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ORIGINAL ARTICLE

The Significance of Macrocephaly or Enlarging Head
Circumference in Infants With the Triad

Further Evidence of Mimics of Shaken Baby Syndrome

David Miller, BS, * Patrick Barnes, MD, } and Marvin Miller, MD}f

Abstract: Infants with the triad (neurologic dysfnction, subdural hema-
toma [SDH], and retinal hemorrhage) are often diagnosed as victims of
shaken baby syndrome. Medical conditions/predisposing factors to devel-
oping the triad are ofien dismissed: short falls, birth-related SDH that en-
larpes, macrocephaly, sinus/cortical vein thrombosis, and others. Six
infants with the triad are described in which child abuse was diagnosed,
but parents denied wrongdoing, All 6 had either macrocephaly or enlarging
head circumference, which suggested medical explanations. Three infants
incurred short falls, 1 had a difficult delivery in which there was likely a
rebleed of a birth-related SDH, 1 had a spontaneous SDH associated with
increased extra-axial fluid spaces, and 1 had a sinus thrombosis. Following
legal proceedings, all 6 infints were returned to their parents, and there has
been no child malireatment in follow-up, suggesting child abuse never hap-
pened. The results indicate that alternative medical explanations for caus-
ing the triad should be considered and that macrocephaly or an enlarging
head circumference raises the possibility of a medical explanation.

Key Words: shaken baby syndrome, abusive head trauma, cortical/sinus
thrombosis, child abuse, macrocephaly, increased extra-axial fluid spaces

(4m J Forensic Med Pathol 2015;36: 111-120)

he triad consists of neurologic dysfimction, subdural hema-

toma (SDII), and retinal hemorrhage (RH). Infants with the
triad in which parents/caregivers have no apparent explanation
and in which there is no significant prior trauma are often diag-
nosed as having shaken baby syndrome (SBS) or abusive head
trauma (AHT). The authors have noticed that in some cases of
the triad there is impressive macrocephaly or enlarging head cir-
cumference that may indicate a medical canse of the triad and
not child abuse. Here we present 6 such cases in which the infant
was returned to the parents after legal proceedings and without
any fitture evidence of child malireatment on follow-up

METHODS

Two of the authors have been involved in the evaluation of
infants with the triad in which the parents were initially accused
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of child abuse. We reviewed such cases in which there was
macrocephaly at birth or an enlarging head circumference during
the first few months of life prior to the presentation with the triad,
observations that suggest alternative medical diagnoses. The
following information was obtained for each case: birth history,
medical history, family history, head circumference growth, head
imaging studies, outcome of legal proceedings, and long-term dis-
position of child including any evidence of child abuse. The fol-
lowing 6 cases are of infants in which SBS or AHT was initially
diagnosed, and the infant was eventually returned to the parents.
The authors contacted the attorneys and families for follow-up
to determine how the child was doing since being retumed to
his/her parents. This study had institutional review board approval.

Patient 1 (Male)

He was the 4260-g product of 40-weck-gestational-age preg-
nancy and vaginal delivery born in October 1995, Birth length
was 55.3 cm, and birth head circumference was 39.0 cm (97th per-
centile). Because of his large head size, he had a head ultrasound
at 6 months of age, which showed mild increase of the extra-axial
fluid spaces (IEAFS). He rolled over at 7 months and began walk-
ing at 11 months.

At 11.5 months, he fell off the edge of a bed about 1.5 to
2.0 £ high while his mother was next to him. The mother saw
the fall coming and was able to put her hand under his shoulders
to try and break the fall. His buttocks hit the floor first, and then
his occiput hit the floor, He started flailing his arms and became
incoherent and consequently was taken to the hospital. He quickly
improved, and the emergency department (ED) evaluation diag-
nosed a breath-holding spell after minor head trauma.

The following day, he began vomiting, and a head computed
tomography (CT) scan showed bilateral IEAFSs. During the fol-
lowing week, his mother noted increased sleepiness and inter-
mittent fussiness. One week after the initial fall, he was walking
around the hardwood dining room floor in the presence of his
grandparents who insisted he put socks on his bare feet. Because
of the low friction between his socks and the smooth hardwood
floor, he slipped and fell forward hitting his head just off the mid-
line. He cried and then fell asleep. The following day, the mother
noted increased lethargy and sleepiness. He was taken to the ED
where a head CT scan showed SDH, which a head magnetic reso-
nance imaging (MRI) confinned. Bilateral RHs were also present.

The child advocacy pediatrician diagnosed child abuse. Au-
thor M.M. thought the history of the falls in conjunction with
the macrocephaly associated with IEAFSs was a plausible alter-
native explanation and defended this alternative explanation on
behalf of the parents in civil proceedings to determine the disposi-
tion of the child. The court returned him to his parents, and
17 years later, there has been no evidence of child maltreatment.

Figure 1 shows his head circumference growth curve in
which his occipital frontal circumference (OFC) accelerates after
birth and reaches the 99th percentile (5 SDs) by 6 months of age.
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AGURE 1. Head circumference (OFC) growth curves. The head

circumference growth of all 6 cases showed either macrocephaly
or an enlarging head drcurmference over time.

Patient 2 (Male)

He was the 3370-g product of a 39-weck-gestational-age
pregnancy and cesarean delivery due to a failure to propress born
in November 2009. Birth length was 53.3 em, and head circumfer-
ence was 32.4 cm (5th percentile).

At 8 months of age, the father placed him on a bed to take
a nap and then heard a thump. The father found he had fallen
onto a carpeted floor, He vomited about 90 mimptes Later and
was taken to the ED by his parents. An evaluation showed 2 viral
illness. He was sent home, but 2 days later, he again fell out of
bed and developed vomiting, sleepiness, and possible seizures.
He was readmitted to the hospital where evaluation revealed the
following:

1. Head CT scan showed SDH in the interhemispheric fissure
over the right cerebral convexity and in the left frontal region.
Head imaging studies are shown in Figure 2, Ato D.

2. Ophthalmology examination showed unilateral RHs on the
right side.

3. Head MRI showed bilateral proteinaceous hemispheric sub-
dural collections of fluids consistent with IEAFS.

4. Skeletal survey showed no fractures.

The child advocacy pediatrician diagnosed AHT as the cause
of the triad and claimed the findings were not consistent with a
short, uncomplicated fall. The father was accused of child abuse
and denies wrongdoing. Psychclogical evaluation of the father re-
vealed no evidence of any mental health diagnoses. The parents
both passed polygraph tests showing no evidence of deception.

A hearing was held in superior court in which the medical re-
cords were reviewed by a pediafric neuroradiologist (author PB.),
pediatric neurologist, ophthalmologist, and biomedical engineer.
The reviews supporied the father’s inmocence, and all charges
were dismissed. The family then went through family court and re-
ceived custody of him in September 2012, after having had their
son removed from them for 6 weeks. He is presently in good
health with no signs of maltreatment 20 months after being placed
back with hig parents,

Figure 1 illustrates an accelerated growth in the circumference
of his head beginning at the 5th percentile at birth and reaching
the 85th percentile by 6 months of age. The father has a large head
cicumference as well at 59.1 cm (99th percentile; £2.3 SDs),

112 | www.amijforensicmedicine.com

Patient 3 (Male)

He was the 3880-g product of a 40-week-gestational-age
pregnancy and cesarean delivery due to a failure to progress after
12 hours bomn in August 2010. Birth length was 53.3 ctn, and head
circumference was 37.8 cm at 11 days (72th percentile).

At 9 monthg of age, he fell from his bed and hit hig head on
the carpeted concrete floor. He vomited 3 times during the night,
and thus his parents took him to the local hospital. Computed to-
mography and MRI scans showed bilateral SDHs. Head imaging
studies and a picture of the infant showing the macrocephaly are
shown in Figure 3, A to C. A pediatric ophthalmologist found
preretinal and intraretinal hemorrhages in both eyes with no signs
of increased intracranial pressure (ICP).

The Children, Youth, and Families removed him
from the parents® custody for 6 weeks and pressed charges against
the father. The case, however, was dropped when a group of po-
tential expert witnesses affirmed the macrocephaly and fall were
likely the basis of the findings. He was returned to his parents in
July 2011, and there has been no evidence of child maltreatment.

Figure 1 shows his head circumference growth curve. He ex-
hibited macrocephaly and showed an accelerated increase in head
circumference from birth. At 11 days old, he had a head circumfer-
ence of 37.8 cm (72th percentile), and at 9 months, 2 weeks prior
to the fall, his head circumference was 47.9 cm (98th percentile).
A photograph of him demonstrating his macrocephaly is shown
in Figure 1.

Family history shows that the father has a head circumfer-
ence of 61.5 cm {99th percentile). Both parents are Chinese, and
the father has a PhD in physics.

Patient 4 (Male)

He was the 3810-g product of a 38 5/7 week-gestational-age
pregnancy and vaginal birth after a cesarean delivery with failed
vacuum extraction twice and forceps use during delivery, bom
in April 2009. At birth, there was a cephalohematoma and head
molding. Mother breasi-fed him, and he had an AI'TE (apparent
life-threatening event) at 4 days of age, which was thought to be
related to the hydromorphone (Dilaudid) the mother was taking.
Mother had difficulty breast-feeding as the infant would not
latch on. She then pumped her breast and bottle fed him the breast
milk, He slept about 22 hours a day. He was diagnosed with reflux
at 2 months of age because of continuous vomiting and arching
of the back.

At 22 weeks of age, he started vomiting while in the care of
the babysitter. The vomiting persisted for another day at which
time the mother noticed he was lethargic and took him to the pe-
diatrician who immediately called 911. He was taken to the ED
where a head MRI revealed subdural effusions and RHs. The child
gbuse team suspected the injury was perpetrated by an individual,
but no specific individual was nemed. The family was advised
by the children’s services to change child care providers, which
they did.

On April 18, 2010, at 1 year of age, he bumped his head at his
birthday party, and then again on April 26, 2010, while in his aunt's
care. On April 27, 2010, he started vomiting intermittingly and
was diagnosed with a possible viral infection, On May 17, 2010,
he had a seizure and was immediately talcen to the hospital. A head
MRI revealed an SDH behind the bump on his forchead and an-
other in the occipital region, as well as RHs. Head imaging studies
are shown in Figure 4, A-D,

He was removed from his parents’ care for 3 months. During
legal proceedings, the parents admitted mo wrongdoing, and
the court allowed him to be returned to the parents with supervi-
sion by the paternal grandmother who lived with the family.

© 2015 Wolters Kluwer Health, Inc. Al rights reserved
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FIGURE 2. A, Patient 2: CT (a) shows bilateral mildly moderately large low-density inner subarachnoid collections {white arows), small
ischyperdense outer subdural collections {black arrows). B, Patient 2: CT (b, ¢) shows bilateral midly moderately large low-density inner
subarachnoid collections (white arrows, b), small ischyperdense outer subdural collections (black armows, b), high-density cortical vein
{yellow arrow, c). C, Patient 2: MRI axlal T2 {e), coronal fluld attenuated Inversion recovery {FLAIR) {f); bilateral moderately large T2
high-intensity, FLAIR low-intensity inner subarachnoid collections (black arrows) with T2 high-intensity, FLAIR isointense outer subdural
collections {(white arrows). D, Patient 2: MRl sagittal T1 (g}, a>dal T2* (h: bilateral T1 ischypointense extracerebral collections (white arrows)
with more recent T1 hyperintense, T2* hypointense hemorrhages, venous thromboses (black arrows),

The supervision lasted 14 months, and ever since he has been
living with his parents with no evidence of maltreatment since
October 2011.

Figure 1 shows his head circumference growth curve. He
exhibited rapid head circumference growth from 34.8 cm at
birth (25th percentile) to 47.0 cm at 7 months (98th percentile).
The father has a head circumference of 59.5 em (99th percentile;
£3.5 SDg), and he has a PhDD in phyrics,

Patient 5 (Male)

He was the 3410-g, 51-cm product of a term pregnancy and
cesarcan delivery bom in Aprl 2007. On August 7, 2007, at
4 months of age, he was evaluated by his pediatrician for constipa-
tion. Om August 13, 2007, he was evaluated at an wrpent care for
crying, sleeping only for 20 minutes at a time, and vomiting. No
diagnosis was made, and he was released home, but he continued
to vomit and the same day was diagnosed with herpangia and
started on ibuprofen (Motrin),

© 2015 Wolters Kluwer Health, Inc. All rights reserved

creased feeding, and occasional vomiting. Two days later, he wolie
up from a nap crying, was inconsolable, and went limp. He wasin
the care of hig father who called 911 and gave him rescue breaths.
He was transported to the BD where a CT scan revealed subacute
bilateral SDHs. A thorough physical examination revealed no out-
ward sign of injury of any kind. He had bilateral RHs. Follow-up
imaging confirmed SDHs, and other tests revealed no evidence of
bone fractures or other injuries.

His treating professionals believed his condition was ex-
plained by external hydrocephalus, whereas a pediatrician and
an ophthalmologist believed his condition was due to SBES, His
case was adjudicated in juvenile cowrt. The child was returned un-
der the supervision of the court, and after 6 months, the casc was
terminated and dismissed with no signs of parental abuse. Parents
divorced reportedly over the stress of the child abuse allegations
and since August 2008 have had shared custody of the child,
and there has been no evidence of maltreatment.

Family history shows his sgister has macrocephaly with
IEAFS. Figure 1 shows his head circumference, which accelerated
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AGURE 3. a, Patient 3: MRI axial T1 image (A) shows bilateral large lower-intensity subarachnoid spaces (black arrows) with superimposed
higher-intensity bilateral convexity and interhemispheric subdural collections (white amows), B, Patient 3: MR axial T2* image (B) shows

bilateral large high-intensity subarachnoid spaces (white armows) with su

perimposed lower-intensity right convexity and interhemispheric

subdural collections (black arrows). C, Patient 3: at 2 months of age showing frontal bossing and macrocephaly.

from the 50th percentile at 1.5 months of age to the 75th percentile
at 4 months of age.

Patient 6 (Female)

She was the 3798-g (75th percentile) product of a term preg-
nancy and repeat cesaresn delivery bom in Febwuary 2011, Her head
cirmmference at birth was 34.9 cm (50th percentile). Apgar scores
were O and 9 at 1 and 5 mirutes, respectively. She went home at
3 days of age.

At 2 weeks of age, she was seen for conjunctivitis and lacri-
mazl duct obstruction. At 4.5 weeks, she was seen for parental con-
cemns about fussiness and spitting up. She was diagnosed with
probable formula intolerance and a Candida diaper dermatitis.
She was switched to a soy-based fommula. At her 2-month
check-up, her parents noted increasing fussiness and increasing
mumber of vomiting episodes.

Her head circumference had increaged rapidly to 40.6 cm (90th
percentile). The mother noted she had a bruise on ber right cheelc
from when her sister accidentally hit her with a block. A right otitis
media was diagnosed, and she was administered amoxicillin. A
complete blood count was which showed the following,
1. white blood cells = 12.4 x 10° celly/L (reference range, 3.1-10.0)
2. hemoglobin = 11.5 g% (reference range, 1216 g%)

3. platelets = 578,000 platelets/mel. (reference range, 128,000
434,000}

A day after her 2-month check-up, she again presented with
persistent vomiting. A week after her 2-month check-up, she was
seen at the hospital for lethargy end was noted to have a tense and
bulging fontanel. An evahuation revealed the following:

1. head CT scam:
a. bilateral IEAFSs causing generalized flattening of the gyri
over both convexities
b. thrombogis in the left trangverse sinus
¢. possible infarcts in the right frontal and right posterior parie-
tal lobes
2. serum sodium = 121 mmol/L (reference range, 134143 mmol/L)
3. plaielets = 1,078,000 plateletz/meL (150,000-400,000)
4. bilateral RHs
5. normal skeletal survey

Head imaging studies are shown in Figure 5, A to C. After the

evaluation at the local hospital, she was immediately transported
to a children’s hospital where emergent burr holes were placed

to relieve the increased ICP The surgical note indicates: “We

114 | www.amijforensicmedicine.com

encountered immediate return of chronic bloody subdural fluid,
which was cleatly under pressure squirting some 18 to 24 inches
from the child’s head” The infant recovered.

Child abuse was alleped, and parents denied wrongdoing. The
father was initially accused of 2 felony charges and faced up to
100 years in prison, When the defense presented the simus thrombo-
sis as en altemnative explanation of the SDHs, a plea agreement was
reached where the child was returmed to the parents, and the fither
did not go to prison. The child was retumed to the parents in
October 2012, and there has been no evidence of child malireatment.

Figure 1 shows the head circumference growth curve that in-
dicates that at birth her head circumference was at the 50th percen-
tile and jumped to the 90th percentile at the 2-month check-up.

RESULTS
The resulis of these 6 cases are summarized in Table 1.
Flgmellsagmphshomngeachmfmt’sheadcmumfemnce
over time.! Figures 2 to 5 show relevant head imaging studies.
Figure 3C shows a photograph of patient 3 demonstrating his
macrocephaly and frontal bossing.

DISCUSSION

This series of 6 infants younger than 12 months with
macrocephaly and/or enlarging head circumference presented
with the triad were diagnosed as victims of child abuse by 1 of
their parents, which the parents denied; were returned to their par-
ents after legal proceedings in which alternative, medical explana-
tions to child abuse were presented; and have thrived in the homes
of their parents after returning. The enlarging head circumference
suggesis a chronic process. That these infants have shown no ev-
idence of child maltreatment on returning home to their parenis
strongly suggests that these are safe homes, that they were un-

likely abused, and that the most likely explanation for the triad
Mimics of SBS/AHT

The alternative medical explanations of the 6 infants include
the following:
1. 3 infants with short fall(s) associated with macrocephaty
2. 1 infant with spontancous SDH and IRAFS

3. 1 infant with a birth-related SDH that enlarged
4. 1 infant with a transverse sinug thrombosis

The concept that shaking alone can cause the triad has been
challenged > ? Caregivers can abuse an infant and cause the triad,

© 2015 Wolters Kluwer Health, Inc. Al rights reserved
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FIGURE 4. A, Patlent 4: inttial MRI sagittal T1 Image (A) shows Inner low-Intenslty subarachnoid spaces {black arrows) and outer gray intensity
subdural collections (white arrows). B, Patlent 4: Initial MRI axial T2 image (B) shows inner high-ntensity subarachnold spaces (black arrows)
and outer high-intensity sulxdural collections (white arrows) separated by intervening low-intensity membranes and veins. C, Patient 4:

MRI 6 months later, sagittal T1 image (D} shows inner low-intensity subarachnoid spaces (black arrows) and outer gray intensity enlarging
subdural collections (white armows) plus smaller high-intensity more recent hemorrhage (yellow arrow). D, Patient 4: MRI 8 weeks [ater, sagittal
T1 image (C) shows inner low-intensity subarachnoid spaces (black armows) and outer gray intensity subdural collections (white arrows).

but it is unlikely from shaking alone. Biomechanical studies indi-
cate that head impact, even from short falls of 2 feet, produces
physical forces far greater than from shaking alons, and such an
event can produce sufficient physical forces that can lead to the
triad.5® [t has been suggested that the RHs in SBS are from the
shaking and resultant traction on the retina. However, a more
likely explanation for the RHs in the triad is the increaged retinal
vein pressure associated with the increased ICP, which leads to ex-
trusion of blood in the retina and the RHs.*!° Thus, RHs can be
cansed by any process that resulis in increased ICF, and this -
ogenesis of RHs fits with the observations of Geddes et al,'*?
who found thet the neuropathology findings of most cases of
SBS were those of hypoxia and not those of trauma.

Because clinicians often reflexively diagnose SBS/AHT in a
young infant who presents with the triad, mimics of SBS/AHT are
often overlooked. Common mimics of SBS/AHT were noted in
the 6 infants of this series and include the following:

1. short falls

2. macrocephaly associated with IEAFS

3. CVT (cortical vein thrombosis)

4. birth trauma—related SDH with rebleeding
5. multifactorial cansation

© 2015 Wolters Kluwer Health, Inc. All rights reserved

Head imaging studies of the infant with the triad can some-
times be helpful in establishing an etiologic diagnosis, but it has
heen emphasized there are no diagnostic head imaging findings
for SBS/AHT."

1. Short falls

Short falls have clearly been documented to cause the triad
as they can lead to increased ICP and thus canse not only an
SDH and neurologic dysfunction, but also RHs.">™® As previ-
ously noted, biomechanical studies have clearly shown that the
traumatic deceleration forces produced by a short fall are dramat-
ically higher than those produced by manual shaking 5 Neck in-
juries are conspicuously absent from alleged instances of manual
shaking, whereas neck injuries would not necessarily be prevalent
in short-fall injuries, 22! Furthermare, the link between RHs and
SBS has been called into question, %1618

2. Macrocephaly associated with [EAFS

Many instances of familial macrocephaly are related to
IEAFS (also known as benign subdural hygromas).?? Young in-
fants with IEAFS are at greater risk for incurring a spontancous
SDH or an SDH with minimal trauma as surmmarized in the re-
ported cases listed in Table 2.2 The first 9 articles report fre-
quency of SDH in infints with TEAFS, and the combined results

www.amijforensicmedicine.com | 115
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AGURE 5. A, Patlent 6: CT (A, B) shows postsurgery frontal extracerebral low-density air-fluld collections (white arrows) and high-density
hemorrhages or thromboses along the tentorium (black arrows). B, Patient 6: MRI axlal T1 (C) and T2* {D} Images show T1 high plus T2*
low-intensity hemorrhages and/or thromboses along the transverse dural venous sinuses {armows). C, Patient 6: MRI axial gadolinium T1
(E) and posterior MRV (F) images show asymmetric left transverse and right sigmoid dural venous sinus flow gaps (armows) consistent
with thromboses.

of these 9 studies give a 6% frequency (30/513) of infants with
IEAFSs who develop an SDH. Thus, this is not an insignificant
risk. In Vinchon and colleagnes™® series of 16 infants with spon-
taneous SDH without a history of traurna, 12 had macrocrania,
and 7 of the 12 had IEAFSs. Patient 5 had a spontancous SDH
associated with IEAFS.
The fathers of both patients 3 and 4 have macrocephaly and inter-
estingly have doctorate degrees in physics. The father of patient 2
also has a large head, and the sister of patient 5 has a large head.
The interrelationships between cerebrospinal fluid (CSF)
volume, ICP, and cortical vessels i3 complex and has been eru-
ditely reviewed by Leestma.”” Infants with IEAFSs have a greater
risk for developing a spontanecus SDH or an SDH with minimal
trauma, and the pathogenesis of the SDH ig likely multifactorial in
origin. First, these infants have a greater head mass, so that any
traumatic impact, however small, will result in a slightly greater
force than if the infant had a normal head mass? S the the-
oretical model of IEAFS developed by Papasian and Frim® shows
that the cortical veing in infants with IEAFSs will incur venous
stretch injury at lower forces than those in infants wifh normal
extra-axial fluid spaces. Thind, the volume-pressure dynamics
of CSF in infants with TEAFSs predispose them to increased

116 | www.amiforensicmedicine.com

ICP that could lead to neurclogic dysfunction and RHs. Shapiro
and Marmarou®® have shown the relationship between the volume
of CSF and the ICP in infants. Small increases in CSF volume in
infants can have significant increases in the ICP. Instillation of
2 ml of saline solution raised the ICP by 15 mm Hg, and instilla-
tion of 4 mL increased the ICP by 30 mm Hg. Thus, as infants
with TEAFSs increase their CSF volume above normal, they
may also pathologically increase the ICP to the point that it canses
both neurologic dysfunction and RHs. Muller and Deck® have
demonstrated that increased ICP can lead to increased retinal vein
pressure with the development of RHs. An infant with TEAFS who
develops increased ICP will often develop neurologic dysfunction
(scizures, ALTE, apnes) and be taken to an emergency room.
Evaluation will often reveal RHs as discussed above, and because
the [EAFS can be confused for an SDH or the infant hag bleeding
into the IEAFS, this infant has the triad, and child abuse will often
be diagnosed in such an infant. When such an infant with IEAFS
presents with neurologic abnortalities and RHs, the radiographic
appearance of the material in the exira-axial compartment can be
that of CSF, proteinaceous material, or blood. The nature of the
material is not helpful in establishing causation. It is important
to consider a broad differential diagnosis in such an infant that
inchudes the following: spontmeous SDH, travma (trivial, accidental,
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nonaccidental), infection, metabolic disorders (eg, glutaric
acidemia type 1), bone dysplastic disorders {eg, osteogenesis
imperfecta), venous thrombosis, and coagulopathy,'#

3. Cortical vein/sinus thrombosis

Cortical vein or sinus thrombosis has been shown to some-
times cause the triad as illustrated in patient 6 in which the head
MRI is clearly different than the typical head MRI seen in SBS, !4

4. Birth trauma with rebleeding

Approximately 20% to 50% of all deliveries result in a small
SDH that usually resolves without clinical sequelae.*~** How-
ever, it is thought that a small portion of these infants who have
a small SDH might rebleed, especially if there is minimal head
trauma such as a short fall in infancy. >*> " Noteworthy, the find-
ing of a cephalohematoma at birth is associated with an underly-
ing SDH, and in patient 4, there was a cephalohematoma as well
as a difficult delivery. It is highly likely therefore that this infant
had a subclinical SDH at birth that later rebled.4®

5. Multiple factors explanation/multifactorial causation of the triad

It is likely that some young infants develop the triad because
of several interacting factors. For example, infants who have
macrocephaly related to IEAFS who incur a short fall are espe-
cially liable to develop an SDH, as illustrated in patients 1, 2,
and 3. The various cases have different clements of evidence
demonstrating the erronecus diagnosis of SBS. In patient 2, psy-
chology evaluations deemed the parents to be of low risk to com-
mit child abuse. In both patients 1 and 3, the infants had large
head circumferences at birth in which imaging studies demon-
strated IEAFS. Prior studies have indicated [EAFS is a predispos-
ing factor to the developmental of SDH in young infants with
minimal trauma or spontaneous events. Patients 3 and 4 experi-
enced a difficult birth delivery with subsequent enlarging head
circumference, which is a predisposing factor for developing
the triad as the small SDH might enlarge over time and present
later with neurologic signs and symptoms.

In patient 6, the fussiness and spitting noted at 4.5 weeks of
age that persisted over the next month may also be related to the
evolving increased ICP. The chronic blood fluid under large pres-
sure in this case is also consistent with a longstanding process.

Imaging studies report there was a sinus thrombosis, which
is a known mimic of $BS. Cerebral sinovenous thrombosis is as-
sociated with antecedent otitis media, which she had, and is also
associated with thrombocytosis, and she had a markedly elevated
platelet count of 1,078,000, which clearly places her at increased
risk for a thrombosis.

1.8

28
6.0

Follow-Up,
*y
17
1.8
3.0

Medical Explanation
of the Triad
Short falls associated with Mac
Short falls associated with Mac
Short fall associated with Mac
Spontaneous SDH with IEAFS
Sinus thrombosis

Enlarging SDH from birth trauma

Judicial Outcome

returns child

Plea bargain and court

+ Mother: Mac Court returns child
Normal

+ Father: Mac Case dismissed
+ Father: Mac Case dismissed
+ Father: Mac Court returns child
+ Sister: Mac Court returns child

Family
RH History

12.5 mo: SDH

IEAFS
SDH
TEAFS
SDH
5 m: IEAFS

Head Imaging
6 mo: IEAFS
12 mo: SDH

I[EAFS
SDH
EHC  Left transverse sinus  +

OFC
Mac
EHC
Mac EHC
EHC

Importance of OFC Measurements in the
Differential Diagnosis of the Triad

Clinicians involved in the evaluation and management of in-
fants with the triad in which child abuse is alleged should obtain
all recorded OFC measurements including the OFC at birth, at
well-child visits, and at any other health care visit where an
CFC might be obtained, The finding of macrocephaly or an en-
larging OFC raises the strong possibility of a medical diagnosis
other than child abuse, as illustrated in these 6 cases. Measure-
ment of the OFCs of the parents ig also indicated as it might reveal
a familial macrocephaly if one of the parents has a large OFC.2

Relevant History

Short fall x2 PTP
and forceps; cephalohematoma

5 mo: vomiting + RHs 12 mo:

Short fall x2 PTP

Short fall PTP
bumped head

Onset vomiting

225  Prior otitis media platelets >10°

AatP
11.5
8
9
45

State  (Months)

1995, Ohio

Significance of Findings as They Relate to Our
Judicial System

‘While the American judicial system is as fair as any in the
waorld, it still has an inherent shortcoming—a verdict or outcome
of any legal proceeding in a child abuse allegation case does not
necessarily reveal the ultimate truth of the case, but rather which

2009, Chio 5 and 12 Difficult delivery: vacuum extraction EHC

Birth Year,
2009, GA
2010, NM

2007, IL
2011, NE

A of P indicates age at presentation; EHC, enlarging head circumference; FU, follow-up; Mac, macrocephaly; OM, otitis media; PTP, prior to presentation.

*Number of years child has been returned to parents with no evidence of maltreatment.

TABLE 1. Summary of 6 Cases

Patients

1
2
3
4
5
6
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TABLE 2. Articles Reporting SDH Associated With IEAFSs

Reference Year Location No. Patients With IEAFSs No. Patients With SDH
1. Greiner et al®* 2013 Cincinnati 168 6
2. Mori et al?* 1993 Prague 20 3
3. McKeag et al** 2013 Philadelphia 177 4
4. Ghosh and Ghosh?® 2011 Philadelphia 45 9
5., Hellbusch®” 2007 Omaha 19 1
6. Karimzadeh et al®® 2000 Tehran 20 1
7. Azais and Echenne?® 1992 France 41 5
8. Hangique et al*® 2002 India 3 1
9. Marino ct al*! 2014 Ttaly 5 1
10. McNeely et al* 2006 Halifax 7 i
11, Ravid and Maytal*® 2003 New York 3 3
12. Girish et al® 2013 India 1 1
13. Amodio et al** 2005 New York 1 1

These 13 articles report young infants with SDH associated with IEAFS. The first 9 articles report the frequency of SDH in infants with TEAFSs, and the
combined results of these 9 studies give a 6% frequency (31/518) of infants with IEAFSs who develop an SDIL

side presented the most compelling arguments. This shortcoming

emanates from several weaknesses and operational processes of

our judicial system, which, on the balance, favor the prosecution

and inchude the following:

1. coerced confessions

2. concealment of exculpatory evidence by the prosecution

3. plea bargaining

4. greater financial position of the prosecution that allows for
greater number and depth of expert witnesses

There are several previous experiences that provide similar
observations to ours in which contested cases between a defendant
and the prosecution have ultimately demonstrated that the allega-
tion of wrongdoing by the prosecution was likely wrong:

1. Piatt" presented a case identical to ours in which a 6-week-old
male infant with macrocephaly from IEAFS developed the
triad after striking his head on a carpeted floor. There was an in-
vestigation for possible child abuse, and the infant remained
with his parents. Follow-up at 44 months of age showed the in-
fant was thriving.

2. Paterson and Monk>® presented a series of 85 infants with mul-
tiple unexplained fractures in which child abuse was alleged by
the child advocacy team and prosecution, but in which Paterson
and Monk diagnosed temporary brittle bone disease and
thought child abuse was highly unlikely. As a result of Paterson
and Monk’s testimony in 63 of these cases, these infants were
returned to the parents, and Paterson and Monk were able to
obtain follow-up status on 61 of these infants. All 61 infants
were doing well without any evidence of injuries suggestive
of child abuse. The mean follow-up period was 6.9 years
(range, 1-17 years).

3. The most extensive, highly publicized, and compelling exam-
ple of our judicial court system reaching the wrong decision
is in rape cases in which the alleged and convicted perpetrator
who has often been incarcerated for many years is exonerated
by DNA testing years after the trial.>' However, there is now
a record number of exonerations in the United States for other
crimes including murder in which false confessions and plea
bargaining led to a wrongful conviction, ™
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CONCLUSIONS

The results of this study suggest 3 important conclusions:

1. There are mimics of SBS associated with either absolutely
large OFCs (OFC >2 8Ds) or enlarging OFCs over time and
that careful attention to the OFC graph might suggest a medical
explanation for the triad.

2. There are many different causes of the triad and several predis-
posing factors to developing the triad. In some instances, there
may be more than 1 predisposing factor that leads to the triad,
such as seen in some of the cases presented in this series.

3. The cases of the 6 infants described herein, alleged to have SBS
and abused by their parents and who were returned to their parents
without incident, suggest that child abuse was not the explanation
of the triad in these instances and that the medical explanations
provided are likely the explanations for the triad. We do not be-
lieve that shaking alone can cause the triad and that most cases
of alleged SBS that have no evidence of impact are likely caused
by mimics of SBS that have not been correctly diagnosed.

Forensic pathologists who perform autopsies on children
with alleged SBS and child abuse experts who perform forensic
evaluations on living infants with alleged SBS might find our ob-
servations important in their approach to the infant with alleged
SBS. In the infant who presents with the triad, child abuse and
the medical mimics and predisposing factors to developing the
triad should be considered in the differential diagnosis.
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