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ABSTRACT

Background: Hypoxic-ischemic insult is an important cerebral pathology in
neonates, which is caused by reduced oxygen and blood flow during parturition.
Early diagnosis of hypoxic-ischemic insult in neonates is important to prevent
sequelae. Magnetic resonance imaging is considered an effective diagnostic tool;
however, it is not easily accessible and is quite expensive. Objective: To determine
the diagnostic accuracy of transcranial ultrasound in detecting hypoxic ischemic
encephalopathy taking MRI as gold standard. Study Design: Cross sectional
validation study. Duration and Place of Study: This study was conducted from 2
January 2025 to 2 May 2025 in Department of Radiology, Gujranwala Teaching
Hospital Gujranwala. Methodology: A total of 156 newborns with birth asphyxia and
gestational age more than 32 weeks were included. Transcranial ultrasound was
performed using high frequency probe through anterior fontanelle. Magnetic
resonance imaging was done on 1.5 tesla machine. Sensitivity, specificity, positive
predictive value, negative predictive value and diagnostic accuracy were calculated
by 2x2 contingency table. Results: Mean gestational age was 36.87+1.99 weeks and
mean birth weight was 2.66+£0.51 kg. Sensitivity was 85.5%, specificity 70.3%,
diagnostic accuracy 75.6%, positive predictive value 61% and negative predictive
value 89.9%. Conclusion: Transcranial ultrasound is useful screening tool with good
sensitivity and high negative predictive value for detecting hypoxic ischemic insult in
neonates.

INTRODUCTION

in demonstrating evidence of organ dysfunction, as
evidenced by elevated liver enzymes or renal failure.8

The hypoxic-ischemic insult is a critical pathological state
of the brain that results from inadequate supply of oxygen
and blood to the brain for a specified period of time.! The
hypoxic-ischemic insult is most commonly seen in
neonates who have had a difficult birth, birth asphyxia, a
long labor, a prolapse of the umbilical cord, placental
abruption, or severe hypotension of the mother.2 The lack
of oxygen and blood supply to the brain results in a lack of
cellular energy production, causing lactic acid to
accumulate and resulting in cell death.? The brain areas
most susceptible to hypoxic-ischemic insults include the
basal ganglia, thalamus, cortex, and watershed areas
depending on the severity of the insult.#

The diagnosis of hypoxic-ischemic insult is based on
clinical history and examination, with laboratory and
imaging results.> A history of perinatal asphyxia, low
Apgar score, need for resuscitation, and evidence of
metabolic acidosis in cord blood are suggestive.¢
Neurological examination helps in staging encephalopathy
by demonstrating abnormal tone, abnormal reflexes and
seizures.” Blood gas analysis confirms the presence of
metabolic acidosis, with laboratory investigations helpful
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Neuroimaging is essential in confirming brain injury.
Magnetic resonance imaging is said to be a sensitive tool in
demonstrating injury patterns and severity of brain
damage, with diffusion-weighted imaging being helpful in
the early stages.?

Transcranial ultrasound is an important, safe and non-
invasive tool in diagnosing hypoxic-ischemic injury
especially in neonates, as an open anterior fontanelle acts
as an acoustic window.10 Ultrasonography may reveal
increased echogenicity in the periventricular white
matter, loss of normal gray-white matter differentiation,
cerebral edema, slit-like ventricles, and, in severe cases,
cystic changes.!! Doppler can also be used to assess
cerebral blood flow and calculate resistance index.
Although less sensitive than MRI in demonstrating early
subtle changes, transcranial ultrasound is very helpful in
demonstrating moderate to severe changes, as well as
associated complications like intraventricular
hemorrhage.12

This study is justified in the region of Gujranwala due
to the large number of neonates born in peripheral
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centers, which lack access to advanced neuroimaging
facilities such as MRI. Birth asphyxia and delayed referral
are common issues in this region, thus increasing the risk
of hypoxic ischemic damage. Transcranial ultrasound has
the advantage of being easily accessible, cost-effective, and
able to be done at the patient’s bedside in any tertiary care
hospital of Gujranwala. There is limited local data
regarding the accuracy of this investigation in this
population, hence the rationale for this study.

METHODOLOGY

This cross sectional validation study was carried out in the
Department of Radiology, Gujranwala Teaching Hospital,
Gujranwala, from 2 January 2025 to 2 May 2025. Ethical
permission was taken from the institutional ethical review
committee before start of study and the research was
conducted according to hospital protocols. Sample size
was calculated by using WHO sensitivity and specificity
calculator with expected Sensitivity 80%,13 Specificity
66.6%,13 Prevalence 44.8%,'* Confidence interval 95%
and Precision 10% for both sensitivity and specificity. The
final calculated sample size was 156 newborns. Newborns
with gestational age >32 weeks on LMP of both genders
and having birth asphyxia were included in study. Birth
asphyxia was considered when newborn was not
breathing for >90 seconds after birth chest was not rising
symmetrically with respiratory frequency >30/minute on
examination and umbilical artery blood pH was <7.1 on
laboratory testing. Newborns having history of CNS
infections, sepsis, respiratory distress, or major congenital
malformations were excluded from study.

Detailed history was taken from parents regarding
perinatal events and clinical examination was performed.
All included newborns underwent transcranial ultrasound
in radiology department. Examination was performed on
GE machine without sedation. High-frequency phased
array transducer of 5-8 MHz with small footprint probe
was used. Multiple acoustic windows including anterior
and posterior fontanels, temporal, mastoid and occipital
regions were utilized to visualize central and peripheral
brain structures. Transducer frequency was adjusted
between 8.2-11 MHz for assessment of cortical and
subcortical regions. Deep gray matter structures including
basal ganglia, thalami and brainstem were assessed
independently. Probe angulation was changed to assess
subcortical white matter and gray-white matter
differentiation in both cerebral hemispheres. After
ultrasound, Magnetic resonance imaging was performed
on 1.5 tesla superconducting system (Phillips MRI
machine) using head coil. Neonates were monitored
throughout procedure by experienced neonatal
pediatrician. Sedation with oral 10% chloral hydrate in
dose 50-75 mg/kg was given only to irritable neonates
under supervision, while stable neonates were scanned
without sedation. MR imaging protocol included 4-mm
sagittal T2 spin-echo images, 4-mm axial T1 and T2 spin-
echo images, and 4-mm coronal T2 spin-echo images
covering entire brain. Diffusion weighted imaging was
obtained. In 1H-MR spectroscopy, proton spectra were
acquired from 2 voxels, one placed in deep gray matter
nuclei including thalamus and lentiform nucleus, and other
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in frontal or occipital watershed zone or at site of
abnormality detected on conventional MRI and DW-MRI.

Diagnosis of hypoxic-ischemic encephalopathy was
made by demonstrating any three or more of the following
criteria by transcranial ultrasonography: increased
echogenicity of the basal ganglia and thalami bilaterally;
peripheral hyperechogenicity in subcortical white matter
and cortex in watershed areas; slit-like compression of the
lateral ventricles due to cerebral edema; decreased
resistive index; and cerebellar hyperechogenicity
compared to the diffuse supratentorial edema, which is
known as the white cerebellum sign. For magnetic
resonance imaging, HIE diagnosis was considered if any
two or more of the following criteria were demonstrated
by MRI: restricted diffusion by diffusion-weighted imaging
(DWI) in the basal ganglia, thalami, cortex, cerebellum, and
brainstem in the acute phase; T2 hyperintensity with
swelling of deep gray matter in the subacute phase;
delayed cortical hyperintensity on T1-weighted images
indicating necrosis; and increased lactate peaks and
decreased NAA peaks by magnetic resonance
spectroscopy in the acute phase.

All data were entered and analyzed using SPSS version
23. Mean + standard deviation was calculated for
quantitative variables including gestational age at birth
and weight. Frequency and percentage were calculated for
categorical variables including gender, transcranial
ultrasound and MRI test results. Sensitivity, specificity,
Positive predictive value, Negative predictive value and
diagnostic accuracy of transcranial ultrasound against MRI
were computed by using 2x2 contingency table. Effect
modifiers such as gestational age at birth, gender and
weight were controlled through stratification. Post
stratification Chi-square test was applied and p <0.05 was
considered statistically significant.

RESULTS

The mean gestational age at birth of study participants
were 36.87+1.99 weeks and mean birth weight was
2.66%0.51 kg. Among all participants, majority were male
gender with 87 (55.8%) cases while female were 69
(44.2%) cases (Table-I).

Table I

Patient Demographics
Demographics Mean * SD
Gestational Age at Birth (weeks) 36.87£1.99
Birth Weight (kg) 2.66x0.51

Gender
Male n (%)
Female n (%)

87 (55.8%)
69 (44.2%)

When overall results of both diagnostic modalities was
compared, ultrasound showed positive findings in 77
(49.4%) cases and negative in 79 (50.6%) cases. MRI
which was used as gold standard showed positive findings
in 55 (35.3%) cases and negative findings in 101 (64.7%)
cases out of total 156 cases (Table-II).

Table II
Overall results of MRI and Ultrasound in diagnosis of
hypoxic ischemic insult

Hypoxic Ischemic Ultrasound MRI
Insult
Positive 77 (49.4%) 55 (35.3%)

Page | 1538

@) Copyright © 2025. IJBR Published by Indus Publishers

This work is licensed under a Creative Commons Attribution 4.0 International License.



Role of Transcranial Ultrasound for Hypoxic Ischemic Insult...

Anayatullah, M. et al,,

Negative 79 (50.6%)
Total 156 (100%)

101 (64.7%)
156 (100%)

The comparison between ultrasound and MRI findings was
showed that out of 77 ultrasound positive cases, 47 were
true positive (TP) and 30 were false positive (FP) when
compared with MRI. Among 79 ultrasound negative cases,
8 were false negative (FN) and 71 were true negative (TN)
cases. From total 55 MRI positive cases, ultrasound
correctly identified 47 cases while from 101 MRI negative
cases, ultrasound correctly identified 71 cases (Table-III).

Table III
Comparison of Ultrasound versus MRI in diagnosis of
hypoxic ischemic insult

MRI

e Positive Negative LG
Positive 47 (TP) 30 (FP) 77
Negative 8 (FN) 71 (TN) 79

Total 55 101 156

Key: TP = True positive, FP = False positive, FN = False
negative, TN = True negative

The overall diagnostic performance of ultrasound against
MRI as gold standard was demonstrated sensitivity of
85.5%), specificity of 70.3%, diagnostic accuracy of 75.6%,
positive predictive value of 61% and negative predictive
value of 89.9% (Table-IV).

Table IV
Sensitivity, Specificity, Diagnostic Accuracy, PPV and NPV
of Ultrasound in diagnosis of hypoxic ischemic insult

Diagnostic Parameter Result
Sensitivity 85.5%
Specificity 70.3%
Diagnostic Accuracy 75.6%
PPV 61%

NPV 89.9%

Stratified analysis according to gestational age at birth
showed that for neonates with <37 weeks, sensitivity was
82.10%, specificity was 78.40%, diagnostic accuracy was
80.00%, PPV was 74.20% and NPV was 85.30%. For
neonates with >37 weeks gestational age, sensitivity was
88.90%, specificity was 65.60%, diagnostic accuracy was
72.50%, PPV was 52.20% and NPV was 93.30%. When
stratified by gender, male neonates showed sensitivity of
83.90%, specificity of 73.20%, diagnostic accuracy of
77.00%, PPV of 63.40% and NPV of 89.10% while female
neonates demonstrated sensitivity of 87.50%, specificity
of 66.70%, diagnostic accuracy of 73.90%, PPV of 58.30%
and NPV of 90.90%. Regarding birth weight stratification,
neonates with <2.5 kg showed sensitivity of 88.50%,
specificity of 73.00%, diagnostic accuracy of 79.40%, PPV
0f 69.70% and NPV of 90.00% whereas neonates with >2.5
kg birth weight demonstrated sensitivity of 82.80%,
specificity of 68.80%, diagnostic accuracy of 73.10%, PPV
of 54.50% and NPV of 89.80% (Table-V).

Table V

Stratified analysis of Sensitivity, Specificity, Diagnostic
Accuracy, PPV and NPV of Ultrasound in diagnosis of
hypoxic ischemic insult with gestational age at birth, gender
and birth weight

Variables Groups Diagnostic Result
Parameter
<37 Sen 82.10%
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Spec 78.40%
DA 80.00%
PPV 74.20%
Gestational Age NPV 85.30%
at Birth (weeks) Sen 88.90%
Spec 65.60%
>37 DA 72.50%
PPV 52.20%
NPV 93.30%
Sen 83.90%
Spec 73.20%
Male DA 77.00%
PPV 63.40%
Gender NPV 89.10%
Sen 87.50%
Spec 66.70%
Female DA 73.90%
PPV 58.30%
NPV 90.90%
Sen 88.50%
Spec 73.00%
<2.5 DA 79.40%
PPV 69.70%
Birth Weight NPV 90.00%
(kg) Sen 82.80%
Spec 68.80%
>2.5 DA 73.10%
PPV 54.50%
NPV 89.80%
DISCUSSION

The ultrasound showed positive results in 77 cases
(49.4%), whereas the MRI showed positive results in 55
cases (35.3%), indicating a better detection rate of the
ultrasound. This could be attributed to the modality's
ability to detect minor changes in the parenchyma and its
increased sensitivity to the formation of edema. The
sensitivity of the ultrasound was found to be 85.5%, a
figure within the acceptable range and indicating the
modality's ability to detect the majority of hypoxic-
ischemic cases. This increased sensitivity of the ultrasound
could be attributed to the modality's ability to detect acute
changes such as cerebral edema and hemorrhages in the
neonatal period. The specificity of the ultrasound was
found to be 70.3%, a moderate figure and indicating a
certain degree of false positives, amounting to 30 cases or
19.2%. This could be attributed to the overestimation of
minor changes and artifacts in the brain tissue of the
preterm neonates. The accuracy of the ultrasound was
found to be 75.6%, indicating a reasonable degree of
accuracy and acceptable performance of the modality as a
screening tool. The positive predictive value was found to
be 61%, indicating that only 61% of the positive cases
detected by the ultrasound were actually positive when
subjected to the MRI.

The current study showing reasonable concordance
with several previous studies but also demonstrating
some variations. Khan et al 15 reported comparable
findings with sensitivity of 81.61%, specificity of 68.33%,
diagnostic accuracy of 76.19%, PPV of 78.89% and NPV of
71.93% in 147 neonates which is almost similar to present
study results, this similarity can be attributed to
comparable  study design, similar = population
characteristics and use of MRI as gold standard in both
studies. Aun et al. 13 found slightly lower performance with
overall sensitivity of 80% and specificity of 66.6% in 36
neonates which is close to present findings and suggesting
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that ultrasound maintaining consistent moderate to good
diagnostic capability across different settings. The present
study sensitivity of 85.5% was lower than Sheikh et al. 17
who reported perfect sensitivity of 100% but higher
specificity of 90.62% in detection of intracranial
hemorrhage in 103 preterm neonates, this discrepancy is
likely because Sheikh et al. 17 was focused specifically on
hemorrhage detection which is easier to visualize on
ultrasound compared to ischemic changes that was
assessed in present study.

The specificity of 70.3% in present study was
considerably lower than Sheikh et al. 17 (90.62%) and Maji
et al. 18 (75.0%) which indicating higher false positive rate
of 30 (19.2%) cases in current study, this reduced
specificity may be explained by interpretation of subtle
parenchymal echogenicity changes as positive findings
which might not represent true ischemic injury on MR],
additionally operator dependency and lack of
standardized criteria for defining positive ultrasound
findings could contribute to overdiagnosis. Sinha et al. 1°
reported much lower sensitivity for ultrasound (55.0%)
compared to present study (85.5%) in evaluation of
various etiologies of neonatal seizures including HIE
where MRI showed 93.3% sensitivity, this substantial
difference is possibly due to Sinha et al. 1° including diverse
pathologies like metabolic encephalopathies and
infections where ultrasound performance is inherently
limited while present study was focused on hypoxic
ischemic changes which are relatively better detected by
ultrasound. The diagnostic accuracy of 75.6% in present
study was lower than Khan et al 15> who found 77.46%
accuracy in age group 1-14 days but comparable to 75%
accuracy in age group >14 days, suggesting that timing of
examination may influence diagnostic performance with
earlier scans possibly capturing acute changes more
reliably.

The PPV of 61% in current study was substantially
lower than Sohail et al. 20 who reported 100% PPV when
correlating with both DWI and MRS, and also lower than
Maji et al 8 who found 91.67% PPV, this marked
difference in PPV is likely related to different reference
standards used where Sohail et al. 2° used advanced MRI

REFERENCES

1. Uzianbaeva, L., Yan, Y., Joshi, T., Yin, N., Hsu, C., Hernandez-
Andrade, E., & Mehrmohammadi, M. (2021). Methods for
monitoring risk of hypoxic damage in fetal and neonatal
brains: A review. Fetal Diagnosis and Therapy, 49(1-2), 1-
24,
https://doi.org/10.1159/000520987

2. Lorain, P, Bower, A, Gottardi, E, Dommergues, M., Foix
L’Helias, L., Guellec, 1., & Kayem, G. (2022). Risk factors for
hypoxic-ischemic encephalopathy in cases of severe
acidosis: A case-control study.Acta Obstetricia et
Gynecologica Scandinavica, 101(4), 471-478.
https://doi.org/10.1111/a0gs.14326

3. Annoni, F, Peluso,L, Gouvéa Bogossian, E, Creteur,],
Zanier, E. R, & Taccone, F. S. (2021). Brain protection after
anoxic brain injury: Is lactate supplementation
helpful? Cells, 10(7), 1714.
https://doi.org/10.3390/cells10071714

4. Misser, S. K, Lotz, J. W, Zaharie, S., Mchunu, N., Archary, M.,
& Barkovich, A.]. (2022). A proposed magnetic resonance

sequences like DWI and MRS which showing better
correlation with ultrasound positive findings while
present study used conventional MRI that may detect
more subtle abnormalities not visible on ultrasound. The
NPV of 89.9% in present study was considerably higher
than Aun et al. 13 (40%) and Sohail et al. 20 (28.7% when
correlated with MRS), this high NPV is clinically important
as it indicating that ultrasound is reliable for excluding
significant hypoxic ischemic injury when findings are
negative, the lower NPV in other studies might be due to
higher disease prevalence or inclusion of subtle cases that
ultrasound was unable to detect. Thakkar et al. 2! reported
sensitivity of 83.33% and specificity of 92.59% for HIE
diagnosis in preterm neonates which showing higher
specificity than present study (70.3%), this could be
explained by Thakkar et al 2! focusing exclusively on
preterm population where specific ultrasound features
like periventricular echogenicity and cysts are more
characteristic and easier to interpret compared to mixed
gestational age population in present study.

There are certain limitations to this study, which need
to be acknowledged. One of the limitations of this study is
that it is a single-center study which means the results of
this study might not be easily generalizable to other
populations. Another limitation of this study is that the
sample of 156 neonates might not be enough to show the
differences between various groups. A third limitation of
this study is that it did not measure the inter-observer
variability of radiologists who performed ultrasound,
which is a user-dependent test with a wide range of
variability between observers.

CONCLUSION

The current study concludes that transcranial ultrasound
is an important diagnostic modality in the detection of
hypoxic-ischemic insult in neonates, which is highly
sensitive and specific compared to MRI, which is
considered the gold standard. This modality is highly
specific in excluding significant brain injury and can be
considered a first step in screening for brain injury in
resource-limited countries where access to MRI is limited.

imaging grading system for the spectrum of central neonatal
parasagittal hypoxic-ischaemic brain injury. Insights into
Imaging, 13(1).
https://doi.org/10.1186/s13244-021-01139-7

5. WisnowskKij, ]. L., Wintermark, P., Bonifacio, S. L.,
Smyser, C. D., Barkovich, A. ], Edwards, A. D., De Vries, L.S,,
Inder, T. E., & Chau, V. (2021). Neuroimaging in the term
newborn with neonatal encephalopathy. Seminars in Fetal
and Neonatal Medicine, 26(5), 101304.
https://doi.org/10.1016/j.siny.2021.101304

6. Boos, V., & Biihrer, C. (2024). Trends in Apgar scores and
umbilical artery pH: A population-based cohort study on
10,696,831 live births in Germany, 2008-2022. European
Journal of Pediatrics, 183(5), 2163-2172.
https://doi.org/10.1007 /s00431-024-05475-w

7. Lin, Y., Hwang-Bo,S., Seo,Y., & Youn,Y. (2021). Clinical
seizures and unfavorable brain MRI patterns in neonates
with hypoxic ischemic encephalopathy. Medicine, 100(12),
e25118.
https://doi.org/10.1097 /md.0000000000025118

Page | 1540

Copyright © 2025. IJBR Published by Indus Publishers

IJBR Vol.3 Issue.7 2025 @@@ ©
CEEMEN This work is licensed under a Creative Commons Attribution 4.0 International License.



https://doi.org/10.1159/000520987
https://doi.org/10.1111/aogs.14326
https://doi.org/10.3390/cells10071714
https://doi.org/10.1186/s13244-021-01139-7
https://doi.org/10.1016/j.siny.2021.101304
https://doi.org/10.1007/s00431-024-05475-w
https://doi.org/10.1097/md.0000000000025118

Anayatullah, M. et al,,

8.

10.
11.

12.

13.

14.

IJBR Vol.3 Issue.7 2025

Role of Transcranial Ultrasound for Hypoxic Ischemic Insult...

Francke, K. H,, Stgen, R, Thomas, N, & Aker,K. (2024).
Biochemical profiles and organ dysfunction in neonates with
hypoxic-ischemic encephalopathy post-hoc analysis of the
THIN trial. BMC Pediatrics, 24(1).
https://doi.org/10.1186/s12887-024-04523-6

Hung, S., Tu, Y. Hunter, S. E,, & Guimaraes, C. (2024). MRI
predictors of long-term outcomes of neonatal hypoxic
ischaemic encephalopathy: A primer for radiologists. British
Journal of Radiology, 97(1158), 1067-1077.
https://doi.org/10.1093 /bjr/tqae048

Manwar, R,, Islam, M. T.,, Ranjbaran,S.M. & Avanaki, K.
(2022). Transfontanelle photoacoustic imaging: Ultrasound
transducer selection analysis. Biomedical Optics
Express, 13(2), 676.

https://doi.org/10.1364 /boe.446087

Ni Leidhin, C, Paddock, M., Parizel, P. M., Warne, R. R,
Shipman, P, & Lakshmanan, R. (2025). Paediatric cranial
ultrasound: Abnormalities of the brain in term neonates and
young infants. Insights into Imaging, 16(1).
https://doi.org/10.1186/s13244-025-02031-4
Tierradentro-Garcia, L. 0., Saade-Lemus, S., Freeman, C,,
Kirschen, M., Huang, H., Vossough, A., & Hwang, M. (2021).
Cerebral blood flow of the neonatal brain after hypoxic-
ischemic injury. American Journal of Perinatology, 40(05),
475-488.

https://doi.org/10.1055/s-0041-1731278

Aun, A.E,, Hassan, H. A, Ali, W.1, & Ataky, M. M. (2019).
Transcranial ultrasound in comparison to MRI in evaluation
of hypoxic ischemic injury in neonates. The Egyptian Journal
of Hospital Medicine, 74(4), 842-852.
https://doi.org/10.21608/ejhm.2019.25263
Moolchandani, G., Moolchandani, ], Maheswari, ], D. M.,
Minhas, K, Islam, A, Mujahid, S. (2022). Prevalence of
hypoxic ischemic encephalopathy among neonates in a
tertiary care hospital Karachi. Ann Rom Soc Cell Biol. 26(1),
2642-2650.
http://www.annalsofrscb.ro/index.ph

w/11212/7934

journal/article /vie

Cloe

BY NC SA

15.

16.

17.

18.

19.

20.

21.

Khan, M. W,, Wahid, G., Ihtesham, R., Badshah, U,, Khan, S., &
Iftikhar, S. (2025). To determine the diagnostic accuracy of
transcranial ultrasound in the detection of hypoxic ischemic
injury in neonates keeping magnetic resonance imaging as a
gold standard. Khyber Journal of Medical Sciences, 18(1), 16-
22.

https://doi.org/10.70520/kjms.v18i1.519

Zhuy, X, Li, Y., Xia, W.,, & Wang, W. (2024). Diagnostic accuracy
of transcranial ultrasonography for detecting stenosis in
patients with acute ischaemic stroke: a systematic review
and meta-analysis. Medical Ultrasonography, 27(3).
https://doi.org/10.11152/mu-4413

Sheikh, M., & Shabbir, S. (2024). Diagnostic accuracy of
cranial ultrasound for the detection of intracranial
hemorrhage in preterm neonates using magnetic resonance
imaging as the gold standard. Cureus.
https://doi.org/10.7759/cureus.73732

Maji, S., Roy, A., Dhir, Y. R, & Karim, R. (2023). Predictive
accuracy of trans-cranial ultrasound and diffusion-weighted
magnetic resonance imaging in detection of hypoxic
ischemic encephalopathy among early neonates (first 7
days). Int ] Acad Med Pharm, 5(3), 2149-55.

Sinha, T., Maji, S., & Karim, R. (2025). A comparative study
between Mri and Transcranial Usg in Etiological diagnosis of
neonatal seizure. Journal of Neonatal Surgery, 14(9S), 1088-
1098.

https://doi.org/10.63682/jns.v14i9s.9108

SOHAIL, M., SARWAR, S, & ZAIDI, H. (2023). Positive
predictive value of transcranial ultrasound in evaluation of
hypoxic-ischemic encephalopathy keeping mri as a gold
standard. Biological and Clinical Sciences Research
Journal, 2023(1).

https://doi.org/10.54112 /besrj.v2023i1.379

Thakkar, H., Sonone, S., & Khodke, R. (2019). Transcranial
ultrasound in evaluation of  hypoxic-ischemic
encephalopathy and bleed in preterm neonates. Int J Sci Stud.
7(4), 27-38.

Page | 1541

Copyright © 2025. IJBR Published by Indus Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License.


https://doi.org/10.1186/s12887-024-04523-6
https://doi.org/10.1093/bjr/tqae048
https://doi.org/10.1364/boe.446087
https://doi.org/10.1186/s13244-025-02031-4
https://doi.org/10.1055/s-0041-1731278
https://doi.org/10.21608/ejhm.2019.25263
http://www.annalsofrscb.ro/index.php/journal/article/view/11212/7934
http://www.annalsofrscb.ro/index.php/journal/article/view/11212/7934
https://doi.org/10.70520/kjms.v18i1.519
https://doi.org/10.11152/mu-4413
https://doi.org/10.7759/cureus.73732
https://doi.org/10.63682/jns.v14i9s.9108
https://doi.org/10.54112/bcsrj.v2023i1.379

