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Purpose: To retrospectively evaluate the prevalence of neonatal
intracranial hemorrhage (ICH) and its relationship to ob-
stetric and neonatal risk factors.

Materials and
Methods:

Pregnant women were recruited for a prospective study of
neonatal brain development; the study was approved by
the institutional review board and complied with HIPAA
regulations. After informed consent was obtained from a
parent, neonates were imaged with 3.0-T magnetic reso-
nance (MR) imaging without sedation. The images were
reviewed by a neuroradiologist with 12 years of experi-
ence for the presence of ICH. Medical records were pro-
spectively and retrospectively reviewed for selected risk
factors, which included method of delivery, duration of
labor, and evidence of maternal or neonatal birth trauma.
Risk factors were assessed for relationship to ICH by using
Fisher exact test statistics.

Results: Ninety-seven neonates (mean age at MR imaging, 20.8
days � 6.9 [standard deviation]) underwent MR imaging
between the ages of 1 and 5 weeks. Eighty-eight (44 male
and 44 female) neonates (65 with vaginal delivery and 23
with cesarean delivery) completed the MR imaging evalu-
ation. Seventeen neonates with ICHs (16 subdural, two
subarachnoid, and six parenchymal hemorrhages) were
identified. Seven infants had two or more types of hemor-
rhages. All neonates with ICH were delivered vaginally,
with a prevalence of 26% in vaginal births. ICH was signif-
icantly associated with vaginal birth (P � .005) but not
with prolonged duration of labor or with traumatic or
assisted vaginal birth.

Conclusion: Asymptomatic ICH following vaginal birth in full-term ne-
onates appears to be common, with a prevalence of 26%
in this study.
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Intracranial hemorrhage (ICH) in full-
term neonates commonly is associ-
ated with apnea, bradycardia, and

seizures (1–4). Subdural, subarachnoid,
intraparenchymal, and intraventricular
hemorrhages have been identified in
symptomatic full-term neonates (5–8).
Several factors have been reported to
increase the risk of symptomatic ICH in
full-term newborns, and these factors
include assisted vaginal delivery (for-
ceps or vacuum extraction), maternal
parity, fetal weight, and prolonged du-
ration of labor (9–14).

Imaging studies indicate that ICH
can occur in asymptomatic newborns
(15–17), though precise incidence and
distribution of ICH in asymptomatic full-
term neonates is not clear. Results of
one large prospective study with imag-
ing (18), which was conducted by using
a 0.2-T magnetic resonance (MR) im-
ager, indicated that there was an 8%
prevalence of subdural hemorrhage in
newborns; subdural hemorrhage was
associated with vaginal delivery. In the
study, all subdural hemorrhages re-
solved at follow-up imaging 4 weeks
later.

While we conducted a prospective
study of normal brain development by
using a 3.0-T MR imager, we noted
several asymptomatic full-term neo-
nates with ICH. We hypothesized that
asymptomatic ICH would be associ-
ated with vaginal birth, traumatic vag-
inal birth, and prolonged duration of
labor. Thus, the purpose of our study
was to retrospectively evaluate the
prevalence of neonatal ICH and its re-
lationship to obstetric and neonatal
risk factors.

Materials and Methods

Patients
Pregnant mothers were recruited from
December 2002 to July 2005 as part of
an ongoing prospective study about the
investigation of prenatal and neonatal
brain development. The cohort included
control neonates and two groups of ne-
onates at high risk for psychiatric or
neurodevelopmental disorders: the off-
spring of mothers with schizophrenia
and neonates diagnosed with fetal iso-
lated mild ventriculomegaly (MVM).
Control mothers did not have a history
of psychotic illness, and their offspring
did not have MVM. Exclusion criteria
for all groups in the parent study in-
cluded major maternal medical illnesses
or major congenital abnormalities de-
picted with ultrasonography at 18–20
weeks gestation. Our ongoing Health In-
surance Portability and Accountability
Act–compliant study was approved by
our institutional review board, and in-
formed consent was obtained from the
parents of the neonates. The analysis
performed in the retrospective study we
report here is considered within the
scope of the initially approved research,
as has been confirmed by our institu-
tional review board.

Neonates who underwent MR imag-
ing after 5 weeks of age were excluded
from the nested case-control analysis,
as Whitby et al (18) found that all hem-
orrhages identified at birth had resolved
by that age. Both neonates at high risk
for psychiatric or neurodevelopmental
disease and neonates without either
were included in the analysis, as there is
no a priori evidence that such high-risk
status confers risk of ICH.

Imaging
Neonates were imaged by using a 3.0-T
MR imager (Magnetom Allegra; Sie-
mens Medical Systems, Malvern, Pa)
without sedation (19). Neonates were
fed, swaddled, fitted with ear protec-
tion, and had their heads secured in a
vacuum-fixation device. T1-weighted
structural pulse sequences were either a
three-dimensional magnetization-pre-
pared rapid acquisition gradient-echo

sequence (repetition time msec/echo
time msec/inversion time msec, 1820/
4.38/400; flip angle, 7°) or a two-di-
mensional spoiled gradient-echo fast
low-angle shot sequence (repetition
time msec/echo time msec, 15/7; flip
angle, 25°). Intermediate-weighted and
T2-weighted images were obtained with
a turbo spin-echo sequence (6200/20,
119 or 7000/18, 108; flip angle, 150°).
Spatial resolution was 1 � 1 � 1-mm
voxel for T1-weighted images and
1.25 � 1.25 � 1.5-mm voxel with
0.5-mm intersection gap (1 � 1 �
3.0-mm voxel with 0.9-mm intersection
gap for earliest studies) for intermedi-
ate-weighted and T2-weighted images.

A board-certified neuroradiologist
(J.K.S.) with 12 years of experience in
reading neonatal images retrospectively
reviewed all MR images for ICH and was
blinded to neonatal and obstetric data.
Abnormal areas of signal intensity with
signal characteristics compatible with
blood products were identified (eg, sub-
acute blood, which was bright on T1-
weighted images and dark or isointense
on T2-weighted images). The location of
this area of abnormality determined the
classification; for example, a collection
between the brain and skull or a dural
reflection that did not enter the cortical
sulci was considered subdural, one that
entered the cortical sulci or cerebrospi-
nal fluid cisterns was considered sub-
arachnoid, and a lesion that was sur-
rounded by brain parenchyma was con-
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Advances in Knowledge

� Intracranial hemorrhages are
common in asymptomatic neo-
nates after vaginal delivery, with
an estimated prevalence of 26%.

� Intracranial hemorrhages in
asymptomatic neonates delivered
vaginally are not associated with
overt signs of trauma or with as-
sisted delivery (forceps, vacuum).
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sidered intraparenchymal. Admittedly,
there could be some uncertainty as to
the exact location of some very small
hemorrhages. For example, a small
epidural hematoma may be indistin-
guishable from a small subdural hema-
toma. In such an instance, the location
was assumed to be subdural. Patients
were classified as having ICH or not
having it on the basis of this reading.
Neonates without an adequate T1-
weighted image were excluded, as all
hemorrhages were identified on the
T1-weighted image.

Data Collection
In the protocol for the parent study, one
of two trained research associates pro-
spectively collected the following obstet-
ric data: maternal age and ethnicity,
whether a cesarean or vaginal delivery
had been performed, and whether as-
sisted vaginal delivery (forceps or vac-
uum) had been performed. Separate
sets of medical records were retrospec-
tively reviewed by a medical student
(C.B.L.) and a neurosurgery resident
(L.H.M.) to obtain information about
the duration of labor, duration of rup-
tured membranes, and maternal trauma.
Duration of labor was defined as the
length of time between the reported on-
set of maternal contractions and deliv-
ery. Duration of ruptured membranes
was defined as the length of time be-
tween the rupture of maternal mem-
branes and delivery. Maternal birth
trauma was defined as vaginal, labial, or
perineal lacerations.

Two trained research associates
prospectively collected the following
neonatal data: Apgar scores; occur-
rence of neonatal sepsis, neonatal as-
phyxia, neonatal apnea, and neonatal
seizures; duration of hospital stay; sex;
neonatal head circumference; birth
weight; gestational age at birth; and ges-
tational age at MR imaging. Two indi-
viduals (C.B.L., L.H.M.), who con-
ducted a retrospective chart review by
independently reviewing individual sets
of records, recorded external evidence
of neonatal birth trauma in the form of
cephalohematoma, scalp laceration, or
bruising associated with the use of for-
ceps.

Statistical Analysis
Neonates were classified by the neuro-
radiologist (J.K.S.) who read the im-
ages in two groups: those with ICH iden-
tified on MR images and those without
ICH. Binary and categoric obstetric and
neonatal variables were compared be-
tween the groups by using the Fisher
exact test. Group differences in contin-
uous variables, such as duration of labor
and duration of ruptured membranes,
were compared with the Wilcoxon rank
sum test. Data analyses were per-
formed by using statistical software
(SAS for Windows, release 9.1; SAS In-
stitute, Cary, NC). A difference with
P � .05 (two-tailed test) was considered
significant. Because MVM could theo-
retically increase the risk of ICH, all
analyses were performed a second time
with exclusion of the cases with MVM.

Results

Patients
One hundred eighteen neonates (mean
gestational age at birth, 39.2 weeks;
range, 35.1–42.0 weeks) were imaged
in the parent study; 97 had undergone
MR imaging between the ages of 1 and 5
weeks after birth (mean age at MR im-
aging, 20.8 days � 6.9 [standard devia-

tion]). Nine neonates were excluded
from this analysis because a T1-
weighted sequence was not performed.
The final 88 (44 male and 44 female)
neonates in our study included 69 con-
trol neonates without risk for psychiat-
ric or neurodevelopmental disorders
(four from twin pregnancies), 12 neo-
nates with prenatal MVM, and seven
offspring of mothers with schizophre-
nia. Among the 88 neonates, maternal
ethnicity was as follows: 69 (78%) were
white, 16 (18%) were African Ameri-
can, and three (4%) were Asian Ameri-
can. Mean maternal age was 28.6
years � 5.3. In 65 (74%) of neonates,
delivery was vaginal; in 23 (26%), deliv-
ery was cesarean.

Seventeen (19%)—15 control neo-
nates without a high risk for psychiatric
or neurodevelopmental disorders, one
neonate with MVM, and one offspring
of a mother with schizophrenia—of 88
neonates had ICHs that were clinically
silent. The ICHs (Figs 1–3) were ob-
served in 16 neonates with single or
multiple subdural hematomas and one
neonate with an isolated germinal ma-
trix hemorrhage. Subdural hemorrhage
often coexisted with other types of ICH.
Two neonates had additional subarach-
noid hemorrhages, and five had coexist-
ing intraparenchymal hemorrhages. The

Figure 1

Figure 1: Sagittal (left) and transverse (right) T1-weighted three-dimensional magnetization-prepared
rapid gradient-echo MR images (1820/4.38/400; flip angle, 7°; section thickness, 1 mm) in a neonate show
typical size and location of subdural hemorrhage (arrow).
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intraparenchymal hemorrhages were
periventricular (hemorrhagic periven-
tricular leukomalacia) in two neonates,
were in the germinal matrix area in two
neonates, and were on the brain surface
(contusions) in two neonates (Table 1).
All subdural hematomas were infraten-
torial or low in the occipital or temporal
areas.

Risk Factors
All 17 hemorrhages occurred in full-
term neonates delivered through vagi-
nal birth and yielded a prevalence of
26% in vaginal births. Since all hemor-
rhages occurred in vaginally delivered
neonates, the neonates born with cesar-
ean delivery were excluded from the
subsequent analysis of other obstetric

and neonatal risk factors. Vaginal birth
was the only significant risk factor asso-
ciated with ICH (P � .005). Mothers of
neonates with ICH were not more likely
to have had assisted vaginal delivery or
vaginal, labial, or perineal lacerations.
Newborns with ICH were not more
likely to have had evidence of birth
trauma (Table 2). There were no signif-
icant differences in the duration of labor
or duration of ruptured membranes
(Table 3). There was no difference in
gestational age at delivery, Apgar score,
duration of hospital stay, birth weight,
or head circumference between the ne-
onates with vaginal birth who had ICH
and those who did not have ICH; neo-
nates with ICH had a significantly
younger gestational age at MR imaging
than did neonates without ICH (Table
3).

None of the neonates in this study
(with or without ICH) had evidence of
asphyxia, sepsis, or a seizure. One neo-
nate with ICH had apnea at birth. A
clinical MR image depicted an oropha-
ryngeal mass that was clinically deter-
mined to be the cause of respiratory
distress. With exclusion of MVM, find-
ings in neonates did not significantly
change; vaginal birth was still signifi-
cantly associated with ICH (P � .008,
Fisher exact test).

Discussion

We found that 26% of asymptomatic
neonates delivered vaginally had ICH at
MR imaging, and this finding suggests
that ICH is a fairly common conse-
quence of a normal vaginal delivery.
ICH has been thought to be unusual in
full-term neonates (1,8,20–27), though
the results of this study and those of the
study of Whitby et al (28) suggest other-
wise.

ICH in full-term neonates often has
been associated with birth trauma
(6,29–35), which is an association that
results from the reporting of hemor-
rhages identified with cranial imaging in
symptomatic neonates in case reports,
case series, and case-control studies. In
our study, neither assisted vaginal deliv-
ery nor evidence of neonatal birth
trauma could be used to predict the

Figure 2

Figure 2: Sagittal (left) and transverse (right) T1-weighted three-dimensional magnetization-prepared
rapid gradient-echo MR images (1820/4.38/400; flip angle, 7°; section thickness, 1 mm) in a neonate show
the largest infratentorial subdural hemorrhages (arrows) identified.

Figure 3

Figure 3: Sagittal (left) and transverse (right) T1-weighted three-dimensional magnetization-prepared
rapid gradient-echo MR images (1820/4.38/400; flip angle, 7°; section thickness, 1 mm) in a neonate show
intraparenchymal hemorrhage (arrow) in the temporal lobe.
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presence of ICH; most (13 of 17, 76%)
of the cases of ICH were in the setting of
nonassisted vaginal birth. This finding is
in agreement with that of Whitby et al
(28), who described nine neonates with
asymptomatic hemorrhage; in six of the
nine neonates, hemorrhage was associ-
ated with assisted delivery; in only two
of nine neonates with subdural hemor-
rhages, external birth trauma was an
associated finding. The authors con-
cluded that a subdural hematoma was
not necessarily associated with obvious
birth trauma. Holden et al (16) identi-
fied four of 11 neonates with clinically
silent ICH; in all, vaginal delivery was
uneventful.

The majority of the ICHs in our
study were subdural, and most were in-
fratentorial. Subdural hematomas can
result from tears in the tentorium, falx,
or bridging veins during labor (6,21).
Subdural hematoma location may be an
important determinant of symptoms, as
findings of this study and those of the
study of Whitby et al (28) suggest that
peritentorial subdural hematomas oc-
cur frequently and without immediate
clinical consequence. Alternately, even
small amounts of subdural hemorrhage
in the posterior fossa may lead to ob-
structive hydrocephalus or neurologic
deficits (21).

Subarachnoid, intraparenchymal, and
germinal matrix hemorrhages in the
full-term neonate previously have been
associated with birth trauma (6,36),
though the neonates with subarach-
noid and intraparenchymal hemor-
rhages in our study did not have obvi-
ous evidence of birth trauma. In a
review of seven spontaneous paren-
chymal and subarachnoid hemorrhages
in full-term neonates, Huang and Rob-
ertson (7) suggest that open sutures
and the compliance of the calvaria
lead to shifting of cranial bones during
vaginal delivery and, thus, to compres-
sion of brain tissue, tearing of the falx
or tentorium, or damage of bridging
veins, with resulting parenchymal or
subarachnoid hemorrhage. Of rele-
vance to the neonate with bilateral an-
terior temporal contusions in our
study, Huang and Robertson (7) note
that the pterion is a large “relatively

unprotected sutural confluence,” which
makes it a site of injury.

It is important to note that the pat-
tern of ICH in the neonates in our study
is different from that found in infants
with nonaccidental head injuries. Non-
accidental head injuries typically cause
subdural hematomas that are generally
located in the interhemispheric fissure
or over the cerebral convexities; these
hematomas are often, but not always, of
differing ages (37). In our study, the
subdural hemorrhages were of the same
age in all 16 neonates, and the majority
of the subdural hemorrhages were in
the posterior fossa or over the occipital
lobes near the tentorium. The charac-

teristics of such hemorrhages are con-
sistent with previously described birth
injuries (18). None of the subdural ICHs
were interhemispheric. As MR imaging
evaluation of neonates becomes more
common in clinical practice, these types
of incidental hemorrhages are likely to
be identified more frequently. Radiolo-
gists and pediatricians must become fa-
miliar with the appearance of these
hemorrhages and be able to distinguish
them from nonaccidental head injuries.

Cranial MR imaging is superior to
computed tomography for identification
of hemorrhages, especially extracere-
bral hemorrhages and posterior fossa
subdural hemorrhages, in neonates

Table 1

Description of the ICHs

Case No. Type Location No. of ICHs

1 Subdural, subarachnoid,
intraventricular

Posterior fossa, occipital lobe Multiple

2 Subdural, parenchymal Posterior fossa, periventricular Multiple
3 Parenchymal Germinal matrix Single
4 Subdural Posterior fossa, occipital lobe Multiple
5 Subdural Posterior fossa, occipital lobe Multiple
6 Subdural Posterior fossa Single
7 Subdural, parenchymal Posterior fossa, occipital lobe Multiple
8 Subdural Posterior fossa Multiple
9 Subdural Posterior fossa, occipital lobe Multiple

10 Subdural Posterior fossa Single
11 Subdural Posterior fossa Single
12 Subdural, parenchymal Posterior fossa, occipital lobe,

periventricular
Multiple

13 Subdural Posterior fossa, occipital lobe Multiple
14 Subdural, parenchymal Posterior fossa, occipital lobe,

temporal lobe
Multiple

15 Subdural Posterior fossa, occipital lobe Multiple
16 Subdural, parenchymal Temporal fossa, germinal matrix Multiple
17 Subdural, subarachnoid Posterior fossa, occipital lobe Multiple

Table 2

Evidence of Traumatic Birth

Type
With Hemorrhage
(n � 17)

Without Hemorrhage
(n � 71) P Value

Assisted delivery 4 (24) 9 (13) .28
Neonatal trauma 1 (6) 8 (11) �.99
Maternal lacerations 11 (65) 28 (39) .1

Note.—Data are numbers of deliveries for assisted delivery, numbers of neonates for neonatal trauma, and numbers of
mothers for maternal lacerations. Numbers in parentheses are percentages.
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(38–40). The higher rate of ICH ob-
served in our study compared with the
rate in the study of Whitby et al (18)
may be related to the improved capabil-
ity of 3.0-T MR imaging to depict hem-
orrhages. Whitby et al used low-field-
strength 0.2-T MR imaging within 48
hours after birth. In the setting of hyper-
acute hemorrhage, low-field-strength MR
imaging may afford good detection be-
cause of the T1 contrast (41). Images in
our study were obtained 1–5 weeks af-
ter delivery. The T1 contrast achieved
by using a T1 technique at a higher field
strength also may be more sensitive to
depiction of subacute hemorrhage, as
the increased time allows the hemoglo-
bin to break down to methemoglobin,
which is bright on T1-weighted images.
All the hemorrhages in our study were
dark, if they could be depicted at all, on
T2-weighted images. Since the dark
hemorrhage was usually adjacent to a
normal dark structure, such as the dura
or dural sinus, the hemorrhages were
not conspicuous on T2-weighted im-
ages. Because 3.0-T imaging is becom-
ing more common, our study findings
suggest that neonatal ICHs will become
increasingly recognized in clinical set-
tings.

There were limitations to our study.
The images were not obtained immedi-
ately after birth but in weeks 1–5 after

birth, and, perhaps, we missed cases of
ICH that had resolved. Neonates with
ICH had a younger mean gestational age
at MR imaging than did those without
ICH, and this finding suggests that im-
ages obtained closer to birth may depict
ICH more frequently. Also, our imaging
protocol did not include T2*-weighted
or magnetic susceptibility-weighted im-
ages, which might be even more sensi-
tive for depiction of hemorrhage. No
follow-up images were obtained to de-
termine imaging resolution of hemor-
rhage, and no clinical follow-up was per-
formed after the identification of ICH.
The protocol in the parent study in-
cluded neurodevelopmental follow-up
and MR imaging follow-up at ages 1 and
2 years, but, to date, follow-up has not
been performed in any of the neonates
with hemorrhage. Ultimately, we hope
to be able to determine whether ICH is
associated with later neurodevelopmen-
tal problems.

The high prevalence of ICH in our
asymptomatic population is important
for several reasons. Our findings indi-
cate that vaginal birth may be inherently
traumatic to the neonatal brain and can
result in a spectrum of ICHs, which in-
clude subdural hematomas and sub-
arachnoid, intraparenchymal, and ger-
minal matrix hemorrhages. Holden et al
(16) pointed out that retinal hemor-

rhage also is observed in 20%–40% of
newborns and that red blood cells often
are found in the cerebrospinal fluid of
newborns, and these findings indicate
that there is trauma after vaginal birth.
The long-term consequences of these
hemorrhages are unknown at this time,
though it is likely that small subdural
hemorrhages resolve quickly without
substantial consequence.

It is possible, however, that some of
these incidental ICHs that occur after
vaginal birth may have long-term conse-
quences for subsequent neurocognitive
development or may contribute to the
development of “idiopathic” epilepsy.
These incidental hemorrhages also may
increase the risk for complex multifac-
torial neuropsychiatric disorders such
as schizophrenia, which has been asso-
ciated with perinatal birth complica-
tions (42). In addition, ICH may be a
marker of traumatic forces that could
cause more subtle injury to the develop-
ing brain that would not be apparent on
MR images; examples of these trau-
matic forces are transient ischemia or
white matter tract damage, which would
also affect subsequent neurodevelop-
ment. We plan longitudinal follow-up of
this cohort, and the findings from this
follow-up may suggest answers to these
important questions.

References
1. Palmer TW, Donn SM. Symptomatic sub-

arachnoid hemorrhage in the term newborn.
J Perinatol 1991;11:112–116.

2. Painter MJ, Bergman I, Crumrine P. Neona-
tal seizures. Pediatr Clin North Am 1986;33:
91–109.

3. Mercuri E, Cowan F, Rutherford M, Acolet
D, Pennock J, Dubowitz L. Ischaemic and
haemorrhagic brain lesions in newborns
with seizures and normal Apgar scores. Arch
Dis Child Fetal Neonatal Ed 1995;73:F67–
F74.

4. Chaplin ER Jr, Goldstein GW, Norman D.
Neonatal seizures, intracerebral hematoma,
and subarachnoid hemorrhage in full-term
infants. Pediatrics 1979;63:812–815.

5. Volpe JJ. Neonatal intracranial hemorrhage:
pathophysiology, neuropathology, and clini-
cal features. Clin Perinatol 1977;4:77–102.

6. Volpe JJ. Neurology of the newborn. Phila-
delphia, Pa: Saunders, 2001.

Table 3

Newborn and Labor Variables

Variable
With Hemorrhage
(n � 17)

Without Hemorrhage
(n � 71) P Value

Gestational age at birth (wk) 39.0 (1.0) 39.3 (1.6) .44
Gestational age at MR

imaging (wk) 41.4 (1.2) 42.4 (1.7) .02
Apgar score

1 min 8.1 (1.0) 7.8 (1.5) .48
5 min 8.9 (0.4) 8.8 (0.7) .46

Duration of hospital stay (d) 2.5 (1.2) 2.38 (1.5) .82
Data at birth

Head circumference (cm) 33.8 (2.1) 34.4 (1.6) .24
Weight (g) 3267.0 (449.5) 3398.2 (501.5) .33

Duration of labor (h)* 5.8 (0.9–22.4) 7.5 (0–22.4) .74
Duration of ruptured

membranes (h)* 4.8 (0.2–18.4) 3.5 (0–23.5) .18

Note.—Data are means. Numbers in parentheses are standard deviations except where indicated otherwise.

* Data are medians. Numbers in parentheses are ranges.

PEDIATRIC IMAGING: Intracranial Hemorrhage in Neonates Looney et al

540 Radiology: Volume 242: Number 2—February 2007



7. Huang AH, Robertson RL. Spontaneous su-
perficial parenchymal and leptomeningeal
hemorrhage in term neonates. AJNR Am J
Neuroradiol 2004;25:469–475.

8. Sandberg DI, Lamberti-Pasculli M, Drake
JM, Humphreys RP, Rutka JT. Spontaneous
intraparenchymal hemorrhage in full-term
neonates. Neurosurgery 2001;48:1042–1048.

9. Castillo M, Fordham LA. MR of neurologi-
cally symptomatic newborns after vacuum
extraction delivery. AJNR Am J Neuroradiol
1995;16:816–818.

10. Towner D, Castro MA, Eby-Wilkens E, Gil-
bert WM. Effect of mode of delivery in nul-
liparous women on neonatal intracranial in-
jury. N Engl J Med 1999;341:1709–1714.

11. Odita JC, Hebi S. CT and MRI characteris-
tics of intracranial hemorrhage complicating
breech and vacuum delivery. Pediatr Radiol
1996;26:782–785.

12. Gardella C, Taylor M, Benedetti T, Hitti J,
Critchlow C. The effect of sequential use of
vacuum and forceps for assisted vaginal de-
livery on neonatal and maternal outcomes.
Am J Obstet Gynecol 2001;185:896–902.

13. Hanigan WC, Morgan AM, Stahlberg LK,
Hiller JL. Tentorial hemorrhage associated
with vacuum extraction. Pediatrics 1990;85:
534–539.

14. Wen SW, Liu S, Kramer MS, et al. Compar-
ison of maternal and infant outcomes be-
tween vacuum extraction and forceps deliv-
eries. Am J Epidemiol 2001;153:103–107.

15. Heibel M, Heber R, Bechinger D, Kornhuber
HH. Early diagnosis of perinatal cerebral le-
sions in apparently normal full-term new-
borns by ultrasound of the brain. Neuroradi-
ology 1993;35:85–91.

16. Holden KR, Titus MO, Van Tassel P. Cranial
magnetic resonance imaging examination of
normal term neonates: a pilot study. J Child
Neurol 1999;14:708–710.

17. Tavani F, Zimmerman RA, Clancy RR, Licht
DJ, Mahle WT. Incidental intracranial hem-
orrhage after uncomplicated birth: MRI be-
fore and after neonatal heart surgery. Neu-
roradiology 2003;45:253–258.

18. Whitby EH, Griffiths PD, Rutter S, et al.
Frequency and natural history of subdural

haemorrhages in babies and relation to ob-
stetric factors. Lancet 2004;363:846–851.

19. Gilmore JH, Zhai G, Wilber K, Smith JK, Lin
W, Gerig G. 3 Tesla magnetic resonance im-
aging of the brain in newborns. Psychiatry
Res 2004;132:81–85.

20. Chamnanvanakij S, Rollins N, Perlman JM.
Subdural hematoma in term infants. Pediatr
Neurol 2002;26:301–304.

21. Perlman JM. Brain injury in the term infant.
Semin Perinatol 2004;28:415–424.

22. Bergman I, Bauer RE, Barmada MA, et al.
Intracerebral hemorrhage in the full-term
neonatal infant. Pediatrics 1985;75:488–
496.

23. Roland EH, Flodmark O, Hill A. Thalamic
hemorrhage with intraventricular hemor-
rhage in the full-term newborn. Pediatrics
1990;85:737–742.

24. Hernansanz J, Munoz F, Rodriguez D, Soler
C, Principe C. Subdural hematomas of the
posterior fossa in normal-weight newborns:
report of two cases. J Neurosurg 1984;61:
972–974.

25. Sachs BP, Acker D, Tuomala R, Brown E.
The incidence of symptomatic intracranial
hemorrhage in term appropriate-for-gesta-
tion-age infants. Clin Pediatr (Phila) 1987;
26:355–358.

26. Pollina J, Dias MS, Li V, Kachurek D, Arbes-
man M. Cranial birth injuries in term new-
born infants. Pediatr Neurosurg 2001;35:
113–119.

27. Fink S. Intraventricular hemorrhage in the
term infant. Neonatal Netw 2000;19:13–18.

28. Whitby EH, Paley MN, Smith MF, Sprigg A,
Woodhouse N, Griffiths PD. Low field
strength magnetic resonance imaging of the
neonatal brain. Arch Dis Child Fetal Neona-
tal Ed 2003;88:F203–F208.

29. Scotti G, Flodmark O, Harwood-Nash DC,
Humphries RP. Posterior fossa hemorrhages
in the newborn. J Comput Assist Tomogr
1981;5:68–72.

30. Pierre-Kahn A, Renier D, Sainte-Rose C,
Hirsch JF. Acute intracranial hematomas in
term neonates. Childs Nerv Syst 1986;2:
191–194.

31. Tanaka Y, Sakamoto K, Kobayashi S, Koba-

yashi N, Muraoka S. Biphasic ventricular di-
latation following posterior fossa subdural
hematoma in the full-term neonate. J Neuro-
surg 1988;68:211–216.

32. Avrahami E, Frishman E, Minz M. CT dem-
onstration of intracranial haemorrhage in
term newborn following vacuum extractor
delivery. Neuroradiology 1993;35:107–108.

33. Welch K, Strand R. Traumatic parturitional
intracranial hemorrhage. Dev Med Child
Neurol 1986;28:156–164.

34. Hayashi T, Hashimoto T, Fukuda S, Ohshima
Y, Moritaka K. Neonatal subdural hema-
toma secondary to birth injury: clinical anal-
ysis of 48 survivors. Childs Nerv Syst 1987;3:
23–29.

35. Williamson WD, Percy AK, Fishman MA, et
al. Cerebellar hemorrhage in the term
neonate: developmental and neurologic out-
come. Pediatr Neurol 1985;1:356–360.

36. Hayashi T, Harada K, Honda E, Utsunomiya
H, Hashimoto T. Rare neonatal intracerebral
hemorrhage: two cases in full-term infants.
Childs Nerv Syst 1987;3:161–164.

37. Lonergan GJ, Baker AM, Morey MK, Boos
SC. From the archives of the AFIP. Child
abuse: radiologic-pathologic correlation. Ra-
dioGraphics 2003;23:811–845.

38. Keeney SE, Adcock EW, McArdle CB. Pro-
spective observations of 100 high-risk neo-
nates by high-field (1.5 Tesla) magnetic
resonance imaging of the central nervous
system. II. Lesions associated with hypoxic-
ischemic encephalopathy. Pediatrics 1991;
87:431–438.

39. McArdle CB, Richardson CJ, Hayden CK,
Nicholas DA, Crofford MJ, Amparo EG. Ab-
normalities of the neonatal brain: MR imag-
ing. I. Intracranial hemorrhage. Radiology
1987;163:387–394.

40. Kidwell CS, Chalela JA, Saver JL, et al. Com-
parison of MRI and CT for detection of acute
intracerebral hemorrhage. JAMA 2004;292:
1823–1830.

41. Brooks RA, Di Chiro G, Patronas N. MR
imaging of cerebral hematomas at different
field strengths: theory and applications.
J Comput Assist Tomogr 1989;13:194–206.

42. Gilmore JH, Murray RM. Prenatal and peri-
natal factors. In: Lieberman JA, Perkins DO,
Stroup TS, eds. Textbook of schizophrenia.
Washington, DC: American Psychiatric
Press, 2006; 55–67.

PEDIATRIC IMAGING: Intracranial Hemorrhage in Neonates Looney et al

Radiology: Volume 242: Number 2—February 2007 541


