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Benign external hydrocephalus (BEH) is a subtype of hydro-
cephalus with rapid increase of the head circumference (HC) in
infancy; enlarged subarachnoid spaces, especially overlying the
frontal lobes; and normal or enlarged ventricles."® For an exten-
sive review, see Zahl, et al.® Additionally, our recent population-
based study provides additional information on the
epidemiology.’

Many terms have been used for this or similar conditions,
namely, subdural hygroma,'® subdural effusion,'" benign subdural
collections,'? extraventricular obstructive hydrocephalus,'> idiopathic/
benign hydrocephalus,>  primitive megalencephaly,'® benign
enlargement of the subarachnoid spaces,'>'® and macrocephaly.”'®
The condition is referred to as BEH in the following discussion.

Many of these names indicate a benign condition; BEH may,
however, be associated with cognitive problems>'® or have
considerably more severe consequences, including a predisposition
for subdural hematomas (SDHs).!*!162933 This predisposition for
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SDH does not appear to be well-understood by many of the phy-
sicians who deal with child abuse. Moreover, the scientific evidence
supporting a causal connection between nonaccidental trauma and
SDH in infants is at best scant.

This article describes two pairs of dizygotic twins with nearly
identical histories. Both twin pairs were born preterm just
three weeks apart; each pair consisted of a boy and a girl, and
most importantly, the boys, but not the girls, developed symp-
toms of increased intracranial pressure (ICP). All the children
were diagnosed with wide subdural-blood-containing fluid
collections, mainly over the frontal lobes, and medical expert
witnesses told the court that all four children had been sub-
jected to violent shaking. As a consequence one parent was
sentenced to 1.5 years in jail and all four children were taken
from their biological parents and raised in foster homes for
more than three years until appeal courts decided in favor of the
parents.

These children are by no means unique, but they may serve to
illustrate some important points concerning BEH and “shaken baby
syndrome" or abusive head trauma, including some striking
epidemiologic similarities. In addition to documenting these four
children, this contribution reviews the literature on the shaken
baby syndrome or abusive head trauma with an emphasis on the
possibility that some infants with BEH might be mistaken for
shaken baby syndrome.
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Patient Descriptions
The first twins

These twins were delivered vaginally four weeks preterm after
an otherwise uncomplicated pregnancy and delivery. The girl (head
birth) was born first and her brother later in breech presentation;
their birth weights were 2500 and 2600 g, respectively. Their

psychomotor development was unremarkable during the first
months, except for the boy's tendency to regurgitate or vomit when
he was fed, until he became acutely ill at age three months and
three weeks.

Boy 1
According to his father, who was alone with the twins and was
feeding his son water from a bottle, the boy suddenly vomited
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FIGURE 1. Boy 1: head circumference (HC) chart. Stippled line, HC curve not corrected for four weeks prematurity; fully drawn line, HC corrected for prematurity.
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vigorously, became stiff, and stretched out his arms and legs in
spasms, after which he stopped breathing and turned blue. An on-
call doctor arrived 15 minutes later, finding the baby to be pulseless,
cyanotic, and with rudimentary, gasping respiratory movements.
Heart and lung resuscitation was initiated with chest compression
and mask ventilation. After a short while, normal electrocardio-
graphic complexes appeared, but he was still pulseless. He was
intubated, ventilated, and brought to the hospital's pediatric
department two hours after the acute incident; he then had a pale,
greyish skin color; was hypothermic (33.6°C); and had a tense
fontanel. There was no sign of direct impact to the head. On
admission his HC had increased nearly 3 cm since the last mea-
surement two weeks earlier and now measured 44 cm (Fig 1).
Arterial pH was 7.24 and his base excess was —12. He was gradually
warmed to 36.5°C. Computed tomography (CT) the next day
showed fluid collections in widely enlarged subdural spaces,
especially in the frontal region, with higher density than cerebro-
spinal fluid (CSF), but only a few, minor acute blood clots (Fig 2).
The initial radiological description listed external hydrocephalus as
a diagnosis; this was later abandoned, and the CT was finally
described as showing a “large subdural hematoma,” SDH.

Child abuse was suspected. A total skeleton x-ray evaluation
revealed no fractures; he had no bruises or subcutaneous hema-
tomas. Ophthalmoscopy showed bilateral, extensive retinal hem-
orrhages (RH).

He was sedated and ventilated in the intensive care unit while
gradually being warmed, and the following morning he started
breathing spontaneously, began opening his eyes, and exhibited
spontaneous movements. Because of this apparent clinical
improvement, extubation was planned, but later postponed due to
airway edema; laryngoscopy revealed severe edema of the
epiglottis. Regurgitation and larynx spasm was suspected as the
underlying cause of the acute episode the day before.

The next morning (the second day after the acute incident), his
condition deteriorated. He no longer had spontaneous movements
and did not respond to pinching.

Magnetic resonance imaging (MRI) the following day confirmed
the CT findings (Fig 3). Because of his poor condition, still uncon-
scious with no response to pain stimuli, a decompressive neuro-
surgical procedure was performed with bilateral opening of the
dura. At the first dural incision, fluid under “markedly increased

pressure” escaped; the fluid was described by the neurosurgeon as
clear and straw-colored, without visible blood components.

Based on the radiological description of “a large subdural he-
matoma” and bilateral retinal hemorrhages (RH), the case was re-
ported to the child protection team and the police, followed by a
charge of child abuse against his father. The medical experts in the
lower court (forensic medicine, ophthalmology, and pediatrics)
testified in favor of child abuse, disregarding the perioperative
finding of only clear fluid without visible blood. The father was
sentenced to 1.5 years in jail but appealed the verdict. Both twins
were taken from the parents and raised in foster homes for the next
three years.

The boy had sustained severe brain injury; the follow-up MRI
was described as follows: “The restricted diffusion as seen here is a
finding that in nearly all cases can be taken as a sign of severe lack of
oxygen and an early permanent brain damage” (the author's trans-
lation from Norwegian). The boy is permanently vegetative.

Girl 1

His twin sister was hospitalized and examined to find out if she
also had been subjected to abuse. There was no external sign of
inflicted injury, and CT and MRI scans revealed large extracerebral
spaces, described as subdural fluid collections “compatible with
bilateral hematomas” (Fig 4). A skeleton radiological evaluation
revealed no fractures, and ophthalmoscopy was normal. The
prosecutor did not include her in the legal process, but the medical
experts were of the opinion that she too had been subjected to
shaking. Her long-term outcome was good.

The appeal court

In the appeal court, the author was appointed expert witness in
addition to those from the primary court, who still favored the
abuse explanation. The father was found not guilty, as the court
accepted BEH and associated complications as a more likely cause
of the condition than physical abuse.

The second pair of twins

These twins, a boy and a girl, were delivered vaginally nearly
five weeks preterm, just three weeks before the birth of the first

FIGURE 2. Boy 1, aged three months and three weeks. Initial computed tomographic scan the day after the alleged shaking, showing typical features for benign external hy-
drocephalus: moderately enlarged ventricular system, enlarged extracerebral fluid spaces, and a widened frontal interhemispheric fissure. In addition, the boy had a mega cisterna
magna in the posterior fossa with a small acute blood clot, a streak of coagulated extracerebral blood in the right frontal region, and increased density in the subdural fluid

collections, mostly on the left side.
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FIGURE 3. Boy 1. Initial T2 magnetic resonance imaging two days after the alleged shaking, showing in principle the same benign external hydrocephalus features as the CT the day
before (Fig. 1). Note that the brain appears “suspended” in frontal bridging veins and that there is a signal intensity difference between the subdural fluid (white over the frontal
cortex, darker further posteriorly) and the thin brim of cerebrospinal fluid (CSF) close to the brain and the intraventricular CSF. Note that the extracerebral fluid collections do not
compress the brain surface or the lateral ventricles or cause a midline shift, despite the fact that the collections are much wider on the left side.

pair of twins, both in a breech position; birth weights were 2095
and 2120 g. The boy had postnatal respiratory problems and was
therefore hospitalized for 10 days. After that, both children had
normal psychomotor development until age three months.

Boy 2

He had a brief seizure (minutes) with symmetrical convulsions
in the extremities and reduced consciousness at age three months.
The next morning he had similar, longer-lasting seizures in series.
His father managed to record these seizures on his mobile phone,

and a neuropediatrician diagnosed the seizures as epilepsy. He
remained unconscious and was acutely hospitalized.

On admission, his general condition was described as “reduced”
and he was irritable and crying. His forehead was bulging; he had a
slight sunset gaze and tense fontanel. The HC measured 40.5 cm
upon admission, but increased more than 1 cm during the first
week, thus crossing two to three percentiles, reaching the ninety-
seventh percentile corrected for prematurity (Fig 5).

He had no bruises or other external indications of injury. On
the third day, MRI and CT scans were performed. The CT scan
showed “a subdural haematoma/fluid collection with a definitely

FIGURE 4. Girl 1, aged four months. Computed tomographic (left) and magnetic resonance imaging (MRI) (right) scans showing radiological features consistent with benign
external hydrocephalus. The MRI scan reveals a thin bilateral subdural fluid compartment (white) and a thicker layer of cerebrospinal fluid compared with her twin brother.
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FIGURE 5. Boy 2: head circumference (HC) chart. Stippled line, HC curve not corrected for 4.5 weeks prematurity; fully drawn line, HC corrected for prematurity.

higher density than CSF, but lower density than cerebral cortex
(hypodense/isodense) with hyperdense stripes in the frontal subdural
space, probably representing fresh blood in the subdural space” (the
author's translation). The MRI scan was interpreted as showing the
same, with the age of the hematomas estimated as two to three
days to a few weeks (Fig 6). Twelve plain skeleton X-rays revealed
no fractures.

Fundoscopy disclosed multiple RH in several layers of retina in
one eye but only two minor peripheral bleedings in the other, the
conclusion being “findings compatible with retinal haemorrhages as
seen in the shaken-baby syndrome, although it is atypical that the

extent of bleedings is so different in the two eyes” (the author's
translation).

Girl 2

On suspicion his sister was hospitalized and subjected to
extensive physical and neuroimaging examinations. These were
all normal, except for the MRI that was described as “bilateral
subdural haematomas ... without a plausible explanation, therefore
one must suspect non—accidental injury” (the author's trans-
lation, Fig 7).
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FIGURE 6. Boy 2, aged three months. Computed tomographic (CT) (left) and magnetic resonance imaging (MRI) (right) scans three days after admission, showing a subdural fluid
collection with a higher density than the cerebrospinal fluid on CT and a brighter signal on MRI. Please note the relatively wide extracerebral space and the fact that the fluid
collection neither compresses the cortex or the ventricles nor shows any other signs of being expansive.

Child protection authorities and police were notified, and both
infants were routinely placed in a foster home, where they
remained for the next three years.

The appeal court

The police found it difficult to prove physical abuse and rested
the case. The child protection authorities, however, insisted on
keeping the children separated from their parents. A lower court
had decided in favor of the parents, but the child protection au-
thorities appealed that decision and delayed the transfer of the
children back to their parents for another 16 months. The appeal

trial was almost identical to the one described above, with almost
the same set of expert witnesses, including the present author. The
court decided in favor of the biological parents, and after more than
three years, the children were reunited with their parents.

Discussion

This report describes two pairs of three-month-old premature
dizygotic twins who were separated from their biological parents
for three years under the assumption that they had been subjected
to vigorous shaking. This assumption was based solely on neuro-
imaging findings of extracerebral or subdural fluid collections

FIGURE 7. Girl 2, aged three months. Computed tomographic (CT) (left) and magnetic resonance imaging (MRI) (right) scans showing findings similar to those in her twin brother: a
subdural fluid collection with a higher density than cerebrospinal fluid on CT and with a brighter signal on MRI. The subarachnoid space underneath the white subdural fluid is
relatively wide, and the subdural fluid collection does not compress the cortex or the ventricles.
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described as containing chronic hematomas and small amounts of
fresh blood. In addition, the boys, but not the girls, had dramatic
symptom debuts and were found to have RH described as
compatible with nonaccidental head injury caused by shaking.
None of the twins had any sign of impact to the head or any
extracranial finding indicating violence. Duhaime et al. stated in
1987 that impact is required to cause the findings of the triad.>*

In the author's opinion, all four infants exhibited extracere-
bral fluid collections compatible with external hydrocephalus,
as defined by several authors.">>3>37 Most likely, their BEH
condition had been complicated by spontaneous bleeding
or oozing of blood products into the subdural space; BEH is
known to predispose for spontaneous subdural bleedings in
infants,!6:21-24.26.2729.3132.37-39 34 this predisposition can be a
pitfall in the diagnosis of abusive head trauma.'626-2

Shaken baby syndrome and lack of medical evidence

These infants were diagnosed as having been shaken with the
most serious consequences for their families. It therefore seems
appropriate to analyze the quality of medical evidence behind the
widely accepted notion that a triad consisting of SDH(s), RH, and
encephalopathy®’ can be used to prove a criminal act—shaking. As
in other countries, in Norway guilt has to be proven beyond
reasonable doubt. The solidity of the triad as proof of a criminal act
must therefore not be doubted.

It is difficult to find scientific evidence above level 3 for a causal
relationship between the triad and violent shaking, as also
concluded after an extensive earlier review.*! A more recent review,
based on thousands of articles, concluded as follows: “There is
limited scientific evidence that the triad and therefore its components
can be associated with traumatic shaking (low quality evidence).
There is insufficient scientific evidence on which to assess the diag-
nostic accuracy of the triad in identifying traumatic shaking (very low
quality evidence)”.***> No study based on observed shaking could be
identified. Only two studies in the literature were found to be based
on confessed shaking®**°; these confessions came during police
custody or judicial investigations, weeks to months after the
diagnosis. Confessions obtained under such circumstances are
known to be encumbered with uncertainties.*® These conclusions
underline the importance of considering alternative etiologies for
the triad and its findings.

BEH: a possible cause of the triad?

Subdural hematomas will inevitably raise suspicion of child
abuse; SDH may, however, also appear spontaneously in infants,
often precipitated by one of two congenital conditions, namely,
arachnoid cysts*’#® or BEH.!#1620-3138 Several mechanisms may
explain why external hydrocephalus predisposes for SDH. To me as
a neurosurgeon, the most likely is leakage of small amounts of
blood from where the bridging veins enter the dura. It is a common
intraoperative observation that even minor manipulations of
normal bridging veins during a craniotomy may cause such leakage.
In external hydrocephalus, these veins may ooze blood spontane-
ously just because they are stretched.

Subdural hematomas also occur in newborns, especially in
preterm deliveries and twins®>*?; our twins were born four to five
weeks preterm. Subdural hematomas occur more frequently after
vaginal delivery than after a planned Caesarean section® and even
more frequently after emergency Caesarean sections and forceps or
vacuum-assisted deliveries.’! These subdural blood collections may
gradually develop into larger hematomas over time. There are
factors in old hematomas that may induce neovascularization in
the parietal hematoma membrane, and these pathologic vessels

bleed easily.”>"> Other factors disturb normal coagulation in sub-
dural blood collections.”®>’

Male preponderance and age in abusive head traumas, external
hydrocephalus, and subdural hematomas

Male preponderance: Our group has recently found a male pre-
ponderance of 86% in a population-based epidemiologic study of
BEH."” Others have documnted a similarly high male preponder-
ance,'>1323.3258-67 eyen as early as in 1944 by Ingraham and Matson.®®

Adamsbaum et al. and Vinchon et al. also reported male pre-
ponderance in their abuse cases, 76%** and 64%* respectively.
Pooled together, these two studies show a male preponderance of
73%. A male preponderance has also been demonstrated in most
published series on shaken baby syndrome or abusive head trauma.
The large number (157) of infants in the two studies above renders
it unlikely that this male dominance is coincidental. Moreover, in a
national register study comprising 306 infants with SDHs, we have
recently demonstrated that even in this cohort, there was a clear
overrepresentation of males.*

Age: Both abusive head trauma and external hydrocephalus
appear to occur very early in life, in most cases during the first
six months. 44>

As external hydrocephalus predisposes for SDHs and as there
are so many striking epidemiologic similarities, one may question
whether some infants who have been characterized as victims of
shaking simply suffered from benign external hydrocephalus.

Radiology

In the four infants presented here, the subdural collections,
described as SDHs of different ages, neither reached nor flattened
the underlying cortical surface; in fact a thin layer of subarachnoid
CSF can be seen on the MRIs between the assumed hematoma and
the normal cortical gyri. Moreover, the ventricles were not com-
pressed as one would expect if a hematoma compressed the brain
from the outside. On the contrary, the lateral ventricles were
moderately increased in size, as described in numerous publica-
tions on external hydrocephalus.>>>12-143639.58-6169-71 1 3qdition,
the frontal interhemispheric fissures were widened as observed
already in 1978 by Robertson et al.> and later described in detail by
Maytal et al. as a typical feature in external hydrocephalus.>®

To the present author, the twins' MRI and CT scans carry no
resemblance to an acutely acquired traumatic hematoma. In this
context, it is of interest that the Adamsbaum et al.** report included
a CT scan (see their Fig 1) of an allegedly shaken infant; the scan
appears to show the exact features of external hydrocephalus, as
defined by Maytal et al.*®: slightly widened lateral ventricles, a large
extracerebral space, and widening of the frontal interhemispheric
fissure. Girard et al. provided a detailed discussion of external hy-
drocephalus as a differential diagnosis to abusive head trauma.”?

The only plausible explanation of the combination of an increased
or rapidly growing HC, increased extracerebral fluid, and enlarged
ventricles is that there is an increased ICP equally distributed within
the intracranial compartments, in both the extracerebral space and
the ventricles. A traumatic acute or chronic SDH would normally
compress the brain, including the ventricles, and if unilateral, would
cause asymmetry of the ventricles and a midline shift. These char-
acteristic features were absent in our twins and surprisingly, also in
other children published as victims of shaking.**73-

Retinal hemorrhages

Bilateral, extensive bleeding in several retinal layers has been
regarded as a key feature of abusive head trauma.”’-** However, RH
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may not be pathognomonic for abusive head traumas; they can also
be seen in infants not related to abuse, e.g., in a large number of
healthy newborns,®>®” in infants with “macrocephaly,”®® after
“high-risk” deliveries,®° following acute life-threatening events,”°
and after cardiopulmonary resuscitation.”’*> RHs have also been
documented in premature infants; contrary to the rapid resolution
of the bleeding one usually sees in most newborns, the bleeding in
preterms tend to be long lasting.*

As for the rest of the triad, there is no high-quality evidence that
proves a causal relationship between retinal bleedings and violent
shaking. The problem lies again in the lack of objective proofs of
shaking.

What are then the mechanisms behind the intraocular bleeding
in infants? The most likely explanation seems to be the trans-
mission of an increased ICP through the optic nerve sheath to the
intraocular compartment, causing the Terson syndrome.’” In a
patient cohort comprising older children (three years or older), it
was demonstrated that high ICP could cause retinal hemorrhage.’®
The optic nerve sheath is much shorter in infants than in older
children; consequently, one would expect an increased ICP to be
conveyed more easily to the eye and cause retinal bleeding in
infants.

Epilepsy

Both boys described here had epileptic seizures as their first
overt symptom. Epileptic seizures occur frequently in children with
external hydrocephalus,'#16:21:23.29.58,65.97-100 There are at least two
good reasons for why external hydrocephalus should provoke sei-
zures: the increased ICP and blood elements in the subdural fluid
collections, most probably in combination.

Conclusions

My concern in this report is that many infants appear to be
diagnosed as shaken babies without any clear signs of an inflicted
trauma (impact). The scientifically weak documentation of a causal
relationship between the triad and the criminal act of violent
shaking without impact cannot be used as judicial evidence for
child abuse, beyond reasonable doubt.

When suspecting the shaken baby syndrome or abusive head
trauma, external hydrocephalus should always be ruled out as a
possible alternative diagnosis, as this condition may have medical
findings compatible with those claimed to prove violent shaking.
Unfortunately, many physicians who deal with child abuse seem
unfamiliar with the manifestations of benign external hydroceph-
alus in children.

Acknowledgments

The parents of both twin pairs approved the publication of this
report.

References

1. Alvarez LA, Maytal ], Shinnar S. Idiopathic external hydrocephalus: natural
history and relationship to benign familial macrocephaly. Pediatrics. 1986;77:
901-907.

2. Kumar R. External hydrocephalus in small children. Childs Nerv Syst. 2006;22:
1237-1241.

3. Muenchberger H, Assaad N, Joy P, Brunsdon R, Shores EA. Idiopathic macro-
cephaly in the infant: long-term neurological and neuropsychological
outcome. Childs Nerv Syst. 2006;22:1242—1248.

4, Raimondi AJ. A unifying theory for the definition and classification of hy-
drocephalus. Childs Nerv Syst. 1994;10:2—12.

5. Robertson Jr WC, Gomez MR. External hydrocephalus. Early finding in
congenital communicating hydrocephalus. Arch Neurol. 1978;35:541—-544.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

. Zahl SM, Egge A, Helseth E, Wester K. Benign external hydrocephalus: a re-

view, with emphasis on management. Neurosurg Rev. 2011;34:417—432.

. Machado MAD, Vieira NA, de Matos PE, et al. External hydrocephalus - A

review of 15 cases. Int ] Neuroradiol. 1999;5:266—270.

. Maytal ], Alvarez LA, Elkin CM, Shinnar S. External hydrocephalus - radiologic

spectrum and differentiation from cerebral atrophy. Am ] Neuroradiol.
1987;8:271-278.

. Wiig US, Zahl SM, Egge A, Helseth E, Wester K. Epidemiology of benign

external hydrocephalus in Norway a population-based study. Pediatr Neurol.
2017;73:36—41.

Dickinson EH, Pastor BH. Two cases of acute subdural hygroma simulating
massive intracranial hemorrhage. ] Neurosurg. 1948;5:98—101.

Kumar R, Singhal N, Mahapatra AK. Traumatic subdural effusions in children
following minor head injury. Childs Nerv Syst. 2008;24:1391—-1396.
Robertson Jr WC, Chun RW, Orrison WW, Sackett JF. Benign subdural col-
lections of infancy. ] Pediatr. 1979;94:382—386.

Pettit RE, Kilroy AW, Allen JH. Macrocephaly with head growth parallel to
normal growth-pattern - neurological, developmental, and computerized-
tomography findings in full-term infants. Arch Neurol. 1980;37:518—521.
Laubscher B, Deonna T, Uske A, van MG. Primitive megalencephaly in chil-
dren: natural history, medium term prognosis with special reference to
external hydrocephalus. Eur ] Pediatr. 1990;149:502—507.

Ment LR, Duncan CC, Geehr R. Benign enlargement of the subarachnoid spaces
in the infant. ] Neurosurg. 1981;54:504—508.

McNeely PD, Atkinson JD, Saigal G, O'Gorman AM, Farmer JP. Subdural he-
matomas in infants with benign enlargement of the subarachnoid spaces are
not pathognomonic for child abuse. Am ] Neuroradiol. 2006;27:1725—1728.
Korbin MA. Macrocephaly: report of case verified by ventriculography and
autopsy. Bull Los Angel Neuro Soc. 1954;19:178—185.

Riley HD, Smith WR. Macrocephaly, pseudopapilledema and multiple
hemangiomata - a previously undescribed heredofamilial syndrome. Pediat-
rics. 1960;26:293—-300.

Mikkelsen R, Rodevand LN, Wiig US, et al. Neurocognitive and psychosocial
function in children with benign external hydrocephalus (BEH)-a long-term
follow-up study. Child Nerv Syst. 2017;33:91—-99.

Azais M, Echenne B. Idiopathic subarachnoid space enlargement (benign
external hydrocephalus) in infants. Ann Pediatr (Paris). 1992;39:550—558.
Ghosh PS, Ghosh D. Subdural hematoma in infants without accidental or
nonaccidental injury: benign external hydrocephalus, a risk factor. Clin
Pediatr. 2011;50:897—903.

Gout A, Gautier I, Bellaiche M, et al. Idiopathic subarachnoid space enlarge-
ment in infancy: simple anatomic variant or hemorrhagic risk factor? Arch
Pediatrie. 1997;4:983—-987.

Hellbusch LC. Benign extracerebral fluid collections in infancy: clinical pre-
sentation and long-term follow-up. ] Neurosurg. 2007;107(2 Suppl):119—125.
Kapila A, Trice ], Spies WG, Siegel BA, Gado MH. Enlarged cerebrospinal-fluid
spaces in infants with subdural hematomas. Radiology. 1982;142:669—672.
McKeag H, Christian CW, Rubin D, Daymont C, Pollock AN, Wood ]. Subdural
hemorrhage in pediatric patients with enlargement of the subarachnoid
spaces clinical article. ] Neurosurg Pediatr. 2013;11:438—444.

Miller D, Barnes P, Miller M. The significance of macrocephaly or enlarging
head circumference in infants with the triad further evidence of mimics of
shaken baby syndrome. Am ] Forensic Med Pathol. 2015;36:111—120.

Mori K, Sakamoto T, Nishimura K, Fujiwara K. Subarachnoid fluid collection in
infants complicated by subdural-hematoma. Child Nerv Syst. 1993;9:282—284.
Papasian NC, Frim DM. A theoretical model of benign external hydrocephalus
that predicts a predisposition towards extra-axial hemorrhage after minor
head trauma. Pediatr Neurosurg. 2000;33:188—193.

Piatt Jr JH. A pitfall in the diagnosis of child abuse: external hydrocephalus,
subdural hematoma, and retinal hemorrhages. Neurosurg focus. 1999;7:e4.
Pittman T. Significance of a subdural hematoma in a child with external hy-
drocephalus. Pediatr Neurosurg. 2003;39:57—59.

Ravid S, Maytal J. External hydrocephalus: A probable cause for subdural
hematoma in infancy. Pediatr Neurol. 2003;28:139—141.

Lee HC, Chong S, Lee JY, et al. Benign extracerebral fluid collection compli-
cated by subdural hematoma and fluid collection: clinical characteristics and
management. Childs Nerv Syst. 2018;34:235—245.

Vinchon M, Delestret I, DeFoort-Dhellemmes S, Desurmont M, Noule N.
Subdural hematoma in infants: can it occur spontaneously? Data from a
prospective series and critical review of the literature. Childs Nerv Syst.
2010;26:1195-1205.

Duhaime AC, Gennarelli TA, Thibault LE, Bruce DA, Margulies SS, Wiser R. The
shaken baby syndrome - a clinical, pathological, and biomechanical study.
J Neurosurg. 1987;66:409—415.

Kendall B, Holland I. Benign communicating hydrocephalus in children.
Neuroradiology. 1981;21:93—-96.

Maytal ], Alvarez LA, Elkin CM, Shinnar S. External hydrocephalus: radiologic
spectrum and differentiation from cerebral atrophy. AJR Am ] Roentgenol.
1987;148:1223—-1230.

Tucker J, Choudhary AK, Piatt ]. Macrocephaly in infancy: benign enlargement
of the subarachnoid spaces and subdural collections. ] Neurosurg Pediatr.
2016;18:16—20.

Vinchon M. Subdural hematoma in infants: can it occur spontaneously? Data
from a prospective series and critical review of the literature by Vinchon et al.
Childs Nerv Syst. 2010;26:1485. Reply.


http://refhub.elsevier.com/S0887-8994(18)30870-1/sref1
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref1
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref1
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref1
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref2
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref2
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref2
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref3
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref3
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref3
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref3
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref4
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref4
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref4
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref5
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref5
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref5
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref6
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref6
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref6
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref7
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref7
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref7
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref8
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref8
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref8
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref8
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref9
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref9
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref9
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref9
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref10
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref10
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref10
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref11
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref11
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref11
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref12
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref12
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref12
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref13
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref13
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref13
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref13
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref14
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref14
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref14
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref14
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref15
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref15
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref15
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref16
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref16
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref16
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref16
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref17
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref17
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref17
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref18
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref18
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref18
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref18
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref19
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref19
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref19
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref19
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref20
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref20
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref20
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref21
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref21
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref21
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref21
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref22
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref22
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref22
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref22
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref23
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref23
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref23
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref24
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref24
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref24
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref25
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref25
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref25
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref25
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref26
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref26
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref26
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref26
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref27
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref27
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref27
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref28
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref28
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref28
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref28
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref29
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref29
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref30
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref30
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref30
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref31
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref31
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref31
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref32
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref32
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref32
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref32
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref33
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref33
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref33
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref33
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref33
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref34
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref34
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref34
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref34
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref35
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref35
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref35
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref36
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref36
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref36
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref36
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref37
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref37
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref37
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref37
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref38
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref38
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref38

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

K. Wester / Pediatric Neurology 97 (2019) 3—11 1

Medina LS, Frawley K, Zurakowski D, Buttros D, DeGrauw A], Crone KR.
Children with macrocrania: clinical and imaging predictors of disorders
requiring surgery. AJNR Am ] Neuroradiol. 2001;22:564—570.

Ludwig S, Warman M. Shaken baby syndrome - a review of 20 cases. Ann
Emerg Med. 1984;13:104—-107.

Donohoe M. Evidence-based medicine and shaken baby syndrome: part I:
literature review, 1966-1998. Am ] Forensic Med Pathol. 2003;24:239—-242.
SBU. Traumatic Shaking - The Role of the Triad in Medical Investigations of
Suspected Traumatic Shaking. A Systematic Review. Stockholm: Swedish
Agency for Health Technology Assessment and Assessment of Social Services
(SBU); 2016:61. SBU report no 255E.

Elinder G, Eriksson A, Hallberg B, et al. Traumatic shaking: the role of the triad
in medical investigations of suspected traumatic shaking. Acta Paediatr.
2018;107:3-23.

Adamsbaum C, Grabar S, Mejean N, Rey-Salmon C. Abusive head trauma:
judicial admissions highlight violent and repetitive shaking. Pediatrics.
2010;126:546—555.

Vinchon M, de Foort-Dhellemmes S, Desurmont M, Delestret I. Confessed
abuse versus witnessed accidents in infants: comparison of clinical, radio-
logical, and ophthalmological data in corroborated cases. Childs Nerv Syst.
2010;26:637—645.

Gudjonsson G. Memory distrust syndrome, confabulation and false confes-
sion. Cortex. 2017;87:156—165.

Cress M, Kestle JRW, Holubkov R, Riva-Cambrin J. Risk factors for pediatric
arachnoid cyst rupture/hemorrhage: a case-control study. Neurosurgery.
2013;72:716-722.

Wester K, Helland CA. How often do chronic extra-cerebral haematomas
occur in patients with intracranial arachnoid cysts? ] Neurol Neurosurg Psy-
chiatry. 2008;79:72—75.

Hogberg U, Andersson ], Squier W, et al. Epidemiology of subdural haemor-
rhage during infancy: a population-based register study. PLos One.
2018;13(10):e0206340.

Sirgiovanni I, Avignone S, Groppo M, et al. Intracranial haemorrhage: an
incidental finding at magnetic resonance imaging in a cohort of late preterm
and term infants. Pediatr Radiol. 2014;44:289—296.

Towner D, Castro MA, Eby-Wilkens E, Gilbert WM. Effect of mode of delivery
in nulliparous women on neonatal intracranial injury. N Engl ] Med.
1999;341:1709—-1714.

Friede RL, Schachenmayr W. Origin of subdural neomembranes. 2. Fine-
structure of neomembranes. Am | Pathol. 1978;92:69—84.

Sato S, Suzuki J. Ultrastructural observations of capsule of chronic subdural
hematoma in various clinical stages. ] Neurosurg. 1975;43:569—-578.

Weigel R, Schilling L, Schmiedek P. Specific pattern of growth factor distri-
bution in chronic subdural hematoma (CSH): evidence for an angiogenic
disease. Acta Neurochir (Wien). 2001;143:811—-818.

Yamashima T, Yamamoto S. Clinicopathological study of acute subdural-
hematoma in the chronic healing stage - clinical, histological and ultra-
structural comparisons with chronic subdural-hematoma. Neurochirurgia.
1984;27:98—105.

Murakami H, Hirose Y, Sagoh M, et al. Why do chronic subdural hematomas
continue to grow slowly and not coagulate? Role of thrombomodulin in the
mechanism. ] Neurosurg. 2002;96:877—-884.

Kawakami Y, Chikama M, Tamiya T, Shimamura Y. Coagulation and fibrino-
lysis in chronic subdural hematoma. Neurosurgery. 1989;25:25—29.

Alper G, Ekinci G, Yilmaz Y, Arikan C, Telyar G, Erzen C. Magnetic resonance
imaging characteristics of benign macrocephaly in children. J Child Neurol.
1999;14:678—682.

Andersson H, Elfverson ], Svendsen P. External hydrocephalus in infants.
Childs Brain. 1984;11:398—402.

Carolan PL, Mclaurin RL, Towbin RB, Towbin JA, Egelhoff JC. Benign extraaxial
collections of infancy. Pediatr Neurosci. 1986;12:140—144.

Castro-Gago M, Perez-Gomez C, Novo-Rodriguez MI, Blanco-Barca O,
Alonso-Martin A, Eiris-Punal ]. Benign idiopathic external hydrocephalus
(benign subdural collection) in 39 children: its natural history and relation
to familial macrocephaly. Rev Neurol. 2005;40:513—517 [Article in
Spanish].

Neveling EA, Truex Jr RC. External obstructive hydrocephalus: a study of
clinical and developmental aspects in ten children. ] Neurosurg Nurs.
1983;15:255—-260.

Nickel RE, Gallenstein JS. Developmental prognosis for infants with benign
enlargement of the subarachnoid spaces. Dev Med child Neurol. 1987;29:
181—-186.

Nishimura K, Mori K, Sakamoto T, Fujiwara K. Management of subarachnoid
fluid collection in infants based on a long-term follow-up study. Acta Neu-
rochir (Wien). 1996;138:179—184.

Sahar A. Pseudohydrocephalus-megalocephaly, increased intracranial-
pressure and widened subarachnoid space. Neuropadiatrie. 1978;9:131—139.
Sakai N, Nokura H, Deguchi K, Decarlini E, Futamura A, Yamada H. Surgical
indications for infantile subdural effusion. Childs Nerv Syst. 1990;6:447—450.
Guthkelch AN. Subdural effusions in infancy - 24 cases. Br Med ]. 1953;1:
233-239.

Ingraham FD, Matson DD. Subdural hematoma in infancy. The ] Pediatr.
1944;24:1-37.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Barlow CF. CSF dynamics in hydrocephalus-with special attention to external
hydrocephalus. Brain Dev. 1984;6:119—127.

Gherpelli JL, Scaramuzzi V, Manreza ML, Diament AJ]. Follow-up study of
macrocephalic children with enlargement of the subarachnoid space. Arqui-
vos de neuro-psiquiatria. 1992;50:156—162.

Prassopoulos P, Cavouras D, Golfinopoulos S, Nezi M. The size of the intra-
ventricular and extraventricular cerebrospinal-fluid compartments in chil-
dren with idiopathic benign widening of the frontal subarachnoid space.
Neuroradiology. 1995;37:418—421.

Girard N, Brunel H, Dory-Lautrec P, Chabrol B. Neuroimaging differential di-
agnoses to abusive head trauma. Pediatr Radiol. 2016;46:603—614.

Demirli Caylan N, Yilmaz G, Oral R, Karacan CD, Zorlu P. Abusive head trauma:
report of 3 cases. Ulus Travma Acil Cerrahi Derg. 2013;19:261—-266.
Wittschieber D, Karger B, Niederstadt T, Pfeiffer H, Hahnemann ML. Subdural
hygromas in abusive head trauma: pathogenesis, diagnosis, and forensic
implications. Am ] Neuroradiol. 2015;36:432—439.

Morad Y, Avni I, Benton SA, et al. Normal computerized tomography of brain
in children with shaken baby syndrome. ] AAPOS. 2004;8:445—450.

Biousse V, Suh DY, Newman NJ, Davis PC, Mapstone T, Lambert SR. Diffusion-
weighted magnetic resonance imaging in shaken baby syndrome. Am ]
Ophthalmol. 2002;133:249-255.

Maguire S, Pickerd N, Farewell D, Mann M, Tempest V, Kemp AM. Which
clinical features distinguish inflicted from non-inflicted brain injury? A sys-
tematic review. Arch Dis Child. 2009;94:860—867.

Maguire SA, Watts PO, Shaw AD, et al. Retinal haemorrhages and related
findings in abusive and non-abusive head trauma: a systematic review. Eye.
2013;27:28-36.

Binenbaum G, Forbes BJ. The eye in child abuse: key points on retinal hem-
orrhages and abusive head trauma. Pediatr Radiol. 2014;44:5571—-S577.
Binenbaum G, Mirza-George N, Christian CW, Forbes BJ. Odds of abuse asso-
ciated with retinal hemorrhages in children suspected of child abuse. ] AAPOS.
2009;13:268—-272.

Levin AV. Retinal hemorrhage in abusive head trauma. Pediatrics. 2010;126:
961-970.

Morad Y, Wygnansky-Jaffe T, Levin AV. Retinal haemorrhage in abusive head
trauma. Clin Exp Ophthalmol. 2010;38:514—-520.

Parulekar MV, Elston JS. The evidence base for retinal haemorrhages in shaken
baby syndrome. Dev Med child Neurol. 2008;50:793—794.

Pierre-Kahn V, Roche O, Dureau P, et al. Ophthalmologic findings in suspected
child abuse victims with subdural hematomas. Ophthalmology. 2003;110:
1718—-1723.

Li LH, Li N, Zhao JY, et al. Findings of perinatal ocular examination performed
on 3573, healthy full-term newborns. Br ] Ophthalmol. 2013;97:588—591.
Nemivant K, Bhalerao A. Retinal haemorrhages in the newborn. ] Evol Med
Dent Sci. 2015;4:8028—-8040.

Vinekar A, Govindaraj I, Jayadev C, et al. Universal ocular screening of 1021
term infants using wide-field digital imaging in a single public hospital in
India - a pilot study. Acta Ophthalmol. 2015;93:E372—E376.

Scheller ]. Infantile retinal haemorrhages in the absence of brain and bodily
injury. Acta Paediatr. 2017;106:1902—1904.

Pu QL, Li P, Jiang HQ, et al. Factors related to retinal haemorrhage in infants
born at high risk. Acta Ophthalmol. 2017;95:E477—E480.

Barnes PD, Galaznik J, Gardner H, Shuman M. Infant acute life-threatening
event-dysphagic choking versus nonaccidental injury. Semin Pediatr Neurol.
2010;17:7—-11.

Polito A, Eong KGA, Repka MX, Pieramici DJ. Bilateral retinal hemorrhages in a
preterm infant with retinopathy at prematurity immediately following car-
diopulmonary resuscitation. Arch Ophthalmol. 2001;119:913—914.

Pham H, Enzenauer RW, Elder JE, Levin AV. Retinal hemorrhage after car-
diopulmonary resuscitation with chest compressions. Am ] Forensic Med
Pathol. 2013;34:122—124.

Kramer K, Goldstein B. Retinal hemorrhages following cardiopulmonary-
resuscitation. Clin Pediatr. 1993;32:366—368.

Fledelius HC. Retinal haemorrhages in premature infants: a pathogenetic
alternative diagnosis to child abuse. Acta Ophthalmol Scan. 2005;83:
424—427.

De Terson A. L' hemorrhagie dans le corps vitre au cours de I'hemorrhagie
cerebrale. Clin Ophthalmol. 1900;6:309—312.

Binenbaum G, Rogers DL, Forbes BJ, et al. Patterns of retinal hemorrhage
associated with increased intracranial pressure in children. Pediatrics.
2013;132:e430—e434.

Miller R, Miller M. Overrepresentation of males in traumatic brain injury of
infancy and in infants with macrocephaly further evidence that questions the
existence of shaken baby syndrome. Am ] Forensic Med Pathol. 2010;31:
165—-173.

Govaert P, Oostra A, Matthys D, Vanhaesebrouck P, Leroy J. How idiopathic is
idiopathic external hydrocephalus? Dev Med child Neurol. 1991;33:274—276.
Nogueira GJ, Zaglul HF. Hypodense extracerebral images on computed-
tomography in children external hydrocephalus - a misnomer. Childs Nerv
Syst. 1991;7:336—341.

Roshan K, Elizabeth C, Chacko A, Rajendra J, Gururaj A, Dilip S. External hy-
drocephalus - a report of 16 cases from Oman. ] Trop Pediatr. 1998;44:
153—156.


http://refhub.elsevier.com/S0887-8994(18)30870-1/sref39
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref39
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref39
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref39
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref40
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref40
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref40
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref41
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref41
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref41
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref42
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref42
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref42
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref42
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref43
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref43
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref43
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref43
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref44
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref44
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref44
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref44
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref45
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref45
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref45
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref45
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref45
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref46
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref46
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref46
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref47
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref47
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref47
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref47
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref48
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref48
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref48
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref48
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref49
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref49
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref49
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref50
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref50
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref50
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref50
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref51
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref51
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref51
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref51
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref52
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref52
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref52
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref53
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref53
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref53
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref54
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref54
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref54
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref54
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref55
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref55
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref55
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref55
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref55
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref56
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref56
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref56
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref56
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref57
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref57
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref57
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref58
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref58
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref58
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref58
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref59
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref59
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref59
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref60
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref60
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref60
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref61
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref61
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref61
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref61
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref61
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref61
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref62
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref62
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref62
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref62
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref63
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref63
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref63
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref63
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref64
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref64
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref64
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref64
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref65
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref65
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref65
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref66
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref66
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref66
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref67
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref67
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref67
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref68
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref68
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref68
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref69
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref69
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref69
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref70
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref70
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref70
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref70
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref71
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref71
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref71
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref71
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref71
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref72
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref72
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref72
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref73
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref73
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref73
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref73
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref74
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref74
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref74
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref74
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref75
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref75
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref75
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref76
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref76
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref76
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref76
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref77
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref77
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref77
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref77
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref78
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref78
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref78
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref78
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref79
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref79
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref79
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref80
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref80
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref80
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref80
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref81
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref81
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref81
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref82
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref82
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref82
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref83
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref83
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref83
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref84
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref84
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref84
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref84
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref85
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref85
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref85
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref86
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref86
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref86
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref87
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref87
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref87
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref87
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref88
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref88
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref88
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref89
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref89
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref89
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref90
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref90
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref90
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref90
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref91
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref91
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref91
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref91
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref92
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref92
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref92
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref92
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref93
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref93
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref93
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref94
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref94
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref94
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref94
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref95
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref95
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref95
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref96
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref96
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref96
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref96
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref97
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref97
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref97
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref97
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref97
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref98
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref98
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref98
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref99
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref99
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref99
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref99
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref100
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref100
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref100
http://refhub.elsevier.com/S0887-8994(18)30870-1/sref100

	Two Infant Boys Misdiagnosed as “Shaken Baby” and Their Twin Sisters: A Cautionary Tale
	Patient Descriptions
	The first twins
	Boy 1
	Girl 1

	The appeal court
	The second pair of twins
	Boy 2
	Girl 2

	The appeal court

	Discussion
	Shaken baby syndrome and lack of medical evidence
	BEH: a possible cause of the triad?
	Male preponderance and age in abusive head traumas, external hydrocephalus, and subdural hematomas
	Radiology
	Retinal hemorrhages
	Epilepsy

	Conclusions
	Acknowledgments
	References


