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Neonatal Intracranial Ischemia and Hemorrhage :

Role of Cranial Sonography and CT Scanning
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Objective : To evaluate the role of cranial sonography and computed tomography in the diagnosis of neonatal intracranial hemorrhage and
hypoxic-ischemic injury in an Indian set-up.

Methods : The study included 100 neonates who underwent cranial sonography and computed tomography {CT) in the first month of life for
suspected intracranial ischemia and hemorrhage. Two observers rated the images for possible intracranial lesions and a kappa statistic for
interobserver agreement was calculated.

Results : There was no significant difference in the kappa values of CT and ultrasonography (USG) for the diagnosis of germinal matrix
hemarrhage/intraventricular hemorrhage (GMH/IVH) and periventricular leucomalacia (PVL) and both showed good interobserver agreement.
USG, however detected more cases of GMH/IVH {24 cases) and PVL (19) cases than CT (22 cases and 16 cases of IVH and PVL, respectively). CT
had significantly better interobserver agreement for the diagnosis of hypoxic ischemic injury (HIl) in term infants and also detected more cases
(33) as compared to USG {18). CT also detected 6 cases of extraaxial hemorrhages as compared to 1 detected by USG.

Conclusion : USG is better modality for imaging preterm neonates with suspected IVH or PVL. However, USG is unreliable in the imaging of
term newborns with suspected HIl where CT or magnetic resonance image scan is a better modality.
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INTRODUCTION nial problems'®'”'**%. Yet, only few studies have attempted
to compare the role of various imaging modalities in the
Neonatal intracranial hemorrhagic and hypoxic lesions  setting of specific neuroimaging findings viz. hemorrhagic
can be divided as those occurring in the preterm and in the  and ischemic lesions in preterm and term infants. The pur-
term infants. In the preterm, the major lesions are germinal  pose of our study was to compare the relative role of cranial
matrix hemorrhage (GMH)/intraventricular hemorrhage  sonography and CT in the diagnosis of hemorrhagic and
(IVH) and periventricular leucomalacia (PVL)*'®, In the ischemic events in preterm and term infants; and thereby
term infants the major problems are hypoxic-ischemic encep-  attempt to determine which modality is better suited for
halopathy/injury (HII) and intracranial hemorrhage'?.  detection of a particular lesion. We did not include MRI in
Intracranial hemorrhage is uncommon in term infants and ~ our comparative study as MRI is not available in most of
when it occurs is generally unrelated to the germinal  the Indian setup, especially at the periphery. Also, most of
matrix’”. Ultrasonography (USG), computed tonography  the neonates are too sick to be investigated by MRI. Further-
(CT) and magnetic resonance image (MRI) are being  more, cost concerns preclude the use of MRI in many cases.
routinely used to screen the neonate for probable intracra- The advantages of USG are that it is easily available, cheap,
quick and easy to perform and can be done at the bedside.
Also, it does not use ionizing radiation. However, sonogra-
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The advantages of CT include its easy availability and high
spatial resolution. CT provides excellent anatomic resolution
of the entire brain parenchyma. Also, it is not operator
dependent, relatively cheaper and can be more rapidly
performed as compared to MRI. CT can reliably distin-
guish between subdural and subarachnoid bleed, which is
difficult on sonography'?. However in premature infants
the role of CT for the documentation of acute hypoxic-
ischemic brain injury is limited. High water content of the
premature brain precludes the use of decreased attenuation
as an index of cerebral edema. CT contributes significantly
to total radiation dose derived from medical imaging in
children. At present, the best radiologic modality to eval-
uate the brain in infants and children is MRI. There are no
known biological hazards and no ionizing radiation, and it
produces exquisite anatomic detail of the central nervous
system (CNS). MRI has greater sensitivity and specificity
for the detection of perinatal HII than either ultrasound or
CT. Thus, early T2 prolongation on standard MRI within
12 to 18 hours after injury appears to correlate with edema,
whereas T1 shortening after 3 days and T2 shortening after
6-7 days correlates with permanent brain damage'**.

MATERIALS AND METHODS

Our study was conducted from January 2005 to Dec-
ember 2006, in the Department of Radiodiagnosis, J.N.
Medical College and Hospital, AMU on 130 neonates
referred from the Neonatal Unit of our hospital with clini-
cal suspicion of intracranial ischemia or hemorrhage. In-
formed consent was obtained from the parents of the
patients included in the study. Cranial sonography and CT
were then performed within 48 hours of each other. Of
these CT could not be performed in 15 patients and in 14
patients the interval between CT and USG was more than
48 hours due to various reasons and so they were excluded.
Of the remaining 101 infants we chose 100 as the study
size, for the ease of calculations. The study included 54
preterm and 46 term infants. There were 56 males and 44
females. Imaging was performed at 10-14 days of age, as
recommended by Boal et al.¥ A detailed clinical evaluation
was done including general physical examination and
neuro-logical examination. Clinical data included estimated
ges-tational age (Ballard’s), birth weight, 1 and 5 minute
Apgar scores, mode of delivery, age at imaging and time
between sonography and CT. The relevant laboratory
investigations like serum electrolytes, arterial blood pH and
POz, and serum bilirubin were carried out whenever required.

The following exclusion criteria were taken into account :

1) Patients with known congenital CNS malformations.
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2) Patients with meningitis.
3) Patients in whom sonography and CT could not be
performed within 48 hours of each other.

Imaging

Cranial sonography was performed with a Toshiba Famio
8 Smart Ultrasound machine using multifrequency 4 MHz
and 6 MHz electronic curvilinear array probes. Eight MHz
and 12 MHz linear high frequency probes wete also used
to detect any possible extraaxial fluid collections. Standard
images in sagittal and coronal planes were obtained thro-
ugh the anterior fontanelle. Posterior sagittal and coronal
views were obtained via the posterior fontnelle, whenever
required. Non-contrast CT was done using Siemens Soma-
tom Balance single slice helical scanner using the sequence
mode at 120 keV, 120 mAs, and 1.5 second scan time per
acquisition; 5 X 5 mm contiguous axial scans were obtained.
Reduced tube current settings were used™” to reduce mean
radiation dose to the patient.

Image analysis

All sonograms and CT images were separately and inde-
pendently reviewed by two senior radiologists who were
blinded to patient history and previous radiology reports.
The images were assessed for the following abnormalities :
germinal matrix hemorthages (GMH)-Grades I through IV,
including intraventricular hemorrhages (IVH) and paren-
chymal extension (PE) (Burstein Papile et al.” classification
was used); non-matrix related hemorrhages including intra-
parenchymal hemorrhage (IPH) and extraaxial (subdural/
subarachnoid/epidural) hemorrhage; HII of the cortex,
basal ganglia, brainstem, thalamus or cerebellum; and early
and late (cystic) PVL'®. Each abnormality was scored on a
scale of 1-5 (1 = definitely not present, 2 = probably not
present, 3 = indeterminate, 4 = probably present, 5 = defini-
tely present). An abnormality was considered present if the
collective score of the two observers was at least 8.

Statistical analysis

For each technique, possible findings from the examina-
tions of the participants were rated as one of five categories
1 to 5 by the two observers. The kappa statistic for multiple
ratings per participant was used to measure interobserver
agreement®™. Kappa with linear weighting was used instead
of unweighted kappa as used erroneously by previous obser-
vers™®. Hypothesis tests were evaluated as statistically signi-
ficant when p values were less than 0.05. Comparison of
kappa statistics between imaging techniques was conducted
using the z test. When two techniques were compared, the
technique with statistically higher kappa value was consi-



dered to be more accurate for the de-
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Table 1. Spectrum of findings

tection of a specific imaging finding, - Number of cases detected on
P g & S.no. Findings Cranial sonography NCCT head

1 GMH/IVH 24 22

RESULTS 2 Norr-matrix hemorrhages 3 10

. ) 3 Periventricular leucomalacia 19 16

Tiwenty-four cases of germinal maub/ 4 Hypoxic-ischemic injury 18 33

intraventricular hemorrhages, 10 cases
of non-matrix related intracranial he-

GMH/IVH : germinal matrix hemonhage/infraventricular hemorthage

motrhages, 33 cases of HII in term infants and 19 cases of  Table 2. CT and USG of intracranial bleed in preterm infants

HII in preterm infants (PVL) were observed as per Table 1.

Preterm infants

Out of the 54 preterm infants, 24 suffered from germinal
matrix/intraventricular hemorrhages (Fig. 1), 19 suffered
from PVL and 6 patients had extra-axial hemorrhages, 2
patients of PVL also suffered from intraparenchymal he-
morrhages which were not related to germinal matrix.
Twenty of the 24 cases of IVH (83%) and 13 of the 19 cases
of PVL (68%) were seen in preterm infants of < 32 weeks
of gestational age. USG detected 24 cases of GMH/IVH
while CT detected 22 cases; 2 cases of grade I IVH being
missed on CT (Table 2). Although the kappa values of CT
(0.8544) were found to be higher than USG (0.7874), the
difference was not statistically significant. There were 13
cases of early PVL and 6 cases of cystic PVL (Fig. 2-5).
USG detected 19 cases of PVL while CT detected only 16.
Both CT and USG however detected all the cases of cystic
PVL. The kappa values of USG were found to be higher
than CT particularly for early PVL. The difference was
however, not significant. Thus the sensitivity of CT relative
to USG for the diagnosis of IVH and PVL were 91.7 and
82.75% respectively. USG was unable to detect only 1 of
the 6 cases of extra-axial hemorrhages which were revealed
by CT, indicating that sonography has poor sensitivity in
the detection of extra-axial hemorrhages (6.2%). Fur-
thermore, two small intra-parenchymal hemorrhages of the
size about 1 cm were missed on USG and were detected
only on CT.

Term infants

USG revealed 18 cases of HII as compared to 33 detected
by CT (Table 3). Additionally, USG diagnosed seven false
positive cases which were reported as definitely negative on
CT, thus the sensitivity and specificity of USG relative to
CT were only 55.5% and 72% respectively. Moreover,
kappa values of CT (0.772) were significantly higher than
the corresponding values of USG (0.5394) for the diag-
nosis of HII (p < 0.01). Two cases of intracranial bleed were
seen in term infants in our study, which were reliably diag-

nosed by both CT and USG.
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Finding of No. of patients detected by
GMH/IVH Sonogrophy NCCT
Grade | 03 01
Grade Il 09 0%
Grade It o 9
Grade V 03 03

GMH/IVH : germinal matrix hemorthage/infraventricular hemorhage

Fig. 1. Ultrasonography and computed tomography of a neonate showing
B/L grade lll germinal matrix and intraventricular hemorrhage with
hydrocephalus.
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Fig. 2. Early periventricular leucomalacia : ultrasonography shows increased
echogenicity in B/L frontal and left parietal region.

DISCUSSION

Blakenberg et al.” had previously compared the efficacy
of USG relative to CT and MRI for the diagnosis of ische-
mia and hemorrhages. However, their study was small (n =
47) and there was no adequate representation of preterm
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infants in their study. We had 54 preterm and 46 term
infants in our study and we wanted to compare the efficacy
of USG relative to CT in each subgroup. In preterm neo-
nates, out of the 34 cases of intracranial hemorrhages, 24
were germinal matrix related. Majority of the cases of [IVH

Fig. 3. Early perventricular leucomalacia: computed tomography of the
above patient shows low attenuation of white matter in B/L frontal and
parietal regions. A small focus of bleed is seen in right frontal region.

Fig. 4. Computed tomography of a patient showing cystic periventricular
leucomalacia.

Fig. 5. Ultrasonography of same patient showing cysti periventricular
leucomalacia.

Table 3. USG and CT findings in cases of hypoxic ischemic injury in
term infants

S.no.  Findings UsG cT
1 Focal/Muttifocal cerebral infarcts 9 15
2 Global ischemic changes 1 4
3 Cystic encephalomalacia 4 4
4 Cerebellar infarcts 0 2
5 Basal ganglia Infarcts 3 4
6 Thalomic infarcts 1 2
7 Brainstem infarcts 0 2

USG : ultrasonography
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(83%) were seen in the preterm neonates of less than 32
weeks gestational age. USG fared well in the diagnosis of
GMH/IVH and detected more cases than CT (24 as against
22 detected by CT). This finding was also seen by previous
observers™®. The two cases that were missed by CT were of
unilateral grade I GMH. Also, both CT and USG showed
excellent interobserver agreement in the diagnosis of grade I
to IV IVH, with kappa values of CT (k = 0.8544) being
slightly greater than USG (k = 0.7874). The difference,
however, was not statistically significant. Thus, USG should
be the preferred modality for the screening of IVH owing to
its better and excellent interobserver agreement.

CT was found to be more sensitive in detecting extraaxial
hemorrhages, and detected 6 cases of subdural bleed as
compared to only 1 detected by USG. This finding was
also noted by previous observers”*'¥. CT was also better
in detecting non-matrix related intraparenchymal hemor-
rhages and detected 4 of them. USG showed poor sensit-
vity and was unable to detect 2 of these cases where hemor-
rhage was less than 1 cm in size. Thus, our study shows that
USG is not reliable in the detection of non-matrix related
hemorrhages.

In preterm neonates, 19 cases of periventricular leucom-
alacia were observed in our study, 6 cases were of cystic
PVL and 13 of early PVL (B/L periventricular echogenicity
on USG). We found it difficult on CT to differentiate low
attenuation due to PVL from normal low attenuation seen
in premature brain. As a result, CT had lesser (though not
statistically significant) kappa values than USG for the
diagnosis of PVL, particularly early PVL (Table 2). There
were three such cases where the diagnosis was missed on
CT-scan (early PVL). Sonography on the other hand show-
ed good sensitivity and interobserver agreement for the
diagnosis of early PVL. All the 6 cases of cystic PVL were,
however diagnosed reliably by both modalities. Hence,
sonography should be the imaging modality of choice for
the detection of early PVL. However, once cystic changes
develop after 1-3 weeks, both modalities can diagnose PVL
with equal precision.

In term neonates, cranial sonography detected only 18
cases of hypoxic ischemic injury out of 33 detected by CT.
Focal ischemic lesions appeared on USG as localized areas
of variably increased echogenicity. However, interpretation
of this increased echogenicity was relatively subjective and a
number of cases (7 cases) were reported as having suspici-
ous areas of increased echogenicity which were termed as
definitely negative by CT (false positive). It was particularly
difficult to diagnose on USG cases where there was a gene-
ralized increase in echogenicity of bilateral cetebral hemis-

pheres (global ischemia). Also USG was not able to detect



any of the cases of brainstem and cerebellar infarcts (Table
3). The interobserver agreement of USG (k = 0.5394) was
significandy lower than CT (k = 0.772) (p < 0.01) in dia-
gnosis of HII in term neonates. The difference berween
ultrasound and CT for the detection of cortical HII could
not be explained by progressive evolution of ischemic
injury because there was a narrow window of time between
the performance of each examinarion (we performed
cranial sonography and CT within 48 hours of each other).
Thus, USG faired poorly in the diagnosis of HII in term
neonates. The superiority of CT for the detection of HII
has been suggested by several investigators>'®, The study
with USG-pathology correlation has demonstrated low
sensitivity (28%) in the detection of pathologically proven
Hll-associated lesions in neonates. However, 9 infants with
strong clinical evidence of HIE (low 1 and 5 min Apgar
scores) turned out to be normal at the time of CT scan, im-
plying that presence of normal scan at CT and sonography
does not entirely rule out neurological insult in the affected
neonate. Other imaging techniques such as functional and
diffusion-weighted MR imaging, positron emission tomo-
graphy, single photon emission computed tomography and
MR spectroscopy may prove to be more useful in the detec-
ton of regional cerebral blood flow/perfusion or metabolic
disturbances to precisely define the extent of injury and
thus predict future neurodevelopment outcome.

Our study did not address the issue whether serial US
examinations could provide the same diagnostic informa-
tion as CT. The changes associated with the evolution of
GMH/IVH and HII that have been observed ar serial USG
examinations can be useful diagnostically. However, this
aspect ignores the additive costs of multiple USG examina-
tions and possible delay in diagnosis. Further studies need
to be conducted to compare both conventional and newer
neuroimaging techniques with respect to cost benefit issues.

CONCLUSION

Cranial USG examination provides a relatively sensitive
and highly specific means of detecting IVH and should be
employed in screening preterm neonates for IVH and the
interobserver agreement of CT is higher than USG for the
detection of IVH, and can detect extra-axial hemorthages
which are likely to be missed on USG. Moreover, cranial
sonography has greater sensitivity and interobserver agree-
ment than CT in the diagnosis of PVL (HII of premature
brain) and therefore should be the preferred modality for
imaging PVL. In term neonates, USG fair poorly in the
detection of HII i.e., it has poor sensitivity; specificity and
interobserver agreement as compared to CT. Furthermore,
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CT is fairly precise modality for detecting HII of term
neonates and should be the mainstay in the imaging of

term neonates, where cost concerns or non-availability pre-
cludes the use of MRIL
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