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Fatal Pediatric Head Injuries Caused by Short-Distance Falls

John Plunkett, M.D.

Physicians disagree on several issues regarding head in-
jury in infants and children, including the potential
lethality of a short-distance fall, a lucid interval in an ul-
timately fatal head injury, and the specificity of retinal
hemorrhage for inflicted trauma. There is scant objective
evidence to resolve these questions, and more informa-
tion is needed. The objective of this study was to deter-
mine whether there are witnessed or investigated fatal
short-distance falls that were concluded to be accidental.
The author reviewed the January 1, 1988 through June
30, 1999 United States Consumer Product Safety Com-
mission database for head injury associated with the use
of playground equipment. The author obtained and re-
viewed the primary source data (hospital and emergency
medical services’ records, law enforcement reports, and
coroner or medical examiner records) for all fatalities in-
volving a fall.

The results revealed 18 fall-related head injury fatali-
ties in the database. The youngest child was 12 months
old, the oldest 13 years. The falls were from 0.6 to 3 me-
ters (2—10 feet). A noncaretaker witnessed 12 of the 18,
and 12 had a lucid interval. Four of the six children in
whom funduscopic examination was documented in the
medical record had bilateral retinal hemorrhage. The au-
thor concludes that an infant or child may suffer a fatal
head injury from a fall of less than 3 meters (10 feet).
The injury may be associated with a lucid interval and
bilateral retinal hemorrhage.
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Many physicians believe that a simple fall can-
not cause serious injury or death (1-9), that a
lucid interval does not exist in an ultimately fatal
pediatric head injury (7—13), and that retinal hem-
orrhage is highly suggestive if not diagnostic for
inflicted trauma (7,12,14-21). However, several
have questioned these conclusions or urged cau-
tion when interpreting head injury in a child
(15,22-28). This controversy exists because most
infant injuries occur in the home (29,30), and if
there is history of a fall, it is usually not witnessed
or is seen only by the caretaker. Objective data are
needed to resolve this dispute. It would be helpful
if there were a database of fatal falls that were
witnessed or wherein medical and law enforce-
ment investigation unequivocally concluded that
the death was an accident.

The United States Consumer Product Safety
Commission (CPSC) National Injury Information
Clearinghouse uses four computerized data sources
(31). The National Electronic Injury Surveillance
System (NEISS) file collects current injury data as-
sociated with 15,000 categories of consumer prod-
ucts from 101 U.S. hospital emergency depart-
ments, including 9 pediatric hospitals. The file is a
probability sample and is used to estimate the num-
ber and types of consumer product—related injuries
each year (32). The Death Certificate (DC) file is a
demographic summary created by information pro-
vided to the CPSC by selected U.S. State Health
Departments. The Injury/Potential Injury Incident
(IR) file contains summaries, indexed by consumer
product, of reports to the CPSC from consumers,
medical examiners and coroners (Medical Exam-
iner and Coroner Alert Project [MECAP]), and
newspaper accounts of product-related incidents
discovered by local or regional CPSC staff (33).
The In-Depth Investigations (Al) file contains sum-
maries of investigations performed by CPSC staff
based on reports received from the NEISS, DC, or
IR files (34). The AI files provide details about
the incident from victim and witness interviews,
accident reconstruction, and review of law enforce-
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ment, health care facility, and coroner or medical
examiner records (if a death occurred).

METHODS

I reviewed the CPSC, DC, IR, and Al files for all
head and neck injuries involving playground equip-
ment recorded by the CPSC from January 1, 1988
through June 30, 1999. There are 323 entries in the
playground equipment IR file, 262 in the Al file, 47
in the DC file, and more than 75,000 in the NEISS
file. All deaths in the NEISS file generated an IR or
Al file. If the file indicated that a death had oc-
curred from a fall, I obtained and reviewed each
original source record from law enforcement, hos-
pitals, emergency medical services (EMS), and
coroner or medical examiner offices except for one
autopsy report. However, 1 discussed the autopsy
findings with the pathologist in this case.

RESULTS

There are 114 deaths in the Clearinghouse data-
base, 18 of which were due to head injury from a
fall. The following deaths were excluded from this
study: those that involved equipment that broke or
collapsed, striking a person on the head or neck
(41); those in which a person became entangled in
the equipment and suffocated or was strangled (45),
those that involved equipment or incidents other
than playground (6 [including a 13.7-meter fall
from a homemade Ferris wheel and a 3-meter fall
from a cyclone fence adjacent to a playground]);
and falls in which the death was caused exclusively
by neck (carotid vessel, airway, or cervical spinal
cord) injury (4).

The falls were from horizontal ladders (4),
swings (7), stationary platforms (3), a ladder at-
tached to a slide, a ““see-saw”, a slide, and a retain-
ing wall. Thirteen occurred on a school or public
playground, and five occurred at home. The data-
base is not limited to infants and children, but a
13-year-old was the oldest fatality (range, 12
months—13 years; mean, 5.2 years; median, 4.5
years). The distance of the fall, defined as the dis-
tance of the closest body part from the ground at
the beginning of the fall, could be determined from
CPSC or law enforcement reconstruction and actual
measurement in 10 cases and was 0.6 to 3.0 meters
(mean, 1.3 = 0.77; median, 0.9). The distance
could not be accurately determined in the seven fa-
talities involving swings and one of the falls from a
horizontal ladder, and may have been from as little
as 0.6 meters to as much as 2.4 meters. The maxi-
mum height for a fall from a swing was assumed to
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be the highest point of the arc. Twelve of the 18
falls were witnessed by a noncaretaker or were
videotaped; 12 of the children had a lucid interval
(5 minutes—48 hours); and 4 of the 6 in whom fun-
duscopic examination was performed had bilateral
retinal hemorrhage (Table 1).

CASES

Case 1

This 12-month-old was seated on a porch swing
between her mother and father when the chain on
her mother’s side broke and all three fell sideways
and backwards 1.5 to 1.8 meters (5-6 feet) onto
decorative rocks in front of the porch. The mother
fell first, then the child, then her father. It is not
known if her father landed on top of her or if she
struck only the ground. She was unconscious im-
mediately. EMS was called; she was taken to a
local hospital; and was ictal and had decerebrate
posturing in the emergency room. She was intu-
bated, hyperventilated, and treated with mannitol.
A computed tomography (CT) scan indicated a
subgaleal hematoma at the vertex of the skull, a
comminuted fracture of the vault, parafalcine sub-
dural hemorrhage, and right parietal subarachnoid
hemorrhage. There was also acute cerebral edema
with effacement of the right frontal horn and com-
pression of the basal cisterns. She had a cardiopul-
monary arrest while the CT scan was being done
and could not be resuscitated.

Case 2

A 14-month-old was on a backyard ‘“see-saw”
and was being held in place by his grandmother.
The grandmother said that she was distracted for a
moment and he fell backward, striking the grass-
covered ground 0.6 meters (22.5 inches) below the
plastic seat. He was conscious but crying, and she
carried him into the house. Within 10 to 15 minutes
he became lethargic and limp, vomited, and was
taken to the local hospital by EMS personnel. He
was unconscious but purposefully moving all ex-
tremities when evaluated, and results of fundus-
copic examination were normal. A CT scan indi-
cated an occipital subgaleal hematoma, left-sided
cerebral edema with complete obliteration of the
left frontal horn, and small punctate hemorrhages
in the left frontal lobe. There was no fracture or
subdural hematoma. He was treated with mannitol;
his level of consciousness rapidly improved; and he
was extubated. However, approximately 7 hours
after admission he began to have difficulty breath-
ing, both pupils suddenly dilated, and he was rein-
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TABLE 1.

Summary of cases

Lucid Retinal Subdural
No. CPSC No. Age Sex  Fall from Distance M/F  Witnessed interval hemorrhage hemorrhage Autopsy Cause of death FP
1 DC 9108013330 12mos F  Swing 1.5-1.8/5.0-6.0 No No N/R Yes +IHF No Complex calvarial fracture No
with edema and
contusions
2 Al 890208HBC3088 14 mos M  See-saw 0.6/2.0 No 10-15 No No No Malignant cerebral edema No
minutes with herniation
3 IRF910368A 17mos F  Swing 1.5-1.8/5.0-6.0 No No N/R Yes +IHF Yes Acute subdural hematoma  Yes
with secondary cerebral
edema
4  AI921001HCC2263 20mos F Platform 1.1/3.5 No 5-10 Bilateral Yes +IHF Limited  Occipital fracture with Yes
minutes multilayered subdural/subarachnoid
hemorrhage progressing
to cerebral edema and
herniation
5% DC 9312060661 283mos F  Platform 0.70/2.3 Yes 10 minutes  Bilateral, NOS Yes Yes Acute subdural hematoma  Yes
6 DC 9451016513 26mos M  Swing 0.9-1.8/3.0-6.0 Yes No Bilateral Yes +IHF Yes Subdural hematoma with Yes
multilayered associated cerebral
edema
7% Al 891215HcC2094 3yrs M Platform 0.9/3.0 Yes 10 minutes  N/R Yes No Acute cerebral edema with
herniation No
8 AlI910515HCC2182 3yrs F  Ladder 0.6/2.0 yes 15 minutes  N/R Yes Yes Complex calvarial fracture,  Yes
(autopsy only) contusions, cerebral
edema with herniation
9 DC 9253024577 4yrs M  Slide 2.1/7.0 Yes 3 hours N/R No Yes Epidural hematoma Yes
10 Al 920710HWE4014  5yrs M Horizontal 2.1/7.0 No No N/R Yes No Acute subdural hematoma  Yes
ladder with acute cerebral
edema
11 Al 960517HCC5175 6 yrs M Swing 0.6-2.4/2.0-8.0 No 10 minutes  No Yes +IHF No Acute subdural hematoma  Yes
12 Al 970324HCC3040 6 yrs M Horizontal 3.0/10.0 Yes 45 minutes  N/R No No Malignant cerebral edema Yes
ladder with herniation
13 Al 881229HCC3070 6 yrs F  Horizontal 0.9/3.0 Yes 1+ hour N/R Yes +IHF Yes Subdural and subarachnoid  Yes
ladder hemorrhage, cerebral
infarct, and edema
14 Al 930930HWE5025 7 yrs M Horizontal 1.2-2.4/4.0-8.0 Yes 48 hours N/R No Yes Cerebral infarct secondary  Yes
ladder to carotid/vertebral artery
thrombosis
15 Al 970409HCC1096 8yrs F  Retaining 0.9/3.0 Yes 12+ hours  N/R Yes Yes Acute subdural hematoma  Yes
wall (autopsy only)
16 Al 890621HCC3195 10yrs M Swing 0.9-1.5/3.0-5.0 Yes 10 minutes  Bilateral Yes Yes Acute subdural hematoma No
multilayered contiguous with an AV
malformation
17 Al 920428HCC1671 12yrs F  Swing 0.9-1.8/3.0-6.0 Yes No N/R No Yes Occipital fracture with Yes
extensive contra-coup
contusions
18 AI891016HCC1511 13 yrs F  Swing 0.6-1.8/2.0-6.0 Yes No N/R Yes +IHF Yes Occipital fracture, subdural  Yes

hemorrhage, cerebral
edema

#The original CT scan for case #7 and the soft tissue CT windows for case #5 could not be located and were unavailable for review.
CPSC, Consumer Products Safety Commission; Al, accident investigation; IR, incident report; DC, death certificate; M, male; F, female; Distance, the distance of the closest body part
from the ground at the start of the fall (see text); M/F, meters/feet; Witnessed, witnessed by a noncaretaker or videotaped; N/R, not recorded; IHF, including interhemispheric or falx; FP,

forensic pathologist—directed death investigation system.
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tubated. A second CT scan demonstrated progres-
sion of the left hemispheric edema despite medical
management, and he was removed from life sup-
port 22 hours after admission.

Case 3

This 17-month-old had been placed in a baby
carrier—type swing attached to an overhead tree
limb at a daycare provider’s home. A restraining
bar held in place by a snap was across her waist.
She was being pushed by the daycare provider to
an estimated height of 1.5 to 1.8 meters (5—6 feet)
when the snap came loose. The child fell from the
swing on its downstroke, striking her back and
head on the grassy surface. She was immediately
unconscious and apneic but then started to breathe
spontaneously. EMS took her to a pediatric hospi-
tal. A CT scan indicated a large left-sided sub-
dural hematoma with extension to the interhemi-
spheric fissure anteriorly and throughout the length
of the falx. The hematoma was surgically evacu-
ated, but she developed malignant cerebral edema
and died the following day. A postmortem exami-
nation indicated symmetrical contusions on the
buttock and midline posterior thorax, consistent
with impact against a flat surface; a small residual
left-sided subdural hematoma; cerebral edema
with anoxic encephalopathy; and uncal and cere-
bellar tonsillar herniation. There were no cortical
contusions.

Case 4

A 20-month-old was with other family members
for a reunion at a public park. She was on the plat-
form portion of a jungle gym when she fell from
the side and struck her head on one of the support
posts. The platform was 1.7 meters (67 inches)
above the ground and 1.1 meters (42 inches) above
the top of the support post that she struck. Only her
father saw the actual fall, although there were a
number of other people in the immediate area. She
was initially conscious and talking, but within 5 to
10 minutes became comatose. She was taken to a
nearby hospital, then transferred to a tertiary-care
facility. A CT scan indicated a right occipital skull
fracture with approximately 4-mm of depression
and subarachnoid and subdural hemorrhage along
the tentorium and posterior falx. Funduscopic ex-
amination indicated extensive bilateral retinal and
preretinal hemorrhage. She died 2 days later be-
cause of uncontrollable increased intracranial pres-
sure. A limited postmortem examination indicated
an impact subgaleal hematoma overlying the frac-
ture in the mid occiput.
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Case 5

A 23-month-old was playing on a plastic gym set
in the garage at her home with her older brother.
She had climbed the attached ladder to the top rail
above the platform and was straddling the rail, with
her feet 0.70 meters (28 inches) above the floor.
She lost her balance and fell headfirst onto a 1-cm
(%-inch) thick piece of plush carpet remnant cover-
ing the concrete floor. She struck the carpet first
with her outstretched hands, then with the right
front side of her forehead, followed by her right
shoulder. Her grandmother had been watching the
children play and videotaped the fall. She cried
after the fall but was alert and talking. Her grand-
mother walked/carried her into the kitchen, where
her mother gave her a baby analgesic with some
water, which she drank. However, approximately 5
minutes later she vomited and became stuporous.
EMS personnel airlifted her to a tertiary-care uni-
versity hospital. A CT scan indicated a large right-
sided subdural hematoma with effacement of the
right lateral ventricle and minimal subfalcine herni-
ation. (The soft tissue windows for the scan could
not be located and were unavailable for review.)
The hematoma was immediately evacuated. She re-
mained comatose postoperatively, developed cere-
bral edema with herniation, and was removed from
life support 36 hours after the fall. Bilateral retinal
hemorrhage, not further described, was docu-
mented in a funduscopic examination performed 24
hours after admission. A postmortem examination
confirmed the right frontal scalp impact injury.
There was a small residual right subdural hema-
toma, a right parietal lobe contusion (secondary to
the surgical intervention), and cerebral edema with
cerebellar tonsillar herniation.

Case 6

A 26-month-old was on a playground swing
being pushed by a 13-year-old cousin when he fell
backward 0.9 to 1.8 meters (3—6 feet), striking his
head on hard-packed soil. The 13-year-old and sev-
eral other children saw the fall. He was immedi-
ately unconscious and was taken to a local emer-
gency room, then transferred to a pediatric hospital.
A CT scan indicated acute cerebral edema and a
small subdural hematoma adjacent to the anterior
interhemispheric falx. A funduscopic examination
performed 4 hours after admission indicated exten-
sive bilateral retinal hemorrhage, vitreous hemor-
rhage in the left eye, and papilledema. He had a
subsequent cardiopulmonary arrest and could not
be resuscitated. A postmortem examination con-
firmed the retinal hemorrhage and indicated a right
parietal scalp impact injury but no calvarial frac-
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ture, a “film” of bilateral subdural hemorrhage,
cerebral edema with herniation, and focal hemor-
rhage in the right posterior midbrain and pons.

Case 7

This 3-year-old with a history of TAR (thrombo-
cytopenia—absent radius) syndrome was playing
with other children on playground equipment at his
school when he stepped through an opening in a
platform. He fell 0.9 meters (3 feet) to the hard-
packed ground, striking his face. A teacher wit-
nessed the incident. He was initially conscious and
able to walk. However, approximately 10 minutes
later he had projectile vomiting and became co-
matose, was taken to a local hospital, and subse-
quently transferred to a pediatric hospital. A CT
scan indicated a small subdural hematoma and dif-
fuse cerebral edema with uncal herniation, accord-
ing to the admission history and physical examina-
tion. (The original CT report and scan could not be
located and were unavailable for review.) His
platelet count was 24,000/mm3, and he was treated
empirically with platelet transfusions, although he
had no evidence for an expanding extra-axial mass.
Resuscitation was discontinued in the emergency
room.

Case 8

This 3-year-old was at a city park with an adult
neighbor and four other children, ages 6 to 10. She
was standing on the third step of a slide ladder 0.6
meters (22 inches) above the ground when she fell
forward onto compact dirt, striking her head. The
other children but not the adult saw the fall. She
was crying but did not appear to be seriously in-
jured, and the neighbor picked her up and brought
her to her parents’ home. Approximately 15 min-
utes later she began to vomit, and her mother called
EMS. She was taken to a local emergency room,
then transferred to a pediatric hospital. She was ini-
tially lethargic but responded to hyperventilation
and mannitol; she began to open her eyes with
stimulation and to spontaneously move all extremi-
ties and was extubated. However, she developed
malignant cerebral edema on the second hospital
day and was reintubated and hyperventilated but
died the following day. A postmortem examination
indicated a subgaleal hematoma at the vertex of the
skull associated with a complex fracture involving
the left frontal bone and bilateral temporal bones.
There were small epidural and subdural hematomas
(not identifiable on the CT scan), bilateral “contra-
coup” contusions of the inferior surfaces of the
frontal and temporal lobes, and marked cerebral
edema with uncal herniation.

Case 9

A 4-year-old fell approximately 2.1 meters (7
feet) from a playground slide at a state park, land-
ing on the dirt ground on his buttock, then falling to
his left side, striking his head. There was no loss of
consciousness, but his family took him to a local
emergency facility, where an evaluation was nor-
mal. However, he began vomiting and complained
of left neck and head pain approximately 3 hours
later. He was taken to a second hospital, where a
CT scan indicated a large left parietal epidural
hematoma with a midline shift. He was transferred
to a pediatric hospital and the hematoma was evac-
uated, but he developed malignant cerebral edema
with right occipital and left parietal infarcts and
was removed from the respirator 10 days later. A
postmortem examination indicated a small residual
epidural hematoma, marked cerebral edema, bilat-
eral cerebellar tonsillar and uncal herniation, and
hypoxic encephalopathy. There was no identifiable
skull fracture.

Case 10

A 5-year-old was apparently walking across the
horizontal ladder of a “monkey bar,” part of an in-
terconnecting system of homemade playground
equipment in his front yard, when his mother
looked out one of the windows and saw him laying
face down on the ground and not moving. The hor-
izontal ladder was 2.1 meters (7 feet) above com-
pacted dirt. EMS were called, he was taken to a
local hospital, and then transferred to a pediatric
hospital. A CT scan indicated a right posterior tem-
poral linear fracture with a small underlying
epidural hematoma, a 5-mm thick acute subdural
hematoma along the right temporal and parietal
lobes, and marked right-sided edema with a 10-mm
midline shift. He was hyperventilated and treated
with mannitol, but the hematoma continued to en-
large and was surgically evacuated. However, he
developed uncontrollable cerebral edema and was
removed from life support 10 days after the fall.

Case 11

A 6-year-old was on a playground swing at a pri-
vate lodge with his 14-year-old sister. His sister
heard a “thump,” turned around, and saw him on
the grass-covered packed earth beneath the swing.
The actual fall was not witnessed. The seat of the
swing was 0.6 meters (2 feet) above the ground,
and the fall distance could have been from as high
as 2.4 meters (8 feet). He was initially conscious
and talking but within 10 minutes became co-
matose and was taken to a local emergency room,
then transferred to a tertiary-care hospital. A CT
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scan indicated a large left frontoparietal subdural
hematoma with extension into the anterior inter-
hemispheric fissure and a significant midline shift
with obliteration of the left lateral ventricle. There
were no retinal hemorrhages. He was treated ag-
gressively with dexamethasone and hyperventila-
tion, but there was no surgical intervention. He died
the following day.

Case 12

This 6-year-old was at school and was sitting on
the top crossbar of a “monkey bar” approximately 3
meters (10 feet) above compacted clay soil when an
unrelated noncaretaker adult saw him fall from the
crossbar to the ground. He landed flat on his back
and initially appeared to have the wind knocked out
of him but was conscious and alert. He was taken to
the school nurse who applied an ice pack to a con-
tusion on the back of his head. He rested for ap-
proximately 30 minutes in the nurse’s office and
was being escorted back to class when he suddenly
collapsed. EMS was called, and he was transported
to a pediatric hospital. He was comatose on admis-
sion, the fundi could not be visualized, and a head
CT scan was interpreted as normal. However, a CT
scan performed the following morning approxi-
mately 20 hours after the fall indicated diffuse cere-
bral edema with effacement of the basilar cisterns
and fourth ventricle. There was no identifiable sub-
dural hemorrhage or calvarial fracture. He devel-
oped transtentorial herniation and died 48 hours
after the fall.

Case 13

This 6-year-old was playing on a school play-
ground with a 5th grade student/friend. She was
hand-over-hand traversing the crossbar of a “mon-
key bar” 2.4 meters (7 feet 10 inches) above the
ground with her feet approximately 1 meter (40
inches) above the surface. She attempted to slide
down the pole when she reached the end of the
crossbar but lost her grip and slid quickly to the
ground, striking the compacted dirt first with her
feet, then her buttock and back, and finally her
head. The friend informed the school principal of
the incident, but the child seemed fine and there
was no intervention. She went to a relative’s home
for after-school care approximately 30 minutes
after the fall, watched TV for a while, then com-
plained of a headache and laid down for a nap.
When her parents arrived at the home later that
evening, 6 hours after the incident, they discovered
that she was incoherent and “drooling.” EMS trans-
ported her to a tertiary-care medical center. A CT
scan indicated a right parieto-occipital skull frac-
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ture, subdural and subarachnoid hemorrhage, and a
right cerebral hemisphere infarct. The infarct in-
cluded the posterior cerebral territory and was
thought most consistent with thrombosis or dissec-
tion of a right carotid artery that had a persistent
fetal origin of the posterior cerebral artery. She
remained comatose and was removed from the
respirator 6 days after admission. A postmortem
examination indicated superficial abrasions and
contusions over the scapula, a prominent right pari-
etotemporal subgaleal hematoma, and a right pari-
etal skull fracture. She had a 50-ml subdural
hematoma and cerebral edema with global hypoxic
or ischemic injury (“respirator brain”), but the
carotid vessels were normal.

Case 14

A 7-year-old was on the playground during
school hours playing on the horizontal ladder of a
“monkey bar” when he slipped and fell 1.2 to 2.4
meters (4—8 feet). According to one witness, he
struck his forehead on the bars of the vertical lad-
der; according to another eyewitness he struck the
rubber pad covering of the asphalt ground. There
are conflicting stories as to whether he had an ini-
tial loss of consciousness. However, he walked
back to the school, and EMS was called because of
the history of the fall. He was taken to a local hos-
pital, where evaluation indicated a Glasgow coma
score of 15 and a normal CT scan except for an oc-
cipital subgaleal hematoma. He was kept overnight
for observation because of the possible loss of con-
sciousness but was released the following day. He
was doing homework at home 2 days after the fall
when his grandmother noticed that he was stum-
bling and had slurred speech, and she took him
back to the hospital. A second CT scan indicated a
left carotid artery occlusion and left temporal and
parietal lobe infarcts. The infarcts and subsequent
edema progressed; he had brainstem herniation;
and he was removed from life support 3 days later
(5 days after the initial fall). A postmortem exami-
nation indicated ischemic infarcts of the left pari-
etal, temporal, and occipital lobes, acute cerebral
edema with herniation, and thrombosis of the left
vertebral artery. Occlusion of the carotid artery,
suspected premortem, could not be confirmed.

Case 15

This 8-year-old was at a public playground near
her home with several friends her age. She was
hanging by her hands from the horizontal ladder of
a “monkey bar” with her feet approximately 1.1
meters (3.5 feet) above the ground when she at-
tempted to swing from the bars to a nearby 0.9-
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meter (34-inch) retaining wall. She landed on the
top of the wall but then lost her balance and fell to
the ground, either to a hard-packed surface (one
witness) or to a 5.1-cm (2-inch) thick resilient rub-
ber mat (a second witness), striking her back and
head. She initially cried and complained of a
headache but continued playing, then later went
home. Her mother said that she seemed normal and
went to bed at her usual time. However, when her
mother tried to awaken her at approximately 8:30
the following morning (12 hours after the fall) she
complained of a headache and went back to sleep.
She awoke at 11 a.m. and complained of a severe
headache then became unresponsive and had a
seizure. EMS took her to a nearby hospital, but she
died in the emergency room. A postmortem exami-
nation indicated a right temporoparietal subdural
hematoma, extending to the base of the brain in the
middle and posterior fossae, with flattening of the
gyri and narrowing of the sulci. (The presence or
absence of herniation is not described in the au-
topsy report.) There was no calvarial fracture, and
there was no identifiable injury in the scalp or
galea.

Case 16

A 10-year-old was swinging on a swing at his
school’s playground during recess when the seat de-
tached from the chain and he fell 0.9 to 1.5 meters
(3-5 feet) to the asphalt surface, striking the back of
his head. The other students but not the three adult
playground supervisors saw him fall. He remained
conscious although groggy and was carried to the
school nurse’s office, where an ice pack was placed
on an occipital contusion. He suddenly lost con-
sciousness approximately 10 minutes later, and
EMS took him to a local hospital. He had decere-
brate posturing when initially evaluated. Fundus-
copic examination indicated extensive bilateral con-
fluent and stellate, posterior and peripheral
preretinal and subhyaloid hemorrhage. A CT scan
showed a large acute right frontoparietal subdural
hematoma with transtentorial herniation. The
hematoma was surgically removed, but he devel-
oped malignant cerebral edema and died 6 days later.
A postmortem examination indicated a right parietal
subarachnoid AV malformation, contiguous with a
small amount of residual subdural hemorrhage, and
cerebral edema with anoxic encephalopathy and her-
niation. There was no calvarial fracture.

Case 17

A 12-year-old was at a public playground with a
sister and another friend and was standing on the
seat of a swing when the swing began to twist. She

lost her balance and fell 0.9 to1.8 meters (3—6 feet)
to the asphalt surface, striking her posterior thorax
and occipital scalp. She was immediately uncon-
scious and was taken to a tertiary-care hospital
emergency room, where she was pronounced dead.
A postmortem examination indicated an occipital
impact injury associated with an extensive com-
minuted occipital fracture extending into both mid-
dle cranial fossa and “contra-coup” contusions of
both inferior frontal and temporal lobes.

Case 18

This 13-year-old was at a public playground with
a friend. She was standing on the seat of a swing
with her friend seated between her legs when she
lost her grip and fell backwards 0.6 to 1.8 meters
(2—6 feet), striking either a concrete retaining wall
adjacent to the playground or a resilient 5.1-cm (2
inch) thick rubber mat covering the ground. She
was immediately unconscious and was given emer-
gency first aid by a physician who was nearby
when the fall occurred. She was taken to a nearby
hospital and was purposefully moving all extremi-
ties and had reactive pupils when initially evalu-
ated. A CT scan indicated interhemispheric sub-
dural hemorrhage and generalized cerebral edema,
which progressed rapidly to brain death. A post-
mortem examination indicated a linear nonde-
pressed midline occipital skull fracture, subdural
hemorrhage extending to the occiput, contusion of
the left cerebellar hemisphere, bifrontal “contra-
coup” contusions, and cerebral edema.

DISCUSSION

General

Traumatic brain injury (TBI) is caused by a force
resulting in either strain (deformation/unit length)
or stress (force/original cross-sectional area) of the
scalp, skull, and brain (35-37). The extent of injury
depends not only on the level and duration of force
but also on the specific mechanical and geometric
properties of the cranial system under loading
(38—40). Different parts of the skull and brain have
distinct biophysical characteristics, and calculating
deformation and stress is complex. However, an ap-
plied force causes the skull and brain to move, and
acceleration, the time required to reach peak accel-
eration, and the duration of acceleration may be
measured at specific locations (36,41). These kine-
matic parameters do not cause the actual brain
damage but are useful for analyzing TBI because
they are easy to quantify. Research in TBI using
physical models and animal experiments has shown
that a force resulting in angular acceleration pro-
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duces primarily diffuse brain damage, whereas a
force causing exclusively translational acceleration
produces only focal brain damage (36). A fall from
a countertop or table is often considered to be ex-
clusively translational and therefore assumed inca-
pable of producing serious injury (3,7-9). However,
sudden impact deceleration must have an angular
vector unless the force is applied only through the
center of mass (COM), and deformation of the
skull during impact must be accompanied by a vol-
ume change (cavitation) in the subdural “space”
tangential to the applied force (41). The angular
and deformation factors produce tensile strains on
the surface veins and mechanical distortions of the
brain during impact and may cause a subdural
hematoma without deep white matter injury or even
unconsciousness (42-44).

Many authors state that a fall from less than 3
meters (10 feet) is rarely if ever fatal, especially if
the distance is less than 1.5 meters (5 feet)
(1-6,8,9). The few studies concluding that a short-
distance fall may be fatal (22—-24,26,27) have been
criticized because the fall was not witnessed or was
seen only by the caretaker. However, isolated re-
ports of observed fatal falls and biomechanical
analysis using experimental animals, adult human
volunteers, and models indicate the potential for se-
rious head injury or death from as little as a 0.6-
meter (2-foot) fall (48-52). There are limited
experimental studies on infants (cadaver skull frac-
ture) (53,54) and none on living subadult nonhu-
man primates, but the adult data have been extrap-
olated to youngsters and used to develop the
Hybrid II/III and Child Restraint—Air Bag Interac-
tion (CRABI) models (55) and to propose standards
for playground equipment (56,63). We simply do
not know either kinematic or nonkinematic limits
in the pediatric population (57,58).

Each of the falls in this study exceeded estab-
lished adult kinematic thresholds for traumatic
brain injury (41,48-52). Casual analysis of the falls
suggests that most were primarily translational.
However, deformation and internal angular acceler-
ation of the skull and brain caused by the impact
produce the injury. What happens during the im-
pact, not during the fall, determines the outcome.

Subdural Hemorrhage

A “high strain” impact (short pulse duration and
high rate for deceleration onset) typical for a fall is
more likely to cause subdural hemorrhage than a
“low strain” impact (long pulse duration and low
rate for deceleration onset) that is typical of a
motor vehicle accident (42,61). The duration of de-
celeration for a head-impact fall against a nonyield-
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ing surface is usually less than 5 milliseconds
(39,59-61). Experimentally, impact duration longer
than 5 milliseconds will not cause a subdural
hematoma unless the level of angular acceleration
is above 1.75 X 10° rad/s* (61). A body in motion
with an angular acceleration of 1.75 X 10° rad/s”
has a tangential acceleration of 17,500 m/s> at 0.1
meters (the distance from the midneck axis of rota-
tion to the midbrain COM in the Duhaime model).
A human cannot produce this level of acceleration
by impulse (“shake”) loading (62).

An injury resulting in a subdural hematoma in an
infant may be caused by an accidental fall
(43,44,64). A recent report documented the findings
in seven children seen in a pediatric hospital emer-
gency room after an accidental fall of 0.6 to 1.5
meters who had subdural hemorrhage, no loss of
consciousness, and no symptoms (44). The charac-
teristics of the hemorrhage, especially extension
into the posterior interhemispheric fissure, have
been used to suggest if not confirm that the injury
was nonaccidental (9,62,65-68). The hemorrhage
extended into the posterior interhemispheric fissure
in 5 of the 10 children in this study (in whom the
blood was identifiable on CT or magnetic reso-
nance scans and the scans were available for re-
view) and along the anterior falx or anterior inter-
hemispheric fissure in an additional 2 of the 10.

Lucid Interval

Disruption of the diencephalic and midbrain por-
tions of the reticular activating system (RAS)
causes unconsciousness (36,69,70). “Shearing” or
“diffuse axonal” injury (DAI) is thought to be the
primary biophysical mechanism for immediate
traumatic unconsciousness (36,71). Axonal injury
has been confirmed at autopsy in persons who had
a brief loss of consciousness after a head injury and
who later died from other causes, such as coronary
artery disease (72). However, if unconsciousness is
momentary or brief (“concussion’) subsequent de-
terioration must be due to a mechanism other than
DAI. Apnea and catecholamine release have been
suggested as significant factors in the outcome fol-
lowing head injury (73,74). In addition, the cen-
tripetal theory of traumatic unconsciousness states
that primary disruption of the RAS will not occur
in isolation and that structural brainstem damage
from inertial (impulse) or impact (contact) loading
must be accompanied by evidence for cortical and
subcortical damage (36). This theory has been vali-
dated by magnetic resonance imaging and CT scans
in adults and children (75,76). Only one of the chil-
dren in this study (case 6) had evidence for any
component of DAI. This child had focal hemor-
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rhage in the posterior midbrain and pons, thought
by the pathologist to be primary, although there
was no skull fracture, only “a film” of subdural
hemorrhage, no tears in the corpus callosum, and
no lacerations of the cerebral white matter (grossly
or microscopically).

The usual cause for delayed deterioration in in-
fants and children is cerebral edema, whereas in
adults it is an expanding extra-axial hematoma
(77). If the mechanism for delayed deterioration
(except for an expanding extra-axial mass) is ve-
nospasm, cerebral edema may be the only morpho-
logic marker. The “talk and die or deteriorate
(TADD)” syndrome is well characterized in adults
(78). Two reports in the pediatric literature discuss
TADD, documenting 4 fatalities among 105 chil-
dren who had a lucid interval after head injury and
subsequently deteriorated (77,79). Many physicians
believe that a lucid interval in an ultimately fatal
pediatric head injury is extremely unlikely or does
not occur unless there is an epidural hematoma
(7,8,11). Twelve children in this study had a lucid
interval. A noncaretaker witnessed 9 of these 12
falls. One child had an epidural hematoma.

Retinal Hemorrhage

The majority of published studies conclude that
retinal hemorrhage, especially if bilateral and pos-
terior or associated with retinoschisis, is highly
suggestive of, if not diagnostic for, nonaccidental
injury (9,14-21). Rarely, retinal hemorrhage has
been associated with an accidental head injury, but
in these cases the bleeding was unilateral (80). It is
also stated that traumatic retinal hemorrhage may
be the direct mechanical effect of violent shaking
(15). However, retinal hemorrhage may be caused
experimentally either by ligating the central retinal
vein or its tributaries or by suddenly increasing in-
tracranial pressure (81,82); retinoschisis is the re-
sult of breakthrough bleeding and venous stasis not
“violent shaking” (15,83). Any sudden increase in
intracranial pressure may cause retinal hemorrhage
(84—87). Deformation of the skull coincident to an
impact nonselectively increases intracranial pres-
sure. Venospasm secondary to traumatic brain in-
jury selectively increases venous pressure. Either
mechanism may cause retinal hemorrhage irrespec-
tive of whether the trauma was accidental or in-
flicted. Further, retinal and optic nerve sheath hem-
orrhages associated with a ruptured vascular
malformation are due to an increase in venous pres-
sure not extension of blood along extravascular
spaces (81-83,88). Dilated eye examination with an
indirect ophthalmoscope is thought to be more sen-
sitive for detecting retinal bleeding than routine ex-

amination and has been recommended as part of
the evaluation of any pediatric patient with head
trauma (89). None of the children in this study had
a formal retinal evaluation, and only six had fun-
duscopic examination documented in the medical
record. Four of the six had bilateral retinal hemor-
rhage.

Pre-existing Conditions

One of these children (case 16) had a subarach-
noid AV malformation that contributed to develop-
ment of the subdural hematoma, causing his death.
One (case 7) had TAR syndrome (90), but his death
was thought to be caused by malignant cerebral
edema not an expanding extra-axial mass.

Cerebrovascular Thrombosis

Thrombosis or dissection of carotid or vertebral
arteries as a cause of delayed deterioration after
head or neck injuries is documented in both adults
and children (91,92). Case 14 is the first report of a
death due to traumatic cerebrovascular thrombosis
in an infant or child. Internal carotid artery throm-
bosis was suggested radiographically in an addi-
tional death (case 13) but could not be confirmed at
autopsy. However, this child died 6 days after ad-
mission to the hospital, and fibrinolysis may have
removed any evidence for thrombosis at the time
the autopsy was performed.

Limitations

1. Six of the 18 falls were not witnessed or were
seen only by the adult caretaker, and it is pos-
sible that another person caused the nonob-
served injuries.

2. The exact height of the fall could be deter-
mined in only 10 cases. The others (7 swing
and 1 stationary platform) could have been
from as little as 0.6 meters (2 feet) to as much
as 2.4 meters (8 feet).

3. A minimum impact velocity sufficient to
cause fatal brain injury cannot be inferred
from this study. Likewise, the probability that
an individual fall will have a fatal outcome
cannot be stated because the database depends
on voluntary reporting and contractual agree-
ments with selected U.S. state agencies. The
NEISS summaries for the study years esti-
mated that there were more than 250 deaths
due to head and neck injuries associated with
playground equipment, but there are only 114
in the files. Further, this study does not in-
clude other nonplayground equipment—related
fatal falls, witnessed or not witnessed, in the
CPSC database (32).
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CONCLUSIONS

1. Every fall is a complex event. There must be a
biomechanical analysis for any incident in
which the severity of the injury appears to be
inconsistent with the history. The question is
not “Can an infant or child be seriously in-
jured or killed from a short-distance fall?”” but
rather “If a child falls (x) meters and strikes
his or her head on a nonyielding surface, what
will happen?”

2. Retinal hemorrhage may occur whenever in-
tracranial pressure exceeds venous pressure or
whenever there is venous obstruction. The
characteristic of the bleeding cannot be used
to determine the ultimate cause.

3. Axonal damage is unlikely to be the mecha-
nism for lethal injury in a low-velocity impact
such as from a fall.

4. Cerebrovascular thrombosis or dissection
must be considered in any injury with appar-
ent delayed deterioration, and especially in
one with a cerebral infarct or an unusual dis-
tribution for cerebral edema.

5. A fall from less than 3 meters (10 feet) in an in-
fant or child may cause fatal head injury and
may not cause immediate symptoms. The in-
jury may be associated with bilateral retinal
hemorrhage, and an associated subdural
hematoma may extend into the interhemi-
spheric fissure. A history by the caretaker that
the child may have fallen cannot be dismissed.
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APPENDIX

Newtonian mechanics involving constant acceler-
ation may be used to determine the impact velocity
in a gravitational fall. However, constant accelera-
tion formulas cannot be used to calculate the rela-
tions among velocity, acceleration, and distance
traveled during an impact because the deceleration
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is not uniform (45). This analysis requires awareness
of the shape of the deceleration curve, knowledge of
the mechanical properties and geometry of the cra-
nial system, and comprehension of the stress and
strain characteristics for the specific part of the skull
and brain that strikes the ground. A purely transla-
tional fall requires that the body is rigid and that the
external forces acting on the body pass only through
the COM, i.e., there is no rotational component. A 1-
meter-tall 3-year-old hanging by her knees from a
horizontal ladder with the vertex of her skull 0.5 me-
ters above hard-packed earth approximates this
model. If she looses her grip and falls, striking the
occipital scalp, her impact velocity is 3.1 m/second.
An exclusively angular fall also requires that the
body is rigid. In addition, the rotation must be about
a fixed axis or a given point internal or external to
the body, and the applied moment and the inertial
moment must be at the identical point or axis. If this
same child has a 0.5-meter COM and has a “match-
stick” fall while standing on the ground, again strik-
ing her occiput, her angular velocity is 5.42 rad/sec-
ond and tangential velocity 5.42 m/second at impact.
The impact velocity is higher than predicted for an
exclusively translational or external-axis angular fall
when the applied moment and the inertial moment
are at a different fixed point (slip and fall) or when
the initial velocity is not zero (walking or running,
then trip and fall), and the vectors are additive. How-
ever, the head, neck, limbs, and torso do not move
uniformly during a fall because relative motion oc-
curs with different velocities and accelerations for
each component. Calculation of the impact velocity
for an actual fall requires solutions of differential
equations for each simultaneous translational and
rotational motion (45). Further, inertial or impulse
loading (whiplash) may cause head acceleration
more than twice that of the midbody input force and
may be important in a fall where the initial impact is
to the feet, buttock, back, or shoulder, and the final
impact is to the head (46,47).

The translational motion of a rigid body at con-
stant gravitational acceleration (9.8 m/s%) is calcu-
lated from:

F = ma v? = 2as v = at

where F = the sum of all forces acting on the body
(newton), m = mass (kg), a = acceleration (m/sz),
v = velocity (m/s), s = distance (m), and t = time (s).

The angular motion of a rigid body about a fixed
axis at a given point of the body under constant
gravitational acceleration (9.8 m/s?) is calculated
from:
o = a'r

M = la o = Vv'/r
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where M = the applied moment about the COM
or about the fixed point where the axis of rotation is
located, I = the inertial moment about this same
COM or fixed point, a« = angular acceleration
(rad/sz), w = angular velocity (rad/s), r = radius
(m), v' = tangential velocity (m/s), and a' = tan-
gential acceleration (m/sz).

The angular velocity w for a rigid body of length
L rotating about a fixed point is calculated from:

Ylow? = mal/2 I, = (1/3) mL?

where I, = the initial inertial moment, w = an-
gular velocity (rad/s), m = mass (kg), a = gravita-
tional acceleration (9.8 m/sz), and L = length.
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Addendum
This death was reported to and investigated by the CPSC after submission of the manuscript.

Case 19. A7 year old boy was playing at a school playground, hanging by his hands from the
gymnastic rings of a wooden play structure with his feet approximately 30 inches above the
ground. Another child grabbed him by the legs, forcing him to let go, and he fell face-first onto
7 inches of wood mulch, which had been placed on the playground surface the day before. The
fall was witnessed by several other children and adults. He seemed uninjured and continued
playing. However, 10-15 minutes later he complained of a headache and went to the school
nurse's office to lay down. He had a seizure and lost consciousness while in the office, was
transported to a local hospital, then transferred to a tertiary care children's hospital. A CT scan
indicated acute occipito-parietal subdural hemorrhage, extending along the tentorium and
posterior interhemispheric fissure. The hematoma was emergently evacuated, but he had a
cardiopulmonary arrest in the operating room and could not be resuscitated. A postmortem
examination indicated residual subdural hemorrhage at the base of the skull. He had no impact
injury in his scalp, consistent with the history of a face-first fall, and had no identifiable facial
lacerations or abrasions. The neck and cervical spinal cord examination were normal. The eyes
were not examined.

John Plunkett, M.D.
September 12, 2000
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Is gene therapy ready for HIV/Ebola virus-derived viral vectors?

n 1999, an investigation into the
death of Jesse Gelsinger, who died
while particpating in a gene theapy
trial, severely criticised

Wilson’s team created vectors that
incorporated various viral envelope
proteins and showed that a vector

James Wilson, director
of the Institute of

Rights were not

containing envelope
proteins from the Zaire
strain of Ebola virus

Gene Therapy at granted to was the most effective
the  University of ; ; transducer of cultured
Pennsylvania . InCIUd_e this apical airway cells in
(Philadelphia, PA, Image In elec- culture. Further in-
USA). The contro- tronic media vitro experiments on

versy is revisited this
month with the publi-
cation of a paper by
Wilson’s  laboratory
reporting the develop-
ment of an HIV-based
viral vector that carries
envelope proteins from
the Ebola virus.

Please refer to
the printed jour-
nal.

excised sections of
healthy human trachea
demonstrated trans-
duction of tracheal
epithelial cells by the
EboZ vector. This was
followed up by in-vivo
experiments in which
the vector was

Science Photo Library

The group suggest
that the new vector,
EboZ, which efficiently transduces
intact airway epithelium in vitro and
in vivo, may form the basis of an
effective gene therapy for cystic fibro-
sis. “At a time when gene therapists,
the FDA, and many others in the field
are struggling for restoration of public
confidence in gene therapy, one might
question the approach of creating a
‘strange bug’ instead of optimising the
known viral or even nonviral transfer
technologies”, says Wolfgang Walther
(Max-Delbriick-Center for Molecular
Medicine, Berlin, Germany).

Using Ebola envelope proteins

introduced into the
tracheas of immuno-
competent young mice—the animals
had high-levels of vector expression
by day 28, that persisted until at least
day 63 (Nat Biotech 2001; 19:
225-30).

“The EboZ vector construct serves
as a research tool and provides the
means to ask if there is a single epi-
tope in the Ebola virus envelope that
is critical for binding the receptors on
a respiratory epithelial cell”, stresses
Nelson A Wivel, deputy director of
the Institute of Gene Therapy in
Philadelphia. “The idea of employing

Accident or murder in children?

In 1998, there were several well-
publicised trials of child carers
who were accused of killing children
in their care by shaking them.
Experts for the prosecution gave
evidence that there were features of
the fatal event, and physical signs in
the children, that were diagnostic of
inflicted injury, although the evi-
dence underlying their assertions
was slight. Many observers, includ-
ing The Lancet (1998; 352: 335),
expressed concern at this deficiency.

John Plunkett from the Regina
Medical Center, Hastings MN, USA,
examined the records of the United
States Consumer Products Safety
Commission between January, 1988,
and June, 1999, to find the records of
children who died after short falls
(0-6-3 m) from playground equip-
ment (Am J Forensic Med Pathol
2001; 22: 1-12). 18 children were
identified, aged 12 months to 13
years. Legal investigations con-
cluded that death was accidental in

all cases. A non-caretaker witnessed
12 of the accidents, and in the 13th
the fall was videotaped by the child’s
grandmother.

Rights were not grant-
ed to include this
image in electronic
media. Please refer to
the printed journal.

Is retinal haemorrhage diagnostic?

“Many physicians believe
that ... a lucid interval does not
exist in an ultimately fatal paediatric
head injury”, says Plunkett, yet 12 of
the 18 children who died had a lucid
interval lasting from 5 min to 48 h.
Four of the six children whose fundi
were examined had bilateral retinal

Kevin Harrison/Medipics

Ebola envelopes to achieve transduc-
tion of airway epithelium—the natural
target of Ebola infection—is intrigu-
ing”, agrees Walther, but he warns
that safety concerns are under-repre-
sented in the study. “At least one
experiment should have investigated
whether cell types other than epithe-
lial cells can be infected by the new
vector”, he says. A scenario of effi-
cient but unwanted infection of other
tissues could rule out use of the vector
for human gene therapy, he adds.

Gaetano Romano (Thomas
Jefferson University, Philadelphia,
PA, USA) also warns that a major
drawback of HIV-based vectors is the
seroconversion to HIV. He also
points out that insertion of the viral
vector into the genome of human cells
and possible recombination between
retroviridae-based vectors and human
endogenous retroviruses need to be
considered. Insertional mutagenesis
could be avoided by engineering self-
inactivating vectors but Romano
notes that “the transfer vector used by
Wilson belongs to the early genera-
tions of HIV-based vectors, which are
not self-inactivating.” “Obviously,
many more studies need to be done
and the question of a clinical trial is
very remote in our thinking at this
juncture”, says Wivel.

Kathryn Senior

haemorrhages, which contradicts
the assumption, “that retinal haem-
orrhage is highly suggestive, if not
diagnostic, of inflicted trauma”.
The author’s conclusion that, “a
history by the caretaker that the
child may have fallen cannot be dis-
missed”, is likely to echo through
courtrooms for many years to come.
He is more forthright in person
about the issue: “I am genuinely dis-
tressed at what medicine has done in
the arena of child abuse. Even a cur-
sory understanding of the biome-
chanics of brain trauma would have
predicted the results I was fortu-
nately able to document . . . It [the
publication] has already been
‘trashed’ by many paediatricians
and ophthalmologists, and the jour-
nal was not mailed until last Friday
[Feb 23]! It has even been suggested
that the videotape of the fatal short-
distance fall was fabricated.”

€«

John Bignall
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Letters to the Editor

Fatal Pediatric Head Injuries Caused by  (thrombocytopenia—absent radii syndrome, intracra-
Short-Distance Falls nial A-V malformation) may have increased suscep-
tibility to fatal head injury. If these two cases are ex-
cluded, the fatality rate drops to 1.16 per 100,000
To the Editor: children brought to an emergency department after a
The case series drawn from Consumer Productplayground equipment fall.
Safety Commission (CPSC) databases (1) is the The series also establishes that skull fracture is
largest series of reasonably well-described deaths irmuch less commonly associated with fatal head in-
childhood resulting from falls of less than 10 feet. jury in children than in adults. Eleven (61%) of the
Only a few other cases have been this well reportedl8 children described by Plunkett had no skull frac-
(2,3). For this reason, therefore, it is unfortunate ture (cases 2, 3, 5-7, 9, 11, 12, 14-16), despite falls
that not one computed tomography scan or autopsyof 0.6 to 2.4 meters (approximately 2—8 feet). This
photograph was included to amplify or elucidate finding is in agreement with the few reports of fatal
any of the reported findings. Similarly, the lack of falls from short distances that include enough
detailed neuropathologic descriptions limits the pathologic description to ensure their reasonable va-
reader’s ability to define mechanism of injury. For lidity. In the three cases described by Claydon (2)
example, four of the seven cases with skull fractureand Reiber (3), none of the children had skull frac-
had fractures involving the occipital bone (cases 4,tures.
13, 17, and 18). In three of these four (cases 4, 13, The findings in this series once again cast serious
and 18), acute subdural hematoma (ASDH) was partdoubt on the validity of the two papers by Weber
of the reported findings. Fractures in the occipital (5,6) cited in this report. If Weber's conclusions
bone have the potential for laceration of the sagittalwere valid, all of these children should have had
or transverse sinus. This would cause a large massskull fractures. A recent paper (7) establishes the
effect, subdural hematoma arising as a contact in-ability of the infant skull to deform without fracture
jury. This should be contrasted with ASDH, which and, in fact, indicates that such transient deforma-
results from the rupture of bridging veins and which tion may actually contribute to the severity of a head
may happen focally due to contact forces or moreinjury associated with impact.
widely due to inertial forces. The article states that all of the 18 cases reported
The series establishes the extreme rarity of deathhere reached expected biomechanical thresholds for
from head injury in young children who fall short traumatic brain injury in adults, but no such analysis
distances. The CPSC reports that over 200,000 chilis provided in even one case. Without such a de-
dren are seen in emergency departments each yeascription, there is no way to evaluate the validity of
because of injuries incurred while using playground the analysis.
equipment. Sixty percent (approximately 120,000) It is extremely interesting that 6 of the 18 cases
of these are the result of falls (4). Over the 11.5-year(cases 1, 3, 6, 16—18) involved falls from swings. It
period covered in Plunkett’s report, more than 1.3 is unfortunate that Plunkett did not take the opportu-
million such emergency department visits would be nity to discuss the physics of swing injuries. With
expected. However, only 18 deaths from head injury regard to linear deceleration at impact, the distance
were identified. This yields a rate of 1.3 deaths perfrom the ground at the moment the child falls from
100,000 such falls. In fact, since we may presumethe swing is inconsequential. The determining fac-
that most children who fall from playground equip- tor in the terminal velocity prior to impact will be
ment are not brought to an emergency departmentthe maximum height attained during the swing
the fatality rate must be considerably lower than cycle. As the swing descends through the arc, in-
this. By anyone’s standards, such deaths are verncreasing amounts of the potential energy are trans-
rare events. Included in this small series are twoformed into kinetic energy and therefore into linear
cases (cases 7 and 16) in which natural causeselocity. Thus, the energy available at impact, and
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hence the terminal velocity, is equivalent to a fall studies ably demonstrate that fewer than 2% of chil-
from the maximum height of the arc. In fact, the dren with significant accidental head injuries have
nadir of the swing cycle is associated with the high- retinal hemorrhages when examined under optimal
est angular velocity. When a child falls from a conditions by a pediatric ophthalmologist (3 of 209
swing, he begins to rotate around his own center ofin the combined series). In addition, the description
gravity, rather than around the support beam, whichof at least one of the retinal hemorrhages reported
may be as much as 8 feet from the swing seat. Thidy Plunkett is probably erroneous. The report indi-
leads to an immediate and marked decrease in theates that, in case 16, the hemorrhages extended to
moment of inertia. Preservation of angular momen- the periphery. Since the author stated elsewhere that
tum, then, will cause the child’s angular velocity to none of the children had formal eye exams, it must
increase. If the child has fallen from the swing at a be assumed that the fundus was examined by direct,
point low in the descending arc, when angular ve- rather than indirect, ophthalmoscopy. The periphery
locity is higher to begin with, this further increase in can be examined only by indirect ophthalmoscopy.
angular velocity may lead to very high angular de- If the physician responsible for describing the reti-
celerations at impact. Since angular accelerationnal hemorrhages was unaware of this, the validity of
and velocity are highly correlated with severity of the rest of the description, in this case at least, is
diffuse brain injury (8,9), a fall from the low&s of open to serious question. The author correctly iden-
the swing cycle may be more injurious than a fall tifies traumatic retinoschisis as a finding highly cor-
from the apex of the arc. It is significant that five related with abusive head trauma. This finding was
(cases 1, 3, 6, 17, and 18) of the six children whonot described in any of the patients in the series. The
fell from swings were immediately unconscious, paper cites the recommendation that children with
and the remaining child (case 16) was “groggy.” serious head injury be examined by indirect oph-
This is consistent with diffuse brain injury arising thalmoscopy (17). Such examination would have
from inertial forces. Only one child (case 10) who clarified the extent and nature of retinal injury in
was not playing on a swing appears to have lost conthis unusual group of patients.
sciousness initially. This fall was not observed, and The cited paper by Greenes and Schutzman (18)
no conclusions about mechanism of injury can beis misrepresented. This study of young children who
made. were admitted to the hospital after detection of in-
Twelve (67%) of the 18 cases in this series had atracranial injuries revealed 19 children who had no
lucid interval (cases 2, 4, 5, 7-9, 11-16). However, neurologic symptoms, 7 of whom had subdural
in eight of these cases, the lucid interval was lesshematomas. However, Plunkett failed to indicate
than 1 hour (cases 2, 4, 5, 7, 8, 11, 12, and 16). On¢hat 18 (95%) of the 19 children had a large scalp
child (case 14) had a lucid interval of 2 days. This is hematoma and skull fracture, injuries that are con-
by far the longest lucid interval ever described in a tact in origin. The visible scalp hematoma would
child. There is no precedent either in this series or inhave provided evidence to their caretakers that an
the papers cited (10,11) for a child who appears wellinjury had occurred. None of the 19 children deteri-
and suddenly deteriorates many days or even weeksrated in hospital, although 1 had a post-traumatic
after apparently minor head trauma, a claim that isseizure, which was well controlled with anticonvul-
sometimes made in court. sant therapy. All were discharged in good condition.
The frequency of lucid intervals in this series cor- Two-week follow-up of all cases revealed no subse-
relates well with the infrequency of evidence of quent deterioration.
traumatic axonal injury on computed tomography This contrasts sharply with the dismal outcome
scan or autopsy; it was recognized only in case 6noted in follow-up of infants who have suffered
(5.6%), who fell from a swing. This is again in con- abusive head trauma. In Bonnier et al.’s study (19),
trast with findings in children who have died of abu- 13 children diagnosed with abusive head trauma
sive head trauma (12,13) where traumatic axonal in-with a presumptive mechanism of shaking were fol-
jury is common, particularly in the lower brainstem lowed for 5 to 13 years. Of these children, one died
and upper spinal cord. With such findings, one in the acute period, five were quadriplegic, blind
would expect immediate loss of consciousness to beand severely retarded, and one had delayed onset of
the rule rather than the exception. epilepsy; all of these were diagnosed within the first
The discussion of the literature concerning retinal year after injury. These children continued to be
hemorrhage and head injury in childhood is inade- profoundly impaired during the follow-up period,
quate and misleading. The literature concerning theand one suffered delayed death. At autopsy of this
rarity of retinal hemorrhages in severe accidental child, 10 separate tears were noted in the brainstem
head injury in childhood is extensive (14—-16). These and cerebral hemispheres. Five of the six children
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who were felt to be “normal” in the first year after 16. Duhaime AC, Alario AJ, Lewander WJ, et al. Head injury in

P ; P ; P el very young children: mechanisms, injury types and oph-
injury had been identified as having significant dis thalmologic findings in 100 hospitalized patients younger

ability by school age: two were hemiparetic; five than 2 years of ag@ediatrics1992;90:179-85.
were mentally retarded; and three had severe behavl7. Becker H, Gupta BK. Recognizing abusive head trauma in

P P : children.JAMA 1999;282:1421.
loral disorders. Only one still appeared to be nor 18. Greenes DS, Schutzman SA. Occult intracranial injury in

mal. The extremely high morbidity and mortality infants.Ann Emerg Med 998;32:680—6.
are not unexpected with severe diffuse brain injuries19. Bonnier C, Nassogne MC, Evrard P. Outcome and progno-
caused by high inertial loads sis of whiplash shaken infant syndrome: late consequences

, . after a symptom free intervdbev Med Child Neurol995;
Plunkett's series adds to the knowledge concern-  37:943 56,

ing a rare but real event, childhood death from a

short fall. However, it would be wrong and danger-

ous to draw conclusions from these deaths, which To the Editor:

primarily resulted from serious contact forces, and This communication is intended to address the
apply those conclusions to a very different group of biomechanical issues contained in the letter to the
infants who die from shaking and/or shaking associ- Editor by Betty Spivack, M.D., that critiqued the ar-
ated with impact, who have injuries primarily re- ticle by John Plunkett entitled, “Fatal Pediatric Head
sulting from inertial forces. The differences be- Injuries Caused by Short Distance Falls,” which ap-
tween these two populations are well documented inpeared in the recent issue of the American Journal of
the literature and are apparent in the findings in thisForensic Medicine and Pathology. Its concepts are

report. closely related to the work that she presented at the
Third Shaken Baby Syndrome Symposium, with

Betty SpivackM.D. particular reference to the section labeled, “The bio-

Louisville, KY mechanics of Childhood Falls.” The latter dissemi-

nation is either incorrect, incomplete, or out of con-
text. Spivack’s attempt to simplify this phenomenon

REFERENCES ; . . L .
. L ._fails because it both omits critical physical factors

1. Plunkett J. Fatal pediatric head injuries caused by short-dis- d . h . | icul

tance fallsAm J Forensic Med Path@001;22:1-12. _an mlsrepr_esents the motion. In particular, one
2. Claydon SM. Fatal extradural hemorrhage following a fall issue emerging from both documents concerns the

from a baby bouncePediatr Emerg Cara996;12:432-4. ~ ye|ocity of impact in falls from a swing, and another,
3. Reiber GD. Fatal falls in childhoodm J Forensic Med hich thi . di d il h

Pathol 1993:14:201—7. on whic this concept is pre icate , utilizes the con-
4. Home Playground Safety Tips: CPSC Document #323. servation of energy during the motion of the swing.

Available at www.cpsc.gov. o Both representations are manifestly incorrect.
5. Weber W. Experimental studies of skull fractures in infants. Th . N ider falli ff . .

Z Rechtsmetl984:92:87—94. - e motion of a rider falling o a moving swing
6. Weber W. Biomechanical fragility of the infant skul. is complex because of the possible independent

Rechtsmed985/94:93-101. movements of the jointed components of the body

7. Margulies SS, Thibault KL. Infant skull and suture proper- h b d d | i . | il
ties: measurements and implications for mechanisms of pe—t at may be produced voluntarily or involuntarily

diatric brain injury.J Biomech En@000;122:364—71. during both the phases while on the swing and dur-

8. Gennarelli TA, Thibault LE, Adams H, et al. Diffuse axonal jng g subsequent free fall. In the final analysis, what
injury and traumatic coma in the primatean Neuroll982;

12:564-74. matters with respect to the generation of trauma is
9. Gennarelli TA, Thibault LE. Biomechanics of acute sub- the condition of impact with the ground and not
dural hematomal Traumal982;22:680-5. what transpires during the fall. This depends on the

10. Bruce DA, Alava A, Bilaniuk L, et al. Diffuse cerebral loci di . d . f the initial
swelling following head injuries in children: the syndrome velocity, direction, and constitution of the initia

of “malignant brain edemaJ Neurosurdl981;54:170-8. point of contact on the rider’s body, the angular mo-

11. Snoek JW, Minderhoud JM, Wilmink JT. Delayed deterio- tion of the element of which this point is a part at
ration following mild head injury in childremBrain 1984;

107:15-36. that instant, the configuration of the rider at the
12. Shannon P, Smith CR, Deck J, et al. Axonal injury and the time, the weights of the various components of the
neuropathology of shaken baby syndromfeta Neu- child, and the mechanical characteristics of the

ropathol (Berl)1998;95:625-31. iki f
13. Gleckman AM, Bell MD, Evans RJ, et al. Diffuse axonal stri 'ng_ sur aces_' . .
injury in infants with nonaccidental craniocerebral trauma: ~ To discuss this issue in a proper context of me-
enhanced detection by beta-amyloid precursor protein im- chanics, it is first necessary to define possible types
munohistochemical stainindirch Pathol Lab Medl999; . . L
123:146-51. of motions as well as the physical characteristics
14. Elder JE, Taylor RG, Klug GL. Retinal haemorrhage in ac- of swings and their riders. For simplicity, it will
i'é,’;{‘.?é.';%%d gauma'” childhoatiPaediatr Child Health e assumed that the motion can be represented by
15. John’son DL, Braun D, Friendly D. Accidental head trauma a cross-section of the rider restricted to a single

and retinal hemorrhagbleurosurgery1993;33:231-5. plane, a two-dimensional model called plane mo-

Am J Forensic Med Pathol, Vol. 22, No. 3, September 2001



LETTERS TO THE EDITOR 335

tion. Translation in this plane consists of a move- rotation unless attached to another object, such as a
ment in which each point of the object under con- string.
sideration travels the same path and has the same Consider first the conservation of energy, which,
velocity and acceleration at a given instant of time. in part, underlies Spivack’s hypothesis that the ve-
Rotation here occurs about an axis or a set of axedocity of a child striking the ground in a fall from a
that are always perpendicular to the reference planeswing depends only on the maximum height that the
In pure rotation, the velocity of any point of an ob- system has attained. Conservation of energy re-
ject is equal to the instantaneous rotational (or angu-quires the sum of the kinetic energy (the energy of
lar) velocity multiplied by the perpendicular dis- motion) and the potential energy (the height above a
tance to the axis of rotation. In general, plane given reference plane) to be a constant. This implies
motion consists of a combination of translation and the absence of external forces that do work on the
rotation. It is most frequently described by the trans- system; but in a swing this is not the case. The rider
lational motion of the center of gravity of the system “pumps” with his legs and body to make the seat
and the rotation of its components about this posi-rise to greater heights. This feeds energy into the
tion. This will entail an analysis of the motion of the system, drawn from the internal energy of the rider
independent parts of the body subject to the con-that the person can apply. Secondly, this “con-
straint that motion at the pin is the same for both servation” ignores the presence of both bearing and
joined segments. Here, the motion is most conve-air friction; the former is substantial and, as is well
niently depicted with reference to the rider's center known, soon brings a swing to rest if energy is not
of gravity, whose path must be traced. supplied either by the rider or a person on the
All swings hang by chains or similar suspensions ground pushing the swing. Any energy supplied by
attached to a set of bearings on the support structur¢he rider can, in practice, never be instantaneously
at equal height from the ground. Most swings are equal to the energy lost by friction.
arranged so that the seat is always perpendicular to For a system of completely rigid objects, whose
the suspension, but in some cases there are bearing®nfiguration remains invariant, executing pure ro-
attaching the chain to the seat that permit either partation about a fixed axis and ignoring the loss of en-
tial or full rotation with respect to the chain; in the ergy because of friction permits the calculation of
last instance, the seat is maintained in a horizontalthe velocity of any point of the system by equating
position. The fundamental motion of the seat andthe loss of energy of position to the gain of energy
rider in these circumstances are totally different. In in motion. However, as already indicated, the rider
the first case, the system executes rotation about thés definitely not a rigid object (and perhaps the con-
axis through the two fixed suspension points, absenfiguration of chain and seat may also not be re-
any twisting of the chains (which may very well garded as totally fixed). In that case, the analysis of
occur, at least at certain times, and will produce the motion of the system or its components becomes
three-dimensional motion). When the seat is permit- much more complex. It is first necessary to define
ted to rotate to some extent or even completely, thethe simplest possible model that will correctly de-
rider's movement is different. If the seat remains fine the movement of the system and its parts, par-
horizontal at all times, the motion of seat and rider ticularly if the rider should fall from the swing.
is curvilinear translation. These and subsequent Itis not permissible to describe the motion of the
concepts may be found in any elementary text onrider as that of a mass point located at his or her cen-
dynamics, such as in (1) or (2). ter of gravity (a particle to which Newton’s funda-
All analyses of movement, other than the theory mental law applies without extension) because the
of relativity, which is irrelevant here, are based on dimensions of the rider are comparable to the dis-
Newton’s second law of motion for an object treated tance traversed by the swing (for example, the earth
as a geometric point (called a particle), but endowedin its circuit around the sun may be regarded as a
with the property of mass, the quantity that resists point mass because its diameter, about 3,960 miles,
motion in translation. Mass, in turn, is the weight of is minuscule in comparison with the millions of
an object divided by the acceleration of gravity. miles traveled in one pass). The portion of Spivack’s
Newton’s second law states that force equals thetreatment dealing with the dependence of the veloc-
product of mass and acceleration for a particle. All ity of impact solely upon the height of fall hints at
descriptions of causes of motion for bodies that dosuch a point model, presumably the center of mass;
not qualify as a particle are derived from this law. she does not specify to which location on the rider
Extension to rigid and deformable bodies, and to her velocity refers, although it should designate the
systems of connected bodies, can become very comimpact position. The rider cannot be considered a
plicated. A particle, by definition, cannot execute single rigid body, such as a match stick, because of

Am J Forensic Med Pathol, Vol. 22, No. 3, September 2001



336 LETTERS TO THE EDITOR

the ability to move the head and neck, upper andheight of fall at this point. Corresponding arguments

lower arms and legs, hands and feet, and even thapply to the total velocity of the contact point with

torso, relative to the seat. the ground, whose location may be approximated
Thus, the simplest conceivable model appropriatefrom damage considerations. Its velocity compo-

for an analysis of the motion of a swing rider and a nent, because of swing and body actions, will practi-

subsequent fall is a two-dimensional representationcally never be in the vertical direction, so that its

of plane motion, as described above, for a seg-total value must also be determined vectorially and

mented object pinned at the joints, which minimally predicated on the configuration at impact. Hence,

should include the head and neck junction, the Spivack’s contention that impact velocity does not

shoulder and elbow joints, the hips and knees, anddepend on where a rider leaves the swing, only on

possibly the ankles and wrists. The analysis of suchtotal height attained, is invalid. Of course, the analy-

segmented motion has been established for someis presented here is a slightly simplified version of

time and is detailed in (3), (4), and (5), but is too what may actually occur, because three-dimensional

complicated and tedious to be described here, alimotions may be involved and an unknown amount

though it is not particularly difficult. It requires a of energy is pumped into the system by the con-

knowledge of the weights and dimensions of the trolled or involuntary independent motions of the

body segments. However, the actual motion is inde-rider. However, although extremely elementary, this

terminate here because of the need to precisely derepresentation at least depicts the action in a manner

scribe the configuration of the rider at the time of that is mechanically correct.

separation from the seat, the possible effects of a It should be mentioned that, if peak force experi-

push of the swing during this event, and, most im- enced during the impact is a correlater of injury, the

portantly, the unknown voluntary and/or involuntary shorter the duration of contact (until the force is re-

movement of the child during the fall. Finally, the duced to zero), the higher this peak force will be for

position of the center of gravity to the rider, which a given set of conditions. This fact documents the

may be constantly changing at all times prior to im- obvious need for the most resilient possible surface

pact, must be traced, preferably relative to someunder a swing, to decelerate a falling body more

fixed point in space, although it can be referred to gradually and, hence, reduce the potential for injury.

some anatomical feature of the rider. The analysis of the contact phenomenon is another
At the instant of separation, the path of the center story.

of mass of the rider will be a straight line perpendic-

ular to the chains, with a constant linear velocity v Werner Goldsmith

at an angl® in the absence of gravity or a push from Professor of the Graduate School

the swing, neglecting air resistance. All other points Department of Bioengineering and

of the object will similarly retain the speed that they Department of Mechanical Engineering

had just before departure at this same angle, result-University of California, Berkeley

ing in a further rotation of the rider. However, gravi- Member, National Academy of Engineering

tational attraction of all points of the person will

contribute an additional vertical velocity component

proportional to their distance of free fall, which REFERENCES

must be added vectorially, never algebraically, to the 1. Meriam JL, and Kraige, LGEngineering Mechanics: Dy-

velocity of any element of the rider because of the _ namics 3rd ed. New York: Wiley & Sons, 1992. _

Lo . . . 2. Berger SA, Goldsmith W, and Lewis ER. Biomechanics of

initial swing motion and subsequent deliberate or solids. In:Introduction to Bioengineerin@nd ed.: Oxford:

reflex action. The latter relative motion during the Oxford University Press, Oxford, UK, 2000:1-100.

fall cannot be predicted; it can only be determined 3- McHenry RR, and Naab KN. Computer simulation of the

by photographic or other observation of the event. crash victim: a validation study. In: Proc. 10th Stapp Car

Crash Conf., SAE Paper 660792, 1966.

Thus, at impact, the total velocity of the center of 4. Maltha J, and Wismans J, MADMO-Crash victim simula-

mass, if its location remains constant within the con-  tion—a computerized study. In: Proc. Vth Int. IRCOBI Conf.

. . . On the biomechanics of Impacts, 1-13; 1980.

figuration, depends on, 0, and the velocity ¥, the 5

) ) . Kane TR, and Levinson DA, Multibody dynamicsAppl
latter being proportional to the square root of the  Mech Trans. ASME, v. 50, 10718, 1983.
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Letters to the Editor

Retinal Hemorrhages: Evidence of Abuse that, while convinced of the guilt of some of their clients,
or Abuse of Evidence? they are convinced of the innocence of others. Neverthe-
less, the weight of best available medical and scientific
To the Editor: knowledge is against them. Despite these difficulties, we
Sir, 1 would like to congratulate Dr. Plunkett and the are resolutely stuck with onlpne widely accepted hy-
American Journal of Forensic Medicine and Pathology pothess - a scenario very unusual in biologic systems in

for publishing his recent valuable contribution regarding Which multiple routes to a common end are normal.
infant head injury/shaken baby syndrome (1). No reason- Medical witnesses often refuse to challenge the weight
able professional of any discipline wants to see malicious Of professional opinion, no matter how light, and prose-
child homicide go undetected and unpunished. However, cutors are only too willing to seize upon this conve-
it is equally abhorrent that over-zealous investigation, nience. Convictions add to the dogma that severe force is
refusal to study alternative explanations, or narrow- necessary and strengthens the self-fuffilling prophecy by
minded pursuit of blame for an infant's death can destroy adding “gray cases” to the spectrum of “proven black
the lives of the accused and their family, creating sup- cases”. Repeated “learned” publication of this dogmatic-
plementary victims (2). This is particularly salient when received wisdom supports the potential myth, inexperi-
the accused and the families of the accused are recentlyenced professionals consume the hypothesigstb-
bereaved relatives of the deceased child. We have anlished fact, and it becomes sacrilegious to challenge the
inescapable duty to get this right! (3) hypothesis via contradictory observations or by offering
To date, published literature strongly supports the alternative hypotheses (2). In this field more than others,
hypothesis thabnly severe traumatic forces cause the Wwe are more readily prone to alter the facts to fit the
constellation of subdural hemorrhage, parenchymal brain hypothesis rather than alter the hypothesis to fit the facts.
injury, and retinal hemorrhage (4,5). However, in scien- For example, if the accused admits to severely harming
tific terms, this is merely dypothesis based on intrinsi-  the child, we tend to believe because this fits our hy-
cally imperfect epidemiology in the form of a case series, pothesis, but if the accused offers an alternative appar-
with case ascertainment and selection bias, and the for-ently innocuous explanation we discount the explanation
mation of personal opinion. Experimental tests of the because it doesn't fit the hypothesis (2). Published cases
hypothesis via biomechanical or animal models have purporting to demonstrate less traumatic causes (9-12)
failed to confirm the necessity for severe force (6,7). are attacked for their anecdotal data and for overlooking
However, these models are rightly criticized for not the real, more sinister explanation (5). This *“illogical
accurately reproducing the human state (2). Similarly, inconsistency” overlooks scientific process and forgets
extrapolations from severe accidents, such as automobilethat the requirement for severe shaking forces is no more
accidents, while seemingly supporting the hypothesis than afavored but unproven hypothesis (13).
(2,8), are themselves also imperfect biomechanical mod- The main cause of bias and hindrance to progress is
els of shaken baby/shaken impact syndrome. Biologic the fact that very few of these cases are verified by
variation in responses is rarely considered (2) and pro- eyewitnesses (4). Dr. Plunkett’'s case series is very im-
fessionals with voluminous experience working in this portant because it involves verification of events by
field will repeatedly encounter cases that just don’t com- eyewitnesses and because the data was collected via an
fortably fit the mold. There may be little other suspicion independent non-prosecutorial agency concerned with
of abuse, few other features of physical trauma, and child safety and not conviction at all costs of a parent,
minimal unequivocal evidence of traumatic brain injury guardian, or other child caregiver (1). The careful obser-
despite the incongruous necessity for severe trauma. Invations collated by Dr. Plunkett confirm that there are
addition, some adults consistently offer explanations in- cases of innocent minor trauma that may mimic those of
volving minimal trauma or show bewilderment about the shaken baby syndrome. Dr. Plunkett employs sound bio-
cause of the child’s condition. Lawyers also candidly say mechanical insight to challenge the accepted hypothesis
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and to propose alternatives. His hypotheses may prove to
be correct or wrong and are potentially as impotent as
any others that have challenged the prevailing dogma.
However, Plunkett’s series is no weaker than those series
that support the traditional hypothesis. Like other emerg-

ing publications questioning the causes and mechanisms; g

of infantile brain injury (14,15), its most important func-
tion is to reopen debate, help us consider the status of our
beliefs, and force us to seek the truth. In my own field of
involvement, the pathologic interpretation of retinal
hemorrhages, | am forced to note that Plunkett reports
retinal hemorrhages in his series. This directly challenges
the widely held view that retinal hemorrhages are “evi-
dence of abuse” (5,16). To prevent retinal hemorrhages
from being unwittingly abused as evidence, Dr. Plun-
kett's important paper must stimulate fresh thought and
investigation into the spectrum of causes and mecha-
nisms of infantile retinal hemorrhages (17).

Brian J. Clark, Bsc, MBChB, MRCPath

Consultant Pathologist, Moorfields Eye Hospital,
London, and Institute of Ophthalmology, University
College London, London, UK.
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Sudden Infant Death Syndrome

To the Editor:

| read with great interest the Letter to the Editor
entitled, SDS Doesn't Exist, by Drs. Sawaguchi and
Nishida, which appeared in the June 2001 issue of the
American Journal of Forensic Medicine and Pathology
(1). I am a forensic pathologist who has, over the years,
often stressed to students the true meaning of the term
“SIDS”. Sudden infant death syndrome is by definition a
sudden natural death of an apparently healthy infant in
whom no detectable cause of death can be found. This
diagnosis is made only after all reasonable efforts to find
the cause of death have been exhausted. It is, thus, not a
wastebasket diagnosis and it does not mean that there is
no cause of death, only that none can be determined by
the forensic protocols and procedures usedeihains
true that, in general, we recognize only that which is visi-
ble. It should therefore be clear that SIDS is not a cause
of death. While it means that a cause of death is unde-
tectable, it also implies that the death is a natural one.

| would like to note that the late Dr. Milton Helpern,
my mentor, did in fact object to the use of the term
“SIDS” because it could mistakenly convey the meaning
of a medical condition, which it is not. For many years,
he and his staff used the term “sudden unexplained death
of infant,” as can clearly be seen from the old records of
the New York City Office of the Chief Medical Exam-
iner. | believe that this is, in fact, a more accurate
description of this phenomenon. The inherent danger of
using the term “SIDS” can be seen in the case of a
mentally deranged woman in Philadelphia who, at age
70, confessed to smothering eight of her young children
decades ago. With no clear evidence to show otherwise,
doctors and investigators had reluctantly attributed the
deaths of these eight children—none of whom lived
longer than 14 months—to sudden infant death syn-
drome (2). Thus, the danger of the ill-considered use of
the term “SIDS” is clear.

Yong-Myun Rho, M.D.
Consultant in Forensic Medicine, Pelham Manor, NY
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REFERENCES search literally tens of thousands of records. In fact, one
1. Toshiko Sawaguchi et Hiroshi Nishida, SIDS Doesnt Exist. Mighteven say that this article is proving that RH is even
Am J Forensic Med Pathol 20001:21:211—2. more rare than the literature already suggests. Posterior
2. Mother admits she killed 8 of her children. The Associated pole RH is seen in up to 3% of children who sustain
Press, 1997. severe accidental life-threatening head injury. In these
cases, the history alone is almost always sufficient to

Fatal Pediatric Head Injuries Caused by differentiate the situation from SBS. Certainly, these are

Short Distance Falls not falls out of the arms of adults or off of beds and sofas.
In the current article, two of the cases with RH occurred
To the Editor: on falls from swings. Even the author acknowledges that
Dear Editor, the height of swing falls “could not be accurately deter-
| read with interest the recent article “Fatal Pediatric mined”. In addition, with a child in motion, the velocity
Head Injuries Caused by Short-Distance Falls” (1) of the impact might be expected to be even higher than

The paper reports a retrospective chart review of 18 that from the height alone. Clearly, this is different than
children who died from allegeaccidental head injury. For g “short-distance fall”. The child with papilledema may
six patients, data was available regarding an eye examina-have had RH secondary to the papilledema alone: a

tion. Four of these patients had retinal hemorrhages (RH) Comp|ete|y non_speciﬁc fmdmg Papi”edema is uncom-
The author uses these cases to suggest that perhaps Rkhon in SBS.

must be interpreted with caution when evaluating a child for So maybe this article reports ax‘[ren'e]y rare cir-

possible Shaken Baby Syndrome (SBS). cumstancewhere multiple factors coincide to allow RH
Unfortunately, “None of the children in this study had  (maybe even “extensive” RH) to occur following accidental
a formal retinal evaluation” and not enough details were trauma that is less than that which is usually needed (e.g. a
given about the nature of the RH for us to make any motor vehicle accident) but still beyond common minor
determination about whether the findings are consistent household falls. On the other hand, the paper may be
with currently available published literature. One child completely inaccurate and misinterpreted if the eye exam-
had “extensive bilateral retinal and preretinal hemor- inations were not confirmed by an ophthalmologist.
rhage”. Another had “bilateral retinal hemorrhage”. A Other than birth, SBS is by far and away the most
third had “extensive bilateral retinal, vitreous hemor- common cause of RH in the first three years of life. Careful
rhage” in one eye and papilledema. The fourth child with description of the number, types, and distribution of RH is
RH was 10 years old and therefore not very applicable to essential in determining the specificity of the fundus pic-
the SBS age range. This child had “extensive bilateral ture. Much has gone into understanding RH in SBS and
confluent and stellate posterior, peripheral preretinal and other conditions. Contrary to the author's suggestion that
subhyaloid hemorrhage”. No details are given regarding there is “scant objective evidence” to address this issue, the
post mortem microscopic examinations in any case. literature is replete with useful data. One review (2) has
If no child had a “formal” retinal examination (which  over 200 references. Rigorous application of the scientific
| assume means ophthalmology consultation) then how method rather than incomplete anecdotal retrospective re-
are all the distinctions made about the types of RH? In ports, is our best tool towards finding the truth.
our study of non-ophthalmologist retinal examinations
(unpublished data) in a large cohort of SBS victims, not Alex V. Levin, FRCSC
once did a non-ophthalmologist even attempt to make Staff Ophthalmologist, The Hospital for Sick Children,
such distinctions. What does “extensive” mean? In my Associate Professor, University of Toronto, Toronto,
experience, what a non-ophthalmologist calls extensive Canada
might very well be well within the accepted posterior
pole hemorrhages, which may be moderate in number (to REFERENCES
me), and quite acceptable following severe accidental 1. PlunkettJ. Fatal pediatric head injuries caused by short-distance
fe-hreatering head nfry. Whal does “selate” mean? , 85 Mmj Foeme Ned e 20002222 -
| have never seen that word used to describe RH by an " (eq). Recent Advancesin Paediatrics, no. 18. London: Churchill
ophthalmologist or non-ophthalmologist. | cannot be-  Livingstone, 2000:151-219.
lieve a non-ophthalmologist could distinguish between ]
subhyaloid and preretinal hemorrhage. This is sometimesAuthor’s Response to Drs. Spivack and
even hard for the ophthalmologist to do. And clearly, Levin
peripheral RH can only be seen with formal retinal
examination using the indirect ophthalmoscope. To the Editor:
Interestingly, the incidence figures make perfect |thank Drs. Spivack (1) and Levin for their letters and
sense. To get these four cases, the author needed tdave only a few comments.
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The initial manuscript was almost 50% longer than the  Although this study should not be used to determine
final version. The published version, at more than 6000 the incidence of retinal hemorrhage associated with head
words, was still very long by any standard. It is difficult impact from a fall (for the reasons stated in the “limita-
to include every detail for every case in a series this large tions”), it is not true that “tens of thousands” of cases
and still make the article readable. Ideally, this study were searched to identify these four. The correct number
would have been prospective and would have involved is 18, and of these, onlgx had fundoscopic examination
every death investigation jurisdiction in the United performed.

States, with a detailed protocol for evaluating and doc-  There is no evidence that “shaking” can cause retinal
umenting each death. However, this could not be done, in hemorrhage or that the mechanics of an impact from a
part because there has been no impetus to do so sincéslam” are somehow different from those of a “fall”. The

these types of injuries and deaths “cannot and do not conclusion that they are different is tautology, not sci-
occur”. ence. If someone has a theory for a cause of retinal

The series cannot be used to establish either the com-hemorrhage different from those that | discuss in the
monality or the rarity of death from a given event for the study, then please do the appropriate experiments and
reasons stated in the “Limitations” and the “Conclu- prove it. Reiterating the hypothesis and stating that it is
sions”(2). “widely and generally accepted, published,” and authen-

Weber's papers (3-4) are actual scientific studies ticated by “vast clinical experience” does not make it
based on a given mechanical input (a gravitational fall of true.

82 cm to a variety of surfaces) and a measured or | hope that my study encourages us to re-examine our
observed output (skull fracture) under controlled condi- concepts regarding traumatic brain injury (TBI) and the
tions. My observations should not be used to either relative importance of inertial or impulsive loading
confirm or deny the validity or applicability of his ob-  (whiplash) and contact. Dr. Caffey’s “theory,” accepted
servation. for almost 30 years, taught in medical schools, approved

The mechanism (with few exceptions) for an ulti- as an ICDA-9 “codable disease” and testified to as
mately fatal brain injury in an infant or child is not “truth” in court, is based on a misinterpretation of early
multifocal traumatic axonal injury (DAI), but focal trau-  pioneering experiments performed for the automotive
matic axonal injury with secondary anoxia and/or cere- and space industry. Ommaya (10) published a landmark
bral edema (5-8) or an acute subdural hematoma. Thestudy in 1968 showing that TBI could be produced in
focal injury may be a contact-induced cortical contusion, rhesus monkeys by acceleration of the head alone (with
cortical laceration from a skull fracture, or superficial the midneck as a fulcrum) and no contact. However, the
brainstem contusion caused either by hyperextension orlevel of acceleration he used to cause these injuries was
by movement of the brainstem through the foramen 10,000-100,000 rfs with the lower limit being the
magnum (that may occur secondary to mass movementconcussion threshold. (Ten thousand #/at a radius of 6
of the brain caused by deformation of the skull during inches is 5,000 f/sor 156 G's). Caffey called Ommaya
impact) (9). One would not predict nor does one usually after his (Caffey’s) 1972 article (11) was published and
find DAI in circumstances where the mechanism is a discussed it with him (12). Ommaya told him that he
short-distance fall or a “slam”. (The physics of a short- (Caffey) was misinterpreting his (Ommaya’s) studies,
distance fall and a “slam” are identical). but Caffey either didn't understand or forgot to tell us.

There is not a single reference to “shaken baby syn- This misinterpretation is repeated in Caffey’'s 1974 arti-
drome” or “SBS” in the text of the article. Dr. Levin cle (13). And here we are today. A WWII paratrooper
states that | “suggest perhaps that RH must be interpretedaphorism concerning chute-deployment failure says it
with caution when evaluating a child for possible shaken best: “It is not the fall that kills you. It's when you hit the
baby syndrome (SBS)”. My actual “conclusion” regard- ground.”
ing retinal hemorrhage is, “The characteristics of the
bleeding cannot be used to determine the ultimate John Plunkett, M.D.
cause.” Regina Medical Center, 1175 Nininger Road, Hastings

The eye examinations were performed by a Board- MN 55033
certified neurosurgeon with 25 years of experience (case
#16) and by Board-certified pediatric intensivists with

5-15 years of experience (cases #4, 5 and 6). | discussed REFERENCES
the med'ca_‘l f_eCOfd entries V‘_”th each of '_[hese phy$|C|ans. 1. Spivack B. Fatal pediatric head injuries caused by short-
The descriptions in the article are theirs, not mine. If distance fallsAm J Forens Med Pathol; 22:332-34.

fied ke th b . P ):j Usi h qh tance falls.Am J Forensic Med Pathol 2001;22:1-12.
led to make the observations and conclusions that they 3 weber W. Experimental studies of skull fractures in infats.

did, then so be it. Rechtsmed 1984;92:87-94.
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4. Weber W. Biomechanical fragility of the infant skull. Re- of death with certainty was not related to intoxication, and

chtsmed 1985;94: 93-101. . : i . . .
5. Oehmichen M, Meibner G, Schmidt V, Pedal I, Konig HG, et " which the victims were not incapacitated by drugs im

al. Axonal |njury_A d|agnost|c tool in forensic neuropath0|_ med'ately befOI'e death Thll’d, as tO the fatal IntOXIC&tIOﬂS,

ogy? A review.Forensic ci Int 1998;95:67-83. ~levels are given separately for cases related to intoxication
6. Geddes JF, Whitwell HL, Graham DI. Traumatic axonal in- - yith one substance only and for cases in which other
jury: practical issues for diagnosis in medicolegal cables: - .
ropathol Appl Neurobiol 2000:26:105-16. substances or conditions may have contributed to death.
7. Geddes JF, Hackshaw AK, Vowles GH, Nickols CD, Whitwell In a recent report, the same strategy was used to evaluate
HL. Neuropathology of inflicted head injury in children. I aqgitional drugs, including some of the newer antidepressants

Patterns of brain damagBrain 2001;124:1290-98. ; . . e
8. Geddes JF, Vowles GH, Hackshaw AK, Nickols CD, Scott IS, (5). A total of 211 cases in which sertraline was quantified in

et al. Neuropathology of inflicted head injury in children. Il.  femoral blood were reviewed. There were no sertraline-only

Microscopic brain injury in infantsBrain 2001,124:1299-1306.  geathg |n cases in which sertraline intoxication in combination
9. Margulies SS, Thibault KL. nfant skull and suture properties: .
measurements and implications for mechanism of pediatric With other factors was considered to have caused the death, the

brain injury. J Biomech Eng 2000;122:364—71. median concentration was 2.2 (10th and 90th percentiles 1.3

10. Ommaya AK, Faas F, Yarnell P. Whiplash injury and brain _ ; ; ;
damageJAMA 1968:204:285- 89, and 3.6)ug/g blood (n= 11), in comparison with 0.1 (0.1 and

11. Caffey J. On the theory and practice of shaking infants. Its 0.4) ng/g blood (n= 61) in nonpoisoning deaths. The lack of
potential residual effects of permanent brain damage and men- sertraline-only deaths in this Swedish report may also suggest
tal retardationAm J Dis Child 1972;124:161-70. TR d i i i

12. Ommaya AK. Personal communication. April 27, 2001. a low tOX.ICItY .In comparison with other .se.lectlve serotonin

13. Caffey J. Thewhiplash shaken infant syndrome: manual euptake inhibitor drugs when the prescription data are taken
shaking by the extremities with whiplash-induced intracra- into account (6).
nial and intraocular bleeding, linked with residual perma- i _
nent brain damage and mental retardatiediatrics 1974; Although the_ reporteq Concsmratlon,,Of O'@/ml ex .
54:396-403, ceeds the median level in the “controls” of this report, it is

still lower than the concentrations found in the cases in

which sertraline was considered to have been a contributory

Death Resulting from Asthma Associated cause of death. It is therefore hardly justified to say that the
with Sertraline “ Over dose’ level is “very high.” Moreover, the origin of the blood

sample is not stated. If the blood sample was collected from

To the Editor: the heart, it is even more likely that the concentration

In their report, Carson et al. (1) speculate that the actually was not much elevated ante mortem, given that
asthma-related death of a young woman might have beenleakage and redistribution of the drug from other tissues
caused by serotonin syndrome, in turn caused by a ser-with high concentrations could have occurred. In a recent
traline overdose. study by Goeringer et al. (7), based at least partly on

In support of an overdose, they state that the blood peripheral blood, the authors concluded that sertraline ap-
level of sertraline, 620 ng/ml, was “very high.” However, peared to be a primary contributory factor to the death at
they do not mention the analytical method used or the levels above 1.5 mg/L, thus also significantly higher than
sampling site of the blood, nor do they use relevant the reported level of 0.62 mg/L.
postmortem reference levels. The authors are apparently unaware that they do provide

To determine whether a postmortem drug concentra- one clue in support of eecent intake: the parent drug—to-
tion is high, reference data are needed. The authorsmetabolite ratio, which is 1.9. This figure is higher than the
mention a steady-state concentration range of 30—200median (0.6) reported by Druid and Holmgren (5) for con-
ng/ml in persons receiving “therapeutic dosage regi- trols, but it does not necessarily confirneage intake. The
mens,” but they do not give a reference. Although this is ratio might also be influenced by various pharmacokinetic
approximately the range that Gupta and Dziurdy (2) and pharmacogenetic factors.
report in their clinical study, such data are usually not  In conclusion, the suggestion that the asthma attack
suitable for comparison with postmortem levels, partic- was precipitated by a sertraline overdose leading to very
ularly because of postmortem drug redistribution (3). In high sertraline concentrations thus remains speculative.
addition, even postmortem reference data may be unsuit-
able if the sampling site is unknown or if the procedures
and methods are not specified.

In a compilation of postmortem analytical results, Druid 1 4t Ostrom, M.D.. Ph.D.
and Holmgren (4) have trled_to overcome some of these Ume&, Sweden
obstacles for several drugs. First, only femoral blood levels
are used. Second, levels are provided both for lethal intox- Anders Eriksson, M.D., Ph.D.
ications and for carefully selected cases in which the causePontiac, Michigan

Olav Spigset, M.D., Ph.D.
Trondheim, Norway
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Letters to the Editor

Chronic Lead Poisoning: Induced for attempted suicide are consistent with hematopoietic and
Psychosis in an Adult? renal injury caused by chronic lead exposure.
Relative to the nervous system, patients with chronic
To the Editor: lead poisoning manifest encephalopathy (including irri-

| recently had a case of a 35-year-old healthy white tab_ili_ty, fatigue, re_zstlessness, and insomnia foIIov_ved by
man with no history of physical or mental illness who, delirium, convulsions, and coma) as well as peripheral
for 1 1/2 years, had been sanding the paint off a 125- neuropathy with tingling in the hands and feet, qnd wrist
year-old ranch house. He worked both indoors and out- @nd foot drop. Baker et al. performed a prospective study
doors, rarely using a mask. Two months before his death, of Iead_neyrotoxmlty in foundry v_vorkers and referents in
he experienced chest pain and tingling in his fingertips. 1983, finding that there was an increased rate of depres-
His physician ruled out cardiac problems and prescribed Sion. confusion, anger, fatigue, and tension in workers
alprazolam, thinking his symptoms were secondary to With blood lead levels over 4g/dL (3).
stress. Three days later, he became extremely anxious, Several factors support the possibility that the dece-
restless, delusional, and paranoid, and was unable todent in this case had chronic lead poisoning. The blood
sleep. level at autopsy was 51.3g/dL. A blood lead level

One month before death, he attempted suicide with his 2P0ve 5-1Qug/dL indicates exposure, and levels above
automobile but survived. During his hospitalization, he 40 #9/dL are considered toxic. One's risk of encepha-
was anemic (hemoglobin of 12.1 g/dL) and ha¢ 1  '0Pathy is great with levels above 8og/dL, and it is
proteinuria and 3 hematuria. He became very de- considered an emergency with levels above L@0dL
pressed and was started on an antidepressant. A mont#2)- Déath was 8 weeks after his last exposure to the lead,
later, he committed suicide by way of an intraoral gun- @nd given the fact that thé'2 of lead in blood is 1 t0 3
shot wound. The only unexpected finding at autopsy was months, his lead level at the onset of his psychiatric
a blood lead level of 51.8g/dL. The last exposure to the ~ SYMPtoms was probably above 1p@/dL.
ranch house was 8 weeks before death.

A brief review of the literature suggests that it is
possible that the decedent's psychiatric disturbances
were caused by chronic lead poisoning. The primary
routes of lead absorption are ingestion and inhalation. REFERENCES
Homes built before 1940 used lead-based paints on both;  Gossel TA, Bricker JDPrinciples of Clinical Toxicology, 2nd
the exterior and interior surfaces. A tiny flake from an X eDtiéiligng:oFrzﬁ R;gggrggis%,v é?:n%ggg,k—; Poisoning: Pre.
old house can contain up to 100 mg of lead (1). Accu- < . AR :
mulation and toxicity occur if more than 0.5 mg/day is Xirltt'g:jtPA?&%?:nag?,grgwgt’é@;zenggSt Norwalk, Con-
absorbed. Chronic lead poisoning is more common than 3. Baker EL, Feldman RG, White RF, Harley JP. The role of occu-
acute lead poisoning and produces a variety of signs and Sfﬁﬁpbﬂéiae‘;:éggss%ﬁiQrthsisn%”gﬁ Ioiggg’;cggg‘éﬂ%_be“a"'ora'
symptoms (2).

Lead interferes with the synthesis of heme, and con-
sequently a hypochromic normocytic anemia develops Fatal Pediatric Head Injuries Caused by
along with a compensatory reticulocytosis and basophilic Short Distance Falls
stippling. Gastrointestinal symptoms are constipation,
abdominal pain (“lead colic”), anorexia, weight loss, To the Editor:
vomiting, and metallic taste. There is damage to the In the recent article by Plunkett entitled “Fatal pedi-
proximal tubules of the kidney, with subsequent protein- atric head injuries caused by short distance falls” (1) he
uria, hematuria, and oliguridhus, the anemia, protein- states, based on a literature review, “many physicians
uria, and hematuria during this individual's hospitalization believe that a simple fall cannot cause serious injury or

R. E. Kohlmeier, Mm.D.
San Antonio, Texas, QA.
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death, that a lucid interval does not exist in an ultimately
fatal pediatric head injury, and that retinal hemorrhage is
highly suggestive if not diagnostic for inflicted trauma.”

Our review of the literature referenced by Plunkett shows

LETTERS TO THE EDITOR

edema with herniation after at least a 4-hour survival
period. In two of the cases there were lucid intervals of
a few minutes (Cases 5 and 8). In the first case, there was
a blunt impact injury of the right side of the forehead

his opening statements to be an inaccurate and misleadwith large subdural hematoma requiring evacuation. Ce-

ing summation of the conclusions drawn by the authors
of the work cited.

Here are a few examples. Williams’ (2) concluded:
“infants and small children are relatively resistant to
injuries from free falls, and falls of less than 10 feet are
unlikely to produce serious or life-threatening injury.”
Willman et al. (3) concluded: “unless an epidural hema-
toma is present, children who die from blunt head inju-
ries probably do not experience lucid intervals.” and Rao
et al. (4) concluded: “if intraoccular hemorrhage is seen,
the possibility of child abuse should be considered.”

rebral edema and herniation developed after at least a
12-hour survival period. In the second case, there was a
complex fracture of the frontal-temporal bones associ-
ated with cortical contusions, epidural and subdural hem-
orrhages, and the development of malignant cerebral
edema with herniation on the second hospital day. The
child died on the third hospital day. In the case with a
lucid interval of 3 hours (Case 9), there was an epidural
hematoma without skull fracture or blunt impact injury
of the head, and the child died 10 days after admission to
the hospital. In each case, the lucid intervals were con-

All of the authors recognize, as we do, that there are no sistent with the neuropathologic findings at the time of

absolutes in regard to head injuries in children and re-
frain from using Plunkett’s absolutist vocabulary of “can

autopsy.
The height of the fall could be determined in only 10

not, does not, and is diagnostic for,” especially when it of 18 cases. However, Plunkett’s definition of the height
concerns the issue of accidental versus inflicted trauma of the fall as “the distance of the closest body part from
in children. As forensic pathologists we must address the ground at the beginning of the fall” would mean that
each case without prejudice, paying particular attention a fall from standing height would be interpreted as a
to anamnestic-anatomic disharmony, cognizant that the height of zero! Obviously, the determination of height of
issue is seldom black or white, and admitting that im- the fall in assessing head injury cases would better be
possible situations are few and far between. defined as “the distance of the head from the ground at
Some of the limitations of the study have been cited the beginning of the fall,” which would increase the
within the text of the article but must be emphasized, distance determination in these cases.
with special attention to children under the age of 5. The  The vast majority of children (14 of 18) had evidence
biophysics of head injury in children from newborn to 60 of blunt impact to the head by radiologic evaluation,
months changes fundamentally, and most controversiesautopsy documentation, or witnessed reports that were
involve children from 0 to 36 months of age. Six of the consistent with the given scenarios. One case had no
18 falls were not witnessed, including 5 of the 10 falls of reports (Case 11). Of the three children with no evidence
children 5 years of age or younger. In this study, no child of blunt impact to the head (Cases 3, 9, and 15), two had
less than 23 months of age had a witnessed fall. Seven oflarge subdural hematomas, and the third had an epidural
the 18 falls were not followed by a full autopsy, includ- hematoma. This study suggests that lethal impacts to the
ing 5 of the 10 falls of children 5 years of age or younger. head rarely leave no evidence of an impact. None of the
Although physical and radiologic examinations are help- children without reported head impact injury had retinal
ful in assessing injury, they cannot fully answer ques- hemorrhages.

tions as to anamnestic-anatomic disharmony, occult in-

We agree with Plunkett that deformation and internal

juries, or undiagnosed disease processes. Cases withouangular acceleration of the skull and brain caused by the

autopsy results must be viewed with circumspection.
The evaluation of the history of a lucid interval in

impact produce injury. Although no specific mathemat-
ical analysis was applied to these cases, it also may be

cases of lethal head injury is especially important in helpful to consider that in each of these cases the head
children under the age of 5, whose injuries are often was in motion preceding impact because of the nature of
unwitnessed. In this study, there are 4 witnessed cases othe accelerating and/or centrifugal forces of the play-
children under the age of 5 years (Cases 5, 6, 8, and 9),ground equipment that the child was using (swings,
who were evaluated with autopsy and forensic patholo- seesaw, horizontal ladders) or because of a fall from
gist directed-death investigation system examinations losing balance. In falls from losing balance, the center of
that deserve further discussion. The lucid intervals of the gravity becomes displaced with respect to the feet, and
witnessed cases ranged from none to 3 hours. In the casehe force of gravity rotates the body in the direction of
with no lucid interval (Case 6), there was a lateral blunt the displacement. In these rotational falls, the head’s
impact injury of the head, focal hemorrhage in the right acceleration exceeds the acceleration because of gravity
posterior midbrain and pons consistent with diffuse ax- (5). Medical examiners frequently are presented with
onal injury, a small subdural hemorrhage, and cerebral histories that are similar to the type of falls studied by
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Lyons and Oates (6) rather than the histories that are Author’s Response to Fatal Pediatric Head

presented in Plunkett's study.
This review of more than 75,633 entries of childhood
falls associated with playground equipment in the data-

bases of the U.S. Consumer Protection Agency during an

11¥>-year period has served to document dxaemely
rare occurrence of lethal head and neck injury in chil-
dren inunique scenarios. By design, these databases are
biased toward the collection of data regarding severely
injured children, and the total number of entries in the
databases cannot approximate the millions of childhood
falls of short distancesiot reported to the Consumer
Protection Agency during that same¥dyear period in
association with playground equipment or otherwise.
The study is limited in its evaluation of infants and

Injuries Caused by Short Distance Falls

To the Editor:

| thank Dr. Shaber and colleagues for their letter. |
agree with many of their points regarding the limitations
of the study. However, | have a few additional com-
ments.

| do not think that my opening statement is “inaccurate
and misleading” or unfairly characterizes the conclusions
in the references that | cite. For example, Schaber et al.
state that Williams (1) concludes: “Infants and small
children are relatively resistant to injuries from free falls,
and falls of less than 10 feet are unlikely to produce
serious or life-threatening injury.” This “conclusion” is

chlldredn under _the haI%e of 5 (kj)ecarl:se theref z;r; no Wr']t' from the abstract. The text of the article states: “That
nessed cases in children under the age o moNtS.ge\ere injuries and deaths from falls of 5 feet or less only

Evaluation of the only four witnessed cases of children
under 5 years of age with findings documented by au-
topsy and forensic pathologist directed-death investiga-
tion system examinations showed that lucid intervals are
consistent with neuropathologic findings at the time of
autopsy. The determination of height of fall in this study
is difficult to interpret because it does not reflect the
height of the head at the time of the fall. There were no
cases without blunt impact injury of the head that

showed small subdural hemorrhages and retinal hemor-

rhages. Certainly a history given by a caregiver that a
child may have fallen must be evaluated, but there is no
substitution for a thorough postmortem examination, in-
cluding medicolegal investigation and the interview of

witnesses.

Bethann Schaber, m.D.

Amy P. Hart, M.D.

Vernon Armbrustmacher, m.D.
Charles S. Hirsch, m.D.

New York, New York

REFERENCES

occurred in the uncorroborated group leads one to sus-
pect that many if not all of the injuries attributed to falls
of low height represent child abuse.” Likewise, when
Willman et al. (2) conclude that “Unless an epidural
hematoma is present, children who die from blunt head
injuries probably do not experience lucid intervals” they
also state: “The results of this study suggest that a fatal
HI [head injury] that does not involve an epidural hem-
orrhage must have occurred after the last known time
that the child exhibited normal behavior,” “For an older
child . . . thetime of the injury event in a fatal HI without

an epidural hemorrhage can be restricted to after a con-
firmed period of such normal behavior,” and “Excepting
cases involving epidural hematomas, the time of injury in
a fatal head injury case can be restricted to after the last
confirmed period of normal consciousness for the child”.
[ comment on the Willman et al. study in a letter
published in 1998 (3).]

Shaber’s assertion that “The biophysics of head injury
and children from newborn to 60 months changes fun-
damentally” lacks an evidentiary basis. The brain, scalp,
and skull of a newborn anmeot the same as the head and
neck unit of an adult. Scaling commonly used for the
automotive industry mayot apply to the neonate or

1. Plunkett J. Fatal pediatric head injuries caused by short distancejnfant (4). The developmental anatomy and physiology

falls. Amj Forensic Med Pathol 2001;22:1-22.

. Williams RA. Injuries in infants and small children resulting
from witnessed and corroborated free fallslrauma 1991,;31.:
1350-2.

. Willman KY, Bank DE, Senac M, Chadwick DL. Restricting
the time of injury in fatal inflicted head injuryChild Abuse
Negl 1997;21:929-40.

. Rao N, Smith RE, Choi H, et al. Autopsy findings in the eyes of
fourteen fatally abused childrerkorensic Sci Int 1988;39:
293-9.

. Dawson SL, Hirsch CS, Lucas FV, Sebek BA. The contrecoup
phenomenon: Reappraisal of a classic problétam Pathol
1980;2:155-66.

. Lyons TJ, Oates RK. Falling out of bed: Relatively benign
occurrencePediatrics 1993;92:125-7.

are certainly different, but where is the cutoff, and where
is the biophysical evidence to support it? There is only
one published study of the biomechanical failure char-
acteristics of the infant skull (5). There are only three
published studies of experimentally produced infant
skull fractures (6—8). There is one published reference
concerning the concussion threshold in the pediatric age
group (9). There are no other studies evaluating the
failure thresholds or the differential biophysics of infant,
toddler, or pediatric head injury, whether for a 3-month-
old, 3-year-old, or 13-year-old.
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| agree that “cases without autopsy results must be entries in which there waso injury, only the potential
viewed with circumspection.” It would have been invalu- for injury. The NEISS file (more than 75,000 entries)
able if complete postmortem examinations and formal contains reports of emergency room visits in the United
neuropathology evaluation, including microscopic exam- States hospitals participating during the study period, and
ination, had been performed in all of the deaths. How- includes all incidences, not simply falls (as | discussed in
ever, please note that four of the seven deaths in whichthe Introduction, Methods, and Results). More than 98%
an autopsy was not performed occurred in a jurisdiction of the entries in the NEISS file involved an injury not
directed by a board-certified forensic pathologist. (This requiring hospitalization. It is important to know that
is not a criticism; | am merely emphasizing that one can deaths such as | reported do occur, and it is important to
rarely anticipate all of the questions that may be asked in understand why they happen. Whether the events are
the future about a death that seems “routine” or “ade- common or rare is not.
quately and fully documented” today.) Finally, | agree that there is “no substitution for a

| agree that the documentation of the height of the fall thorough postmortem examination including medicole-
“would be better defined” as suggested. The definition | gal investigation and interview of witnesses.” However,
used allows an initial comparison of the cases in my | would add that this investigation must be founded upon
study with those from other cited articles, none of which the ability to critically evaluate the evidentiary bases for
hasany definition for “height of the fall” and wherein it  opinions and conclusions, and upon an accurate, com-
must be assumed, correctly or incorrectly, that the plete, and current understanding of the biomechanics of
“height” is the height of the object from which the person head injury.
fell (10-14). However, none of the other studies de-
scribes the position of the body at the beginning of the John Plunkett, m.D.
fall, the initial velocity, the part of the body that first Regina Medical Center, Hastings, MN
struck the ground, or the characteristics of the impact
surface. These cited studies do not allow even a kine-
matic analysis, let alone a kinetic evaluation. Further, REFERENCES
using h.ead ab(.)v.e the ground” does not eIUCId.ate the 1. Williams RA. Injuries in infants and small children resulting
mechanism for injury and only allows a calculation of ™ fom witnessed and corroborated free fallsfrauma 1991:31:
the approximate impact velocity. For example, knowing  1350-2.

the distance of the head above the ground does not allow?2- Willman KY, Bank DE, Senac M, Chadwick DL. Restricting
the time of injury in fatal inflicted head traum&hild Abuse

one to evaluatg momentum (mv), energimgv?), force _ Negl 1997:21:929—40.
(ma), deformation and strain of the scalp, skull, or brain, 3. Plunkett J. Restricting the time of injury in fatal inflicted head
etc. trauma [Letter].Child Abuse Negl 1998;22:943—4.

h of the falls in thi dv i ved | 4. Irwin A, Mertz HJ. Biomechanical basis for the CRABI and
Each of the falls in this study involved an externa Hybrid 1l child dummies. New York: The Society for Auto-

rotational component. None was purely “translational,”  motive Engineers, Inc., Document #973317, 1997:261-72.

and I dlscussed the mathematlcal Constructs for analys|85 Margulies SS, Thibault KL. Infant skull and suture pl’OpeI’tieS:

. . Measurements and implications for biomechanics of pediatric
of the falls in the Appendix. However, whereas external  4in injuries.J Biomech Engin 2000:122:364—71.

angular motion during a fall may change the impact 6. Taylor AS. Marks of violence on the head: Fractures of the

velocity from that calculated for simple translational ~ Skull- In Taylor AS, Hartshorne E, edstedical jurisprudence.
. Y | d di ph her th Philadelphia: Blanchard & Lea, 1856:366—70.
motion (greater or less, depending on whether the vectors; \yeber W. Experimental studies of skull fractures in infats.

are additive or subtractive), angular motion does not  Rechtsmed 1984;92:87-94.

significantly contribute to “inertial loading.” What hap- 8 ;’Qvegﬁtef W-l Q%igg“z%hsa”ligi" fragility of the infant skulk

pens during the impact, not during the fall, determines g stz G. Biomechanical data of children. New York: The
the outcome. Society of Automotive Engineers, Inc. Document #801313,

Dr. Shaber states that “This review of more than _ 1980;,513-59.
10. Helfer RE, Slovis TL, Black M. Injuries resulting when small

75,633 entries of childhood falls associated with play- children fall out of bedPediatrics 1977:60-533-5.
ground equipmen . .document(s) theextremely rare 11. Hall JR, Reyes HM, Horvat M, Meller JL, Stein R. The
occurrence of lethal head and neck imjur . in unique mortality of childhood falls.J Trauma 1989;29:1273-5.

- d desi h datab bi d 2. Chadwick DL, Chin S, Salerno C, Landsverk J, Kitchen L.
scenarios” and “By design, these databases are biase Deaths from falls in children: How far is fatal? Trauma

toward collection of data regarding severely injured chil- 1991;31:1353-5. _ _ _
dren.” Her contention is a mischaracterization of the 13 Lyons TL, Oates RK. Faling out of bed: A relatively benign
. . occurrencePediatrics ;92:125-7.

Qata_lbas_e (15-18). Certainly, the death Cert'f'cate_ (DC) 14. Reibur GD. Fatal falls in childhood: How far must children fall
file is biased. However, only 4 of the 47 cases in the to sustain fatal head injury? Report of cases and review of the
CPSC DC file involved a fall (Cases 1, 5, 6, and 9). The __ literature.Am J Forensic Med Pathol 1993,14:201—7.

h . lved events described in the first paraaraph of 5. National Injury Information Clearinghouse. US Consumer
others involved ev paragrap Products Safety Commission, 1997. Available at: www.cpsc.

the Results. The incident report (IR) file includes many gov/about/clrnghse.html
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16. Consumer Product Safety Review 4:#2:3-7, 1999. Available My point is that the child did have some symptoms,

at: www.cpsc.gov/cpscpub/pubs/cpsr.html ; ial ini
17. Adescription of the injury or potential injury incident database but clearly the severe intracranial injury symptoms,

(IPII). Division of Hazard and Injury Data Systems. US Con- Which were confirmed on repeat computed tomography
sumer Products Safety Commission, 1997. Available at: www. and autopsy, were delayed for several hours, during

cpsc.gov/about/guide.html#OIPA which time she was under our view and review in the

18. A description of the in-depth investigation database (INDP), . -
fiscal year 1987—fiscal year 1991. Division of Hazard and Injury NOSPital. Others have noted similar problems (2).

Data Systems. US Consumer Products Safety Commission, 1992.
Available at: www.cpsc.gov/about/guide.html#OIPA Robert W. Huntington, I11, M.D.

Madison, Wisconsin, W.A.
Symptoms Following Head Injury
REFERENCES

To the Editor:
A ¢ d iti di diatri 1. Case ME, Graham MA, Handy TC, Jentzen JM, Monteleone
recent proposed posiuon paper regarding pediatric — jao position paper on fatal abusive head injury in infants and

nonaccidental abuse head injury would allege that we  young childrenAm J Forensic Med Pathol 2001;23:112-22.
may depend on symptoms to appear immediately upon 2. Gilliland MGF. Interval duration between injury and severe
. . . - symptoms in non-accidental head trauma in infants and young
injury (1). | have a concern about that claim, which | will children. J Forensic Sci 1998:43:723-5.
explain with the following case. CASE REPORT

A 13-month-old Hispanic girl was brought to the Uni-
versity of Wisconsin Hospital on the morning of Sep-

tember 18, 1999. The complaint was of vomiting that had

lasted for 24 hours. She was described as irritable, . , . .
In response to Dr. Robert Huntington’s letter in which

sleepy, and vomiting. In our emergency room she was o . "
. . he expresses concern about the Position Paper’s position
noted to have extensive bruises on the cheeks, chest,

back, and arms; the mother attributed these to bites by aon mtervql from injury t'o symptoms in young chﬂdrgn
. : " “with abusive head injuries, | would make the following
3-year-old housemate. She was admitted and given in- : : . .
: : comments. Dr. Huntington describes a child who is noted
travenous fluids. She was sedated with pentothal fol-

lowed by head computed tomography, which was nega- to be “irritable, sleepy, and vomiting” on admission. The
tive. She was then admitted to the pediatric ward. The Position Paper states, *Symptoms demonstrated by these

. . ) . severely injured children include an immediate decrease
resident who saw her described her in the chart and in yn

di . being f d cli but int i q in the level of consciousness (either lethargy or uncon-
IScussion as being Tussy and clingy, but interactive an sciousness).” Lethargy is defined as a condition of

responsive. Because of the numerous bruises, the poncedrowsiness or indifferencgDorland’s Illustrated Medi-
were notified and took pictures. . cal Dictionary). The sleepiness in this child is the neu-
_ Atabout 2:00 the following morning, a nurse coming  ogic symptom that marks the time at which the injury
in to care for the child noted that she had decreased , yhis child occurred. It indicates a decrease in the level
respirations. It was then shown that she was unrespon-s¢ consciousness. After the child was in the hospital
sive and had a right dilated unreactive pupil with a seyeral hours, she showed signs of increased intracranial
sluggish left pupil. She was taken emergently to the pressure (right dilated pupil and sluggish left pupil) and
pediatric intensive care unit, where she was intubated \yent on to brain death. Dr. Huntington remarks that the
and given mannitol. A subsequent computed tomography severe intracranial injury symptoms were delayed for
scan showed very poor differentiation of gray/white mat- geveral hours. The symptoms to which he is referring
ter interface. A Codman catheter was placed and thenyyere not the initial symptoms of injury but those related
replaced with a ventriculostomy tube after an intracranial to increased intracranial pressure. The brain injury that
pressure of 21 mm Hg was noted. precipitated this course of events (diffuse axonal injury)
On the evening of the day after admission, a cerebral occurred when the child first became neurologically
blood flow study showed no cerebral blood flow. She symptomatic. Brain swelling followed the diffuse axonal

Author’s Response

To the Editor:

was pronounced brain dead. injury and resulted in increasing intracranial pressure and
In the interim, her mother had fled town and has not eventually brain death. Certainly, the child’s neurologic
been found since. symptoms changed with time, reflecting this changing

An autopsy was done on September 20, 1999. This neuropathology. It is the initial neurologic change that
showed hemorrhage in the left optic nerve sheath and left marks the time of injury.
retinal hemorrhages as well as marked cerebral edema The article by Gilliland that Dr. Huntington mentions
and thin widespread subdural hemorrhage. Diffuse axonis not helpful in elucidating the interval from injury to
injury was demonstrated with amyloid precursor protein symptoms. The cases reported in that article relied on
antibody. histories from possibly biased witnesses (caregivers who
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might have injured a child) and took at face value the suffered a serious acceleration injury to the brain that
time intervals provided in each case. Dr. Gilliland noted will result in long-term neurologic impairment or cause
this problem in her article, stating, “It should be noted death, the so-called lucid interval is a fiction. The change
thatin all of the cases where information was supplied by from “fine” to “not fine” may be lethargy or it may be
someone other than the perpetrator, the child was notunresponsiveness, but it is a neurologic change, and it

normal during the interval." occurs at the time of injury_
The claim that a young child has been fine for hours

after a fatal head injury was inflicted and then suddenly
developed symptoms is a claim that has no support from Mary Case, M.D.
legitimate or mainstream medicine. When a child has St. Louis, Missouri, Us.A.
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