ORIGINAL
RESEARCH

V.J. Rooks

J.P. Eaton

L. Ruess

G.W. Petermann
J. Keck-Wherley
R.C. Pedersen

Prevalence and Evolution of Intracranial
Hemorrhage in Asymptomatic Term Infants

BACKGROUND AND PURPOSE: Subdural hemorrhage (SDH) is often associated with infants experienc-
ing nonaccidental injury (NAI). A study of the appearance and natural evolution of these birth-related
hemorrhages, particularly SDH, is important in the forensic evaluation of NAI. The purpose of this study
was to determine the normal incidence, size, distribution, and natural history of SDH in asymptomatic
term neonates as detected by sonography (US) and MR imaging within 72 hours of birth.

MATERIALS AND METHODS: Birth history, delivery method, duration of each stage of labor, pharma-
ceutic augmentation, and complications during delivery as well as postnatal physical examination were
recorded. Brain MR imaging and US were performed on 101 asymptomatic term infants at 3-7 days,
2 weeks, 1 month, and 3 months. Clinical follow-up at 24 months was recorded.

RESULTS: Forty-six neonates had SDH by MR imaging within 72 hours of delivery. SDH was seen in
both vaginal and cesarean deliveries. All neonates were asymptomatic, with normal findings on
physical examination. All 46 had supratentorial SDH seen in the posterior cranium. Twenty (43%) also
had infratentorial SDH. US detected 11 of the 20 (55%) infratentorial SDHs and no supratentorial SDH.
Most SDHs present at birth were =3 mm and had resolved by 1 month, and all resolved by 3 months
on MR imaging. Most children with SDHs had normal findings on developmental examinations at 24

months.

ubdural hemorrhage (SDH) is often associated with in-

fants experiencing nonaccidental injury (NAI).'""* Birth-
related trauma is used in the court of law as an explanation for
SDH in infants with suspected NAI because a variety of hem-
orrhages have been reported in term neonates. A study of the
appearance and natural evolution of these birth-related hem-
orrhages, particularly SDH, is important in the forensic eval-
uation of NAI. A few published series report the finding of
hemorrhages in infants who were symptomatic in the neonatal
period."*'® Some reports suggest that the risk of SDH and
other hemorrhages found on imaging of symptomatic infants
varies with the method of delivery.'® Sonography (US) is stan-
dard practice for detecting germinal matrix hemorrhage in the
preterm neonate and has also been proved to demonstrate
posterior fossa SDH."'* MR imaging in general has a high sen-
sitivity for intracranial hemorrhage, and, with its lack of ion-
izing radiation, is a favorable technique for the evaluation of
birth trauma over CT, especially for a neonate. Previous stud-
ies conducted in an effort to determine the incidence and nat-
ural history of asymptomatic SDH in the neonate have been
limited by the use of low-field-strength (0.2T) MR imaging,
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CONCLUSION: SDH in asymptomatic term neonates after delivery is limited in size and location.

small patient numbers, or variable timing of imaging after
birth.***

The purpose of this study was to determine the normal
incidence, size, appearance, and distribution of SDH in
asymptomatic term neonates as detected by US and 1.5T MR
imaging within 72 hours of birth. In addition, we prospectively
studied the natural history of these hemorrhages. This study
can then serve as a baseline for comparison with an abnormal
pattern of SDH seen in abuse.

Methods

The protocol was approved by the Scientific Review and Human Use
Committees of the hospital. Neonates of at least 37 weeks gestation,
with normal findings on neonate physical examination by a board-
certified physician were eligible for the study. The first 101 patients
whose parents gave written consent during the approved study period
were included. Birth history, delivery method, duration of each stage
of labor, pharmaceutic augmentation with oxytocin, and complica-
tions during delivery were recorded. All neonates had normal findings
on neurologic examination by a board-certified child neurologist be-
fore imaging. Ophthalmologic examination of the retina was not per-
formed on any neonates. The first MR imaging and US for each pa-
tient were performed at <72 hours of age.

US was performed on an Acuson Sequoia 512 (Siemens Medical
Solutions, Malvern, Pa) by using 8V5 and 15L8 transducers. Standard
coronal and sagittal images of the neonatal brain through the anterior
fontanelle and images of the posterior fossa via the mastoid fontanelle
were obtained. Color Doppler flow imaging was also used when the
findings of gray-scale imaging were positive for SDH. US was per-
formed within 1 hour of the MR imaging. SDH was defined as an
extracerebral curvilinear echogenicity subjacent to the calvaria with-
out evidence of central traversing vessels on color Doppler imaging.

Imaging was timed to occur after a morning feeding. Infants were
transported to the radiology department in a mobile bassinette,
placed on the MR imaging table in an 8-channel head coil, and se-
cured with a sheet, sponges, and tape to minimize motion. Pieces of



standard foam ear protection were taped in place, and a pacifier was
offered for comfort. No infants were given sedation medications.
With a Signa 1.5T MR imaging scanner (software 11.0_M4_0403a)
(GE Healthcare, Milwaukee, Wis), we used the following imaging
sequences: 1) 3-plane localizer; 2) sagittal T2 single-shot fast spin-
echo (SE) 2D pulse sequence imaging option with a TE of 90, TR of
3000, bandwidth of 31.25, FOV of 18, section thickness of 4, 0 skip,
matrix of 256 X 192, frequency signal intensity, NEX 1, phase FOV of
0.70; 3) axial multiplanar gradient recall (MPGR) pulse sequence gra-
dient-echo imaging option, flow comp, VBW, with a TE of 20, TR of
355, flip angle of 20°, bandwidth of 15.63, FOV of 18, section thick-
ness of 4, 0 skip, matrix of 256 X 192, frequency AP, NEX 1, phase
FOV 0f 0.75; 4) axial T1 conventional SE 2D pulse sequence imaging
option, VBW, TE min, TR of 377, bandwidth of 15.63, SAT I, FOV of
18, section thickness of 4, 0 skip, matrix 256 X 192, NEX 0.75, phase
FOV 0f 0.75, frequency AP; 5) coronal T1 (posterior fossa) 2D pulse
sequence SE imaging option, VBW, TE min, TR of 502, bandwidth of
15.63, SAT I, FOV of 18, section thickness of 4, 0 skip, matrix 256 X
192, frequency direction S/I, NEX 0.75, phase FOV of 0.75; 6) axial
fluid-attenuated inversion recovery (FLAIR) 2D pulse sequence IR
imaging option, tailored radio-frequency fast, zip of 512, TE of 120,
TR of 10,000, TI of 2200, bandwidth of 15.63, FOV of 18, section
thickness of 4, 0 skip, matrix 256 X 224, frequency direction A/P,
NEX 1; 7) axial diffusion-weighted echo-planar imaging (DWI EPI)
2D SE imaging option (DIFF), number of shots 1, TE min, TR of
10,000, DWI screen b-value of 1500, diffusion direction ALL, fre-
quency of 128/128, NEX 1, FOV of 18, section thickness of 44, 0 skip,
matrix 128 X 128. Conventional SE T1 was substituted for fast SE
after 42 patients were scanned.

MR and US images were independently reviewed on a PACS
(Centricity; GE Healthcare) by 2 board-certified radiologists each
with a Certificate of Added Qualification in neuroradiology or pedi-
atric radiology. The child neurologist discussed imaging results with
parents. Infants with SDH detected on initial imaging were scheduled
for follow-up MR imaging and US examinations at 3—7 days, 2 weeks,
1 month, and 3 months or until the MR imaging and US findings were
both negative. If the initial US findings were normal, no further US
images were obtained. Final interpretations regarding the presence of
SDH on MR imaging were determined by consensus of 2 of the radi-
ologists based on SDH seen on both the immediate postdelivery initial
MR imaging and the first follow-up at 3-7 days. SDH on MR imaging
was defined as an extracerebral curvilinear signal-intensity abnormal-
ity corresponding to blood products that did not extend into the sulci.
For US and MR imaging, SDH location and size were recorded, with
size measured as a maximal width in the axial plane by using elec-
tronic calipers. In infants with SDH in multiple locations, the size of
the largest SDH was recorded. The presence of cephalohematomas
was also recorded. Evaluation for coagulopathy was not routinely
performed.

Comparison of the incidence of SDH among the delivery groups
was made by using the Fisher exact test. The average labor times and
birth weights of those with SDH and those without were compared by
using a Student ¢ test or the nonparametric Wilcoxon test if the vari-
ance in data was unequal between groups. The Fisher exact test was
used to compare prolonged duration of labor and incidence of cepha-
lohematoma in those with SDH versus those without. The compari-
son of the incidence of SDH in vaginal and cesarean deliveries aug-
mented with oxytocin administration was also performed by using
the Fisher exact test in addition to computation of the odds ratio of
increased SDH associated with giving oxytocin. Data are expressed as

mean * standard error of the mean and/or as a median within the
range of values obtained. For all tests, a value of P < .05 was consid-
ered significant. The first stage of labor was defined as the duration
from the onset of labor until the fetus was engaged in the birth canal.
The second stage of labor was defined as the duration of fetal descent
through the birth canal.

Clinical follow-up was performed in all patients who demon-
strated SDH on imaging. Patients were evaluated at their 24-month
well-child visit and assessed for developmental delay. A developmen-
tal delay (motor or speech) was defined as a delay in a particular
developmental domain compared with expected norms for age. De-
velopmental delay is used as a temporary diagnosis in young children
at risk for developmental disabilities, indicating a failure to achieve
age-appropriate neurodevelopmental milestones.?* At our institu-
tion, assessing for developmental delays is part of every well-child
visit, typically performed at 2, 4, 6, 12, 15, 18, and 24 months. The
Denver Developmental Screening Test II is applied to each child at
their well-child visit.>®

Results

One hundred one patients were enrolled in the study between
January 2005 and March 2006. There were 58 male and 43
female infants. Seventy-nine (78%) infants were born via vag-
inal delivery with (80%) via spontaneous delivery (SVD), 10
(12%) with vacuum assistance, and 6 (8%) with forceps assis-
tance (supplemental on-line Table). Thirty-five vaginal deliv-
eries were induced or augmented with oxytocin. Twenty-two
(22%) infants were delivered via cesarean delivery: 13 elective
cesarean deliveries and 9 for failure to progress and/or fetal
distress after a trial of labor. Four of the cesarean deliveries had
a trial of labor augmented with oxytocin. One cesarean deliv-
ery was assisted with forceps, and 1 was assisted with vacuum
extraction. All neonates had normal findings on neurologic
examinations at birth.

All 101 initial MR imaging examinations were successful,
without significant motion artifact. Most infants slept through
the entire examination. Examination times required <10
minutes to complete. Three MR imaging examinations were
thought to be positive for SDH on initial sequences, but the
findings were normal at the first follow-up MR imaging by 37
days of life. These were presumed to be false-positive findings
and were recategorized as negative findings. Forty-six (46%)
infants had SDH on initial MR imaging that was confirmed on
follow-up studies (supplemental on-line Table). Forty-four of
46 (95.9%) had SDH of =3 mm in thickness (range, 1.0-4.3
mm; mean, 2.1 mm). SDH was best visualized on the initial
MR imaging MPGR sequence performed before 72 hours of
life (Fig 1). All 46 patients with intracranial hemorrhage had
supratentorial SDH confirmed on 2 imaging planes on fol-
low-up imaging. All supratentorial SDHs identified within 72
hours postdelivery were seen in the posterior half of the cra-
nium. Twelve (26%) infants had SDH noted in only 1 location,
whereas most infants had SDH in 2 or 3 locations. In all, SDH
was most commonly seen in the posterior interhemispheric
fissure (parafalcine location) (30, 65%), with SDH also noted
posteriorly along the occipital lobes in 29 (63%) and over the
tentorium in 22 (48%) (supplemental on-line Table). All
SDHs were homogeneous in signal intensity on all sequences.

Twenty (43%) of the neonates with supratentorial SDH
also had posterior fossa SDH (Fig 2). No neonate had only
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Fig 1. Posterior fossa SDH in a neonate delivered via SVD. A,
Axial MPGR at <72 hours of life demonstrates lobular
symmetric low signal intensity with blooming in the posterior
fossa (arrows). B, Follow-up T1 images show high-signal-
intensity SDH (arrowheads) by 7 days.

L

Fig 2. Neonate delivered via SVD with both supratentorial and infratentorial SDH. A and B, Initial examination shows the lobular occipital SDH to be very low signal intensity on MPGR
(arrows, A) and isointense to gray matter and difficult to detect on the SE T1-weighted MR image (B). C and D, Five-day follow-up shows high T1 SDH (arrowheads) in 2 locations in 2
planes, axial supratentorial (C) and coronal, both supra- and infratentorial (D). £ and F, Two-week follow-up shows complete resolution of hemorrhage on T1 images.

posterior fossa hemorrhage detected by MR imaging. No ne-
onate had MR imaging evidence of subarachnoid, epidural, or
intraparenchymal hemorrhage. No parenchymal contusions
were seen. Two neonates had grade I germinal matrix hemor-
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rhages (1 unilateral, 1 bilateral) as well as SDHs. Twenty-two
neonates had a cephalohematoma noted at MR imaging. Eigh-
teen (82%) of these neonates had SDH. Most (11/18, 61%)
had posterior fossa SDH as well as supratentorial SDH. One




Table 1: SDH versus mode of delivery

SVD Vacuum Forceps C/S
Total deliveries 63 10 6 22
SDH 32 6 4 4
Percentage 51 60 67 18

P value* <.05 <.05 <.05

Note:—C/S indicates cesarean delivery; SVD, spontaneous vaginal delivery.
* P values represent significance of comparisons with the C/S group.

had a 1.6-cm paraventricular mass incidentally detected on
MR imaging, which was not seen on repeat US performed after
the initial MR imaging. The mass, thought to be a hamartoma,
was observed with expectant management. It remained
asymptomatic and unchanged in size on 4-month follow-up at
our institution before the patient’s family moved from our
area.

Posterior fossa SDH was seen at US in 11 (11%) neonates,
and all SDHs were confirmed on MR imaging (Fig 3). Thus,
only 55% of the 20 posterior fossa SDHs seen on MR imaging
were identified independently on US examination. US was
focused along the lateral aspects through the mastoid fonta-
nelle. Sensitivity of US detection of posterior fossa SDH im-
proved when the 3 infants with posterior fossa SDH isolated to
midline were excluded on MR imaging’; thus, 11/17 (65%)
lateral posterior fossa SDHs were detected on US. All SDHs
seen on US were also seen on MR imaging. No supratentorial
hemorrhages were detected at US.

The incidence of SDH versus mode of delivery is shown in
Table 1. All 4 neonates with SDH delivered by cesarean birth
had supratentorial SDH only. One of the neonates with SDH
and delivered by cesarean birth was born via elective cesarean
delivery for macrosomia, whereas 3 of 4 (75%) neonates with
SDH and delivered by cesarean birth had failed a trial of oxy-
tocin-augmented labor before cesarean delivery. One of these
cesarean deliveries required vacuum assistance. In compari-
son with the neonates delivered via cesarean delivery, rates of
SDH were significantly higher in all the vaginal delivery
groups (Table 1). There was no statistically significant differ-
ence in the presence of SDH in each of the vaginal delivery
groups.

The duration of the first and second stages of labor was
recorded for all neonates delivered vaginally. For neonates
with SDH, the mean duration of the first stage of labor was not
significantly different from that in those without SDH (Table

Fig 3. Neonate delivered via SVD with posterior fossa SDH
seen on US and confirmed on MR imaging. A, Axial sonogram
of the posterior fossa through the mastoid fontanel demon-
strates initial curvilinear echogenic focus adjacent to the
transverse sinus (arrow). B, Axial T1-weighted MR image
confirms high-signal-intensity posterior fossa SDH (arrow-
head) on day 7 of life.

2). The second stage of labor was significantly longer in neo-
nates with SDH than in those without SDH. A prolonged sec-
ond stage of labor (>2 hours) was also significantly longer in
the group with SDH, compared with the group without SDH.
The incidence of cephalohematoma was greater in neonates
with SDH than in those without SDH. There was no difference
in average second-stage labor duration in those with a cepha-
lohematoma compared with those without. The mean birth
weight of neonates with SDH on MR imaging was higher than
that of those with normal findings on MR imaging (Table 2).

The overall incidence of SDH in the 39 patients who re-
ceived oxytocin was not different from the incidence of SDH
in the 62 patients who did not receive oxytocin (Table 3). This
was also true for the subgroup of vaginal deliveries. However,
closer examination of cesarean delivery revealed that the inci-
dence of SDH when oxytocin was given before cesarean deliv-
ery was much higher (Table 3).

Follow-up imaging was completed in 18/46 (39.1%) pa-
tients with SDH. All 18 patients demonstrated resolution by 3
months. Two patients were only imaged at birth and at 3
months due to scheduling conflicts. Both of these patients had
normal MR imaging findings at 3 months. Fifteen of 16 pa-
tients (93.8%) whose follow-up imaging included a 1-month
MR imaging had interval resolution of their SDHs. One pa-
tient had a new frontal SDH on the 2-week MR imaging fol-
low-up examination (Fig 4). This patient had bilateral occip-
ital and posterior fossa SDH on initial imaging at birth,
confirmed on the 7-day follow-up MR imaging. He was also
noted to have extra-axial collections of infancy. At 26-days
postnatal age, the MR imaging demonstrated left frontal sub-
dural collections that did not conform to CSF signal intensity.
Of the 46 infants with SDH, 43 children had records of 2 years
of well-baby examinations at our institution. One child was
only followed to 2 months, 1 child’s family had moved out of
the area, and 1 child was not eligible for continued care in our
system. None of the 43 infants had gross motor delay. Six
(14%) children were noted to have speech delay, and 1 (2%) is
currently being evaluated for an autistic spectrum disorder.

Discussion

We confirmed reports that SDH occurs in the asymptomatic
neonate after delivery.**** The incidence of SDH (46%) is
significantly higher in our study than in previous reports. Our
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Table 2: Vaginally delivered neonates with and without SDH: mean length of each stage of labor, birth weight, and incidence of

cephalohematoma

1st stage (min) 2nd stage (min)

2nd stage >120 minutes

Cephalohematoma Birth Weight (g)

No SDH 414, 50,
(n = 55) range, 37-1439; range, 11-554;
median, 357 median, 19
SDH 448, 96,
(n = 46) range, 75-1397; range, 1-593;
median, 380 median, 27
P value* > 01 <.01

3 5 3404,

5% 9% range, 2842-4379
12 18 3589,
26% 39% range, 2867-4583

<01 <01

* P values represent significance of comparisons between no SDH and SDH.

Table 3: SDH and use of oxytocin in vaginal and cesarean
deliveries

Vaginal Cesarean Delivery
Oxytocin No Yes No Yes
No. 44 35 18 4
No SDH 18 19 17 1
Percentage 41 54 94.4 25
SDH 26 16 1 3
Percentage 59 46 56 75

P Value* > .01 > .01 <.01 > .01

* P values represent significance of comparisons between no SDH and SDH.

higher incidence may be related to improved detection and
increased sensitivity with a higher magnetic-field-strength
1.5T MR imaging scanner. Whitby et al,** by using a low-field-
strength 0.2T magnet, reported an SDH incidence of 8% over-
all and 10.5% in vaginal deliveries when they imaged within
the first 48 hours of life. Our reported incidence is most like
that of Holden et al,”' who, in a pilot study also using 1.5T MR
imaging in 1999, saw SDH in 4 of 8 (50%) asymptomatic ne-
onates in the first 4 days of life. These results suggest that SDH
after uncomplicated vaginal delivery is a common finding on
MR imaging.

Patient age at the time of MR imaging is an important
factor in determining the incidence of SDH in neonates. We
imaged neonates within the first 72 hours of life and found
SDH most readily detectable on a gradient-echo sequence,
confirmed on follow-up T1 sequences at 3—7 days of life. Most
of the SDHs resolved by 4 weeks. Whitby et al*” also found that
their 9 patients with SDH first seen within 48 hours of life had
resolution of hemorrhage on MR imaging at 4-week follow-
up. Recently, Looney et al,** by using 3T MR imaging, re-
ported SDH in 26% of neonates delivered vaginally. Infants in
this study were scanned between 1 and 5 weeks of age. We
agree that the true incidence in the population of Looney et al
may have been higher than the prevalence reported because
they may have missed SDHs that were present earlier in life
and had resolved by the time of first imaging. Patient age at the
time of MR imaging may also be important in determining an
etiology for neonate SDH. In our patients, not only were most
SDHs resolved by 1 month but SDHs had resolved by 3
months in all patients. This information may be useful to the
radiologist asked to comment on the etiology of SDH in an
infant. Our study suggests that SDH in an infant older than 3
months of age is unlikely to be birth-related regardless of the
mode of delivery.

Proposed mechanisms for SDH have included tears of the
falx and tentorium or bridging cortical veins secondary to
stretching,11 difficult delivery,zs’27 or abnormal labor.!® One
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suggested mechanism of hemorrhage after vaginal delivery is
that increased circumferential pressure and squeezing of the
head in the birthing canal result in overlap at the sutures, me-
chanical compression, and shearing of the bridging veins dur-
ing delivery, resulting in SDH.?® The true etiology remains
unknown because there is a paucity of evidence-based litera-
ture on this subject. Most reports of SDH in the neonate ap-
pear in the larger body of literature on infants who present
with symptomatic SDHs.

The forensic literature suggests that SDH can result from
rupture of bridging cerebral veins; however, it is difficult to
demonstrate rupture of bridging cerebral vessels at autop-
sy.>>*® Towner et al'® suggested that abnormal labor was a
common risk factor for hemorrhage in infants, after a retro-
spective review of deliveries in nulliparous women demon-
strated a low incidence of intracranial hemorrhage. Pollina et
al*” suggested that the method of assisted delivery rather than
the urgency of the delivery or dysfunctional labor is a more
important variable in cranial birth injuries. Although all types
of intracranial hemorrhage were more common in vacuum
extraction, not all term neonate SDHs can be explained by
circumferential head squeeze and overlapping sutures. This
finding is particularly true because we found SDH after cesar-
ean delivery as well. Perhaps additional forces during parturi-
tion are at work contributing to the rupturing of veins and or
capillaries.

In our study, the first and second stages of labor were
longer in the infants with SDH than in those without SDH.
Perhaps compressive force from the uterus during the first
stage, which propels the infant into the birth canal, is a caus-
ative factor. A prolonged first stage in combination with a
prolonged second stage of labor may be causative in that there
may not only be increased prolonged propulsive forces but
also increased molding and overlapping of sutures, which may
lead to failure of tensile strength of the stretched vessels. In-
creased pressure during the labor process may augment the
intracranial venous pressures, which also may be an additional
factor leading to SDH. The incidence of SDH in our study was
greater in neonates with cephalohematoma and was also asso-
ciated with a longer second stage of labor. The overall birth
weight of neonates with SDH was also significantly higher,
which may have resulted in increased circumferential pressure
forces from the birth canal. Although all of these factors or a
combination of these factors is plausible for the mechanism,
SDH as a product of parturition has now been documented in
asymptomatic neonates in multiple studies.'*>>22%

Although most of the asymptomatic SDHs seen at MR im-
aging and US were in neonates delivered vaginally, 18% (4 of
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Fig 4. Images obtained at 7 and 26 days postnatal age for follow-up of bilateral occipital SDH in a neonate with extra-axial collections. Axial T2, T1, gradient-refocused echo (GRE), and
FLAIR images (left to right, top row) show CSF-intensity frontal subarachnoid collections that were present since birth. Also note a thin linear T1 hyperintense GRE hypointense bilateral
posterior occipital SDH. At 26 days postnatal age (bottom row), left frontal subdural collections that do not conform to CSF signal intensity are present, consistent with spontaneous SDH.

The patient had no history of trauma and had a negative evaluation for NAI.

22) of our neonates delivered by cesarean birth also had SDH.
Most infants with SDH delivered by cesarean birth (75%) had
a trial of labor with oxytocin administration before the cesar-
ean delivery. This supports the proposal that SDH may be
related to labor. Presumably, the neonate experienced labor
during oxytocin administration before the decision for cesar-
ean delivery.

All previous reports of SDH associated with cesarean deliv-
eries have been in symptomatic infants. Welch and Strand*'
reported a series of neonates with a variety of intraparturi-
tional intracranial hemorrhages, including 3 who had SDH
and complicated cesarean deliveries either for failure to de-
scend, forceps failure, or fetal distress. Studies reporting the
incidence or prevalence of SDH in asymptomatic neonates
have not reported hemorrhages in association with cesarean
deliveries. The series by Whitby et al,® using low field
strength, did not report SDH after cesarean delivery even
when vacuum-assisted delivery was attempted. Most recently,
Looney et al** reported no SDH in 23 cesarean deliveries. The
delayed initial imaging at 1-5 weeks could account for the low
incidence of SDH detection in that study because most SDHs
in our patients resolved by 4 weeks.

The only hemorrhages detected were SDH. The location
and size of the SDHs were limited. Most SDHs in our neonates
were =3 mm. There were 2 neonates with an initial SDH >3
mm. One of these neonates had a presumed hamartoma with
an occipital SDH measuring 3.3 mm. The other infant had
increased extra-axial spaces and an initial occipital SDH of 4.3
mm. We believe that these infants had factors that may have
predisposed them to a larger initial SDH. Like other investiga-

tors)20,22

calvaria.

In our patients, supratentorial hemorrhage was more com-
mon, with 39% also having infratentorial posterior fossa hem-
orrhage. Both Looney et al*> and Whitby et al* reported in-
fratentorial hemorrhage alone being significantly more
common. We believe that confirmatory coronal imaging was
helpful in assessing supratentorial-versus-infratentorial hem-
orrhage. Only if we saw the blood products below the tento-
rium on the coronal view, would we assess the hemorrhage as
infratentorial, which is depicted in Fig 2D. This finding was
difficult to assess on the initial imaging series obtained within
the first 72 hours of life but was confirmed on subsequent
coronal T1 imaging. Also very small 1- to 2-mm supratentorial
hemorrhages, which were raised as possible SDHs on initial
gradient-echo sequences, were not confirmed to be SDH un-
less found as hyperintense on the T1 follow-up imaging. This
finding on 2 subsequent imaging studies may have increased
the number of overall supratentorial SDHs that were detected
in comparison with that of other investigators.

In our patients, both the infratentorial and supratentorial
hemorrhages were posterior in the cranium except for 1 SDH
not present on the initial MR imaging (<72 hours postdeliv-
ery) but found at a follow-up study. Initially, this patient had
bilateral posterior occipital SDHs, which were being followed
for resolution. At 26 days of life, the patient returned for the
follow-up MR imaging and was noted to have a 1-cm extra-
axial left frontal collection that did not conform to CSF atten-
uation, consistent with a spontaneous SDH. The patient was
admitted for full evaluation for nonaccidental injury to in-

we found most SDHs were in the posterior half of the
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clude skeletal survey, ophthalmologic examination, coagula-
tion panel, metabolic studies, as well as social work enquiries.
These investigations did not reveal any additional injuries or
findings to support NAI as an etiology of the spontaneous
frontal SDH (Fig4). Ata 5-month follow-up MR imaging, the
left frontal SDH resolved; however, the subarachnoid space
remained prominent in this patient. This finding suggests that
though not typical in a neonate, prominent extra-axial space is
a predisposing factor for SDHs as has been reported by other
authors.?*?

Although SDH along the interhemispheric fissure, parafal-
cine in location, is widely associated with NAI, we would sug-
gest that the pattern and location of SDH alone should not be
used to make a distinction between SDH due to NAI or birth
injury. In the pilot study of Holden et al, *' there is a descrip-
tion and illustration of an interhemispheric SDH in an asymp-
tomatic neonate. The posterior location of the SDH is gener-
ally common to reports of asymptomatic SDH, including our
study. Interhemispheric SDHs have been previously reported
in accidental trauma as well as in birth trauma and are no
longer considered specific for the type or mechanisms of inju-
1y.***® We noted that the SDH was in a more dependent po-
sition on follow-up imaging regardless of the location of the
initial hemorrhage and propose that this is likely due to the
recommended practice of the American Academy of Pediat-
rics of placing infants on their backs for sleep.’® When lying
supine, gravity may account for the posterior locations of the
SDH, indicating communication of the subdural space.

Although US could detect approximately half of the SDHs,
the area imaged was limited to the lateral posterior fossa via
the mastoid fontanelle. Midline imaging of the posterior fossa
was not routinely performed and thus the utility of US for
detection of SDH may have been underestimated. Still, no
supratentorial SDHs were detected on US. Clearly, MR imag-
ing is more sensitive than US for the detection of SDH.

The 2-year follow-up of the infants with SDH was reassur-
ing because all (100%) of the 43 children with documented
follow-up had no gross motor delay. In our study population,
6 (14%) of the children were noted to have speech delay, which
is similar to the known incidence in the general population.*
The 1 boy being evaluated for a possible autistic spectrum
disorder is not unexpected because autism is currently re-
ported to have a prevalence of 1:150, with the prevalence in
boys reported as high as 1:80.*'**> Normal findings on clinical
follow-up are reassuring but are limited because there is no
baseline for comparison in the study design. We compared
normal development with that in children who met the crite-
ria for the Denver Developmental Screening Test, which lists
expected milestones at each chronological age through 5 years.
This expected development is our norm when assessing chil-
dren in our clinic. Children not meeting expectations are
marked as having a delay and are referred for further evalua-
tion to a subspecialty clinic.

One limitation of our study was the evaluation for rebleed-
ing of SDH, which has been reported in the literature. Re-
bleeding may present either with or without clinical symp-
toms.** Although none of our infants re-presented clinically
with an SDH rebleed, the subclinical incidence of rebleeding
in our population was not studied because none of the infants
were reimaged after 3 months of age. Normal development on
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clinical examination is reassuring, indicating that major re-
bleeding did not take place.

Another limitation in our study included the need to
change MR imaging sequences and timing. We found early on
that SDH was isointense to gray matter and intermittently
difficult to see on initial imaging within the first 72 hours of
life. The SDH was seen as lobular low signal intensity with
blooming on the gradient-echo imaging. The MR imaging
findings were considered positive for SDH if the positive gra-
dient-echo sequence was confirmed on subsequent T1 imag-
ing with hyperintense signal intensity by 3-7 days. To improve
MR imaging for maximal sensitivity, we changed the original
T1-weighted fast spin-echo imaging sequence, spoiled gradi-
ent-recalled (SPGR), to a spin-echo T1 sequence. The initial
study performed with fast spin-echo SPGR was recategorized
from positive for extra-axial blood products to negative for
extra-axial blood products if findings of the follow-up study
performed at 3—7 days were negative. The recategorization
from positive to negative for SDH may have underestimated
the actual number of SDHs in our neonate population. The
SDH on initial MR imaging may have been very small and
resolved by the second MR imaging between 3—7 days of life.
Therefore, the true incidence of SDH may be slightly higher
than that reported in this study. The initial follow-up time
interval was also changed from 3 days to 5-7 days to account
for the signal-intensity conversion changes. The initial fol-
low-up at 3 days did not consistently demonstrate T1 hyper-
intense signal intensity. We, therefore, lengthened the interval
to 5-7 days to allow blood products to change to T1 hyperin-
tense, consistent with methemoglobin. This variability of the
time-interval imaging may have masked the actual timeframe
in which fetal hemoglobin changes signal-intensity
characteristics.

Another limitation to the study is the lack of follow-up
imaging in some patients. Follow-up imaging was only com-
pleted in 18 of 46 infants with SDH. We were surprised to find
that, despite the parent knowing that their infant had SDH,
follow-up appointments were often missed after the first
2-week follow-up MR imaging and US. Selection bias of the
patient population is also a potential limitation. We relied on
a random selection process limited by our ability to obtain
written consent from the parents for our sample population.

Conclusion

SDH is a common result of parturition and may be seen after
vaginal and cesarean delivery. MR imaging is more sensitive
than US for the detection of SDH. The hemorrhages seen in
asymptomatic term neonates are limited in size and location.
SDH after 1 month of age is unlikely to be birth-related.
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