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Neonatal Heart Failure
▪HF results from structural or functional cardiac disorders that impair the ability of the 
ventricles to fill with and/or eject blood. 

▪Neonatal HF is a progressive clinical and pathophysiological disease caused 
by cardiovascular and non-cardiovascular abnormalities.

▪The most common cause is structural congenital heart disease, 

▪ Neonatal cardiomyopathy represents the most common cause of HF in 
infants with a structurally normal heart.

▪A high index of suspicion of HF in the immediate postnatal period and its 
consequences is important
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Neonatal Heart Failure 
Pathophysiology:

❑ ventricular pump dysfunction with decreased contractility( low LVEF) 

❑ Altered preload or afterload with preserved contractility

❑ Rhythm disorder

Etiology:

❖ Congenital cardiac malformation

❖ Structurally normal heart 
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Fetal, early neonatal   HF
▪CHF in the fetus: Supraventricular tachycardia,  bradycardia, complete heart block, anemia, 
severe tricuspid regurgitation due to Ebstein's anomaly, mitral regurgitation from 
atrioventricular canal defect, myocarditis , …. 

▪Disorders that are fatal in the immediate neonatal period are often well tolerated in the fetus due to the 
pattern of fetal blood flow . 

▪Severe CHF in the fetus: hydrops fetalis with ascites, pleural and pericardial effusions and 
anasarca. 

▪CHF on the first day: myocardial dysfunction secondary to asphyxia, hypoglycemia, 
hypocalcemia, or sepsis. 
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CHF in the first week
❖Congenital heart malformation :

▪Left ventricular outflow tract obstruction ( COA, Aortic stenosis, Interrupted 
aortic arch, Hypoplastic left heart syndrome)

▪Total anomalous pulmonary venous return(TAPVR)

❖Structurally  normal heart:

▪ Perinatal hypoxic ischemia, Volume Overload, Arrhythmia, Renal failure, Sepsis
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CHF in the first week 
▪Acute presentation of the ill newborn with CHF: potential sepsis / ductal dependent CHD. 

▪potentially curable but carry a high mortality. 

▪ Ductal dependent lesions. The closure of the ductus arteriosus is often the precipitating event leading to 
catastrophic deterioration in a seemingly healthy neonate. 

•Peripheral pulses and oxygen saturation. ( pulse oximetry should be checked in both the upper and 
lower extremities. A lower saturation in the lower limbs means right to left ductal shunting and 
occurs due to pulmonary hypertension, coarctation of the aorta, or aortic arch interruption.

• Pulmonary hypertension. Load s2, subxiphoid heave

•ASD/VSD does not lead to CHF in the first two weeks of life. 

• PDA may result in CHF in the first week in preterm infants.

•poor myocardial reserve in premature infants. 

•Adrenal insufficiency / neonatal thyrotoxicosis could present with CHF in the first few days of life.

•A sense of urgency
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Common acquired  causes of HF

▪ Cardiac

Hypoxic-Ischemic injury (DCM) 
Perinatal insult (Neonatal encephalopathy)
Coronary (Stenosis, in utero compromise, abnormal connection) 

Infectious
Neonatal/ Perinatal Myocarditis (DCM)
Sepsis Cardiomyopathy (DCM) 

Fetal Volume Overload
Twin-to-Twin Transfusion (HCM)
Severe fetal anemia (DCM) 

Arrhythmogenic
Paroxysmal fetal SVT (DCM)
Incessant atrial or ventricular tachycardia (DCM)
Neonatal complete heart block (DCM) 

Maternal Autoimmune Disease
Neonatal lupus (DCM)
Neonatal thyrotoxicosis (DCM)
Infant of diabetic mother (HCM) 

Drug-Induced Steroid therapy (HCM) 

▪ Non-cardiac 

Renal failure
Sepsis 
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Perinatal hypoxic ischemia

▪Perinatal hypoxic-ischemic insults may result in multi-organ system dysfunction,

▪A common cause of acute, often reversible cardiovascular dysfunction in neonates,

▪Incidence of Myocardial dysfunction: 30–82% in neonates with severe neonatal 
encephalopathy,

▪The incidence of myocardial injury may be higher in the preterm infant with neonatal 
encephalopathy.

▪ The reduced heart function is often transient, with the most severe cardiovascular 
abnormalities typically occurring 2 to 3 days after the initial insult, followed by gradual 
recovery.
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Perinatal hypoxic ischemia; pathophysiology

•After the initial perinatal hypoxic insult, myocardial contractility increases and the myocardium works to enhance 
blood flow and protect against systemic hypoxia. 

•Myocardial injury will ultimately develop when this “compensation mechanism” fails.

• Myocardial dysfunction will worsen further following the reperfusion injury due to reactive oxygen species and 
the injury eventually reduces the contractile responsiveness of the myocardium, causing a significant reduction in 
cardiac output, hypotension, and further impairment of cerebral blood flow and perfusion of other organs.

•there are two major patterns of myocardial dysfunction that have been observed in neonates with a perinatal 
hypoxic insult. 

•The first event results from depression of LV function with subsequent reduced cardiac output. The moderate to 
severe LV systolic dysfunction may lead to pulmonary venous hypertension because of diastolic impairment.

•The second event results from the hypoxia preventing the normal relaxation of the pulmonary vascular bed, and 
the elevated pulmonary vascular resistance (PVR) causing deoxygenated blood to be shunted to the systemic 
vasculature.
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Cardiovascular Assessment of a Neonate with neonatal 
encephalopathy

▪A high index of suspicion for cardiopulmonary dysfunction is important in the neonate 
with clinical and biochemical evidence of a hypoxic-ischemic insult. 

▪The clinical signs of myocardial injury and associated PPHN, coupled with the 
electrocardiographic and radiographic findings are all non-specific and inconclusive.

▪ Cardiac troponins are biochemical markers of myocardial damage, 

▪Elevation of cord troponin is a good early predictor of severity of encephalopathy from 
a perinatal hypoxic insult and mortality in term infants.

▪Serum level of  N-terminal pro-Brain Natriuretic Peptide (NT-pro-BNP) can reflect 
myocardial injury in neonates with asphyxia and may also guide diagnosis.
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Common Cardiomyopathies
▪The cardiomyopathy seen in IDM’s is the most common form of HCM during the 
early neonatal period. 

▪Functional myocardial abnormalities are present in up to 30% of IDMs and 
include intraventricular septal hypertrophy and cardiomyopathy (HCM). 

▪Symptomatic HCM occurs in 10–15% of IDMs, it is found in up to 30% of IDMs 
when routinely searched for with an echocardiogram.

▪During the gestational periods, the high levels of glucose in the maternal blood 
will cause fetal hyperglycemia through the placenta and affect the heart in 
multiple ways, including cardiac malformations, hypertrophic cardiomyopathy, 
and functional impairment.
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Myocarditis

▪Myocarditis: inflammatory and infectious conditions

▪presentations range from minimal symptoms to severe HF and sudden death

▪Myocarditis accounts for approximately 15% of patients with DCM in children 
but is less common in neonates.
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CHF; 
management
▪1. Treatment of congested state: 

▪It is aimed at reducing pulmonary or systemic congestion (diuretics), 

▪reducing the disproportionately elevated afterload (vasodilators including ACE inhibitors),

▪ increasing contractility (inotropes) 

▪ IV inotropic support: in patients presenting as cardiogenic shock, poor systemic and end-organ 
perfusion.  

▪ diuretics are the first line of therapy

▪2. Treatment of the cause:

The curative therapy is directed towards the cause of CHF. 

▪3. Treatment of the precipitating events; infection,…
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CHF; management
▪Normal perfusion and evidence of congestion:  Medical therapy 

1. Preload and afterload reduction for symptomatic relief using vasodilators( nitrates, ACEI/ARB) and 
diuretics, 

2. Inhibition of deleterious neurohormonal activation( ACEI, BETA BLOCKERS) : improved o2 delivery /
enhancing cardiac contractility

▪ Evidence of organ hypoperfusion: Use of inotropic therapy / mechanical circulatory

•Low cardiac output state: Dopamine infusion: 5-10mcg/kg/min, Epinephrin: 0.05-1mcq/kg/min

•Ongoing  assessment of the fluid status 

•Monitored for side effects of anti- congestive therapies: renal function, electrolytes, hypotension

▪Care for hyponatremia: water retention in response to vasopressin/diuretics/salt wasting: no sodium supplementation, restricted fluid 
intake, reducing diuretics, hypocalcemia
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shock in the Newborn

▪ shock: circulatory failure to deliver adequate substrate and remove toxins at the
tissue and cellular levels. 

▪Shock is a dynamic and unstable pathophysiologic state characterized by inadequate tissue 
perfusion.

Etiologic classification:

Hypovolemic,

Cardiogenic, 

Distributive, (Anaphylaxis, septic)

Obstructive.

▪Shock states: Compensated, uncompensated, irreversible state
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Shock state

1. Difficult diagnosis: vital signs, physical examination, lab data,

2. Delay in recognizing: anaerobic metabolism, tissue acidosis, progression to an irreversible state of 
cellular and organ damage.

3-Shock is identified in most patients based on findings of hypotension and inadequate organ perfusion, 
which may be caused by either low cardiac output or low systemic vascular resistance (SVR).

▪physical findings: 

▪ Bp, 

▪HR,

▪ Skin perfusion, ( diminished distal pulses, cool skin, prolonged capillary refill)

▪hepatomegaly,

▪ cardiac gallop, 

▪cardiac murmurs, 

▪pericardial heave. 

• 5th percentile sys. BP  for age : newborn : 60 mmHg, infant : 70 mmHg
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Cardiogenic Shock
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primary myocardial dysfunction renders the heart to be unable to maintain adequate cardiac output. 

❖CHD or cardiomyopathies/ carditis( hypoxic-ischemic, infectious, metabolic,.. ) 

The etiology may depend on the age of the child.

clinical signs

low cardiac output

with adequate intravascular volume 

cool and clammy extremities

poor capillary refill

tachycardia 

Heart murmur

narrow pulse pressure 

low urine output



Pharmacologic support
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Dopamine : B1-adrenergic, norepinephrine

α1, α2  vasoconstrictive, DA1: vasodilator

Dobutamine: B1 agonist, myocardial dysfunction

Epinephrine: < 0.1 μg/kg : B1, B2,  inotropic& chronotropic

> 1 μg/kg : α mediated vasoconstrictor

Isoproterenol: B1=B2, inotropic& chronotropic , vasodilator

Norepinephrine: vasopressor

Phosphodiesterase inhibitors: inotropy, vasodilation, 
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