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Abstract
Background: To evaluate the diagnostic accuracy of Doppler in neonates with hypoxic-ischemic
encephalopathy (HIE) in correlation with MRI.
Materials & Methods: During the period September 2017 to October 2019, term neonates with
clinical evidence of HIE who underwent MRI were enrolled for the study. Two-dimensional duplex
and color Doppler ultrasound were performed, resistive index of the middle cerebral artery was
documented, and findings were correlated with MRI.
Results: Of 40 consecutive neonates (29 boys and 11girls), 29 neonates with mild-moderate HIE, 7
neonates had severe HIE and 4 were normal. Accuracy of Duplex ultrasound in mild HIE is limited,
however in neonates with moderate hypoxia the predictive accuracy of duplex scan as 77%, with 100%
accuracy in all neonates with severe HIE. All neonates with severe HIE had increased resistance index
of cerebral arteries.
Conclusion: Duplex ultrasound can be used as a point of care tool not only in diagnosis of HIE, but
also as a tool distinguish the grades of HIE thus aid in prognostication.
Keywords: Doppler, resistive index, neonatal hypoxia

Introduction
Over the last few decades, continual grass root vigilance and education have improved
perinatal practice, however the incidence of cerebral palsy secondary to HIE continues to be
the precedent cause of childhood disability. Early diagnosis, prompt referral and dedicated
neonatal care is imperative to prevent morbidity and mortality secondary to HIE [1]. Magnetic
resonance imaging, including diffusion-weighted imaging and Proton MR spectroscopy is a
sensitive & specific imaging technique to determine the extent and severity of HIE [2-4].
Accessibility as a point of care imaging tool, cost and need for sedation are some of the
limitations of MRI. Duplex sonography has been used to evaluate neonates in HIE to
evaluate the cerebral hemodynamic changes and to understand the pathophysiological
mechanisms of HIE [5-10]. Doppler ultrasound can be used as a point of care imaging tool not
only for early diagnosis but also aid in predicting the severity of HIE, this study aims to
evaluate the predictive accuracy of Duplex Sonography in evaluation of neonatal HIE.
Methodology
40 term neonates with clinical diagnosis of HIE admitted to the neonatal intensive care unit
of JSS Medical College and Hospital, affiliated to JSSAHER, during the period September
2017 to October 2019. Color Doppler ultrasound was performed using a 5-12 MHz phased
array transducer of Philips iu22, at the anterior fontanelle to evaluate bilateral middle
cerebral arteries, including peak systolic flow velocity (PSV, cm/sec), end-diastolic flow
velocity (EDV, cm/sec), and resistive index (RI). Statistical analyses were performed with
SPSS, version 22 for Windows, IBM, and data analysis was done by t-test for significance.
Results
Of the 40neonates with HIE enrolled for the study, 29 were male (72.5%) and 11 were
females (27.5%), this pattern of male predominance in HIE is concurrent with the given
literature. Mean GA of the neonates was 38weeks and was inclusive of both inborn and
outborn neonates, imaging assessment was done a mean age of 3rd to 4th neonatal day as
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some of the neonates who were outborn were referred NICU
care. As per Sarnat grading of HIE, 45%were stage 1, 40%
of neonates in stage 2, and 5% in stage 3 (clinical stages of
Sarnat).
In our study we had a total of 29 neonates with mildmoderate HIE and 7neonates with severe HIE as confirmed
on MRI. 4 neonates with clinical stage of Sarnat stage 2 had
normal MRI. The neonates with mild-moderate HIE,
Doppler of MCA documented the RI value of 0.75, whereas
those with severe HIE duplex consistently had RI of >0.9.
The 4 normal neonates with clinical diagnosis of HIE and
normal MRI had RI in the range of < 0.7. Of the 29

neonates, 12 neonates with mild HIE, had MCA RI value of
0.70, corresponding MRI changes were isolated
periventricular white matter involvement or involvement of
splenium of corpus callosum [11]. Further MRI detected
additional foci of hypoxic changes as opposed to gray scale
ultrasound, implying that a normal ultrasound does not
preclude the presence of hypoxia related neuroparenchymal
damage. The ability of neurosonogram coupled with
transcranial doppler for identification of HIE after postnatal
life has 95% sensitivity, 55% specificity and overall
accuracy of 77%. The specificity and accuracy increased
with severity of HIE.

Fig 1: Term Neonate with Mild HIE, punctate foci of reduced diffusivity confined to periventricular white matter

are important because an early diagnosis is the cornerstone
of early management. Clinico-radiological disassociation
was observed in stages 1 and 2 of Sarnat, where 4 neonates
with Sarnat stage 2 had normal MRI. In neonates with
severe HIE there is congruence in the clinic and imaging
findings.
All neonates with moderate and severe HIE had
abnormalities on ultrasound and Doppler examinations. Our
results indicate that US findings correlate well to the
severity of HIE, and that US follow-up is useful for
evaluating the extent of brain damage and predicting the
outcome [15]. Resistive index of MCA in neonates with HIE
showed an upward trend with increase in severity of HIE.
One-way Anova analysis showed a significant linear
correlation of RI with the severity of HIE. Neonates with RI
of 0.7 had mild HIE changes on MRI, those with RI values
ranging from 0.75 to 0.8 had moderate HIE changes and
those in the range of 0.85 to > 0.9 had severe HIE on MRI.
[Fig 2].

Discussion
MRI is the gold standard in neuroimaging for neonatal
hypoxia and is priceless in identifying the time of brain
injury and recognizing the patterns of injury. Newer
sequences like diffusion tensor imaging, MR spectroscopy
and diffusion weighted imaging can to some degree of
accuracy predict the neurodevelopmental outcomes in
relation to cognitive and motor neurodevelopment outcomes
in neonates with HIE [12].
The ultrasound of the neonatal brain as a point of care tool
means that can be used in any neonatal ICU for any neonate
regardless of birth weight, size or gestational age [13]. It has
the advantage of being inexpensive, widely available,
portable and does not mandate the need for sedation.
Repeatability has the added advantage of assessing
reperfusion related injury or evaluate the temporal changes
in the cerebral hemodynamics of the neonate [14].
Our study shows that Color Doppler US is a valuable tool
not only for the early detection of HIE but also can help in
predict the outcomes of neonate with HIE. These findings

Fig 2: Full term neonate with Severe HIE-White cerebrum pattern
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In the Spearman’s Rho test, the value of R was 1and p value
in the two tailed test was 0; these values are statistically
significant rendering an association between the two

variables as significant. As depicted by ROC analysis
(Graph 1), the only drawback being the numbers in severe
HIE segment.

Graph 1: ROC analysis for Severity of HIE on MRI demonstrates its relationship with Resistive Index on middle cerebral artery. Areas
under curve are given in the bottom right corner. Diagonal segments are produced by ties.

Elevated RI is indicative of reduced cerebral perfusion.
Episode of hypoxia or asphyxia resulting in hypotension
results in decreased cerebral blood flow disrupting the
cerebral hemodyamics. RI reflects the peripheral circulation
impedance, positively correlating with loop impedance,
which can indirectly reflect blood flow change and local
blood supply and oxygen supply. Studies have documented
poor prognosis with RI ≥ 0.9 [16].
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Conclusion
Following conclusions can be drawn from this study of 40
neonates with definite clinicoradiological features of
indicative of HIE. Neonates with isolated involvement of
splenium of Corpus Callosum or bilateral symmetrical
involvement of Periventricular white matter (PVM) with or
without Corpus Callosum had excellent to good outcome
while those with basal ganglia thalamic or white cerebrum
pattern had poor outcome including death. Gray scale
ultrasound used in conjunction with Doppler of MCA
increases the predictive accuracy and aids in distinguishing
between the grades of HIE. Resistive index of >0.7, even in
the absence of correlative gray scale findings is suggestive
of HIE and warrants additional neuroimaging viz, MRI.
Resistive index of >0.9 is indicative of severe hypoxic brain
injury and is associated with significant morbidity and
mortality& poor neurodevelopment outcomes in neonates
with RI > 0.9.
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