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Abstract 

Background Cranial ultrasonography (CUS) has become an important tool to depict normal brain anatomy and to 
detect the ischemic and hemorrhagic brain injury patterns in high-risk neonates. The present study aimed to assess 
the utility of CUS to diagnose the spectrum of brain injury patterns in high-risk preterm and term neonates admitted 
to the neonatal intensive care unit (NICU) and to find the association of CUS findings in various adverse antenatal and 
perinatal feto-maternal factors.

Results Out of the 200 neonates, 76 (38%) neonates had abnormal CUS findings and 124 (62%) had a normal CUS. 
Germinal matrix hemorrhage-intraventricular hemorrhage (GMH-IVH) (28/76; 36.8 %) was the commonest abnormal-
ity with GMH (grade 1) in 14/76 (18.4%), grade 2 in 7 (9.2%), grade 3 in 5 (6.5%), and grade 4 in 2 (2.63%). The other 
findings observed were cerebral edema (14/76; 18.4%), thalamic hyperechogenicity (10/76; 13.1%), periventricular leu-
komalacia (PVL) (4/76; 5.2%), and congenital anomalies (8; 10.5%). Abnormal CUS findings had a statistically significant 
association with birth weight <2000 g, prematurity, Apgar score <7, and adverse peri-natal fetal and maternal factors 
(all p-values <0.05). Abnormal CUS findings had a statistically significant association with poor cry, poor activity, 
abnormal tone, and presence of cyanosis (all p-values <0.05).

Conclusion In this cohort study of high-risk preterm and term infants GMH-IVH, cerebral edema, thalamic hyper-
echogenicity, PVL, and congenital malformations were the commonest lesions detected on CUS. Abnormal CUS find-
ings were found to have a statistically significant association with various adverse peri-natal fetal and maternal factors.
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Background
Preterm neonates and term neonates with some underly-
ing risk factors are at a heightened risk of abnormal neu-
rological development owing to ischemic, hemorrhagic, 
and inflammatory insults to the neonatal brain [1]. To 
undertake or modify preventive measures it is essential 
to detect the ongoing brain injury at the earliest.

Magnetic resonance imaging (MRI) is a superior 
modality to accurately identify and characterize brain 
abnormalities in a neonate. However, owing to its cum-
bersome nature, limited availability, prohibitive cost, 
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need for sedation, and transfer of neonate to MRI suite it 
is impractical for widespread use [2].

Cranial ultrasound (CUS) due to its widespread avail-
ability, cost-effectiveness, bedside availability, lack of 
radiation, and the provision of frequent use for moni-
toring has assumed a vital role in the diagnostic arma-
mentarium of neonatology practice for depicting normal 
anatomy and pathological changes in the neonatal brain. 
This is possible as the open sutures and fontanelles allow 
an easy window to “peep” into the brain [3–6].

Any neonate regardless of gestational age or birth 
weight with exposure to adverse fetal, maternal, and pla-
cental factors is at an enhanced risk of morbidity or mor-
tality and is categorized as a high-risk neonate. CUS plays 
an important role in guiding treatment and predicting 
the neurological prognosis of these high-risk infants [7–
9]. The Quality Standards Subcommittee of the American 
Academy of Neurology and the Practice Committee of 
the Child Neurology Science and the American Institute 
of Ultrasound in Medicine (AIUM) Practice Guidelines 
for the Performance of Neurosonography in Neonates 
and Infants recommend routine CUS screening for neo-
nates born before 30 weeks of gestation and unstable 
neonates born after 30 weeks of gestation with indica-
tions for CUS [10, 11].

CUS, among a wide range of indications, appears to be 
most useful for the detection and follow-up of intraven-
tricular hemorrhage, hydrocephalus, and periventricu-
lar leukomalacia (PVL). The advancements in neonatal 
intensive care have resulted in an improved outcome in 
high-risk neonates, thus highlighting the role of early 
detection of neurological subnormalities to modify the 
neurological outcome of these neonates [12, 13].

The future neuromotor and cognitive development and 
the potential risk of future development of cerebral palsy 
(CP) can be reasonably predicted based on abnormal 
CUS findings. A series of studies over a 30-year period 
have shown that a normal CUS can provide considerable 
confidence in predicting that an infant will have normal 
neurodevelopment [9, 14, 15]. In a typical large study, a 
normal ultrasound scan predicted normal cognitive func-
tion with a PPV of 77% (95% CI 74% to 80%), and the 
pooled probability of a normal cognitive outcome with a 
normal ultrasound scan is 82% (95% CI 79% to 85%) [16]. 
The association between CUS and neurodevelopmental 
outcome has been well studied. Echolucent and white 
matter lesions on CUS are associated with delayed men-
tal and psychomotor development at 24 months of cor-
rected age [12]. Moderate/severe ventriculomegaly was 
associated with a more than fourfold increase in the risk 
of psychomotor delay and an almost threefold increase in 
the risk of mental delay The highest RR for delayed men-
tal development was associated with ventriculomegaly 

(RR: 2.70), followed by PVHI (RR: 1.90). Ventriculo-
megaly had the highest RR for delayed psychomotor 
development (RR: 4.40), followed by PVHI (RR: 3.90), 
echolucency (RR: 3.70), and cystic PVL (RR: 3.60) [12]. In 
a recent study of preterm infants, early CUS lesions were 
associated with poor attention, hypotonicity, and poor 
quality of movement at term-equivalent age [17].

The current study aimed to evaluate the CUS findings 
in high-risk preterm and term neonates admitted to a 
neonatal intensive care unit (NICU) and to find the asso-
ciation of CUS findings with various antenatal and peri-
natal feto-maternal parameters.

Methods
Study design and patient cohort
This was a single-center prospective study covering a 
2-year study period from December 2018 to December 
2020. The study was approved by the Institutional Ethi-
cal Committee (IEC) of our institution and informed 
consent was obtained from the parents or guardians. Two 
hundred high-risk neonates admitted to NICU for vari-
ous indications were enrolled in the study on a non-ran-
domized purposive sampling basis. Following neonates 
were included in the study:

1. All preterm neonates born before 34 weeks of gesta-
tion.

2. High-risk late preterm (≥34–36weeks) and high-risk 
term neonates with any of the following:

 (a) Neonatal seizures, (b) birth asphyxia, (c) neonatal 
encephalopathy including hypoxic-ischemic enceph-
alopathy, (d) respiratory distress, (e) neonatal sepsis, 
(f ) signs and or symptoms of central nervous system 
disorders like microcephaly, macrocephaly, hypoto-
nia, unexplained poor feeding, (g) neonates born out 
of traumatic/instrumental labor, (h) suspected meta-
bolic disturbances, (i) antenatally detected congenital 
malformations.

The study excluded babies admitted to the hospital 
after 28 days of life and term neonates not fulfilling the 
inclusion criteria.

Scanning protocol
Screening scans for babies born less than 34 weeks or less 
than 2000 grams were performed on days 1, 3, 7, and 14, 
and then fortnightly until 34 weeks, at 36 weeks, and at 
term equivalent age. In preterm infants >34 weeks CUS 
was performed on days 1, 7, 21, and at term equiva-
lent age. In neonates with birth asphyxia scans were 
performed on days 1, 3–4, 7, and 10–14. In full-term 
neonates and neonates with neurological symptoms, 
CUS was performed at the earliest opportunity and 
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subsequent scans were based on the findings of the first 
scan and the clinical condition [18].

Data collection and scanning technique
A detailed antenatal history was obtained, and antenatal 
records were reviewed. Perinatal details were collected, 
and a detailed clinical examination was done. Routine 
investigations like metabolic and septic screens were 
performed. Other relevant investigations like a lumbar 
puncture in neonatal convulsions and neonatal sepsis and 
chest X-ray in all respiratory distress cases were done. 
Neonatal sepsis was defined as the presence of two posi-
tive bacterial cultures with a positive c-reactive protein.

CUS of the neonates fulfilling the inclusion criteria was 
performed in NICU. Proper antiseptic precautions were 
taken while performing the CUS examination because 
of the poor immune system of neonates, especially those 
born prematurely. Proper hand washing by the operator 
and disinfection of the transducer was done to reduce the 
transmission of infectious agents to the immunocompro-
mised newborn. Special attention was given to the neo-
nate’s body temperature, as newborns are susceptible to 
rapid heat loss.

All ultrasound examinations were done by a single 
radiologist to avoid inter-observer variations and the 
images were reviewed by the same radiologist later with-
out clinical information to check for intra-observer vari-
ations. The radiologist was a general radiologist, trained 
in neonatal sonography with an experience of 9 years. 
The neonates were divided into two groups based on ges-
tation age (<32 weeks and >32 weeks) and on the basis 
of birth weight (<2000 g and >2000 g). The frequency 
of abnormal and normal CUS findings was compared 
between the two groups to calculate statistical associa-
tion. Similarly, abnormal and normal CUS findings were 
compared between the neonates with an Apgar score of 7 
or above and <7. Comparison was also made between the 
neonates with an adverse peri-natal risk factor and those 
without it.

All examinations were performed with LOGIQ P5 (GE 
Healthcare) ultrasound machine with high frequency 
(7–11 MHz) linear probe and low frequency (3–5 MHz) 
curvilinear probe. Proper depth of view was adjusted 
to ensure that no pathology is missed in the posterior 
fossa of the brain, and multiple focal zones were used 
to improve lateral resolution. Image quality was opti-
mized by fine adjustment of available presets. Imaging 
was performed via the anterior fontanelle in sagittal and 
coronal planes. Imaging in the sagittal plane was done 
in the midline and then both right and left parasagit-
tal areas were evaluated with probe angulation of 15 to 
30° on either side. In the coronal plane, an examination 
was done through the frontal horns of lateral ventricles, 

Sylvian fissure, third ventricle, and occipital horns of lat-
eral ventricles. Additional views were obtained through 
the posterior and mastoid fontanelle and the thin part of 
the squamous temporal bone.

Statistical analysis
Data were analyzed using the Statistical Package for the 
Social Sciences (SPSSInc. Chicago, IL, version 22.0). 
All the categorical variables were shown in the form of 
frequency and percentage. Chi-square test was used to 
examine the categorical variables. A p-value less than 
0.05 were considered statistically significant.

Results
The study cohort consisted of 130 (65%) male and 70 
(35%) female neonates. The mean age of the study popu-
lation was 35.7 ± 6.2 weeks (mean ± SD). Of these, 24% 
were less than 32 weeks, 24% were between 33 and 36 
weeks, and the rest 52% term neonates. The mean birth 
weight of the study population was 2406 ± 900 grams 
(mean ± SD). Among them, 152/200 (76%) had a birth 
weight ≥2 kg and 48/200 (24%) had a birth weight <2 kg.

Out of the 200 neonates, 76 (38%) neonates had abnor-
mal CUS findings and in 124 (62%) neonates CUS find-
ings were normal. Among neonates with abnormal CUS 
findings, 60 (78.9%) were males and only 16 (21.1%) were 
females. Distribution of high-risk neonates as per inclu-
sion criteria is given in Table 1.

Timing of scan vs. CUS findings
A total of 154/200 (77%) neonates had their first CUS 
within the first 24 h of neonatal life. In 46/200 (23%) neo-
nates, CUS was done greater than 24 h because they were 
referred from peripheral hospitals where facility of CUS 
was not available.

Among the neonates in whom CUS was done in the 
first 24 h of life, 82 (53.2%) were normal and 66 (42.8%) 
were abnormal. In 46 neonates, CUS was done greater 
than 24 h of neonatal life among which 36 (78.3%) had a 
normal scan and 10 (21.7%) had abnormal findings.

Table 1 Distribution of high-risk neonates as per inclusion 
criteria

Inclusion criteria Normal CUS Abnormal CUS Total

 Preterm (<36 weeks) 56 (58.3%) 40 (41.7%) 96 (100%)

Birth asphyxia 48 (50%) 48 (50%) 96 (100%)

Birth trauma 4 (50%) 4 (50%) 8 (100%)

Neonatal sepsis 40 (76.9%) 12 (23.1%) 52 (100%)

Seizures 30 (71.4%) 12 (28.6%) 42 (100%)
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CUS findings
Germinal matrix‑intraventricular hemorrhage (GMH‑IVH)
Out of 76 neonates who had abnormal findings, 28 
(36.8 %) had GMH-IVH of which 14 (18.4%) had GMH 
(grade 1), 7 (9.2%) had GMH with intraventricular 
hemorrhage (IVH) without ventriculomegaly (grade 
2), 5 (6.5%) had IVH with ventriculomegaly (grade 2), 

and 2 (2.63%) had parenchymal bleed (grade IV hemor-
rhage) (Figs. 1 and 2).

PVL
PVL was observed in 4 (5.2%) patients. On follow-up 
imaging, all four developed cystic PVL (grade 2 in 2 
patients and grade 3 in the other 2 (Figs. 2 and 3).

Fig. 1 CUS images in four neonates showing bilateral GMH without IVH with no ventriculomegaly (A), left GMH in para-sagittal scan (B), bilateral 
GMH with an intra-ventricular extension on the left side (C), and post-hemorrhagic ventricular dilatation (D)

Fig. 2 CUS images in a pre-term neonate showing PVL (grade 2) (A) with progression into cystic PVL in a follow-up scan (B)
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Cerebral edema
CUS detected brain swelling with slitlike ventri-
cles and loss of visualization of the normal sulci with 
abnormally increased brain parenchymal echogenicity, 
consistent with brain edema in 14 (18.4%).

Thalamic hyperechogenicity, a marker of HIE was 
seen in 10 (13.1%) neonates. Of the neonates having 
thalamic hyperechogenicity, 8.4% were preterm and 
5.3% were term neonates.

Congenital anomalies
Congenital anomalies were observed in 8 (10.5%) 
(Fig.  3), of which four had Dandy-walker malforma-
tion, two had hydranencephaly and two had hydro-
cephalus with associated meningomyelocele (Arnold 
Chiari malformation) (Fig. 4).

CUS and gestational age
Distribution of various CUS findings with gestational age 
is presented in Table  2. In neonates with gestation age 
<32 weeks (n=48) abnormal CUS findings were seen in 
26 (54.1%) and 22 (45.9%) had a normal CUS. Whereas, 
in neonates with gestation age >32 weeks (n=152) 
abnormal CUS findings were seen in 50 (32.8%) and 102 
(67.2%) had a normal CUS. On statistical analysis, sig-
nificant association was found between gestation age <32 
weeks and abnormal CUS findings (p-value=0.0081).

CUS and birth weight
In our study, 10% of neonates weighed less than 1500 
g, 26.3% weighed between 1500 and 2000 g, and 21% 
weighed between 2000 and 2500 g. The overall incidence 
of abnormalities on CUS in low-birth-weight neonates 
was 68.9%. Out of neonates with a birth weight ≥2000 
g (n=152) only 48 (31.6%) had abnormal CUS whereas, 
104 (72.4%) had a normal CUS. In contrast, in neonates 

Fig. 3 CUS images at slightly different levels (A, B) in a pre-term neonate showing patchy hyperechogenicities in bilateral periventricular white 
matter suggestive of PVL

Fig. 4 CUS images in two different neonates showing congenital hydrocephalus (A) and hydranencephaly (B)
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with birth weight <2000 g (n=48), 28 (58.3%) had abnor-
mal CUS. There was a significant association between 
birth weight <2000 g and abnormal CUS findings 
(p-value=0.0008). The commonest abnormality in neo-
nates weighing less than 2000 g was GMH-IVH and in 
neonates weighing more than 2500 g was cerebral edema 
followed by thalamic hyperechogenicity and hydrocepha-
lus (Table 3).

CUS in perinatal asphyxia
Out of 92 patients with perinatal asphyxia, 46 (50%) had 
abnormal CUS whereas, 46 (50%) had a normal CUS. 
Among the study cohort, 44 (47.8%) had severe, and 48 
(52.1%) had moderate perinatal asphyxia as per Apgar 
scoring. The frequency of CUS findings with the Apgar 
score is given in Table 4. Among neonates with an Apgar 
score of 7–10 (n=108), 30 (27.7%) had abnormal CUS 
whereas the rest 78 (72.3%) had normal CUS. In con-
trast, among neonates with an Apgar score <7 (n=92), 46 
(50%) had abnormal CUS whereas 46 (50%) had normal 

CUS. There was a statistically significant association 
between Apgar score <7 and abnormal CUS findings 
(p-value=0.0012).

CUS in neonatal sepsis
Out of 52 patients with neonatal sepsis 40 (77%) had 
a normal CUS whereas, 12 (23%) had an abnormal 
CUS. The findings included increased echogenicity in 
the periventricular and subcortical white matter (8/12; 
66.6%), echogenic sulci (2/12; 16.6%), small discrete 
echogenic white matter lesions (2/12; 16.6%), ventricu-
lomegaly (2/12; 16.6%) and cerebral hypoechoic lesion 
(2/12; 16.6%).

CUS in birth trauma
Among 8 patients with birth trauma, 4 (50%) had abnor-
mal CUS findings. Two had intraparenchymal hemor-
rhages (1 in the temporal lobe and 1 in the frontal lobe) 
and two had IVH.

Table 2 Frequency of various CUS findings as per gestation age

CUS cranial ultrasound, CE cerebral edema, GMH germinal matrix hemorrhage, IVH intra-ventricular hemorrhage, PVL periventricular leukomalacia, HCP hydrocephalus, 
THE thalamic hyperechogenicity

Gestation age 
(weeks)

CUS findings Total

Norm al GMH IVH CE PVL HCP THE Congenital 
anomalies

28–32 22 12 8 0 2 0 2 2 48

(45.8%) (25%) (16.7%) (4.2%) (4.2%) (4.2%) (100%)

33–36 34 2 4 2 2 2 2 0 48

(70.8%) (4.16%) (8.3%) (4.2%) (4.2%) (4.2%) (4.2%) (100%)

37–40 68 0 6 12 0 6 6 6 104

(65.4%) (5.8%) (11.5%) (0.0%) (5.8%) (5.8%) (5.8%) (100%)

Total 124 14 18 14 4 8 10 8 200

Table 3 Frequency of various CUS findings with birth weight

CUS findings Total

Norma l GMH IVH Cerebral edema PVL HCP THE Congenital 
anomalies

Birth weight <1.5 kg 0 4 4 0 0 0 0 0 8

50.0% 50.0% 100.0%

1.5–2.0 20 6 4 0 2 2 4 2 40

50.0% 15.0% 10.0% 5.0% 5.0% 10.0% 5.0% 100.0%

2.1–2.5 46 10 0 2 2 0 0 2 62

74.2% 16.1% 3.2% 3.2% 3.2% 100.0%

>2.5 kg 58 2 2 12 0 6 6 4 90

64.4% 2.2% 2.2% 13.3% 6.7% 6.7% 4.4% 100.0%

Total 124 22 10 14 4 8 10 8 200

62.0% 11.0% 5.0% 7.0% 2.0% 4.0% 5.0% 4.0% 100.0%
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CUS findings in various clinical findings
Among the various clinical findings abnormal cry, poor 
activity, poor tone, and presence of cyanosis had a statis-
tically significant association with abnormal CUS find-
ings (Table 5).

Frequency of various adverse antenatal maternal fac-
tors with CUS findings is presented in Table 6. A higher 
percentage of neonates with at least one adverse peri-
natal factor had abnormal CUS in comparison to neo-
nates with no adverse peri-natal risk factor (48.8% vs. 
29%) (p-value=0.0053).

In the present study, 98 (49%) neonates were born 
via normal vaginal delivery (NVD), and 102 (51%) were 
born via lower segment caesarian section (LSCS). Out 
of 98 neonates born via NVD, 40 (40.8%) neonates had 

abnormal CUS findings and out of 102 neonates born via 
LSCS 36 (35.3%), neonates had abnormal findings.

Discussion
Although the pattern of brain injury may differ in pre-
term (<36 weeks of gestation) and term neonates (>36 
weeks of gestation) depending on the severity and dura-
tion of hypoxia some overlapping features may exist. In 
preterm neonates, GMH-IVH and periventricular white 
matter injury are common lesions. In term neonates, 
watershed zones of the brain located at the borders of 
arteries and metabolically active tissues such as ventro-
lateral thalami, posterior putamina, hippocampi, brain-
stem, corticospinal tracts, and sensorimotor cortex are 
vulnerable to hypoxic injury [6].

In the present study, GMH-IVH was the commonest 
finding in preterm neonates whereas cerebral edema was 
the commonest finding in term neonates. This finding is 
in concordance with other studies [19–23]. GMH-IVH, 
parenchymal hemorrhagic infarction (PHI), and its sequel 
of post-hemorrhagic ventricular dilatation (PHVD) con-
stitute the most dreaded complication in the vulnerable 
population of preterm and low-birth-weight neonates. 
The risk of GMH-IVH is related to the gestational age 
and is frequently seen in neonates born before 32 weeks. 
In neonates born before 28 weeks, the incidence varies 
in the range of 10–25%. In neonates born after 32 weeks, 
the incidence of GMH-IVH is less common and is usu-
ally a sequel of cerebral venous thrombosis. Germinal 
matrix attains its maximum size at 25 weeks of gestation 
and then gradually regresses with its remnants persisting 
until approximately 36 weeks. It has been demonstrated 
that immature fragile microvessels of the germinal matrix 
in the setting of fluctuations in cerebral blood flow owing 
to lack of autoregulatory mechanism in this population 
predispose them to GMH-IVH. GMH-IVH and PHI is 
almost exclusively immediate post-natal phenomenon 

Table 4 Distribution of various CUS findings with Apgar score

Apgar score CUS findings Total

Normal GMH IVH Cerebral edema PVL HCP THE Congenital 
anomalies

7–10 78 6 4 4 0 6 4 6 108

72.2% 5.6% 3.7% 3.7% 0.0% 5.6% 3.7% 5.6% 100.0%

4–6 28 6 4 4 0 2 2 2 48

58.3% 12.5% 8.3% 8.3% 0.0% 4.2% 4.2% 4.2% 100.0%

0–3 18 10 2 6 4 0 4 0 44

40.9% 22.7% 4.5% 13.6% 9.1% 0.0% 9.1% 0.0% 100.0%

Total 124 22 10 14 4 8 10 8 200

62.0% 11.0% 5.0% 7.0% 2.0% 4.0% 5.0% 4.0% 100.0%

Table 5 Incidence of abnormal clinical and their association 
with CUS findings

CUS cranial ultrasound, GMH germinal matrix hemorrhage, IVH intra-
ventricular hemorrhage, PIH pregnancy induced hypertension, APH ante-
partum hemorrhage, GDM gestational diabetes mellitus, PVL periventricular 
leukomalacia, HCP hydrocephalus

*indicates significant p-values

Cranial ultrasound Significance

Normal Abnormal

Abnormal cry 20 (13.5%) 16 (30.8%) 0.049*

Poor activity 24 (16.2%) 20 (38.5%) 0.018*

Poor/abnormal tone 6 (4.1%) 10 (19.2%) 0.014*

Poor reflexes 8 (5.4%) 4 (7.7%) 0.673

Abnormal posture 6 (4.1%) 4 (7.7%) 0.464

Presence of pallor 2 (1.4%) 4 (7.7%) 0.103

Presence of icterus 38 (25.7%) 8 (15.4%) 0.283

Presence of cyanosis 36 (24.3%) 24 (46.2%) 0.037*

Tachycardia (HR >160) 6 (4.1%) 2 (3.8%) 0.963

Tachypnea (RR >60) 124 (100%) 76 (100%) 1.000

Abnormal temperature 8 (5.4%) 0 (0%) 0.226



Page 8 of 10Sherwani et al. Egyptian Pediatric Association Gazette            (2023) 71:7 

with around 50% of events occurring in the first 24 h of 
life and 90% of events occurring in the first 3 days of life 
[6, 15–19]. The chances of hemorrhage drastically reduce 
after the first week of post-natal life presumably due to 
increased tissue oxygenation after birth which suppresses 
vascular endothelial growth factor and angiopoietin-2 
thus reducing the formation of fragile new vessels [15].

The combined diagnostic accuracy of CUS ranges from 
76 to 100% in detecting grade 1 hemorrhagic lesions 
greater than 5 mm and grade 2–4 hemorrhages [20, 21]. 
The present study found a significant association between 
birth weight <2000 g and abnormal CUS. Babies with low 
birth weight are at increased risk of intracranial hem-
orrhage [22]. There is an inverse relationship between 
GMH-IVH and birth weight.

Transient thalamic hyperechogenicity can be seen in a 
high percentage of neonates. However, the persistence of 
hyperechogenicity is a harbinger of white matter injury 
[23]. Basal ganglia or thalamus hyperechogenicity has 
a wide etiological profile including hypoxic-ischemic 
injury, hemorrhage, infection, calcifications, hypoglyce-
mia, and chromosomal anomalies [24, 25].

In a study by Diwaker R et  al. [6] consisting of one 
hundred preterm neonates, the different abnormalities 
detected in CUS included hydrocephalus in 12%, GMH-
IVH in 6%, cerebral edema in 6%, PVL in 2%, choroid 
plexus cyst in 1%, intraventricular septa in 1%, and colo-
cephaly in 1%.

In a study by Jha R et al. [26] consisting of 75 preterm 
neonates the incidence of CUS abnormalities was 25.4%. 

Abnormal findings were periventricular hyperechogenic-
ity (10.6%), GMH-IVH (8%), PVL (4%), and cerebral 
edema (2.4%). CUS findings were significantly related to 
gestational age and birth weight. CUS findings had a sig-
nificant association with APH, birth asphyxia, abnormal 
fetal activity, and abnormal tone. Our findings are in con-
cordance with this study.

Fumagalli M et  al. [21] included 1172 neonates for 
CUS. Periventricular hyperechogenicity was the com-
monest abnormality in 19.6% and 1% had severe abnor-
malities (4 GMH-IVH, 2 cystic PVL, 4 arterial strokes, 2 
venous infarctions, 3 malformations). At the multivariate 
analysis, the combined gestational age/Apgar/comorbidi-
ties accurately predicted whether the neonate had nor-
mal or abnormal CUS (AUC 74.6).

Guan B et  al. [27] detected variable incidences of 
abnormal CUS findings in term neonates with birth 
asphyxia. In neonates with mild HIE 25/54 (46.3%) had 
abnormal CUS whereas 58/60 (96.7%) of neonates with 
moderate HIE and 44/44 (100%) neonates with severe 
HIE had abnormal CUS.

Humsene et al. [28] observed positive sonographic find-
ings in 120/165 (72.7%) neonates. 75% of preterm babies 
presented with GMH-IVH and follow-up scans showed 
communicating hydrocephalus in 75% and porencephalic 
cysts in 16%. In HIE, 74% had cerebral edema followed by 
periventricular echo densities. Infections presented with 
echogenic sulci or meningeal thickening in 38%.

De Vries LS et  al. [29] conducted a large (n=2139) 
prospective study of preterm infants. Among preterm 

Table 6 Frequency of CUS findings in various adverse perinatal conditions

CUS cranial ultrasound, GMH germinal matrix hemorrhage, IVH intra-ventricular hemorrhage, PVL periventricular leukomalacia, HCP hydrocephalus, THE thalamic 
hyperechogenicity

Perinatal risk factors CUS findings Total

Normal GMH IVH Cerebral edema PVL HCP THE Congenital 
anomalies

None 46 12 0 8 4 6 6 8 90

51.1% 13.3% 0.0% 8.9% 4.4% 6.7% 6.7% 8.9% 100.0%

PIH 22 4 6 2 0 2 2 0 38

57.9% 10.5% 15.8% 5.3% 0.0% 5.3% 5.3% 0.0% 100.0%

APH 8 0 0 0 0 0 0 0 8

100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0%

Twin preg 8 2 0 0 0 0 0 0 10

80.0% 20.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0%

PROM 18 0 4 0 0 0 2 0 24

75.0% 0.0% 16.7% 0.0% 0.0% 0.0% 8.3% 0.0% 100.0%

GDM 18 2 0 2 0 0 0 0 22

81.8% 9.1% 0.0% 9.1% 0.0% 0.0% 0.0% 0.0% 100.0%

Birth trauma 4 2 2 0 0 0 0 0 8

50.0% 25.0% 25.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0%
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infants <32 weeks (n=1639), 514 (31.3%) had abnor-
mal CUS. Among them, 368 (71%) had PVL grade I–
III, 128/514 (25%) had GMH-IVH (grade I–IV) and 
12/514 (2.4%) had focal infarction. In the preterm 
group with a gestation age of 33–36 weeks (n=503) 
only 68 (13.5%) had abnormal CUS [42 (61.7%) had 
PVL grade I-IV; 10 (14.7%) had IVH (grade III-IV); 5 
had focal infarction]. Seventy-six (5%) of the 1460 sur-
vivors in age <32 weeks developed CP. CUS abnormali-
ties were present in 70 of 76 (92%) infants, being major 
in 58 (83%) and minor in 12 (17%). Twenty-nine (6%) 
of the 469 survivors in age 33–36 weeks developed 
CP. CUS abnormalities were present in 28 of 29 (96%) 
infants, being major in 25 (89%) and minor in 3 (11%). 
Considering the major CUS abnormalities, a specific-
ity of 95% and 99% and a sensitivity of 76% and 86% 
were found for the two groups, respectively.

Ballardini E et al. [19] in a retrospective study of 724 
babies found intracranial lesions in 13% of neonates 
(3.7% at 36 weeks to 27.1% at 33 weeks of gestational 
age). Babies born at 33–34 weeks of gestational age 
were four times more likely to have an abnormal CUS 
than those at 35-36 weeks. A significant association 
was present between the head circumference less than 
the third percentile, the need for ventilation or sur-
factant, low Apgar index at the fifth minute, and neu-
rological abnormalities.

Studies have found an association between antena-
tal maternal factors like PIH, Premature rupture of 
membranes and chorioamnionitis, and abnormal CUS 
findings [30–32]. Nicaise C et  al. [31] reported CUS 
abnormalities in 11.7% of preterm born after prema-
ture rupture of membranes (PPROM).

In the present study, there was a statistically sig-
nificant association between abnormal CUS and birth 
weight <2000 g, gestation age <32 weeks, Apgar score 
<7, and presence of adverse perinatal factors. Simi-
larly, neonatal clinical examination findings of abnor-
mal cry, poor tone, abnormal activity, and presence of 
cyanosis were also strongly associated with abnormal 
CUS. Studies have shown that poor neonatal reflexes, 
seizures and apnea, cyanosis, poor suck, high-pitched 
cry, and muscle twitching are significantly associated 
with abnormal CUS especially IVH [33].

This study has some limitations. Small sample size, 
single-center design, and lack of long-term neurode-
velopmental outcomes are some of the important 
limitations of the study. A large sample size would be 
desirable to study the long-term outcome.

In conclusion, the robust information emanating 
from the routine use of CUS in neonatology practice 
can open new horizons in the precise understanding 
of pathophysiological mechanisms of neonatal brain 

injury and pave way for the development of efficient 
preventive measures.

Conclusion
This study underscores the role of CUS in the NICU 
setting. Early detection of brain damage in high-risk 
neonates guides management and helps in prognostica-
tion. In this cohort study of high-risk preterm and term 
infants GMH-IVH, cerebral edema, thalamic hyperecho-
genicity, PVL, and congenital malformations were the 
commonest lesions detected on CUS. Abnormal CUS 
findings are more common in low birth weight, prema-
turity, perinatal asphyxia, and adverse antenatal and peri-
natal events. Some clinical indicators like poor cry, poor 
activity, abnormal tone, and cyanosis have a statistically 
significant association with abnormal CUS.
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