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Background: Minimally invasive tissue sampling (MITS) of organs has been used as an alternative to complete diagnostic autopsy
in countries where refusal for autopsy in newborns is common for sociocultural reasons. There is a paucity of literature regarding the
diagnostic utility of MITS of the brain after death in neonates with neurological insults, especially in India.

Methods: This was a prospective, preliminary single-center tertiary care hospital study in India, focused specifically on MITS of
the brain after neonatal death as a diagnostic tool to identify the various neurological insults. All neonatal deaths with neurological
symptoms occurring within the first 30 days of life were enrolled, irrespective of the suspected clinical diagnosis.

Results:  Sixteen neonates were enrolled after death for MITS of the brain, performed for diagnostic purposes, during the study
period from February 2020 to March 2021. Their gestational ages ranged from 26 to 38 weeks. All neonates had either a history of
seizures and/or respiratory distress or clinical evidence of sepsis and were on ventilator support. Histopathology in all 16 neonates
showed evidence of anoxia, with or without reactive astrogliosis or microgliosis. In 5 neonates with cranial ultrasound evidence of
brain hemorrhage, MITS of the brain showed intraventricular hemorrhage, subdural hemorrhage, or intraparenchymal white matter
microhemorrhages. Premortem blood culture-proven sepsis was seen in 9 neonates. In all cases (100%), MITS had a good diagnostic
yield and was useful to establish the neurological insult in the brain.

Conclusions:

MITS of the brain provides an accurate and adequate diagnosis and can be an alternative to complete diagnostic

autopsy for establishing the cause of death due to neurological insults, especially in low-resource settings where obtaining consent

for more invasive procedure is often challenging.
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Complete diagnostic autopsy (CDA) remains the reference
standard for evaluating the cause of death in neonates [1]. In
addition to their individual diagnostic value, autopsies can pro-
vide mortality and morbidity surveillance data, monitor public
health trends, contribute information regarding the quality of
care, offer valuable information in counseling parents for future
pregnancies, and serve as a potential tool for research [2-4].
Despite declining trends in autopsies, multiple studies have
shown that there is significant discordance between premortem
diagnosis and postmortem autopsy findings, and hence there is
a renewed need and interest for autopsies [5].

Given the conservative and multicultural nature of India, it is
not uncommon for parents to refuse consent for autopsy owing
to religious, emotional, and cultural reasons [6]. In deaths due
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to respiratory illness, cardiac disease, and metabolic disorders,
diagnosis can be provided by interventional radiology and lab-
oratory investigations. However, the high rates of neurological
brain injury, especially in preterm and low-birth-weight infants,
injury that can be confirmed by postmortem brain core biop-
sies, has not been studied extensively in India. There is also a
global paucity in the literature regarding the utility of minimally
invasive tissue sampling (MITS) of the brain in neonates, with
varying degrees of sampling success [7].

Nearly all perinatal brain injury results in neonatal encepha-
lopathy and usually presents as seizures and reduced reactivity,
of which the common causes are hypoxic-ischemic encepha-
lopathy, stroke, intracranial hemorrhage, infection, kernicterus,
and periventricular leukomalacia in preterm infants [8, 9]. Of
these causes, hypoxic-ischemic injury was the most common
cause of damage to the fetal and neonatal brain, resulting in
considerable morbidity, including motor and learning disabil-
ities, cerebral palsy, epilepsy and seizures, or even death [10].
The term “neonatal encephalopathy” is currently used to denote
all types of neurological insults and some of its risk factors in-
clude hypoxic ischemic encephalopathy, perinatal infections,
placental abnormalities, metabolic disorders, coagulopathies,
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neonatal vascular stroke, respiratory distress syndrome, and
sepsis [11-13].

MITS of the brain tissue is a feasible and less traumatic tech-
nique that uses a brain biopsy needle to obtain postmortem
brain tissue cores. Because the anterior and posterior fontanelles
remain open at birth, brain cores can be easily obtained through
a transfontanellar approach to study various parts of the brain.
MITS of the brain has been used to document bacterial, para-
sitic, and viral infections as well as intracranial hemorrhages,
meningitis, and hypoxic ischemic encephalopathy [14-16]. This
is important when parents of the deceased neonate refuse CDA,
and MITS can be offered as a convenient alternative. In addition
to establishing and contributing to the cause of death, providing
a diagnosis may provide closure to grieving parents. Moreover,
studies on MITS of the brain would ultimately help in planning
better interventions and neuroprotective strategies to reduce
mortality and morbidity rates and improve postnatal outcomes.
The current study aimed to identify and establish the causes of
neonatal death and study the pathological changes due to neu-
rological insults, using MITS of the brain.

METHODS

Study Setting and Design

This was a prospective single-center study conducted in a
tertiary care hospital in Kasturba Medical College, Manipal,
Karnataka, India. The study included all preterm and term
neonates who died because of neurological insults, respiratory
distress, asphyxia, or sepsis and were on ventilator support in
the neonatal unit of the pediatric department. The evidence of
neurological insults included clinical signs and symptoms, such
as poor feeding, weak cry, reduced reactivity or hyperalertness
to stimuli, seizures, hypotonia, lethargy, coma, and suspected
raised intracranial pressure. Sepsis was suspected on clinical
and laboratory grounds if the neonate showed evidence of hy-
perglycemia, reduced movements, changes in body tempera-
ture, breathing difficulties, and abnormal heart rate. Neonates
were included if their parents or guardians consented to MITS
of the brain and/or CDA after their death.

The study protocol was approved by the institutional ethics
committee (KH no. 347/19). A written informed consent was
obtained from the parents of the neonates, and appropriate grief
counseling was provided.

MITS Procedure

The MITS procedure was performed within 1-2 hours after
the death of the neonate. Anthropometric measurements, gross
changes on external examination, and the presence of palpable
organomegaly were documented. The posterior fontanelle (oc-
cipital approach) was identified and cleaned thoroughly with
chlorhexidine gluconate 2% solution. A Bard Monopty dispos-
able core biopsy needle (16 gauge x 16 cm; 22-mm penetration

depth) was inserted in the midline, 1 cm below the occipital
bone between the squama and the atlas bone, advancing in dif-
ferent directions and depths at a 30°angle toward the orbital
cavity. Six cores of brain tissue were obtained and collected in
formalin jars. This procedure was repeated with the anterior
fontanelle. All 12 brain cores were examined for gross evidence
of hemorrhage and sent for histopathological examination.

Histopathology of Brain Biopsy Cores

The brain tissue cores were studied at the Department of Pathology
by a pathologist (MM) and analyzed for various histological
patterns of injury in the brain, with an aim to establish a pos-
sible cause of death. The immunohistochemistry marker CD68
was also used to demonstrate microglial cells in selective cases.
Additional histochemical stains, such as periodic acid Schiff and
Grocott methenamine silver for fungi and Gram stain for bacteria,
were used on tissue sections when required. Blood, cerebrospinal
fluid (CSF), and eye swab sample culture reports documented be-
fore death served as confirmation of sepsis. No postmortem CSF
or tissue samples were taken for microbiological culture.

Data Review to Determine Causes of Death

For each case, clinical findings and the results of various labo-
ratory tests were reviewed by a team consisting of a pathologist
(MM), a neonatologist (LL), and a microbiologist. The cause of
death were assigned and coded using the WHO International
Statistical Classification of Diseases and Related Health Problems
(ICD-10), ICD-PM classification system, and added to the regis-
tries. Biopsy results were made available in the patients’ files
and on request to their parents or guardians.

RESULTS

We enrolled 16 neonates in whom postmortem MITS of the
brain was performed for diagnostic purposes. Their gestational
ages (GAs) ranged from 26 to 38 weeks. All the neonates had ev-
idence of sepsis, perinatal asphyxia, or severe respiratory distress
syndrome, occurring in combination or individually. Except for
a single term newborn with perinatal asphyxia (case 4), all re-
quired ventilator support. Two neonates were suspected to have
bilirubin encephalopathy, and 1 had hydrocephalus with sus-
pected ventriculitis. In 1 preterm neonate, premortem eye swab
sample culture showed methicillin-resistant Staphylococcus au-
reus. The brain tissue cores obtained from the anterior fontanelle
included meninges, periventricular area with germinal matrix,
frontal cortex, white matter, and cerebellum, and the posterior
fontanelle brain cores included cerebellum, occipital cortex, per-
iventricular area of the fourth ventricle, and choroid plexus.

Histopathological Analyses
The brain cores obtained were adequate for histopatholog-
ical evaluation in all cases (100%). Meninges were adequately
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sampled in 13 of 16 cases. The brain biopsies in 13 of 16 neonates
showed anoxic neurons, with or without reactive astrogliosis and
microgliosis. Cranial ultrasound (CUS) reports were available in
8 cases, with abnormal findings in 5. In an extremely preterm
neonate (case 3; GA, 28 weeks) with premortem Acinetobacter
baumanni sepsis and CUS evidence of grade II germinal ma-
trix hemorrhage (GMH), MITS brain biopsy showed GMH. In
this neonate, biopsy also showed had features of meningitis, but
CSF analysis could not be performed owing to improper storage
of the sample. In a 1-month-old neonate (case 5) with hydro-
cephalus, suspected ventriculitis, and premortem Klebsiella
sepsis, CUS showed mild periventricular flaring with subdural
collection, confirmed at biopsy; biopsy also showed anoxic
neurons with astrogliosis and microgliosis. In a term neonate
with Escherichia coli sepsis and grade I GMH (case 12), biopsy
showed GMH. In a preterm neonate (case 13; GA, 34 weeks)
with respiratory distress syndrome and grade III intraventricular
hemorrhage (IVH), brain biopsy showed similar findings of IVH
with intraparenchymal microhemorrhage and anoxic neurons.
In a preterm neonate (case 15; GA, 26 weeks) with E. coli and
Staphylococcus sepsis and mild periventricular flaring seen at
CUS, postmortem findings included microhemorrhages in
the white matter, astrogliosis, and subarachnoid hemorrhage.
Subdural hemorrhage was seen in an extremely preterm neo-
nate, and subarachnoid hemorrhage in 2 preterm neonates.
IVH was seen in 2 preterm neonates, GMH in 1 term and 1
preterm neonate, and intraparenchymal microhemorrhages in
5 preterm and 1 term neonate. Table 1 summarizes the clin-
ical features, radiological findings, premortem culture reports,
types of brain tissue, and histopathological findings in all study
neonates, and Figure 1 depicts the histopathological findings in
selected cases.

DISCUSSION

We present a prospective preliminary study of MITS of the
brain undertaken specifically to document the various histo-
pathological changes associated with neurological insults in
term and preterm neonates in a referral Indian neonatal tertiary
care unit. White matter injury is often due to prolonged periods
of hypoxia or ischemia, infections, and inflammation, and its
distribution may be focal or diffuse, resulting in astrogliosis
or necrosis, depending on the severity of the insult [17]. In the
current study, all cases were specifically preselected for neu-
rological insults, and 13 neonates showed anoxic neurons, the
hallmark of hypoxic ischemic encephalopathy, with or without
glial necrosis or astrogliosis and microgliosis. Hypoxic changes
were seen in term and preterm neonates in the neurons and
glial cells in the form of anoxic neurons (red neurons) karyol-
ysis, and karyorrhexis. Severe hypoxia and ischemia can lead
to necrosis (cell death); however, in less severe insults the cell
recovers or undergoes apoptosis [18]. Experimental studies

show that within 5-30 minutes after the onset of hypoxia there
is cytoplasmic vacuolation in the neurons and differentiating
oligodendrocytes due to mitochondrial swelling. The cells af-
fected, in order of vulnerability to hypoxic-ischemic insult, are
the neurons, followed by oligodendroglia, astrocytes, and mi-
croglia in both mature and immature brains [19].

The mode of death in immature neurons is apoptosis me-
diated, while mature neurons demonstrate necrotic cell death
[20]. In the immature preterm brain, the early-lineage oligo-
dendrocytes, the premyelinating oligodendrocytes in the white
matter, bear the brunt of injury, resulting in gliosis and peri-
ventricular leukomalacia. In term infants, on the other hand,
selective neuronal necrosis may be seen in in the gray matter in
3 regional patterns: diffuse disease, cerebral-deep nuclear with
prominent involvement of cerebral neocortex, hippocampus,
and basal ganglia-thalamus; and deep nuclear-brain-stem di-
sease. However, studies show that there is a blurring of this
segregating concept of gray and white matter injury in term
and preterm neonates and that gray matter injury can also be
seen in preterm neonates [21]. This dual pattern of hypoxic
changes was evident in our study in both preterm and term
neonates, who showed astrogliosis as well as anoxic neurons.
Microgliosis and microglial nodules are suggestive of white
matter injury and can be observed in both term and preterm
neonates after injurious insults such as hypoxia, ischemia, in-
fection, and trauma [22, 23]. In our current study, microgliosis
and microglial nodules were seen in both term and preterm
neonates.

The entire spectrum of intracranial hemorrhage (ie, subdural
hemorrhage, subarachnoid hemorrhage, intraparenchymal
hemorrhage, and IVH) has been documented in term infants
[24]. Subarachnoid and subdural hemorrhages are usually as-
sociated with birth trauma in term infants and are seen before
labor or as late as the second week of life in preterm infants
owing to hemodynamic instability. Intracerebral and cerebellar
hemorrhage occurs as a result of birth asphyxia, instrumental
delivery, infection, primary clotting abnormality, or congenital
vascular abnormality [25]. IVH, on the other hand, is relatively
uncommon in term compared with preterm infants and origin-
ates from the choroid plexus (cryptic hemangioma) or as an ex-
tension of the thalamic hemorrhage or subependymal GMH in
the periventricular region, secondary to birth trauma or hem-
orrhage [26]. Epidural hemorrhages are rare and are associated
with trauma to the skull leading to rupture of the middle me-
ningeal artery [27, 28]. In our study, the entire range of intracra-
nial hemorrhage, except epidural hemorrhage, was seen in both
term and preterm infants. Intraparenchymal microhemorrhage
was an additional observation documented in this study.

Neonatal sepsis is the second most common cause of death
in India, with an incidence of clinical sepsis of 17 of 100 live
births and a case fatality rate ranging from 25% to 60% [29]. In
South Asia there is a predominance of gram-negative pathogens,
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Table 1. Clinical Data, Investigations, and Histopathological Findings in the Study Population (n = 16)
Term or
Preterm
(GA); Birth CuUs Infectious Pathogens De- Sites of Brain Tissue
Case Weight Symptoms and Diagnosis Findings tected Before Death Obtained Histopathological Diagnosis
1 Term Repeated seizures from Normal Candida peliculosa (blood) Meninges, white Anoxic neurons, astrogliosis,
(387 wk); 30 min after birth, matter focal microgliosis
AGA septic shock, ventilator
support
2 Term Acute bilirubin encepha- Not done Candida tropicalis (blood) White matter, occipital White matter
(37 wk); lopathy, cortex, meninges microhemorrhage, selec-
AGA Rh incompatibility, tive neuronal and glial ne-
seizures on d 4 of life, crosis with loss of myelin,
ventilator support microgliosis
8 Extremely Multiple seizure episodes Grade Il Acinetobacter baumannii Gray and white matter, Astrogliosis, anoxic neurons,
preterm on d 6 of life, sepsis, GMH (blood) cerebellum, me- meningitis, GMH,
(28 wk); severe RDS, ventilator ninges, periven- microgliosis
AGA support tricular area with
germinal matrix
4 Term (37 Perinatal asphyxia, failure Not done Sterile Occipital cortex, gray Astrogliosis, anoxic neurons,
wk); to cry at birth, HIE, and white matter and gliosis
AGA multiorgan failure
5 Extremely Hydrocephalus with Mild Klebsiella pneumoniae Occipital cortex, Anoxic neurons, astrogliosis
preterm suspected ventriculitis, periven- (blood), choroid plexus, SDH, microgliosis with mi-
(28 wk); severe RDS, Klebsi- tricular coagulase-negative meninges, periven- croglial nodules
LBW ella sepsis, ventilator flaring Staphyloccocus (blood) tricular area, white
support with matter
subdural
collection
6 Preterm Severe respiratory Not done Escherichia coli (blood) Occipital cortex, Anoxic neurons with
(32 wk, distress, pulmonary meninges, choroid astrogliosis
2.d); hypoplasia, ventilator plexus, periven-
LBW support tricular area, white
matter
7 Preterm Bilirubin encephalopathy, Not done MRSA (eye swab sample) Periventricular area Anoxic neurons, astrogliosis,
(37 wk); seizures, sepsis, acute with germinal ma- mild increase in microglial
LBW kidney injury, ventilator trix, white matter, cells
support meninges
8 Term (38 Respiratory distress at Not done Candida parapsilosis (CSF), Occipital cortex, peri- Astrogliosis, mild increase in
wk); birth, sepsis, severe nonfermenting gram-nega- ventricular area, cho- glial cells
LBW bronchopneumonia, tive bacilli and Staphylo- roid plexus, white
branding marks, venti- coccus aureus (blood) and gray matter
lator support
9 Term Seizures, acute renal Normal Sterile (blood) Occipital cortex, me- Anoxic neurons, microglial
(38 wk); failure, culture-negative ninges, white matter nodules
LBW sepsis, ventilator
support
10 Preterm Seizures, acute renal Normal K. pneumoniae (blood) Occipital cortex, gray Intraparenchymal white
(26 wk); failure, DIC, K. and white matter, matter microhemorrhages
LBW pneumoniae sepsis, cerebellum, me- with microgliosis and mi-
Ventilator support ninges, periventric- croglial nodules
ular area
1 Preterm Low Apgar score, ven- Not done Sterile Gray and white matter, Intraparenchymal
(29 wk); tilator support, RDS, periventricular area, white matter
LBW pneumoperitoneum, meninges, cere- microhemorrhages,
culture-negative sepsis bellum astrogliosis, anoxic
neurons
SAH, IVH (4th ventricle)
12 Term Sepsis, aspiration pneu- Grade | E. coli (blood) Occipital lobe cortex, Germinal matrix
(40 wk); monia, severe RDS, GMH meninges, periven- microhemorrhage, anoxic
LBW ventilator support, tricular area with neurons and astrogliosis
suspected inborn error germinal matrix, gray
of metabolism and white matter
13 Preterm RDS, meconium-stained Grade Il IVH Sterile Meninges, gray and IVH with intraparenchymal
(34 wk); amniotic fluid, DIC, pul- in 3rd and white matter microhemorrhage, anoxic
LBW monary hemorrhage, 4th vent- neurons
IVH, culture-negative ricles

sepsis, ventilator
support
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Term or

Preterm
(GA); Birth CuUs Infectious Pathogens De- Sites of Brain Tissue
Case Weight Symptoms and Diagnosis Findings tected Before Death Obtained Histopathological Diagnosis
14 Preterm Birth asphyxia, failure to Not done Sterile Meninges, cerebellum. Mild subarachnoid hemor-
(34 wk); cry at birth, bilateral occipital lobe cortical rhage, anoxic neurons
LBW pulmonary hypoplasia, tissue, gray and with astrogliosis,
ventilator support white matter intraparenchymal white
matter microhemorrhages
15 Preterm Birth asphyxia, sepsis, Mild Coagulase-negative Staph- Meninges, cortical Congested meninges, an-
(26 wk); NEC, ventilator support periven- ylococcus (blood); E. tissue, white matter, oxic neurons
LBW tricular coli (blood) periventricular area microhemorrhages in white
flaring with germinal ma- matter, astrogliosis, SAH
trix, cerebellum
16 Term (39 Fetal distress, failure to Not done Sterile Occipital cortex, per Anoxic neurons with
wk); cry at birth, resusci- iventricular area, astrogliosis
AGA tated and on ventilator meninges, gray and
support, pulmonary white matter
hypoplasia

Branding is traditional practice by which hot iron rods are used to burn the skin of a living person. In India, it is used as a method of treatment for diseases such as jaundice, abdominal pain,

convulsions especially in children.

Abbreviations: AGA, appropriate for gestational age; CSF, cerebrospinal fluid; CUS, cranial ultrasound; DIC, disseminated intravascular coagulation; GA, gestational age; GMH, germinal matrix
hemorrhage; HIE, hypoxic ischemic encephalopathy; IVH, intraventricular hemorrhage; LBW, low birth weight; MRSA, methicillin-resistant S. aureus; NEC, necrotizing enterocolitis; RDS,

respiratory distress syndrome; SAH, subarachnoid hemorrhage; SDH, subdural hemorrhage.

accounting for >60% of the infections, and a low prevalence of
group B Streptococcus compared with the West. In hospital set-
tings, gram-negative organisms account for 63% of the pathogens,
with Klebsiella spp. (23%) being the most common and S. aureus
accounting for 20% of gram-positive organisms [30]. In our study,
3 neonates with Candida sepsis and 6 with gram negative septi-
cemia showed microscopic features of hypoxia-ischemia, which is
not specific for sepsis and can be attributed to other contributing
risk factors. Meningitis was observed in only a single case.

CUS has been shown to be useful in screening, diagnosis and
follow-up in high-risk neonates to predict neurodevelopmental
outcomes [31]. In the current study, the CUS findings in 5 neo-
nates who had evidence of intracranial hemorrhage were con-
firmed with MITS of the brain.

In an Indian study by Garg et al [32] comparing needle
biopsies and CDA in neonates, adequate brain tissue was
obtained in 17 cases; 1 biopsy showed meningitis, and the
other 16 had normal findings. In a Turkish study of post-
mortem needle biopsies in neonates, successful brain biopsy
specimens were obtained in 67% of cases; however, no specific
pathological changes were documented in 93% of the speci-
mens [33]. In a study by Nigam et al (India) [34], the diag-
nostic accuracy of postmortem needle biopsies of the brain
was 50% in infants. A 2020 study by Hailu et al [7] (Ethiopia)
in preterm deaths showed a brain sampling success rate of
58%. The authors expressed difficulty in diagnostic interpre-
tation despite obtaining a fair amount of tissue, because the
tissues being small, friable, and random in nature. Localized
ischemic changes, kernicterus and IVH could not be detected
in most cases [7].

Many studies in the past have questioned the utility and
diagnostic contribution of MITS of the brain in neonates. In
our study, however, the biopsy cores obtained were sufficient

to establish the cause of the neurological injury, and hence we
emphasize the important role of MITS and advocate for wider
use of this feasible and acceptable technique, especially in low-
resource settings. The current coronavirus disease 2019 pan-
demic has also brought MITS to the forefront, and when it is
conducted with appropriate biosafety measures its findings are
almost identical to those of CDA, with sufficient tissue for ad-
ditional tests [35].

The current study had certain strengths. Even though MITS is
a blind procedure, even a small fragment of brain core can pro-
vide useful information ,with proper technique and correlation
with GA, clinical features, CUS findings, and the expected neu-
rological insult and site of injury. Gross observation of the brain
cores can also provide additional information; for example, a
hemorrhagic core signifies intraparenchymal hemorrhage and
hemorrhagic CSF suggests IVH or subarachnoid hemorrhage.
In our study, good technical expertise and frequent discussions
and collaboration with the neonatologist contributed to a high
diagnostic yield.

Our study also had some drawbacks and limitations. Because
this a blind procedure, the MITS technique in the brain needs to
be standardized according to GA, to obtain specific tissues such
as meninges and periventricular area that provide useful infor-
mation and contribute to the diagnosis. The second drawback is
that certain conditions, such as congenital anomalies of the brain,
bilirubin encephalopathy, and lesions that affect the basal gan-
glia, thalamus, hippocampus, and brain stem, cannot be studied
unless MITS is used in conjunction with CUS to target specific
brain areas. The brain core is fragile and can lead to fragmenta-
tion and loss of tissue during processing. This technique requires
good expertise and correlation with the clinical findings for max-
imum diagnostic yield. A comparative analysis with CDA and
neuroimaging would have helped in determining the specificity
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Figure 1.

Histopathological findings in 3 selected cases. A4, Findings in case 3, including anoxic neurons (A7), meningitis (Acinetobacter baumanni sepsis) (A2), and germinal

matrix hemorrhage (A3). B, Findings in case 5, including subdural hemorrhage (B7), microglial nodules (Klebsiella sepsis) (B2), and CD68" microglial cells (B3). C, Findings in
case 11, including cerebellum with hemorrhage in the fourth ventricle (C7), white matter microhemorrhage (C2), and anoxic neurons with reactive astrocytes (C3).

and sensitivity of MITS of the brain as a diagnostic tool for neu-
rological perinatal insults in low-resource settings.

We offer the following recommendations. A good know-
ledge of the anatomic structures of the brain and the sites of
insults in various pathological conditions can help in inter-
pretation, diagnosis, and etiological attribution of the various
injuries occurring in the brain. Diagnostic accuracy can be
increased and refined by postmortem CUS-guided MITS to
target the relevant and deep-seated parts of the brain as well
as by increasing the number of biopsy cores. This technique
can also be an important teaching tool to guide pathology
residents.

In conclusion, MITS of the brain is a feasible technique in
neonates with neurological insults, especially in low-resource
settings where consent for CDA is challenging or CUS cannot
be performed. The current study showed that proper technique
can increase the diagnostic yield and contribute to a near-
accurate confirmatory diagnosis of the cause of death due to
neurological insults in the brain. Its diagnostic utility can be en-
hanced when used in conjunction with CUS to target specific

areas of neurological insults in the brain. Larger studies are re-
quired to validate the utility of brain MITS and its contribution
to determining causes of death.
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