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ABSTRACT 
Pediatric heart failure is a significant challenge in clinical practice, a global burden worldwide. Compared to adult 
population, heart failure in children has a variety of etiologies depending on the patients age. However, pediatric 
heart failure guidelines are still extrapolated from adult population. In infants and children, the pharmacological 
treatment is based on angiotensin-converting enzyme inhibitors, beta-blockers, aldosterone receptors antagonists, 
and other diuretics in the presence of congestion, with a lower use of device therapy. In end-stage heart failure, as 
a bridge to transplantation or recovery, ventricular assist devices or different palliative surgical interventions are 
used nowadays.
This review focuses on the most important causes, pathophysiological mechanisms, clinical manifestation and 
management of pediatric heart faliure based on recent guidelines. Furthermore, it emphasize the newer pharmaco-
logical or non-pharmacological therapies that have been recently approved in pediatric population. 
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INTRODUCTION 

Pediatric heart failure (HF) is a significant health-
care problem worldwide due to high costs regarding 
prolong and frequent hospitalization with worse out-
comes [1]. Due to lack randomized studies, true prev-
alence of pediatric HF it is still unknown [2,3]. Pedi-
atric HF guidelines are mostly based on adult 
guidelines and consensus opinions, making pediatric 
HF management a significant challenge in clinical 
practice [4,5]. Therefore, this review summarizes the 
most important issues regarding etiology, classifica-
tion and HF management in pediatric population. 

DEFINITION AND ETIOLOGIES

According to International Society of Heart and 
Lung Transplant (ISHLT) guidelines, HF is a “clini-
cal and pathophysiological syndrome that results 
from ventricular dysfunction, volume or pressure 
overload, either alone or in combination” [4]. There-
fore, the etiology of pediatric HF is divided in two 
large groups: on one hand, cardiomyopathies (CMP) 

lead to ventricular dysfunction in patients with struc-
turally normal hearts and on the other hand, congeni-
tal heart diseases (CHD) that lead to volume or/and 
pressure overload [6]. Furthermore, the etiology of 
HF is different between different age groups. In older 
patients the most important cause of HF is CMP. At 
the moment of diagnosis, the incidence rate of HF 
that is different between types of CMP: 70% of pa-
tients with dilated cardiomyopathy will present with 
HF compared with only 13% of patients with hyper-
trophic cardiomyopathy (HCM) [7]. Congenital heart 
diseases (CHD) are the most important cause of HF 
in newborns and infants. Despite the fact that in the 
last years, many infants with CHD are been diag-
nosed early in life and most of them benefited from 
corrective or palliative surgery that led to an im-
provement in survival rate, on long-term survivors 
develop complications over the years that lead to HF 
[8,9]. Also, the etiology of HF varies among different 
regions: in developing countries severe anemia sec-
ondary to malnutrition or malaria is an important 
cause of HF in children [10,11].
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HEART FAILURE STAGING

A correct management of HF should involve ap-
propriate staging of the disease. There are a number 
of scales used to characterize HF based on clinical 
appearance: NYHA (The New York Heart Associa-
tion) or ROSS HF Classification (Table 1). The utility 
of NYHA classification is limited regarding infants 
or younger children under 6 year of age, therefore 
Ross HF Classification was developed for HF staging 
in infants and younger children. Both grading sys-
tems can be used for a proper HF severity grading, 
but neither one is describing the onset and disease 
progression [4]. Therefore, a grading system recom-
mended by American Heart Association (AHA) for 
HF staging in adults was extrapolated in pediatric HF 
and recognized by ISHLT [12].  

PATHOPHYSIOLOGICAL MECHANISMS

Due to the fact that, in the last years, the pharma-
cological treatment in HF was based on the pathoge-
netic pathways that are involved in HF, their patho-
physiological consequences and also the stimulation 
of endogenous repair mechanism, it is essential to 
understand the pathophysiological mechanisms that 
are involved in HF. 

Therefore, according to Schrantz et al., cardiac 
output is determined by: preload (blood flow), after-
load (vascular resistance), heart rate, myocardial 
contractility and also ventricular synchronism and 
ventricular-ventricular interactions [13]. Therefore, a 
low cardiac output can be a consequence of one or 
multiple factors.  

As a response to a low cardiac output, a series of 
neurohormonal mechanisms is activated. First of all, 
the sympathetic nervous system (SNS) activation 
leads to high amount of catecholamines that will lead 
to tachycardia, an increase in myocardial contractili-
ty and vasoconstriction. Also, activation of SNS will 
cause an increase in antidiuretic hormone secretion 
(ADH) and renal retention of water. Second of all, 
renin-angiotensin-aldosterone system (RAAS) is ac-
tivated. Angiotensin II is a vasoconstrictor that con-
tributes to ventricular remodeling and increases vol-
ume overload, and Aldosterone contributes to renal 
sodium and water retention [14]. Therefore, activa-
tion of the compensatory neuroendocrine mecha-
nisms can restore cardiac stability for a while. In a 
chronic state, they become maladaptive and lead to 
cardiomyocytes apoptosis, cardiac fibrosis, ventricu-
lar remodeling and increases HF progression [5].

On the other hand, there are a series of peptides 
(e.g., Atrial natriuretic peptide ANP, brain natriuretic 
peptide BNP) with physiological effects such as va-
sodilatation, stimulation of renal sodium excretion 
and diuresis that can counteract the negative effects 
determined by SNS and SRAA. Those peptides are 
destroyed by an enzyme called neprilysin, with ele-
vated values in chronic HF [6].   

PHARMACOLOGICAL TREATMENT IN 
PEDIATRIC HEART FAILURE

In clinical practice, pharmacological strategies 
are based on the modulation of four pathophysiologi-
cal mechanisms: angiotensin II, catecholamines (nor-
epinephrine), aldosterone and neprilysin. 

Table 1. NYHA/ROSS/ISHLT classification [4,14]

Without HF I II III IV
NYHA - No symptoms Ordinary physical 

activity causes 
symptoms

Less than ordinary 
physical activity causes 
symptoms

Symptoms occur at rest 

ROSS - No symptoms Mild tachypnea or 
diaphoresis during 
alimentation – in new-
borns/infants. Dyspnea 
– in older children

Marked tachypnea 
or diaphoresis during 
alimentation – in new-
borns/infants. 
Marked dyspnea – in 
older children 

Tachypnea, diaphoresis, 
retraction at rest 

ISHLT
stage

A
Patients with high 
risk to develop 
HF with cardiac 
function and cavities 
dimension- normal 

B
Patients with 
structural anomalies 
and/or abnormal 
cardiac function, 
but without HF 
symptoms 

C
Patients from B stage with prior of current 
symptoms of HF

D
Patients with end-stage HF 
that require continuous 
treatment with inotropic 
agents or Prostaglandin (in 
order to maintain ductus 
arteriosus patency), 
mechanic ventilatory and/
or circulatory support, HTx

CHD – congenital heart disease; DCM – dilated cardiomyopathy; HF – heart failure; ISHLT – International Society for heart and lung transplantation; 
NYHA – New York Heart Association; HTx – heart transplant
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In order to block the effects of angiotensin II, an-
giotensin-converting enzyme inhibitors (ACE) and 
angiotensin receptor blockers (ARB) are currently 
used. The most used types of angiotensin-converting 
enzyme inhibitors are Captopril and Enalapril [15]. 
Studies are now focusing on a newer generation of 
tissue ACE inhibitor such as Lisinopril. This tissue 
ACE inhibitors have some advantages compared to 
serum ACE inhibitors: first of all, the patient’s com-
pliance to treatment is better due to a single adminis-
tration per day; second, it has effective remodeling 
properties on vascular and myocardial tissue [16,17]. 
In patients with CHD and left ventricular dysfunc-
tion, ACE inhibitors are recommended only in par-
ticular situations (e.g., valvular regurgitations) [4].

Angiotensin receptor blockers (ARB) are recom-
mended by ISHLT guidelines in patients that are un-
able to tolerate ACE inhibitors. The most used types 
of ARB are Valsartan and Losartan [4].

Recent studies are focusing on an additional 
method to block the RAAS system. The pharmaco-
logical combination between Sacubitril (a neprilysin 
inhibitor) and Valsartan (ARB) was recently ap-
proved by FDA for the treatment of pediatric HF pa-
tients above one year old with symptomatic HF. Sa-
cubitril lowers the serum concentration of Neprilysin, 
therefore it inhibits the catalyzation of natriuretic 
peptides (ANP, BNP) and promotes vasodilatation. 
Valsartan inhibits angiotensin II, therefore prevent-
ing vasoconstriction. However, regarding patients 
below one year old, ongoing studies are performed 
[16].

In order to block the effects of SNS and catecho-
lamines, beta-blockers are used. A number of studies 
demonstrated beneficial effects in children with HF 
[16]. Propranolol was the first beta-blocker drug used 
in pediatric HF therapy, but Carvedilol is the most 
prescribed beta-blocker nowadays in pediatric HF. 
Regarding Carvedilol use in clinical practice, contra-
dictory results have been reported in the current lit-
erature. Some small studies have suggested benefi-
cial effects of this drug on HF symptoms and ejection 
fraction (EF), while a multicenter randomized trial 
didn`t show significant benefit in clinical status of 
patients after 8 months of treatment [18,19]. Current-
ly, due to the cardioprotective effect of beta-2 stimu-
lation (due to beta-2 downregulation demonstrated in 
patients with DCM and HF), more and more clini-
cians choose a beta-1 selective blocker, like Bisopro-
lol [13,20,21]. The patient’s compliance to treatment 
is better due to a single administration per day. 

In patients with stage C HF, beta-blockers are as-
sociated with ACE inhibitors and aldosterone receptor 
antagonists [12]. However, the utility in patients with 
single ventricle physiology has not been proven [22]. 

Heart rate control is essential in HF treatment in 
order to maintain a balance between myocardial oxy-
gen demand and consumption, and also to prolong 
ventricular diastole. [13]. In patients with HF, in or-
der to control heart rate, besides beta-blockers, there 
are other pharmacological drugs used such as Digox-
in or Ivabradine. Digoxin can be used in order to re-
lieve HF symptoms in patients with decreased EF in 
combination with beta-blockers, ACE inhibitors and 
aldosterone receptor antagonists [4]. However, it is 
not recommended in patients with preserved EF. The 
use of Digoxin decreased significantly due to a nar-
row therapeutical range and interactions with other 
drugs [19]. Ivabradine is a selective blocker of the 
pacemaker current If, a pure bradycardic agent with 
low adverse effects. It was recently approved by the 
FDA in class II to IV (NYHA/ROSS), symptomatic 
stable patients older than 6 months [16,23]. 

In order to block the effects of aldosterone, aldos-
terone receptor antagonists are being used. Despite the 
fact that they are considered weaker diuretics, they are 
used due to their antifibrotic properties [4]. In patients 
with diastolic HF, the use of aldosterone receptor an-
tagonists is not recommended [4]. The most common 
drug used is Spironolactone, usually associated with 
ACE and beta-blockers in stage C patients [24]. 

In patients with pulmonary or systemic congestion, 
in order to control the symptoms and reduce water re-
tention, the first-line of therapy is represented by loop 
diuretics, and the most prescribed loop diuretic is 
Furosemide [4,25]. Recent studies focused on a newer 
diuretic: Tolvaptan, a vasopressin V2 receptor antago-
nist that can be administrated as an additional diuretic 
drug in pediatric HF patients. Due to its properties, 
Tolvaptan improves water congestion by increasing 
urinary output and normalizes serum sodium concen-
tration in patients with hyponatremia [21].

According to recent guidelines, in patients with 
NYHA/ROSS stage II, it is reasonable to introduce 
progressively a triple drug association: beta-blockers 
– ACE inhibitors –aldosterone receptor antagonists 
(Bisoprolol-Lisinopril-Spironolactone), with associ-
ated diuretic therapy if there are signs of pulmonary 
or systemic congestion [4,13,26]. We emphasize the 
fact that in pediatric HF, most guidelines recommend 
the use of different pharmacological treatment based 
on level of evidence C [6,20]. 

NON-PHARMACOLOGICAL TREATMENT  
IN ADVANCED CHRONIC HF

Patients in stage IV NYHA/ROSS require hospi-
talization and intravenous inotropes. Refractory cases 
require advanced treatment. Device therapy and dif-
ferent palliative surgical interventions are more and 
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more used as a bridge to transplant or recovery.  
Device therapy- In the last years, device therapy is 

required in more pediatric patients. Pacemaker thera-
py is recommended in patients with atrio-ventricular 
block type II/III associated with ventricular disfunc-
tion [4]. Implantable cardioverter defibrillator (ICD) 
therapy is recommended in patients after cardio-res-
piratory arrest [4]. However, it is associated with a 
suboptimal performance and 25-40% of patients re-
ported inappropriate shocks [27]. Resynchronization 
therapy (CRT) is recommended in patients with 
NYHA functional class II-IV, left ventricle dysfunc-
tion with EF below 35% and QRS duration above 
normal values for age associated with left bundle 
branch (class IIa, level of evidence B) or complete 
right bundle branch (class IIb, level of evidence C) 
[4]. There are some studies that described the im-
provement of EF and NYHA functional class in pedi-
atric patients, with complication rates similar in pedi-
atric and adult patients [28]. 

Mechanical circulatory support and heart 
transplantation

On long term, HTx remains the only therapy of 
choice for end-stage HF patients refractory to maxi-
mal medical treatment. As a bridge to transplantation 
or recovery, ventricular assist devices (VAD) or dif-
ferent surgical interventions are used [29]. Interagen-

cy Registry for Mechanically Assisted Circulatory 
Support (INTERMACS) developed seven clincal 
profiles in order to have a better selection of patients 
in advanced stages and their therapies [30]. VADs 
implantation is recommended in end-stage HF asso-
ciated with at least one other major organ dysfunction 
(class I, level of evidence C) [4]. 

In DCM patients, Schrantz et al. proposed a re-
versible pulmonary artery banding as an intervention 
recommended in children < 6 years old diagnosed 
with DCM with HF ROSS/NYHA class III/IV, with 
reduced LV EF and preserved RV function [31]. Pul-
monary artery banding showed beneficial effects re-
garding LV function, size or EF, but the mortality is 
still unknown and the efficacity is demonstrated only 
in infants or young children.

CONCLUSIONS

Pediatric HF is a complex syndrome with multiple 
etiologies that leads to significant mortality and mor-
bidity. Despite the advancements in technology, pedi-
atric HF is still a challenge in clinical practice. Fur-
ther studies should concentrate to a personalized 
pharmacological therapy in pediatric patients based 
on targeted pathophysiology, molecular processes 
and the etiology of HF.
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