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Clinical management of patients with acute heart failure*
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Abstract Acute heart failure is a common and serious complication of congenital and acquired heart disease, and
it is associated with significant morbidity, mortality, and costs. When a patient is admitted to the hospital with
acute heart failure, there are several important goals for the hospital admission, including maintaining adequate
perfusion, establishing the underlying aetiology for the heart failure, patient and family education, and discharge
from the hospital in a stable condition. The pathway to home discharge is variable and may include inotropic
therapy, mechanical circulatory support, and/or heart transplantation. This review will cover the epidemiology,
presentation, and management of acute heart failure in children.
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HEART FAILURE IS AN IMPORTANT GLOBAL PUBLIC

health concern.1 In the United States, it is
currently estimated that greater than five

million adults have heart failure,2 and worldwide it is
estimated that over 23 million people are living with
heart failure.3,4 The costs associated with heart failure
are staggering. The total annual cost of heart failure
in the United States is estimated to be nearly
$70 billion by 2030, with the majority of these costs
arising from hospital care.3–5 As a chronic condition,
heart failure is characterised by acute exacerbations
leading to hospitalisations. These acute events will be
the focus of this review.

Epidemiology and outcomes of acute
heart failure

Commonly accepted definitions of acute heart failure
include acute symptoms that result from abnormalities
of heart function.6–8 The European Society of Cardiol-
ogy defines acute decompensated heart failure as “the
rapid onset of, or change in, symptoms or signs of heart
failure. It is a life threatening condition that requires

immediate medical attention and usually leads to
urgent admission to the hospital”.9 For the purpose of
this review, acute heart failure is essentially hospitali-
sations for the treatment of heart failure.
Acute heart failure is one of the most important

pathophysiological syndromes in industrialised nations
in terms of overall mortality, morbidity, and cost.
It is also a relatively common and serious condition

in children. There were nearly 14,000 heart failure-
related hospitalisations in 2006 in the United States,
from all aetiologies, corresponding to a prevalence of
15–18 admissions/100,000 children.10 To place this in
context, severe sepsis has a reported prevalence in the
order of ~50 admissions/100,000 children.11 Thus,
when one considers serious acute onset diseases of
childhood, heart failure is among the more prevalent.
Most of the admissions are of patients with CHD,
although ~15% have a cardiomyopathy or myocarditis.
The disease also carries substantial morbidity and
mortality. Paediatric heart failure-related hospitalisa-
tions have an over 20-fold increase in the risk of death
compared with admissions without heart failure.10

The incidence of acute heart failure among patients
with newly diagnosed cardiomyopathies has been
described as 0.87/100,000 children <16 years of age.12

Acute heart failure in patients with cardiomyopathies
appears to be a significantly more morbid condition in
children as compared with adults. Children have greater
mortality, length of hospital stay, and hospital charges
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when hospitalised with heart failure.13 It is striking that
hospital length of stay and hospital charges are greater
for every age group of children compared with every age
group of adults. This trend is also true for hospital
mortality, with the exception of children >10 years and
adults >70 years of age (Fig 1).13 In addition, the use of
advanced heart failure therapies such as extracorporeal
membrane oxygenation, heart transplantation, and ven-
tricular assist devices are also significantly more common
in paediatric versus adult hospitalisations.13 Thus, acute
heart failure in children is common, morbid, and

associated with worse outcomes compared with adults
with heat failure.

Categorisation of heart failure

Symptoms of acute heart failure generally result from
a congestion and/or decreased perfusion. As such, one
useful method for categorising acute heart failure was
proposed by Grady et al14, and it categorises patients
based on the presence or absence of congestion (wet
or dry) and based on poor versus adequate perfusion

Figure 1.
Comparison of paediatric and adult hospital length of stay (a) by year and (b) by age and hospital charges (c) by year and (d) by age.
Reproduced with permission from Wittlieb-Weber et al.13

Figure 2.
Model for categorising patients with acute heart failure. The letter L represents the group with low output without congestion. Patients
frequently progress from profile A to profile B. When that occurs, profile C commonly occurs after profile B. For the less-common profile of low
output without congestion, the letter L was chosen rather than the letter D to avoid the implication that this profile necessarily follows profile C
or is a less-desirable profile than C. Reproduced with permission from Grady et al.14
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(cold or warm) (Fig 2), with the ideal state of
compensated heart failure being warm and dry.
Categorising patients in this manner is not only a
useful tool for medical management, but it also has
prognostic information about adults with acute heart
failure.15 When a patient is admitted to the hospital
with acute heart failure, there are several important
goals for the hospital admission, including main-
taining adequate perfusion, establishing the under-
lying aetiology for the heart failure, patient and
family education, and discharge from the hospital is a
stable condition.

Maintaining adequate perfusion

Patients with congestion but adequate perfusion:
“warm and wet”
Many patients with acute heart failure are well-
perfused on presentation, but have elevated atrial
pressures contributing to pulmonary and systemic
congestion.7,12,16 For these patients, vasodilators and
diuretics can lead to rapid symptomatic improve-
ment, although these medications do not likely affect
the long-term outcome.16–19 It is important to note that
diuretics and volume depletion can lead to increased
activation of the renin–angiotensin–aldosterone system,
which can be detrimental in heart failure.20 In addition,
aggressive diuresis can lead to decreased renal function,
which is associated with increased mortality in heart
failure patients.8,21–26

For these patients with maintained perfusion,
inotropic agents may not be necessary, and indeed
may be harmful. Among adults with chronic heart
failure, a randomised controlled trial found milrinone
use to be associated with increased mortality.27 In
addition, the short-term use of milrinone for acute
heart failure in adults was found in a randomised trial
to be associated with sustained hypotension and new
atrial arrhythmias with no survival benefit compared
with placebo.28 There are also multiple other non-
randomised studies that describe a strong association
between inotrope use and worse outcomes in adult
heart failure patients, although this association may
be more prominent in ischaemic versus non-
ischaemic cardiomyopathy.29–31 There are limited
data on the safety and efficacy of inotropic medica-
tions for children with acute heart failure, although
they are frequently utilised medications.32,33 In one
multi-centre study, vasoactive medications were used
in over 85% of heart failure admissions to the ICU.
Importantly, the use of vasoactive medications was
associated with increased hospital mortality.32 In
another single-centre study, the use of dopamine was
independently associated with death or the need for
mechanical circulatory support in paediatric heart
failure patients.21 Thus, for patients with adequate

perfusion, inotropic mediations should be used with
caution, and ideally withdrawn after a period of clinical
stability. Chronic heart failure medications can be
initiated or modified during these hospital admissions,
generally after demonstration of adequate perfusion.
Understanding the aetiology of heart failure is

important, as it may have important implications for
prognosis and treatment. Overall, ~50% of patients
with dilated cardiomyopathy will die or undergo
heart transplantation within 5 years of their diag-
nosis.34 Nevertheless, there are multiple aetiologies
that can lead to a dilated and dysfunctional left
ventricle, many of which have disease-specific therapy
and superior outcomes with proper therapy – for
example, in infants with coarctation of the aorta or
anomalous left coronary artery from the pulmonary
artery can lead to a phenotype similar to dilated car-
diomyopathy. Careful attention to arch and coronary
artery imaging is of paramount importance, as these
diseases have excellent long-term survival with
appropriate surgical therapy.35,36 There are multiple
other aetiologies of dilated cardiomyopathy, includ-
ing myocarditis, metabolic/mitochondrial disorders,
tachycardia-induced cardiomyopathy, and endocri-
nopathies that should be part of the diagnostic
evaluation (Table 1).37 An important part of the
diagnostic evaluation is the consideration of cardiac
catheterisation and endomyocardial biopsy. Although
cardiac MRI in increasing utilised in heart failure
patients and can be useful in assessing the presence
of myocarditis, endomyocardial biopsy can be helpful
in challenging cases.38–45 The risk of this invasive
procedure must be carefully considered; however, in
experienced centres, it can be performed safely even
in critically ill patients.46–48 Importantly, these
findings may lead to changes in management in a
significant number of patients.45

Table 1. Aetiologies of dilated cardiomyopathy.

Aetiologies of dilated cardiomyopathy

Cytoskeletal–sarcomeric link disruption
Genetic mutation
Infections
Toxic (e.g. anthracyclines, alcohol)

Autoimmune disease
Metabolic storage diseases
Mitochondrial disease
Ion channelopathies
Peripartum
Infiltrative disease
Tachycardia-induced cardiomyopathy
Endomyocardial disease
Endocrine disorders (e.g. hypothyroidism)
Nutritional deficiencies
Electrolyte disturbances

Adapted from Jefferies et al37
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Patients with poor perfusion: “cold and wet” &
“cold and dry”
Acute heart failure patients with poor perfusion con-
stitute a significant proportion of children admitted to
the hospital.7,12,32 These patients are generally admit-
ted to the ICU where the immediate priority is to
improve the perfusion and stabilise the circulation.
Inotropic medications are utilised in essentially all of
the patients, with wide variability among centres as to
the preferred vasoactive medications of choice.
Commonly utilised inotropic medications for these
patients include milrinone, dopamine, dobutamine,
and epinephrine.32 There are few data to guide clinical
practice with regard to the optimal intotropic agent for
acute heart failure. Our practice is to use milrinone as
the first-line agent, for patients without hypotension.
For patients with hypotension or an inadequate
response to milrinone, catecholamines such as
dopamine or epinephrine are added. In the setting of
escalating medical therapy, intubation with mechan-
ical ventilation andmechanical circulatory support may
be needed.32,49,50

There are a variety of options available for short-
and long-term mechanical circulatory support in
children (Table 2).49–52 Short-term mechanical
circulatory support with either extracorporeal
membrane oxygenation or a temporary ventricular
assist device can be effective for patients in whom the
ventricular function is expected to recover in a
relatively short period of time – for example, acute
rejection in a heart transplant recipient or fulminant
myocarditis.50,53,54 These devices can also be used as
a bridge to a more durable ventricular assist device if
the patient requires longer duration of mechanical
support. Of note, extracorporeal membrane oxyge-
nation is of limited utility for long-term mechanical
circulatory support. In the Berlin Heart Trial, no one
was alive on extracorporeal membrane oxygenation
by 30 days of support, and the use of extracorporeal

membrane oxygenation as a bridge to heart trans-
plant remains one of the strongest risk factors of
post-transplant mortality.55–57

Long-term mechanical circulatory support can be
achieved with a high degree of success with the use of
either pulsatile or continuous-flow ventricular assist
devices.52,55,58,59 The best outcomes of long-term
ventricular assist device support are obtained in older
children with dilated cardiomyopathy. Small
children, especially those <5 kg, and those with
complex circulations remain a challenging group to
provide long-term support.60–63 Among adult heart
failure patients, continuous-flow ventricular assist
devices have essentially replaced older-generation
pulsatile pumps, although size limitations preclude
their use in infants and small children. The use of
these device has allowed some children to be dis-
charged from the hospital while on support. For the
vast majority of these patients, durable ventricular
assist devices are used as a bridge to transplantation;
however, some patients will be able to have the
device explanted after myocardial recovery.52,64–66

Rarely, these devices are utilised as destination
therapy – ventricular assist device implantation
without the expectation of transplant or myocardial
recovery.67

Road to discharge

In the present era, there are many pathways to home
for a child with acute heart failure. The patient may
be stabilised with inotropic therapy, transitioned to
an oral regimen, and be discharged home in a com-
pensated state. The patient’s condition may also
deteriorate on medical therapy and can be placed on
mechanical circulatory support. Although on sup-
port, the patient may have the device explanted after
myocardial recovery, be transplanted during that
hospital admission from a ventricular assist device, or

Table 2. Commonly used and approved ventricular assist devices by the United States Food and Drug Administration.

Device Manufacturer Type Approved indication

HeartMate II Thoratec Continuous-flow BTT, DT
Berlin Heart EXCOR Paediatric Berlin Heart Pulsatile paracorporeal BTT
Thoratec pVAD Thoratec Pulsatile paracorporeal BTT, PC
DeBakey VAD Child Micromed Continuous-flow BTT
TandemHeart CardiacAssist Centrifugal ECS< 6 hours
HeartWare Ventricular Assist System HeartWare Centrifugal BTT
SynCardia Total Artificial Heart SynCardia Systems Artificial heart BTT
Impella Abiomed Continuous-flow ECS< 6 hours
Centrimag Thoratec Centrifugal ECS< 6 hours
Rotaflow Maquet Centrifugal ECS< 6 hours

BTT= bridge to transplant; DT= destination therapy; PC= post-cardiotomy support; ECS< 6 hours= extracorporeal support of <6 hours duration
Adapted with permission from O’Connor and Rossano49
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be discharged home on the ventricular assist device.
Alternatively, the patient may be stable, but
inotropic-dependent. These patients may be trans-
planted during that hospitalisation or discharged
home on inotropic medications.33,68

Patient and family education are crucial during
these hospitalisations. For many patients, the heart
failure hospitalisation may be the initial presentation
of heart disease, especially in young persons who were
thought to be healthy. Not only are there significant
risks of morbidity and mortality for heart failure
hospitalisations, but there are also significant risks of
morbidity and mortality after discharge. It is
important that the family understands the risks
associated with the disease, the medical regimen,
concerning symptoms, follow-up plans, and who to
call with questions or concerns. Most of the serious
adverse events occur within the 1st year of the diag-
nosis.34 A multi-disciplinary team able to provide
comprehensive care and family support is a critical
factor for success. It is important to note that a sig-
nificant number of patients will have meaningful
improvement and even normalisation of systolic
function during the first 2 years after the diagnosis of
dilated cardiomyopathy;69–71 however, long-term
follow-up is still needed as recurrent heart failure
and death can occur, even among patients who have
normalised ventricular function.69

Conclusion

Acute heart failure is a common and serious compli-
cation of congenital and acquired heart disease in
children. It is associated with significant morbidity,
mortality, and cost. Advanced therapies including
mechanical circulatory support and ventricular
assist devices are frequently needed, and a multi-
disciplinary comprehensive team approach to these
complicated patients can help assure optimal
outcomes.
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