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BACKGROUND AND PURPOSE: Sonography, CT, and MR imaging are commonly used to
screen for neonatal intracranial ischemia and hemorrhage, yet few studies have attempted to
determine which imaging technique is best suited for this purpose. The goals of this study were
to compare sonography with CT and MR imaging prospectively for the detection of intracranial
ischemia or hemorrhage and to determine the prognostic value(s) of neuroimaging in neonates
suspected of having hypoxic-ischemic injury (HII).

METHODS: Forty-seven neonates underwent CT (n 5 26) or MR imaging (n 5 24) or both
(n 5 3) within the first month of life for suspected HII. Sonography was performed according
to research protocol within an average of 14.4 6 9.6 hours of CT or MR imaging. A kappa
analysis of interobserver agreement was conducted using three independent observers. Infants
underwent neurodevelopmental assessment at ages 2 months (n 5 47) and 2 years (n 5 26).

RESULTS: CT and MR imaging had significantly higher interobserver agreement (P , .001)
for cortical HII and germinal matrix hemorrhage (GMH) (Grades I and II) compared with
sonography. MR imaging and CT revealed 25 instances of HII compared with 13 identified by
sonography. MR imaging and CT also revealed 10 instances of intraparenchymal hemorrhage
(.1 cm, including Grade IV GMH) compared with sonography, which depicted five. The neg-
ative predictive values of neuroimaging, irrespective of technique used, were 53.3% and 58.8%
at the 2-month and 2-year follow-up examinations, respectively.

CONCLUSION: CT and MR imaging have significantly better interobserver agreement for
cortical HII and GMH/intraventricular hemorrhage and can reveal more instances of intra-
parenchymal hemorrhage compared with sonography. The absence of neuroimaging findings
on sonograms, CT scans, or MR images does not rule out later neurologic dysfunction.

Sonography, CT, and MR imaging are all common-
ly used to screen for neonatal intracranial ischemia
and hemorrhage (1211). Few studies, however, ad-
dress the issue of which imaging techniques and
protocols are most appropriate for the diagnosis of
neonatal intracranial hemorrhage and ischemia,
both clinically and for research protocols (12216).
Sonography, although the most commonly used im-
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aging technique in neonates, is less sensitive and
less specific for the detection of intracranial isch-
emia and hemorrhage compared with CT or MR
imaging (7, 17219). It is unclear, however, whether
the greater expense and logistical difficulties in per-
forming CT and MR imaging in critically ill neo-
nates are justified (20, 21). Furthermore, the lack
of white matter myelination and patterns of isch-
emic and hemorrhagic injury are markedly differ-
ent in premature infants compared with term in-
fants and are additional complicating factors in any
cost-benefit analysis of the neuroimaging of neo-
nates with suspected hypoxic-ischemic injury (HII)
(17).

Considering the progressive limitations of med-
ical resources, imaging techniques should be
judged primarily on their relative capabilities to de-
pict the characteristics of intracranial abnormalities.
An additional but equally important set of clinical
considerations are those regarding the impact of
specific imaging findings on short- and long-term
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TABLE 1: Patient characteristics (n 5 47)

Parameter Average Range Subgroups

Estimated gestational age (wks) 37.0 6 3.5 (28–41) 12 pts # 34 wks
30 pts # term (38 wks)

Birth weight (g) 2963 6 878 (1150–5050) 9 pts # 20
36 pts # 2500

Apgar Score

1 minutes
5 minutes

4.4 6 3.1
6.6 6 2.5

(0–9)
(0–9)

31 pts # 6
18 pts # 6

Age at exam (days) 14.7 6 14.5 (0–70) 19 pts # 7
44 pts # 30

Time between exams (hrs) 14.4 6 9.6 [(minus)17–30)]* 20 pts # 12
44 pts # 24
43 pts with US

after CT or MR

Note.—* 5 # of hours between CT/MR and Sonography; Sonography performed after CT/MR was defined as positive time (hours); Sonography
performed prior to CT/MR was defined as negative time (minus hours).

TABLE 2: Associated diagnoses in neonates undergoing CT or MR
for suspected HII

Seizure or focal neurologic deficits 16 patients
Severe perinatal depression and/or cardiopulmonary

arrest 10 patients
S/P Extracorporeal membranous oxygenation
Central apnea/bradycardia and lethargy
R/O possible central nervous system malformations
Birth or perinatal trauma
Extreme prematurity (#28 weeks GA)
Persistent hypotonia/myotonic dystrophy
Severe immune hydrops
Severe hyperbilirubinemia R/O kernicterus

8 patients
4 patients
3 patients
2 patients
1 patient
1 patient
1 patient
1 patient

Total 47 patients

Note.—S/P, status post; R/O, rule out; GA, gestational age.

care of neonates as well as prognosis (13215,
20225).

In a previous study, the interobserver variability
of sonography was compared with that of CT and
MR imaging for the detection of neonatal intracra-
nial ischemia and hemorrhage (17). It was found
that the sensitivity and interobserver agreement
were significantly better for MR imaging and CT
in the detection of cortical ischemia/infarction as
compared with sonography. The study, however,
was retrospective, and the time between the per-
formance of sonography and CT or MR imaging
ranged between 0 and 72 hours, with an average of
1.41 6 0.99 days (33.8 6 24.0 hours) between im-
aging studies. In addition, there was no long-term
follow-up of neurodevelopment.

We herein report a prospective double-blinded
imaging study of 47 neonates who were admitted
consecutively to the neonatal intensive care unit
(NICU) and who underwent sonography and CT or
MR imaging within a 30-hour period at our insti-
tution. Our goal was to analyze prospectively the
sensitivity and interobserver variability of sonog-
raphy compared with CT or MR imaging in a group
of preterm and term infants who underwent CT or
MR imaging studies for the assessment of suspect-

ed HII as part of their clinical management in the
NICU.

Methods

Patient Population

Forty-seven neonates for whom CT or MR imaging was
ordered as part of the clinical care in the NICU were prospec-
tively identified by the department of pediatric radiology and
consecutively entered into the study between July 1995 and
June 1996. There were 22 male and 25 female patients. Twelve
patients were younger than 34 weeks. The remaining infants
were term or near-term infants. Once identified, patients un-
derwent portable sonography, which was performed by the pe-
diatric radiology department, at no charge to the family, under
the direction of the human subjects institutional review board.

Clinical data included birth weight, estimated gestational
age, Apgar scores, age at imaging, and time between sonog-
raphy and CT or MR imaging. These data are summarized in
Table 1. The diagnoses at admission to the neonatal unit and
clinical indications for ordering CT or MR imaging are sum-
marized in Table 2. Neonates scheduled for CT or MR imaging
who underwent sonography had their sonography study per-
formed within 14.4 6 9.6 hours of CT (n 5 23) or MR im-
aging (n 5 21). Three neonates underwent both CT and MR
imaging within 9.5 6 9.1 hours of sonography. Sonography
was performed and interpreted without knowledge of CT or
MR imaging findings. Patients with known congenital CNS
malformations, infections, or tumors, or in whom sonography
could not be performed within 30 hours of CT or MR imaging
by the pediatric radiology department, were excluded from the
study.

Imaging Studies

Sonography was performed with an Acuson 128 XP/10 unit
(Mountain View, CA) using a V7 (7 MHz) electronic sector
probe. Standard images in sagittal and coronal planes were
obtained through the anterior fontanelle. Posterior sagittal
views were also obtained from each patient via the posterior
fontanelle.

Unenhanced CT was performed on 23 neonates with a GE
9800 helical scanner (GE Medical Systems, Milwaukee, WI)
using the single-section mode at 120 keV, 200 mA, and 2-
second scan time per section; 5 3 5-mm contiguous axial sec-
tions were obtained. Three studies were performed on an Im-
atron 12.35 electron beam scanner (So. San Francisco, CA) in
cone-beam mode at 130 keV, 650 mA, and 1-second scan time
per section; 6 3 6-mm contiguous axial sections were obtained.
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MR imaging was performed with a 1.5-T Signa unit (GE
Medical Systems) using a quadrature head coil. T1-weighted
sagittal images consisted of 5-mm-thick sections with 1-mm
section separation, 600–800/16–20 /1 (TR/TE/excitations), and
a 256 3 256 matrix. Axial images were obtained as T1-weight-
ed single-echo and T2-weighted dual-echo sequences. A 5-mm
section thickness with 2- to 2.5-mm section separation was
used. T1-weighted series were obtained with 6002800/16–20/
1 and a 256 3 256 matrix. T2-weighted dual-echo sequences
were obtained with 3000/30 and 120/1, flow compensation,
and a 256 3 256 matrix.

Image Analysis

All sonograms were reviewed by three senior neuroradiol-
ogists (A.M.N., B.L., D.R.E.) who are responsible for the rou-
tine joint clinical reading of sonograms of the neonatal head
on a daily basis with the pediatric radiology department. Son-
ography was prospectively performed by or under the direction
of a pediatric radiologist (F.G.B.). The neuroradiologists were
blinded to interpretations, patient history, and previous radio-
logic reports. The corresponding CT scans and MR images
were evaluated by the same three neuroradiologists, blinded to
the reviews of other investigators and to their own sonography
scores. All CT scans and MR images were graded after the
sonograms had been scored, regardless of the chronologic or-
der of the imaging studies.

Using the grading system originally proposed by Papile et
al (26), images were assessed for the following abnormalities:
germinal matrix hemorrhage (GMH) Grades I through IV, in-
cluding intraventricular hemorrhage (IVH) and parenchymal
extension (PE) ; non-matrix-related hemorrhage, including in-
traparenchymal hemorrhage (IPH) and extra-axial (subdural/
epidural/subarachnoid) hemorrhage; HII of the cortex, basal
ganglia, brain stem, thalamus, or cerebellum; and periventri-
cular leukomalacia (PVL). Each abnormality was scored on a
scale of 0 to 4 (0 5 definitely not present, 1 5 probably not
present, 2 5 indeterminate, 3 5 probably present, 4 5 defi-
nitely present). An abnormality was considered present if at
least two observers assigned a particular finding a minimum
score of three.

Neurologic Assessment

Neurodevelopmental outcome and neurologic disabilities
were graded by a senior neonatologist (W.D.R.) without
knowledge of the neuroimaging scores. The neonatologist re-
viewed all clinical records, with the exclusion of radiology
reports. Overall neurologic assessments were grouped into
three categories: normal, suspect, and abnormal. Abnormal
findings included major tone or motor abnormalities at dis-
charge and a history of seizures during hospitalization or a
moderate to severely abnormal EEG. Suspect findings included
a mildly abnormal EEG, mild tone, or general movement (mo-
tor) abnormalities. Infants were then followed up for up to 2
years of age by the department of pediatrics or the patient’s
primary pediatrician or both. Twenty-one infants were lost to
follow-up after the age of 2 months. Normal outcomes ex-
cluded all of the above-mentioned neurologic findings.

Statistical Analysis: Interobserver Agreement

For each technique, possible findings from the examinations
of the 47 participants were rated as one of five categories (0
5 definitely not present, 1 5 probably not present, 2 5 in-
determinate, 3 5 probably present, 4 5 definitely present) by
the three observers (A.M.N., B.L., D.R.E.). The kappa statistic
for multiple ratings per participant was used to measure inter-
grader agreement (27). Kappa statistics of less than 0.40 in-
dicate poor agreement beyond chance, 0.41 to 0.75 indicates
fair to good agreement, and greater than 0.75 indicates excel-

lent agreement. Because kappa statistics depend on category
prevalence (ie, low kappa values exist for rare events), the
number of events (number of imaging findings) is presented
with each finding’s kappa (28). Kappa statistical analyses can
be applied to situations such as neonatal neuroimaging when
an abnormality cannot be assessed directly (ie, pathologic con-
firmation). In these circumstances, the reliability of that im-
aging technique can be regarded as the upper bound for ac-
curacy, according to Fleiss (27).

Hypothesis tests were evaluated as statistically significant
when P values were less than .05. The individual and overall
kappa statistics, their associated standard errors, and the one-
tailed Student’s t test for null hypotheses ratings are indepen-
dent and were calculated as described by Fleiss (27). Com-
parisons of kappa statistics between imaging techniqes were
conducted using the x2 test with one degree of freedom. When
two techniques were compared, the technique with the statis-
tically higher kappa value was considered to be more accurate
for the detection of a specific imaging finding.

Results

Kappa Analysis of Interobserver Variability
The highest kappa values for Group A (neonates

for whom sonography findings were compared with
CT results) were observed for the detection of
GMH/IVH (k 5 0.712) and cortical HII (k 5
0.548) by CT (see Table 3). Both kappa values
were significantly greater than were the corre-
sponding values for sonography (P , .001). CT
revealed 15 instances of cortical HII compared with
seven revealed by sonography. CT also showed
three instances of GMH/IVH compared with four
seen by sonography.

CT revealed 10 instances of IPH/PE, whereas
sonography revealed four. CT, however, did not
have a significantly higher degree of interobserver
agreement for IPH/PE compared with sonography
(k 5 0.486 versus k 5 0.275, respectively). In ad-
dition, all four examples of IPH/PE revealed by CT
(Group A), which measured 1 cm or greater in di-
ameter, were also revealed by sonography.

Both CT and sonography had poor interobserver
agreement for the diagnosis of thalamic/basal gan-
glia/brain stem ischemia/infarction without a sig-
nificant difference between kappa values. Sonog-
raphy revealed only one instance of thalamic/basal
ganglia/brain stem ischemia/infarction, compared
with two found by CT. For the diagnosis of PVL,
there were no significant differences in either the
number of findings observed or the interobserver
agreement for sonography compared with CT. CT
revealed four cases of extra-axial hemorrhage (less
than 1 cm maximal thickness) that were not re-
vealed by sonography.

The highest kappa values for Group B (neonates
for whom sonography findings were compared with
MR imaging results) were found for the detection
of cortical HII (k 5 0.908) and GMH/IVH (k 5
0.75) by MR imaging; both kappa values were sig-
nificantly higher than the corresponding values for
sonography (P , .001). MR imaging also showed
four more instances of cortical HII than did son-
ography (10 versus six, respectively). MR imaging
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TABLE 3: Kappa analysis of interobserver variability

Kappa Values Number of Findings*

Imaging findings

Group A

US CT

Group B

US MR

Group A

US CT

Group B

US MR

GMH/IVH (Gr I–II)†
IPH/PE (including Gr IV GMH)

.211

.275
.712†
.486

0.81
.368

.75‡

.413
4
4

3
10

1
1

1
6

HII cortical§ .261 .548\ .271 .908‡ 7 15 6 10

PVL-frontal
PVL-parietal

.390

.140
.530
.060

.060

.350
.230
.740¶

4
2

3
2

0
1

0
1

Thalamic/BG/brain stem
Ischemia/infarction

.330 .156 2.033 2.047 1 2 0 0

Extra-axial hemorrhage 2.03 .33* 2.02 .16 0 4 0 2

* Note that one patient can have more than one finding, i.e., ischemia, hemorrhage, etc. A 5 US compared with CT; B 5 US compared with
MR; BG 5 basal ganglia.

† Note there were no cases of Grade III GMH in our series of patients.
‡ P , .001.
§ Cortical ischemia/infarction including PVL.
\ P , .025.
¶ .05 , P , .1 (approaches significance).

depicted five more findings of IPH/PE than did
sonography, all 1 cm or greater in diameter, al-
though the interobserver agreement was similar for
both techniques. There was only one case of PVL
in Group B revealed by both sonography and MR
imaging, without a significant technique-related
difference between kappa values. MR imaging re-
vealed two cases of extra-axial hemorrhage (less
than 1 cm maximal thickness) not revealed by son-
ography, although without a significant interob-
server agreement difference.

Neurodevelopmental Outcome and Neuroimaging
Findings

An analysis of specific neuroimaging findings
with respect to short-term (2 months) and long-
term (2 years) neurologic outcome was performed.
Eighty-three and three-tenths percent (10 of 12
cases) of neonates with findings of ischemic injury
(with and without associated hemorrhage) had ab-
normal neurologic examinations at age 2 months,
whereas 100% (five of five cases) had abnormal
neurodevelopment at age 2 years. Significant iso-
lated hemorrhagic abnormalities (ie, parenchymal
hemorrhages 1 cm or greater in diameter) had
worse correlation with neurologic status at 2-month
and 2-year follow-up examinations, with values of
60% (three of five cases) and 66% (two of three
cases), respectively. Of note is that the neurologic
examinations of neonates with normal imaging
studies had low negative predictive values of
53.3% (ie, 16 normal neurodevelopmental out-
comes in 30 normal pairs of sonography and CT
or MR imaging studies) and 58.8% (10 of 17) at
2-month and 2-year follow-up examinations,
respectively.

Discussion
A previous retrospective study of 72 neonates

showed that CT and MR imaging had significant
advantages over sonography for the detection of
neonatal intracranial ischemia and hemorrhage
(17). The weaknesses of this work were its retro-
spective nature and the time that had elapsed be-
tween sonography and CT or MR imaging (33.8 6
24.0 hours). In the current study, we wanted to im-
prove the study design by ensuring that most, if not
all, sonography examinations (n 5 44) were per-
formed within 24 hours of CT or MR imaging (av-
erage, 14.4 6 9.6 hours; range, 17 hours before to
30 hours after MR imaging or CT). Because pa-
tients were necessarily included in the study only
when CT or MR imaging was ordered by the NICU
because of clinical suspicion of HII, there was a
strong selection bias toward term infants who, al-
though ill, could be safely moved for CT or MR
imaging, as opposed to preterm neonates who tend-
ed to be less stable and to have multiple medical
difficulties.

For the diagnosis of cortical HII, both MR im-
aging and CT had significantly better interobserver
agreement, with kappa values of 0.908 and 0.548
versus 0. 271 and 0.261 for MR imaging and CT,
respectively, as compared with sonography. MR
imaging and CT also revealed more cases of cor-
tical HII than did sonography (presence of finding
was a rating of 3 or greater by two or more inde-
pendent observers), with the total number of cases
of cortical HII revealed by MR imaging and CT of
25 versus 13 revealed by sonography. The differ-
ences between sonography, CT, and MR imaging
for the detection of cortical HII could not be ex-
plained by the progressive evolution of ischemic
injuries because there was a narrow window of
time between the performance of each examination.
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The finding of ischemic injury had a major ad-
verse impact on neurodevelopmental outcome.
Nonetheless, because most (74%) of our study pop-
ulation were term infants, there was a low inci-
dence of PVL (watershed ischemia of the immature
cerebrovascular system), making definitive conclu-
sions about the relative values of sonography, CT,
and MR imaging for the neuroimaging of preterm
infants difficult.

Surprisingly, CT and MR imaging had better in-
terobserver agreements for the finding of GMH/
IVH (ie, Grade I and II bleeds only) compared with
sonography, although sonography revealed one
more case than did CT. This result was also noted
previously by Blankenberg et al (17), although the
previous study had possibly significant time lapses
between MR imaging, CT, and sonography. The
kappa values for the detection of GMH/IVH were
relatively low in our series compared with those of
previous investigations (12). The reasons for our
low kappa values were a low prevalence of a par-
ticular finding, such as GMH/IVH, in our study
group of predominantly term infants and multiple
(three versus two) independent observers (17, 27,
28). These, in addition to other factors, may have
affected our results. The presence of GMH/IVH
(Grades I and II only; there were no Grade III hem-
orrhages in our study, and Grade IV hemorrhages
were grouped with IPH/PE) were not associated
with a worse neurodevelopmental outcome in our
series.

CT and MR imaging depicted 16 instances of
IPH (including Grade IV GMH) compared with
sonography, which showed a total of five, despite
similar interobserver agreements for all three tech-
niques (k 5 0.27520.486; ie, poor to fair inter-
observer agreement). Although the detection of pa-
renchymal hemorrhage (at least 1 cm in diameter)
had less of an association with abnormal neurod-
evelopmental outcome than did the detection of
ischemic injury in our series, it still represented a
major adverse prognostic finding.

All techniques performed poorly in the depiction
of thalamic/basal ganglia/brain stem ischemia, a re-
sult found by previous investigators (17, 18). MR
imaging and CT revealed six examples of extra-
axial hemorrhage, whereas sonography showed
none. The presence of isolated extra-axial hemor-
rhage (less than 1 cm in maximal thickness in the
current series), however, did not adversely impact
neurologic outcome (data not shown).

The prognostic significance of neuroimaging
findings in our population for the exclusion of fu-
ture abnormal neurodevelopment was, regardless of
technique used, with negative predictive values of
53.3% and 58.8% at 2 months and 2 years of fol-
low-up, respectively. This is partly because of the
low previous probability (prevalence) of normal in-
fants in our selected population in which all neo-
nates underwent CT or MR imaging for suspected
HII. In a less selected population, such as all pre-
mature infants with less than 1250-g birthweight

and a 32-week estimated gestational age (a group
usually screened for PVL and GMH/IVH by son-
ography), one would expect the negative predictive
values (ie, the accuracy in the exclusion of future
neurologic disease) to improve markedly. Because
our study group was small in size and because 44%
of the patients were lost to 2-year follow-up, we
did not attempt to calculate absolute sensitivities
and specificities of each technique with respect to
neurodevelopmental outcome.

The presence of ischemic injury and hemorrhage
(irrespective of the imaging technique used for di-
agnosis) seems to be a strong indicator of infants’
being currently with, or at risk for, neurodevelop-
mental difficulties. Other techniques, such as a pos-
itron-emission tomography, single-photon-emission
CT, MR spectroscopy, functional and diffusion-
weighted MR imaging, and sonographic power
Doppler may also prove to be more useful in the
acute antenatal situation in the detection of regional
cerebral blood flow/perfusion or metabolic distur-
bances than conventional sonography, CT, and MR
imaging to future neurodevelopmental sequelae
(29238). These issues are particularly important
for screening because sonography, CT, and MR im-
aging are all relatively poor at excluding future
neurodevelopmental problems.

Cost containment issues unfortunately will im-
pact on the clinical use of sonography, CT, and MR
imaging and on the emerging imaging technologies
listed above for the screening of neonates with sus-
pected HII. Clearly, techniques that have high in-
terobserver agreement and that are sensitive in the
detection of abnormalities, particularly intracranial
ischemia, despite cost concerns, may have ulti-
mately better cost-benefit ratios in the management
of neonates suffering form HII despite lower-cost
techniques, such as sonography. Further prospec-
tive work needs to be conducted comparing both
conventional and future neuroimaging techniques
with respect to cost-benefit issues (17).

Conclusion
MR imaging and CT have significant advantages

over sonography for the diagnosis of intracranial
ischemia and hemorrhage in neonates with sus-
pected HII. Nevertheless, early screening for in-
fants at risk for future neurodevelopmental delays
for more effective intervention remains problem-
atic. New neuroimaging technologies that examine
both physiologic and biochemical abnormalities
may provide more insight into the complexity of
the pathophysiology of HII and may allow for ear-
lier diagnosis and therapeutic intervention in neo-
nates suffering from HII.
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