoring available on wards.
Close attention to basic observations such as blood pres-
sure, heart rate and rhythm, oxygen saturation, fluid bal-
ance and daily weights and to daily laboratory measures
such as renal function and electrolytes (with a low threshold
for frequently checking haemoglobin, haematinics and
acid-base balance) is the best way to tide over the acute
phase and guide the patient to recovery. Continuous
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CCU/ICU admission with inotropic support with

- continuous telemetry

-regular sO2, pH, acid-balance, arterial blood gas
monitoring

-consider pulmonary catheterisation, intra-arterial line

reassessment of the patient remains the key feature of the
monitoring.
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