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ABSTRACT

Background: Hypoxic-ischemic encephalopathy (HIE) remains a leading cause of neonatal morbidity and mortality.
The resistive index (RI), measured via cranial Doppler ultrasound, has emerged as a potential prognostic marker for
early neurological outcomes. This study aims to assess the prognostic value of RI in neonates with HIE.

Methods: A prospective observational study was conducted on 110 neonates diagnosed with HIE at a Neonatal
Intensive Care Unit (NICU) of Guru Gobindsingh Government Hospital, Jamnagar. Rl was measured at 6 and 12
hours of life using Cranial Doppler ultrasound. Data on perinatal risk factors and clinical outcomes were collected.
Neurological assessments were performed at 3 and 6 months. Standard statistical tests, including chi-square analysis,
were used for data interpretation.

Results: A significant association was found between RI values at 6 hours and adverse neurological outcomes at 3
months (x> = 11.45, p = 0.009) and at 6 months (y*> = 10.89, p = 0.012). Similar associations were observed for RI at
12 hours. Higher RI values correlated with increased mortality and adverse neurodevelopmental outcomes.
Conclusions: RI measurement via cranial Doppler ultrasound serves as a valuable early prognostic indicator in
neonates with HIE. Routine incorporation of RI assessments in neonatal care protocols may aid in early risk
stratification and targeted interventions to improve long-term outcomes.
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throughout life, impacting both the affected individuals
and their families.?

INTRODUCTION

Hypoxic-ischemic encephalopathy (HIE) is a severe

neurological condition caused by perinatal asphyxia,
resulting in reduced oxygen and blood supply to the
brain. It remains a significant cause of neonatal morbidity
and mortality, particularly in low-resource settings. HIE
affects approximately 1 to 2 per 1000 live births in
developed nations, with higher prevalence rates in
developing countries due to inadequate perinatal care and
delayed interventions. The consequences of HIE can
range from mild developmental delays to severe
neurological impairments such as cerebral palsy,
epilepsy, and cognitive deficits, which may persist

The pathophysiology of HIE involves a two-phase injury
mechanism. The primary phase occurs due to acute
oxygen deprivation, leading to energy failure in brain
cells, disruption of ion homeostasis, and increased
intracellular calcium accumulation. This is followed by a
secondary phase, which occurs hours after the initial
insult and is characterized by oxidative stress,
excitotoxicity, and inflammation. This delayed neuronal
injury contributes significantly to long-term neurological
deficits.? During the early stages of HIE, autoregulation
of cerebral blood flow is often impaired, which
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exacerbates brain injury. This alteration in cerebral
hemodynamic has led researchers to investigate various
neuroimaging and hemodynamic markers, such as cranial
Doppler ultrasound, to identify early prognostic
indicators of neurological outcomes.®

The severity of HIE is typically classified using clinical
scoring systems such as the Sarnat and Sarnat staging
system, which categorizes infants into mild, moderate, or
severe HIE based on neurological findings. Infants with
moderate to severe HIE are at the highest risk for long-
term complications and often require therapeutic
interventions such as therapeutic  hypothermia.
Therapeutic hypothermia has been the most significant
advancement in HIE management, demonstrating
neuroprotective effects by reducing metabolic demand,
mitigating ~ secondary  injury, and  improving
neurodevelopmental outcomes.*

However, despite these advancements, a substantial
proportion of neonates still experience adverse
neurological ~ outcomes,  necessitating  additional
prognostic tools for risk stratification and targeted
interventions. ldentifying neonates at the highest risk of
poor outcomes remains challenging, as conventional
clinical assessments may not fully predict long-term
neurodevelopmental impairment. Therefore, there is an
urgent need for non-invasive, reliable, and early
biomarkers to guide clinical decision-making and
optimize neonatal care.®

The resistive index (RI), a Doppler ultrasound-derived
parameter, has gained attention as a potential prognostic
marker in neonates with HIE. RI is calculated using the
peak systolic velocity and end-diastolic velocity in
cerebral arteries and serves as an indirect measure of
cerebrovascular resistance. A higher RI is indicative of
increased vascular resistance, which may reflect cerebral
oedema, impaired autoregulation, or evolving hypoxic-
ischemic injury. Conversely, a lower RI suggests
decreased vascular resistance, potentially due to
vasoparalysis or evolving ischemic injury.t Several
studies have explored the role of RI in predicting
outcomes in neonates with HIE. Elevated RI values in the
anterior cerebral artery and middle cerebral artery have
been associated with poor neurological outcomes,
including death and neurodevelopmental impairment.’
The non-invasive nature of Rl measurement makes it an
attractive tool for bedside assessment, allowing
continuous monitoring of cerebral hemodynamic without
additional risks. However, variability in measurement
techniques and a lack of standardized RI thresholds pose
challenges in clinical application.?

The prognostic utility of RI in HIE remains an area of
ongoing research. While some studies have demonstrated
strong associations between abnormal RI values and
adverse outcomes, others have reported inconsistent
findings due to differences in study populations, timing
of RI assessment, and methodological variations.®

Standardizing the timing of RI measurement and
establishing reference ranges for different stages of HIE
could enhance its clinical utility. Additionally, integrating
RI assessments with other neuroimaging modalities, such
as MRI and amplitude-integrated EEG, may provide a
more comprehensive evaluation of cerebral injury and
improve prognostic accuracy.’® As neonatal intensive
care continues to evolve, there is a growing emphasis on
early identification of at-risk neonates to facilitate timely
interventions. Understanding the relationship between RI
and HIE outcomes could significantly contribute to
improving neonatal neurocritical care and reducing long-
term disability.

The present study aims to evaluate the prognostic
significance of RI in neonates with HIE by assessing its
correlation with short-term neurological outcomes.
Specifically, this study investigates Rl measurements at 6
and 12 hours of life and their association with mortality
and neurodevelopmental impairment at 3 and 6 months.
By identifying early hemodynamic alterations, this
research seeks to establish Rl as a non-invasive
biomarker for predicting adverse outcomes in neonates
with HIE, thereby aiding in early risk stratification and
clinical decision-making.

METHODS
Study design and settings

This study was designed as a prospective observational
analysis aimed at evaluating the prognostic value of the
resistive index (RI1) in neonates diagnosed with hypoxic-
ischemic encephalopathy (HIE). The investigation was
conducted in the Neonatal Intensive Care Unit (NICU) of
the Department of Paediatrics at Guru Gobindsingh
Government Hospital and Shri M. P. Shah Government
Medical College, Jamnagar. The study was conducted
over a one-year period from May 2023 to May 2024.

Ethical approval for the study was obtained from the
institutional review board (Ref. No: 50/01/2023), and
written informed consent was secured from the parents or
legal guardians of all participating neonates.

Study participants

Neonates diagnosed with HIE were enrolled, and the
resistive index was measured using Doppler ultrasound
within the first 24 hours of life. Clinical data, including
gestational age, birth weight, and Apgar scores, were
meticulously recorded. The neonates were closely
monitored for neurological outcomes throughout their
NICU stay and followed up for six months post-
discharge.

The inclusion criteria comprised neonates clinically
diagnosed with HIE based on established criteria such as
Apgar scores and clinical signs of moderate to severe
encephalopathy. Only neonates born at or beyond 35
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weeks of gestation were included to ensure a relatively
uniform study population and minimize variability
associated with prematurity. Additionally, participants
were required to undergo a transcranial Doppler
ultrasound examination within the first 72 hours of life,
with feasibility confirmed prior to inclusion.

Neonates with major congenital anomalies, particularly
those affecting the central nervous or cardiovascular
systems, as well as those with pre-existing neurological
conditions or metabolic disorders that could influence
cerebral blood flow and RI measurements, were excluded
from the study. Further exclusion criteria included cases
where obtaining parental or guardian consent was not
possible, instances of severe co-morbid conditions such
as severe sepsis or multi-organ failure, and technical
difficulties in obtaining accurate Rl measurements due to
poor acoustic windows or patient instability.

Sample size determination

The sample size was determined based on previous
studies and pilot data assessing neonatal HIE and
resistive index abnormalities. Statistical power and
confidence intervals were taken into consideration to
ensure robustness and reliability. Given the variability in
clinical settings, the final sample size was adjusted to 110
neonates to enhance the statistical power of the study and
allow for a more comprehensive analysis.

Procedure

Resistive index measurements were conducted on all
enrolled neonates within 72 hours of birth using pulse
wave Doppler ultrasound with a 3.5 MHz transducer. The
signal was obtained from the anterior cerebral artery
(ACA) in the sagittal plane while maintaining an
inclination angle as close to 15 degrees as possible. To
ensure accuracy, all imaging and Rl measurements were
independently verified by an expert paediatrician. The RI
was calculated using the formula: Rl = (PSV-PDV)/PSV,
where PSV represents the peak systolic velocity and PDV
represents the peak diastolic velocity. An RI within the
range of 0.56 to 0.80 was considered normal, and
neonates were classified accordingly.

Outcome measures

The primary outcomes was neonatal mortality and
discharge status. Secondary outcomes focused on the
evaluation of abnormal neurodevelopmental outcomes at
three and six months of age. These outcomes were
assessed through standardized neurodevelopmental
examinations, providing insight into the prognostic value
of RI in neonates diagnosed with HIE.

Statistical analysis

The statistical analysis was conducted using IBM SPSS
Statistics for Windows, Version 25.0 (released 2017,

IBM Corp., Armonk, NY). Statistical methods included
expressing continuous variables as meanzstandard
deviation and comparing them using independent t-tests.
Categorical variables were presented as frequencies and
percentages and  compared  using  chi-square
tests.  Logistic regression assessed  associations
between Resistive Index (RI) and outcomes. A p value
<0.05 was considered statistically significant.

Al declaration statement

In preparing this manuscript, we used Al language
models (ChatGPT (OpenAl, San Francisco, California)
and Claude (Anthropic, San Francisco, California) solely
to improve language and readability. These tools assisted
with grammar and text fluency only. All scientific
content, methodology, and conclusions are entirely our
own work. Al tools are not listed as authors.

RESULTS

The figure summarizes the gestational age distribution of
neonates diagnosed with Hypoxic-Ischemic
Encephalopathy (HIE). A significant majority, 82.72% of
neonates, were born between 37-40 weeks, while 17.27%
were born after 40 weeks (Figure 1).

100 Gestational Age Distribution of Neonates with HIE

80

60

Percentage (%)

40

37-40 weeks >40 weeks
Gestational Age Range

Figure 1: Gestational age of neonates with HIE.

Table 1 presents the relationship between Resistive Index
(RI) values, arterial blood gas (ABG) pH levels, and
neonatal outcomes (expired vs. discharged). Neonates
were categorized based on Rl as normal (0.56-0.8) or
abnormal (<0.56 or >0.8), with further division based on
pH levels (<6.8 or >6.8). The chi-square analysis
(x=29.77, df=3, p<0.001) indicates a statistically
significant association between RI, pH, and neonatal
outcomes, suggesting that abnormal RI and lower pH are
linked to higher mortality (Table 1).

Figure 2 presents the primary outcomes among patients in
a study, with four categories: discharge, expired,
Discharge on Request (DOR), and Discharge against
Medical Advice (DAMA). Most patients (77.27%) were
discharged, while 17.27% expired. Both DOR and
DAMA each accounted for 2.72% of the outcomes.
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Table 2 summarizes the neurodevelopmental outcomes of months). A small proportion exhibited abnormal
neonates diagnosed with hypoxic-ischemic outcomes (11.82% at 3 months and 13.63% at 6 months),
encephalopathy at two follow-up intervals: 3 months and while a few cases were lost to follow-up. Mortality rates
6 months. The majority of neonates showed normal decreased over time, with 1.82% expired at 3 months and
development (67.27% at 3 months and 63.64% at 6 0.91% at 6 months (Table 2).

Table 1: Association of Resistive Index (RI) and Arterial Blood Gas (ABG) pH with neonatal outcomes.

RI outcomes i Discharged

. pH<6.8 32 4 28
Normal RI (0.56-0.8) pH>6.8 41 1 40 73
pH<6.8 16 10 6
Abnormal RI (<0.56 & >0.8) DH>6.8 21 4 17 37

x 2=29.77, df = 3, p value= <0.001**, *p value <0.05 — Significant, **p value <= 0.001 -Highly Significant

Table 2: Follow-up outcomes of neonates with
Olitrome Aoy auents hypoxic-ischemic encephalopathy at 3 and 6 months.
Time of follow up g‘c))unt (P(;)r)centage
Outcome at 3 months
Normal 74 67.27
Abnormal 13 11.82
Lost to follow up 3 2.73
Expired 2 1.82
Discharge Outcome at 6 months
Normal 70 63.64
Abnormal 14 13.63
Figure 2: Outcome among patients. Lost to follow up 4 3.64
Expired 1 0.91
Table 3: Resistive Index (R1) measurements at 6 and 12 hours and their association with neonatal outcomes.
RI values
Outcomes Count (n) Mean Std Min Max p value
Outcomes at 6 hours
DAMA 3 0.64 0.1 0.57 0.71
Discharged 85 0.77 0.2 0.55 1.24 0.009*
DOR 3 0.76 0.19 0.65 0.98 ’
Expired 19 0.96 0.35 0.6 1.3
Outcomes at 12 hours
DAMA 3 0.62 0.12 0.54 0.71
Discharged 85 0.77 0.2 0.55 1.26 0.001%*
DOR 3 0.77 0.21 0.65 1.01
Expired 19 1.0 0.31 0.7 131
*p value <0.05-Significant, **p value <= 0.001-Highly Significant
Table 3 presents the mean, standard deviation (Std), 6 hours and 0.001 at 12 hours), suggesting that higher RI
minimum (Min), and maximum (Max) values of values correlate with increased mortality risk (Table 3).
Resistive Index (RI) measured at 6- and 12-hours post-
birth in neonates diagnosed with hypoxic-ischemic Table 4 illustrates the distribution of neonatal outcomes
encephalopathy.  Outcomes are  categorized as based on Resistive Index (RI) categories measured at 6-
Discharged, Expired, Discharge on Request (DOR), and and 12-hours post-birth. Outcomes include Discharge,
Discharge Against Medical Advice (DAMA). The mean Expired, Discharge on Request (DOR), and Discharge
RI was highest in expired neonates (0.96 at 6 hours and Against Medical Advice (DAMA). A higher proportion
1.0 at 12 hours), indicating a significant association of neonates with altered RI values expired (15 at both
between elevated RI and poor prognosis. The chi-square time points), whereas those with normal RI had
analysis yielded statistically significant p values (0.009 at significantly ~ better outcomes, with more being

discharged (50 at 6 hours and 55 at 12 hours). Chi-square
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analysis indicates a statistically significant association
between RI and outcomes (p=0.024 at 6 hours; p=0.0063

at 12 hours), suggesting that altered RI correlates with
increased mortality and poorer prognosis (Table 4).

Table 4: Association of Resistive Index (R1) at 6 and 12 hours with neonatal outcomes.

Outcomes

RI at 6 hours category

Altered 1
Normal 2

Chi square: 9.38, dF: 3, p value=0.024*
RI at 12 hours category

Altered 1
Normal 2
Chi square : 12.32 dF: 3 P value: 0.0063*

Discharge

35 1 15
50 2 4
30 1 15
55 2 4

*p value <0.05-Significant, **p value <= 0.001-Highly Significant

Table 5: Neurological examination and Recovery Interval (R1) category outcomes at 3 and 6 months.

Time of neurological examination and RI
Neurological examination at 3 months RI at 6 hours category
Altered 10
Normal 3
Chi square:11.45, df:3, p value=0.009*

Neurological examination at 6 months RI at 6- and 12-hours category

Altered 9
Normal 6
Chi square: 10.89, df:3, p value=0.012*

Abnormal

*p value <0.05-Significant, **p value <= 0.001-Highly Significant

Table 5 presents the results of a neurological examination
and recovery interval (RI) categorization at two time
points-3 months and 6 months. The outcomes are
classified into four categories: abnormal, expired, lost to
follow-up, and normal. The analysis includes the
correlation between the altered or normal neurological
examination findings and the corresponding recovery
interval (6 hours for the 3-month assessment and 12
hours for the 6-month assessment). The chi-square values
(11.45 for 3 months, 10.89 for 6 months) and their
respective p values (0.009 for 3 months and 0.012 for 6
months) suggest a significant association between the
neurological status and recovery interval (Table 5).

DISCUSSION

The present study aimed to evaluate the prognostic value
of the resistive index (RI) measured via cranial Doppler
ultrasound in neonates diagnosed with hypoxic-ischemic
encephalopathy (HIE). Our findings demonstrate a
significant association between RI values recorded at 6-
and 12-hours post-birth and adverse neurological
outcomes observed at 3 and 6 months. These results align
with  previous  studies  investigating  cerebral
hemodynamics in neonates with HIE, reinforcing the
potential role of Rl as an early biomarker for
neurodevelopmental prognosis.

The majority of neonates included in our study were born
between 37 and 40 weeks of gestation, representing

Expired Lost to follow up Normal
2 1 25

0 2 49

1 3 19
0 1 52

82.72% of the total cohort. A smaller proportion
(17.27%) were post-term neonates, which is consistent
with existing literature suggesting that full-term neonates
face an increased risk of developing HIE due to
complications during labor and the heightened oxygen
demands associated with delivery.’* Birth asphyxia and
perinatal stress are more commonly observed in term
infants, as they experience a transition from intrauterine
to extrauterine life that requires precise physiological
adaptation. The slightly lower proportion of post-term
neonates in our study could be attributed to a lower
incidence of prolonged pregnancies in the population
sampled, but this does not negate the fact that both full-
term and post-term infants remain at risk of developing
HIE when exposed to perinatal complications.

A key finding of our study was the prevalence of low
Apgar scores among neonates diagnosed with HIE. The
mean Apgar score recorded was 4.40, indicating poor
neonatal adaptation to extrauterine life. The Apgar score
is widely recognized as a critical measure of neonatal
well-being immediately after birth, and its correlation
with HIE severity has been well-documented. Studies
have consistently demonstrated that lower Apgar scores
reflect perinatal asphyxia, which results in cerebral
hypoxia and subsequent brain injury.!>*® The direct
relationship between low Apgar scores and HIE
highlights the importance of immediate resuscitative
efforts and continuous monitoring of neonates presenting
with early signs of distress. These findings further

International Journal of Contemporary Pediatrics | March 2025 | Vol 12 | Issue 3 Page 426



Bhagora NR et al. Int J Contemp Pediatr. 2025 Mar;12(3):422-429

emphasize the need for vigilant neonatal care to mitigate
the potential for long-term neurological impairment in
affected infants.

Our study revealed that the mean RI values at 6 hours
(0.71) and 12 hours (0.73) were significantly associated
with adverse neurological outcomes (p=0.008). This
observation is consistent with findings from previous
studies, which have reported elevated RI values in
neonates who later exhibited poor neurodevelopmental
outcomes during follow-up assessments.*4*> Abnormal RI
values have been linked to increased cerebral vascular
resistance, a key factor contributing to brain injury in
HIE.1®17 The resistive index serves as a quantitative
measure of cerebral blood flow dynamics, and its
elevation may indicate an underlying disruption in
autoregulation, which is commonly observed in neonates
suffering from hypoxic-ischemic insults. The results from
our study support the notion that cranial Doppler
ultrasound can provide valuable prognostic information
by identifying neonates at higher risk for neurological
impairment based on Rl measurements obtained within
the first few hours of life.

One of the most notable findings of our study was the
significantly higher mortality rate observed in neonates
with an RI greater than 0.8 (p<0.001). This result aligns
with previous research indicating that impaired cerebral
autoregulation in HIE can lead to fluctuating blood flow
patterns, which can be effectively detected using Doppler
ultrasound.’®  When  cerebral  autoregulation s
compromised, neonates are more susceptible to hypoxic
injury and cerebral edema, both of which can contribute
to increased RI values.*® Given these findings, RI could
serve as a critical parameter for risk stratification,
allowing clinicians to identify neonates who may require
more intensive monitoring and early therapeutic
intervention. The role of Doppler ultrasound in neonatal
encephalopathy assessment has been increasingly
recognized, with studies suggesting that RI values can
complement MRI findings to enhance prognostic
accuracy.?® As a non-invasive and readily accessible
imaging modality, Doppler ultrasound presents a
practical option for early bedside assessment of cerebral
hemodynamics in neonates with suspected HIE.

At the follow-up assessments conducted at 3 and 6
months, 67.27% and 63.64% of neonates, respectively,
exhibited normal neurodevelopmental outcomes. In
contrast, 11.82% and 13.63% of neonates demonstrated
abnormalities in neurodevelopmental assessments. These
rates are in line with previous studies reporting similar
outcomes in neonates diagnosed with HIE. The
persistence of neurodevelopmental abnormalities in a
subset of infants underscores the need for early
intervention programs aimed at improving long-term
outcomes for at-risk neonates.?! Neonatal brain plasticity
presents an opportunity for rehabilitation, and early
therapeutic  interventions such as physiotherapy,
occupational therapy, and specialized

neurodevelopmental follow-up programs may help
optimize cognitive and motor function in affected infants.

Therapeutic hypothermia has emerged as the standard
intervention for managing neonates with moderate to
severe HIE. By reducing metabolic demand and limiting
neuronal injury, hypothermia has been shown to improve
neurodevelopmental outcomes in affected neonates.
Research suggests that this intervention may stabilize
cerebral blood flow and potentially normalize RI values
over time.?? Although our study did not specifically
examine the effects of therapeutic hypothermia on RI
trends, future research should explore whether differences
exist between treated and untreated neonates in terms of
RI progression and long-term neurological outcomes.
Understanding these trends could provide further insight
into the mechanisms by which hypothermia exerts its
neuroprotective effects and refine clinical protocols for
optimizing patient outcomes.

In conclusion, our study highlights the prognostic
significance of the resistive index in neonates with
hypoxic-ischemic encephalopathy. Elevated RI values
within the first 12 hours of life were significantly
associated with adverse neurological outcomes at 3 and 6
months, reinforcing the potential of RI as an early
biomarker for neurodevelopmental prognosis. The
association between RI and increased mortality further
underscores the importance of early hemodynamic
assessment in neonates with HIE. While therapeutic
hypothermia  remains the cornerstone of HIE
management, future studies should investigate how RI
values change in response to treatment and whether they
can be used to guide individualized therapeutic strategies.
The integration of Rl measurements with other imaging
modalities, such as MRI, could enhance the accuracy of
prognostic assessments and contribute to improved
neonatal care strategies. Given the potential of Doppler
ultrasound as a non-invasive and accessible tool, its role
in neonatal neurology warrants further investigation to
optimize early diagnosis and intervention for neonates at
risk of long-term neurological impairment.

This study has few limitations. Despite its strengths, this
study has several limitations. First, the sample size, while
adequate  for  statistical ~ analysis, may limit
generalizability to larger populations. Second, variations
in Rl measurement techniques across different
neonatologists  could introduce  observer  bias.
Standardized Doppler protocols should be implemented
to improve reproducibility. Third, the study's
observational design prevents establishing causation
between RI values and outcomes. A multicenter study
with a larger cohort and longer follow-up periods could
provide more definitive conclusions.

CONCLUSION

This study highlights the prognostic significance of
resistive index measurements in neonates with hypoxic-
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ischemic encephalopathy. Doppler ultrasound serves as a
valuable, non-invasive tool for early risk stratification,
aiding in timely interventions. The findings underscore
the potential of RI as an objective marker for predicting
adverse  neurological outcomes. Integrating Rl
assessments into routine neonatal care can enhance
clinical decision-making, optimize treatment strategies,
and improve long-term neurodevelopmental prognoses,
ultimately contributing to better neonatal health
outcomes.

ACKNOWLEDGEMENTS

Authors would like to thank Dr. Bhadresh Vyas,
Professor and Head, Department of Paediatrics, G.G.G.
Hospital, Jamnagar, for his invaluable support.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Review Board (Ref. No: 50/01/2023)

REFERENCES

1. Smith J, Brown R, Patel S. The incidence of
hypoxic-ischemic encephalopathy in term neonates:
A retrospective study. J Neonatal Perinat Med.
2016;9(3):345-51.

2. Volpe JJ. Neurology of the Newborn. 5th ed.
Philadelphia, PA: Elsevier Health Sciences; 2001.

3. Greisen G. Cerebral blood flow and energy
metabolism in the newborn. Clin Perinatol.
2005;32(3):469-91.

4, Shalak LF, Perlman JM. Hypoxic-ischemic brain
injury in the term infant-current concepts. Early
Hum Dev. 2004;80(2):125-41.

5. Laptook AR, Corbett RJT. The effects of
temperature on hypoxic-ischemic brain injury. Clin
Perinatol. 2002;29(4):623-49.

6. EI-Dib M, Inder TE, Chalak LF, Massaro AN,
Thoresen M, Gunn AJ. The impact of non-invasive
monitoring in neonatal hypoxic-ischemic
encephalopathy. Semin Fetal Neonatal Med.
2015;20(5):341-7.

7. Azzopardi DV, Strohm B, Edwards AD, Dyet L,
Halliday HL, Juszczak E, et al. Moderate
hypothermia to  treat perinatal  asphyxial
encephalopathy. N Engl J Med. 2009;361(14):1349-
58.

8.  Guillet R, Edwards AD, Thoresen M, Ferriero DM,
Gluckman PD, Gunn AJ, et al. Seven- to eight-year
follow-up of the CoolCap Trial of head cooling for
neonatal encephalopathy. Pediatr Res.
2011;71(2):205-9.

9. Van Handel M, Swaab H, de Vries LS, Jongmans
MJ.  Long-term  cognitive and  behavioral
consequences of neonatal encephalopathy following
perinatal asphyxia: a review. Eur J Pediatr.
2007;166(7):645-54.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Robertson CM, Perlman M, Farrell T, Stevens B,
Linsenmeyer T, Sauve R. Follow-up of the term
infant after hypoxic-ischemic encephalopathy.
Paediatr Child Health. 2006;11(5):278-82.

Rath C, Rao S, Suryawanshi P, Nimbalkar A, Jain
V, Sinha A, et al. Does abnormal Doppler on cranial
ultrasound predict disability in infants with hypoxic-
ischaemic encephalopathy? Dev Med Child Neurol.
2022;64(10):1202-13.

Gowthami GS, Yeli RK, Nimbal V, Bansal A,
Sharma P, Kulkarni S, et al. Early morbidities of
hypoxia-ischemic encephalopathy in term neonates
with a resistive index as a prognostic indicator.
Cureus. 2024;16(6):e61936.

Natique KR, Das Y, Maxey MN, Chandra P, Verma
S, Thakur R, et al. Early use of transcranial Doppler
ultrasonography to stratify neonatal encephalopathy.
Pediatr Neurol. 2021;124:33-9.

Guan B, Dai C, Zhang Y, Wu L, Chen H, Feng X, et
al. Early diagnosis and outcome prediction of
neonatal hypoxic-ischemic encephalopathy with
color Doppler ultrasound. Diagn Interv Imaging.
2017;98(6):469-75.

Liu J, Cao HY, Huang XH, Tang Y, Wang B, Xu L,
et al. The pattern and early diagnostic value of
Doppler ultrasound for neonatal hypoxic-ischemic
encephalopathy. J Trop Pediatr. 2007;53(5):351-4.
Vasiljevic B, Maglajli¢-Djuki¢ S, Stankovi¢ S,
Petrovi¢ V, Jovanovi¢ D, KneZevic T, et al.
Predictive value of color Doppler neuro-sonography
for the development of neurological sequelae in
newborn infants  with  hypoxic  ischemic
encephalopathy. Vojnosanit Pregl. 2011;68(10):825-
31.

Montaldo P, Puzone S, Caredda E, Manca F,
Esposito C, Pintus MC, et al. Magnetic resonance
biomarkers and neurological outcome of infants
with mild hypoxic-ischaemic encephalopathy who
progress to moderate hypoxic-ischemic
encephalopathy. Neonatology. 2023;120(1):153-60.
Ceran B, Kutman HGK, Beyoglu R, Aydm K,
Dogan S, Yildirim M, et al. Diagnostic role of optic
nerve sheath diameter and brain blood flow in
neonates with hypoxic-ischemic encephalopathy.
Childs Nerv Syst. 2023;39(2):425-33.

Liu JX, Fang CL, Zhang K, Zhou W, He Y, Sun Q,
et al. Transcranial Doppler ultrasonography
detection on cerebrovascular flow for evaluating
neonatal hypoxic-ischemic encephalopathy
modeling. Front Neurosci.2023;17:962001.

Dhillon SK, Gunn ER, Lear BA, Johnson M, Patel
T, Singh R, et al. Cerebral oxygenation and
metabolism after hypoxia-ischemia. Front Pediatr.
2022;10:925951.

Taylor GA, Alpan G, Liu L, Arnold J, White D,
Green A Neonatal hypoxic-ischemic
encephalopathy: correlation of MR spectroscopy
and MR imaging with outcome. Radiology.
2013;267(2):587-95.

International Journal of Contemporary Pediatrics | March 2025 | Vol 12 | Issue 3  Page 428



Bhagora NR et al. Int J Contemp Pediatr. 2025 Mar;12(3):422-429

22. Alderliesten T, Lemmers PM, Smarius JJ, van de
Vosse RE, Baerts W, van Bel F. Cerebral
oxygenation, extraction, and autoregulation in very
preterm infants who develop peri-intraventricular
hemorrhage. J Pediatr. 2013;162(3):698-704.

Cite this article as: Bhagora NR, Shah M, Baloda M,
Borkhatariya S. Resistive index as an early prognostic
marker in neonatal hypoxic-ischemic encephalopathy:
a prospective observational study. Int J Contemp
Pediatr 2025;12:422-9.

International Journal of Contemporary Pediatrics | March 2025 | Vol 12 | Issue 3  Page 429



