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Normal Computerized Tomography of Brain
in Children With Shaken Baby Syndrome

air Morad, MD,a Isaac Avni, MD,a Scott A. Benton, MD, FAAP,b Rachel P. Berger, MD, MPH,c

ulie S. Byerley, MD, MPH,d Kathryn Coffman, MD,e Christopher S. Greeley, MD, FAAP,f

dward E. Gustavson, MD,g Carolyn J. Levitt, MD,g Ann Lenane, MD,h Jan Topley, MD,i and
lex V. Levin, MD, MHSc, FRCSCj

bjective: To characterize the clinical presentation and clinical course of shaken baby syndrome (SBS) with
ormal cranial computerized tomography (CT) on admission and to suggest further diagnostic procedures in such
ircumstances. Methods: Using a worldwide listserv designed to facilitate discussion in the field of child abuse
nd neglect, we solicited case information for children hospitalized in different medical centers, who were
iagnosed with SBS and had a normal CT scan on admission. Results: Nine cases were identified. While all
hildren had an abnormal neurologic examination on admission, eight had a normal CT, and one had “widening
f cranial sutures.” In four cases, subdural hemorrhage was diagnosed on magnetic resonance imaging (MRI) 3

o 7 days after admission. Five children had bone fractures. The neurological outcome was normal in four of nine
ases. Five children had long-term neurologic damage. The diagnosis of SBS was supported by either perpetrator
onfession, characteristic evolution of brain abnormalities on CT or MRI, inconsistent or absent explanatory
istory, and/or other social risk factors. Conclusion: The diagnosis of SBS can be established even when brain CT

s normal on admission. The documentation of retinal hemorrhages is of primary importance in establishing the

iagnosis of SBS in these cases. (J AAPOS 2004;8:445-450)
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irst described by Guthkelch,1 and later more specif-
ically defined by Caffey in the 1970’s as “whiplash
shaken infant syndrome,”2 the Shaken Baby Syn-

rome (SBS) is a form of child abuse caused by violent
haking of an infant or young child, usually manifested as
combination of brain, ocular, and skeletal injury. Of this

riad, brain injury is considered to be the most frequent,
eading to neurologic abnormalities that exist at presenta-
ion in virtually all patients. Ocular injury, usually retinal
emorrhages, may be found in 50 to 100% of shaken

nfants.3,4 Skeletal findings, usually fractures of the long
ones and ribs, are reported in 10 to 30% of the cases.5

rom the Department of Ophthalmology, Assaf Harofeh Medical Center, Tel Aviv Uni-
ersity, Zrifin, Israel; Department of Pediatrics, Children’s Hospital, New Orleans, Lou-
siana, USA; Children’s Hospital of Pittsburgh, Pittsburgh, Pennsylvania, USA; Depart-
ent of Pediatrics, University of North Carolina School of Medicine, North
arolina, USA; St. Joseph’s Hospital Child Abuse Assessment Center, Phoenix, Arizona,
SA; Division of General Pediatrics, Vanderbilt University Medical Center, Nashville,
ennessee, USA; Department of Pediatrics, Children’s Hospital of St. Paul, University of
innesota, St. Paul, Minnesota, USA; University of Rochester, Department of Emergency
edicine, Rochester, New York, USA; Community Child Health, Pendragon House, Royal

ornwall Hospital, Cornwall, England; Departments of Pediatrics and Ophthalmology,
he Hospital for Sick Children, University of Toronto, Toronto, Ontario, Canada.
ubmitted June 18, 2003.
evision accepted June 22, 2004.
eprint requests: Alex V. Levin, MD, MHSc, FRCSC, Department of Ophthalmology,
-158, The Hospital for Sick Children, 555 University Ave., Toronto, Ontario, M5G

X8, Canada. E-mail: alex.levin@sickkids.ca
opyright © 2004 by the American Association for Pediatric Ophthalmology and
trabismus.
091-8531/2004/$35.00 � 0
toi:10.1016/j.jaapos.2004.06.007

ournal of AAPOS
rain injuries are diffuse; in a study of 75 children with
BS, the most common finding was subdural hemorrhage
SDH) (93%), followed by cerebral edema (44%), and
ubarachnoid hemorrhage (16%).6 Other less frequent
ndings include parenchymal contusion, epidural hemor-
hage, and vascular infarction. Virtually all 75 patients in
hat study had abnormal cranial computerized tomography
CT) on admission. Similar results were reported by Kivlin
nd coworkers, in a series of 111 patients.4

It is fairly well accepted that a child with the character-
stic ocular and cranial findings or even cranial findings
lone can be diagnosed as suffering from SBS. However,
ases in which admission CT is normal present a particular
iagnostic dilemma. We describe nine cases in which the
iagnosis of SBS was made by child abuse experts in such
ircumstances and comment on the further diagnostic
ork-up that is necessary in these cases.

ETHODS

sing a worldwide listserv designed to facilitate discussion
n the field of child abuse and neglect, we solicited case
nformation for children hospitalized in different medical
enters who were diagnosed with SBS despite a normal
T scan on admission. Diagnosis of SBS was based on the
resence at least two of the following criteria: (1) abnormal
eurological examination; (2) skeletal injury consistent
ith SBS; (3) retinal hemorrhages; and (4) history of child

buse that included shaking with or without blunt head

rauma or an inadequate history to explain the observed
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njuries. We excluded children that were believed to suffer
rom other forms of child abuse without evidence of SBS.
ll children were evaluated by multidisciplinary child
buse teams at the hospital where the diagnosis was made.

ESULTS

ine children fulfilled the inclusion criteria. Ages ranged
rom 3 to 17 months (average, 6.8 months). Six were

ABLE 1 Clinical and Demographic Details of the Study Group

No.
Sex/Age
(months)

Neurologic Signs
on Admission

Signs of Trauma
on Physical
Examination CT

1 M/5 Vomiting, irritable Buldging
fontanelle,
small bruises
on his back and
spine

Normal Norm
At
sub
wa
firs
ret

2 F/16 “Limp” in the bed,
after crying with
an “unusual
voice”

Blood around the
child’s mouth,
bruising to ear

Normal At 5
int
in
fro
con
sm
ass
blo

3 M/5 Seizures, profound
lethargy,
irregular
breathing

None Normal Norm
7 d

4 F/17 Apathy, decreased
muscle tone

None Normal Not d

5 F/3 Irritability Tender arm Normal Norm
6 M/5 Decreased muscle

tone, irritable,
drowsy

Widening of
cranial sutures

Normal 6 day

7 M/3 Seizures None Normal Norm

Bilate
SD

8 M/2 Fussiness Possible healing
bite on arm,
traumatic
lesions around
the anus and
on the buttocks.
Rectal prolapse.

Normal Norm

9 M/5 Difficulty breathing None Normal At 3
sub
he

DH, Subdural hemorrhage; RH, retinal hemorrhage; VH, vitreous hemorrhage.
ales. Case histories are summarized in Table 1; Four t
hildren had normal neurological outcome and five chil-
ren had long-term neurological deficits. All the children
ith abnormal outcome had abnormal results on MRI

cans that were done after admission, while none of the
our children with normal outcome had an abnormal MRI
can. All five children with abnormal neurological out-
ome had severe retinal hemorrhages, sometimes accom-
anied by vitreous hemorrhage or papilledema. In con-

I
Skeletal
Survey

Ocular
Examination Neurologic Outcome

dmission.
, bifrontal
uid that
nt on

in
.

Rib fractures Scattered bilateral
preretinal and
RH

Communicating
hydrocephalus, mild
motor developmental
delay

mall CSF-
ygroma
t
rietal
with
of
acute

ucts

Normal Confluent bilateral
RH

Ataxia

4 hours,
months

Long bone
and rib
fractures
at 12 days

Confluent RH �
VH bilaterally

Normal

Normal 10 scattered RH
in each eye

Normal

weeks Normal Unilateral VH Normal
p edema Rib fractures Confluent RH �

marked
papilledema
bilaterally

Poor head control,
intermittent esotropia,
and poor tracking
ability

4 hours Long bone
and rib
fractures

Bilateral multi-
layered RH �
VH
necessitating
vitrectomy

Seizure disorder; motor
developmental delay of
6 months

acute
days
4 hours Normal Multiple RH in

right eye, single
hemorrhage in
the left eye

Normal

mall

e

Healing rib
fractures
and
clavicle
fracture

Bilateral confluent
RH

Seizures, swallowing
difficulties
MR

al on a
5 days
dural fl
s prese
t MRI
rospect
days, s
ensity h
the righ
ntal–pa
vexity
all foci
ociated
od prod
al at 2
ays, 6

one

al at 4
s: scal

al at 2

ral sub
H at 7
al at 2

days, s
dural

morrhag
rast, three of the four babies with normal neurologic
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utcome had relatively mild ocular damage. One had few
cattered hemorrhages; one had unilateral localized vitre-
us hemorrhage with no other retinal hemorrhages and
he third had only one hemorrhage in one eye and many
emorrhages in the other eye.

For none of the babies was a history of violence given
n admission. Babies were described to be “sleepy,”
limp,” “choking,” or having seizures. In two cases the
erpetrator confessed to abusively shaking the child.

Below are two illustrative case reports.

ase 1

5-month-old male presented to the Emergency Depart-
ent with a 2-week history of vomiting, occasional epi-

odes of diarrhea, and low-grade fever. On examination he
as found to be fussy but consolable, afebrile, and with
ormal vital signs. His fontanel was full but flat and his
one was decreased. He had a small bruise on his back. A
ead CT was normal (Figure 1a). He was discharged
ome. Two days later he returned to the Emergency
epartment with a bulging fontanel and worsening irrita-

ility and was admitted. A repeat head CT was normal.
umbar puncture showed 588 red blood cells/mm3. MRI
f the brain that night was initially read as normal. The
ollowing morning rib fractures were noted on radio-
raphs. An ophthalmologist observed scattered bilateral
reretinal and retinal hemorrhages in both eyes. Repeat
RI a day later showed small bifrontal subdural fluid

ollections (Figure 1b). These were subtle, but in retro-
pect, had been present on the first MRI. The child was
outinely cared for by his mother, father, and a non-
elative babysitter. On a follow-up examination two
onths later, the child was found to have a communicating

ydrocephalus and developmental delay. Most of the ret-
nal hemorrhages had resolved except for the remaining
vidence of macular hemorrhage. No perpetrator was
dentified.

ase 2

16-month-old girl was reported by her mother’s boyfriend
o be found “limp” in the bed, with blood around the child’s
outh after crying with an “unusual voice.” On admission to

he hospital, physical examination was remarkable only for a
mall amount of bruising of one ear. No intra-oral injury was
oted. Cranial CT was normal (Figure 2a), as were skeletal
urvey, electro-encephalogram, electrocardiogram, and lab-
ratory examinations (complete blood count, thrombin and
ro-thrombin time, serum chemistry). Ophthalmological ex-
mination done after 3 days revealed “extensive retinal hem-
rrhages bilaterally.” MRI done 5 days after admission (Fig-
re 2b) disclosed a small CSF-intensity hygroma in the right
rontal–parietal convexity with small foci of associated acute
lood products. The child was discharged home. On a fol-
ow-up examination one month later she was reported to be
clumsy” and was found to be ataxic. The perpetrator was not

dentified. e
ISCUSSION

on-accidental head injury is the most common cause of
ead trauma in infants and young children in the United
tates.7 Neurologic signs are the most frequent cause for
dmission of these children.6 However, in the absence of
lear evidence for intracranial damage, the diagnosis of
BS may be challenging. In small children, the presenting
ymptoms of SBS may mimic gastroenteritis, viral illness,

IG 1. (a) Cranial CT of Case 1 done on admission. No abnormalities
an be detected. (b) MRI of the brain done in the same child a day

ater showing small bifrontal subdural fluid collections (arrow). On
etrospect these collections were present on MRI done at the night
f admission.
ncephalitis, and convulsive disorders.8,9 Although detec-
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ion of retinal hemorrhages is extremely helpful, the doc-
mentation of intracranial injury is believed by many to be
andatory for establishing the diagnosis. According to the
merican Academy of Pediatrics, CT imaging without
ontrast should be performed as part of the initial evalu-
tion for any child with suspected inflicted head injury.10

hen the CT scan is interpreted as normal and the only
anifestation of child abuse is retinal hemorrhages, the

iagnosis of SBS may be questioned or missed.
In this study we described nine cases in which a diag-

osis of SBS was made despite a reportedly normal head
T on admission. In review of the literature, we have

ound other similar reports. In 1987, Sinal and Ball found
/22 (13%) children with SBS to have normal head CT.11

eldman and coworkers reported a similar rate of 4/34
11.7%).12 Sato and coworkers had reported a higher rate

IG 2. (a) Cranial CT of Case 2 done on admission, showing no
bnormalities. (b) MRI done 5 days later disclosed small CSF-

ntensity hygroma in the right frontal–parietal convexity with small
oci of associated acute blood products (arrows).
f 6/19 (31%), three of whom had an abnormal MRI.13 s
owever, reports by Cohen et al (37 children),14 Dias et al
33 infants),15 Kivlin et al (111 children),4 and Morad et al
75 children),6 have failed to find any child with normal
T on admission. With the exception of the paper by
eldman’s group, one must also consider that the other
rior reports all come from the earlier days of CT scan-
ing, when subtle signs of intracranial hemorrhage may
ave been missed. In our cases imaged with CT technol-
gy, we suggest other possible explanations.

T Performed in the Hyperacute Phase

ecause CT is usually readily available, it may be per-
ormed in the hyper-acute phase, when clear evidence of
ntracranial bleeding is not yet apparent. We believe this is
emonstrated in our cases 1 and 7, who had a CT and MRI
one in the Emergency Department. In these cases, MRI
one 5 to 7 days after admission revealed intracranial
lood that was not clearly evident in the initial CT and
RI. We believe that during the intervening time blood

ontinued to accumulate until it was demonstrated by
RI. Chabrol and coworkers report a similar chain of

vents in their description of the role of MRI in detecting
hildren who were abused.16 Giangiacomo and Barkett
lso reported a child with SBS that had a normal CT scan
n admission but with clear evidence of ventricular en-
argement and subdural effusion in a CT done 2 weeks
ater.17 Feldman and coworkers described 34 cases of chil-
ren diagnosed with SBS,12 7 of whom had normal CT on
resentation. Of these, three children who did not im-
rove clinically had another cranial CT later in the course
f treatment. These scans disclosed subdural or subarach-
oid hemorrhages that were not present on the first CT
can.

ubtle Intracranial Damage not Shown on CT

our of our nine infants had no apparent neurological
amage on follow-up examination, and only one needed
urgical intervention. Outcome studies of SBS victims sug-
est that over two-thirds either die or sustain neurologic
equelae.9 It may be that in our group of patients the
nflicted damage was not severe enough to cause damage
hat is recognizable on admission CT. This observation
as also made in Feldman’s report in which four children
ho had normal CT recovered completely.12 However,

his is not uniformly the case. Green and coworkers in
heir series of autopsies done in children who died from
BS report on a child that had only signs of ocular trauma,
ven at post-mortem examination.18

njuries Detectable by MRI but not CT

ight of our nine patients had MRI scanning. In cases 1, 3,
, and 8, an MRI done within 24 hours of admission did
ot add any clinical information. Although a repeated MRI
one several days later was still normal in case 3, in case 7
t revealed subdural hemorrhage, and in case 1, bifrontal

ubdural fluid were detected.
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Sato and coworkers13 compared the usefulness of CT to
RI imaging in child abuse. Of 19 patients studied, 13 had

ntracranial abnormalities demonstrated by both methods;
patients did not have any abnormality in either method

nd 3 had abnormal MRI imaging but normal CT. They
ound MRI to be better than CT in detecting SDH, as CT
id not detect more than 70% of small or transversely
riented hematomas. Other authors also regard MRI as
he method of choice for detection of small subacute and
hronic SDH.19

SDH is the most common intracranial finding in
BS.4,6 Small SDH may be missed by CT especially if is
hin and lying close against the inner table, above or under
he brain, because of volume averaging of the hematoma
ith the overlying bone.20 SDH may also be obscured by

he beam-hardening effect commonly present in the pos-
erior cranial fossa.13,14 In the acute phase, the density of
hese hematomas is close to that of the CSF or the brain,
aking them even more difficult to detect, especially in a

oung infant, which normally has a conspicuous subarach-
oid space.20

Another advantage of MRI is the ability to more accu-
ately date blood accumulation. The presence of an old
ollection of blood may have unique forensic importance
n establishing the diagnosis of SBS. It has been recom-

ended that the MRI be performed five to seven days after
he injury, since earlier scans may fail to detect acute
ubarachnoid or subdural hemorrhages.10 MRI is also su-
erior to CT in detecting non-hemorrhagic intra-axial
njuries such as cortical contusion or shearing.

Diffusion-weighted MRI is a new noninvasive imaging
echnique that can be performed in addition to conven-
ional MRI. It may be useful in the diagnosis of acute
erebral ischemia and may be more sensitive than conven-
ional MRI in the detection of diffuse axonal injury.21,22

ecently, Biousse et al reported the use of this imaging
echnique in SBS.23 Apart from intracranial hemorrhage
hat was seen in all cases, this new MRI technique detected
arenchymal lesions, caused by tissue ischemia, which can
e missed by conventional CT and MRI. It may be that, in
ases such as ours, diffusion-weighted MRI could be
seful.

Sonography via the anterior fontanelle can also be use-
ul in some cases of SBS. This technique can demonstrate
ubcortical white matter tears in the frontal and anterior
arasagittal regions.24 It may also be helpful in detecting
nd differentiating subdural collections.25 However, the
merican Academy of Pediatrics cautioned that because

onography is insensitive in detecting small acute SDHs,26

t should be performed only in conjunction with CT, MRI,
r both.10

In reviewing the history given by all the caregivers of
he children in our study, it is interesting to note that none
eported that the children suffered from any trauma before
dmission. This phenomenon was noted by others: only

9% of the 75 children reported by Morad et al had any
eport of trauma before admission,6 and 83% of the chil-
ren with SBS and SDH reported by Feldman et al were
eported to have minor fall or no trauma at all.12 Hettler
nd Greenes found that, in children with head injury, no
eport of trauma to be highly specific and predictive for
hild abuse, up to 100% specificity and positive predictive
alue in the subgroup of children who had persistent
eurologic damage at hospital discharge.28

Papilledema was noted in only one of our patients. This
ompares with previous reports that also noted papill-
dema to be uncommon in SBS.6 Previous studies had
uggested that a correlation may exist between the severity
f the intracranial damage and the extent of retinal hem-
rrhages.29 Although our study group is small, we have
ound a similar trend. All the children who had abnormal
eurologic outcome had extensive bilateral retinal hemor-
hages, while three of the four children with normal neu-
ologic outcome had a milder ocular injury.

MRI detected delayed intracranial hemorrhage in four
atients, three of whom had an abnormal neurological
utcome. In contrast, only one of five of the babies with
ormal MRI had neurologic damage. Although our sample

s small for statistical evaluation, this trend speaks for
etter prognosis when MRI is normal.

What is the preferred mode of action for establishing
he diagnosis of SBS when CT is interpreted as normal on
dmission? CT is only one part of the diagnostic work-up
n these children. Abnormal ocular examination, the pres-
nce of fractures, or other signs of trauma on physical
xamination help in establishing the diagnosis of SBS.
valuation of the CT scan by an experienced pediatric
euroradiologist may detect findings not recognized by
hose less familiar with the pediatric brain and SBS. If CT
s again interpreted as normal, an MRI scan may establish
he diagnosis. This ideally should be done on days 5 to 7.
ranial sonography may also add useful information. If the

hild continues to be neurologically unstable, a repeated
T may show intracranial abnormalities that were not

pparent on admission.
In conclusion, our report confirms that the diagnosis of

BS can be made in children with normal CT imaging.
egative CT or MRI does not rule out the diagnosis of

rain injury caused by SBS, which can occur in the absence
f blood on neuroimaging. The reason for the abnormal
can may be the result of timing, misinterpretation by a
adiologist, or insensitivity of the CT scan and/or MRI.
ur report also emphasizes the importance of diagnosing

etinal hemorrhages in cases in which head imaging is
ormal and the ocular examination in combination with
he neurologic examination are the only signs of injury to
he child.
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An Eye on the Arts – The Arts on the Eye

On the eye chart I make out the big E, and from then on it’s guesswork. The
doctor procures lens after lens from the cabinets as if they were mounted
butterflies and holds them to my face. I see roseate rings of color, rainbow
reflections from the thick glass, but try though I may, I can’t climb down those
oscillating tunnels of promised clarity.

Throughout the exam I am talked about in the third person: “He doesn’t
seem to distinguish between lens one and two, let’s not change his prescription
for now.”

—Stephen Kuusisto (from Planet of the Blind)
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