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Abstract
Neonatal shock and hypotension occur in critically ill neonates 
and have different etiologies, posing a clinical challenge to 
neonatal intensivists. 

Shock is a state of cellular energy failure, presenting with dif-
ferent pathogenesis (hypovolemia, cardiac, and/or vasoregu-
latory failure) and has different phases of advancing severity.

It is important to understand the principles of cardiovascular 
pathophysiology to select the most appropriate approach 
to manage the given phase and form of neonatal shock. 
Although at present antimicrobial therapy and supportive care 
in terms of fluid resuscitation and inotropes remain the foun-
dation of treatment, early recognition and effective treatment 
of shock are crucial to prevent inevitable progression. Immu-
nomodulatory/anti-inflammatory agents may improve out-
comes, especially for vulnerable premature neonates.

Introduction
Shock is an unstable and dynamic pathophysiologic 
state characterized by inadequate tissue perfusion. 
It remains a major cause of morbidity and mortality 
in neonates because it is an accompaniment of other 
primary conditions.

Definition
Shock is a complex clinical syndrome characterized by 
sudden failure of the circulatory system to maintain 
adequate tissue and organ perfusion, leading to inad-

equate oxygen and nutrient substrate delivery to body 
tissues and compromised metabolic waste product 
removal. This results in cellular dysfunction, which may 
eventually lead to cell death.

Incidence
Premature and very low birth weight (VLBW) neonates 
are most vulnerable to shock. Around 20% of VLBW 
neonates admitted to the neonatal intensive care unit 
(NICU) become hypotensive within 24 hours of 
admission. However, the exact incidence of shock is 
not known. Neonatal sepsis and septic shock are the 
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frequently encountered causes in the NICU; neonatal 
sepsis causes septic shock in about 1% to 5% of the 
cases, with the mortality rate being around 71%.

Pathogenesis
Although the underlying mechanisms of neonatal, 
pediatric, and adult shock are same, the etiology and 
clinical manifestations may vary. 

Adequate tissue perfusion depends on the combination 
of 3 major factors (Figure 1):

1. Cardiac output
2. Integrity and maintenance of vasomotor tone of 

local arterial, venous, and capillary vascular beds
3. Ability of the blood to deliver oxygen and meta-

bolic substrates and to remove metabolic wastes

Some diseases have multisystem involvement with 
several subtypes of shock. For example, children with 
septic shock may be hypovolemic from fluid loss and 
inadequate fluid intake and may have sepsis-induced 
myocardial depression, which directly limits contrac-
tility and cardiac output.

Types of Shock
Hypovolemic shock
Hypovolemic shock is the most common type of shock 
seen in neonates. Insufficient circulating blood volume 
leads to inadequate tissue perfusion. The normal 
neonatal circulating blood volume is 80 to 100 mL/ kg. 
Hypovolemic shock occurs with > 10% acute blood 
loss, which leads to a decrease in cardiac output.

Hypovolemic shock may have the following origins:
•	 Acute and/or chronic blood loss

 – Placental abruption or placenta previa
 – Uterine/umbilical cord rupture
 – Difficult delivery leading to trauma and/or 

hypoxia 
 – Maternal–fetal transfusion 
 – Twin-to-twin transfusion
 – Sequestered blood

 » Intraventricular
 » Intra-abdominal
 » Pulmonary

 – Accidental or incorrect removal of arterial 
lines

 – Iatrogenic causes such as iatrogenic laboratory 
blood loss

•	 Plasma or fluid losses 
 – Effusions (erythroblastosis fetalis and nonim-

mune hydrops) 
 – Break in skin integrity
 – Myelomeningocele and gastroschisis

•	 Dehydration 
 – May be due to emesis or diarrhea; can occur 

because of insensible water loss 
 – May be due to repeated discarding of gastro-

intestinal residuals and/or stomach contents 

Figure 1. Determinants of Cardiac Function and 
Oxygen Delivery to Tissues

The effects of inadequate perfusion are reversible 
initially; however, prolonged oxygen deprivation leads 
to generalized cellular hypoxemia and the disruption 
of critical biochemical processes, ultimately resulting 
in cell membrane ion pump dysfunction, intracellular 
edema, inadequate regulation of intracellular pH, and 
cell death.

Distinguishing between the physiologic subtypes of 
shock and recognizing and treating the specific disor-
ders that lead to shock are important.
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Cardiogenic shock
Cardiogenic shock is caused by congenital heart defect, 
heart failure, arrhythmias, or myocardial ischemia.

Cardiogenic shock may have the following origins:
•	 Left ventricular outflow tract obstruction

 – Hypoplastic left heart syndrome
 – Critical aortic stenosis
 – Coarctation of the aorta
 – Hypertrophic cardiomyopathy

•	 Large left-to-right shunts
 – Ventricular septal defect
 – Patent ductus arteriosus
 – Atrioventricular septal defect

•	 Infective myocarditis—enterovirus and herpes 
simplex virus (HSV) 2 

•	 Cardiomyopathy
 – Dilated cardiomyopathy
 – Hypertrophic cardiomyopathy

•	 Dysrhythmia
 – Prolonged, unrecognized supraventricular 

tachycardia 
 – Bradyarrhythmias
 – Complete heart block (systemic lupus erythe-

matosus in mother)
•	 Intrapartum or postpartum asphyxia 
•	 Hypoxia 
•	 Metabolic acidosis 
•	 Bacterial or viral infection 
•	 Severe respiratory distress 
•	 Severe metabolic or electrolyte imbalance 

 – Severe hypoglycemia and hypocalcemia
 – Inborn error of metabolism (glycogen storage 

disease, mucopolysaccharidoses, and disorders 
of fatty acid metabolism)

Septic shock
Sepsis or serious infection within the first 4 weeks of life 
kills > 1 million neonates globally every year. Neonates 
with sepsis may present in or progress to septic shock, 
exemplified initially by cardiovascular dysfunction 
requiring fluid resuscitation or inotropic support.

The pathophysiologies behind septic shock are
•	 toxins are released from the replication of the 

organism, causing impaired peripheral arterial 
resistance and

•	 the loss of vascular integrity allows fluid leakage 
from the blood vessels into tissue.

It is estimated that septic shock is reported in around 
1% to 5% of all infants with proven severe sepsis, 1.3% 
being VLBW neonates, with an associated mortality 
peaking at 71%.

Common organisms responsible for 
septic shock
•	 Gram-negative cocci 

 – Escherichia coli
 – Haemophilus influenzae
 – Klebsiella species
 – Pseudomonas aeruginosa

•	 Gram-positive cocci 
 – Group B Streptococcus 
 – Methicillin-resistant Staphylococcus aureus

•	 Virus 
 – HSV

Obstructive shock
Obstructive shock occurs due to decreased venous 
return (cardiac tamponade).
•	 Tension pneumothorax
•	 Congenital diaphragmatic hernia

Dissociative shock
Dissociative shock occurs due to inadequate oxygen-
delivering capacity.
•	 Profound anemia (methemoglobinemia)

Clinical features 
There are no clinical or laboratory findings specific to 
shock in neonates. 

The presence of several indicators of inadequate circula-
tory functions helps in the diagnosis. Following are few 
clinical and laboratory findings associated with shock.

Cardiovascular findings
•	 Systemic arterial hypotension 
•	 Narrow pulse pressure 
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•	 Central venous hypotension (with myocardial 
failure and increased central venous pressure) 

•	 Tachycardia (bradycardia is observed in case of 
early asphyxia)

Respiratory findings
•	 Tachypnea 
•	 Grunting
•	 Chest retractions
•	 Apnea 

Other findings
•	 Prolonged capillary filling time 
•	 Hypothermia
•	 Oliguria
•	 Metabolic acidosis

Although causes and clinical features of shock vary in 
individual neonates, the result is same. For example, 
the extent of renal and brain damage depends on the 
duration of the shock. Renal damage may be revers-
ible, whereas brain damage is irreversible. Shock may 
result in multisystem organ failure and even death in 
neonates in case of failure to recognize and treat shock.

Shock occurs in 3 phases:
•	 Compensated
•	 Decompensated
•	 Irreversible

Table 1. Clinical Features Associated With 3 Phases of 
Shock

Phase Compensated Decompensated Irreversible
Intravascular 
Volume Loss

Up to 25% 25%–40% > 40%

Heart Rate Tachycardia Marked 
tachycardia

Severe 
tachycardia

Bradycardia
Peripheral Pulses Bounding Feeble Imperceptible
Blood Pressure Normal Hypotension Gross 

hypotension
Pulse Pressure Normal/wide Low Remarkably 

low
Core Temp-
peripheral temp. 
Gradient

Increased  
> 2°C

Increased  
> 5°C

Urine Output Normal/
reduced

Oliguria Anuria

Mentation Irritable Lethargic Coma

Table 1 gives the list of various clinical features associ-
ated with 3 phases of shock.

Diagnosis
The signs and symptoms of shock are diverse in 
neonates.

In clinical practice, the reference range blood pressure 
limits are defined as the gestational-dependent and 
postnatal age–dependent blood pressure values between 
the 5th (or 10th) and 95th (or 90th) percentiles.

However, mean blood pressure would be ≥ 30 mm Hg 
by third day of life of most preterm infants, even if born 
at 24 to 26 weeks’ gestation.

As a rough rule of thumb, the lower limit of normal 
mean blood pressure in mm Hg on the day of birth is 
approximately equal to the gestational age in weeks.

Neonatal blood pressure can be measured directly 
through invasive techniques, that is, direct manometry 
using an arterial catheter or use of an in-line pressure 
transducer or indirectly through noninvasive tech-
niques that include manual oscillometric techniques 
and automated Doppler techniques.

Table 2 lists various signs of hypoperfusion/hypoten-
sion in different types of shock.
Table 2. Other Signs of Hypoperfusion/Hypotension in 
Different Types of Shock

Parameters Cardiogenic Hypovolemic Septic (Early/Late)
Arterial Blood 
Pressure Low Low Low

Central Venous 
Pressure High Low Normal

Pulse Pressure Decreased Decreased Normal/decreased
Cardiac Output Low Low High/normal/low
Core to 
Peripheral Skin 
Temperature

Increased Increased Normal/increased

Functional echocardiography
It provides objective assessment of cardiac function and 
output, helps determining underlying cardiac cause for 
the same, assesses response to therapeutic interventions 
done, and also gives insight on semiquantitative assess-
ment of SVC flow and left ventricular outflow (LVF), 
which in turn helps in fluid management.
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Treatment
Prognostic outcomes after neonatal shock are based on 
the underlying cause (eg, sepsis and heart disease) and 
injuries sustained in the course of inadequate perfusion. 
It is very important to recognize and treat neonatal 
shock at the earliest.

VTIPPSS is the mnemonic for the treatment of shock 
to manage hypoxia, hypoglycemia, hypocalcemia, 
hypothermia, anemia, electrolyte imbalance, acidosis, 
and coagulation dysfunction. It is defined as follows:

V—Ventilation: Oxygen and ventilatory support to 
support breathing is the cornerstone.

T—Thermoregulation

I—Infusion: Infusion of isotonic crystalloid fluid, 
plasma, and blood is the mainstay of treatment.

P—Pump/cardiovascular support (inotropes)

P—Pharmacotherapy (antibiotics/steroids)

S—Specific therapy

S—Supportive care 

Certain pharmacologic agents are used in the  
management of shock (Table 3).

Points to Remember
Which inotrope and why?
•	 In case of normal or high left ventricular output 

in echocardiography and patent ductus arteriosus 
(PDA) is not apparent, a vasopressor (eg, dopa-
mine) can be given primarily.
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Table 3. Pharmacologic Agents Used in the Management of Shock

Agent Type Agent Dosage Comments 

Volume 
Expanders 

Isotonic sodium chloride 
solution 10–20 mol/kg IV Hypovolemic shock, readily available 

Plasma 10–20 ml/kg IV DIC, expensive 
Whole blood products 10–20 ml/kg IV Hypovolemic due to blood loss 

Reconstituted blood products 10–20 ml/kg IV Use O−ve 

Vasoactive 
Drugs 

Dopamine 5–20 mcg/kg/min IV 

Inotropic sympathomimetic amine acting on α-dopaminergic and 
β-dopaminergic receptors 

Lower doses—myocardial contractility  
Higher doses—peripheral vasoconstriction

Dobutamine 5–20 mcg/kg/min IV 

Inotropic sympathomimetic amine acting on α and β receptors. 
Used in the management of myocardial contractility and peripheral 

vasodilatation
Suitable for hypotension management associated with myocardial 

dysfunction and low cardiac output

Epinephrine 0.05–1 mcg/kg/min IV 

Stimulates α1, α2, β1, and β2 receptors
Does vasodilatation at low doses

Exhibits inotropic action 
Does significant vasoconstriction at higher doses 
Used in the treatment of refractory hypotension

Norepinephrine 0.05–1 mcg/kg/min IV 
Used in the management of refractory hypotension 

Stimulates β1- and α-adrenergic receptors, increasing cardiac 
muscle contractility and heart rate, as well as vasoconstriction

Milrinone
75mcg/kg over 60 min
Maintenance infusion 
0.5–0.75 mcg/kg/min

Selective phosphodiesterase inhibitor
Inotrope 

Vasodilator
DIC, disseminated intravascular coagulation; IV, intravenous.
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•	 If there is a hemodynamically significant PDA, 
additional treatment should be considered toward 
the PDA. 

•	 In case of low left ventricular outflow (LVO) and 
underfilled left ventricle (LV), volume expansion 
should be considered in the first-line management.

•	 In case of normal LVO and impaired contractility 
of the LV, the primary choice of treatment should 
be dobutamine. 

•	 In addition, dobutamine helps manage low LVO 
with paradoxical movement of the interventricular 
septum.

The study on variation in the prevalence of hypotension 
showed that among low birth weight neonates,  16% 
to 52% received volume expansion and 4% to 39% 
received vasopressors.

Relative adrenal insufficiency in preterm neonates may 
contribute to hemodynamic instability and hypoten-
sion. Many clinical practices have suggested hydrocorti-
sone in the management of neonatal shock after volume 
resuscitation and dopamine therapy. Hydrocortisone 
has been shown to increase the sensitivity of the cardio-
vascular system to catecholamines, resulting in improve-
ments in myocardial contractility and stroke volume, 
besides its cytokine-suppressing effects to mitigate  
inflammation.

Outcome and Future 
Consideration
Neonatal shock is a devastating condition associated 
with a high rate of morbidity and mortality, and the 
outcome of septic shock in neonates is dismal. A study 
has reported death or severe sequelae in 52% of infants.

Neurodevelopment outcomes following neonatal 
shock have demonstrated a significant risk of impair-
ments such as deafness, cerebral palsy, lower mental 
and psychomotor development scores, and vision  

impairment, particularly in the most premature 
neonates. The mortality of VLBW infants with sepsis 
is significantly higher than those VLBW neonates 
without sepsis (21% vs 9%).

Although currently volume expansion, antimicrobial 
therapy, and supportive care remain the foundation 
of the treatment for shock in neonates, in the future, 
immunomodulatory agents for anti-inflammatory 
therapy are likely to improve outcomes for this vulner-
able population.
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