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Abstract
Objectives—To determine the frequency of hypoxic-ischemic encephalopathy (HIE) in preterm
infants of 33 to 35 weeks’ gestational age on the basis of physiological screening for perinatal
acidosis and neurological assessment of encephalopathy and to correlate neurodevelopmental
outcomes with brain magnetic resonance imaging findings.

Study design—This retrospective cohort study included all inborn infants of 33 to 35 weeks’
gestation admitted to the neonatal intensive care unit at Parkland Memorial Hospital with perinatal
acidosis from October 2005 to September 2008. Their medical records were reviewed, and
pertinent data were recorded.

Results—Of 1305 newborns, 2.5% (n = 33) had perinatal acidosis, and 27% (n = 9) of these had
HIE (2, mild; 4, moderate; 3, severe). Persistence of metabolic acidosis on the first arterial blood
gas obtained in the first hour of age was significantly associated with HIE (P < .005). Magnetic
resonance imaging results were abnormal in 3 of 4 infants with moderate HIE and in both
survivors with severe HIE. Death or disability occurred in no infants with mild or moderate HIE,
but in all infants with severe HIE.

Conclusion—Screening criteria for HIE that use biochemical and neurological assessments as
performed in term newborns can be applied to preterm infants of 33 to 35 weeks’ gestation.

Perinatal hypoxic-ischemic encephalopathy (HIE) remains a major cause of
neurodevelopmental impairment. The diagnosis of HIE in full-term infants is made with
well-defined and widely accepted criteria involving a step-wise combination of biochemical
screening for perinatal acidosis and a standardized neurological examination for moderate-
to-severe encephalopathy.1,2 Newborns who are ≥36 weeks’ gestation and have a diagnosis
of moderate-to-severe HIE within the first 6 hours of age are selected for hypothermia
therapy, which has improved neurodevelopmental outcomes and lessened the severity and
extent of cerebral injury on magnetic resonance imaging (MRI).1,3 In preterm infants,
however, the diagnosis of HIE remains problematic, and these newborns have been excluded
from hypothermia therapy because of insufficient evidence for safety or efficacy. Moreover,
it is not known whether the screening criteria used to identify term asphyxiated newborns
for cooling are appropriate for preterm infants.
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Brain MRI is considered to be the best surrogate marker of cerebral injury and predictor of
long-term neurodevelopmental outcome in term infants with HIE.4 In term infants, the two
major MRI patterns of brain injury are the “basal nuclei” predominant pattern following
acute profound asphyxia and the “watershed” predominant pattern following partial
prolonged asphyxia.5–7 It remains unclear how these or other MRI findings apply to the
asphyxiated preterm infant.

Therefore, the objectives of this study are to: (1) determine the frequency of HIE on the
basis of physiological screening for perinatal acidosis and neurological assessment of
encephalopathy in preterm infants of 33 to 35 weeks’ gestational age; and (2) characterize
the brain MRI findings in these preterm infants with clinical and laboratory evidence of HIE
and correlate them with neurological outcomes after discharge from the hospital.

Methods
This retrospective cohort study included all inborn infants of 33 to 35 weeks’ gestation who
were admitted to the neonatal intensive care unit (NICU) at Parkland Memorial Hospital
(PMH) with perinatal acidosis from October 2005 to September 2008. These infants were
identified by review of a prospective neonatal database and resuscitation registry8 and
included all admissions to the PMH NICU with perinatal acidosis. Umbilical cord arterial
blood was routinely sampled on all deliveries at PMH from double-clamped sections of
umbilical cord.9 The infants’ medical records were reviewed, and pertinent demographic,
clinical, laboratory, and neuroimaging data were recorded. Gestational age assessment was
based on the best obstetrical estimate with the date of the last menstrual period and
ultrasonography, when performed, and then confirmed with a Ballard examination
performed on admission to the NICU. Newborns who were not resuscitated or had lethal
anomalies or other causes of encephalopathy not related to HIE were excluded. The study
was approved by the institutional review board of the University of Texas Southwestern
Medical Center.

Biochemical Screening for Perinatal Acidosis
Newborns with perinatal acidosis were identified with the same criteria used to screen for
HIE in the National Institute of Child Health and Human Development (NICHD) Neonatal
Research Network study of whole body hypothermia.1 Specifically, these criteria consisted
of: (1) A pH ≤7.0 or a base deficit ≥16 mEq/L on umbilical cord blood or any postnatal
blood sample within 1 hour of age; or (2) history of an acute perinatal event and either no
blood gas available, or a pH from 7.01 to 7.15 or a base deficit from 10 to 15.9 mEq/L, with
a 10-minute Apgar score ≤5, or assisted ventilation initiated at birth and continued for at
least 10 minutes.

Neurologic Assessment
The medical records of newborns with perinatal acidosis were reviewed for details of the
neurological examination for HIE that was performed by the attending neonatologist within
24 hours of birth. Specifically, the results of the physical examination were reviewed for: (1)
level of consciousness; (2) spontaneous activity; (3) posture; (4) tone; (5) primitive reflexes;
and (6) autonomic nervous system signs, as described in the NICHD Neonatal Research
Network study of whole body hypothermia.1 Infants were categorized as having mild (stage
I), moderate (stage II), or severe (stage III) HIE with the modified Sarnat staging for HIE.1

Magnetic Resonance Imaging
Imaging was done at >1 week of age by using T1 and T2 images, T2 gradient echo, and
diffusion-weighted imaging. Two experienced pediatric neuroradiologists who were blinded
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to the infant’s gestational age and clinical status reviewed the MRI studies. Images were
assessed for presence and severity of pathologic T1 shortening and T2 prolongation,
restricted diffusion, intracranial/intraventricular hemorrhage and periventricular
leukomalacia. MRI findings were further graded according to published criteria in term
newborns: grade 0, normal; grade 1a, minimal cerebral abnormality without involvement of
the basal ganglia or of the posterior limb of the internal capsule (PLIC); grade 1b, more
extensive cerebral involvement, but no involvement of the basal ganglia or PLIC; grade 2a,
basal ganglia or PLIC abnormalities, but no cerebral abnormalities; grade 2b, both basal
ganglia and PLIC involvement; and grade 3, hemispheric devastation.5,6

Neurodevelopmental Assessment
Infants in whom HIE was diagnosed were seen at the Follow-up Clinic at Children’s
Medical Center Dallas as per standard practice. When available, information on
psychometric testing performed by a certified psychometrician with the Bayley Scales of
Infant Development III (BSID; mean ± SD score, 100 ± 15) was obtained. Severe disability
was defined by a BSID III score >2 SD less than the mean (ie, <70). Moderate disability was
defined as a BSID III score between 1 and 2 SD less than the mean (ie, 85–70).

Statistical Analysis
Data analysis was performed with Sigma Stat software version 11.0 (SPSS, Chicago,
Illinois), with results reported as the mean ± SD or as the number and percentage. Non-
parametric analyses were used when indicated to compare clinical and laboratory variables
in infants with and without HIE. A paired t test was used to compare umbilical cord blood
gas and the first arterial blood gas parameters for each patient. Two-tailed tests were
considered significant when the P value was ≤.05.

Results
In 1305 newborns admitted to the PMH NICU at 33 to 35 weeks’ gestation, biochemical
screening was performed on umbilical cord blood (n = 1275) or a blood sample obtained
within 1 hour of birth (n = 30). Thirty-three newborns (2.5%) were identified with perinatal
acidosis that was detected in 32 of the infants with umbilical cord blood sampling. In one
newborn, acidosis was detected on the first arterial blood gas within 1 hour of age (Figure;
Table I). Overall, 22 of those 33 newborns (67%) met the first biochemical screening
criterion, and 11 met the second one. Most mothers of newborns with perinatal acidosis
were of Latino/Hispanic ethnicity (n = 26; 79%), 4 (12%) were black, and 3 (9%) were
Caucasian. These percentages were similar to the ethnicity and race of the delivery
population at PMH. Mode of delivery was cesarean delivery in 25 newborns (78%) and
vaginal delivery in 8 newborns (22%). Pregnancy was complicated by hypertension in 12
newborns (36%), diabetes mellitus in 6 newborns (18%), and placental abruption in 3
newborns (9%). Blood cultures from all 33 newborns on admission to the NICU were
sterile, and no infant had a lumbar puncture.

Neurologic Assessment
Clinical signs of encephalopathy were documented in 9 of the 33 newborns (28%) with
perinatal acidosis (Figure). These newborns did not differ significantly from newborns
without HIE in birth weight, gestational age, sex, Apgar scores, need for resuscitation at
birth, and umbilical cord blood pH and base deficit (Table I). However, the first arterial
blood gas obtained within the first hour of age showed a significantly lower blood pH and a
higher base deficit in infants with HIE than infants without HIE (7.11 ± 0.11, base deficit 18
± 9 versus 7.23 ± 0.13, base deficit 9 ± 5, respectively; P < .001). Paired analyses within

Chalak et al. Page 3

J Pediatr. Author manuscript; available in PMC 2013 August 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



each group between umbilical cord blood pH and first arterial blood gas showed significant
resolution of metabolic acidosis only in newborns without HIE (P < .005; Table I).

The modified Sarnat criteria was used to describe the severity of HIE (Table II). Two infants
had mild (stage I) encephalopathy, 4 infants had moderate (stage II) encephalopathy, and 3
infants had severe (stage III) HIE. Three of the infants with moderate-to-severe
encephalopathy had clinical seizures and received anticonvulsant therapy. Overall, the rate
of moderate-to-severe HIE was 5 per 1000 live births of 33 to 35 weeks’ gestation.

Mild HIE
These two newborns required ventilator support briefly and had mild elevation in creatinine
and liver enzyme levels that resolved within 24 hours. The results of the neurologic
examination were normal within 24 to 48 hours, and they were discharged to home by 1
month of age on full nipple feeds.

Moderate HIE
The 4 infants had evidence of multiple organ injury with elevations in the levels of liver
enzymes, creatinine, and troponin (Table II) that resolved within 72 hours of age. Signs of
encephalopathy also resolved by 72 hours, and all 4 infants had normal neurological
examination results at discharge from 20 to 47 days of age. One infant had clinical seizures,
but was not discharged to home on antiepileptic therapy.

Severe HIE
One of the 3 infants with severe HIE died after intensive care was discontinued on the third
day of age for liver failure (alanine aminotransferase, 1766 units/L; aspartate
aminotransferase, 308 units/L), renal failure (creatinine, 3.7 mg/dL), cardiac failure (peak
troponin, 4 μg/L), disseminated intravascular coagulopathy, refractory hypotension,
persistent pulmonary hypertension, and status epilepticus. Electroencephalogram showed
low voltage burst suppression and head ultrasound scanning findings were consistent with
diffuse cerebral edema. Brain MRI was not done. The other two newborns also had multiple
organ injury, prolonged respiratory support, and persistent hypotonia at hospital discharge.
One infant had a tracheoesophageal fistula with chylothorax and seizures, and the other was
discharged to home with gastrostomy tube feeds and on hospice care.

All surviving infants with moderate and severe HIE had brain MRI performed (Table II).

Moderate HIE
Of the 4 infants, one had normal study results. This was an infant of 35 weeks’ gestational
age who was treated with systemic hypothermia on a compassionate basis according to the
Neonatal Research Network’s published trial1 without complications. The remaining 3
infants had grade 1b MRI results. Two of these infants had multifocal periventricular white
matter (PVWM) injury, which resolved in one infant on follow-up MRI performed 12 weeks
later. These two infants with preterm patterns of white matter brain injury were both at the
lower gestational age of 33 weeks.

Severe HIE and MRI
Both surviving infants showed extensive grade 3 abnormalities on MRI. One infant had
global cerebral infarction involving cortical and deep gray matter nuclei and white matter,
and the other infant had large focal areas of symmetric infarction in the parietal and occipital
lobes. The MRI on the latter infant was performed at 55 days of age because of prolonged
respiratory support and surgical repair of a tracheoesophageal fistula. The newborn who died
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on day 2 without MRI studies was born at 33 weeks, and neuroimaging was limited to head
ultrasound examination that revealed PVWM injury, intra-ventricular hemorrhage, and
diffuse cerebral edema.

Follow-up
The two infants with mild HIE had a normal neurological evaluation at 12 months of age.
The 4 infants with moderate HIE had a normal examination results and appropriate
developmental milestones at 12 months of age.

All 3 infants with severe HIE had an abnormal outcome, with either death or severe
disability. One infant died on the second day of age, and another infant died at 12 months of
age while receiving hospice care. Before death, the latter patient had severe
neurodevelopmental delay with inability to nipple feed that required placement of a
gastrostomy tube, inability to sit, nystagmus, hypertonia with clonus, and contractures. The
third patient had severe disability and impairment and was functioning developmentally at a
chronological age of 3 to 5 months at the 12- and 24-month assessments, respectively. His
composite BSID III cognitive score was 55, language score was 62, and motor score was 46,
all <2 SDs less than the mean at 12 months. Follow-up BSID III examination at 24 months
of age showed a language score of 59 and a motor score of 46.

Discussion
This retrospective study examined how the biochemical screening criteria and neurological
assessment for HIE that are used in full-term infants to assess their eligibility for
hypothermia therapy apply to the preterm infant of 33 to 35 weeks’ gestation.1 Overall,
2.5% of these preterm newborns met physiological screening criteria for perinatal acidosis,
and 27% of them had neurological signs of moderate to severe HIE on the first day of age.
This finding is similar to that seen in term newborns, in which one-third of infants screened
for biochemical fetal acidosis have evidence of moderate to severe HIE.1 The basis of
physiological screening for fetal acidosis to capture infants at risk for HIE is based on the
previously reported association in term newborns of pH <7.0 and low 1- and 5-minute Apgar
scores with neonatal seizures, permanent neurological injury, and death.9,10 A pH <7.0
reflects the degree of acidosis below which end organ dysfunction is likely to be detected in
term infants.10,11 Earlier work from our institution showed that approximately 0.3% of term
deliveries are complicated by severe fetal acidosis, and approximately one-third of the
newborns required admission to the NICU, and 15% had moderate to severe HIE.12

This study establishes baseline data on which to base future trials of neuroprotective
strategies such as hypothermia in this preterm population.13 The literature describing the
incidence of HIE in preterm infants is limited. In a 10-year retrospective study at our
institution that identified 62 neonates born at 31 to 36 weeks’ gestation who had an
umbilical cord arterial blood gas with a pH <7.0, 7 received a diagnosis of moderate or
severe HIE with Sarnat staging criteria for an incidence of 1.3 per 1000 live births of this
gestation.14 Most of these newborns with HIE, however, were 36 weeks’ gestation, and only
2 of the newborns were 33 to 35 weeks’ gestation. We found that the incidence of moderate
to severe HIE in this latter gestational age cohort was 5 of 1000 live births of gestational
ages from 33 to 35 weeks, a rate greater than the reported one to two of 1000 in term
newborns, but lower than 9 of 1000 live births of 32 to 36 weeks’ gestation reported by
Schmidt and Walsh.15 This latter study screened infants of 32 to 36 weeks’ gestation for
HIE on the basis of a 5-minute Apgar score <6. In addition, these criteria were required for
classifying an infant as having perinatal HIE: umbilical cord or initial blood pH <7.0 or base
deficit >15 mmol/L, evidence of encephalopathy at or shortly after birth, history of a
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sentinel event at the time of delivery, and no other cause of encephalopathy (eg, sepsis,
hypermagnesemia, hemorrhage, hyponatremia, drug induced).15

Overall, the higher incidence of HIE in preterm infants could be attributed to additional
maturational and trophic disturbances in the developing brain because more than one-third
of brain growth occurs from 33 to 40 weeks of gestation. In addition, in our cohort of
preterm infants, those with HIE were more likely to have persistent metabolic acidosis with
a lower pH and two-fold higher base deficit at 1 hour of age, and resolution of the metabolic
acidosis was associated with absence of HIE. The association of persistent metabolic
acidosis with HIE merits further study as a potential marker of brain injury.

This study also uses the neurological examination to establish the diagnosis of HIE. There
are inherent difficulties in the diagnosis of HIE in preterm infants because signs may be
lacking or mistaken as abnormal because of their developmental immaturity. Normal
preterm infants typically have systematic developmental differences in primitive reflexes,
tone, and posture.16 However, sufficient signs of HIE were noted in our cohort of preterm
infants that allowed classification of the stage of HIE. The finding that all infants with
clinical signs of severe encephalopathy had an abnormal outcome (ie, predictive value
100%) suggests that the neurological examination can be used in future neuroprotective
trials for this cohort of infants. In addition, the neurological assessment of autonomic signs
of HIE includes the use of mechanical ventilation, which occurred in 77% of our infants
who had HIE. Similarly, Perlman and Risser17 found that in term newborns with severe fetal
acidemia, mechanical ventilation was a marker for seizures. In preterm infants, our data and
those of Salhab and Perlman14 suggest that HIE is unlikely to develop in those with
perinatal acidemia who do not require ventilatory support. Thus, the lack of mechanical
ventilation may identify a subgroup of preterm infants with perinatal acidemia who may not
benefit from neuroprotective therapies.18

Ultimately, the optimal method of diagnosing HIE may be neuroimaging, with MRI being
the best modality currently available. Logitharajah et al19 reviewed the MRI findings of 55
preterm infants of 26 to 36 weeks’ gestation with HIE and found that the main sites of injury
were basal ganglia (75%), white matter (89%), brainstem (44%), and cortex (58%). MRI
abnormalities were highly predictive of 2-year outcomes, with death in 32% of infants,
cerebral palsy in 26%, mild impairment in 10%, and normal results in only 32%. Overall,
the outcomes were worse than that seen in term infants with HIE.20 Similarly, in our cohort
of preterm infants, severe HIE was associated with extensive grade 3 MRI abnormalities that
included basal ganglia injury and either death or severe disability in the first 2 years of age.
However, the MRI findings in mild and moderate HIE were more variable and included
PVWM changes, intracranial hemorrhage, and cerebellar edema. These additional findings
usually are not seen in term neonates and are likely caused by regional differences in white
matter vulnerability to hypoxic ischemic injury, with preterm infants showing selective
vulnerability of the preoligodentrocyte.20–22 Unfortunately, MRI testing is impractical for
enrollment into a trial of neuroprotection that requires diagnosis within 6 hours of birth.

The one infant with moderate HIE in this study who had a normal brain MRI result received
systemic hypothermia therapy. Rutherford et al4 described a significant reduction of
moderate and severe basal ganglia lesions after hypothermia in a small number of term
neonates with HIE. It is not known whether the same occurs in preterm infants, but will need
to be studied in future neuroprotective trials in this population. In term infants, moderate to
severe HIE correlates well with neurodevelopmental impairment in infancy and childhood.
Moderate HIE is associated with death or childhood physical disabilities in 6% and 30% of
these infants, respectively, and with severe HIE, mortality is high and 100% of survivors
have physical or mental disabilities.21–24 Our findings in preterm infants of 33 to 35 weeks’
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gestation are consistent with that seen in full-term infants, because death or disability
occurred in all infants with severe HIE. With moderate encephalopathy, these outcomes
were more variable and consisted of only mild grade 1 MRI abnormalities and no death or
disability.

Limitations of this study include the small sample size, the retrospective design, lack of
uniform neurologic assessment and timing of MRI studies, and lack of data on infants with
fetal acidosis but no clinical signs of HIE at birth. Therefore, our findings may represent
only the most severely affected newborns. Strengths, however, include a large inborn cohort
and a detailed prospective registry that allowed the application of the same sequence of
biochemical screening for fetal acidosis and neurological assessment for encephalopathy
that was used in the whole body hypothermia trial conducted by the NICHD Neonatal
Research Network.1

Screening criteria for HIE that use biochemical and neurological assessments as performed
in at-risk term newborns can be applied to preterm infants of 33 to 35 weeks’ gestation. This
study lays the groundwork for the selection of preterm infants of 33 to 35 weeks’ gestation
in future neuroprotective trials and provides some estimate of the number of infants needed
for such trials. Finally, this descriptive study adds to our understanding of HIE in preterm
infants by describing neurological assessments and neuroimaging findings.
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Glossary

BSID Bayley scales of infant development

HIE Hypoxic-ischemic encephalopathy

MRI Magnetic resonance imaging

NICHD National Institute of Child Health and Human Development

NICU Neonatal intensive care unit

PLIC Posterior limb of internal capsule

PMH Parkland Memorial Hospital

PVWM Periventricular white matter
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1. . Figure
Flow chart of infants born at PMH from October 2005 to September 2008 with perinatal
acidosis and HIE.
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Table I

Characteristics of newborns with perinatal acidosis

HIE No HIE Total

n = 9 n = 24 n = 33

Birth weight, g 2184 ± 741 2083 ± 516 2162 ± 561

Gestational age, weeks 34 ± 1 34 ± 1 34 ± 1

35 (33–35) 34 (34–35) 34 (34–35)

Sex, male 5 (55%) 15 (60%) 19 (57%)

Apgar 1 minute 3 (1–3) 3 (2–4) 3 (2–4)

Apgar 5 minutes 4 (3–7) 6 (4–8) 6 (4–7)

Apgar 10 minutes 4 (2–5) 6 (4–8) 5 (3–8)

Intubated in delivery room 7 (78%) 5 (20%) 11 (33%)

CPR in delivery room 2 (22%) 0 2 (6%)

Umbilical cord gas

 pH 6.9 ± 0.14 7.01 ± 0.07 7.00 ± 0.10

 Base deficit 21 ± 6 16 ± 4 17 ± 4

First arterial blood gas

 pH* 7.11 ± 0.11 7.23 ± 0.13† 7.26 ± 0.10

 Base deficit* 18 ± 9 9 ± 5† 10 ± 6

CPR, cardiopulmonary resuscitation.

Data presented as mean ± SD or median (IQR).

*
P < .001 between groups.

†
P < .005 within group.
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