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Introduction
Perinatal asphyxia is a lack of blood flow or gas exchange to or from the fetus in the period immediately before,
during, or after the birth process. Perinatal asphyxia can result in profound systemic and neurologic sequelae due
decreased blood flow and/or oxygen to a fetus or infant during the peripartum period. When placental (prenatal) or
pulmonary (immediate post-natal) gas exchange is compromised or ceases altogether, there is partial (hypoxia) or
complete (anoxia) lack of oxygen to the vital organs. This results in progressive hypoxemia and hypercapnia. If the
hypoxemia is severe enough, the tissues and vital organs (muscle, liver, heart, and ultimately the brain) will develop
an oxygen debt. Anaerobic glycolysis and lactic acidosis will result.  Neonatal hypoxic-ischemic encephalopathy
refers specifically to the neurologic sequelae of perinatal asphyxia.[1][2]

The diagnostic criteria for neonatal hypoxic-ischemic encephalopathy are as follows:

Metabolic acidosis with pH <7.0 (in umbilical cord or infant blood sample)

Base Deficit -12

APGAR score = five at 10 minutes with a continued need for resuscitation

Presence of multiple organ-system failures

Clinical evidence of encephalopathy:  hypotonia, abnormal oculomotor or pupillary movements, weak or absent
suck, apnea, hyperpnea, or clinical seizures

Neurologic findings cannot be attributed to other cause (inborn error of metabolism, a genetic disorder,
congenital neurologic disorder, medication effect)

Etiology
Perinatal asphyxia can occur due to maternal hemodynamic compromise (amniotic fluid embolus), uterine conditions
(uterine rupture), or placenta and umbilical cord (placental abruption, umbilical cord knot or compression) and
infection. The asphyxia can occur prior to the birth or can occur immediately following birth in a compromised
patient requiring resuscitation.[3][4][5]

The majority of cases of perinatal asphyxia occur intrapartum, although 20% occur antepartum and other cases occur
in the early post-natal period. Perinatal asphyxia can occur due to maternal events (hemorrhage, amniotic fluid
embolism; hemodynamic collapse), placental events (acute abruption), uterine events (rupture), cord events (tight
nuchal cord, cord prolapse/avulsion) and intrapartum infection (maternal fever in labor). A careful obstetrical and
peripartum history is essential to determine the etiology.

Epidemiology
The incidence of perinatal asphyxia is two per 1000 births in developed countries, but the rate is up to 10 times higher
in developing countries where there may be limited access to maternal and neonatal care. Of those infants
affected, 15-20% die in the neonatal period, and up to 25% of survivors are left with permanent neurologic deficits.[6]

Pathophysiology
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There are three stages to brain injury in hypoxic-ischemic encephalopathy. First, there is an immediate primary
neuronal injury that occurs due to interruption of oxygen and glucose to the brain. This decreases ATP and results in
failure of the ATP-dependent NaK pump. Sodium enters the cell followed by water, causing cell swelling,
widespread depolarization, and cell death. Cell death and lysis cause release of glutamate, an excitatory amino acid,
which causes an increase in intracellular calcium and further cell death.

Following the immediate injury is a latent period of about six hours, during which reperfusion occurs, and some cells
recover.

Late secondary neuronal injury occurs over the next 24-48 hours as reperfusion results in blood flow to and from
damaged areas, spreading toxic neurotransmitters and widening the area of brain affected.

History and Physical
Perinatal asphyxia can result in systemic effects, including neurologic insult, respiratory distress and pulmonary
hypertension, and liver, myocardial, and renal dysfunction. Depending on the severity and timing of the hypoxic
insult, a neonate with hypoxic-ischemic encephalopathy due to perinatal asphyxia can demonstrate a variety of
neurologic findings. Using the Sarnat staging for encephalopathy can be useful. In Sarnat Stage I, the least severe
stage, there is generalized sympathetic tone and the neonate may be hyper-alert with prolonged periods of
wakefulness, mydriasis and increased deep tendon reflexes. In Sarnat Stage II, the neonate may be lethargic or
obtunded, with decreased tone, strong distal flexion, and generalized parasympathetic tone with miosis, bradycardia
and increased secretions. Seizures are common in Sarnat Stage II. Sarnat Stage III, the most severe, is characterized
by a profoundly decreased level of consciousness, flaccid tone, decreased deep tendon reflexes and very abnormal
EEG. Clinical seizures are less common in Sarnat Stage III due to the profound injury in the brain preventing the
propagation of clinical seizures.

Evaluation
A chest radiograph may determine the need for intubation and/or need for exogenous surfactant therapy. An arterial
blood gas is useful in diagnosing respiratory versus metabolic acidosis and degree of hypoxemia. Liver damage can
be determined by serum transaminase levels and coagulation factors. Troponin and CK-MB can be useful in
determining myocardial insult and creatinine and blood urea nitrogen can ascertain the extent of renal dysfunction.
Physiologically stressed infants rapidly deplete glucose stores and can develop profound hypoglycemia. Frequent
blood glucose checks during the critical period of resuscitation are recommended.[7][8]

Treatment / Management
Therapeutic hypothermia is the treatment for neonatal hypoxic-ischemic encephalopathy. Following the immediate
primary neuronal injury, during which there is an interruption of oxygen and glucose to the brain, there is a latent
period of up to 6 hours before a secondary phase of injury occurs as the injured areas are reperfused, and damaged
cells lyse, releasing toxic neurotransmitters. The goal of therapeutic hypothermia is to intervene during the latent
period and minimize damage from the secondary neuronal injury. Therapeutic hypothermia, when started within six
hours of injury decreases mortality and severe disability from 62% to 48% and increases survival with the normal
outcome from 24% to 40% with a number needed to treat of six to seven. Whole body cooling appears to be more
effective at decreasing death than selective head cooling, but both modalities are effective at decreasing severe
disability and a combined outcome of death and severe disability. Infants with moderate encephalopathy (Sarnat Stage
II) benefit most from therapeutic hypothermia. Importantly, cooling does not appear to decrease death at the cost of
more severely neurologic impairment in survivors. Side effects associated with therapeutic hypothermia include
peripheral vasoconstriction, diuresis, cardiac dysfunction, arrhythmias, coagulopathy, thrombocytopenia, leukocyte
dysfunction, pulmonary hypertension and sclerema (calcium deposits in the skin). Therapeutic hypothermia can be
delivered safely with specialized equipment and monitoring in sophisticated medical centers. [9][10][11]

The treatment of respiratory distress, pulmonary hypertension, coagulopathy and myocardial dysfunction is
supportive. Infants with respiratory distress and pulmonary hypertension may require intubation, surfactant, oxygen
and inhaled nitric oxide. Coagulopathy is treated with the prudent use of blood products to maintain oxygen-carrying
capacity and coagulation. Myocardial dysfunction may result in a need for vasopressors. Renal dysfunction may result
in oliguria or anuria; therefore, use of crystalloid fluid and blood products should be cautious.
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Enhancing Healthcare Team Outcomes
Birth asphyxia is not an uncommon event, and because of its high morbidity and mortality, the condition is best
managed by an interprofessional team. However, the long-term prognosis of these infants has been difficult to assess.
In the short term, the condition is reported to have a mortality in excess of 30%, with the majority of deaths
occurring within the first few days after birth. Those infants who survive are often left with mild to severe
neurological deficits, and they also end up dying from aspiration or systemic infections. Long-term survivors have
been found to have disabling cerebral palsy, inadequate mental development or low psychomotor scores, seizures,
blindness, and severe hearing impairment. The management of these infants, in the long run, is complex and
prohibitively expensive. [3][12](Level V)

Questions
To access free multiple choice questions on this topic, click here.
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