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SUPERIOR COURT OF WASHINGTON
FOR SNOHOMISH COUNTY
THE STATE OF WASHINGTON, ‘ 73278 ]_
Plaintiff, ~ No. 09-1-01071-9
V. . ’
. , L STATE’'S MOTION TO TRANSFER.
MICHAEL J. MORRIS, MOTION FOR RELIEF FROM JUDGMENT
Defendant.
1. MOTION

The State of Washington moves for-an order transferring the: dgfendant;s Motion,
for Relief from Judgment to the Court' of Appeals, for consideration as a personal
restraint petition.  This motion is t_)ased on C_:'rR 7:8(c)(2) and the If_ollowing
memorandum.

Il. FACTS

A.M., born Aprilr 2009, lived with her mother Brittany. Morris, her father, the
defendant, Mjchaél Morris, and her sister T.M. in. Brier in April and May 2009. T.M. is
18 months older than AM The’d'efendént worked outside the home while Ms. Morris
was the girls’ prima,ry'_caregi\)gr. 6/1/11 RP 147-—149,

During the first six weeks of A.M.'s life the defendant expressed anger and

frustration toward A.M. On one occasion when he was asked to care for A.M. he
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became angry because he wanted to play video games with his friend instead. The
defendant spoke roughly toward A.M. and used profanity in reference to her when she
cried. Ms. Morris also noticed the defendant playing roughly with A.M. on another
occasion. 6/1/11 RP 101-102; 6/2/11 RP 134.

On May 29, 2009 a neighbor, Ms. Cheralyn Orkiz, cared for A.M. while Ms.
Morris took T.M. to the doctor. During that time A.M. acted like 2 normal baby, sleeping,
and playing with a mobile once she awoke. Ms. Orkiz had seen A.M. almost daily since
she was born. A.M. acted no different than she had on prior occasions when Ms. Orkiz
saw her. 6/1/11 RP 79-84. When Ms. Morris picked A.M. up she took her home. After
dinner Ms. Morris fixed A.M. a bottle and left her in the defendant’s care while she took
T.M. to another doctor's appointment. 6/1/11 RP 79-84, 156-157.

Within 10-12 minutes after Ms. Morris and T.M. left, the defendant raced over to
the Orkiz's home with A.M. in his arms. The defendant was panicked and told the
Orkiz's that something was wrong with A.M. and he needed to get her to a hospital. Mr.
Orkiz noticed that A.M. was having trouble breathing. On the way to the hospital the
defendant told Mr. Orkiz that A.M. had suddenly started vomiting out of her mouth and
nose. A.M. did not vomit on the way to the hospital. 6/1/11 RP 126-130, 158.

Ms. Orkiz notified Ms. Morris what happened. Ms. Morris met the defendant and
A.M. at the hospital where she took A.M. into the emergency room. A.R. was limp and
her skin was blue. It appeared she was not breathing. 6/1/11 RP 90, 161-163.

A.M. was immediately examined by Dr. Borromeo. He noticed her breathing was

shallow so he first gave her oxygen but ultimately intubated her. A CAT scan showed



she had a subdural hemorrhage. Due to her condition A.M. was transferred to
Harborview Hospital. 6/1/11 RP 11-24.

A.M. was seen by a team of -doctors at Harborview ‘including, Dr. Kenneth
Feldman, an expert in assessing child abuse. A.M. was given a number of tests that
showed she had subdural bieeding and profuse retinal hemorrhages. Dr. Feldman
examined A.M. He observed that AM had seizures and a recent history of apnea. He
got a history from Ms. Morris, reviewed all of the test results, and consulted with other
'doctors-who treated A.M. He considered all of the alternative reasons for her condition
and concluded that A.M. had suffered from non-accidental trauma. This opinion was
shared by all the other ‘medical professionals who treated A.M. Dr. Feldman believed
the trauma likely resulted from a high level of acceleration/deceleration force. Dr:
Feldman stated that the constellation of A.M.'s injuries is highly specific for abpse. Dr.
Feldman also reviewed A.M.’s medical reports from examinations after her release from
the hospital and concluded that the resulting impair_ment from her injuries would be
permanent. 6/2/11 RP 96-109, 11;7-119; 130-131, 135-138, 152-157; 6/3/11 RP 5-16,
19-21.

Dr. Erin Herlihy, a pediatric ophthalmologist examined A.M. on June 1 and again
on July 17. On the-first examination Dr. Herlihy f_pund that blood séparated all of the
‘Iayers of A.M.’s retinas, 'the,.o'ptic nerve was obscured by the profuse amount of blood'in
her eyes, and that A.M. had no electrical activity in her eyes. At the second
examination Dr. Herlihy found A.M.’s visual behavior subnormal-for a child her age. Dr.
Herlihy reviewed AM.'s blood tests and ruled out blood disorders and metabolic

disorders, as'well as meningitis, that could have caused the kind of retinal hemorrhages




observed in A.M.'s eyes. After ruling out any medical condition that could have caused
the extensive damage to A.M.'s retinas Dr. Herlihy concluded that A M. suffered severe
head trauma that involved “some shearing injury, acceleration/deceleration force,
something that would cause a shearing type of injury to tear blood vessels.” In her
opinion the nature of the injury could not be caused by an accidental fall from a bed or
minor jostling. 6/6/11 RP 279, 290-95, 310-22.

The defendant spoke to a CPS worker and later to Officer Murphy. The
defendant told the CPS worker that A.M. choked when he was feeding her. The
defendant explained that he panicked and ran across the street to the Orkiz’'s home.
The defendant told Officer Murphy that he performed CPR on A.M. when she started
vomiting as she was feeding. He stated A.M. may have been injured when her head
bobbed up and down as he ran with her across the street because he had not
supported her head. While writing his statement the defendant re-contacted the officer
to state that he remembered that he also shook A.M. when she vomited, first a little, and
then more forcefully. 6/2/11 RP 25,31, 37-42.

The defendant was charged by amended information with one count of assault of
a child first degree. The State alleged that the victim was a family or household
member as defined by RCW 10.99.020 and the aggravating factor that the defendant
knew or should have known that the victim was particularly vulnerable and incapable of
resistance, RCW 9.94A.535(3)(b). Ex. 1. The defendant was found guilty at trial. The
jury answered found the victim was a family or household member and the aggravating

factor had been proved. Ex. 2.



The Court of Appeals affiirmed the defendant’s conviction but remanded for
clarification of community custody conditions. The mandate issued on July 19, 2013.
Motion App A'. The court clarified the conditions of community custody on October 24,
2013. App.D.

. ISSUE

Should this case be transferred to the Court of Appeals for consideration as a
personal restraint petition?

IV. ARGUMENT
Motions to vacate judgment can be either resolved by this court on the merits or

transferred to the Court of Appeals. The standards governing this choice are set out in
CrR 7.8(c)(2):

The court shall transfer a motion filed by a defendant to the Court of

Appeals for consideration as a personal restraint petition unless the court

determines that the motion is not barred by RCW 10.73.090 and either (i)

the defendant has made a substantial showing that he or she is entitled to

relief or (i) resolution of the motion will require a factual hearing.

The provisions of this rule are mandatory. If the requirements for transfer are
satisfied, the court may not decide the motion — even if the motion is clearly unfounded.
State v. Smith, 144 Wn. App. 860, 184 P.3d 666 (2008).

Under this rule, this court should resolve three issues: (1) Is the motion barred by

RCW 10.73.0907 {2) Has the defendant made a substantial showing that he or she is

entitled to relief? (3) Will resolution of the motion require a factual hearing?

' Attachments to this motion are designated as exhibits. Attachments to the defendant's motion are
designated as Motion App. __.
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A. THE DEFENDANT'S MOTION IS NOT TIME BARRED.

RCW 10.73.090(1) sets a time limit on motions to vacate judgments and other
forms of “collateral attack.” Such a motion must be filed within one year after the
judgment becomes final. Since the judgment in the present case was appealed, it
became final on July 19, 2013, the day that the appellate mandate was issued. RCW
10.73.090(3)(b). The present motion was filed on July 18, 2014. It was filed within the
time limit.

B. THE DEFENDANT HAS NOT MADE A SUBSTANTIAL SHOWING OF
ENTITLEMENT TO RELIEF.

The defendant raises two grounds for relief, both reiated to the medical testimony
produce through Dr. Feldman. First, the defendant states that the medical testimony
was unreliable and misleading, and should not have been admitted under ER 702. He
argues that admitting that evidence violated his due process right to a fair trial. Second
the defendant argues that he received ineffective assistance of counsel when counsel
either did not seek to exclude Dr. Feldman’s testimony or did not confront Dr. Feldman’s
testimony “to prevent the jury from relying on untrustworthy testimony.” Motion at 9.

1. Biomechanical Studies Challenging The Opinion That A.M.’s Injuries Resulted From

Abusive Head Trauma That Existed Before Trial Do Not Demonstrate Extraordinary
Circumstances Justifying a New Trial.

CrR 7.8(b) lists five reasons why a court may relive a party from a final judgment.
The defendant relies on CrR 7.8(b)(5) “any other reason justifying relief from the
operation of the judgment” Moticn at 2. This basis is limited; it is reserved for

extraordinary circumstances that include fundamental and substantial irregularities in



the court's proceedings or irregularities extraneous to the court's actions. State v.
Smith, 159 Wn. App. 694, 700, 247 P.3d 775 (2011). “CrR 7.8(b)(5) will not apply when
the circumstances used to justify the relief existed at the time the judgment was
entered.” |d.

A defendant was entitted to relief pursuant to CrR 7.8(b)(5) when the court
considered alteratives to confinement as a factor when imposing a sentence, and
those alternatives were later eliminated by the county as a result of budget constraints.
Id. However CrR 7.8(b)(5) did not justify relief when the reason asserted for relief
existed and was knowable prior to sentencing. State v. Florencio, 88 Wn. App. 254,
945 P.2d 228 (1997), review denied, 134 Wn.2d 1026 (1998) (When a defendant's
criminal history entered under a different name was discovered after sentencing CrR
7.8(b)(5) did not justify resentencing the defendant in order to include the new criminal
history in the defendant's offender score.), State v. Cortez, 73 Wn. App. 838, 721 P.2d
660 (1994) (A defendant who was informed at the time he pled guilty that his conviction
may subject him to deportation was not entitled to vacate his conviction pursuant to CrR
7.8(b)(5) when he was later subject to deportation as a result of that conviction).

Trial in this case was held between May 27 and June 10, 2011. At trial Dr.
Feldman testified that in making a diagnosis doctors relied on experience, the child’'s
history, and literature in the field to know “what are the normal consequences of
accidents, what are the characteristics of normal injuries and iliness, what are the
characteristics of abusive injuries.” 9/2/11 RP 116-117. Dr. Feldman discussed several
good studies that indicated retina! bleeding, subdural bleeding and the brain injury A.M.

suffered were typically the result of whiplash forces which could be caused by a variety



of mechanical forces. He referenced a recent study by Vinchon that used confessions
as a baseline to distinguish injuries.observed in cases of non-accidental trauma versus ‘
those involving accidental injuries. He noted that there were sfudies that retinal
hemorrhagées and apnea are two salient factors for abusive head trauma. 6/3/11 RP 5<
6, 12, 16. Dr. Feldman testified that after looking at.A.M.’s history and all the possible
causes for hér injuries is opinion ‘was' that she suffered abusive head trauma. He
specifically testified that he did not know how A.M. received her injuries because he was
not present at the time it occurred. 6/2/11 RP 156-157; 6/3/11 RP 13, 16-17.

The first ground for relief, that the medical evidence produced through Dr:
Feldman was unreliable, is based largely on reference to materials -written prior to the
trial in this case. The defendant cites four biomechanical studies to argue that “it has
been repeatedly shown that shak'ing.does not achieve the level of fore necessary to
inflict: the injuries at isstie.” Motion at 18. Fach of those. studies predated the trial by
many years:; .

1. Duhaime et al, The Shaken Béby Syndrome, a Clinical, Pathological and
Biomechanical étudy, 66 J. NeurOsugeryAOQ (1987) (motion, appendix C)

2. AK. Ommaya et. al. Biomechanics _and Neuropathology of Adult and’

Paediatric Head Injury, 16 Br..J. Neurosurgery 220, 2002) (motion appendix D)

3. Bandak, Shaken Baby Syndrome: A Biomechanics Analyhsis of injury .

Mechanisims, 151 Forensic Sci. Int. 71 (2005) {motion appendix G).

4. Prange et al Anthropomorphic_Simulations of Falls, Shakes, and_Inflicted

Impacts in_Infants; 99'J. Neui’osu_rg. 143 (2003) (motion appendix H).



Dr. Feldman acknowledged that there is a debate as to whether shaking alone
could cause those injuries without some other signs of neck trauma. He spetifically
discussed the study by Bandak cited by the defendant. Dr. Feldman stated the study
was flawed for two feasons. First, the manner in which he conducted his study did not
measure the static loads caused by whiplash force. Second, Bandak’s calculations
were an oversimplification that other well-respected biomechanical engineers had
likewise criticized. .6/3/11 RP 7, 22-24. Dr. Feldman also discussed an article by
Donohoe that purported to be an evidence based review of the. literature regarding
shaking as a mechanism of injury. Dr. Feldman noted that:the article viclated all of the
principles of evidence based review, and it was therefore not an authoritative work to
rely on. 6/3/11 RP 25-27. Dr. Feldman explaine,d that despite the literature that
challenged shaking as a mechanism of injury child abuse, experts-continued to-consider
shaking as a potential cause of abusive- head trauma because of the extensive
experience with that diagnosis coupled with thé confessional data that had to be
considered at least partially tegitimate. 6/3/11 RP 28-29.

Materials appended to the defendant's motion for new ‘trial -support this

testimony. The authors of Biomechanics of Head Trauma in Infants and Young

Children acknowledge that ‘many researchers believe that shaking alone can cause
SDH (subdural hemorrhage), retinal hemorrhage, and death.” Motion App. O page 361.

In his book chapter The Case for Shaking, Mark Dias stated “what is abundantly clear,

however, from multiple clinical observations is that shaking, with or without impact,
plays:an important role in the péthoge’nesisvof‘infant abusive head injuries.” Motion.App.

P at 370..



The defendant also cites a study published in 2011, after he was tried on this

charge. Lloyd et al, Biomechanical Evaluation of Head Kinematics During Infant

Shaking Versus Pediatric Activities of Daily Living, Journal of Forensic Biomechanics

(2011). It does not alter the conclusions in the earlier biomechanics studies. Nor does
it alter the body of authority that concludes that shaking may cause sufficiently rapid
acceleration/deceleration to result in abusive head trauma. See e.g. Dias, The Case
for_Shaking, Child Abuse and Neglect, Diagnosis, Treatment and Evidence (2011)
{mction app. P). Dias stated that in spite of biomechanical studies, evidence from
clinical observations and the number of confessions to shaking resulting in stereotypical
injuries that are so frequently encountered in abusive head trauma and rarely found in
accidental injury show that is evidentiary basis for shaking as a mechanism of injury.

Another book chapter cited by the defendant, Abusive Head Trauma, Hymel and Deye,

also address the controversy, stating that a considerable body of literature supporting
the conclusion that isolated shaking can injure. or kil babies has recently been
challenged as “an unproven myth.” Motion App. BB at 349.

The defendant does not present evidence that there has been a sudden dramatic
shift in the scientific community, unknowable at the time of trial, that so discredits Dr.
Feldman’'s testimony that it should have been excluded under ER 702 thereby
constituting an extraordinary circumstance justifying relief under CrR 7.8(b){(5). The
evidence supporting and challenging a diagnosis of abusive head trauma and possible
mechanisms of injury is the same today as it was before trial. Biomechanical studies do
not support the conclusion that the defendant should be entitled to a new trial pursuant

to CrR 7.8(b)5).

10



2. Information Obtained After the Trial Does Not Constitite An Extraordinary
Circumstance that Justifies A New Trial Under CrR 7.8(b)(5)

The defendant also supports his motion with two pieces of information obtained
after the trial. He points-to an epidemiological report prepared by Dr. Freeman. Motion
App. Q. He also points to a subsequent injury sustained by A.M.

The report from Dr. Freeman was generated in 2014 and was based on
information from the Kid's Inpatient Database (KID) gathered between 2000 and 20089.
Report page 7. This information certainly could have been obtained and Dr. Freeman's
analysis conducted before trial. It therefore does not qualify as a reason to grant a new
trial under CrR 7.8(b).?2

The subsequent injury sustained by A.M. was not knowable before ftrial.
However it does not support the conclusion that the diagnosis in the defendant's case
was wrong, or should have been excluded on the basis that it was unreliable. Notably
the defense asked the court to not rule on the motion, and therefore the court did not
grant a motion for ne;:v trial on that basis. Ex. 4 (Sub 159). The defendant
misrepresents the medical findings from A.M.'s slbsequent hospitalization when he
states that the Missouri doctors concluded ghat ‘abuse seemed implausible.” The
emails from the deputy prosecutor to trial counsel state the fdoctors.in Missouri believed
that A.M.'s injuries in 2011 were the result of acute abusive trauma, unrelated to the
prior incident of “shaken baby syndrome.” Motion App T, U. Considering the social
history the doctors could not suggest who may have caused A.M.’s injuries. The police
department therefore closed the case because they were unable fo iqent'rfy, a suspect.

Motion App. V. This unrelated event, although tragic, has no bearing on whether the

2 A discussion of Dr. Freeman's report as it relates to the ineffectivé assistance of counsel claim is
covered in’section.8.3.b. :
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defendant caused his daughter's injuries in the present case. Nor does it shed any light
on the defendant’s challenge to Dr. Feldman's testimony as unreliable.

3. Defense Counsel's Strategic Choices Regarding Her Response To The
Medical Evidence Are Not a Basis to Grant the Defendant a New Trial.

A defendant's Sixth Amendment right to counsel includes the right to effective

assistance of counsel. Strickland v. Washington, 466 U.S. 668, 686, 104 S.Ct. 2052, 80

L.Ed.2d 674 (1984). CrR 7.8(b){(5) may justify relief if the defendant shows that he
received ineffective assistance of counsel. State v. Martinez, 161 Wn. App. 436, 440-
441, 253 P.3d 445, review denied, 172 Wn.2d 1011 (2011).

A defendant who alleged he received ineffective assistance of counsel as a basis
on which to obtain a new trial must establish both that counsel's performance was
deficient, and he was thereby prejudiced. Strickland, 466 U.S. at 686. Defense
counsel's performance is deficient if it falls below an objective standard of
reasonableness based on a consideration of all of the circumstances. State v.
McFarland, 127 Wn.2d 322, 334-335, 899 P.2d 1251 (1995). A defendant is prejudiced
by counsel's deficient performance if there is a reasonable probability that, except for
counsel's unprofessional errors, the result of the proceeding would have been different.
Id. A reasonable probability is a probability sufficient to undermine confidence in the
outcome of the trial. Strickland, 466 U.S. at 694.

Courts are highly deferential when assessing counsel's performance and wilt
indulge in a strong presumption that counsel acted reasonably. State v. Thomas, 109
Wn.2d 222, 226, 743 P.2d 816 (1987). The defendant must identify the acts or
omissions that he alleges do not constitute reasonable professional judgment.

Strickland, 466 U.S. at 690. The court determines whether in light of all the
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circumstance the identified acts or omissibps were outside the wide range of
professionally competent assistance. Id.

The defendant must overcome the presumption that under the circu,mstat_)ces of
the case the challenged action “might be cpns'idered sound trial strategy.” Strickland..
466 U.S. .at 689. Strategic decisions .made after a thorough investigation of law and
facts relevant to plausible options are virtually unchallengeable. Id. at 690. Where
counsel has done less than a comple’te investigation her conduct'is reasonable 'tor'the‘
extent that reasonable professional judgment .jus'!iﬁes, limitation on-the investigation. Id.
at 691. The court has a duty to “entertain. the range of possible” reasons -counsel may
have had for performing-as she-did. Cullenv. Pinholster, . U.S. . , 131 S.Ct. 1388,
1407, 179.L.Ed.2d 557 (2011).

The defendant argues that his. tr‘iél attorney’'s performance wasdeﬁc_iént because
“she failed to failed to be familiar with the biomechanical literature and history of shaken
baby syndromelabﬁsive head trauma, failed to pre\;ent'Dr. Feldman from testifying, ‘and
failed to confront Dr.. Feldman at trial. Motion at 8-9, 27-28. None of these bases.
support finding counsel rendered ineffective assistance.

a. Counsel Investigated The Relevant Literature

The defendant does not provide an affidavit from his.trial attorneys, or any other
.evidence; that they did not investigate the biomechanical literature that he relies on or
that they were unfamiliar with scientific literature addressing abusivé head trauma
'including shaking as a potential mechariism. His: failure to do so is not surprising since

the record demonstrates that counsel was familiar with the relevant literature..
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Prior to trial defense counsel had interviewed Dr. Feldman. 6/3/11 RP 68. At
trial counsel cross examined Dr. Feldmén regarding the: biomechanical research done
by Ommaya in the 1960's involving the use of monkeys and Caffey in the _'1'970'3
involving babies. 6/3/11 RP 39-40. Dr. Feldman was questioned about the sector of
biomechanical physicians who question the conclusions regarding the kindrof injury to.
in'fa,nts caused by whiplash forces. Counsel questioned Dr, Feldman about the
biomechanical study by Bandak and the 1987 study by Duhaime that he relies on to
support his mo_tidn for new trial. 6/31/11 RP 41-44, Motion, App C, G. C,ohnsel also
questioned Dr. Feldman about the evidence based studies conducted by Leetsma in
2002 and Donohoe wherein each concluded that shaking alone could not accou‘nt for
head injuries in young chji_ld,ren. 6/3/11 RP 46,

Counsel also questioned Dr. Feldman about non-abusive causes for A.M.'s
injuries -and literature that discussed those causes. Specifically counsel explored the
i symptom_s of meningitis and how those symptoms correlated to some 'of_ ‘AM’s physii:al
‘ﬁndings. She also_disbussed the possibility of a hypoxic ischemic event. 6/3)11 RP 54-
60, 65-67. This line.of cross examination was a prelude to the testimony the défé_‘ns’e
presented through Dr. Barnes and Dr. Gabaeff. 6/7/11 RP 375-405; 6/8/11 RP 492-
508, 548-578.

Counsel also questioned Dr. Feldman about other studies that bore on fhe
defense. She asked the doctor about a 2008 studvy by Rooks that concluded 46% of
asymptomatic newbomns had subdural hematoriias. 6/3/11 RP 62, Sﬁe:also'ques_tioned

him about a case review conducted by Dr. Adamsbaum that Dr. Feldman had referred
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her 6 that looked at cases of confessed abuse. She questioned the doctor about a lucid
interval and the possibility of a false confession. 6/3/11 RP 94-99,

This record demonstrates defense counsel did an extensive amount of research
into the literature that supported and refuted the diagnosis of abusive head trauma.that
included shaking as a mechanism of injury. The defendant fails to show counsel's
performance was deficient on the basis that she failed to investigate the relevarit
medical and biomechanical literature.

b. Defense Counsel's Chosén Defense Was a Strategic Decision Made After Full

~ Investigation. The Defendant Was Not Prejudiced When Defense Counsel Did not '

Move to Exclude Dr. Feldman's Testimony Because That Motion Would Have Been
Denied.

When a trial attorney’s conduct can be Cha'radterizéd as legitimate trial strategy
or tactics, that conduct cannot serve as a basis for a claim that the defendant received
ineffective assistance of-counsel. State v. McNeaI_. 145 Wn.2d 352, 362, 37 P.3d 280
(2002). Exceptional deference is given when evaluating trial counsel's strategic
-decisions. In_re Davis, 1527Wn.2_d 647, 714, 101 P.3d 1 (2004,): Trial counsel's
decision to forgo a motion' to suppress.evidence may be a legitimate trial tactic where
there is reason to believe the motion would be unsuccessful or the motion is unfounded.
State v. Nichols, 161 Wn.2d 1, 15, 162 P.3d 1122 (2007), McFarland, 127 Wn.2d at:
336-337. Since'it is apparent that trial counsel had investigated the relevant literature it
is reasonable to conclude that counse! concluded that a motion_to. suppress Dr.
Feldman'’s testimony: would not be successful. Counsel therefpre- made a strategic
decision to challenge Dr. Féldman’s testimony through crbss examination and by

presenting expert witnesseés who-could offer an alternative diagnosis for A.M.’s injuries.
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For that same reason the defendant cannot show that trial counsel's decision to
forge a motion to exclude Dr. Feldman's testimony prejudiced him. Expert testimony is
admissible if it meets the Frye standard for admissibility and if it qualifies for admission
under ER 702, ie. whether the witness qualifies as an expert and whether the witnesses’
testimony would be helpful to the trier of fact. State v. Copeland, 130 Wn.2d 244, 255-
256, 922 P.2d 1304 (1996).

Under the Frye standard expert testimony is admissible if the underlying
principles of that testimony have been generzlly accepted in the scientific community.
Id. at 255. The Frye test applies where either the theory or method of arriving at the
data relied on is so novel that it is not generally accepted by the relevant scientific

community. Anderson v. Azko Nobel Coatings, Inc, 172 Wn.2d 593, 611, 260 P.3d 857

{2011). It does not require complete unanimity among scientist in order for a court to
find the test has been met. Copeland, 130 Wn.2d at 270.

At trial the State introduced evidence that shaking as a mechanism for abusive
head trauma is generally accepted in the scientific community. The State offered as
exhibits position papers from the American Academy of Pediatrics®, the American
Academy of Ophthalmology,* an article published in the American Journal of Forensic
Medicine and Pathology written as a position paper for the National Association of
Medical Examiners and a document from the Centers for Disease Control. Each of
these accepted shaking as a mechanism for injury in abusive head trauma. Ex. 5 (Trial

Exhibits 28, 29, 30, 31). In addition to these groups 13 other organizations have

3 The AAP membership consists of 62,000 primary care pediatricians, pediatric medical sub-specialists,
and pediatric surgical specialists. http://www.aap.org/ien-us/about-the-aap/aap-facts/Pages/AAP-
Facts.aspx

The AAQ is the largest national membership association of eye doctors. The academy has over 7,000
members. hitp://www.aao.crg/aac/about/index.cfm
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.publicly acknowledged that abusive head trauma is a valid medical diagnosis. Narang,

M.D., J.D., A Daubert Analysis of Abusive Head Trauma/Shaken Baby Syndrome, 11

Hous. J. Health L. & Pol'y 505-633 (2011), Ex: 6 at pp. 574-576. .
In the materials that the defendant relies on several authors also agree‘that there
is a considerable body of literature that supports the conclusion that shaking can injure

or kill babies. Motion App. B, Hymenl and Deyeé, Abusive Head Trauma, p. 349; Motion

App. Y, Bhardwaj et. al, A Systematic Review of the Diagnostic Accuracy of Ocular

Signs in Pediatric Abusive Head Trauma, p. 983; Motion App E page 1409 (the 2009

policy statement from the AAP-introduced by the State as Exhibit 28). Other courts have
ruled that:shaken baby syndrome.is a generally accepted diagnosis in the medical field.
State v. Leibhart, 662 N.W. 2d 618, 628 (Neb 2003), State v. Lopez, 412 S.E.2d 390,
393 (S.C. 1991), State v. McClary, 541 A.2d 96, 102 (Conn. 1988),

Trial counsel initially sought a Frye hearing before evidence of shaken baby
syndrome could be admitted. Motion A;_Jp-K. In that motion the. defense argued that
‘white the diagnosis had general acceptance at one time, recent advancement called
into question whether it was. still generally accepted. Id. Counsel did not pursue the
motion after discussions with the assigned prosecutor revealed the State did not seek to
introduce evidence A.M. had been diagnosed with that syndrome. Instead, defense
counsel moved in limine to prevent the State from introducing evidence that diagnosis-
was made. The court granted that motion, 5/27/11 RP 62-64.

Given evidence that there had been longstanding éc‘meptanbe in the relevant
scientific communities regarding abusive hea& trauma, the physical findings associated.

with that diagnosis, ‘and the relatively recently published policy statements. accepﬁng
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shaking or shaking with impact as a mechanism for those injuries ‘c:ounsél acted
reasonably when she chose the strategy that she did. It was likely that given the
available evidence that the trial court would have found the diagnosis was generally
accepted in the scientific community, despite evidence some scientists questioned that
diégnosis. Instead she successfully excluded evidence that may have been
inflammatory, particularly in light of the defendant’s admission to repetitively shaking
-A.M. when she vomited and choked. »

Scientific evidence that passes muster under Frye must also be admissible under
ER 702. Copeland, 130 Wn.2d at 256. The first prong of that test requires the court to
determine whether the witness qualifies as an expert. Id. A witness may be qualified as
an expert by knowledge, skill, experience, training, or education. ER 702. Eviderice
produced at trial established that Dr. Feldman is an eminently qualified child abuse
expert. He had been practicing pediatric medicine for 40 years by the. timé of trial. He
had worked as.a child abuse specialist for 28 years and had consulted in over 1000
cases of suspected child abuse. He has duel board certifications in pediatrics and in
child abuse pediafrics. He had written more than 50 peer reviewed articles, some which -
deait with abuse. One article addressed the presence of cervical spine injury related to
whiplash type forces. He had written 20 book 'dhaple}s relating to issues of child abuse.
l-’-.lle'was-an assistant editor of a periodiéal that reviewed articles pertinent to'child abuse.
He had given over 100 talks to doctors and other professionals about.¢hildhood injuries:
and distinguishing between accidental and non-accidental injury. 6/2/11 RP 99-112;

6/3111 RP 24-25. As triél counsel .undoubtedly understood had she attempted to
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challenge Dr. Feldman’s testimony on the basis of his qualifications as a child abuse
expert she would not have been successful. Counsel reasonably chose not to do so.

Expert testimony must also be helpful to the trier of fact. Expert testimony that is
relevant to resolve an issue fact is helpful to the trier of fact. State v. Greene, 139
Wn.2d 64, 73, 984 P.2d 1024 (1999), cert denied, 529 U.S. 1080 (2000). It is also
helpful if it concerns matters that are beyond the common knowledge of the average
layperson and are not misleading. State v. Groth, 163 Wn. App. 548, 546, 261 P.3d
183 {2011), review denied, 173 Wn.2d 1026 (2012).

To prove the defendant guilty of assault of a child first degree the jury had to
determine whether the defendant assaulted A.M. and thereby reckiessly inflicted great
bodily harm. RCW 9A.36.120. Whether A.M.'s injuries were the result of disease or
trauma, and if trauma, whether inflicted or accidental, were issues the jury was required
to resolve when deliberating whether the defendant was guilty.

An analysis of the medical findings was certainly beyond the understanding of
the average layperson. And Dr. Feldman's testimony was not misleading. He fully
explained the evidence that he relied on when forming his opinion. He did not testify as
to how AM. was injured; only that there was a body of authority that established
subdural hematomas with the kind of retinal hemorrhages A.M. had were highly
indicative of abusive head trauma. He testified about the general belief in the scientific
community that shaking or shaking with impact could cause those injuries. He
explained the literature that supported that belief as well as the literature that disputed it.

The jury was fully informed of all of the relevant facts.
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The defendant primarily argues that Dr. Feldman's testimony would not assist the
trier' of fact because it was unreliable, ;citihgj many of the biomechanical studies Dr.
Feldman addressed in his.testimony. Unreliable testimony is not helpful to the trier of
fact. Lakey v. Puget Sound Energy, Inc. 176 Wn.2d 909, 918,.296 P.3d 86{5 (2013). In
this sense expert testimony is not reliable if the expert fails to follow the methodol;:gy
generally accepted in the relevant scientific community. |d..at 919.. ‘

Generally speaking the methodology for-‘ diagnosing child abuse and specifically
abusive head trauma.is the same methodology used for any other medical diagnosis. It
includés determining the chief complaint, or symptoms the patient suffers from,
reviewing a comprehenste. medical history, including a history of the events
surrounding the presenting symptoms, and a physical e_xaminatign. The doctor then
considers all the. possible causes for the presenting symptoms, and goes through -an
inferential and deductive process to diagnose the patient. In some contexts the doctor
will consult other medical and social services specialists to obtain the most complete
information possible in making the ‘diagnosis. | Narar_lg. Ex. 6 at 57*-573’. One of the
‘articles relied on by the defendant advocates this method:for diagnosing abusive head -
trauma. Motion App. BB at 352. This method, the differential diagnosis, has been
recognized by courts in Washington as a valid basis on which a medical professional
may.offer an opinion about causation. Anderson, 172:Wn.2d at 610.

This. is the exact process that Dr. Feldman followed when consulted on A.-M.'s
case. Dr. Feldman reviewed A.M.’s medical and social records, and tock a history:from
AM.'s mother. He conducted ‘a physical examination of A.M‘. and reéOmménd’(ad

additional tests and soixg'ht additional medical consultations including an ophthalmology
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consultation and an MRI. 6/2/11 RP 117-157. Because the methodology Dr. Feldman
employed in diagnosing abusive head-trauma is an accepted method for.any diagﬁosis
his testimony was reliable and therefore admissible.

The defendant’s argument is based on a claim that the science behind Dr.
Fetdman's diagnosis was unreliable and therefore his diagnosis was unreliable and
should have been excluded. He focuses on two things; (1) biomechanical research that
challenges the belief that shaking can cause the injuries observed in A:M., and (2)
materials that challenge th_e.studi,es that have linked a statistical probability of subdural
| hematomas and retinal hemoirhages to a diagnosis of abusive head trauma.

| The defendant's argument is flawed because it attempts-to impose the Daubert
test for reliability on this analysis. Motion at 20, n. 14. In Daubert the Supreme’ Court
rejected the Frye test when it concluded FRE 702 had superseded the test for general

acceptance in the scientific community. Daubert v. Merrel Dow' Pharmaceuticals, lnc;

509 U.S. 579, 587, 113 S.Ct. 2786, 125 |..Ed.2d 469 (1993). Instead the court found
the trial court had the duty to det_e'rmine whether scientific testimony - was reliable. Id. at
589. The court set out a nonexclusive list. of four factors for trial judges to consider.
when evaluating whether proffered testimony met that'standard; (1) whether the theory
or technique can be or has been tested, (2) whether the theory-or technique has been
subjected to peer review and publication, (3) whether there was a known or potential
rater of error, and (4) whether there is general ,aqceptance in the reievant: scientific
‘community Id. at 593-594. Washington has not adopted this analysié. Copéland, 130
Wn.2d at 259. Instead the court has- found that where the scientiﬁc community has

accepted a particular methodology and the expert follows that methodology, ‘then -
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questions relating to the validity of the experts’ conclusions go to the weight of that
evidence and not the admissibility. |d. at 270-71, Lakey, 176 Wn.2d at 920.

Even if the Daubert standard was applicable to admission of Dr. Feldman's
testimony the court would likely have admitted that testimony. As Dr. Narang
persuasively argues the science behind a diagnosis of abusive head trauma meets that
four part test. Ex. 6 at 539-558, 576-588.

The amount of scientific research that has been conducted on abusive head
trauma, both as to its characteristic findings and its potential causes, is extensive. Dr.
Narang outlined many studies that have found subdural hematomas and retinal
hemorrhages are highly associated with non-accidental trauma. Narang, Ex. 6 at 539-
540, 578 (referencing the numerous studies in multiple disciplines that have studied
abusive head trauma). The vast majority of those studies support Dr. Feldman's
diagnosis.

A number of materials that the defendant relies on support the validity of Dr.
Feldman's testimony. In Motion App. E the defendant provides the 2009 position paper
from the American Academy of Pediatrics which recognized that shaking with or without
impact is a recognized mechanism of injury. In Motion App. P at 370, the author
reviews the relevant literature and concludes “{w]hat is abundantly clear, however, from
multiple clinical observations is that shaking, with or without impact, plays an important
role in the pathogenesis of infant abusive brain injuries.” Motion App X is the study
described by Dr. Feldman at trial. 6/3/11 RP 16. There the researchers studied cases
of confessed abuse and known accidents to conclude that the combined findings of

subdural hematomas and retinal hemorrhages had an extremely high predictive value

22



for inflicted head trauma. Vinchon et. al, Confessed Abuse Versus Witnessed

Accidents in Infants; Comparison of Clinical, radiological, and Ophthalmological Data in

Corroborated Cases at 643-644. Motion App. Y concluded that intraocular
hemorrhages, especially those that were bilateral, extensive, and multilayered, as
observed in A.M., were highly specific for abusive head trauma. Bhardwaj et al, A
Systematic Review of the Diagnostic Accuracy of Ocular Signs in Pediatric Abusive
Head Trauma. In Motion App. BB the authors recognized that head injury including
subdural hematomas can result from rapid acceleration-deceleration. Hymel and Deye,

Abusive Head Trauma at 351.

The defendant ignores these authorities and relies on several biomechanical
studies to argue that Dr. Feldman’s opinion was unreliable because it ruled in shaking
which the defendant asserts could not have caused A M.'s injuries. Motion at 17-19.
One study authored by Bandak, Motion App. G, was criticized by other biomechanical
scientist due to mathematical errors. Ex. 7 Margulies, Prang, Myers Letter to the Editor

Shaken Baby Syndrome: A flawed biomechanical analysis.® The other two studies

relied on by the defendant do not categorically discredit either Dr. Feldman's
conclusions or all of the other scientific work that does recognize shaking, or shaking
with impact, can cause the kind of injuries observed in A.M. As Dr. Feldman discussed,
studies using anthropomorphic dummies do not establish how an infant brain responds
to repetitive sheer forces. 6/3/11 RP 27. At least one recent study using animal models

that approximate the stiffness of the human cervical spine has produced the same kind

5 The defendant appends to his motion Mr. Bandak's study and a response to the tetter to the editor. He
does not include the letter to the editor criticizing his calculations. Two of the scientists that criticized
Bandak's work wrote articles that the defendant relies on to support his position that biomechanical
studies discredit the diagnosis of abusive head trauma caused by shaking.
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of injuries found in abusive head trauma by shaking, i.e. subdural hematomas and
rétinal hemorrhages. Ex. 6 Narang, at 569, n. 451. Two biomechanical scientists that
the defendant relies upon make clear that while biomechanical studies are an important
part of any scientific étudy of the causes of head trauma they are not the final word on
causation. Rather scientists should compare the data with clinical studies to answer
that question. Motion App. O, Margulies and Coats Biomechanics of Head Trauma in
Infants:and Young Children, at 361. For these reasons biomecl;lanicai studies d6 not
undermine the wealth of literature and clinical experience that does accept shaking or
'shaking with impact-as a mechanism for abusive head trauma. |
The defendant further argues that the evidence base for shaking as a
mechanism of injury is weak. Researchers have relied on cases in which perpetrators
have confessed to- shaking as a mechanism for abusive head injury to determine

whether there -are characteristic injuries that are predictive for-abise. Motion App X,

Vinchon et al, Ex. 8, Maguire et. al, Which Clinical Features Distinguish Inflicted from

Non-inflicted Brain Injury ? A systematic Review, Ex.'9, Maguire et. al, Estimating the

Probablity of abusive Head Trauma: A Pooled Analysis (2011), Ex. 10 Piteau et al,
Clinical and Radiographic Characteristics Associated with Abusive and Non-abusive.
Head Trauma: A Systematic Review (2012). The defendant criticized the use of
confessions as. a method of confirming abusive injury arguing that “perpetrator
admissions are hardly scientific and are a known source of wr‘ong.f_ul‘ convictions.”
Motion at 25. But the confeésions- relied on came from judicial proceedings and
therefore were considered reliable by all of the scientist in the cited studies. -Because

the evidence presented was based on scigntific methodology, the scientists. conducting
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the studies, and not lawyers or judges, should be the ones to determine what reliable
methodology is and what is rot.

Further, the.defendant’s reference to the Innocence Project's statistic that 30% of
the cases in which-the defendant had been eXonerat‘é'd through IjNA ‘evi_d_ence_ involved
perpetrator confessions or guilty pleas does not support the claim that confessions are
an unreliable measure to confirm cases of abuse in those studies. The- statistic does
not provide any insight into the number of cases in which confessions or guilty pleas
were made becausethe perpetrator was actually guilty. As Dia_s:observed:

it is striking, however, that perpetrators consistently
volunteer the same mechanism of injury—shaking the
infant—when they are asked to describe what happened.
.This common and consistent admission by the perpetrator to
shaking the infant (whether of not cranial impact injury is
described or discovered by physical examination,
radiographic_studies, or autopsy) overwhelmingly suggests
that shaking is an_important component of infant abusive TBI.
and is. in fact, sufficient to cause the intracranial injuries
found in AHT. _To $uggest otherwise (as required by the.
biomechanical evidence)would require that.every confessed.
perpetrator_has to _have been consistently and universally
lying -about the same phenomenon; something that defies

logic-and common sense.

Motion App. P at 369-370 (emphasis in. the ‘original)

The defendant also argues that Dr. Feldman’s testimony was ur?feliablq because -
it was speculative. He argues that injury threshold and level of force are inherent
components to determine causation. Motion at'23. Since Dr. Feldman acknowledged
that biomet':han_iéal studies could not yet determine those facts he argues. that .Dr.‘
Feldman's testimony that it fequi'réd a dramatic force wil:h high levels. of acceleration -
and deceleration to cause was un_supported by any'reliable‘information..‘ The:defendant

does not.explain why an exact measure of force or threshold of injury is' necessary to

25



conclude a particular victim's injuries were the result of abuse rather than accident.
This argument again ignores all the studies that have been conducted regarding
abusive head trauma and the general acceptance in the scientific community for the
diagnosis of abusive head trauma with shaking or shaking and impact as a mechanism
of injury that has been cited in this motion and in Dr. Narang's well written article

discussing why the diagnosis meets the Daubert standard for admissibility. It also

ignores what Dr. Feldman actually testified to; he did not testify that A.M.’s injuries were
the result of shaking because he was not present at the time she was injured. 6/3/11
RP 186-17.

The defendant also challenges Dr. Feldman's opinion that A.M. suffered abusive
head trauma on the basis that it was not a differential diagnosis, but a differential
etiology. The defendant asserts that while a differential diagnosis is reliable, a
differential etiology is not relying on Bowers v. Norfolk S. Corp, 537 F.Supp.2d 1343,
1360 (M.D. Ga. 2007), affirmed, 300 Fed. Appx. 700 (11" Cir. 2008). He claims that Dr.
Feldman's diagnosis was a differential etiology because it encompassed the cause
manner of injury, i.e. abusive head trauma.

Dr. Feldman's diagnosis that A.M. suffered from abusive head trauma is far
different from the diagnosis at issue in Bowers. In Bowers the federal district court ruled
on a motion in limine to exclude a doctors “independent” medical exam of the piaintiff at
the plaintiff's request in a personal injury action against his employer. The witness was
a doctor who did not treat the plaintiff but instead was what the court characterized as a
*hired gun” for litigation purposes. Id. at 1354. The doctor had not articulated an

accepted premise from which he based his conclusion. Id. at 1355. The court found
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the doctor’s extrapolations from these unstated premises were unfounded. Id. at 1355-
56. The.doctor did not consider evidence which could have accounted for alternative
causes of the plaintiff's injuries. 1d. at 1356. Nor was the doctor aware of relevant
scientific literature bearing on the issue of causation. id. it-'appeared tothe court that the
doctor simply took the plaintiff's explanation for-what happened and adopted it as his
own opinion. Id. Finally the doctor admitted on cross examination that he applied no
‘scientific analysis or methodology to come to his conclusidn on causation. Id. at 1358.
Given these circimstances thé court rejectéd the argument that the doctor's testimony
was reliable because it was a differential diagnosis; concluding instead that the opinion
was a differential etiology. The court distinguished the two on the basis that a
differential diagnosis was reliable because it was performed to treat the patient with
potential consequences in the event of a misdiagnosis. A differential etiology was not
reliable because there were n¢ attendant:risks to getting paid fqr'_teslifying to an opinion
in court. Id. at 1361.

'Unlike the diagnosis- at issue in Bowers, Dr. Feldman's diagnosis was a

diagnosis meant to freat the patient. Abusive head trauma “has long.been recognized
as a clinically valid medical diagnosis.” Ex. 6 Narang; Ex. 11 Al-Holou et al, abstract
Nonaccidential head injury in children. Historical vignette. The cause of her injuries was
an important factor to that treatment. Whether her injuries were the.result of accidental
or inflicted trauma the diagnosis gave people guidance on what measures-were needed
to avoid further injury to. A.M. Cf. State v. Sims, 77 Wn. App. 236, 239, 890 P.2d 521.
(1995)' (Statements. identifying an a.buser "are ‘admissible under the medical diagnosis,

and treatment exception to the heai’fsay rule because it is relevant to prevent ;th'el

27



recurrence of injury.) Researchers have acknowledged the potentially dire
consequences of a misdiagnosis; a child may be returned to an abusive household or
kept from his or her family unjustifiably. Ex. 9 at 551. Dr. Feldman was not paid by any
interested party, ostensibly to render a particular opinion as a hired gun; he was a
salaried employee of Children's Hospital. 6/3/11 RP 35-36. As his direct and cross
examination amply demonstrate Dr. Feldman was well versed in the scientific literature
both supporting and challenging that diagnosis. He based his diagnosis on scientific
principies that had been generally accepted in the medical community.

The defendant’s challenge to Dr. Feldman’s testimony is similar to the challenge
raised to actuarial evidence in Sexually Violent Predator Cases. The Court recognized
that actuarial analyses have some drawbacks and that there were arguments for and
against their refiability as a predictive tocl. In re Thorell, 149 Wn.2d 724, 753, 72 P.3d
708 (2003), cert denied, 541 U.S. 990 (2004). Nevertheless the court found sufficient
scientific support to find them reliable. Challenges to the reliability of the science behind
that evidence went to the weight, and not the admissibility. Ild. at 756, In re Halgren,

124 Wn, App. 206, 220, 98 P.3d 1206 (2004), affirmed, 156 Wn.2d 795 (2006). While

the scientific study of abusive head trauma is ongoing, like the actuarial evidence in
SVP cases, any data gaps go to the weight and not the admissibility.

The defendant also presents a report from Dr. Freeman who conducted an
epidemiology study based on the KID database hospital discharge reports from 2000-
2009. Because no affidavit from counsel was supplied it is unknown if trial counse!

investigated this avenue to challenge Dr. Feldman’s testimony. In the absence of an
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affidavit the court should not presume that counsel did not investigate an epidemiology
study, or made a reasonable strategic decision that investigation was unnecessary.
Even if counsel had not investigated this avenue to challenge Dr. Feldman's
testimony the defendant was not prejudiced. The database from which Dr. Freeman
drew his conclusions was general; it did not consider the difference between dischargs
reports from general hospitals and those that specialized in pediatric care. A study that
was conducted to determine whether there was a difference in child abuse diagnosis
depending on the type of hospital treating the child concluded that general hospitals
dramatically underreported child abuse as compared to children’'s hospitals that
specialized in pediatric care. Ex. 12 Trokel et. al, Variation in the Diagnosis of Child
Abuse in Severely Injured Infants. In addition to this flaw in Dr. Freeman's analysis, the
report fails to take into account all of the physical findings that pointed to a diagnosis of
abusive head trauma. He noted that A.M. had difficulty breathing (which the doctors
treating her called apnea), retinal hemorrhages, retincschisis, and subdural bleeding
(SDH). Motion App. Q at 4. He analyzed the significance of the retinal injury and SDH
separately and together. |d. at 8. But he failed to account for the apnea and seizures,
two findings which other experts have found significant in diagnosing abusive head
trauma. Ex. 9 at 554-557 (cencluding that the presence of apnea and seizures in
conjunction with intercranial injury significantly increased the likelihood of abusive head
trauma.) If counsel had obtained Dr. Freeman's analysis befcre trial and presented his
testimony, it would not have supported a motion to suppress Dr. Feldman's testimony.

Nor given the analytical gaps in his analysis can it be said with any confidence that it
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would have completely undermined Dr. Feldman's testimony, or any of the other
evidence presented that supported the defendant's conviction.

Because a challenge to the admissibility of Dr. Feldman's testimony would not
have been successful, the defendant has not shown that he was prejudiced when his
attorney did not challenge the admission cf his testimony. He has also not established
prejudice because other evidence, that the defendant does not challenge, independent
of Dr. Feldman's testimony supports the conclusion that A.M. suffered abusive head
trauma. Dr. Herlihy, a pediatric ophthalmologist, testified that A.M. had extensive
hemorrhages in her eyes; al! layers of A.M.’s retinas were completely disconnected by
blood. This indicated a severe traumatic injury to her eyes. 6/6/11 RP 292-294. She
ruled out any disease or organic cause for A.M.'s injuries. 6/6/11 RP 310-315. She
concluded that A.M.s injuries were the result of severe trauma caused by
acceleration/deceleration action. 6/6/11 RP 316. Even in the absence of Dr. Feldman's
testimony that A.M.’ injuries were the result of abusive head trauma there was sufficient
evidence from Dr. Herlihy's testimony for a jury to conclude that A.M.’s injuries were
caused by abuse,

c. The manner_in which counsel chose to cross-examine Dr. Feldman was a
strateqic choice that does not constitute deficient performance.

The defendant also argues that trial counsel performed deficiently in that she
failed to adequately challenge Dr. Feldman's testimony. He argues counsel failed to
question Dr. Feldman about (1) the Donohoe article and the basis for the author's
choice of data on which he based his conclusions, (2) the circumstances surrounding

the confessions utilized in the Vinchon study, (3) the nature of the studies reviewed in
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the Bhardwaj article, and (4) articles that suggested a lucid interval could occur after
injury.

The conduct of cross examination is a strategic decision within the control of the
attorney. Inre Stenson, 142 Wn.2d 710, 735, 16 P.3d 1 (2001), quoting ABA standards
for criminal justice, 4-.5.2 (2d ed. Supp. 1986). A defendant is not entitled to a new trial
on the basis that counsel's cross examination was deficient if counsel's performance fell
within the range of reasonable representation or the defendant fails to show that the
testimony that would have been elicited on cross-examination could have overcome the
evidence against the defendant. State v. Johnson, 143 Wn App. 1, 20, 177 P.3d 127
(2007).

Here counsel explored numerous studies bearing on Dr. Feldman’s conclusions,
questioned the validity of confessions as potentially false and therefore an inaccurate
basis for testing the reliability of physical findings in concluding a patient suffered from
abusive head trauma, and explored the subject of lucid intervals. The defendant
presents no evidence that had counsel more thoroughly explored the criticisms of the
Donohue article that it would have resulted in discrediting those criticisms. See Ex. 6
Narang at 534. The defendant fails to show counsel performed deficiently and was
thereby prejudiced by the strategy she chose in cross examining Dr. Feldman.

C. THE DEFENDANT IS NOT ENTITLED TO A FACTUAL HEARING,

When a defendant collaterally challenges his conviction he bears the
burden to prove that he was actually prejudiced by any claimed constitutional error. In

re Hews, 99 Wn.2d 80, 87, 660 P.2d 263 (1983). When a personal restraint petitioner

alleges ineffective assistance of counsel he need only prove prejudice to the degree

articulated in Strickland, and not the heightened standard of “actual and substantial’
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prejudice for other constitutional errors. in re Monschke, 160 Wn. App. 479, 491, 251
P.3d 885 (2010). As to each non-constitutional error the defendant must show that the
claimed error constitutes a fundamental defect which inherently resuits in a complete
miscarriage of justice. In re Cook, 114 Wn.2d 802, 813, 792 P.2d 506 (1990).

if the defendant makes a prima facie showing of actual prejudice, but the merits
of his contentions cannot be determined solely on the record, the court shouid hold a
full hearing on the merits. In re Rice, 118 Wn.2d 876, 885, 828 P.2d 1086, cen denied,
506 U.S. 958 (1992). The parties have fully briefed the issues in this case and provided
the court with extensive scientific literature that addresses the issues as well as the
transcript of the trial. The merits of the defendant's claims can be determined from the
record. For the reasons outlined above the defendant has not shown that had defense
counsel sought to exclude Dr. Feldman'’s testimony either pursuant to Frye or under ER
702 that a court would have granted that motion. Counsel's decision to withdraw her
Frye motion and challenge Dr. Feldman's testimony through cross examination and by
presenting experts who testified to alternative, non-traumatic, explanations for A.M.'s
injuries was a reasonable strategic choice. For that reason he has not demonstrated
that he received ineffective assistance of counsel. He has not made a prima facie
showing that he is entitled to relief. The court should not grant him an evidentiary
hearing.

V. CONCLUSION
This motion is not time barred. The defendant has not made a substantial

showing of entitiement to relief. There is also no need for a factual hearing. Under CrR
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7.8(c)(2), the motion should be transferred to the Court of Appeals for consideration as
a personal restraint petition. -

Respectfully submitted on October 24, 2014.

MARK K. ROE
Snchomish County Prosecuting Attorney

KATHLEEN' WEBBER, WSBA #:16040
Deputy Prosecuting Attorney
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S 1 First Degree Assaultofa Child  9A.38.120, A BRI0S00386 §r26/08
XX at_ (Domestic Violence) 10.99.020 &
g o 8.94A.535(3)(b)
(]

as charged in the First Amended information.
The jury retumed a special verdict-emthe-comtradoropesiaifinding with regard to the following:
[1 Seo 1 4.1 reganding findings in relation to Deug Offender or Parenting Sentencing Altemative.

[ The defendant used a firearm in the commission of the oftense(s) in Count(s)
. RCW D.94A.602, 9.41.010, 5.04A.533.

[] ‘The defendant used a deadly weapon other than a firearm in the commission of the offense(s) in

Count(s) . RCW 9.94A.602, 8.84A.533.

) The defendant committed the offense in Count(s) with sexual
motivation. RCW 8.84A.835.

[] Count(s) Viotation of the Uniform Controlled Substances Act

(VUCSA), RCW 69.50.401 and RCW 68.50.435, took place in a school, schoa! bus, within 1000
faet of the perimeter of 8 schoe! grounds or within 1000 feet of a school bus route stop designated

-, TN ul .
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by the schoal district; or in 8 public park, in & public transit vehide, or in a public transit stop shelter;
or in or within 1000 feet of the perimeter of a civic center designated as a drug-free zone by a local
govermnment authority, or in a public housing project designated by a local governing authority as a
drug-free zone.

[} The defendant commiited a crime invotving the manufacture of methamphetamine Including its
salts, isomers, and salts of isomers, when a jJuveniio was present in or upon the premises of
manufacture in Count({s) . RCW 9.84A 605, 69.50.401, 69.50.440.

1] Count(s) is {are) a criminal strest gang-related felony offense in which
the defendant compensated, threatened, or solicited a minor in order 1o involve that minor in the
commission of the offanse. RCW 9.94A.833.

[} Count(s) is (are) the crime of unlawful poasession of a firearm and the
defendant was a criminal street gang member or associate when the defendant committed the
crime. RCW 8.94A.702, 8.94A. ___.

[1 The defendant committed vehlcular essault proximately caused by driving a vehicle while under
the influence of intoxicating figuor or drug or by operating a vehicle in a reckless manner. The
offense is, therefore, deemed a violen offense. RCW 9.94A.030.

[ Count(s) involve(s) attempting to elude a police vehicle and during the
commigsion of the crime the dafendant endangered one or more persons other than the defendant
cor the pursuing faw enforcement officer. RCW 9.84A.834.

[] Count(s) is (are) a felony in the commission of which the defendant used
a motor vehicle. RCW46.20.285.

[ The defendant has a chemical dependency that has contributed to the offense(s) in

Count(s) . RCW B.84A.607.
Q  The crime cherged in Countts) __—L_ invoive(s) domestic violance. RCW 10.99.020.
[ The offense in Count(s) was (were) committed In a county jail or

otate corroctional facility. RCW 0,84A.533(5).

(] Count(s) involva(s) kidnapping in the first degres, kidnapping in the
second degree, or unlawful Imprisonment as defined in Chapter 9A.40 RCW, where the victimis
a minor and the offender is not the minor's paren!. RCW 8A.44.130.

[] Count(s) and merge. (See (3.2 for dismisssi of specific count.}

[] Counts ancompass the same criminal conduct and count as ong crime
in determining the offender score. RCW 8.84A.588.

[] Other current convictions tisted under different cause numbers used in calculating the offender
score are {/is{ offense and cause number).

2.2 CRIMINAL HISTORY. Prior convictions constituting criminal history for purposes of calculating the offender
score are (RCW 6.84A.525):
Aord TYPE
DATE OF SENTENCING COURT (Adutt or OF
GRIME SENTENCE {County & Siate) Juvenite) CRIME
1 None
1] The defendant committed Count(s) while on community custody (adds
one point to score). RCW 0.94A 525,
f) The court finds tha following prior convictions are one offense for purposes of determining the
offender scora (RCW 0.84A.525):
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[1] Thae following prior canvictions are not counted as points but as enhancaments pursuant to RCW
46.61.520:

23 SENTENCING DATA.

COUNT | OFFENDER SRA STANDARD *PLUS TOTAL STANDARD MAXMUM
NO. SCORE LEVEL RANGE (nat ENHANCEMENTS | RANGE (incluging TERM
including enhancements)
enhancemants)
1 0 pAll 93 to 123 montha 93 to 123 montha LIFE

*(F) Firearm, {D) Other deadly weapons, (V) VUCSA in a protected zone, (VH) Vehicular Homicide, See
RCW 46.61.520, (JP) Juvenile Present, (CSG) Criminel Street Gang Involving Miner, (AE) Endangamment
While Attempting to Elude.

24 W EXCEPTIONAL SENTENCE. Substantial and compelling reasons exist which justify an
exceptional santence {)] above [ ] below the standard range for Count(s) or
[ ) within the standard range for Count(s) but served consecutively to
Count(s) . :

[] The defendant and Staté stipulate that justice is best served by impesition of an exceptional
sentence above the standard range and the coun finds that exceptional sentence furthers and is
consisten with the interests of justice and the purpose of the Sentencing Reform Act.

N Aggravating factors were [ ] stipulated by the defendant, | } found by the count after the defendant
waived Jury trial, N found by jury by spedial interrogatory. [ ] Findings of fact and conclusions of
taw are attached in Appendix 2.4. D{ The jury's Interrogatory is attached. The prosecuting attomey
l}a did [ ] did not recommend a similar sentence.

28 ABILITY TO PAY LEGAL FINANCIAL OBLIGATIONS. The court has considared the total amount owing,
the defendant's past, present and future sbility to pay legal financial obfigations, including the defendant's
financial resources and the likelihood that the defendant's status will change. The court finds that the
defendant has the ability or fikely future ability to pay the tegal financial obligations imposed herein.

RCW 0.94A.753.
[1 The following extraordinary circumstances exist that make restitution inappropriate
(RCW 8.04A.753(5)):

[1] The defendant has the present means to pay costs of incarceration. RCW 9.84A.760.

28 PROSECUTOR'S RECOMMENDATION. The prosecutor's recommendation was as follows:

I !l l months on Count | months on Count IV

months on Count ¢l months on Count V

months on Count il months on Count VI
@ 4’e2n1315 on ea oo;t.'l‘t t:)i r&n: : vubpell, v ctimm GOQY%(
[ ] concurrently with or [ ] consecutively to each other
[ ] concurrently with or [ ) consecutively to the terms imposed in Causae No(s).
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. JUDGMENT

KR | The defendant is GUILTY of the counts and charges listed in Paragraph 2.1.
32 [] The court DISMISSES Count(s)

3.3 i) The defendant was found NOT GUILTY of Count(s}

IV. SENTENCE AND ORDER
IT IS ORDERED:
4.1 CONFINEMENT OVER ONE YEAR. The court sentences the defendant to total confinement as follows:

CONFINEMENT. RCW 0.94A.588. A term of total confinement in the custody of the Department of

Comections (DOC):
lq ' l months on Count | months on Count IV
moanths on Count § maonths on Count V
months on Count lll months on Count Vi
{ ] The confinement time on Count(s) includes months as

enhancement for [ ] Firearm { ] Deadly Weapon [ ] VUCSA in a Protected Zone | ] Manufacture of
Methamphetamine with Juvenile Present [ ] other

Actual term of total coj ﬁnemem orﬂered is @ nths.
123 ro m v ivy Of -~ See :I‘S
Al counte sha]l be er\md [=-! wnently. cept !or the p n of thosaebunts for which there is a

enhancement as set forth above at ] 2.3, and the following counts which shall be served consecutively:

The sentence heretn shall run consecutively to the sentence in cause number(s)

and consecutive to any sentence which was imposed before the date of violation for the offenses in this
cause number, The sentence shall run concurrently to the sentence in cause numbers
. RCW 0.94A.588.

Confinement shall commence immediately unless otherwise set forth here:

CREDIT FOR TIME SERVED. The defendant shall recsive credit for time served prior 10 sentencing if that
confinement was solely under this cause number. RCW 8.94A.505(8). The time sesved shall be computed
by the jall uniess the credlt for time served prior to sentencing is spacifically set forth by the court:

{] WORK ETHIC PROGRAM. RCW 9.04A.680, RCW 72.09.410. The court finds that the defendant
is eligible and is likely to qualify for work ethic program. The court recommends that the defendant serve the
sentence at a work ethic program. Upon completion of work athic program, the defendant shall be reteased
on community custody for any remaining lime of tolal confinement, subject to the conditions in § 4.2.
Violation of the conditions of community custody may result in a return to 16tal confinement for the batance
of the defendant’s remaining time of total confinement.
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COMMUNITY CUSTODY. RCW 9.94A.701. The defendant shall serve the following term of
unity custody (12 months for crimas egainst a person, drug offanses, or offenses involving the
unlawful possession of a firearm by a street gang member or associale; 18 months for violent offenses; and
36 months for sefious violent offenses):

Count | for a pertod of ._: 51.0 months Count IV for a pariod of months
Count |l for a period of months Count V for & period of months
Count |it for a period of months Count VI for e period of months

and the oonditions ordered are set forth below. The combined term of community custody and confinement
shall not exceed the statutory maximum.

The defandant shall report to DOC, 8625 Evergreen Way, Sulte 100, Everett, Washington 88208 not Iater
than 72 hours after relaase from custody.

While on community custody, the defendant shal! (1) report to and be avallable for contact with the assigned
communlty corrections officer as directed; (2) work at DOC-approved education, employment and/or
community restitution; (3) notify DOC of any change in the defendant’s address ¢r employment; (4) not
consume or possess controlled substances except pursuant to lawfully issued prescriptions; (5) not own,
use, or possess firearms or ammunition; (6) pay supervision faes as determined by DOC; (7) parform
affirmative acts necessary to monitor compliance with orders of the court as required by DOC; and (8) abide
by any additiona! conditions imposed by DOC under RCW 9.94A.704 and .708. The residence !ocation and
living arrangements are subject to the prior approval of DOC while on community custody.

{1 The defoendant shall not consume any alcohol.
W The defendant shat have no cantact with A.m - R See 145.
[1] The defendant shall remain [ ] within [ ] outside of a specific geographical boundary, to wit:

|'_ jﬁ The defendant shali participate in the following crime-related treatment or counseling servicas:

w The defendant shall participate in the foliowing: | | State certified domestic violence treatment
program ( ] chemical dependency evelustion i memtakhealih evalugtion | ] enger management
program, and fully comply with all recommendad treatment. p\-\dnd.aas

Ths dafendant shall comply with the following crime-related prohibitio

v ry
Court Crdenréd Treatmeht: y@ ependency . the
defendant must notify DOC and the defendant must release treatment information to DOC for the duration of
incarceration and supervision. RCW 9.94A.582.
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4.3

‘LEGAL FINANCIAL OBLIGATIONS. Defendant shall pay to the clerk of the court:

il _[X] $500 Victim assessment ‘ RCW 7.68.035
ERG $ Mwalved Court costs, including RCW 9.94A.030, .505; 10,01.160
. Criminatfilingfee _$
Witness costs S W‘“
Sherifl service fees _$ SFRISFESPNGRF
- Jurydemandfee _$ R, RCW 10.468.180
» ‘Other - L
et 118962 Mywsived  Fees for court appointed attomey RCW 9.84A.780
WFR $ A Court appointed defanss expert end other costs RCW 9.84A.7680
Fom [ ]$1.000 []%2,000 Fine RCW 8A.20.021;[ ] VUCSA additional fine RCW 69.50.430
deferred due to indigency
COFADY
FCOMTF Drug'enforcement fundof _$ 'RCW 9.84A760
ol 15100 ‘Crime lab fes [ ] suspended due toindigency RCW 43,43.6850
EXT $ ‘Extradiion costs RCW.9.94A.505
RTNRIN $ . Emergency response costs (Vehicular Assautt, ]
) Vehieular Homicide; DUI only, $1000 maximum)’ RCW 38.52.430
P $100 Biological Sample Feo RCW 43.43.7541
] (for offenses committed after 07-01:2002) o )
POV [ ]$100 Domestic Violence Penally (for offenses committed RCW 10.99.080
after 06-04-2004 — maxtmum $100)
] . Other costs for;
ot
s L0oO= _ ToTAL , RCW 9.94A.760
4] RESTITUTION. 'The above total does not include-afl restitution or other legal financlal obligations,
which'may te.sel by later order of the court: An agreed restitution order. may be.entered. RCW 8.94A.753.
[1 A restitution hearing shall be set for
Defendant walves any rdght to be present at any restitution hearing (s/gn initials);
Defendant waives any right to.a rastltutjon‘heamg within 6 months. RCW 8.04A.750. .
11 A separate Restitution Order is'being entered contemporaneously with this-Judgment and
Sentence.
[] “The Department of Corrections (DOC) or clerk of the court shall immediately issue a Notioe of
Payrol Deduction. RCW 9.84A.7602, RCW 9.84A.760(8).
All payments shall be made in accordance with the policies of the clerk:and on a schedule established by
the Department of Corredions commsncing immediately. unless the court specifically sets forth the rate
here of niot fess than’
5. 5 U _per.month commencing Lgo Aﬁ 4 < E&z g ﬂr_&. . RCW 0.84A.760.
All payments shall be made within 240 months of [ ] release of confinement;
lﬁentrv of judgment; [ ] other
The defendant shall report to the clerk of the courl or as directed by the clerk to provide financial and cther
mformahon requested. RCW 8.94A.760(7)(b).
f1 In-addition to the othér costs imposed hersin the Court finds that the defendant has the means to
’ pay for ths cost of incarceration and is ordered to pay such costs at $100.00 per day (not to exceed’
$100 per day) unless another rate Is specified hers ___ : Rcw 9.84A.760(2).
X} The defendanl shall pay the costs of services to collect uripald legal financial abligations.
RCW38.18.180.
] The financial obligations imposed in this Judgment shall bear interest from Ihs date of the judgment
: until payment n full, at the rate applicabls 10 civitjudgments. RCW 10.82.080. An award of costs
on dppeal against the defendant'may be added to the total legal finantial obligations. RCW 10.73.
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4.4

4.5

X

[]

DNA TESTING. The defendant shall have a biofogical sample collected for purposes of DNA
identification analysis and the defendant shall fully cooperate in the testing. The appropriate
agency shall be responsible for obtaining the semple prior to the defendant’s release from
confinement. RCW 43.43.754.

HIV TESTING. The Health Department or designee shall test and counsel the defendant for HIV
as scon as possible and the defendant shell fully cooperate in the testing. The defendant, if out of
custedy, shall report to the HIV/AIDS Program Office at 3020 Rucker, Suita 108, Evarett,
Washington 88201 within one (1) business day of entry of this order to arrange for the test.

RCW 70.24.340,

NO CONTACT.

X

The defendant shail not have contact with |} - [Y) . ( D.0.B. "IIKIO‘I') ©
(name, DOB)
including, but not limited to, parsonal, verbal, telephonic, written or contact through a third party
Rtk tes {date) (not to exceed the maximum statutory sentence). EVEN IF
THE PERSON WHQ THIS ORDER PROTECTS INVITES OR ALLOWS CONTACT, YOU CAN BE
ARRESTED AND FROSECUTED. ONLY THE COURT CAN CHANGE THIS ORDER. YOU
E sous RESPONSJBILITY TO vom OR REFRAIN FROM VIOLATING THIS OROER.

@\“‘"’55 purm- 6 Cown o/o\ll ""Q lon

4.6

4.7

48

[]

OTHER.

A separate posl conviction Domestic Violen! No Contact Order, Antl-Haressmeni Order, or
Sexual Assault Protection Ondar [ ] was filed at the time of entry of the plea of guiity/guilty verdict
is filad contemporaneously with this Judgment end Sentenca. (Entry of 8 separate order makes
viofation of this no contect sentencing provision also punishable as a ¢riminal offenss, and the
arder will be entered into the law enforcemsnt database.)

The pre-trial Domestic Violence No Contact Order, Anti-Harassment Order, or Sexual Assaull
Protection Order entared on Is hereby terminated.

OFF-LIMITS ORDER. (Known drug trafficker). RCW 10.66.020. The following areas are off limits to the

defendant while under the supervision of the county jall or Department of Comeclions:

Unless otherwise ordered, all conditions of this sentence shall remain in eflect notwithstanding any appeal.
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5.1

5.2

53

54

V. NOTICES AND SIGNATURES

COLLATERAL ATTACK ON JUDGMENT. Any pefition or motion for collateral attack on this Judgment and
Sentence, including but not limited to any personal restraint petition, state habeas corpus petition, motion to
vacate judgment. motion to withdraw gullty plea, motion for new tria) or motion to amest judgment, must be
filed within one year of the final jJudgment in this matter, except as provided for in RCW 10.73.100.

RCw 10.73.080.

LENGTH OF SUPERVISION. For an offense committed prior to July 1, 2000, the defendant shall remain
under the court's jurisdiction and the supervision of the Department of Comrections for a period up to 10
yeaars from the date of sentance or release from confinemant, whichever is longer, to assure payment of all
legal financia! obligations untess the court extends the criminal judgment an additional 10 years. For an
offense committed on or after July 1, 2000, the court shall retain jurisdiction over the offender for the
purposés of the offender’s compliance with payment of the legal financial obligations, until the obligation is
completely satisfied, regardless of the statulory maximum for the crime. RCW 8.84A.753(4);

RCW 8.84 A.760 and RCW 8.84A.505(5).

NOTICE OF INCOME-WITHHOLDING ACTION. If the court has not ordered an immediate notice of payroll
deduction in paragraph 4.1, you are notified that the Depasrtmenti of Corrections may issue a notice of payroll
deduction without notice to you Iif you are more than 30 days past due in monthly payments in an amount
equal to or greater than the amount payable for one month. RCW 9.84A.7802. Other income-withholding
action under RCW 9.94A may be taken without further notice. RCW 9.84A.7606.

VIOLATION OF JUDGMENT AND SENTENCE/COMMUNITY CUSTODY VIOLATION.
(a) Any violation of a condition of requirement of sentence is punishable by up to 60 days confinement for
each violation. RCW 8.84A.633.

(b) If you have not completed your maximum term of total confinement and you are subject to a third
violation hearing and DOC finds that you committed the violation, DOC may retum you to a state
comectional facility to serve up to the remaining portion of your sentence. RCW 8.84A.714.

FIREARMS. You may not own, use or possess any firearm uniess your right to do so is restored by

a superior court in Washington State, and by o federal court If required. You mustimmediately
surrender any concealted pistol license. (The clerk of the courl shall forward a copy of the defendant's
tniver's license, identicard, or comparable identification to the Department of Licensing along with the date of
conviction or commitment.} RCW 8.41.040, 8.41.047.

(Pursuant to RCW 9.41.047(1), the Judge shall resd this section to the defendant in cpen court.)

The defendant is ordered to forfalt any firearm he/she owns or possesses no later than to
(name of law enforcement agancy). RCW 9.41.098

57

MOTOR VEHICLE. If the court found that you used a motor vehicle in the commission of the offanse, then
the Department of Licensing will reveke your driver's license. The clerk of the count is directed to
immediately forward an Abstract of Court Record to the Department of Licensing, which must revoke your
driver's license. RCW 46.20.285.

CERTIFICATE OF DISCHARGE.

{a) Hf you are under the custody and supervision of the Department of Comrections, the court will not issue a
Cerlificate of Discharge until it has received notice from Department of Corrections and clerk’s office that
you have completed all requirements of the senlence and satlsfied afl legal financial abligations.

RCW 9.64A.637.

{b) H you ere not under the custody and supervision of the Department of Comections, the court will not
issue a Cenlificate of Discharge until il has received verification from you that you have completed all
sentence condiions ather than payment of lega! financial obligations and the ¢lerk’s office that you have
satisfied afl legal financia! obligations.
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58 RIGHT TO APPEAL. [f you plead not guilty, you have a right to appeal this conviction. If the sentence
imposed was outside of the standard sentencing range, you also have a right to appeal the sentence. You
may also have the right to appeal in other circumstances.

This right must be exercised by filing a notice of appeal with the derk of this court within 30 days from today.
If a notice of appeal is not filed within this time, the right to appeal is IRREVOCABLY WAIVED.

if you are without counsel, the clerk will supply you with an appeal form on your request, and will file the
form when you comptete it.

If you are unable to pay the cosis of the appeal, the court will appoint counsel to represent you, and the
portions of the record necessary for the appeal will be prepared at public expense.

6.9 VOTING RIGHTS STATEMENT. | acknowledge that | have lost my right to vote because of this felony
conviction. If | am registared to vote, my voler registration will be cancelled.

My right {o vote Is provisionally restored as long as | am not under the authority of DOC {not serving a
sentence of confinement in the custody of DOC and not subject to community custody as defined in

RCW 8.84A.030). | must re-register before voting. The provisional right to vote may be revoked if | fall to
comply with all the terms of my legal financial obligations or an agraement for the payment of legal financial
obligations.

My right to vole may be permanently restored by one of the following for each felony conviction: a) a
certificate of discharge Issued by the sentencing court, RCW 9.84A.637; b) a court order issued by the
sentencing court restoring the right, RCW §.92,066; ¢) a final order of discharge issued by the indeterminate
sentance review boand, RCW 9.868.050; or d) a certificate of restoration issued by the governer, RCW
9.96.020. Voting before the right is restored is a class C fetony, RCW 29A.84.660. Registering to vole
before the right is restored is a class C felony, RCW 29A.84.140.

5.10
-\ 2
s/ - i e 1S
JAR . GOODKIN CA C. TRUEBLOOD ICHAEL J. MORRIS
WSHA 25389 WSBA 37820 Detendant
Deputy Prosecuting Attornsy Attomey for Defendant
Interpreter signature/Prnt name:

| am a certified Interpreter of, or the court has found me otherwise qualified to interpret, the
language, which the defendant undersiands. | iransiated this Judgment and Sentence for the defendant into that
language. Cause No. of this case: 09-1-01071-0.

I, Sonya Kraski , Clerk of this Court, certify thal the foregoing is a full, true end comrect copy of the Judgment and
Sentence in {he above-entitled action, now on record in this office.

WITNESS my hand and seat of the saeid Superior Count affixed this date:

Clerk of said County and State, Deputy Clerk
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IDENTIFICATION OF DEFENDANT

SID Number: WA

(f no SID, take fingarprint card for Stata Patrol)

Date of Birth: 09/27/1888

FBI Number: Local ID Number:
PCN Number: DOC Number;
Alias name, SSN, DOB:
Race: Whits Ethnicity: Sex: M
[ ] Hispanic
[ ] Non-Hispanic
Helght: 508 Welght: 163 Hair: Brown Eyes: Brown
FINGERPRINTS: | attest that | saw the same defendg doeumenl affix his or her
1 Deputy Clerk,

fingerprints andsignature thareto. Clerk of the Cours
Dated: Z( ZLZ /

e

DEFENDANT'S SIGNATUREW

ADDRESS; DDC

Lefi tour Engors takon ssTulaneausly Thumtr Right Thumb
.
é— R ‘-r%)‘ T
.k f“.é’y. 8 f . :“; e -';-
BN {" ) . a
AN %
LT
ey ) —
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THE STATE OF WASHINGTON to the Sheriff of tha %Snohomisf&e of Washington, and to the
Secretary of the Department of Corrections, and the Superiniendem oi the V@smzn Cormections Center of the
State of Washington:- Gﬁcg,, r}’c 43 : 0/

WHEREAS, MICHAEL J. MORRIS has been duiy convicted o‘ﬁk )01 Count 1: Assault of a Child in
the First Degree.as charged in the 0 Information filed in the Superior Coun of the nge of Washington, in and for the
County of Snohomish, and |udgment has been pronounced against himer that he/she bo punished therefore by
imprisonment in such correctional institution under the supervision of the Department of Comrections, Divislon of
Prisons, as shall be designated by the Secretary of the Department of Corrections pursuant to RCW.72.02.210, for
the temn(s) as provided In the judgment which is incorporated by reference, all of which appears of record in this
‘court; a certified copy of said judgment being endorsed hereon and made a part thereof. Now, Therefore,

THIS IS TO COMMAND YOU), the sald Sherifl, to detain the said defendant until calied for by the officer
authorized to fransfor 16 the custody of the Superintendent for the Washington State Department of Comectlions or his
designae for transpor lo either the Washington Comections Ceniter at Sheilton, Washington or Washington
Comections Center for Women at Purdy, Washington and this is to command you, the said Superiniendent and
Officers in charge of sald Washington Comections Center lo recsive from the sald officers the'said defendant for
confinement, dasﬁﬁcat_lon. and placement in such corrections fecilities under the supervision of the Department of
Cormections; Division of Prisons, as shafl be designated by the Secretary of the Department of Carrections.

And these presence shall be authority for the same. HEREIN FAIL NOT. |

WITNESS the Honorable RONAI.D L m  Judgo of the said Superior Court and the

seal thereol, this » day of _ JUQU&/ , 2011,

Sonya Kraskl
cLERK OF THE SURERIOR COURT

CyLZ(///L \/’

Deputy Clerk ™
Order of Commitment’ ' Snohornbh County Proseculing Altomey
State v. MORRIS, MICHAEL J. S:\Felony\Forms\Sentencing\over J&S_mng.dot.

PAT0IF02521 Updated 9/22/08 SAULAGak:
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FOR THE COUNTY OF SNOHOMISH

STATE OF WASHINGTON CASE NO. 09-1-01071-9

Plaintift,
VERDICT FORM A
v.

MICHAEL J. MORRIS
Defendant.

N st v st Nt Nk it il il “mat

We, the jury, find the defendant, Michael .). Morris,

G 7Y Was | of the crime of assault of a child in the first degree as charged.
(write in “not gullty” qr “guiity”)

DATED this 1> _dayof __ JUWNE_ 2011,

ORIGINAL



Filed in Open Court

lo-13 207/
SONYA KRASKI

NTY CLER!
By
" Deputy Clerk

IN THE SUPERIOR COURT OF THE STATE OF WASHINGTON
FOR THE COUNTY OF SNOHOMISH

STATE OF WASHINGTON CASE NO. 09-1-01071-9

Plaintiff,
SPECIAL VERDICT FORM 1
V.

MICHAEL J. MORRIS
Defendant.

We, the jury, answer the question submitted by the court as follows:
Were Michael J. Morris and A.M. members of the same family or household?

ANSWER; 4:6
{Write "yes" or "no")

Date: £ 132 iy
Pfesiding Auror

ORIGINAL



Filed i go en Court

> 20//
SONYA KRASKI

. CLER
| By—ﬁg;g%%§§¥b2?714’

IN THE SUPERIOR COURT OF THE STATE OF WASHINGTON
FOR THE COUNTY OF SNOHOMISH

STATE OF WASHINGTON CASE NO. 09-1-01071-9
Plaintiff,
V.

MICHAEL J. MORRIS

)
)
)
) SPECIAL VERDICT FORM 2
)
)
)
Defendant. )

)
We, the jury, having found the defendant guilty of assault of a child in the first

degree or the lesser included offense of assault of a child in the second degree, retum a
special verdict by answering as follows:
Did the defendant know, or should the defendant have known, that the victim was

particularly vulnerable or incapable of resistance?

ANSWER: _‘@s__

(Write "yes” or "no™)
DATED this _}> _dayof ___JUNE . 2011,

PR ING JUR

ORIGINAL



FILED
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SONYA
COUNTY RASKI

YC
SHOHOMISH CibF%gSH

SUPERIOR COURT OF WASHINGTON

FOR SNOHOMISH COUNTY
THE STATE OF WASHINGTON,
Plaintf, No. 09-1-01071-9
" ORDER AMENDING JUDGMENT
MORRIS, MICHAEL J. AND SENTENCE
Defendant.

THIS MATTER having come on regularly before the undersigned Judge of the above court on the motion of
plaintiff to amand the Judgment and Sentenca enterad in the above entiled matter on JULY 8, 2011,

AND THE COURT having consldered the records and files herein and being fully advised;

NOW THEREFORE, IT IS HEREBY ORDERED that in Paragraph 4.1 of the Judgment and Sentence
entered In the above entitled matter on JULY 6, 2011 be and the same hereby is emended to read in part as follows:

s “Actual term of tota! confinement ordered is 147 months. 123 months plus 24 months for
aggrevating facter — see Paragraph 2.4°

All other provisions of the Judgment and Sentence remain in force and effect.
IT IS FURTHER ORDERED that the attached Special Verdict Form 2 shall be incorporated as part of the

Judgment and Sentence filed on July 8, 2011, s previously Indicated in paragraph 2.4 of that Judgment and
Sentence.

DATED this 2% dayof Jul \6 L2014,

7 N~ ——
Presented by: aived:
A}
JAR " GOODKIN, 25399 ‘ RSSIE C. TRUEBLOOD, 37829
Deput{ Prosecuting Attorney Attomey for Defendant

Order Amending J&S Page 1 of Snchomish County Attommey
State v. MORRIS, MICHAEL J. $:\Felony\Forms\Sentencing\amend }8s ordar_mrg.dot
PA #09F02521 Updated 102709 SAU/JAGmp
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Stip # ooy

FILED

2130CT 24 Py 4,: g,

YA KRASK)
SNORIONTY CLERK
HOMISH €0, 1A gp

IN THE SUPERIOR COURY QF THE STATE OF WASHINGTON
N AND FOR THE COUNTY OF SNOHOMISH

THE STATE OF WASHINGTON,
Piaindlf, No. 09-1-01071-9
ORDER AMENDING JUDGMENT AND SENTENCE

v,
MORRIS, MICHAEL J.,
Defendant

THIS MATTER having come on reguiarty before the undersigred Judge of the above court on the mation of
plaintff to amend the Judgment end Sartence entsred in the above enfited matter on October 24, 2013;

AND THE COURT having considered the records and files herein and being fufly advised;

NOW THEREFORE, IT IS HEREBY QRDERED that Pemagraph 4.5 of the Judgment and Semeneo entered
in the abowe entiiag matter an July 1. 2011, be and the same hereby is amended to read In part as tolows:

45  NOCONTACT.

[X]  Thedetendant shall not have contactwith_AM.(DOB4NGOS) __ (name, DOB) inctuding,
but not mited to, personat, vertial, telephonic, witten or contact through o tird partywntll_forkfe  (date)
(not to excesd the maximum statutory sentence), EVEN IF THE PERSON WHO THIS ORDER PROTECTS INITES
OR ALLOWS CONTACT. YOU CAN BE ARRESTED AND PROSECUTED. ONLY THE COURT CAN CHANGE
THIS ORDER. YOU HAVE THE SOLE RESPONSIBILITY TO AVOD OR REFRAN FROM VIOLATING THIS
ORDER.

Order Amending 445 Snohamish County Prosecuting At
State v. LIORRIS, md"ﬁ'éu Mmmmmmmﬂm

Vnwo akready 14 Jis per FR7 P\



All other provisions o the Judgment and Sentence remetin in force and effect.
] 1 o)
DONE IN OPEN COURT this Qﬂ day ol (s ) 203

Crier Amansing J2S Page 2 of 2 . Snohomish Counly Prosecuting Altcmey
State v. MORRIS, MICHAEL ). S\Felom\Forms\Semencingiamend |8 order_mry.dot
PASDEF02521 Updated 10727/09 SAURAGmr



iN’THE COURT OF APPEALS OF THE STATE OF WASHINGTON

STATE OF WASHINGTON,

Respondent,
V.

MICHAEL J. MORRIS,

Appellant.

Snohomish County.

DIVISION |

P ]

(-4
)  No.67485-1-| 2 %
) iat"“". e
)  MANDATE 2% L
) ’ L,
)  Snohomish County o2 -;’ )
) _arm.ﬂ '...3
) Superior Court No. 08-1-01071-9 %?’—" z
) =

Court Action Required

This is to certify that the opinion of the Court of- Appeals of the State of Washington,

‘THE STATE OF WASHINGTON TO: The Superior Court of the State of Washington in and for

Division |, filed on February 11, 2013, became the decision terminating review.of this court in

the above entitled case on July 19, 2013. This case Is mandated to the Superior Court from

which the appea! was taken for further proceedings in accordance with the attached true

copy of the opinion.

Court Action Required: The sentencing court or criminal presiding judge is to place this
matter on the next available motion calendar for-action consistent with:the opinion.

c:

Jarett A. Goodkin.

Casey Grannis

Kathleen Webber
Michael J. Morris

Hon. Ronald Castiebemry

IN TESTIMONY WHEREOF, | have hereunto set my hand
and affixed the seal of said Court at Seattle, this 16th day

A

Washington, Division I.




FILED

011 JuL 28 PHI2: 13

SONYA KRASKI
COUNTY CLERK
SHOHOMISH £0. WASH

IN THE SUPERICR COURT OF THE STATE OF WASHINGTON
IN AND FOR THE COUNTY OF SNOHOMISH

THE STATE OF WASHINGTON,
Plaintiff, No. 09-1-01071-9
* ORDER CN DEFENSE MOTION FOR NEW
MORRIS, MICHAEL J. TRIAL
Defendant

THIS MATTER having come on regularly before the undersigned Judge of the above court on the
motion of [ ] State PQ defendant [ ] court for new trial:

AND THE COURT having considered the records and files herein and being fully advised;

Now Therefore,
g o
IT IS HEREBY QRDERED that ¢ yo e, <L 4
ourt Y Ty
DONE IN OPEN COURT this 2 g day of J;ll T 2011

Yol

-Judg

/GCODKIN, 25389
Prosecuting Attorn i

;ICHAEL o %ORR: \6

Atomey fo.r Defendant Detendant

Oreer on Motion Snohomish County Prosecuting Altorney ] S '
State v. MORRIS, MICHAEL J. i " der on motion_mrg.dotx

PA #03F02521 Updated W30/11 SAWIAGSap
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American Academy
of Pediatrics -

DREIEATER TO-TUE R ER a0 AL1 iTHILD R Y.

Organizatonat Piindiples 1o Guide ard
Define the Child Health Care Sysiem and/or
Impeove the Health of A% Children

Abusive Head Trauma in Infants and
Children

Cindy W. Christlan, MD, Rabert Block, MD, and the Committee on Chlild Abuse and Neglect

ABSTRACT - ~ - -
Shaken baby syndrome is a term often used by physicians and the public 1
describe abusive head trawma inflicied on infants and young children. Although
the term is well known and has been used for a number of decades, advances in
the understanding of the mechanisms and dinical spectrum of injury associafed
with abusive head travma compel us to modify our terminology to keep pace with
our understanding of pathologic mechanisms. Although shaking an infant has the
potential to cause neurotogic injury, blunt impact or a combination of shoking and

www.pedieiries org/cpt/dol/10.1542/
peds 20090408

goi:10.1542/peds 20090408

Al policy statements from the Amesican

- Acad emy of Pectatrics sutomatically expus
5 yeart ofim puhlication unless resffsmed,
fevised, or Tellred at or befure that ime.

blunt impact cause injury as well, Spinal cord injury and secondary hypoxic
ischemic injury can cantribute 1o poor ocutcomes of victims. The use of broad

"Abbrevistion

AHT—abutve head tauma

medical terminclogy that !s inclusive of all mechanlsms of Injury, including PEDVATRCS (TS5 Nurniers: i, 003 008;
shaking. is required. The American Academy of Pediatrics recommends that pe- T i Copyiht O 203 oy e

diatriclans devetop skills in the recognition of signs and symptoms of abusive head
injury, including those caused by beth shaking and blunt impect, consuh with
pediatric subspedalists when necessary, and.embrace a less mechanistic term,
abusive head wauma, when describing an inflicted injury 1o the head and its cantents. Pediatrics 2009:123:1409-1411

HISTORY

The recogniton of child abuse in modemn medicine began in the 19th century, with the work of the French forensic
physician Ambroise Tardieu.'? who described a wide array of physical and sexual injuries 1o children, including
meningeal hemorrhage and brain injuries in fatally abused infants. More than 80 years later, American physidans
began describing the dinical and rediologic maniiestations of child abuse. Pediatridan and radiologist John Caffeys
first described the association of chronic subdural hemorrhages and long-bone fractures in 1946, but it was not until
1972 that he published a seminal paper describing the radtologic and clinical features attributed 1o shakiog injuries,
Ludwig and Warman® first published the term “shaken baby syndrome* In their review ol 20 infants and young
toddlers injured by shaking, none of whom showed cvidence of impact injury to the head. In 1987, Duhaime et al
reported that viciims of fatal shaken baby syndrome, and many of those who survived their treuma, showed evidence
of blunt impact to the head at the time of diagnosis. The importance of impact iz acceleration/deceleration injury was
supported by thelr basic biomechanical models, and they concluded that most serious abusive head injuries required
an impact to the head. The relative importance of impact as a contributor to the head injury sustained by abused
children became’a source of controversy. Biomechanical modeling has since been used to both support and refute the
contributions of shaking or impact to abusive head mauma (AHT).™ In reality, all models and theories have known
limitations, and many clinidians and researchers acknowledge that precise mechanisms tor all abusive injuries remain
incompletely understond.? Efforis to better undersiand the mechanisms and causarions of Injury have improved the
Rathering of objective data in the clinical realm. Case investigaiions, including meticulous medical history taking,
exarminations, and medical workups, have expanded and improved. Medical diseases that can mimic the presentation
of AHT are recognized, and screening is performed when indicated, Social welfare, law enforcerment, and Jegal
professionals have become beiter educated about AHT. Clinical research has expranded, and biomechanica) modeling
of injuries has improved.

Case histuries clearly support the condusion that shaking occurs in some injury scenarios. Shaking was the most
commonly reporied mechanism of injury described in a series of AHT cases in which perpetrators adiined abuse
(68% of 81 cases).'® Shaking alone was described in 32 cases, and only 4 of the victims showed evidence of impact
injury. Although this indicates incomplete admission to the injury mechanism in some cases, the commonality of a
described shaking mechanism along with the infrequency of impact evidence supports shaking as an imparam
mechanism of AHT. In addition, blimt impact rauma or impact combined with shakipg can result in Infant head
injuries.’" In severc and fatal cases, concumitant cervice! spine injury can sometimes be found.” Secondary brain
injury resulting from hypoxia, ischemia, and metabolic cascades contrihutes to poor outcomes.!* Shaken baby

PEDIATRICS Volutre 123, Number 5, May 2009 1409
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syndrome Is a subset of AHT. Injuries induced by shaking

-and those caused by bluni trauma have the polential w
result in death or permenent neurologic disability, ia-
cluding static encephalopathy, mental relardation, cere-
bral palsy, corlical blindncss, seizure disorders, and
learning disabilitics, Medical and biomechanical re-
search, clinical and pathologic experience, and radiologic
advances have improved our-understanding of the range
of mechanisms that contribute (o brain injury from AHT,
yet controversy remains,

DISCUSSION

‘Few pediatric diagnoses engender -as much debate as
AHT, in pan because of the social and legal conse-
quences of the dlagnosis. The diagnosls can result In
children being removed from their homes, parents losing
their parenal rights, and adults being imprisoned for
their actions. Controversy is fueled because the mecha-
nisms and resultam injuries of acddental and abusive
head injury overlap, the abusc is rarely wimessed, an
accurate history of trauma is rarely offered by the per-
petrator, there is no single or simple test 10 determine
the accuracy of the diagnosis, and the legal conse-
quences ol the diagnosis can be so significant.’® Because

the civil and eriminal justice sysiems are often involved

in cases of AHT, the sdentific debates related 10 mecha-
nism end causation of injury often are argued during
courtroom proceedings. On occaslon, the courtroom al-
lows for sclentific theory to be confirmed or refuted,t*
but in reality, the American justice system is not de-
signed 1o determine scientific truth but, rather, 1o bal-
ance contesied facts and bring closure 1o a dispute. Med-
ical 1ecminology should accurately reflect the medical
diagnosis. The term “shaken baby syndrome* has be-
come syaunymous in public discourse with AHT in all its
forms.'” The term is somctimes used inaccurately 1o
deseribe infants with-impaa injury alone or with multi-
ple mechanisms of head and brain injury and focuses on
a specific mechanism of injury rather than the abusive
evenl thar was perperrated against a helpless victim.
Legal challenges to the term “shaken baby syndrome”
can distract from the more important questions of ac-
couniability of the perpetrator and/or the safery of the
victim. The goal of this policy statement is not to detract
from shaking as a mechenism of AHT but to broaden the
terminology to account for the multitude of primary and
secondary injuries thal result from AHT, some of which
comribule 1o the ofien-permanent and significant brain
damage sustaincd by abused infants and children.

The term “shaken baby syndrome® has become rec-
ognized by the public; prevention strategies for curtailing
the incidence of AHT have been developed and re-
searched, and some siates have mandated shaken baby
syndrome educatlon for parents of all newbormn infants, s
Because it may not be obvious to parents thai shaking
can be harmbul 10 infants, the newborn nursery is an
appropriate venue for this education. The American
Academy of Pediatrics supports prevemion clions that
reduce the irequency of AHT and recognizes the utility
of maintaining the usc of the term “shaken baby syn-
drome” for prevention elforts. Just as the public com-

1410 AMIRZAN ACADEMY OF PEDIATRICS

monly uses the term “heart attack” and ntot *myocardial
infarcdon,” the term “shaken baby syndrome® has its
place in the popular vemacular, However, for medical
purposes, the American Academy of Pediatrics recom-
mends adoptlon of the term “abusive head Lrauma” as the
diagnosis used in the medicol chart 10 describe the consiel-
lation of cerebral, spinal, and cranial injuries that result
from inflicted head injury to Infants and young children,

THE ROLE OF THE PEDIATRICI_AN

As mandated reporters of suspected child abuse and
neglect, pediatriclans carry the burden of recognizing
and responding to medical manifestations of AHT, The
diagnosis is sometimes cbvious, but injuries in many
symptomatic infants are unrecognized by unsuspecting
physicians. In addition, physicians do not always repornt
to child welfare agencies injuries that are highly suspi-
cious for abuse, which puts children. ar further risk for
injury.®# To protect abused infants and prevent future
severe neurologic injury, pediatridans must remain cog-
nizant of the possibility of ART in infants who present
with bath subtle and overt ncurologic symptoms and
ke seriously the ethical and legal mondaies Lo report
suspected child abuse 1o governmemal agencies for in-
vestigation. Pediatricians also have a respunsibility to
consider aliernative hypotheses when presented with a
patent with findings suggestive of AHT. A medical diag-
nosls of AHT is made only after consideration of all the
clinleal data. On some occasions, the diagnosis is appar-
ent carly in the course of the evalbation, because some
infants and children have injuries to mubtiple organ
systems that could only be the result of inflicied travma.
On other occastons, the diagnasls Is less cenain, and
restraint s required untll the medical evaluation has
been completed. However, as physiclans. we have an
obligation 1o make a working diagnosis, as we do with
many other diagnoses, and take the legally mandated
steps for further investigation when indicated. Pediausi-
cians often find it helpful to consult a subspeclalist in the
field of child abusc pediatrics to ensure that the medical
evatuation has been complete and the diagnosts is accu-
rale. Subspediatists in radiology, ophthalmology, neuro-
surgery, neurology. and other fields should also be con-
sulted when necessary o ensure a complete and
accurate evaluation. When child proicetive services or
law enforcement is involved in an investigation. the
pediatrician is required to interpret medical information
for nonmedical professionals in an understandable man-
ner that accuraiely reflects the medical data. Pediatri-
cans also have a responsibility to the family of the
abused child, The dlagnosis of child abuse has enormous
social, psychological, and Tegal tmplications for families.
The role of the pediarrician is not 10 apportion blame or
investigate potental eriminal activity but to identify the
medical problem, treat the child's injuries, and offer
honest medical information 10 parents and familics, Fi-
nally, pediatricians can work 10 prevent AHT by suppori-
ing prevention efforts in the community and in practice.
Pediatricians may belp prevent AHT by providing antic-
ipatory guidance 10 new parents aboui the dangers of
shaking or impact and providing methods for dealing



with the frustration of & crying infant, They can also
stress the imporiance of leaving a young infan: or tod-
dler in the care of adulis whom the parenis trust will not
harm their child and can partcipate in comprebensive
community-based preventlon efforis. AHT commonly
results in permancnt neurologic damage and carries tre-
mendous famlly and socielal costs. With an sim oward
prevention, the American Academy of Pediatrics recom-
mends the following,

RECOMMENDATIONS

1. Pediatricians should be aleri to the signs, symptoms,
and head injury paiterns associated with AHT.

2. Pediatriaans should know how to begin a thorough and
objective medical evaluation ol infants and children
whao present for medical care with signs and symptoms
of poteniial AHT. Consuliants in rodiolagy, ophthalmol-
ogy. newrosurgery, and other subspecialtics are impor-
tant panmners in the medical evaluaton and can assist in
interpreting daia and reaching s diagnosis.

3. Pediatricians should consider consulting a subspedal-
ist int the field of child abuse pediatrics to ensure that
the medical evaluadon of the patient has been com-
plete and that the diagnosis is accurate.

4. Pediatricians should use the terin “abusive head
trauma” rather than a term that implies a single in-
Jury mechanism. such as shaken baby syndrome, in
their diagnosis and medical ecommunications.

5. Pediatricians should continue 1o educale parents and
caregivers about safe approaches to calming and cop-
ing with crylng infanis and the dangers of shaking,
suiking, or impacting an infani‘s head.

COMMITTEE ON CHILD ABUSE AND NEGLECT, 2008 -2009
Carole Jenny, MD, MBA, Chairperson
*Cindy W. Christan, MD

James Crawiord, MD

Emalee Flaherty, MD

Roberta A. Hibbard, MD

Rich Kaplan, MD, Section Member
*Robert Block, MD, Past Chairperson
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David L. Corwin, MD
Amecrican Academy of Child and Adolescent
Psychiatry

Janet Saul, PhD
Centers for Discase Control and Prevention
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Tammy Piazza Hurley
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Abusive Head Trauma/Shaken Baby Syndrome

INFORMATION STATEMENT

Abusive Head Trauma/Shaken Baby Syndrome
May 2010

Although most eye injuries In childhood are a result of accidents, a significant portion
result from physical abuse by adults. Chiid abuse, including physical abuse, sexual
abuse, neglect, and emotional abuse, is a pervasive problem in our soclety, with an
estimated 1,256,600 million confirmed victims per year in the United States glone
(http://www.acf.hhs.gov/programs/oprefabuse_neglect/natl_incid/index.htm)),
Physlically abusive behavior by a parent or other caregiver usually refiects temporary
loss of control during a period of anger or stress rather than premeditated cruelty.
Lack of knowledge of normal child development and the proper way to care for or
discipline a chlld are also frequent centributing factors.

A reliable history Is often difficult to obtaln when child abuse has occurred. Susplcion
should be aroused when repeated accounts of the circumstances of injury or histories
obtained from different indlviduals are inconsistent or when the events described
seem to conflict with the extent of injurles (e.g., brulses on multiple aspects of the
head after a fall) or with the chlid's developmental level (e.g., a 2 month oid rolling
off a bed or 2 9 month old climbing out of a high chair). Any physician who suspects
that child abuse might have occurred is required by law in every US state and
Canadian province to report the incldent to a designated governmental agency. Once
this obllgation has been discharged, the ophthalmologist may be an important
contributor to understanding the case but probably s best advised to leave the full
investigation of the sltuation to appropriate specialists or other authorities.

The presenting sign of child abuse involves the eyes In approximately 5% of cases,
and ocular manifestations are detected in the course of evaluating many others,
Blunt trauma Inflicted with fingers, fists, or implements such as belts or straps Is the
usual mechanism of nonacddental injury to the ocular adnexa or anterior segment.
Periorbital ecchymesis, subconjunctival hemorrhage, and hyphema should raise
suspicion of recent abuse If the explanation provided Is less than completely
plausible, particularly in infants. Cataract or lens dislocation may be signs of Injury or
trauma inflicted in the past. A majority of rhegmatogenous retinal detachments that
occur In childhood have a traumatic origin; abuse should be suspected when such a
finding Is encountered In a child without a history of injury or an apparent
predisposing factor such as high myopla. Certaln signs of trauma Include ruptured
globe, orbital fracture, vitreous base detachment and retinal commotic. Trauma
should also be consldered in the differential dlagnosis, of unllateral optic atrophy,
hyphema, and periocular ecchymasis, in the absence of another clear explanation.

Shaken Baby Syndrome

Shaken Baby Syndrome is a subset of abuslve head trauma characterized by
repetitive acceleration-deceleration forces with or without blunt head Impact
resulting in a unique complex of ocular, intracranial, and sometimes other injurles,
usually In infants. Because the essential features were identified in the early 1970s,
it has become widely recognized as one of the most serious manifestations of child
abuse.
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Victims of shaking injury are almost always under 5 years old and usually under 12
months old. When a reliable history is avallable, it typically involves a parent or other
careglver who shook an inconsolably crying baby out of anger and frustration. Often,
however, the only information provided is that the child's mental status deteriorated
or that selzures or respiratory difficulty deveioped. The Invelved caregiver may relate
that an episode of relatively minor trauma occurred, such as a fall from a bed. Even
without a supporting history, the dlagnosis of Shaken Baby syndrome can still be
made with confidence on the basls of characteristic clinical findings in the absence of
a valid history or of an Identified pathologic process that could present with similar
signs and symptoms, such as a metabolic disease or clotting disorder. Such
alternative diagnoses are usually readily identifiable by histary, laboratory/radiologic
testing, and clinical examination, including the appearance of the retina. Answers to
Important questions concerning the timing and circumstances of Injury and the
identity of the perpetrator sometimes cannot be inferred from medical evidence
alone.

The infant's head Is particularly vulnerable to the effects of repeated acceleration-
deceleration because of Its relatively large mass In relation to the body and poor
stabilization by neck muscles. Intracranial injury In shaken infants frequently
tncludes subdural hematoma, unilateral or bilateral over the cerebral convexities, or
in the interhemispheric fissure. Displacement of the brain in relation to the skull and
dura mater ruptures bridging vessels, leading to subdural hemorrhages. Evidence of
subarachnold bieeding may often be apparent. Although on nitiai scans the brain can
be normal, in many cases cerebral parenchymal damage is manifest on
neuraimaging, acutely as edema, ischemla, or contusicn, and Iin later stages as
atrophy. Repetitive stresses and strains within the brain cause direct brain damage,
which Is magnified by subsequent cerebral edema hypoxic-ischemic damage. Some
authorities, citing the frequency with which shaken baby syndrome victims also show
evidence of having recelved blows to the head, think that impact is an essential
component of this syndrome, although In many cases, no sign of impact is found.

Ocular Involvement

The most common ocular manifestation of shaking Injury, present in approximately
85% of cases, are retinal hemorrhages. The absence of retinal hemorrhage does not
rule out abuse. Rarely, retinal hemorrhage can occur without intracranial
hemorrhage. Preretinal, nerve fiber layer, deeper intraretinal (dot and blot), or
subretinal localization may be seen. Hemarrhages tend to be concentrated in or near
the posterior pole, but frequently are so extensive that they occupy nearly the entire
fundus. Retinal hemorrhages In shaken Infants resolve over a period ranging from
several days, to 1-2 weeks, rarely to several months, depending upon location and
severity. For example, superficial lame hemorrhages often resolve quickly, whereas
preretinal and subretinal hemorrhage take longer to resolve. Retinal hemorrhages
cannot be dated with any precision. Vitreous hemorrhage can also develop, usually
as a secondary phenomenon resulting from migration of blood that was initlally
intraretinal or preretinal. Occasionally, the vitreous becomes almost completely
opacified by dispersed hemorrhage within a few days of injury. A vitrectomy should
be considered if a vitreous hemorrhage does not ciear as the development of
amblyopia or other complication such as myopia are likely to result.

Some eyes of shaken Infants show evidence of retinal tissue disruption in addition to
hemorrhage. Full-thickness perimacular folds in the neurosensory retina, typically
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with circumferential orientation around the macula that creates a crater-like
appearance, are highly characteristic. Splitting of the retina (traumatic retlnoschisis),
elther deep to the nerve fiber layer or superficial (Involving only the Internal limiting
membrane), creates partially blood-filled cavities of considerable extent, usually In
the macular region. Full-thickness retinal breaks and detachment are rare. Schisis
cavities usually fiatten cut within a few weeks of injury, but can persist indefinitely.
Although similar findings have been reported rarely In fatal crush injuries and fatal
motor venicle accidents, such histories are readily apparent and would allow rapid
identification.

A striking feature of Shaken Baby syndrome Is the frequent lack of external evidence
of trauma. The ocular adnexa and anterlor segments appear entirely normal,
Occasionally, the trunk or extremities show brulses representing the imprint of the
perpetrator's hands. In some cases, rib fractures or characteristic metaphyseal
fractures of the long bones result from forces generated during grasping of a limb or
the perpetrator's hands encircling the thorax during the application of acceleration-
deceleration forces. It must be kept In mind, however, that many shaken babies are
also victims of other forms of abuse. Signs of impact to the head must be carefully
sought, abdominal trauma speclfically considered, and a radiologic skeletal survey
performed in all cases of suspected abusive head trauma in this age range.

When extensive ratinal hemorrhage accompanied by perimacular folds and schisis
cavities are found In assodation with Intracranial hemorrhage or other evidence of
trauma to the brain In an infant without another. dear explanation, abusive head
trauma can be dlagnosed with confldence regardiess of other circumstances, Retinal
hemarrhages without other ocular findings strongly suggests that intracranial injury
has been caused by shaking, but alternative possibilities such as a coagutation
disorder, normal birth hemorrhages, fulminant meningitis, and ieukemia should be
considered as well. Severe accidental head trauma (e.g. sustained in a fall from a
second-story level or 8 motor vehlicle collislon) is infrequently accompanied by retinal
hemorrhage, which is rarely extensive and usually confined to the posterior pole.
Retinzl hemarrhage is rare and has never been documented to be extansive
following cardlopulmonary resusdtation by tralned personnel. Terson syndrome
appears tec be rare in chlldhood and not likely to be associated with extensive
multitayered retinal hemorrhage. Likewise, increased intracranlal pressure or hypoxia
are not known to be assoclated with extensive retinal hemorrhage. Papliiedema is
uncommon In Shaken Baby syndrome. Retinal hemorrhages resulting from birth
trauma are comman in newborns but do not persist beyond 1 month of age unless
the hemorrhages are preretinal, subretinal or in the vitreous.

Currently, there is abundant evidence from multiple sources (perpetrator
confessions, clinical studies, postmortem studies, mechanical models, animal models
and finlte element analysis) that repetitive acceleration-deceleration with or without
head impact is injurous, and the primary cause of retinal hemorrhage in victims of
Shaken Baby syndrome is vitreo-retinal traction. The well formed vitreous of infants
and young chlldren Is very firmly attached to retinal blood vessels, the peripheral
retina and the macula. Other factors such as increased intrathoracic pressure,
increased intracranlal pressure, brain trauma induced coagulopathy, hypoxla and
anemia may have some role in modulating the appearance of retinal hemorrhage but
are not likely to play a major pathogenic role, especially for extensive hemarrhage or
schisis. Increased intracrantal pressure, which can have many causes, does not lead
to extensive retinal hemorrhages in the absence of abuse.
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Ophthalimologists should be prepared to promptly respond to requests for
consultation in cases of suspected abusive head injury. Ophthalmoiogy consultations
are appropriate when there is suspicion of abusive head injury based on other
relevant findings or a history of witnessed events that might result in such injury. In
addition, consultation may be appropriate for children who experience sudden
unexplalned life threatening events, including seizures and apnea. Even within the
first 24 hours after injury hemorrhages may start to resolve or even worsen to some
degree. Although photodocumentation is not required, it may later aid In providing
recollectlon of the findings. Clinical notes that carefully detail (with or without hand
drawn figures) the number, extent, pattern, type, and laterality of all ocular findings
are essential, Findings should be communicated with the responsible pediatric child
abuse teams that are found in many instltutions. In the absence of such support,
the ophthalmologist must honor thelr iegal obligation to report a suspiclon of child
abuse via approprlate state or provinclal reporting pathways. Protocols have been
published for postmortem examination of the eyes and orbital tissues.

Prognaosis

Up to one third of children with head trauma die from their Injuries. Poor visual and
pupillary response have been correlated with a higher risk of mortality. Survivors
often suffer permanent impairment, ranging from severe retardation and
quadriparesis to mlld learning disabillty and motor disturbances. The most commen
cause of visual loss is cortical injury followed by optic atrophy. Dense vitreous
hemorrhage, usualily associated with deep traumatic retinoschisls, carries a poor
prognosis for both viston and life.

Approved by the Quality of Care Secretariat, Hoskins Center for Quality Eye Care,
May 2010

Alex V. Levin MD, MHSc, Wills Eye Institute, Phitadelphia, PA

Randell Alexander, MD, PhD, University of Florida-Jacksonville, Jacksonvllle, FL
Gil Binenbaum, MD, MSCE, Chlldren’s Hospltal of Philadelphia/University of
Pennsylvania School of Medicine, Philadelphia, PA

Brian Forbes, MD, Ph.D, Children's Hospltal of Philadelphia/ University of
Pennsylvania School of Medicine, Philadelphla, Pennsyivania

Carole Jenny, MD, MBA, Warren Alpert Medical School of Brown University,
Providence, Rhode Isiand

©2010 American Academy of Ophthalmology®
P.O. Box 7424 / San Francisco, CA 94120 / 415.561.8500



-4

The American Journal of Forenzlc Medicine and Porhology

24(3):113-~122, 200}

€©2001 Lippincott Williums & Wilkins, Inc., Phitadelphia

Position Paper on Fatal Abusive Head Injuries in Infants and

Young Children

Mary E. Case, M.D., Michae! A. Graham, M.D., Tracey Corey Handy, M.D.,
Jeffrey. M. Jentzen, M.D., and James A. Monteleone, M.D.; the National Association of
Medical Examiners Ad Hoc Committee on Shaken Baby Syndrome

This orticle represents the work of the National Assogia.
tion of Medical Examiners Ad Hoc Committee on
shaken baby syndrome. Abusive head injuries include in-
juries caused by shaking as well es impact to the head,
either by directly striking the head or by causing the
head to strike enother object or surface, Because of
unatomic and developmental differences in the brain and
skull of the young child, the mechaniems and types of
injuries that affect the head differ from those that affect
the older child or adult. The mechanizm of injury pro-
duced by inflicted head injurics in these children is most
often rotational movement of the broin within the craninl
covity. Rotational movement of the bruin damages the
nervous system by creating shearing forees, which cause
diffuse axonal injury with disruption of axons and tear-
ing of bridging veins, which causes subdural and sub-
arachnoid hemorrhages, and is very commonty associ-
nied with retine! schisis and hemorrhages. Recognition
af this mechanism of injury may be helpfu! in severe
acilte rotational brain injuries because it facilitetes un-
derstanding of such clinica! festures as the decrease in
the level of consciousness and respiratory distress seen
in these injured children. The pathologic findings of sub-
dural hemorrhuge, subarechonoid hemorrhage, and retinal
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hemorthages are offered as ‘“markers” to assist in the
recognition of the presence of shesring brain injury in
young children.

Key Words: Abuzive head injury—Shaken baby syn-
drome—Head injury—Inflicted injuries.

The original charge to this ad hoc committes was
to produce a position paper on shaken baby syn-
drome. This terminology was taken by the commit-
tec to refer generally to the arca of abusive head in-
jury in young children. However, because the term
shaken baky syndrome has wken on such contro-
vergy, this article will address the topic of abusive
head injury in young chiidren. In several areas of
this article, the termn marker is used when describ-
ing the importunce of identifying the presence of
subdural, suburuchnoid, and retinal hemorrhages.
The term marker indicates a grossly observeble
sign to signify the possibic existence of diffuse ax-
onal injury that is not grossly evident. Use of the
term marker does not imply that such hemorrhages
cannot exist without such an associntion but is in-
ended to remind us to be nlert to the possibility.

Head injuries account for up to 80% of fatal child
abuse injuries at the youngest ages (1). Blunt force
impact es well as vigorous shaking may play a rolc
in the pathogenesis of these injuries (2). This article
describes the state of knowledge concerning the
pathogenesis, c¢linical fcatures, and pathologic
changes of fatal abusive head injuries in young
children. The intent is to inform the praciicing
pathologist about the proper recognition, interpreta-
tion, and clinical corrclation of these injuries.

Caffey's description of whiplash shaking of in-
fants in the early 1970s introduced the concepl that
serious and even fatal head injury could be inflicted
by a caretaker through shaking (3,4). Caffey de-
scribed injuries characterized by subdural and/or
subarachnoid hemorrhages, brain swelling, and reti-
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nal hemorrhoge without injuries that wonld indicate
impact, such as facial bruises, scalp bruises, or
skull fractures. Since that time, expents in many sei-
cotific fields have investigated whether such appar-
ently innocent practices as tossing 8 baby into the
air and other playful mancuvers might couse brain
damage by a similar shaking mechanism. Cur-
tently, it is generslly accepted that such playful
practices do not result in injuries to the young
child’s brain. The type of shaking that is thought to
result in significant brain injury involves holding
the chiid by the thorax or en cxtremity and vie-
lently shaking the child back and forth, causing the
head to forcefully whipiash forward and baclkoward
with repeated accclermations and decelerations in
each direction.

Abusive head injury commonly occwrs in re-
sponse to prolonged crying and oflen is inflicted by
a caregiver with limited patienceé or experience in
handling a child. Some individugls who admitted to
shaking children as a mechanism of injury have
stated that shaking would stop the babies from cry-
ing. These assailants bove actually used this prac-
lite 10 stop babics from crying on previous occa-
sions without any vigible edverse result.

When shaking is the mechanism of injury, the
arms and legs of the child maey also be viclently
flung about during the shaking, cuusing injuries
the long bones. Most freguently uffected arc the
tibia, distal femora, and proximal humeri. These le-
sions were originully described as bucket-hondle
and comer fractures and were thought to be cansed
by the indirect forces of the shaking. These injuries
are currently recognized as fractures through the
mosl immaturc portion of the metaphysea) primary
spongiose und appear radiographically as scpara-
don of portions (comer) or of the entire disk
(bucket handle) of metaphyseal bone, depending on
the radiographic plane (5.6). Muny babies with
fatal abusive head injuries de not demonstrate any
external injury, although in about 25% tv 50% of
cases, such injuries are evident on cxicrnal exami-
nation {7-10). Tt is important that a carcful scarch is
made to identify any injury 10 the body, such a5 a
bruise or abrasion. Grasping the child by the anns
or thorax may rcsult in bruises in these locations.
but children may bc grasped in this manner without
Icaving bruises. Likewise, ribs may be fractured
while grasping the child around the thorax. At ou-
topsy, close atiention should be directed to the rib
cage. Fractured ribs should be removed, decalci-
ficd, and examined microscopically. Posterior rib
fractures are highly specific for abuse. Ribs are the
most common bones fractured in associntion with
other abusive injurics of children whe die of fatal

child abuse (11.12). Infants may sustain abusive
head injury of less than faia! outcome and may sus-
tain injuries to the brain that will later be reflected
in degrees of menta] retardation or slowness, leam-
ing disorders, seizures, blindness, or irritability. Of
infants who receive abusive hcad injuries, approxi-
mately 7% tw 30% die; 30% 1o 50% have signifi-
cant cognitive or neurologic deficits; and 30% have
a chance of full recovery (13—15). Lethal abusive
bead injury is not confined 1o infants. Children &s
old as 4 or 5 years can be fatally hend injured by
abusc, although the great majority are under 2 years
of age, and most arc under 12 monihs of age (16).
Aduhls may also sustain head injuries by shaking,
with findings idendcal 1o thoese found in shaken in-
fanis. Pounder described a slightly built, short, 20-
year-old prisoner who was grasped by the shoul-
ders and violently shaken. When he died 3 days
later, his autopsy demensunted subdural, subarach-
noid, and retina! hemorrhuges with diffuse axonal
injury (17).

MECHANISMS OF INJURY

Appreciation of the unique characteristics of
young children’s head injuries requires an under-
standing of the developmental diffcrences in the
skull, brain, and neck before the age of about 4
years, Injuries to the young child’s brain are
unique in that the traume occurs to an organ that is
in the process of maturing; the mechanisms, the
thresholds of injury, and the types of injuries dif-
fer from those that affect the older child or adult.
The primary features unique to the young child in-
clude the thinness and pliability of the skull; the
rapid growth of the brain and skull, resulting in a
large heavy head: the soflness of the brain, which
is composed primarily of neurons without den-
dritic connections; the paucity of the myelin
sheath of axons; the relative flatness of the gkull
base; the undzveloped neck muscles: and the sub-
arachnoid space, which is large in its extent but
shallow in depth (18.19). Becuuse of the unique
characteristics of the developing skull and brain,
children under the age of 4 or 5§ years are particu-
larly vulnerabie to a type of brain injury that is
best described as sheuring injury. Shearing injury
implies a distortion of thc broin shape that elon-
gates it in an anterior-posterior dimension with re-
sulting shifting apan of adjoining brein strucrures.
Impact lo the immature brain is more likely to
produce shearing injury rather than the typical
brain contusions that might occur in older children
ond adulis (19). Impact force is more cffectively
transferred through the thin plisnt skul] and across
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the lorge and shallow subarachnaid space of a
young child’'s head. The paucity of myelination,
the large number of neurons without glinl or den-
dritic conncctions, and the small axonal size pre-
dispose the young brain to shearing injury by cre-
ating v soft consistency, The large heavy head
mounted on the weak neck of the young child pro-
duccs inswbility of the head, which aliows greater
movement of the head and brain when acted on by
acceleration—decelcration forces, Last, the shallow
skull base allows the young child's brain 1o rotate
more readily in responsce to head acceleration or
deceleration than occurs after the skull base bas
developed more prominens bony ridges and con-
cavities {(7,19,20). The mechanical forces that are
operative in head injury are primarily wanslational
and rotational (angular). Translotional Torces pro-
duce lincar movement of the brain, &8 type of
movement that is quite benign (21,22). The trivial
falls that children sustain in falling from fumiwre
and even down stairs primarily involve transla-
donal forces. Although such falls may occasionalty
result in a skull fracture, these incidents are gener-
ally very benign and do not result in loss of con-
scicusness, neurologic deficit, or death (23-26).
Rotationul forces are gencrated by either impact or
nonimpact incrtial mechanisms, such as whiplash
shaking, which produce sudden ecceleration or de-
celeration of the head. Rotationa! forces applied to
the heud cause the brain to turn ebruptly on its
centrel axis or its attechment at the brainstemn—
cerebral junction. Extensive clinical and experi-
mental data have demonstrated that such rotational
movements of the brain result in a type of injury
referred to es vhearing injury or diffise axonal in-
Jury (23-29). To keep pace with the nccolerating
skull responding o rotational forces, the brain
maoves within the cranial cavity, and because of the
nonuniformity and different consistencies of the
brain structures, strains occur at the junctures be-
tween cortex and subcortical white maner, white
matter and deep gray matrer, and lateral extensions
across the midline of the brain (corpus callosum
and superior and middle cerebeliar peduncles).
Disruptions of the axonal processes occur at these
junctures as the peripheral pans of the brain rotate
farther or more rapidly than the inner, deeper,
more rclatively fixed parts of the brain. Lesser
forces disrupt the most external junctures, whercas
greater forces disrupt deeper junctures down to the
deep gruy matier of the basul ganglia, thalamus,
and finaily the rostral brainstem. In voung chil-
drem, either an impacl or a shaking mechanism
may result in diffuse axonal injury, when signifi-
cant, becsuse both impurl rotation to the brain
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(7,19,20). After the age of 4 or 5 years, the most
common couse of diffuse axonal injury is the
motor vehicle crash.

Some experimenta) evidence suggests that shak-
ing alone may not be sufficient to produce the an-
gular acceleration necessary to crcate fatal shear in-
jury (7). The particular model uscd in the latter
study to deternine how much force could be trans-
mitted by shaking ta an infant’s head uiilized as a
mode! 8 doll with a rubber neck, and the force con-
sidered necessary to produce shear injury was de-
rived from swdies of adult primates. Neither of
these cxperimental circumstances necessarily tuly
resembics (he immature humas infamt skull and
brain (29). In faver of shaking as a possible mech-
anism, many forensic pathologists have experience
based on confessions by perpetrators or witncases
of how these injuries were inflicted, as well as on
autopsies in which no impact site is found on the
scalp or skull. However, this experience must be re-
ceived with some caution. Perpetrators may not re-
member, or later may not be willing, 1o fully de-
scribe their actions. Children may be violently
shaken, then forcefully thrown rather than just
placed down gently. Impacts may not be rcflccied
on the scalp if the striking surface is padded or if it
is broad and firm. A child’s scalp is very elastic and
streiches on impact. Not all impacts are registered
us hemorrhage in the gales. In the vast majority of
cases, il is not possible to definitely characterize
children’s head injuries as being caused by either
pure impact or pure shaking because the pathologic
changes in the brain are identical in cases in which
cither of these two mechanisms has been suggesied
(7). If there are focal injuries. such as skull fruc-
tures, scalp bruiscs, or subgaleal hemorrhage, an
impect can be assumed, but coexistent shaking con-
not be excluded. In the absence of signs of an im-
pact, however, shaking alonc should not be pre-
sumed because there may well have been an impact
thot cannot be identified (30). Subarachneid and
subdural hemorthages should be appreciated as
markers of brain displacement by angular force and
the possibility of accompanying diffuse axona! in-
jury (24,31). In young children, both impact and
shuking producc these pathologic fAindings, which
should be apprecinted as markers for the underlying
problem in the brain: the diffuse sxonal injury (32).

SUBDURAL HEMORRHAGE

The grossly and microscopically identifiable
pathologic changes in young children's rotation or
acceleration-deceleration  head injuries include
subdural hemorrhage, subarachnoid hemorrhage,
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and retingl lesions, including hemorrhages and
schisis. Subdural hemorrhuge results from tearing
of bridging veins, which extend from the cottical
surface to the dural venous sinuses (Fig. 1). These
rather transparent veins tcar when they are
stretched as the brain moves within the subdural
space of the crapial cavity (23,33-35). Subdural
hemorrhages occur most frequently over the convex
cerebral surfaces, especially posteriorly within the
interhemispheric sulcus, and may be either unilat-
eral or bilateral, aithough more commonly they are
bilateral (Fig. 2). If the subdural hemorrhage is as-
sociated with a skull fracture, it need not be on the
same side as the fracwre. Subdural hemorrhage s
probably imiformty present in cases of shearing in-
jury but is evident at autopsy in about 90% to 98%
of cases (7,36). Small amounts of interhemispheric
blood that can be detected by computed lomogra-
phy (CT) rcay not be seen at autopsy (5.37). Very
thin layers of subdurai blood over the cerebral con-
vexitics mey not be visible on CT but can be found
at autopsy. Magnetic resonance imaging (MRI) is
ablc to detect 2 much greater number of subdural
hemorrhages than can CT; however, many critically
ill young children urc not able to undergo MRI
(19). As 8 result, sudies thal report data on nonfa-
tal cases of abusive heud injury find that shout 80%
to 85% of patients have subducal hemorrhage (38).
At sutopsy, the subdural hemorrhage may consist
of only 2 to 3 mi of blood and may not be gbserved
if the prosector does not personally inspect the sub-
durul space as the colvarium is being removed (Fig.
3). Extreme caution should be taken to not misin-
terpret #s premortem Subdural hemorthage the
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F1G. 1. Thirteen-week-old infant with normal braln and in-

tracranial spaces demenstrating bridging vein (armow)
arising {rom lsft cerebral convexity (right).
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FIG. 2. Nine-month-old infant with fracture of right pari-
atal calvarium showing bllateral acute subdural hemor-
thages over the cerebral convexilies.

blood dreining from the dural sinuscs when these
are incised at outopsy. The importunce of subdural
hemorrhnge is typically not that of a space-ocoupy-
ing mass lesion pruducing increased intracranial
pressure and the consequences of tentorial hemis-
tion, although some hemorrhages are large enough
to bring about these complications. Rather, it is im-
portant as a marker of brain movement within the
cronial cavity and may accompany shearing injury.
Subdural bleeding may continue and accumulate to
rome extent if the child experiences postinjury sur.
vival. At autopsy, large subdural hemorrhages re-
sulting in part from postinjury accumulation have
been observed. Even a small amount of subdural
hemorrhage indicates that brain displacemen: has
been produced, which may have caused some
shearing brain injury.

SUBARACHNOID HEMORRHAGE

Subarachnoid hemorrhage occurs in patches over
the cercbrum, especially over the parasagiual cere-
bral convexities (Fig. 4). Tt is present in virfually all

Am J Ferwvnvic Mod Pathol, Tol, 23, No 2, Juie 200}



116 M E CASE ET AL,

FIG. J. Elsven-week-old Infant with small amounts of
acute subdural hemorrhage over both carebral convaxk
ges.

fatal cases, although it may be very smail and diffi-
cult to identify, especially on the interhemispheric
surfaces (Fig. 5). Subarachnoid hemorrhage arises
from tearing of arachnoid vessels at the same time
bridging veins arc tom, because the bridging veins
are surrounded by an arachnoid sheath as they cross
the subdural space to cnter the inner durad loyer and
finaliy the dural sinuses. Tearing of bridging veins
usually produces both subdural and subarachnoid
hemorrhages.

RETINAL HEMORRHAGES

Retinal lesions are observed in 70% to 85% of
young children with severe rotational brein injuries
(32,39). Currently, their pathogenesis is not pre-
ciscly understood. Their presence highly correlates
with rotational head injury, end they arc greatly
overrepresented among cascs of nonaccidental
trauma in young children. Possible mechanisms to
account for reunat hemorrhages include increased
pressure transmitied 1o the central retinal vein from
increased intrathoracic or intracranial pressure, di-
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rect trauma to the retina from being struck by the
vitreous moving within the ey, and traction on the
retina by the movement of the vitreous pulling
sway from the retina. The retigal hemorrhages seen
in abusive head injuries are similar to those that are
frequently obscrved in full-term neonates after
vaginal delivery. In nconates, the hemorrhages ap-
pear to bé consequent 1o increased intrathoracic or
intracranial pressure from squeczing of the thorax
dnting the passage through the birth canal. Most of
the nconatal retinal hemorrhages completely re-
salve by 5 or 6 days, although a fow persist lunger
(40,41). In children older than 30 days who have
retinal hemorrhages, the great majority have abu-
sive head injuries.

Ophthalmologic findings in abused children in-
clude peripheral rerinal hemomhages associated
with retinal detachments, retinal tears, and large
numbers of retinal hemorrhages (39). There moy be
other internal eye injuries in these children, consist-
ing of vitreous bleeding and retinal folds. There is

FIG. 4. Seventeen-week-old Infant with large (70-80 mi)
acute subdural hemorrhage over right carebral convaxity
demonstrating patches of subarachnold hemorhage over
both parasagitial reglons, greater on tha right than on the
fefl
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cvidence that increasing severity of truuma to the
head direcdy corrclates to severc cye damage, be-
ginning with subhyloid and intrarctinal hemor-
rhuges and progressing to retinal detachmem and fi-
nully choroidal and vitreous hemorrhage (42). In
children with very scvere accidenta]l head injury,
(c.g., from u car accident), retinal emarrhage is
occasionally found (26). The retinal hemorthuges
associoied with nenaccidental head injuries tend to
be bilateral, although they may be unilateral, multi-
ple, and exicnsive and reach far into the perinhery
of the retina (39). Nontraumatic causes of retinul
hemorrboges include blecding  disorders, sepsis,
meningitis, vasculopathies, increased ntracranial
pressure, and, very rarely if ever, cardiopuhnonary
resuscitation (43-47). Retinal bhemorrhages that
occur in associntion with increased intracranial
pressure are found at the posterior pole of the reting
around the optic disc and are nccompanied by pap-
iliedetna (39),

Optic nerve hemorthege is observed in associa-
tion with inflicted head injuries in children butisnot
specific for those injurics. Optic nerve hemorrhage
is hemorrhage in the perineural srea. These hemor-
rhages are seen commonly whenever subdural hem-
orrhage is found in the cranial cavity, although there
is not necessarily a direct connection berween the
subdural comparument of the orbital sheath and the
subdural compartment of the inracranial cavity
(42). Oplic nerve hemorrhage can be secn in some
cases of increased intracranial pressure that are not
related to any form of trauma (48).

FIG. 5. Five-month-old In-
fant whh large blateral
acute subdural hemor-
rheges over cerebral con-
vexities showing patches
of subarachrold hemot-
rhege on the mesial sur-
face of the righi carebral
hemisphera.

DIFFUSE BRAIN INJURY

Diffuse brain injury consisis of tcars of axonul
processes and smell biood vessels and, rarcly, more
extensive lissue teurs (49,50). The areas of predilec-
tion are the corpus callosum; the subcortical white
atter, cspecially of the superior frontal gyri; the
periventricular arcas; and the darsclateral quadrants
of the rostr! broinsiem. The axonal disruptions re-
sult in microscopic lesions that may be visible by
light microscopy aRter 18 to 24 hours as retraction
bulbs or varicosities, Retraction bulbs are necumula-
tions of axoplasm, which appear on hematoxylin
and cosin stuining as pink bulbs. They are observed
as the uxoplosm of the disrupted axons nccumulates
at the damaged end and creates a bulbous cniarge-
ment. These axonal lesions are very dithicult to see
in young children becnuse of the smalt sizc of the
axonal pracesscs. Invnunohistochemical stains for
B-amyloid precursor protein may aflow demonstra-
tien of axonal injury os cerly afier survival as 2
hours (51,52). The blood vessel tears uf diffuse brain
injury may be visible grogsly os lincar streaks or
punctaic hemorrhages, which vary from less than |
mrm up to many cenlimeters if bleeding continucs
for scvern! doys (31). However, these hemorthages
are very seldom seen in young children with diffuse
brain injury beeause the blood vessels in young chil-
dren are very elastic and do not readily tear even
when adjucent axonal processes are torn.

In some (rarc) cases of diffusc axonal injury in
children under 1 yuar of age, parenchymal 1cars are

Awi d Forensic Mcd Pothal, Vol 22, Na. 2, June 200}
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FIG. 8, Savantesn-waek-old Infant (same infant es In Fig.
4). (A) Right side of corpus callosum has a 6-mm linear
tear (arow). {B) Photomicrograph of ilnear teer in corpus
caliosum with spfit In the tissus end fresh hemorrhage.

also grossly observable. This is the Iesion Lindzsn-
berg described as the contusion tear (53). These are
slillike tears that uccur at the cortex-white matter
junction or within the Jayers of the cortex and are
caused by the differentia)l movements within the
brain while some portions of the brein shear or
siide apart during differential rotation of the brain
tissues (Figs. 6 and 7). Contusion tears are rare, and
when seen they are accompanicd by the usual
markers of diffuse axonel injury, the subarachneid
gnd subdural hemorrhages in the usual locadons
(33). Care must be taken not to misinterpret a
cross-section through (he depth of a sulcus es a
contusion tear. It is also prudent to take care to not
mistake artifacts created by the process of handling
or cutting the brain as true tears. Contusion tears
should not be dingnosed on the basis of finding
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only n microscopic tear without other evidence of
diffusc axonal injury.

1t is not usually possible to marphologically es-
tabligsh the existence of diffuse axonal injury in
young children by demonstrating the classic patho-
logic changes of retraction bulbs, tissuc tears, or in-
waparenchymsd] hemorrheges, although these find-
ings may be demonstruled on occasion (33,54).
Many of these children dic too soon afier injury for
these pathologic changes to be established. For this
reason, it is important 1o appreciate the markers of
shearing injury to identify these cascs as diffuse ax-
onal injury.

BRAIN SWELLING

Shearing injuries in young children are accompa-
nied by various degress of brain swelling, The
swelling may not be apparent at autopsy in infants
with brief survival intcrvals, Initially, CT may
demonstrate progressive brein swelling ond de-
creased ventricular size without other lesions being
visible. The swelling is probably related both to di-
rect injury to the axonal processes, causing local-
ized edema, and to gencmlized swelling caused by
changes in vascular permeability and autoregula-
tion (5). Some investigators have postulated thet
hypoxia occurring when a child is shaken and be-
comes apneic accounts for the underlying cerebral
insult and brain swelling (55). However, hypoxia
does not explein why the injury is sometimes more
unilateral than bilaterel, the atrophy that develops
in the brains in children who survive, or that the ap-
pearance of these brains at autopsy is not typicat of
hypoxic injury.

TIMING OF INJURIES

Timing of the head injury is often an important
issue becouse most abusive injurics occur only in
the presence of the individual who injured the child
and who may not provide an accurate histary, Stud-
ies in children dying of accidentat head injuries in-
dicate that children with diffuse injury show an im-
mediate decrease in the level of consciousness
(16,56). Studies in children with nonaccidental
head injurics also indicate that they show an imme-
diatc decrease in their level of consciousness at in-
Jjury (36). Individuals sustaining diffuse brain infury
of moderate to severe degree become symptomatic
immediately (24,31,49). Young children wilh mod-
crate to severe degrees of diffusc bmain injury
would certzinly include those in whom there is a
significant neurologic outcome or desth. Correla-
lions of clinical and experimental observations on
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cerebral concussion and traumatic unconsciousness
demonstrate that progressively deeper disconnec-
tions of axonal processes affecting the deep gray
matter and rostral brainstem are the cause of the
unconsciousness in these children, not that the un-
consciousness is the result of increasing intracra-
nial pressure or hypoxis (24). Symploms experi-
enced by these severely injured children include an
immediate decrcase in the level of consciousness
(cither lethargy or unconsciousncss); respiretory ir-
regularity, difficulty, or apnea; and frequently
seizures. The respiratory difficulty in these children
may be related to damage to the lower brainstem
{meduilary) centers of respiratory control. The tim-
ing with which respiratory difficuiry develops is not
very precise, but it is concurrent with or follows the
decrease in level of consciousness in these children,
who cannot survive for many hours without venti-
letory support. Tt is not currently possible to prediet
the exact length of time such an injured child may
survive,

Children who sustain repetitive eptsodes of mild
diffuse brain injury may gradually accumulate
brain damage and acguire neurologic deficiencics
(14). The cxact timing of such mild additive in-
juries is not possible. There is no reason to believe
that remote shearing lesions would make the brain
more susceptible to new ghenring injury. Mild in-
juries unaccompanied by loss of consciousness are
not ususlly brought to medical atiention. Some
mild shearing injuriss are manifested as seizures
and clinically present difficult diagnostic problems,

FIG. 7. Sevsn-month-otd
Infant with depressed skuil
fracwre of lsft parisigoo-
ciplial calvartum with small
ecute subdural hemor-
rmaga over the posterior as-
pects of both cerabral con-
vexlties demonatrating a 3-
to 4-mm contusion tear
{arrow) in left orbital sub-
cortlca! white matier.

because there is no curtently available method to
demonstrate the underlying pathologic changes of
the shear injury until more severe degrees of diffuse
axonal damage have been susteined and can be rec-
ognized by the markers of subdurnl or subarach-
noid hemorthage on CT or MRI (38).

CHRONIC SUBDURAL HEMATOMA

Rebleeding after trivial injury or spontaneous re-
bleeding from a preexisting chropic subdurul
hematoma should not be offercd 25 an cxplanatian
for the presence of acute subdural blood lacking ob-
vious demonstration of such an old subdural mem-
brane (57). The pathogenesis of subdural bleeding
hns become beticr delineated nfter more than 20
years' experience with CT. The classic multilayered
chronic subdural hematoma is currently considered
a unique type of hemorrhage for several reasons, A
chronic subdural hematoma very rarely follows se-
vere head injury in a previously normal person, in
whom an acute subdural hemorrhage transforms by
aging to become & chronic subdural membrane. In-
stead, the blood of the acute gubdural hemorrhage in
these head injuries is readily resolved or rpidly or-
ganized (58-60), The resorption of subdurul blood
tends to be even more rapid and more complete in
children than in adults (19), The development of the
classic multilayered chronic subdural hematora re-
sults from venaus bleeding under low pressure and
requires the potential for the subdural space to en-
large without a significent increase in pressure, The

Am J Forensic Med Pahol, i, 21, No, ) fms 2007



120 M. E. CASE ET AL.

factors that promote such a development within a
low-pressure intracraninl space exist only in specific
categories of people, such as those with brain atro-
phy (i.c., the elderly and those with alcoholism),
those with hydrocephalus who have been treated by
placement of o ventricular shunt, or those with trau-
matic encephalomalacia (59). In children with giu-
taric aciduris type 1, frontotcmporal atrophy devel-
ops, and oceasionally subdural hemorrhage without
trauma develops on that basis (61). Minor trauma in
these specific categories of paticnts may result in
tearing of bridging veins and small amounts of sub-
dural hemaorrhoge, which induces an ingrowth of
granulation tissue from the dura. This granulation
tigsuc contains fragile capillaries, which may pro-
duce microbleeds leading 10 enlargement of the
hematoma. The further evolution of these hem-
alomnas is determined mostly by the nature of the
vascular ncomembrane formed in these patients.
The expansion of these hematomas also appears (o
be rclated to the excessive activation of both the
clouting and the fibrinalytic systems in the subdural
fluid (62-64). A young child whose subdural hemor-
rhage subsequently organizes into a membrane com-
posed of large vascular channels at risk for rebleed-
ing would have been symplomatic before the time
of rebleeding, because there would have been &
preexisting brain abnormality. The signs and symp-
toms that would be capected before rebleeding
include seizures, macrocephaly, anorexie, lethargy,
headache, and upnca (60).

Abuut 20% to 30% of osymptomaiic neonates
have small amounts of subarachnoid and subdural
hemorrhage during delivery. The resolution of this
blood may result in the presence of small numbers
of dura! macrophages contining hemosiderin ond,
sometimes, small flbrous patches consisting of a
few layers of granulation tissue on the dura. These
paches of thin membranc or scattcred muocro-
phages are not at risk of rebleeding with trivial
trauma. Proof ol reblecding of a chronic subdural
membranc should be bascd on the demonstration of
a chronic subdural membrane that is grossly evi-
dent at autopsy, followed by microscopic confirma-
tion of the vascularized membrane, and should not
be based soleiy on the microscopic finding of frag-
ments of fibrous tissue or a few macrophages con-
taining hemosiderin.

The dura is a tough, fibrous, hilayered membrane
overlying the arachnoid. It consists of an inner
layer (menigeal) and an outer layer (periosteat).
The periostcal layer serves as the periosieun of the
inner table of the skull. The dura of young children,
particutarly along the basilar skull sutures, is a very
cellular suucture, which contins growing fibrous
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lissue along with numerous hematopoictic cells, in-
cluding macrophages, many of which narmally
contain hemosiderin, The appearance of the nonnal
young dura may be misinterpreted as having a thin
chronic subdural membrane by microscopists who
are pot familiar with looking at thesc young duras,
who may not be able to tell the inner from the outer
dural surface, and whe may incormrectly bulicve a
chronic membrane o be the cause of acute sub-
dural bemorrhage.

INTERPRETATION OF INJURY

The distinction between nonaccidental and acei-
dental head injury in children is an area of concern
for pathologists as well as other medical special-
ties. Fatal accidental shearing or diffusc brain in-
juries require such extremes of rotational force thot
they occur only in cbvious intidents such as rnotor
vehicle sccidents. Besides vehicular accidents,
other fatal accidental childhood heed injuries tend
w involve crushing or penetrating traume, which is
readily evident. These injurics tend to be the result
of falling from considerable heights (greater than
10 feet) or having some cbject penetrate the head,
There are distinctions between head injurics that
are truly accidental and those that are abusive, The
incidence of isolated subdurul/subarachnoid hemor-
rhage us the only gross finding in fawml accidental
head injuries in young children is less than 2%,
compared with the 90% to 98% incidence of these
hemorrhages sssociated with abusive head injuries
(Case ME, unpublished nutopsy studies). The triv-
ial home accidents that children so frequently sus-
tain mre associated with primarily tronslational
forces und not with the rotational forces necessury
to develop tearing of bridging veins, which would
produce subdural hemarrhage or other shearing in-
jury (26,32,65-71). In low falls of less than about 8
feet, witnessed by uninvolved and nonbiased indi-
viduais, aboul 1% to 2% of children sustain a nar-
row simple lincar skull fracture. In o small propor-
tion of the children who sustain these skull
fractures, an cpidural hemarthage will develop.
These epidural hemorrhuges are not sccompanicd
by a decrease in the level of consciousness at the
time of injury. IT the cpidura! bleeding continucs
and produces significant increased intrecranial
pressure, there may be a subsequent decrease in the
level of consciousness attributable to tentorial her-
niation.

It is essential that 2 meliculous autopsy cxamina-
tion be performed in all cases of possible injury to
children. Wheu subdural and/or subarachnoid hem-
arrhage is found at autopsy, the brain must be thor-
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oughly examined to exclude the possibility of other
causes of bleeding in these spaces. Although berry
Oneurysms are uncommon in young children, they
may occur. Vascular mulformations mnay also occur
in young children and causc hemorrhage in inma-
cerebral und intracerebellar subarachnoid and sub-
dural areas. The distribution of bleeding in amcu-
rysms and arteriovencus malformations is untikely
to resemble that of head injury, but these malfor-
mations need 10 be excluded by careful examina-
tion of the brain (72,73).

CONCLUSION

Anatomic and developmental differences of the
brain and skull of children under the age 4 or 5
years make the head injuries and mechanisms of in-
jury that affect these children different in certain re-
spects fram those occurring after that sge. Inflicted
head injuries in these young children usually crente
shearing injuries of the brain and blood vessels, re-
sulting in diffuse axonal injury and subdural, sub-
arachnoid, and retinal hemorrheges. The pathologic
findings of subdural and subarachnoid bemorrhages
and very, frequently, retinal hemorrhages are the
most common findings by which these rotetional
head injuries in young children are identified at au-
topsy, Recognition of the underlying mechanism of
the rowational brain or shearing injury is important
to an understanding of the clinical course of these
children, particularly with respect to the decrease in
the level of consciousness and respiratory distress
deinanstrated afler injury.
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A DAUBERT ANALYSIS OF ABUSIVE HEAD
TRAUMA/SHAKEN BABY SYNDROME

Dr, Sandeep Narang, M.D., ].D.*

Abusive Head Trauma (AHT) has been known over the years
by rmultiple terms—“Whiplash Shaken Baby Syndrome,”?
“Whiplash Shaken Infant Syndrome,” “Shaken Impact Syndrome,”
“Inflicted Childhood Neurotrauma,” “Non-Accidental Trauma,”
and others. To the lay public, it is most commonly referred to, or
recognized as “Shaken Baby Syndrome” (SBS). Irrespective of the
vernacular,2 AHT has long been recognized as a clinically valid
medical diagnosis.? However, recent legal literature,4 public media,5

* | am indebied to many for their invaluabie ssmstance in the crestion of this document. However. some bear specific
recognitiun. [ would specifically 13x to thank Dr, Betty Spronck, Dr, Chre Grockey, Dr, Alex Levin, Dr. Andy Sirotnak,
Dr. Antorus Chiess, and. most impertantly, my friend and wtor, Dr. Don Bross. This article B oot only o bried

paby and to the diagr g of our clnecal forefathers (Tardwy, Trotter, Caffiey, Silverman, Kempe,
Guthkekh, and othen), but is o salulation of respect and for ALL mulidosciplinary gues through
the couniry who continue to strive for safe, just and equitable outcomes for abused children and their families.

1 This term was one of the carliest descriptive terms of Abusive Head Trauma coined by Dr.
John Caffey (often referred to as the Father of Pediatric Radiology). John Caffcy, On the
Theary and Practice of Shoking Infimis. Its Potential Residual Effects of Permanent Brain Damage
and Mental Retardation, 124 AM. ). DISEASES CHILD, 161, 161-69 (1972),

2This is not to minimize the recent important shift towards more accurate tmmmnlogy in
describing this medical diagnosis. As noted by one promi author, *; choires
play a large role in how concepts spread, are challenged. and cvolve. Sometimes what we
call something hinders our alnhty to ohserve all the available facts clearly and come to a
more correct oT more enc ding of a particular discase process.” Ses
Ann-Christine Duhaime, Cu!lmg Thmgs What ThryAn,3] NEURCSURGERY: PETIATRICS 472,
472 (2009).

3 Al-Holou et al., Nonaccidental Head Injury in Children: Historizal Vignette, 3 ). NEURCSURGERY
PEDIATRICS 474, 474 (2009).

EXHIBIT 6
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and court decisions have called intc question the foundation, and
consequent validity, of AHT/SBS as a valid medical diagnosis.6
Because of the diagnosis’ direct translation and impact in the
legal arena, some have gone so far as to champion the cause of its
invalidation under philosophical banners of "protection of the
innocent” and “justice.”? Broad assertions and generalizations have
been proffered, such as: “the scientific underpinnings of SBS have
crumbled over the past decade;”® or the medical research underlying
SBS is a “flawed science™ predicated upon “circular reasoning,”
“data gaps,” and “inconsistency of case definition.”'? Additionally,
it has been asserted that “as technology and scientific methodology
advanced, researchers questioning the basis for SBS reached a

4 Sre Deborah Tuerkheimer, The Next Innocence Project: Shaken Bahy Syndrome and the
Criminal Courts, 87 WaSH. U. L. REV. 1, 1 (2009); ser also Molly Gena, Shalrn Balry Syndrone:
Medical Uncertainty Cests Doubt on Convictivns. 2007 WIS, L. REV. 701, 718 (2007).

5 Emily Bazelon, Shaken-Baby Syndrome Faces New Questioms in Court, NLY. "IIMES (Feb. 2,
2011), http:/ /www.nytimes.com/2011/02/06/ magazine/06baby-Lhiml?_r=1; Deborah
Tuerkheimer, Anstomy o o Misdiagnosis, NY. TiMES {Sep 20, 2010),
http:/ / www.nytimes.com/2010/09/ 21 / opinion/ 21tuerkhelmer.htm?ref=opinior; ~ Ari
Shapirc, Foslproof Foremsics? The jury is SHN Our, NPR (Awg. 24 2009),
hitp:/ / www.npr.org/templates/story/ story php?storyld=112111657.

6 Ser Cavazos v. Smith, 132 5. Ct. 2, 10 (2011) {per curiam) (Ginsburg, .. dissenting); State v.
FEdmunds, 746 N.w.2d 590, 596 (Wis. Ct. App. 2008) (granting the defendant/appellant a
new trial on the basis defendant presented “newly discovered evidence™ of a “significant
and legitimate debate in the medical community” regarding Shaken Baby Syndrome,
which has emerged in the past ten years); Order Determining Admissibility of Expert
Testimony on AHT/SBS at 22-23, Commonwealth v. Davis, No. 04-CR-205 (Ky. Cir. Ct,
Apr. 17, 2006); Tuerkheimer, supra note 4, at 36 (citing State v. Hyatt, No. 06M7-CR00016-
02, (Mo. Cir. Ct Nov. 6, 2007) ("[T]he SBS diagnosis "appears to have gained considerable
acceptance. .. among pediatricians. However, there is substantial, persistent and
continuing criticism of this diagnosis among many in the medical and scientific research
communities.”). The American Academy of Pedistrics Section on Child Abuse and
Neglect has recently issued a policy statement recommending the use of a more accurate,
and less mechanistically constricting, term of “Abusive Head Trauma.” See Cindy W,
Christian et al, Abusive Head Trauma in Infants and Children, 123 PEDIATRICS 1409, 1410-11
(2009). Consequently, for the remainder of this article | will refer to the concept of Shaken
Baby Syndrame as “ Abusive Head Trauma.”

7 See Tuerkheimer, supra note 4, at 22,
8id ar1l.
914, at12,
10 1. at 12-13; see also Gena, supra note 4, at 720.
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critical mass.”1t

Despite the assertions, what has not been published thus far is a
detailed, critical analysis of the medical literature surrounding AHT,
and not only whether that literature meets the Trilogy (Daubert,
Joiner, and Kumho) criteria for admissibility of scientific
evidence/testimony, but whether that literature is “flawed” and
consequently not predicated upon sound scientific and medical
principles.’? Part | of this paper shall examine the Trilogy (Daubert,
Joiner, and Kumho) criteria for admissibility of expert
testimony/evidence, and the medical and legal quests for sound
scientific evidence. Part Il of this paper shall explore the issues
surrounding the medical diagnosis of AHT. Specifically, we shall
review basic statistical principles utilized in critical evaluation of
medical/scientific literature and then critically analyze the medical
literature involving some of the more common injuries'? associated
with AHT. Finally, Part IIl of this paper shall assess not only
whether the medical literature suffices under Daubert, Joiner, and
Kumho scrutiny, but shall briefly examine the contemporary legal

11 Tuerkheimer, supra note 4, at 14; sez also Gena, supra note 4, ot 710.

12'the American Academy of Pediatrics provides a general assessment of the topic, bt its
purpose was not intended to be a critical analysis of the literature on the topic. American
Academy of Pedlatrics, Shaken Baby Syndrome: Rotational Cramial Injuries — Techmical Report,
108 PEDIATRICS 206, 206 (2001). One other article has been proffered, and frequently cited
by opponents of Abusive Head Traumn, to be a critical review of the literature on the
topic. Mark Donohoe, Evidence-Based Medicine and Shoken Baby Syndrome, 24 AM. ).
FORENSIC MED, & PATHOLOGY 239, 239 (2003). A critical evaluation of that artide will be
conducted in detail herein below.

13 Abusive Head Injury/Shaken Baby Syndrome entails a wide constellation of symptoms
and injuries with varying degrecs of severity. The most common Injuries associated with
this diagnusis are intracranial hemorrhage (most commonly subdural of subarachnoid
hemorrhage) and retinal hemorrhages. Sor Antonia Chiesa & Ann-Christine Duhaime,
Abusive Head Treuma, 56 PEDIATRIC CUNICS N. As. 317 (2009). While many other injuries
are associated with this diagnosis, this paper will focus on the clinical medical literature

behind the most ¢ injuries bdural hemorrhage and retinal hemorrhages. A
thorough examination of the it behind ali the possible injurics and all potential
causes (short falls, biomechanics of head injury, etc) is simply too broad and beyond the
scope of this paper. For a more comprehensjve inatien of the lit on this topic, 1

would reference the reader to LORI FRASIER BT AL, ABUSIVE HEAD TRAUMA IN INFANTS &
CHILDREN: A MEDICAL, LEGAL, AND FORENSIC REFERENCE (2006). Sez also Lucy Rorke-
Adams et al, Head Tronma, in CHILD ABUSE: MEDICAL DIAGNOSIS & MANAGEMENT 53
(Robert M. Reece & Cindy W. Christian eds. 2005).
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issues surrounding admissibility of AHT testimony and proffer
some solutions for those issues.

I. THE TRILOGY: DAUBERT, JOINER, AND KUMHO
A. Daubert v. Merrell Dow Pharmaceuticals, Inc.

For many years in the twentieth century, expert testimony on
novel scientific evidence was admissible only if the opinion offered
was based on a “well-recognized scientific principle or discovery . ..
[that was] sufficiently established to have gained general acceptance
in the particular field in which it belongs.”'¥ That standard,
enunciated in Frye v. United Siates, was also known as the “general
acceptance” test.!> In 1993, with the Supreme Court's ruling in
Daubert v. Merrell Dow Pharmaceuticals, Inc., that standard changed.1e

In Daubert, the Supreme Court evaluated the propriety of a
lower court's ruling excluding certain expert testimony in a tort
liability case.”” In the case, Petitioners Jason Daubert and Eric
Schuller were minor children born with serious birth defects.'8 They
and their parents had sued the respondent, Merrell Dow
Pharmaceuticals, alleging that the birth defects were caused by the
mother’s ingestion of Merrell Dow’s drug, Bendectin (an antinausea
medication).”? The Petitioners sought to proffer expert testimony.2
The district court, applying the “general acceptance” test of Frye,
denied the admissibility of the petitioner’s expert testimony, and
granted summary judgment for the respondent2! To settle the
divisions among the lower courts regarding the proper standard for
the admission of expert testimony, the Supreme Court granted

14 Frye v. United States, 293 I'. 1013, 1014 (D.C. Cir. 1923).

15 Daubert v. Merrell Dow Pharm,, Inc., 509 US. 579, 589 (1993).
16 ).

17 }d. at 584-85.

18 /d. at 582

1914,

20 d. at 583.

7 1. at 584-85.
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certiorari,2

The Court held unanimously that the Frye test had not
survived® With regards to the admissibility of expert
testimony/evidence, the Court held that Federal Rules of Evidence
(FRE) 702 governs, not Frye.2* The Dauberf court held the text of FRE
702, its drafting history, and prior case law? mandated a “liberal”
and “relaxed” approach to the admission of expert opinion
testimony2  The inquiry into admission of expert
testimony/evidence was within the province of the trial judge.
While the trial judge's inquiry was te be a “flexible one,”Z the
Daubert court required trial judges to ensure “that any and all
scientific tesimony or evidence admitted is not only relevant, but
reliable.”28

With regards to reliability, the Daubert Court stated that “[t]he
subject of an expert’s testimony must be ‘scientific...
knowledge.””? The Court noted there were definitional differences
between science and law on “reliability.”3 But the Court went on to
state that “evidentiary reliability will be based upon scentific
validity.”3! The Court enunciated four factors a trial judge could
consider in the preliminary assessment of whether proposed
testimony was scientifically valid:

1) whether a theory or technique could be (and had been)

tested — also known as “falsifiability” or “testability”;
2) whether the theory or technique had been subject to peer
review and publication;
3) whether there was a known or potential rate of error; and

2 [d. at 585.

23 [d. a1 589; id. at 598 (Rehnquist, C), concurring in part and dissenting in part).
2414

25 Eg. Beech Aircraft Corp. v. Rainey, 488 U.S. 153, 169 (1988).

2 Daubert, 509 US. at 588.

Z [d, at 594,

28 [4. at 589.

2 |d. at 589-90.

30 1. at 590 n.9,

3 1d
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4y whether there was general acceptance in the relevant
scientific community.?

The Court remarked that these factors were not a “definitive
checklist or test,” but merely factors for consideration in a trial
judge’s overall assessment.3* The Court concluded by stating, “[t]he
inquiry envisioned by Rule 702 is, we emphasize, a flexible one. ...
The focus, of course, must be solely on principles and metiodology, not on
the conclusions that they generate.”®

With regards to relevance, the Court explained that expert
testimony cannot assist the trier of fact in resolving a factual dispute,
as required by Rule 702, unless the expert’s theory is “sufficiently
tied to the facts of the case.”? The Court remarked, “Rule 702's
‘helpfulness’ standard requires a valid scientific connection to the
pertinent inquiry as a precondition to admissibility.” 3%

B. General Electric Co. v. Joiner

In General Electric Co. v. foiner, the Court, in expanding upon the
Daubert standard, examined and decided two additional, significant
issues regarding the admissibility of scientific expert testimony.¥
First, the Court determined the appropriate standard for appellate
review of a trial court's determination of admissibility of scientific
expert testimony. After establishing an abuse of discretion standard
for appellate review,® the Court went on to examine a more
important issue of whether existing scientific evidence can be
generalized to address specific causal relationships.*®

In Joiner, the plaintiff asserted that exposure to polychlorinated
biphenyls had promoted the development of his smallcell lung

2 14, at 593-94.

33 Id. at 393.

3 Id. at594-95 (emphasis added).

35 14, at 591.

3 Id. at 591~92 {emphasis added)

37 Gen. Elec. Co. v, Joiner, 522 U.S. 136, 138-39 (1997).
38 1d. 141,

3 Ser Joe S. Cecil, Ter Years of Judicial Gatekeeping Under Daubert, 95 AM. ). PUs. HEALTH s74,
s75 (Supp. 2003).
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cancer# The plaintiff argued that collective consideration of
epidemiologic studies (which, when considered individually and
separately, were equivocal), demonstrated a causal relationship.i! In
rejecting this argument, the Court determined the lower court had
not abused its discretion in excluding this scientific testimony
because there was no logical nexus between the methodology
employed by the expert and the expert’s conclusion.$2 The Court
stated:

Trained experts commonly extrapolate from existing data. But
nothing m either Dauber! or the Federal Rules of Evidence requires a
district court to admit opinion evidence that is connected to existing
data only by the ipse dixit of the expert. A court nity cmchiede tha! there 15
simply loo greal an analytical gap between the data and the opinion
proffered 3

C. Kumho Tire Co. v. Carmichael

In Kumho Tire Co. v. Carmichael, the Court examined the issue of
the exten! of a trial court's “gate-keeping” obligation.# Did it extend
only to expert testimony based upon “scientific” knowledge or did it
also apply to expert testimony based on “technical” and/or “other
specialized knowledge”? In unanimousty holding that a trial court's
“gate-keeping” obligation extended to ALL expert testimony, the
Court remarked that Federal Rule of Evidence 702 “makes no
relevant distinction between “scientific’ knowledge and ‘technical” or
‘other specialized” knowledge.”4* Assurance of reliability of expert
testimony, whether “scientific” or based upon “technical or other
specialized knowledge,” was still required.16

40 Joimer, 522 U.S. at 139,

41 See Cecll, sipra note 39, ot 576.

42 joiner, 522 US. at 146—47.

43 Id. at 146 (emphasis added).

44 Kumho Tire Co. v. Carmichael, 526 U.S. 137, 141 (1999).
45 1d. a1 147,

46 Id. at 149.
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In grappling with this issue, the Court remarked that there will
be witnesses “whose expertise is based purely on experience. ...”¥
The Court anticipated there would be times when such proffered
expert testimony would have to be excluded because the expert's
field lacks reliability.#® But other than citing astrology and
necromancy as such excludable disciplines, the Court gave no
specific guidance on how a trial court could come to such a
conclusion.®® Instead, the Court proffered general guidance--the
“intellectual rigor” test.50

The Court noted that the four Daubert factors “may or may not
be pertinent[: it will all depend] on the nature of the issue, the
expert’s particular expertise, and the subject of his testimony.”5! The
Court concluded that a trial court must exercise its gate-keeping
obligation so that the expert, whether relying on “professional
studies or personal experience, ... [will, when testifying, employ]
the same level of intellectual rigor” that the expert would use
outside the courtroom when working in the relevant discipline.32 In
the words of one legal scholar:

The Court seems less absorbed in epistemological issues, in
formulating general rules for assessing reliability, or in fleshing out

47 IJ. ot 151.

48 See i,

91

50 See id. at 152

51 Jd. at 150 (guoting Bricf for United States a5 Amicus Cuniae Supporting Petitioners at 19,
Kumho Tire Co. v. Carmichael. 526 U5, 137 (1999)). Some Icgal scholars commented that
the Court's decision in Kuntho sought to rectify a bias in Daukert towards the “hard
scienves” which employ rigorous empirical methods. Sec Paul S. Milich, Corntroversial
Saena: in the Courtroom 43 EMORY |_). 913, 917 (1994) (“Dauberi ... never mentions the
psvchological sciences, for example, where much of the data is subjective and many of the
theories are empirically difficult, if not impossible, to verify”); see also Ralph Underwager
& Hollida Wakefield, A Paradigm Shift for Exper! Witnesses, 156Uss IN CHILD ABUSE
ACCUSATIONS, Summer 1993, http://ipt-forensics.com/journal/volumeS/j5_3_2.htm
{"American psychiatry is, by and large, Freudian in its oricntatdon” and “wherever
Freudian theory has been subjected to empirical tests, it has either failed, or, at best, been
inconclusive as a predictor of human behavior.”). Yet psychiatry is a recognized scence
readily integrated into and accepted by the criminal justice system when issues of mental
competency arise.

52 Kumho, 526 US. at 152,
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the implications of its having singled out testability as the preeminent
factor of concern. It appears less interested in a taxonomy of expertise
and more concerned about directing judges to concentrate on “the
particular circumstances of the particular case at issue.” This flexible,
nondoctrinaire approach is faithful to the intention of the drafters of
the Federal Rules of Evidence ... .33

Essentially, fer physicians, the Court’s decision in Kumho
“tethered” the admissibility standard of expert testimony to the
standards of medical practice.>

D. The Quest for Sound “Scientific Evidence/Testimony”

“Science is simply common sensc at its best; thal is, rigidly accurale in
observation and merciless to a fallacy in logic.”>>

Thomas Henry Huxtey
1. The Legal Perspective

The objective of law is justice.3 Yet, justice is not merely the
search for dispassionate truth, but dispassionate truth that results in
fair and equitable decisions.5” As the age of science has flourished,
science and medicine have increasingly permeated the law and
played crucial roles in the courtroom.s8

In criminal law, the emergence of DNA sampling has resulted in
the exonecration of those whe were unjustly convicted and has

53 See Margret Berger, The Suprense Court's Trilagy on the Admissibility of Expert Testimeny, in
FeD. JupICIAL CTR, REFERENCE MANUAL ON SCIENTIFIC EVIDENCE 9, 21 (2d ed. 2000),
www.fjc.gov / public/ pdf.nsf/lookup/sciman00.pdt/ Sfite/ scimanG0 pd!.

54 Ser Jerome Kassirer & Joe Cecil, Inconsistency in Evidentiary Standards for Medical Testimony:
Disonder in tie Courts, 288 JAMA 1282, 1383 (2002).

55 FED. JuDIClAL CTR., REFERENCE MANUAL ON SCIENTIFIC EVIDENCE, at v (2d ed. 2000)
{quoting T.H. HUALEY, THE CRAYFISH: AN INTRODUCTION TO THE STUDY OF ZOOLOGY 2
(1880)).

5% D. Allen Bromley, Scicnoe amd the Laow, Address 2t the 1998 Annual Meeting of the
American Bar Association (Aug. 2, 1998).

57 Gtephen Breyer, Introduction, FED. Jumocaw CTR., REFERENCE MANUAL ON SQENTIFIC
EVIDENCE 2, 4 @d ed. 2000),
www.fie.gov/ public/ pdf.nsf/lockup/ sciman0D.pdf/ Sfile/ sciman00.pdf.

58 2. at 3.
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provided greater confidence in the reliability of future convictions.®
In tort Iaw, courts are constantly confronted with causation or risk of
injury determinations, which rely heavily on scientific or medical
information.® In patent law, cases are heavily immersed in, and
decisions frequently hinge wupon, technical or scientific
information.8 And, in recent years, the Supreme Court has
examined scientific and medical issues ranging from the propriety of
statistical sampling techniques in the undercounting of certain
identifiable groups on the decennial census,® to the constitutionality
of a state psychopath statute® to the constitutional question of
whether the right to liberty in the Due Process Clause of the Fourth
Amendment affords citizens a “right to die.”&

As our scientific world has grown increasingly complex, courts
have become increasingly wary of exposing juries to such
potentially confusing evidence. Additionally, courts have
recognized the inherent weight and persuasiveness the designation
of “scientific evidence” can have in the minds of triers of fact.
Bolstering that concern, some research suggests that as evidence
becomes more complex and difficult to comprehend, jurors shift
their focus to “peripheral indicia of reliability such as the expert's
qualifications or demeanor,” and are more likely to defer to the
expert’s opinion rather than forming their own.® This deference to

59 See id,

60 See id,

6 Id.

82 Dep't of Commerce v. US. House of Representatives, 525 US. 316, 320 (1999); Breyer,
supmz note 57, at’2

63 Kansas v. Liendricks, 521 U.S. 346, 350 (1997); Breyer, supra note 57, at 3.

64 Washington v. Glucksberg, 521 US. 702, 722 (1997); Vacco v. Quill 521 US, 793, 797 {1997);
Breyer, supra note 57, at 3,

65 See THE LAw COMM’N, CONSULTATION PAPER 190, THE ADMISIORITY OF EXPERT EVIDENCE
IN CRIMINAL PROCEEDINGS IN ENGLAND AND WALES: A NEW APPROACH TO THE
DETERMINATION OF [EviDENTLARY ReuasiTy, § 28 né T 228 (2009),
www.lawcom.gov.uk/docs/ cp190.pdf (discussing how M. Redmayne, in Expert Evidence
and Criminal Justice, “summarizes rescarch which suggests that ns expert evidenee beeomes
more complicated, furors shift their focus and rely on peripheral indicia of reliability”); s
alsp id. at § 2.3 (citing PAUL ROSERTS & A.A.5. ZUCKERMAN, CRIMINAL EVIDENCE 292-96
{2004)).
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scientific evidence has been labeled by some courts as the “aura of

infallibility.”% Furthermore, a few recent case reports of wrongful

convictions have exacerbated those concerns of juror over-reliance
n “scientific evidence.”

Nevertheless, in hopes of diminishing the admission of
unreliable testimony, courts and legal scholars, both domestic and
international, have endeavored to define sound scientific evidence.
The Daubert Court stated:

The adjective “scientific” implies a grounding in the methods and
procedures of science.... “Science is not an encyclopedic body of
knowledge about the universe. Instead, it represents a process for
proposing and refining theoretical explanations about the world that
are subject to further testing and refinement” .. .. Proposed testimony
must be supported by appropriate validation—ie., “good grounds”
based on what is known.8

In the words of one learned commentator, evidence is
scientifically valid if “it results from sound and cogent reasoning.”6?
Other scholars, echoing the Court's decisions in Dauber! and Kuntho
state, "{i]t is how conclusions are reached, not what the conclusions
are, that makes them ‘good science.”” In the words of the
Honorable Stephen Breyer, Associate Justice of the Supreme Court:

66 Se¢ US. v. Addison, 498 F.2d 741, 744 (1974) (The Court stated, “scientific proof may in
some inslances assume a posture of mystic infallibility in the eyes of a jury of laymen”); see
aso John William Strong, Language and Logic in Expert Testintony, 71 OR. L. REV. 349, 367-68
nB1 (1992) (“There is virtual unanimity among courts and commentators that evidence
perceived by jurors to be ‘scientific’ in nature will have particularly persuasive effect.”).

67 See STEPHEN T. GOUDGE, INQUIRY INTO PEDIATRIC FORENSIC PATHOLOGY IN ONTARIO 531
(Ontario Ministry of the At'y Gen. 2008); see also THE Law COMMISSION, CONSULTATION
PAPER 190, supra note 65, at Y 2.14-2.22 (2009). (citing three re:enl AHT/SE CHSE in
England and Wales where criminal convictions were obtai and
everturned on appeal because of “flawed” scientific evidence/testimony), But see Nel'l
Vidmar & Shari Seidman Diamond, furies and Exper! Evidence, 66 BROOKLYN L. Rev. 1121,
1179 (2001) (“Empirical data do not support a view that juries are passive, too-aedulous,
incompetent, and overawed by the mystique of the expert.”).

68 Daubert v. Merrell Dow Pharm,, Inc., 509 U.5. 579, 590 (1993) (second emphasis added).

69 Bert Black, A Unified Theory of Scientific Evidence, 56 FORDHAM L. REV. 595, 599 (1988); see
afse Bert Black ct al, Seirnce and the Law in the Wake of Daubert: A Naw Search for Scientific
Knoroledge, 72 TEX. L. REv. 715, 753 (1993).

70 Clifton T. Hutchinson & Danny 5. Ashby, Redefiming the Bases of Admissibility of Expert
Scientific Testimony, 15 CARDOZO L. REV. 1875, 1886 (1994),
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The search is not a search for scientific precision. ... A judge is not a
scientist, and a courtroom is not a scientific laboratory. But consider
the remark made by the physicist Wolfgang Pauli After a colleague
asked whether a certain scientific paper was wrong, Pauli replied,
“Thal paper isn’l even good enough fo be wrong!” Our objective is to aooid
legal decisions that reflect that paper’s so-called science. The law mus! seek
decisions that fall within the boundaries of scientificaily sound knowledge.

In the United Kingdom, the Law Commission recently proposed
reformation of English Law with regards to admissibility of expert
scientific evidence.”2 After a comprehensive review of the topic, the
Commission found the Daubert court’s analysis and conclusions
regarding the admissibility of expert scientific testimony and
evidence to be cogent, sound, and, ultimately, convincing.” Noting
that many judges in England and Wales were already making
admissibility decisiens based upen the Daubert standard, the
Commission recommended formal adoption of Daubert's “gate-
keeping” r1ole for a trial judge and Daubert's validity-based
(reliability and relevance) admissibility test for expert scientific
evidence ™

Although many have judged the trilogy (Daubert, Joiner and
Kumiw) to be a laudable attempt to bridge the treacherous
crosscurrents of science and law, numerous issues regarding the
determination of “sound scientific testimony” have remained
unanswered. For example, with regards to the “amnalytical gap”
between research data and expert opinion addressed in Joiner,?
what is a sufficient amount and quality of evidence an expert may
rely upon in bridging that “gap” in forming his/her opinion? Are
medical textbooks (which are essentially expert treatises)
authoritative references upon which experts may rely in forming
their opinions? With regards to the “intellectual rigor” test of Kumho,
what will be the applicable standard of professional practice to
apply when, as often occurs in medical practice, multiple disciplines

71 Breyer, supra note 57, at 4 (emphasis added).

72 Ser THE Law COMM'N, supra note 65, at § 1.5.

73 4. at47.

74 Id. at 49-51.

75 Gen. Elec. Co. v. Joiner, 522 US. 136, 146 (1997).
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are involved? Who determines the applicable standard of
professional practice? Individual experts? National organizations?
Additionally, some have echoed concerns about the onerous burden
Daubert's gate-keeping requirements have placed on the single trial
judge.’s As the Honorable Judge Alex Kozinski of the Ninth Circuit
Court of Appeals stated:

Our responsibility, then, unless we badly misread the Supreme
Court's opinion, is to resolve disputes among respected, well-
credentialed scientists about matters squarely within their expertise,
in areas where there is no scientific consensus as to what is and what
is not “good science,” and ocrasionally to reject such expert testimony
because it was not “derived by the scientific method.” Mindiful of our
position in the hierarchy of the federal judiciary, we take a deep
breath and proceed with this heady task.””

Empirical evidence has substantiated Judge Kozinski's
concerns. In a 2001 survey of 400 state court judges, 96% of the
judges failed to demonstrate even a basic understanding of two of
the four Daubert criteria” When assessing the concept of
“falsifiability,” a principle specifically enunciated in Daubert, 96% of

76 Sec Daubert v. Merrel Dow Pharm,, Inc., 509 U.S. 579, 600 (Rehnquist, C.]., concurring in
part and dissenting in part). In response to this concemn, the Federal Judicial Center, the
research and educational arm of the federal judicial system, has published a 1034-page
reference source (currently in its third edition) to help federal judges “manage cascs
involving complex scientific and technical evidence.” See FEDERAL JUDICIAL CENTER,
REFERENCE MANUAL ON SCENTIFIC EVIDENCE, at xv  (3d ed.  2011),
hup:/ /www fic.gov/ public/ pdf.nsf/ lookup/SciMan3 DO1.pdf/ $file/ SciMan3DO1. pdf.
For other comprehensive references on the issues surrounding Science, Law, and Bxpert
testimony, see generally 1 MODERN SCIENTIFIC EVIDENCE: THE LAW AND SCIENCE OF EXPERT
TESTIMONY (David L Faigman et al, eds,, 1997); Exrest EVIDENCE: A PRACTITIONER'S GUIDE
TO LAW, SQIENCE, AND THE FJC MANUAL (Bert Black & Patrick W. Lee eds., 1997).

77 Daubert v. Merrell Dow Pharm,, Inc, 43 F3d 1311, 1316 (5th Cir. 1995). However, trial
judges have adapted to the heady responsibility of the trilogy decdisions by utilizing
innovative case g techniq such as court-appointed independent experts or
court-appainted scientific pancls, to assist with the comprehension of complex scientific
informadon Turthermore, public and private organizations, such as the American
Association for the Advancemenl of Science (AAAS), have offered trial judges the service
af locating impartial, skilled cxperts at fee-for-service costs. Ser Court Appeinted Scientific
Experts, AM. ASS'N FOR THE ADVANCEMENT oF sa.,
http:/ / www.anas org/spp/case/case.him (last visited Oct. 21, 2011).

78 Sophia L. Gatowski et al, Asking Uw Gatekeepers: A Nalional Suroey of Judges on Judging
Expert Evidence in a Post-Daikeri World, 25 1. & Hum. BEHAV. 433, 442-47 (2001).




518 Hous. J. HEALTH L. & POL'Y

the judges lacked even a basic understanding of this core scientific
concept.” When asked to comment on the value of Daubert to their
decision-making process, only 55% of judges found Danbcrt to
provide a “great deal” of value® Consequently, the researchers
concluded that “[tlhe survey findings strongly suggest that judges
have difficulty operationalizing the Daubert criteria and applying
them ... ."8!

Expectedly, the courts have grappled with confusion and
responded with variable and inconsistent decisions. Some courts
have attempted to reduce determinations of sound scientific
evidence to “simple all-or-nothing rules, such as . .. doubling . . . the
background rate of disease as proof of causality.”® Some have
required peer-reviewed studies®® or statistical data® prior to
admitting expert tesimony. Some have dismissed case reports as
non-scientific,5 whereas other courts have given them significant
weight.® Finally, some courts have disallowed expert testimony
when such reliance was based primarily upon “animal studies|,
have] cautioned against extrapolation of dosage levels, and [have]
objected to generalization across similar substances.”s

Whereas courts once greeted scientific evidence and testimony
with deferential respect and relative trust, recent empirical data
demonstrates that the legal pendulum has swung the other way. An

79 14, at 44445,

B0 Ll at 443.

81 Id. at 452

82 Kassirer & Cecil, supra note 34, at 1384, “This approach was urged by the United States
Counrl of Appeals for the Ninth Circuit when it reconsidered the Dauhert case.” 1.

83 Id. (citing Jones v. Uniled States, 933 F. Supp 8%, 897 (N.D. Cal. 1996)).

84 I, (citing Raynor v. Merrell Pharm. Inc., 104 F.3d 1371, 1375 (D.C. Cir 1997)).

85 See Haggerty v. Upjohn Co, 950 F. Supp. 1160, 1165 (5.D. Fla. 1996); Hall v. Baxter
Healthcare Corp, 947 F. Supp. 1387, 1411 (D. Or. 1996).

B Ser Pick v. Am. Med. Sys,, Inc, 958 F. Supp. 1151, 1160-62 (E.>. La. 1997); Glaser v.
Thompson Med. Co., 32 F3d 969, 975 (6th Cir. 1994); Cella v, United States, 998 I'2d 418,
426 (71h Cir. 1993).

87 See Cecil, supra note 39, at 576 (citing Newman v. Motorola Inc., 218 k. Supp. 2d 769, 780
81 (D. Md. 2002); Amorgianos v. Nat'l R.R Passenger Corp., 137 F. Supp.2d 147, 189
{E.D.N.Y. 2001); Mitchell v. Gencorp Inc., 165 FAd 778, 782 (10th Cir. 1999)).
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“analysis by the Rand Corporation of a sample of 399 published and
unpublished federal district court decisions” demonstrated a more
restrictive approach by federal courts to the admissibility of
scientific testimony and a shift “toward excluding proffered
scientific and technical evidence.”# Additionally, a recent survey of
federal judges and attorneys by the Federal Judicial Center
“confirmed a shift toward more demanding standards for
admissibility” of scientific testimony and evidence.®® In the words of
one learned commentator, “[tlhe courts appear to be asserting
standards that they attribute to the medical profession, but that are
inconsistent and sometimes more demanding than actual medical
practice.”%

2) The Medical Perspective

If the objective of law is justice, then the objective of medicine is
to care for the patient. To truly understand the medical perspective,
one must understand and accept the canon that medicine is
inherently, by its nature, an inexact science.”? There are aspects of
medicine (for example laboratory research), which are meore
scientific in nature. But the fields of medicine that deal with direct
patient interaction, also known as clinical medicine, are not
exclusively scientific. The human interaction inherently introduces
variables (such as the nuances of effective communication and an
individual's behavioral, social, economic, and cultural norms and
biases) that are not readily reducible to empirical scientific data and
most certainly affect the outcome. The medical provider's judicious
interplay of the human variable with the scientific data of the

88 See Cecil, supra note 39, at s75. This data is in contrast to one author’s assertion of judicial
d v to admissibility of imony on Abusive Head Trauma/Shaken Baby
Syndrome. Sec Tuerkheimer, supra note 4, at 42-4,

8% Ser Cexil, supra note 39, at s75.
% See Kassirer & Cocll, stpra note 54. at 13822

91 S5er Mary Suc Henifin ct al., Referrnee Guide on Medical Testimony, in FED. JuniCiaL CTR.,
REFERENCE  MaNUAL O SAENTIFIC FEVIDENCE 439, 465 (2d od., 2000)
http:/ /fwww.fje.gov/ public/ pdf.nsf/lookup/ sciman00.pdf/ $file/sciman00. pdf; see also
JEROME GROOPM AN, HOW DOCTORS THINK 7 {2007).
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human body is what has been termed by many as the art? of clinical
medicine.®

It is important to understand that the designation of an “art” is
not a relegation to imprecision or lack of reliability. On the contrary,
clinical medical decision-making is grounded in the roots of the
scientific method. As Dr. Mark McClellan, Co-Chair of Institute of
Medicine’s 2007 Annual Meeting, stated, “[physicians’] education
includes the scientific basis of health and disease. They have been
trained to use scientific literature to compare alternative approaches
to diagnosis and treatment. They do their best to stay up-to-date
through reading and conferences.”™ Additionally, physicians
receive basic training on statistical analysis, often apply those
principles to critically evaluate the medical literature, and
sometimes pursue advanced degrees in statistical expertise (like
bicstatistics or epidemiology).

While the cognitive underpinnings of the diagnostic process are
rational and scientifically sound, ultimately, “[a]ll diagnostic
hypotheses represent probabilistic judgments ... that have variable
probabilities of being correct.”% Furthermore, physicians are as
susceptibie as anyone to biases, preconceptions, or “intrusions of
emotion,” any or all of which can influence clinical judgment and
actions.® Physicians can, and do, avoid, or at least minimize, errors
in cognition by maintaining awareness of the pitfalls of heuristics,
and how personal biases and emotional temperature can affect
them.”?

92 MARK B. MCCLELLAN ET AL, EVIDENCE-BASED MEDICINE AND THE CHANGING NATURE OF
HEALTH CARE: 2007 IOM ANNUAL MEETING SUMMARY %4 (Nat'l Acad. of Scis. 2008).

93 Some prefer to refer to this as an “applied science” rather than an “art.” Ser Harriet Hall,
Te “Ant™ of Clinical Decision-Making, SQENCE-BASCD MEDIGNE (May 13, 2008),
http:/ / www.sciencebascdmedicine.org /index php/ the-art-of-clinical-decision-making /.

94 See McClellan et al, supra note 92, at 4.

95 See Henifin etal., supro note 91, a1 465,

96 Sep GROOFMAN, stpra note 91, at 37; see alse Pat Croskerry, The Importaner of Cognitive Errors
in Diagnosis and Strategies to Minimize Them, 78 ACAD. MED. 775, 775 (2003); Pat Croskerry,
Achizving Quality in Clinical Decision Making: Cognilive Stralegies and Detection of Bias, 9
ACAD. MED. 1184, 1184 (2002),

97 GROOPMAN, swpra note 91, at 35-36, 39.
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Physicians have continually reflected upon the clinical decisicn-
making process, repeatedly assessing its cogency and need for
improvement® As technologic advancements in medical
informatics occurred in the 1970s and 1980s, large volumes of
medical literature were synthesized into computer indices and
became available for large-scale statistical analysis.? This bred a
new type of medical evidence, the systematic review.1% On the heels
of these technologic innovations, and the consequent ability to
conduct comprehensive reviews of large volumes of medical
literature, the Evidence-Based Medicine (EBM) movement came
afoot.10!

EBM has been characterized by one of its pioneers, Dr. David
Sackett, as the “conscientious, explicit, and judicious use of current
best evidence in making decisions about individual care.”162 Dr,
Harvey Fineberg, President of the Institute of Medicine, recently
stated that, “[tlhe central notion in EBM [is] the importance of
integrating individual ciinical expertise with the best available external
evidence.” ¥ This will provide “a helpful framework for providers to
navigating uncertainty inherent in patient care.”'™ In fact, most
healthcare providers strive to be “evidence-based” in their

M See Croskerry, The Importance, supra note 95, at 776; Croskerry, Adrr'rm'ng Quality, supra note
96, at 1184.

¥ Sec About Us, THE COCHRANE COLLABORATION, http://www.cochrane.org/about-us (last
visited Jan. 24, 2M2); Happy 35th Birthday, Mrdline!, US. NATL LIBRARY MED,
hitp:/ /www.nim.nihgov/news/medline_35th_birthday.himl (last updated Oct. 23, 2006)
(showlng the Medline database was founded in 1971).

100 See History of Sy ti Revit EPPI-CENTRE,
http:/ /cppl.ive.ac.uk/cms/ Default.aspxtabid =68 (last visited, Jan. 24, 2012).

101 See id,

102 David Sockett, et al, Evidence Based Medicine: What It Is and What It Isn't: Jt's About
Inizgrating Individual Clinical Expertise and the Best External Evidencce, 312 BRIT. MED. ]. 71, 71
(1996}, The determination of what the “current best evidence” is in a given field requires a
criticat evaluation of the relevant medical literature, utilizing statistical principles to assess
the validity of stidies and the conclusions they reach, Ser id, at 72, We will discuss basic
prindiples of statistical analysis herein below when we eritically evaluate the “current best
evidence™ in the field of Abusive Head Trauma. See also McClellan et al, suprs note 92 at
o,

183 McClellan et al, supre note 92, at v (emphasis added),
104 1d
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practice.105

Despite an increased focus on “evidence basis” in their practice,
“studies repeatedly show marked variability in what healthcare
providers actually do in a given [clinical] situation.”1% Many had
hoped that EBM would be the panacea to the judicial pains over
medical practice guidelines and interpretation of medical evidence.
However, as lingering controversies between reputed medical
bodies!?” demonstrate, it has not been that panacea.'®® Additionally,
there are some areas of medicine, where the evidence is so sparse,
that EBM simply cannot be instructive either for Medicine or Law 109

Ultimately, the physician must sagely balance his scientific
knowledge, underscored by statistical data, his emotional
temperature and potential biases, and the myriad complexities that
make up the “human” variable. “Statistics cannot substitute for the
human being before you; statistics embody averages, not
individuals. Numbers can only complement a physician’s personal
experience ....”110 That is the “Art” of Clinical Medicine. Explicit
evidence is only a portion of what physicians do.

I1. ABUSIVE HEAD TRAUMA AS A MEDICAL DIAGNOSIS

“Those who cannot remember the past are condemned to repeat it. "1
George Santayana

15 William W. Stead & John M. Starmer, Beyond Expert-Based Practice, in McClellan ct al., supra
note 92, at 94

106 fd, ot 94.

107 Controversy exists between the American Cancer Society and the United States Preventive
Services Task Force on breast cancer and prostate cancer screening guidelines. For further
review, the reader should examine the respective sedietics” websites.

108 See Knssirer & Cecil, supra note 54, al 1383,

109 1.

110 GROOPMAN, supra note 91, ot 6.

111 GECRGE SANTAYANA, THE LIFE OF REASON 284 (Charles Scribmer’s Sons 1905).
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A. History

Much of what we currently know about AHT is the result of
decades of meticulous, tireless work by physicians from various
disciplines from all over the world.112 Many of these historical
clinicians did not have the benefit of advanced laboratory or
radiographic techniques such as coagulation (clotting) studies, CTs
or MRIs. They relied only upon their clinical skills and acumen. As
time and medical technology have evelved, additional studies have
corroborated their clinica! suspicions, lending further credence to
their clinical acumen.

While it can safely be said that the medical community, and
society in general, did not recognize child abuse as a valid entity
until the mid-twentieth century, it was a French forensic physician,
Auguste Ambroise Tardieu (fig. 1), who penned the first detailed
medical description of child abuse in his 1860 publication Etude
Medico-Legale sur les Sevices et Mauvais Traitements Exerces sur des
Enfants (Forensic Study on Cruelty and il Treatment of Children;
fig. 2).11 Tardieu was the leading forensic expert of his time, holding
prestigious positions such as dean of the faculty of medicine at the
University of Paris and president of the French Academy of
Medicine.4 He published works on child physical abuse, child
sexual abuse, and child labor laws. 13

In his 1860 publication, Tardieu detailed thirty-two cases of
child abuse, describing bruises of varying colors, skeletal fractures,
and subdural hemorrhages (SDHs).%¢ Tardieu also described
findings of infanticide, including cases without external signs of
injury, but where hemorrhage in the brain and collections of blood

112 Ser Al-Holou et al, supra note 3, at 474,

NAL. at 475 (dtng Ambroise Tardieu, Etude Medico-Legale sur les Seviees ¢ Mauwais
Traitements Exerces sur Jes Enfants, 13 ANNALES D'HYGIENT PUBLIQUE ET DE MEDECINE
LEGALE 361-98 (1860)).

N4 1,
s Id. at 476.
18 [d, at 473,
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over the brain were described.? In these writings, Tardieu clearly
expressed his belief that the abuse was inflicted by parents or
caretakers of the child.!’® Although his considerable influence led to
revision of French child labor laws, Tardieu’s works on child abuse
went unappreciated and essentially ignored.!??

The mid-to-late nineteenth century was a period of significant
medical advancements.’?® Secondary to the works of Louis Pasteur
and others, Germ theory became the predominant explanation for
previously unexplained maladies.!?! Diseases such as scurvy,
rickets, and even SDHs, were thought to be infectious2 A highly
prominent physician, Rudolf Virchow, proposed the theory that
SDHs, because they frequently presented with a membrane, were
caused by inflammation and infection.!? He termed this theory
“pachymeningitis hemorrhagica interna”.12¢ Because of Virchow’s
significant stature within the medical community, and because the
theory fit within the greater framework of the prevailing germ
theory, the inflammation/infection theory of SDHs
(“pachymeningitis hemorrhagica interna”) was accepted for many
decades. 1

It was not until the early twentieth century that trauma began to
be realized as an important cause of SDFHs. 126 While earlier reports
of the 20t century (despite a significant lack of evidence) still tended
to support infectious or nutritional deficits as the cause of the SDHs,

nzid
18 .
1% d. at 476.
120 4.
i
124d.
13 4.

124 i, It is one learned scholar's opinion that use of this terminology constricted the open and
comp ive scientific evaluation of the causc of such injuries in many of the earlier
cases, resulting in probable misdiagnosis in many cases. See Duhaime, sipra note 2, at 472,

125 Al-Holou el al., supra note 3, at 476,
125 d.
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later reports began to identify trauma as the primary etiology.'Z
Additionally, many of those reports decumented the association of
SDHs, cphthalmic hemorrhages, and sometimes bone lesions in
infants.12

In 1914, the prominent British neurosurgeon, Wilfred Trotter
(fig. 3), published a report declaring trauma as the true cause of
SDHs.1?® Trotter was a distinguished and accomplished physician
who held many significant positions, not the least of which was his
position as private physician to King George V.1¥ Frustrated by the
term “pachymeningitis hemorrhagica interna,” Trotter asserted that
the term presumed an infectious or inflammatory etiology and thus
was a misleading hypothesis.!3! Trotter stated, “[hJaemorrhagic
pachymeningitis is almost if not quite invariably a true traumatic
haemorrhage coming from veins torn in their course between the
brain and a dural sinus.”132 Trotter's work paved the way for other
physicians, especially neurosurgeons, to re-examine the
pathophysiology of SDHs.'3® As a consequence, multiple case
reports by well-reputed physicians began to question other
previously well-recognized causes—syphilis,” hydrocephalus,1%
nutritional (scurvy),’* and other infectious'¥’—as the primary

127 14, ar 477,

128 I, at 476; sez alse id. at 481 nn.7, 13, 482 nn.21, 34, 47, 61, 67, 483 nn.74, 86 (dting reports
documenting the association of 5SDHs, ophthalmic hemorrhages, and sometimes bone
lesions in infants).

12 Ser Al-Holou et al., supra note 3, at 478,
130 1. at 477-78.
131 . at 478,

132 Id, {citing Wilfred Trotter, Chronic Subdural Haemorrhage of Traumatic Origin, and its Relation
to Pacltymeningitis Haemorrhagica Interna, 2 BRIT. J. SURGERY, 271-91 {1914)).

133 Id. a1 478.

1M 14, at 478 (citing Max. M. Peet & Fdgar A. Kahn, Subdiral Hematoma in Infants, 98 JAMA,
1851-56 (1932)).

135 Id. at 47B-79 (citing Franc D. Ingraham & Donald D. Matson, Subdural Hi in Infancy,
24 J. PEDIATRICS 1-37 (19H)).

136 Id, at 478 (citing Franc D. Ingraham & Heney L Heyl Subdural Hematoma in Infancy and
Childhood, 112 JAMA. 198-204 (1939)).

137 See id,
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etiology for SDHs. 138

Then, in 1946, Dr. John Caffey (considered by many to be the
father of pediatric radiology), examined the correlation of SDHs and
long bone fractures in a separate field of medicine~radiology.1®
After seeing repetitive cases of injuries over many years, Caffey
published a case series of six infants with SDHs and long bone
fractures.0 In none of the six cases was there a historical report of
trauma or of systemic disease.l1 Nevertheless, after systematically
ruling out all other causes, Caffey concluded that trauma was the
most logical etiology for these radiologic findings.'? Caffey even
associated the retinal hemorrhages in several of these cases to
trauma.43 Caffey, however, was reluctant to conclude inflicted
injury in these cases.1#

Secondary to Caffey’s work, in 1953, another prominent
radiologist, Frederic Silverman, catalogued radiographic signs of
what he termed to be the “most common bone ‘disease’ of infancy”:
skeletal trauma.'%> In identifying trauma as the most common cause
of SDHs and bone fractures in infants, Silverman meticulously ruled
out all nutritional and metabolic causes.4¢ In the two decades
following Caffey’s historic article, multiple articles from national
and international authors confirmed the association of SDHs with

13 As will be discussed herein below, this is not to say that these causcs (infectious,
nutritional, metabolic, etc.) are no longer considered potential causes of SDHs, just that
they are no longer considered the primary cause of SDHs, Ser id.

139 1d. a1 479.

140 Al-Holou et al, supra note 3, at 479 (citing John Caffey, Multiple Fractures m the Long Bones
of Infants Suffering from Chronic Subdural Hematonma, 56 AM. |. ROENTGENOLOGY 163-73
{1946)).

t4) Paul K. Kleinman & Paul D. Bames, Head Trauma, in DIAGNOSTIC IMACING OF CHILD ABUSE,
285, 297 (2d cd. 1998).

142 Al-Holou et al., supra note 3, at 479,
143 [d,
14 Kleinman & Barnes, supra note 141, al 297-98,

145 See Al-Holou et al,, supre note 3, at 479 (citing F. Silverman, The Roentgen Manifistations of
Unrecognized Skeleta! Trauma in Infanis, 69 AM. J. ROENTGENOLOGY RADIUM THERAPY
NUCLEAR MED, 413-27 (1953)).

146 1d,
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inflicted trauma.?

It was not until 1962 that the work of an eminent pediatrician,
C. Henry Kempe (fig. 4) and his colleagues (radiologist Frederic
Silverman and psychiatrist Brandt Steele) brought the issue of child
abuse to the medical and national forefront. In their landmark
article, The Battered-Child Syndrome (fig. 5), Kempe et al. carefully
and thoughtfully described a syndrome of various injuries,
including SDHs, that resulted from trauma.!¥® However, unlike the
vast majority of physicians that preceded them, Kempe et al.
concluded that these injuries resulted from the intentional acts of
parents or other care-givers.¥® Kempe et al. stated that abuse:

should be considered in any child exhibiting evidence of fracture of
any bone, subdural hematoma, failure to thrive, soft tissue swellings
or skin bruising, in any child who dies suddenly, or where the degree
and type of injury is at variance with the history given regarding the
occurrence of trauma.13®

In support of their conclusions, the authors had surveyed 71
hospitals nationwide, with a report of over 300 cases in which 33
children had died and 85 had suffered permanent brain damage in
one year.i5!

47 Klcinman & Barnes, supra note 141, at 298 (diting F. Burke, et al, Traumatic Periostitis and
Subditrel Hematoma, 12 CLINICAL PROCS. CrmlD. HOSP, D.C. 240-46 (1956); P. Josserand, ct
al, Un Nouteau Cas D'Hematome Sous-Dural Assoce a des Fractures de Membres Ghez un
Naeurrisson, 15 PEDIATRIE 647-59 (1960); G. Kinley, et al, Subdural Hematona, Hygroma, and
Hydroma in Infmts, 38 J.PEDIATRICS 667-86 (1951); M.R, Klein, L'Hematome Sous-Dural Du
Nourrisson, 21 ARCHIVES FRANCAISES DE PEDIATRIE 425-40 (1964); G. Lazorthes, et al, Les
Epanchementts Sous-Duraux Du Nourrissor: Discussion Elispathogenique a Propos de 59 Cas, 71
PRESSE MED, 1903-05 (1963} M. lLelong et al, L'Hematome Sous-Dural Chromigue du
Nourrisson, 12 ARCHIVES FRANCABSES OE PEDIATRIE 1037-84 (1953); EF. Lis & GS.
Frauenberger, Multiple Fractures Assocmrd With Subdural Hmma in Infincy, 6 PEDIATRICS
89092 (1950); ]. Meneghello, &, }J. Hasbun, H. Subdural y Fractura de los Huesas
Larges, 22 REVISTA CHILENA DE PEDIATRIA 80-83 (1951); N. Neimann, el al.. Les Enfonts
Victimes dr Serviees, 23 PEDIATRIE 861-73 (1968); M.J. Smith, Subdural Hematoma with
Multiple Fractures: Case Report, 63 AM. ]. ROENTGENGLOGY 342-44 (1950)).

148 S¢r Henry Kempe el al, The Battered-Child Syndrome, 9 CHILD ABUSE & NEGLECT 143, 144
{1985).

149 Ser id. at 143.
150 I,
151 1,
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As a consequence of Kempe et al’s historic work and the
general medical community’s increasing acceptance of child abuse
as a viable medicel diagnosis, case reports continued to publish the
presence of concurrent SDHs, retinal hemorrhages, and bony lesions
in infants, often without external signs of trauma.’5? Finally, in the
early 1970s, based upon the work of Wilfred Trotter, numerous case
reports, and the experimental biomechanical evidence of Ommaya
and his colleagues,'3 a British neurosurgeon, A. Norman Guthkelch,
and the father of pediatric radiology, John Caffey, proposed shaking
or whiplash injury as the cause of infantile SDHs.134

In theorizing that multiple acceleration and deceleration events,
caused by head shaking, resulted in the intracranial injuries,
Guthkelch stated that, “the relatively large head and puny neck
muscles of the infant must render it particularly vulnerable to
whiplash injury.”155 Meanwhile, Caffey published a series of case
reports identifying the “pattern of concurrent SDHs, [sometimes]
bony lesions, and retinal hemorrhages in infants thought to be
injured by shaking.”1% In fact, in the words of two learned authors:
“It is difficult to comprehend how the common association between
SDH and skeletal injuries, and the etiologic factors [trauma] linking
the two, could have eluded the scrutiny of all but a handful of
physicians and surgeons dealing with children until Caffey reported

152 Sce Al-Holou et al,, supra note 3, at 480,

153 id. at 478-80 (dting A.N. Guthkelch, Infantile Subdural H toma and its Relationship to
Whiplash Injuries, 2 BRIT. MED. ). 430, 430-31 (1971); A.K. Ommaya et al., Whiplash Lnjury and
Broin Damage: An Experimenta) Study, 204 JAMA 283, 285-89 (1968); A K. Ommaya & AE.
Hirsch, Tolerances for Cerebral Concussion fromt Head lmpact and Whiplash in Primates, 4 ).
BIOMECHANICS 13, 13-21 (1971); ALK Ommaya & P. Yarnell, Subdural Harmatoma Aficr
Whiplash Injury, 2 LANCET 237, 237-3% (1969)).

15 14, at 480.

153 Id. (quoting A.N. Guihkelch, Infantile Subdural H and Its Relationship to Whiplash
Injurizs, 2 BisT. MED. ). 420, 430-31 (1971)).

155 14, {citing . Caffey, On the Theory and Pragtice of Shaking infmts. Its Potential Residual Effects
of Permanent Brain Dmmage and Mental Retardetion, 124 As._ ], DISEASES CHILD. 161-69 (1972);
J. Caffey, The Parent-lnfant Traumatic Stress Syndrome; (Caffey-Kempe Syndrome), (Battered
Bahe Symdromz), 114 AM. ). ROENTGENOLOGY RADIUM THERAFY NUCIEAR MED. 218-29
(1972); ). Caffey, The Whiplash Shakert Infmt Syndrome: Mama! Shaking by the Extremitics
With Whiplesh-Induced Intracranial and Intrascular Bleedings, Limked With Residual Permanent
Brum Damage and Mental Retardation, 54 PEDIATRICS 396403 (1973)).
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his historic observations.”15%7
B. “A Flawed Science” 7158

As mentioned earlier, certain legal scholars have asserted that
“the scientific underpinnings of SBS have crumbled over the past
decade,”1¥ that the medical research underlying “SBS is a flawed
science”160 predicated upon “circular reasoning,” “data gaps,” and
“inconsistency of case definition,”1%! and that “as technology and
scientific methodology advanced, researchers questioning the basis
for SBS reached a critical mass.”162 In order to appropriately assess
the sufficiency of the scientific evidence underlying AHT/SBS, some
basic statistical concepts must be discussed.

1. Basic Statistical Principles & Quality of Evidence

Statistical evidence is an important complement to the practice
of clinical medicine. Statistical evidence can offer probabilities and
estimations of the risk of disease states in certain patient
populations.” It can help guide determinations of appropriate and
inappropriate diagnostic testing in certain clinical scenarios.
Moreover, it can provide empirical support for optimal therapeutic
interventions in cases where treatment is warranted. However,
statistical evidence cannot substitute for clinical judgment. It is a
complement, not a replacement.

The field of statistics generally encompasses collecting,
analyzing, presenting, and drawing inferences from data.}$? For the
limited purposes of this article, we will review the general statistical

157 Sez Kleinman & Barnes, supra note 141, at 298,

158 See Tuerkheimer, supra note 4, a1 1, 12,

159 I, at 11,

160 id. at 12,

161 Id. at 12-13 (quoting Donohoe, Evidenc-Aased Medicintz, supra note 12); see also Gena, supre
note 4, at 710-14 (quoting Donohoe).

162 Jd, at 14; see alse Gena, supra note 4, at 710.

163 David H. Kaye & David A. Freedman, Referennce Guide on Statistics, tn REFERENCE MANUAL

ON SCIENTIFIC EVIDENCE 83, 85 (2nd ed. 2000),
http:/ / www.fic.gov/ public/ pdf.nsf/ lookup/sdman02 pdf/ Sfile/sciman02 pdf.
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principles involved in collecting and drawing inferences from
data 16t

a. Collection of Data

1t has been stated that “[a]n analysis is only as good as the data
on which it rests.”16> The attainment of valid, reliable data is, to a
large extent, determined by the design of the study.’% When the
issue -is causation, there are three general types of explanatory
information provided: anecdotal evidence, observational studies,
and controlled experiments.’? Each of these types of information
has its limitations.168

Anecdotal reports, while offering information that can be the
stimulus for further study, can be misleading and, therefore, are
insufficient to conclusively establish association.!¥® Observational
studies can provide strong evidence of association, but further
analysis is necessary “to bridge the gap from association to
causation.”'”® And conirolled experiments, while ideal for
determining, causation, are often too expensive and cumbersome to
undertake.l”! Examples of observational studies include case reports
or case reviews, where as examples of controlled experiments
include randomized controlled trials (RCTs) or non-randomized

184 For a more detailed analysis of siatistics and the law, see Panel on Statistical Assessments
as Evidence in the Courts, National Rescarch Council. The Eveiving Role of Siatistical
Assessnienls a5 Evidener in the Courts (Stephen E Fienberp ed., 1989); MICHAEL O.
FINKELSTEIN & BRUCE LEVIN, STATISTICS FOR LAWYERS (2d ed. 2001).

165 Kaye & Freedman, supra note 163, at 90.

186 1d,

167 14, at 91 (“Anecdotal evidence’ means reports of one kind of event after [ollowing
another.” But, such reports are often chosen “haphozardly or selectively,” and do not
“demonstrate that the first cvent causes the second,”).

168 Ser id, at 90-91.

19 Id,; see also Haggerty v. Upjnhn Co., 950 F. Supp. 1160, 1163-64 (S.D. Fla. 1996) {discussing,
the use of anecdotal case reports fo g hypoth aboul causation).

170 Kaye & Freedman, supra note 163, at 91, As described below, observational studies are
susceptible to “confounding variables” and bias. Ser id, at 92. Bias can take many forms
(selection, observation. recall and reporting, to name a few), and can affect both
observational and experi I studi

171 See id. at 91.
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controlled studies {such as non-randomized dose finding studies).172
Because observational studies and controlled experiments are the
more reliable types of information7 it is important to understand
the value of, and distinction between, the two.

“In a controlled experiment, the investigators decide which
subjects are exposed to the factor of interest and which subjects go
into a control group.”’™ In “observaticnal studies, the subjects
themselves choose their exposures.”1”> Thus, in observational
studies, the experimental” (or “treatment”) group will most likely
differ from the control group “with respect to... [many] factors
other than the one of primary interest.!”¢ These many “other factors”
are also known as “confounding variables,” and could be limitations
to the validity of the results if not praperly accounted for in the
design of the study.'”” “In randomized controlled experiments,
investigators assign subjects to [experimental (or “treatment”) and]
control groups at random.”1”® By assigning subjects randomly to
either the experimental or control groups, the investigator “tends to
balance the groups with respect to possible confounders,” thus
enhancing the likelihood that the groups are comparable except for
the factor of interest (or treatment).!79

It is notewarthy that “[tlhe bulk of the statistical studies. ..
[presented] in court are observational, not experimental.”{8
Observational studies (i.e., case reports and case reviews) can
provide compelling evidence when certain circumstances are
present:

172 S5e¢ Glossary, BMY], http://clinicalevidence.bmj.com/ceweb/ resources/glossary.jsp (last
visited Nov. 17, 2011) {defining “case contrel study™ and “observational studies”).

173 See id.

174 Kaye & Freedman, supra note 163, a1 92,
178 Id,

176 Id,

177 1.

178 Id. at 93.

179 Id. The analytical procedure most commonly used in statistics to control for confounding
in observatipnal studies is regression analysis. Ser id. at 94 n31.

180 /4. at 94,
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1} When “|t]he association is seen in studies of different types
among different groups” (“This reduces the chance that the
observed association is due to a defect in one type of study
or a peculiarity in one group of subjects.”);

2) “[W]hen the effects of plausible confounding variables are
taken into account by appropriate statistical techniques;”
and

3) When “[t]here is a plausible explanation for the effect of the
independent variables.”18!

In general, “observational studies succeed to the extent that their
[experimental (or treatment)] and control groups are comparable.”182
If a study is well designed, accounting for confounding variables, it
is deemed to be internally valid.'’® However, the generalization of
the conclusions of a study, or its “external validity,” is a different
matter.™ Finally, a study is “reliable” if its results are reproducible
by scientists in separate studies.!85

In the realm of clinical medicine, observational studies are not

just the norm but the cornerstone of medical diagnoses. Almost all
well-established, undisputed medical diagnoses have no
randomized controlled trials (RCTs) supporting or validating their
diagnostic criteria. For example, migraine headaches have an
extensive historical basis in the medical literature for evaluation,
diagnosis, and therapy. In fact, the International Headache Society
lists clear diagnostic criteria for migraine headaches, and provides
the most up-to-date medical literature in support of that diagnostic
criterion.1 Yet, throughout the extensive body of medical literature
on migraine headaches, there is not one RCT evaluating the
diagnostic criteria for migraine headaches, or their validity. But

181 id. at 95. For example, the cvidence that smoking causes lung cancer is largely
observational, but still very compelling. /4.

182 id. at 94.
183 [, at 96,
184 Id, at 96.
185 Id_ at 102

188 S grnerally HEADACHE CLASSIFICATION SUBCOMMITTEE OF THE INTERNATIONAL HEADACHE
SOCEN (THS), THE INTERNATIONAL CLASSTAICATION OF HEADACHE LISORDERS (2d ed,, ts1
rev. 2005), htrp:/ /216.25.88.43/upload/ CT_Clas/ KCHD-UR1final pdf.
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there is no dispute regarding the validity of migraine headaches as a
medical diagnosis.’¥” Such is also the case for multiple other well-
established, undisputed, common medical diagnoses—viral upper
respiratory infections (the common cold), community acquired
pneumonia, otitis media (ear infection), depression, and all other
psychiatric disorders. In short, the requirement that an RCT is
necessary in order to validate diagnostic criteria of a particular
medical diagnosis is not only inaccurate but also inconsistent with
the vast majority of clinical medicine.1#8

At this point, it is relevant, and important, to examine one piece
of medical literature which is often cited by opponents'® of AHT as
evidence of the paucity of sound medical literature on AHT (SBES):
" Evidence-Based Medicine and Shakent Baby Syndrome Part 1: Lilerature
Review, 1966-1998.”1% In this four-page article, the author proffers
“neutrality,” and proceeds to educate the reader about properly
conducted studies, with sound methodological design, which fall
into a “quality of evidence ratings” system.!”! Based upon the
author's search of the Medline database, and the Internet via
“Internet Explorer,” using only the search term “shaken baby
syndrome,” the author finds only seventy-one articles (in a span of
thirty-two years of medical literature) on the topic of AHT (SBS).'"2
The author then reduces those seventy-one articles to fifty-four
because some of the articles “only peripherally mention” SBS er are
somehow “unrelated” to SBS.193 Of these fifty-four remaining

187 Sce id, ot 28.
188 Wherras RCTs are not optimal for diagnostic studies, they are the study of choice for
asscssing therapies, See Jan P. Vandenb ke, Obscrvational Researclt, Randomised Tricls,

and Two Views of Medical Scienee, 5 PLOS MED, 0339, 0340 (2008) ("Rondomised controlled
trials are rarcly used for research to detect or to establish causes of discase, mainly because
randomisation is most of the time impossible, but quite fortunately, randomisation is most
of the time not needed.”); see also Alvan R. Feinstein & Ralph L Horwite, Problems in the
“Evidmee” of ~Evidence-Based Medicinz,” 103 Am. . MeD. 529, 529 (1997) (“Randomized trial
information is also seldom avaitable for issues in etiology, diagnosis, and prognasis. ...").

189 Sev Tuerkheimer, supre note 4, at 12 nn.65, 67-70; Gena, supra note 4. at 706 n.56.

190 Sec generally Donohoe, supre note 12

19 1d. at 235-40.

V92 {d. ae 240.

9 d,
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articles, the author finds only one “randomized control trial” and
twenty-six case series (twenty-five retrospective and one
prospective), and a total of 307 cases of SBS.%™ Based upon the
author's review of this literature, he concludes that in studies
conducted before 1999 there exist “serious data gaps, flaws of logic,
jand) inconsistency of case definition” In SBS; catch-phrases which have
been frequently reified in some medical and legal literature.!%
Consequently, the author concludes that “the commonly held
opinion that the finding of SDH and RH in an infant was strong
evidence of SBS was unsustainable, at least from the medical
literature.”1%

Evidence-Based Medicine and Shaken Baby Syndrome Part 1:
Literature Review, 1966-1998 is a prime example of poor medical
literature, which somehow makes its way into a medical publication.
Ironically, the article itself suffers from fatal methodological flaws
and data gaps, but professes to assess the methodology of SBS
studies and finds “data gaps” in them.!¥” It is unclear why, and
unacceptable that, the author chooses to conduct his search with the
confining search term of “shaken baby syndrome.” The author fails
to search other common terms such as “inflicted neurotrauma,”
“non-accidental  trauma,” “whiplash  shaken infant/baby
syndrome,” or even more general terminology such as “subdural
hemorrhage/hematoma” or “retinal hemorrhage.”1% Because of this
methodological flaw, as will be demonstrated below, the author
misses the vast majority of literature on AHT and even the seminal
articles by Guthkelch and Caffey.'® Additionally, the author offers
no critical analysis of any of the articles cited, no assessment of the
designs of any of the individual studies, no reference to the
statistical information, and no analysis of any of the statistical data

194 14,

195 [d. ot 241 (emphasis added); se also Tuerkheimer, supra note 4, at 12, 32
196 See Donohoc, supra note 12, at 241,

197 id,

198 See id. at 240.

19 In fact, in the article itself, the puthor admits missing what he himselfl considers an
“important” study by Jayawant ¢t al. using his own search criteria. Ser id. a1 240.
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or the inferences drawn from them, 20

Finally, the author incorrectly uses the quality of evidence
ratings system. The author asserts that the best evidence is “Level 1”
quality of evidence (RCTs), and this is not found in the diagnostic
studies involving AHT/SBS.2% However, as discussed above, RCTs
(the “Level 1" quality of evidence) are NOT appropriate for
diagnostic studies. The AHT literature, like many other diagnoses
(such as migraine headaches), should not be criticized for the
existence of a “higher” level of evidence that is inappropriate to the
question being asked. Thus, even the most ardent EBM advocate
would admit that the best quality of evidence that can be expected
in diagnostic studies is "Level 2" evidence (well-designed case
series). And of this, as will be detailed below, there is abundant
evidence in the AHT literature.

It is roubling that legal scholars and some courts have relied
upon this article as an adequate assessment of the medical literature
surrounding AHT.202 Any future reliance upon this article should be
seriously questioned.

b. Drawing Inferences from Data

Upon attainment of data, an investigator must determine what
significance should be given to that data. In so doing the
investigator must determine whether the results obtained are
attributable to random error.203 Did “chance” produce the results?24
Would a different pattern emerge if more data were collected?205 In
assessing the potential impact of chance error, an investigator must
consider the precision of the data (i.e, the standard deviation and

200 Ser Donohoe, supra note 12, at 240-41.
201 M. at 23941,

W2 See Cavazos v. Smith, 132 5. Ct. 2, 10 (2011) (per curiam) (Ginsburg, ]., dissenting). Ser
generally Tuerkheimer. supre note 4, at 12 & n.70 (citing evidentiary hearing testimony of
Patrick Barnes in State v. Edmunds, 746 N.W.2d 590 (Wis. Ct. App. 2008)); Gena, supra
note 4, at 727,

203 5¢e Kaye & Freedman, supra note 163, at 115.

204 [d,

08 [d,
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degree of confidence) and the statistical significance {the p-value) of
the data.206

In assessing precision of the data, a standard deviation (or
standard error) gives the investigator an estimate of the magnitude
of random error.®? A standard deviation is a variability range of
data from the “mean” of the data.20® Assuming a normal distribution
of data, one standard deviation from the mean of data is commonly
understood to encompass 68% of the data® For example, the
average height for adult women in the United States is about
64 inches, with a standard deviation of around 3 inches?? This
means that most women (about 68%, assuming a normal
distribution) have a height within 3inches of the mean (61-
67 inches).””! Two standard deviations from the mean encompass
95% of the data.212 Thus, in our example with height of adult women
in the United States, two standard deviations would be a height
within 6 inches of the mean, or 58-70 inches. Since the standard
deviation “measures the likely size of the random error|, iJf the
standard deviation or error is small, the estimate probably is close to
the truth,”213

Confidence intervals are another manner of expressing
reliability in the interval data.2¥ Again, assuming a normal
distribution curve, a 95% confidence interval indicates a range of
data from -2 standard deviations to +2 standard deviations.?15 “A

206 14 al 116. While posterior probabilities, the applicability of the statistical models, and
regression analysis are other important considerations, for the limited purposes of this
article, we will focus on predision of data and statistical significance. For a more detailed
discussion of the topic, I would guide the reader to Kaye & Freedman, supra note 163, at
116-78.

a7 Id. at 117,

28 4. at 115 n107. The "mean” of data is the average of the data. Id. at 114 n.102
9 [, ot 118,

210 Id. at 174,

g

212 Ser id. at 118, 174,

213 14, at 118.

214 d. at 118-19.

ns 1d, at 118,
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high confidence level alone means very little, but a high confidence
level for a small [data] interval is impressive, indicating that the
random error in the . . . [interval] is low 26

In assessing statistical significance, it is important to understand
the concept of the p-value. The p-value is “[tlhe probability of
getting, just by chance, a test statistic as large as or larger than the
observed value.”?'7 In more simple terms, it is the probability the
result obtained is secondary to chance.2® In social sciences and
medicine, this “observed significance level” (the p-value) is usually
set at 5% (or 0.05) for “statistically significant,” 1% (or 0.01) for
“moderately high” statistical significance, and 0.1% (or 0.001) for
“high or strong” statistical significance.?’? Thus, “|i]f p is smaller
than 5% [(or 0.05)]. the result is said to be ‘statistically
significant.””20 Small p-values speak against the hypothesis that the

21 {d. at 119 (footmotes omitted).
217 id, at 168.
28 Ser id. at 122,

219 See id, at 168, See also id. at 124 n.142 (quoting Waisome v. Port Auth, N.Y, & N.]., 48 F2d
1370, 1376 (2d Cir. 1991) ("Secial scientists consider a finding of two standard deviations
significant, meaning there is about one chance in 20 that the explanation for a deviation
could be randem ... 7); Rivera v. City of Wichita Falls, 665 F.2d 531, 545 n.22 (5th Cir.
1982} (“A variation of 1wo standard deviations would indicate that the probability of the
observed outcome accurring purcly by chance would be approximately five out of 100;
that is, it could be said with a 95% certainty that the outcome was not merely a fluke.”)).

20 Kay & Freedman, supra note 163, at 168. Computing the p-value requires statiskical
expericnce and is reserved for those with expertise in statistics and epidemiology. See id. at
87, 123. Incidemally, some isticians point out that a determination of “statistical
significance” is not &s important as und ding how analysts developed their models,
Ser id. at 128. For example:

If enough comparisons are made, random error almost guarantees that some
will yicld “significant” findings, even when there Is no real effect. Consider the
problem of deciding whether a coin is biased, The probability that a fair coin
will produce ten heads when tossed ten times is (1/2)10 = 1/1,024. Observing ten
heads in the first ten tosses, therefare, would be strong evidence that the ccin is
biased. Nevertheless, if a fair coin is tossed a few thousand times, it is likely that
at least onc string of trn consecutive heads will appear.

Id. a1 127; see alse id. at 124. n.140; (citing John C. Bailar ITl & Frederick Mosteller, Guidelines
Jor Statistical Reporting in Articles for Medical journals: Ariplifications and Explanations, in
MEDKCAL USES OF STATISTICS, (2d ed. 1992} (“Moerely labeling results as “significant” or ‘not
significant’ without providing the underlying information that goes into this conclusion is
of limited vatue.”).



538 Hous. . HEALTH L. & PoL’Y

result can be explained by chance, while large p-values indicate that
chance cannot be ruled out as an explanation for the data.z!

A few other statistical concepts in clinical medicine are
important to discuss briefly: “sensitivity,” “specificity,” “positive
predictive value,” “negative predictive value,” and “odds ratio.”
“Sensitivity” is “the probability that a test for a disease will give a
positive result” when the patient actually has the disease.22 Put
simply, it is actually the chance the condition will be found by the
test.2 “Specificity” is “the probability that a test for disease will
give a negative result when the patient does not have the disease.”22¢
Put simply, it is the chance that someone without the disease will
actually have a negative test.25 “Positive predictive value” is the
proportion of patients who have positive test results and actually
have the disease or condition.Z6 This value is very important in
diagnostic testing as it reflects the probability that a positive test
reflects the underlying condition being tested.2Z “Negative
predictive value” is the “proportion of patients with negative test
results who are correctly diagnosed.”28 “An “odds ratio” is a way of
comparing whether the probability of a certain event is the same for
two groups."2® “An odds ratio of one implies that the event is
equally likely in both groups®® An odds ratio greater than one

221 Kay & Freedman, supro note 163, at 122,

22 Id, al 172

3 See id,

224 {J. ot 173. A test with high specificity for a condition will have a low rate of false positives,
See id. ot 172-73

5 See id, ot 173,

225 FINKFLSTEIN & LEVIN, supra notc 164, at 82,

227 Ser id,

28 Penny F. Whiting et al, Graphical Presentation of Diagnestic Information, BMC MED,
RESEARCH METHORCLOGY, thL1 {Apr. 1 2008),
http:/ / www biomedcentr al.com/ / pdf/ 1471-2288-8-20.pd{ ; sex also, FINKELSTEIN &

LEVIN, supra note 164, at 83.

29 Stats;: What is an Odds Ratio?, CHNDREN'S MERCY, htip://www.childrens-
mercy.org/ stats/ definitions/or.him {last visited July 8, 2011).

230 Kaye & Freedman, supra note 163, at 167.
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implies that the event is more likely in the first group.”2!

2. The Statistical Evidence

The peer-reviewed medical literature on the topic of AHT is
voluminous. It is somewhat confusing how any author could assert
there is a paucity of “quality” medical literature on the topic.2? In
hopes of clarifying and substantiating this matter, this author has
compiled a brief bibliography (Appendix A)}2? of the peer-reviewed
medical literature on the topic, organized by types of articles in the
various subspecialties, so the reader may judge the literature for
himself/herself.2 A critical analysis of the quality of some of that
literature will be discussed herein below.

In general, there have been at least two treatises, comprising
more than 880 pages, on the topic of AHT.Z5 Additionally, there are
at least 14 chapters, comprising another approximate 260 pages, on
the topic of AHT within larger child maltreatment/abuse texts.36 In
addition to that, there are over 700 peer-reviewed, clinical medical

1 See id,

232 See Donohoe, supra nate 12, at 241; see also Tuerkheimer, supra note 4; Gena, supra note 4
(authers who have just “reificd” Donohoe’s asscrtions).

233 This abbreviated bibliography is focused primarily on the literatre in the past twelve
years, as assertions have been made that there has been a “shifted consensus” in the
medical ¢ ity against the legitimacy of the Abusive Head Trauma diagnosis, which
is predicated upon "new research.” See Tuerkheimer, suprz note 4, at 15-29,

B4 For a completely comprehensive review of the topic, 1 wonld reference the reader to a
review of the treatises on the topic (listed herein below in notes 235 & 236) as a starting
point, with a subsequent scarch of the Medline database using broad search terms such as
“subdural hemorrhage or “retinal hemorrhage,” with appropriately limiting criteria (i.e.,
including only children, excluding comments/editorials etc.). Assistance from a medical
librarian may be required.

25 See AM. ACAD. OF PERIATRICS, INFLICTED CHILDAOOD NEUROTRAUMA: I'ROCEEDINGS OF A
CONFERENCE SPONSORED BY DEPARTMENT OF HEALTH AND HUMAN SERVICES, NATIONAL
INSTITUTE OF HEALTH, NATIONAL INSTITUTE OF CHILD HEALTH AND HUMAN DEVELOPMENT,
OFRICE OF RARE DISHASE, AND NATIONAL CENTER FOR MEDICAL REHABILITATION RESEARCH
{Robert M. Reece & Carol E Nicholson eds., 2003); FRASIER ET AL., supra note 13,

236 Ser CHILD ABUSE AND NEGLECT: DIAGNOSIS, TREATMENT, AND EVIDENCE 35-38, 347-457
(Carole Jenny ed., 2010} (chapters 6, 39-48); Suzanne Starling, Head Injury in CHILD
MALTREATMENT: A CLINICAL GUIDE AND PHOTOGRAFHIC REFERENCE 37 (Angelo P. Giardino
& Randell Al der eds., 2003); Klei & Barnes, supra note 141; Rorke-Adams et al.,
supra note 13.
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articles,®’ comprising thousands of pages of medical literature,
published by over 1000 different medical authors, from at least 28
different countries?8 on the topic of AHT. Furthermore, the topic of
AHT has been examined, studied, and published in the following
disciplines: biomechanical engineering, general pediatrics,
neonatology, neurology, neurosurgery, nursing, obstetrics,
ophthalmology, orthopedics, pathology (including forensic
pathology), radiology, and rehabilitative medicine.

With regards to the “quality” of medical literature, it bears
remembering that retrospective reviews are not inherently (by the
nature of being retrospective or non-randomized) unreliable. It is the
design of the review and the quality of the analysis (i.e.,
accountability for bias, confounding variables, interpretation of data,
etc.) that determines the validity of the results, Nevertheless, even
with that proviso, there have been at least eight systematic reviews,
over fifteen controlled trials, over fifty comparative cohort studies or
prospective case series, and numerous well-designed, retrospective
case series/reports, comprising thousands of cases, supporting the
diagnosis of AHT.2? As will be discussed in detail below, in this
auther's review of all of the published, peer-reviewed, clinical

237 In coming to this safe estimation, this author conducted an all language literature search of
the Medline database from 1970 to March 2010, using over 15 different keywords/phrascs
(to include, but not limited to, "shaken baby syndrome,” “shaken infant syndrome,”

“inflicted neurotrauma,” *nonaccidental traumn," “subdural hzmmhage “subarnchnoid
hemorthage,” and “retinal hemorrhage™). ta-analyses, pracur:e guldeli
randomized control trials, case reparts, y di d clinical trials,
historical or classical articles, multicenter studl.es and technical repnris in children under
eighteen years of age were included. All reviews, comments, editorials, letters, and news
articles were cxcuded. The restricted searches to the search terms “subdural
hemorrhages® and “retinal hemorrhages” by themselves produced cver 1000 abstracts and
over 500 abstracts, respectively. This author then reviewed over 1000 abstracts from the
above searches to gauge applicability to the topic of Abusive Head Trauma, and safely
determined that at least 700 articles wure portinent to the topic. Additionally, given the
non<comprehensive nature of the search (i.e., the limitation to one database and a non-
exhaustive list of keywords/phrases), this auther was able to safely conclude that the
abave-stated number of studics was an underestimate,

238 The different natjonatities publishing on this topic include: Argentina, Australia, Belgium,
Brazil, Canada, China, Czech Republic, Dy k F iz, Finland, France, Germany,
Greece, Indla, Israel, Italy, Japan, Malaysia, Netherlands, New Zealand, Norway, Poland,
Russia, Singapare, Spain, Switzerland, United Kingdom, and the United States.

39 Ser infra Appendix A.
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medical literature (greater than 700 articles), there is not one clinical
study that demonstrates a greater statistical association of either
subdural hemorrhages or retinal hemorrhages with accidental
trauma over abusive head trauma. Additionally, since there has
been criticism of the questionable “quality” of the medical literature
supporting AHT (i.e, a lack of randomized, controlled studies),? it
is important to note that almost all of the papers “questioning” the
validity of AHT (save two or three) are non-randomized,
retrospective case series/reports, and without comparative control
groups. In fact, many are single case reports.

a. Subdural Hemorrhages

The differential diagnosis (i.e., list of potential causes) for
subdural hemorrhages (SDHs) is extensive. A summarized list of
those causes is detailed in Appendix B. When traumatic, the
mechanism for the SDH is either a contact (or impact) force or an
inertial (acceleration-deceleration) force or both.#41 “Contact. ..
[forces] cause damage at the site... [where] contact occurs2?”
Disruption of the skull’s integrity secondary to the contact force can
resuit in a disruption of the underlying blocd vessels and
consequent development of a hemorrhage.2s® These hemorrhages
can be epidural (outside the dura mater), subdural (in the potential
space underneath the dura mater), or, sometimes, intradural (within
the layers of the dura).?# In inertial events, the acceleration-
deceleration motion of the brain results in strain upon the cortical
bridging veins, which exceeds their tolerance levels and
subsequently leads to rupture and hemorrhage (subdural and/or
subarachnoid).25

Although there are many potential causes of SDHs, several

M0 See Donohoe, supra note 12, at 24041,

241 See Rorke-Adams et al., supra note 13, at 61.
42 4,

20 Id, at 64.

24 Id. at 65 tbl.2.2, 81-84.

45 Md, at 61, 63-64:
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studies indicate that trauma is the most common cause.2¥ In one
such prospective study of all infants ages zero to two in the UK. and
the Republic of Ireland, from 1998 to 1999, Hobbs et al. identified
186 infants with SDHs (by CT, MRI, ultrasound, or post-mortem
examination).?¥? Of the 186 infants with SDHs, 113 (61%) had SDHs
caused by trauma, 30 (16%) by infection or other non-traumatic
medical cause, and 43 (23%) by an undetermined cause, 28 Of the
113 traumatic SDHs, 106 (94%) were determined to be of non-
accidental etiology, and only 7 (6%) were determined to be
accidental 2 Similar results were noted in retrospective reviews by
Jayawant et al. in Wales and southwest England from 1993 to 1995,
Trenchs et al. in Barcelona, Spain from 1995 to 2005, and Tzioumi &
Oates’ in the Royal Alexandra Hospital for Children in Australia.z?
Feldman et al. confirmed a predominance of non-accidental
injury over accidental injury as the etiology of SDHs in their 2001
prospective study of 66 children, under age three, with SDHs.25!
Feldman et al. excluded patients that presented with SDHs
secondary to known hemerrhagic disease (i.e., bleeding disorder),
prior neurosurgical procedure, previously recognized perinatal (i.e.,
near birth) brain injury, or infectionz? In efforts to avoid
“circularity” concerns, Feldman et al. designed their study such that
retinal hemorrhages (RHs) were not a part of the classification

24 See, e.g., C. 1iobbe et al, Subdural Heematema and Effusion in Infarcy: An Epidemiological
Study, 90 ARCHIVES Distase CHILDHOOD 952, 954,

247 JJ, at 952-51.

U0ld at 953 thl2 “Underdetermined cause”™ combines Hobbs® “Perinatal® and
“Undetermined” categories, and “Tr ic SDHs” combines Hobbs’ “Acddent”™ and
“Abuse” categories. See i,

249 14,

250 See 5. Javawant ct ol,, Subdural Haemarrhages in Infants: Population Based Study, 317 BRIT,
MED. J. 1558, 1559. 1561 (1998); Victoria Trenchs et al, Subdural Harmatamas and Physical
Abuse in e First T Years of Lifr, 43 PEDIATRIC NEURCSURGERY 352, 352-53, 356 (2007);
Dimitra Tzioumi & R. Kim Qates, Subdural Hematomas in Children Urder 2 Years, Accidental
or Inflicted? A 10-Year Experience, 22 CHILD ABUSE & NECLECT 1103, 1106-07 (1998).

21 Kenneth W, Feldman et al, The Cause of Infmt and Toddler Subdural Hemorrhage: A
Prospective Study, 108 PEDIATRICS 636, 638 (2001) (source also located in Appendix A
"General” litcrature, prospective article #14),

252 d, at 637,
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criteria for intentional injury.? In their cohort, Feldman et al. found
that of the 66 patients, 39 (59%) patients were confirmed as suffering
intentional injury, 15 (23%) were unintentional or accidental, and 12
(18%) were undetermined .

Pathology studies have also confirmed the predominance of
trauma, and more specifically non-accidental trauma, as the cause of
SDHs. 555 In 2009, Matschke et al., published the results of their fifty-
year retrospective review of the causes of death for infants less than
one year old.z% Of 715 infant deaths, only 50 infants (7%) were
identified with SDHs.257 Of those 50 SDHs, 15 (30%) were traumatic,
13 {26%) were secondary to bleeding/clotting disorders, 13 (26%)
were perinatal, 4 {8%) were infectious, 4 (8%) were undetermined,
and 1 (2%) was secondary to metabolic disease.?® Of the traumatic
SDHs, 14 {93%) were secondary to non-accidental trauma, and only
1 (7%) was accidental.Z® Thus, Matschke et al. concluded that
"most... [SDHs are] attributable to trauma, with NAHI [(Non-
Accidental Head Injuries)] substantially outhumbering accidental
injuries ... ."20

Although SDHs are not specific?® for non-accidental injury,
several well-designed prospective studies demonstrate a significant
and strong association of SDis with non-accidental/inflicted
trauma over accidental trauma 22 In 1992, Duhaime et al. published

53 IJ. at 637-38.
B4 1d, at 635 thl.2,

%5 £.g., Jakob Matschke et al,, Nonaccidental Head Injury is the Most Commen Cause of Subdural
Bleedig in Infants < 1 Year of Age, 124 PEDIATRICS 1587, 1594 (2009) (source also located in
Appendix A, “Pathology” lit pective article #20),

26 1. at 1588.
257 Id. at 1569,
8 d.

29 Id,
0 Id. at 1594.

261 As discussed in the statistics section above, the term “specific” in this context is used with
regards to its statistical definition ing that it is a condition/injury that can produce
some false positives with regards to AHT. 5¢¢ Kaye & Freedman, supra note 163, al 173
(definition of specificity).

22 £ g, AC. Duhaime et al., Head Injury in Very Young Children: Mechanisis, Injusy Types, and
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the results of their prospective study of 100 patients less than two
years of age who suffered head injuries.?® In efforts to avoid
“circularity” concems, Duhaime et al. used strict criteria for
determining “inflicted” injury.2% The authors excluded retinal
hemorrhages (RHs) as a diagnostic criterion, and they only included
SDHs that had no history of trauma but had clinical or radiologic
findings of blunt impact to the head.%5 Thus, the authors designed
an algorithm, which was “deliberately biased to reduce false
positives and thus may underestimate the true incidence of child
abuse.”24 In Duhaime et al.'s cohort, 76 patients were determined to
be from accidental causes and 24 were determined to be
“inflicted.”267 Duhaime et al. found that only 3 out of 76 (8%)
patients in the accidental group had SDHs, while 13 out of 24 (54%)
patients in the “inflicted” group had SDHs.28 This computed to a p-
value of less than 0.0002, meaning these findings could have
occurred by random chance no more than twe times in 10,000
patients.29 Thus, Duhaime et al. concluded that the relationship
between inflicted injury and SDHs was highly statistically
significant.270

In 2004, Bechtel et al. produced similar results.?”! The authors
prospectively studied 82 children, age zero to twenty-four months,
who were admitted to Yale New Haven Children’s Hospital from

Ophthalmologic Findings in 100 Hagpritalized Patients Younger than 2 Years of Age, 90
PEDIATRICS 179, 183 (1992) (source also located in Appendix A, “General™ literature,
prospective article #10).

283 14, at 179, 181.

264 [, at 179.

265 Ser id, at 179-80, 184.
260 14, at 180.

267 See id. at 181

268 7, at 183.

289 See id, at 184. Recall the general statistical principles section above: p-value is essentially
the likelihood the result is due to chance.

270 4. at 181, 184.

N See Kirsten Bechtel, ot al., Characteristics that Distinguish Acdidental from Abusioc Injury in
Hospitalized Young Children with Head Trauma, 114 PEDIATRICS 165, 165, 168 {2004) (source
also located in Appendix A, “General” Mterature, prospective article #3).




A DAUBERT ANALYSIS 545

August 2000 to October 2002 for head trauma.Z? In avoiding
“circularity” concerns, the authors classified “inflicted” head injury
only if there was clear evidence of head injury and no frauma
history provided, if there was a traumatic history incompatible with
the developmental capabilities of the infant, if there was a
confession of inflicting the injury, if there was a witnessed inflicted
injury, or if there was evidence of other physical injuries which were
characteristic of inflicted injury (e.g., patterned bruises, etc.).Z? The
authors did not include RHs in the diagnostic criterion of “inflicted”
injury.Z4 Of the eighty-two patients, sixty-seven were determined to
be “accidental,” and fifteen were determined to be “inflicted.”?
Bechte! et al. found that 12/15 (80%) patients in the “inflicted” head
injury group had SDHs, while only 18/67 (27%) patients in the
“accidental” head injury group had SDHs.Z6 This computed to a p-
value of less than 0.001.Z7 Again, this meant that these findings
could have occurred by chance or randomly no more than one in
1,000.7% Thus, Bechtel et al. also concluded that the association of
SDHs with inflicted injury was highly statistically significant.z®

In 2010, Vinchon et al. published the results of their prospective
series of eighty-four patients, from 2001 to 2009, with independent
corroboration of head injury.? In Vinchon et al.’s cohort, thirty-nine
patients were witnessed accidents and forty-five patients were
confessed inflicted head injury.! Only 17 out of 39 (44%) witnessed
accidents had SDHs, while 37 out of 45 (82%) inflicted head injury

72 Id. al 166.

73 14, ar 166 thl.1.

4 See dd.

275 Id. at 166,

27 |d. at 167, l 3,

77 Id.

278 Sep id,

79 Ser id.

B0 Sec Matthicu Vinchon et al, Comfessed Aluse Versus Witnessed Accidents in Infants:
Comparison of Clinical, Rediolpgicel, and Ophthalmological Data in Corrob d Cases, 26
CHILD'S NERVOUS SYs. 637, 638-39 (2010) (source also located in Appendix A, "General”
literature, prospective article #23).

8 |d, Confessions were obtained from judicial sources. Id, at 638.
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patients had SDHs.22 This computed to a p-value of less than
0.001.23 As with Duhaime et al. and Bechtel et al., Vinchon et al.
concluded that the association SDHs with non-accidental injury was
highly statistically significant.?! Several other well-designed,
prospective and retrospective general pediatric studies have found
similar results and come to the same conclusion >

Radiology studies have helped to further characterize the
appearance of SDHs seen in AHT cases. Multifocal SDHs,
interhemispheric SDHs (located between the two hemispheres of the
brain), and convexity SDHs (located at the front or back “curves” of
the brain} have a stronger statistical association with non-accidental
trauma than with accidental trauma.®¢ In 2002, Wells et al.
published the results of a retrospective review of the CTs of 293
children, under age three, with intracranial hemorrhage at the

22 /d. at 641 112
203 1d,
2 Ser id. ot 639, 641 thl2.

5 Sec Unda Ewing-Cobbs, et al., Nenrcimaging, Physical, and Developmental Findings after
Inflicted and Noninflicled Traimatic Brain Infury in Young Children, 102 PEIATRICS 300, 300
(199R); Carla DiScala, et al., Child Atnese ad Unintentional Infurics, 154 ARCHIVES PEDIATRICS
& ADOLESCENT MED. 16, 16 (2000); Kent P. Myme! et al, Head injury Depth as an Indicator of
Causes and Mechanisms, 125 PEDIATRICS 712, 715-18 (2010) [hereinafter Hymel et al., Head
Injury Depth]; Kent P. Hymel et al,, Mechonisms, Clinical Pre ions, Injuries, and Outcomes
from Inflictked Versus Noninflicted Head Trauma during Infancy: Results of ¢ Prospective,
Multicentered, Comparative Study, 119 PEDIATRICS 922, 922 (2007) [hereinafter Hymel ot al,
Meciumisms); Heather T. Keenan et al,, A Popuiation-Based Comparison of Clinical Outcom:
Characteristics of Young Children with Serious Inflicted and Noninflicted Traumatic Broip Injury,
114 PEDIATRICS 633, 633 (2004); Mark W. Marris et al., Evaluation of infants with Subdural
Hematona who Lack External Evidence of Abuse, 105 PEDIATRICS 549, 549 (2000); M.C. Myhre
et al, Traumatic Head Injury in Infants and Toddlers, 96 ACTA PAEDIATRICA 11539, 1159
(2007): Robert M. Reece & Robert Sege, Chilidhood Head Injurics, 134 ARCHIVES PEDIATRICS &
ADOLESCENT MED. 11, 11 {2000); Shervin K. Dashti et al,, Current Patterns of Inflicied Head
injury i Childrem, 31 PEDIATRIC NEUROSURGERY 202, 302 (1999): Maithieu Vinchon et al,
Accidental and Nonaccidental Head Injuvies in Infants: A Prospective Study, 102 ).
NEUROSURGERY: PEDIATRICY 380, 380-81 (2005) (sources also referenced in Appendix A,
“General” literature. prospective articles #12. 18, 19 & 21; retrospective articles # 12, 22, 28,
& 32 "Neurosurgery” literature, prospective article #3 and retrospective article #3).

26 Robent G. Wells el al, Intracranial Hemorrhage in Children Younger than 3 Years. 156
ARCHIVES PEDIATRICS & ADOLESCENT MED. 252, 253, 254 tbi 2 (2002) (source also referenced
in Appendix A, “Radiclogy” literature, retrospective article #14).




A DAUBERT ANALYSIS 547

Children’s Hospital of Wisconsin from 1991 to 2001.%7 Blinded to
the CT findings, an injury was classified as “intentional if there was
a confession of abuse, the injuries were incompatible with the stated
mechanism of injury, or the caretaker offered no explanation for the
injuries.”28 “An injury was classified as “unintentional if it was
witnessed by someone other than the caretaker or there were no
discrepancies between the described mechanism and the physical
findings.”2* Then, blinded to the clinical findings, a pediatric
radiologist reviewed the CT findings for the presence and location
of intracranial hemorrhage and other intracranial abnormalities.?0
Wells et al. found that 105 cut of 148 (71%) intentional injury
patients had an interhemispheric SDH, while only 21 out of 109
(19%) unintentional injury patients had an interhemispheric SDH;
and, 99 out of 148 (67%) intentional injury patients had a convexity
SDH, as compared with 14 out of 109 (13%) unintentional injury
patients.?! For both these injuries, this computed a p-value of less
than 0.05.72 Thus, Wells et al. concluded that there was a statistically
significant association with convexity and interhemispheric SDHs
and intentional injury.?® Similar results were produced by Hymel et
al. and by Datta et a2 Additionally, in the Datta et al. study, there
was a statistically significant association with multifocal SDHs and
non-accidental injury 295

7 |, t 253,

8 4,

w9 14,

201,

1 d. at 254 thisd & 2.
2 4. at 255,

) See i, at 255 & thl3,

B4 See 5. Datta ct al, Nearoradivlogical Aspects of Subdural Hoemorrhages, ARCHIVES DISEASE
CHILDHOOD 947, 948, 350 (2005); Hymel ct al,, Mechanisms, supra note 283, at 928. Bul ser
Glenn A. Tung et al., Comparison of Accidental and Nonaccidental Traumatic Head mjury in
Children on Noncentrast Computed Tomagraphy, 118 PEDIATRICS 626, 632 (2006) (showing
authors did not find a significant statistical association with interhemispheric SDHs and
non-accidental trauma) (source also referenced in Appendix A, “Radiology” literature,
comparative article #8).

295 Dafta et al., supra note 2, at 347-48.
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Thus, with regards to the validity and reliability of the statistical
evidence on SDHs and AHT, there are several well-designed
prospective studies and retrospective reviews. Additionally
compelling is that the statistical resuits are similar along multiple
lines of research — pathology, radiology and general pediatrics. All
have produced the same results: the significant statistical association
of SDHs with non-accidental trauma over accidental trauma. This
author’s review of the evidence-based medical literature has
revealed no published, peer-reviewed clinical studies that conclude
differently.

b. Retinal Hemorrhages

The retina is the multi-layered, inner lining of the eye.? The
posterior pole is the area of the retina that encompasses the major
blood vessels, the macula, the fovea, and the optic nerve head (the
optic disc).2” The fovea is the area of the retina where the central
visual axis through the pupil falls.?% The area of retina surrounding
the fovea is the macula.?®® These structures are depicted in Figures 6
and 7.

In young children/infants, the vitreous gel that fills the eye is
adhered much more strongly to the macula, peripheral retina, and
the retinal blood vessels as they course on the retinal surface. 3 This
difference in anatomy from the adult eye is relevant to the theory of
how RHs are formed {repetitive acceleration-deceleration forces) in
the setting of AHT.3"

“Hemorrhages [can] occur on the surface of the retina
(preretinal), under the retina (subretinal), or within the retinal

96 Alex V. Levin, Retinal Hemorrhages: Advances in Understanding, 56 PEDIATRIC CLNICS N, AM,
333, 335 (2009) (source also referenced in Appendix A, “Ophthalmology” literature, review
article #5).

»7 1.
8 1,
29 M.
300 Id,
301 See id at 338,
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[layers (intraretinal)].”%? Hemorrhages can have a certain
appearance and size, and can be confined to the posterior pole or
extend to the ora serrata (the edges of the retina).3% “Flame” or
“splinter” RHs are hemorrhages that lay in the superficial nerve
fiber layer of the retina.3 “Dot” and “blot” RHs are round and
amorphous-shaped hemorrhages within the deeper layers of the
retina. 3 An important form of RHs is retinoschisis—where there is
splitting of the retinal layers with blood accumulating in the
intervening space.3% Retinoschisis can sometimes be accompanied
by circumlinear pleats or folds in the retina at the edges of the
schisis.®7 Retinoschisis with pleats or folds is an important finding,
because, other than AHT, in children younger than five years it has
only been reported in two cases of fatal crush injuries to the head,
one case of leukemia, and in cases of severe, fatal motor vehicle
accidents.368

Mild RHs are generally understood to be a few, dot/blot or
flame/splinter-shaped RHs, in the intraretinal or preretinal layers,
and confined to the posterior pole.3® Severe RHs are generally
understood to be diffuse, too numerous to count hemorrhages,
extending to the periphery of the retina (not confined to the

32 1d, at 335.

303 1d, at 333, 341.
308 1d, at 335,

305 1d,

306 Id,

307 Id.

308 1d, at 335-36; see Cregg T. Lueder el al,, Perimacular Retinal Folds Simulating Nonaccidental
Injury in an Infant, 124 ARCHIVES OPHTHALMOLOGY 1782 1782-83 (2006) (source also
referenced in Appendix A, “Ophthalmology” literature, retrospective article #22): P.E
Lantz ot al,, Perimacular Retinal Folds from Childhood Heed Trauma, 328 BRIT MED. J. 754, 754
(2004} (source also referenced in Appendix A, “Pathology” literature, retrospective article
#16); Ajay Bhamagar et al., Subintemal Limiting Membrane Hemorrhage with Perimacular Fotd
in Leukermia, 127 ARCHTVES OPHTHALMOLOGY 1548, 1548 {2005) {source also referenced in
Appendix A, “Ophthalmology™ Litcrature, retrospective article #4); JI» Kivlin et al,, Retinal
Hewmorrhages in Children Follawing Fatal Motor Vehicle Crasies: A Case Serics, 126 ARCHIVES
OPHTHALMOLOGY 800, 800-01 (2008) (source also referenced in Appendix A,
“Ophthalmology” literature, retrospective article #18),

308 See, Levin, supra note 296, at 334 box1.
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posterior pole), usually involving multiple layers of the retina
(intraretinal, preretinal or subretinal), and sometimes accompanied
by retinoschisis with or without folds.3'® Mild RHs, severe RHs, and
retinoschisis are depicted below in figures 8, 9, 10.

As with SDHs, the differential diagnosis for subdural
hemorrhage RHs is extensive. A summarized list of those causes is
detailed in Appendix C. Assessing the diagnostic significance of
RHs requires the consideration of other medical causes and an
understanding of the spectrum of injury patterns observed in
accidental trauma. Through the inferential and deductive process of
eliminating other potential mechanisms, one recognizes the
significant probability that repetitive acceleration-deceleration forces
are the causative mechanism of severe RHs.311

While several studies demonstrate an association of RHs with
bisth, several factors distinguish birth-related RHs from the RHs
commonly seen in AHT.3®2 First, the vast majority of birth-related
retinal hemorrhages are intraretinal®? Mult-layered RHs, as
commonly seen in AHT, have not been reported in the medical
literature in association with birth.31 Second, study of the natural
history of birth-related RHs reveals that the vast majority of these
RHs resolve by two to four weeks of life.313 This led one author to
conclude that RHs “in infants older than 1 month . . . [are] not likely
related to birth” 3 Finally, retinoschisis (splitting of the retina) has

310 /4. at 333, 335.

31 See Levin, supra note 296, at 337,

312 See M. Vaughn Emerson et al, Incidence and Rate of Disappearance of Retinal Hemerrhage in
Newhorns, 108 OPHTHALMOLOGY 36, 36 (2001); Lindsey A. Hughes et al, Incidence,
Distribution, and Duralion of Birth-Related Retinal Hemorrhages: A Prospective Study, 10 J. AM.
ASSN FOR PEDIATRIC OFHTHALMOLOGY & STRABISMUS 102, 102 (2006) (sources also

referenced in Appendix A, “Ophthatmology” Lits prospective articles #6 & #13).
313 Ser Emerson et al., supra note 312, at 36.
34 [d at37.

315 Jd, at 38. There are rare cases of birth-related RHs Lasting until six to eight weeks of life, See
id. There has been no documentation of birth related RHs outside of eight weeks {two
months) of life. See id.; Hughes et al, supra note 312, at 106.

N6 1d. at 39,
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never been reported in association with birth injury 317

The commonality, and somewhat similarity, of birth-related
RHs and the RHs commonly seen in AHT compels one to consider
increased intracranial pressure or increased intrathoracic pressure as
potential causative mechanisms for RHs.318 Additionally, because rib
fractures are occasional concurrent injuries in AHT cases, increased
intrathoracic pressure is naturally thought to be implicated 319

Studies examining the effects of chest compressions in CPR
(cardio-pulmonary resuscitation) have failed to demonstrate any
severe RHs (the kind seen in AHT).3 |n one such study, Odom et al.
prospectively examined the prevalence and character of RHs in
patients in a pediatric ICU who had received at least one minute of
chest compressions and survived. 32! After excluding patients that
had evidence of trauma, documented retinal hemorrhages before
CPR, suspicion of child abuse, or diagnosis of near-drowning or
seizures, Odom et al. found 43 patients that met inclusion criteria.32
In fact, “[a]ll of the precipitating events leading to cardiopulmonary
arrest occurred in their intensive care unit, eliminating the
possibility of physical abuse as an etiology.”2 Of the 43 patients,
“[t]he mean duration of chest compressions was 16.4 minutes. ..
with 58% lasting between 1 and 10 minutes. Five patients had chest
compressions lasting less than 40 minutes, and two patients had
open chest cardiac massage. All patients survived their resuscitative

317 See Levin, suprg note 296, at 334 box1.
N8 Id. at 337,
319 1d,

320 Ser James C. Fackler et al., Retinal Hemorriages in Newborn Piglets Follmoing Cardiepulmonary
Resuscitation, 146 AM. J. DISEASES CHILDREN 1294, 1295 (1992); M.G.F. Gilliland & Martha
Waters Luckenbach, Arc Retinal Hemnorrhages Found Afier Resuscitation Atrmpts? A Study of
the Eyes of 169 Children, 14 Am. ]. FORENSIC MED, & PATHOLOGY 167, 189 (1993); Amy Odom
et al., Prevalenar of Retinal Hemarrhages in Pediatric Patients Aflzr In-hospital Candiopulmenary
Resuscitation; A Prospective Study, 99 PEDIATIICS, at 4 (June 2007) (sources also referenced

in Appendix A, “Ophthalmology” 1 « led snady #2 & prospective articles #7
& #16),

321 See Odom et ol,, supra note 320, at 2.

22 i

323 /d. at*3.
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efforts,”? Odom et al. found small punctate retinal hemorrhages in
only one patient.3> There was no patient with severe RHs 326 Well-
designed studies involving other clinical scenarios that increase
intrathoracic pressure, e.g., coughing, vomiting, or seizures, also
have failed to demonstrate any of the type of severe RHs commonly
seen in AHT 377

With regards to increased intracranial pressure as a cause for
severe RHs in children, in 2002, Schloff et al. published the results of
a prospective study, which was designed to find the incidence of
RHs in children with intracranial hemorrhage and increased
intracranial pressure (also known as Terson’s syndrome).328 Cnly
children from known non-abuse cases were included in their
study.?? Of the 57 children studied, 27 were from known accidental
trauma (MVA's, sports accidents, falls, etc.), 24 from surgeries, and
six from other causes (vessel malformations, infection, etc.).33 Fifty-

24 14, at *1.
25 [d, at *1, *3.
26 Ser id. a1 *3-*4.

27 Sec Al Curcoy et al, Do Retinal Hagmorrhages Oceur in Infants with Conoulsions?, 94
ARCHIVES DISRASE CHILDHOOD 873, 874 (2008} (svizures); Michael Goldman et al., Seoere
Cough and Retinal Hemorrhage in Infants and Young Children, 148 ). PEDIATRICS B35, 836
{2006) (coughing); Sandra Herr et al., Does Valsalva Retingpatiry Occur in Infants? An Initial
Investigation in Infants with Vomiting Causcd by Pyloric Stencsis, 113 PEDIATRICS 1658, 1660
{2004) (vomiting); M. Mei-Zahav et al., Cormoulsions and Retinal Haemorrhage: Should We Look
Further? B6 ARCHIVES DISEASE CHILDHOOD 3, 334-35 (2002) (convulsions); 5. Sandramouli
et al, Retinal Hemorrhages and Comvulsions, 76 ARCHIVES DISEASE CINLDHOOD 449, 449-50
(1997) (scizures) Ajai K Tyagi et al, Can Convulsions Alme Cause Retinal Hezmorrhages in
Infmis? 82 BRIT. | OPHTHALMCLOGY 659, 65960 (1998) (scizures); (sources also referenced
in Appendix A, “Ophthalmology” literature, prospective articles #5, 11, 12, 13, 19, & 23).
One other mechanism of retinal hemorrhaging occasionally mentioned i Purtscher's
Syndrome. Levin, supr note 296, at 337. Purtscher’s syndrome is the presence of certain
characteristically-patterned RHs (hexagonal with white patches) that occur in adults that
suffer severe crush chest injury, /d. The particular characteristically-patterned RHs
(Purtscher’s retinopathy) are rarely seen in AHT and are most likely the resull of
infarction, fat embolj from broken bones, or infl i diated change. Id,

328 Ser Susan Schioff et al, Retinal Findings m Children with Intreeranial Hemorrhaye, 109
OPITHALMOLOGY 1472, 1472 (2002) (source also referenced in Appendix A,
“Ophthalmology” literature, prospective article #20).

32914, ot 1473,
330 {4, a1 1473 1L,
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five out of fifty-seven children (96%) had no evidence of RH.3!
“One. .. [child] had a single dot hemorrhage associated with [a]
presumed infectio[n] . .. . The second . .. [child] had three flame and
two deeper dot intraretinal hemorrhages.”332 She was the victim of a
motor vehicle accident3?® No child had severe or multi-layered
RHs3¥ These results accord with the retrospective review
conducted by Morad et al., also published in 2002.335

Furthermore, the postulated mechanism of RHs in the setting of
increased intracranial pressure — obstruction of venous outflow from
the eye (i.e., blood flowing out of the eye, through the head, and
back towards the heart) — produces a pattern of hemorrhages that is
not the pattern of hemorrhages seen in AHT.33 The accidental head
injury literature also demonstrates no severe RHs, and many of the
children in those studies experienced increased intracranial
pressure.3%7

On the other hand, several lines of research and analysis point
towards acceleration-deceleration forces at the vitreo-retinal
interface (remembering, from above, that the anatomy of an infant is

31 Id. at 1473,
332 44, at 1472
333 Id.

3M U4 ar 1473-74.

335 Ser Yair Morad et al,, Correlation Between Retinal Abnprmalitics and Intracraniol Abnormalities
in the Shaken Bohy Syndrome, 134 AM. ). OPHTHALMOLOGY 354, 355-56 (2002); (source also
referenced in Appendix A, "Ophthalmology™ literature, retrospective article #30).

334 Ser Levin, supra note 295, at 338.

37 See Yvonne M. Buys et al.. Retinal Findings After Heal Trmima in infimts and Young Children,
99 OFmiALMOLOGY 1718, 1720 (1992); Cindy W. Christian et al, Retinal Hemorrhages
Caused by Accidental Household Trauma, 1335 J. PEDIATRICS 125, 127 (1999); Dennis L. johnson
ct al, Accidental Head Trmima and Retinal Hemorrhage, 33 NEUROSURCERY 231, 231-32 (1993);
V. Trenchs et al, Retinal Hzemorrlages in Head Traume Resulting from Ealls: Differential
Diagnosis with Non-Accidental Trauma in Patiends Younger than 2 Years of Age, 24 QLD'S
NERVOUS Sys. 815, 817 (2008); V. Sturm et al, Rare Retingl Harmorrhages in Translational
Acadental Head Tranma in Children, 23 EYE 1535, 1540 (2009); Kivlin et al., supra note 308, at
803 (sources also referenced in Appendix A, “Ophthalmology” literature, prospective
articles #3, 14, & 22; retrospective articles #8, 18, & 36). In the rare instances when Rlis
were present, there were only a few preretinal or intraretinal RHs confined to the posterior
pole. Sec, e.g., Cindy W. Christian et al., Retinal Hemorrlages Caused by Accidental Houschold
Trauma, 135 }. PEDIATRICS 125, 125-27 (1999).
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such that the vitreous gel is much more strongly adherent to the
retina than in adults) as the causative mechanism for severe RHs.338
First, “the pattern of hemorrhages . . . [in severe RHs] correlates with
the ... anatomy [of the eye in] the young child where]] the vitreous
is most adherent with blood vessels” (in the periphery of the retina,
and in the area of the posterior pole where retinoschisis occurs).%9
Second, severe RHs are not commonly seen in single acceleration-
deceleration traumatic events (such as motor vehicle accidents and
falls).30 Third, in fatal cases, postmortem studies reveal that the
vitreous is often still attached at the top of retinal folds, indicating a
traction mechanism.3! Finally, as will be detailed below, there is an
extremely high, statistically significant association of severe RHs
with AHT 342

In 2005, Vinchon et al. sought to study the diagnostic
significance of RHs in cases of child abuse.33 Their prospective
study of 150 children included all children under two years old, who
were admitted with head injury over a three year period 3 Utilizing
the strict algorithmic criteria of Duhaime et al. (discussed above) for
determining “inflicted” injury, Vinchon et al. identified 57 cases of
abuse, 88 eighty-eight accidental cases (household, birth travma,
and traffic accidents), and five undetermined.3$5 Retinal data was
available for 129 children (56 abuse, 73 accidents).™¢ Moderate to
severe RHs were found in 37 cases, all of them “abuse” 37 Vinchon
et al. found the sensitivity, specificity, and positive predictive value
of moderate or severe RHs for abuse to be 66.1%, 100%, and 100%,

338 See Levin, supra note 296, at 338.

339 M,

A0 i,

31 d,

M2 Ser id. at 341,

33 Spe Vinchon et al., supra note 285, at 380,
3 M. 380-B1.

345 Jd. at 381.

Mo Md.

M7 Id, at 382
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respectively 348

Vinchon sought to re-examine this data, and its reproducibility,
except this time with independent corroboration of head injury, so
as to avoid any “circularity” concerns in his design.®? In 2010,
Vinchon et al. published the results of a prospective series of 84
patients who sustained injuries from either witnessed accidents
{N=39) or confessed inflicted head injury {N=45; obtained from
judicial sources).3® Of the thirty-nine witnessed accidents, only one
patient (2.5%) had moderate or severe RHs — that is the patient had a
known impact to his head.%! Of the 45 confessed inflicted injury
patients, 34 (76%) had moderate or severe RHs.%2 Conversely, 34 out
of 39 (87%) accident patients had mild or no RHs; and, 10 out of 45
(22%) of the inflicted head injury patients had mild or no RHs.35
This data is graphically depicted (figure 11) below, and computed to
a p-value of less than 0.001 (0.1%).35 In further statistica! analysis,
Vinchon et al. determined the specificity and positive predictive
value of severe RHs for abusive injury to be 97% and 96%,
respectively.?® Vinchon et al. calculated the specificity of SDH, RH
and the absence of evidence of impact to be 100% for abusive
injury.3* Thus, Vinchon et al. concluded that, in the absence of
ocular impact, severe RHs were specific for inflicted head injury.37
Similar results have been produced in well-designed prospective
and retrospective studies by Pierre-Kahn et al., Bechtel et al., and
Reece and Sege 3¢

M8 1.

349 Se¢ Vinchon et al, supra note 280, at 637-38, 644.
350 Ser id, at 637-38.

351 Id. at 641 tbl2.

as2 fd,

353 id.

33 [d, at 640 1hl.1,

355 Id. at 642 thl 4.

356 [d. a1 642 tbt.4, 643,

357 [d. at 644,

358 Ser Vincent Pierre-Kahn et al., Opiithalmologic Findings in Suspected Child Abuse Vietims with
Subdural Hemalomas, 110 OPHMHALMOLOGY 1718, 1720 (2003) (source also referenced in
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Pathology studies have produced similar results. Riffenburgh
studied 197 confirmed child abuse deaths and compared them to 401
controlled patients (deaths secondary to auto accidents, drowning,
SIDS).%* Riffenburgh found 47% of child abuse deaths had RHs
whereas only 4% of controls had RHs .30 This computed to a p-value
of less than 0.001 (0.1%), and an odds ratio of 18.9 for RHs and
abuse.¥! Remembering “odds ratio” from the statistics section
above, this means that RHs in abuse is almost nineteen times more
likely than RHs in other circumstances (auto accidents, drowning,
SIDs, etc).32 Other authors have published comparable findings.36

In 2009, Maguire et al. published the results of their systematic
review of all the scientific literature to identify clinical features that
distinguished inflicted from non-inflicted brain injury35 After
reviewing “20 [electronic] databases, websites, references and
bibliographies, using over 100 keyword combinations,” Maguire et
al. identified over 6000 studies, which were relevant to the topic, and
reviewed 320.%5 Secondary to strict inclusion criteria (including only
those studies that compared the clinical features of inflicted and
non-inflicted brain injury with consecutive case ascertainment),

Appendix A, “Ophthalmology” litcrature, prospective article #17); Bechte) ct al, supm
note 271, 166-67; Reece & Sege, supra note 285, at 13-14,

359 Sec Gaurav Bhardwaj et al., A Systematic Review of the Diagnostic Acatracy of Ocular Signs in
Pelistric Abusive Head Trouma, 117 OPHTHALMOLOGY 983, 987 tbl1 (2010) (presenting
results of Riffenburgh study) (Bhardwaj source also referemced in Appendix A,
“Ophthalmology”™ lite: x jic review #2; Riffenburgh source also referenced in
Appendix A, “Pathology” literature, controlled study #7).

360 Id.

361 id,
362 See id.; infra Part L.B.Lb.

33 See, e.g., Aaron M. Gleckman et al, Ophic Nerve Damage in Shaken Baby Syndrome, 124
ARCHIVES PATHOLOGY & LABORATORY MED. 251, 252 thl., 255 (2000) (source also referenced
in Appendix A. “Pathology” literature, controlled study #4); Donald L. Budenz et al.
Qcular and Optic Neroe Hemorrhages in Abused Infants with Intracranicl Injuries, 101
OPHTHALMOLOGY 558, 561 (1994) (source also referenced in Appendix A, “Pathology”
literature, controlled study #2); Gilliland & Luckenbach, supra note 320, at 191,

364 See S. Maguire, Which Clinical Features Distinguish Inflicted from Now-Inflicted Brain Injury? A
Systematic Review, 94 ARCHIVES DISEASE CHILDHOOD 860, 860 (2009) {source also referenced
in Appendix A, “General” literature, systematic review article #4).

365 1. at 861, 864 fip.1.
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Maguire et al. found 14 studies that met those criteria, representing
over 1600 children.?® Cases were included only if strict definitional
criteria for “inflicted” brain injury (ie., those with witnessed abuse,
confessions, legal decisions, or outcome confirmation by multi-
agency child protection teams) was met.3%7 The authors specifically
excluded all studies where the decision of abuse relied solely on
clinical features, so as to eliminate concerns for “selection bias” and
“circularity.”368

Conducting a multi-level logistic regression analysis, Maguire et
al. found that RHs were “strongly associated with inflicted brain
injury, with a positive predictive value of 71% and an odds ratio of
3.504.7%? Apgain, remembering odds ratios, based upon a
comprehensive review of ALL the literature involving RHs, RHs are
3.5 times more likely to occur in inflicted circumstances than non-
inflicted ones. The authors concluded, “By producing a multilevel
logistic regression of specific clinical features on over 1600 children,
we have shown that there is scientific evidence to support the
distinction between |inflicted brain injury] and [non-inflicted brain
injury] . ... “This review is the largest of its kind, and offers for the
first time a valid statistical probability of [inflicted brain injury]
when certain key features are present (eg. retinal
haemorrhages).”370

In 2010, Bhardwaj et al. also published a systematic review of
the diagnostic accuracy of RHs in AHT.37! Upon examining three
large medical databases, the authors identified 971 articles, and fifty-
five met their relevance criteria for grading purposes.’2 Using a
published grading checklist {designed to ensure the highest quality
of design in studies), Bhardwaj et al. found twenty studies that met

366 [d. at 863-64.

367 id. at 861.

368 [,

39 [d. at 865,

370 [d.; see Miaguire et al,, supra note 364, at 865.
371 Bhardwaj et al., supm not 359, at 984.

72id.



.558 HOous. J. HEALTH L. & PoL.'Y

inclusion criteria.?? Similar to the “Quality of Evidence Ratings
system” employed by Donohoe (a ratings system that was used to
critique the quality of literature behind AHT), Bhardwaj et al. found
that the specificity of intra-ocular hemorrhages (RHs) for AHT was
94% 574 The authors concluded:

Currently, there is level II evidence from prospective controlled
studies, supporting a significant relationship between IOH
[(intraccular hemorrhage)] and AHT.... Level 1 evidence is
impassible to achieve in this field, for obvious reasons. . .. Combined
data from prospective studies of head injury indicate that IOH have a
specificity of 94% for abuse, 373

Thus, again, with regards to validity and reliability, there are
two systematic reviews (comprising over thirty well-designed
clinical studies and thousands of children), several well-designed
prospective studies, and numerous retrospective reviews from
multiple lines of research, general pediatrics, ophthalmology, and
pathology, all of which have produced the same results: the highly
significant statistical association of severe RHs with AHT. To this
author’s review of the evidence based medical literature, there are
no published, peer-reviewed clinical studies that conclude
differently.

c. Other Statistical Evidence

Well-designed comparative studies have demonstrated a
statistically significant worse outcome (for both physical and
cognitive functioning) for AHT patients over accidental trauma

3.

371 Bhardwaj, supra note 359, at 991. “Level ! evidence provides strong support for a
statement, and is usually composed of well-performed, randomized controlled-trials or
meta-analyses of randomized controlled-trials. Level O evidence provides substantial
support for the statement . . . [and] usually includes observational studies, such as cohort
studics and case control studies. Level I indicates a weak body of cvidence relying on
cunsensus statements, small noncomparative case series, and individual case reports.” Id.
at 984; ser also Alex V. Levin ot ab, Clinical Report: The Eye E. inatipn in the Evaluation of
Child Abuse, 126 PEDIATRICS 376, 376-77 (2010) (discussing usc of intraocular hemorrhage
diagnoses in assessing AHT) (source also referenced in Appendix A, “Ophthalmology”
literature, systematic review #4).

375 See Bhardwaj, supra note 359, at Y90-91.
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patients. In 1997, Haviland and Russell published the results of their
comparative retrospective review of the outcomes of fifteen
children, under age two, admitted to the pediatric ICU with AHT,
and ten children, under age two, admitted to the same pediatric ICU
during the same time-frame with known accidental head trauma 376
Haviland and Russell followed the children for up to three years.377
Of the AHT group, two patients died.?”® Of the remaining thirteen
survivors, seven (54%) showed “severe” (meaning total mental and
physical dependence) handicap, four (31%) had “moderate”
(meaning partial paralysis, blindness, and developmental delay),
one (8%) had “mild” (meaning partial paralysis and seizures), and
only one (8%) was considered “normal” at a three-month follow-
up.37? Of the accidental group, one patient died.?? Of the remaining
nine survivors, only one (11%) had severe handicap, one (11%) had
mild handicap, and seven were considered normal at discharge 2!
This computed to a p-value of less than 0.01 (1%).382 Similar results
were reproduced by Hymel et al., Vinchon et al., Keenan et al, and
Ewing-Cobbs et al.38

376 Ser ). Haviland & R.I. Ross Russcll, Outcome After Severe Non-Accidental Head Infury, 77
ARCHIVES Disgasg CHILDHOOD 504, 504-05 (1997) (source also found in Appendix A,
“General” literature, comparative study #16).

377 [d. at 505.

B [d,

379 1d. At discharge nine AHT survivors were deemced severe, three fell in the moderate
category, and one patient was rormal. Id, at 506 thl3.

80 14, at 505.

381 /d, at 505, 506 tbid. ‘The article presents conflicting data. The body of the article only
accounts for eight of the nine survivors, stating six of the survivors were deemed normal
at discharge. [d. at 505. Because the percentages staled on page 305 do not add up 100%, 1
relied on Table 4 data, which showed seven survivors had a normal status at discharge. See
id. at 505, 506 thl.4.

A2 See i,

383 Ser Heather T, Keenan et al, Newrndepeloy | Consequences of Early Traumatic Brain
Injury in 3-Year-Old Children, 119 PEDIATRICS €616, ¢619-0620 {2007) (source also referenced
in Appendix A, “Gencral” literature, controfled studv #3); Matthicy Vinchon et al.,
infantile  Traumnatic  Subdural Hematomos: Ouleome ofier Five  Years, 39 PEDIATRIC
NEUROSURGERY 122, 124-25 (2003) (source also referenced in Appendix A, “Neurosurgery”
literature, prospective study #4); Linda Ewing-Cobbs et al, Late intellectual and Academic
Ouicomes Following ‘Trmumatic Brain Infury Sustained During Early Childhood, 105 ],
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Other studies have focused on the significance of a discrepant
clinical history to explain significant traumatic findings. A clear,
biomechanically plausible account for how the injuries occurred
should be available. When the history is absent, minimal, changing,
or mechanistically implausible, suspicion of abusive injury is raised.
In 2003 Hettler and Greenes, members of an emergency medicine
group from Children’s Hospital of Boston, examined the very issue
of whether certain historical features are predictive of AHT.%4 Their
retrospective review of 163 childzen, age three or younger, included
patients admitted from 1993 to 2000 with acute traumatic
intracranial injury.3®5 The authors classified cases "as either ‘definite
abuse” or ‘not definite abuse’... [based upon] radiologic,
ophthalmologic, and physical examination findings, without regard
to the presenting history.”¢ Forty-nine out of 163 (30%) were
classified as “definite abuse” and 114 out of 163 (70%) were
classified as “not definite abuse.”%7 Upon statistical analysis Hettler
and Greenes found that no history of trauma had a 97% specificity
and 92% positive predictive value for AHT.% When analyzed in the
subgroup of patients with persistent neurologic abnormality at
discharge, no history of trauma had a specificity of 100% and
positive predictive value of 100% fer AHT.*¥ Studies by Duhaime et
al. and Keenan et al. also confirm the association of discrepant
clinical history and AHT 3%

NEURCSURGERY: PEDIATRICS 287 (2006),
hitp:/ / www.ncbi.nlm.nih.gov/ pme/ articles/ PMC2615233/ pdf/ nihms23194.pdf  (source
also referenced in Appendix A, “General” literature, comparative studies #11); Hymel et
al, Mechanisms, supra note 285, at 924-25, 927 tbl.4; Vinchon et al., supm note 250, at 641
tbl.3; Ewing-Cobbs ct al, supra note 283, at 303-04.

3 Jooli Hettler & David S. Greener, Can the Initial History Predict Whelher a Child with a Head
Injury has beem Abuscd?, 111 PEDIATRICS 602, 602 (2003) (source also referenced in Appendix
A, "General” literature, retrospective article #17).

385 1d,

386 [d.

337 14, at 603,

182 [d. at 602, 605 thl4.
389 1. al 604.

3% Duhaime et al., supra note 262, at 184; see Heather T. Keenan et al,, Child Outcomes and
Fasmily Characteristics 1 Year After Scoere Inflicted or Noninflicted Traumatic Brain injury. 117
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d. Fallacy of Circular Reasoning, Alternative Hypotheses, & Data
Gaps

i. “Circular Reasoning”?

It is appropriate at this point to address a criticism frequently
levied against the medical literature on AHT: the logical fallacy of
“circular reasoning."¥! While certainly some of the medical
literature suffers from these design flaws, there are several factors
not addressed by this critique. First, how does the logical fallacy of
“circular reasoning,” which essentially states a poor design of the
medical studies, explain the associative findings of subdural
hemorrhage and retinal hemorrhages found by Ingraham, Caffey,
Guthkelch, Silverman, Kempe, and countless other historical
authors, who reported these findings even before the diagnosis of
Nen-Accidental - Injury existed??2 What was their improper
“design” in reporting these associative findings? Were these
physicians somehow biased towards reporting these findings? Is it
that these astute physicians were not rigorous or meticulous enough
in their reasoning and evaluations to exclude other important causes
such that the association of SDHs and RHs was not valid? Or is it
that we are simply going to attribute the muitiple reports of these
associated findings to chance?? Why is it that multiple historical
physicians, separated by significant geographical distance, in
unrelated, various fields of medical study, and with no social or
medical inclination to make these findings, collectively found the
same associated findings? In order to dismiss the associative
strength of these findings (subdural hemorrhages and retinal
hemorrhages), an appropriate response must first be given to all
these historical physicians.

PEDIATRICS 317, 317 (2006); see also Keenan et al., supra note 285, at 637.

391 Sce Tuerkheimer, supra nete 4, at 13 & n.76 (citing the testimony of a defense expert.
newraradiologist Dr. Patrick Barnes, in Stote v. Edmunds), The assertion is that writers of
much of the medical literature on Abusive Head Trauma “select|ed] cases by the presence
of the very clinical findings and test results they [sought] to validate as diagnostic.” /d. at
13 As Dr. Barnes simply stated, "SBS=SDH + RH [inclusion criteria], therefore, SDH +
RH=5BS [conclusion].” Id,

392 Ser supra Section ILA, (explaining the direct contributions of these and other authors).
9 i,
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Second, some circularity is inevitable, because we are unwilling
to experimentally shake infants, and even reliably confessed
accounts have some doubt. As detailed above, to the greatest extent
possible, numerous well-designed studies set out to control
circularity in their experimental design. When scientists critically
examined those studies for bias secondary to circularity, not only
was that bias lacking, but also scientists found results that were
consistent with the rest of the clinical literature.® Therefore,
although the possibility of circularity is present, and to some degree
inevitable, we are unlikely to find substantially better evidence than
we currently have for the absence of circularity.

Finally, telling evidence arguing against circularity is the
absence of any large trials demonstrating a lack of association of
either SDHs or RHs with AHT. If circularity were truly a valid
criticism of the current clinical medical literature, in over twenty
years of research on the topic, would there not exist one well-
designed study that demonstrated a lack of association of either
SDHs or RHs with AHT? Where is that study?

ii. Alternative Hypotheses

There have been two recent alternative hypotheses®> for SDHs
and RHs that have been the subject of some controversy —Geddes’
“Unified Hypothesis,” and Squier & Mack's “dural immature
vascular plexus theory.”3% Geddes’ Unified Hypothesis purports
that “hypoxia [(lack of oxygen)], brain swelling and raised central

94 Id. (detailing studies that accounted for “circularity™).

35 There have been a few other hypothesized mechanisms {such as increased intrathoradic
pressure) for SDHs. But addressing all of these hypothesized mechanisms is beyond the
scope of this article. T'or further information regarding these hypothesized mechani 1
would refer the reader to Frasier et al, supra note 14, and Rorke-Adams ct al., supra note 14,

3% LF. Geddes ot al, Dural Hacmorrhage in Non-Treumatic Infant Duaths: Does it Explain the
Blecdintg it “Shaken Bahy Sipudrome”?, 29 NEUROPATHOLOGY & APPLIED NEUROBIOLCCY T4,
14 (2003) (sonrce also referenced in Appendix A, “Pathology” literature, retrospective
article #9); Wancy Squicr & Julie Mack, The Neuropathoiogy of Infant Subdural Heemorrhage,
187 FORENSIC SQ1. INT'L 6, 12 (2009); Julie Mack et al, Anatomy and Development of the
Aeninges: Implications for Subdicral Collections and CSF Circulation, 39 PEDIATRIC RADIOLOGY
200, 200 (2009) (sources also referenced in Appendix A, “Pathology” literature, review
articles #6 & 9).
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venous pressure cause blood to leak from intracranial veins into the
subdural space, and that the cause of subdural bleeding in some
cases of infant head injury is therefore not traumatic rupture of
bridging veins, but a phenomenon of immaturity.”3% The cssential
components of this hypothesis are that hypoxic (lack of oxygen)
injury to the brain results in increased intracranial pressure and
brain swelling, which leads to “leaky” intracranial veins and
subdural hemorrhage 2%

The basis for Geddes' hypothesis was a cohort of fifty
postmortem cases: seventeen fetuses, three spontaneous abortions,
sixteen perinatal {within a week of life), five neonatal {within one
month of life) and nine infant (within one year of life) deaths —all
which resulted from non-traumatic causes.3® Geddes et al. found
microscopic intradural (within the layers of the dura, but not on the
surface of the brain) blood in thirty-six of the fifty cases (72%).400
However, if one excludes the fetuses and abortions, microscopic
intradural blood was found in just thirteen of the thirty (43%) of the
perinatal/neonatal/infant cases.®?! Macroscopic SDH (visible on the
surface of the brain) was found in only one of the fifty cases (2%), an
infant with overwhelming sepsis (infection).4® Although an
ophthalmologist was a co-author of the study, the authors did not
examine or comment on retinal hemorrhages in their cohort4®
Based upon the microscopic intradural findings, Geddes et al
hypothesized that intradural blood could “ooze” in the potential
subdural space and result in macroscapic SDHs, although this did not
occur in forty-nine out of fifty patients in their cohorts®
Furthermore, based upon their data and calculations, Geddes et al.
determined the p-value of hypoxia and macroscopic SDH to be

37 Gexdes et al, supra note 396, at 14 (cmphasis added).
9 Sev id, at 19.

9 14.at15.

400 Id,

401 Ser id 8115,17 thl2

4 id. at 15.

403 Ser gencrally id,

404 Ser id. 8115, 19.
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0.15.4%5 Thus, based upon their own data, the authors could not even
conclude that chance had been ruled out.4®% These results cannot be
construed as statistically significant.#” Geddes et al.’s results were
three times higher than the highest limit of statistical acceptability
(p=0.05).48 This is truly notable when one compares it to the vast
majority of statistical data supporting AHT (as discussed above},
where p-levels are in the order of 0.01 to 0.001.40%

Since the Unified Hypothesis was published in 2003, only one
other peer-reviewed, clinical study has been published in the
medical literature supporting this hypothesis.#¢ In 2007, Cohen and
Scheimberg published the pathologic results of a prospective series
of twenty-five fetuses (age twenty-six to forty-weeks) and thirty
neonates {age one hour to nineteen days) who suffered hypoxic (lack
of oxygen)-ischemic (lack of blood) injury (HIl)4"" Cohen and
Scheimberg found macroscopic SDHs in sixteen out of twenty-five
(64%) fetuses, and twenty out of thirty (66%) neonates.i12 As with
Geddes’ study, no examination or comument was made on the
concurrent presence or absence of RHs.413

The critiques of this study have been two-fold. One, it is well
known that birth trauma is a cause of SDHs (secondary to dural
tears involving the sinuses).#4 Thus, there was no explanation or

305 See id. at 17,

408 1d.

407 Ser id.

408 Ser id.

409 See xupra Section ILB.2a.

410 Sve Marta C Cohen & Irene Scheimberg, Evidener of Occurrence of Intradural and Subdurad
Hemorrhage in the Perinatal and Neonatal Period in the Conlext of Hypoxic lschentic
Encrphalopathy: An Observational Study from Tuwo Referral institutions in the United Kingdom,
12 PEDIATRIC & DEVELOPMENTAL PATHOLOGY 169 {2009); (source also referenced at
Appendix A, "Pathelogy” literature, prospective article #1); see alse infra Part LA
(discussing the legal ramifications of the “Unified Hypothesis™ in United Kingdom courts).

411 Cohen & Scheimberg, supra note 410, at 169,

41244,

413 Ser gencrully id.

AW Scr C. Smith, & J. Bell, Shakent Boby Symdrome: Evidence and Experts, 50 Dev, MED. CHILD
NEUROLOGY 6, 6 (2008).
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accounting for this confounding variable.il3 It is not known how the
authors distinguished which patients’ SDHs were secondary to birth
trauma and which were secondary to hypoxic-ischemic injury
(HII}.#1¢ Two, the age of Cohen and Scheimberg’s patient cohort was
not similar to the age of patients commonly involved in AHT.4¥7
When considering Geddes’ hypothesis that hypoxia (lack of
oxygen) results in SDHs,4® radiology studies are also helpful.
Clinical radiclogy studics do not support an association of SDH and
hypoxia41® MRI studies demonstrate that the pattern of hypoxic-
ischemic injury (HII) in the brain is <characteristically
intraparenchymal (inside the brain tissue) hemorrhage, along with
cortical (brain tissue) necrosis (death).420 SDH is nof a part of that
patterni2t In 1998, Dubowitz et al. published the results of their
retrospective review of the MRIs of twenty-two children (age six
months to eleven years), who suffered HII (hypoxic-ischemic injury)
after near drowning episodes.iZ2 While a variety of MRI findings
were encountered, none of the patients had 2 SDH, and only one had a
possible hemorrhage, and that was intraparenchymal42 Similar
results have been published by Baenziger et al., Sie et al., Rutherford

413 Sep generally Cohen & Scheimberg, supra note 410.

416 See generally id.

417 Compare Geddes el al,, supra note 396, at 14 (using, fetuses with gestational ages of 18 to 41
weeks and newborn with ages as high as five months) with Cohen & Scheimberg, supra
note 410, at 169 (using fetuses with gestational ages of 26 to 40 weeks and newbomns with
ages between 1 hour and 19 days).

a1 Geddes et al., supra note 396, at 14,

419 Tim Jaspan, Curren: Controoersies in the Interpretation of Non-Accidental Head Infury, 28
PEDIATRIC RADIOLOGY 5378, 5382 (Supp. 2008) (source also referenced in Appendix A,
“Radiology” literature, review #3),

420 Ser generally Benjamin Y. Huang & Mauricio Castillo, Hypoxic-Isclemic Brain Infury: Imaging
Findings from Birth to Adulthood, 28 RADIOGRAPHICS 417, 433 (2008).

421 See Jaspan, supra note 419, at 5382

422 Ser David J. Dubowitz et al., MR of Hypaxic Encephalopathy in Children after Near Drouming:
Correlation with Quantitative Protom MR Spectroscopy and Ciinical Outeome, 19 Am ]
NEURORADIOLOGY 1617, 1618 (1998) (source also referenced in Appendix A, "Radiology”
literature, retrospective article #7).

42 1d, at 1620-22, 1626,
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et al., and Barkovich et al. i

CT imaging has also failed to demonstrate SDHs in patients
with HII4%5 In 2008, Rafaat et al. published their retrospective
review of the CT findings in children suffering drowning
episodes.iz6 Of the 156 children included in their seventeen-year
review, none had an intracranial hemorrhage.s? Additionally, SDH
is “conspicuously absent” from standard textbooks of neonatal
neurology or MRI when addressing HIl in infancy and childhood.i28

Two recent pathology studies have evaluated the incidence of
SDHs in HII cases. In 2007, Byard et al. published the results of a
retrospective study of eighty-two fetuses, infants, and toddlers with
proven HIl and no wauma.?® The cooperative study was
undertaken by multiple forensic in Australia, the United Kingdom,
Germany, Denmark, and the United States.#3 The age range of the
eighty-two patients was thirty-five weeks gestation to three years.+3
All cases had histologically confirmed HII.432 “Causes of the hypoxic
episodes were. .. sudden infant death syndrome... [(SIDS)] (N =
30), drowning (N = 12), accidental asphyxia (N = 10),

424 See O. Baenziger el al, Eorly Patternt Recognition in Severe Perinatal Asphyxia: A Prospective
MRI Siudy, 35 NEURORADIOLOGY 437, 440 (1¥93); A. James Barkovich et. al, Perinatal
Asphyxie: MR Findings in the First 10 Days, 16 Axt. |. NEURORADIOLOGY 427, 427 (1995);
Mary Rutherford et al, Hypoxic-ischaemic Encephalopathy: Early and Late Magnetic Resonance
binaging Fundings in Relation to Outeome, 75 ARCHIVES DISEAST CHILDIIOOD F145, F145, F151
{1996); L.T. Sic et al, MR Patterns of Hypoxic-Ischemic Brain Damage After Prenatal, Perinataf
or Postnatal Asplyxia, 31 NEUROPEDIATRICS 128, 128 (2000).

425 Ser Karim 1. Rafaat et al, Cranial Computed Tontographic Findings in o Large Group of
Children with Drouming: Diagnostic, Progmostic, and Forensic implications, 6 PEDIATRIC
CRMICAL. CARE MED. 567, 567 (2008) (source also referenced in Appendix A, "Radiology”
literature, retrospective article # 11).

426 Id.

427 Id. at 56768,

438 [aspan, supra note 419, at s382.

429 Roger W. Byard ct al,, Lack of Evidener for a Causal Relatiensiip Berwern Hypoxic-Ischemic
Encrphalopathy and Subdural Hemorrhage in Fetal Lift, Infancy, and Early Childhoed, 10
PCDIATRIC & DREVELOPMENTAL PATHOLOGY 348, 348 (2007) (source also referenced in
Appendix A, "Pathology,” literature, retrospective article # 2),

430 1d,
A3 1,
AR M,
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intrauterine/ delivery asphyxia (N = 8), congenital disease (N = ),
aspiration of food/gastric contents (N = 4), inflicted asphyxia (N =
3), epilepsy (N = 1), dehydration (N = 1), drug toxicity (N = 1),
complications of prematurity (N = 1), and complications of
anesthesia (N = 1).”#%* In four instances, no initiating event was
determined and “[i]n no case was there macroscopic evidence of
subdural hemorrhage.” 34

In 2010, Hurley et al. published the results of a retrospective
study of fifty children less than four years old who had suffered
non-traumatic cardio-respiratory arrest and died at their institution
between January 2001 and May 2007.85 Specifically, the authors
were looking to see whether there was a causal relationship between
hypoxic-ischemic events {associated with cardio-respiratory arrest)
and SDHs.136 All children who had evidence of cranial rauma (even
those with findings of occult head trauma on post-mortem
examination) were excluded 4 Additionally, other children were
also excluded if they had evidence of a bleeding disorder, infection,
metabolic, or degenerative neurological conditions.#3 The authors
identified fifty children younger than four years of age who met
their strict inclusion criteria; forty-eight of those fifty children were
less than twenty-four months old .4

The average resuscitation time of children in the study was
twenty-one minutes.#0 Forty of the fifty children died and had post-
mortem examinations.#! Thirty-nine of the forty post-mortem

M,

M

435 Ser M. Hurley, et al,, Is There a Causal Rylationship By the Hypoxia-[schazmia Associated
with Canliorespiratory Arrest and Subdural Har ? An Obseroational Study, 83 DBrIT. .

RADIOLOGY 736, 736-37 (2010) (source also referenced in Appendix A, “Pathology”
literature, retrospective article #15).

436 Id. at 736.
7 1d.

438 [d, at 736-37.
914, at 737.
HO N,

i ld at 738,
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examinations had no macroscopic evidence of SDH.#2 The one child
(a 19-day old infant victim of an overlaying incident}, who had
macroscepic evidence of SDH, had a clot adhering to the dura,
which the pathologist felt was consistent with birth-related
trauma#* Of the five children in the study who had retinal
examinations, none had RHs.#¥ Thus, the authors concluded that
“cardiopulmonary collapse per se and the attendant hypoxic-ischenic
sequelae do not cause SDH.”"#5 The previously mentioned study by
Matschke et al. identified similar results.4¢

The more recent version of Geddes’ Unified Hypothesis is
Squier and Mack’s dural immature vascular plexus theory.#7 In this
theory, the authors hypothesize that there is a plexus (network) of
vessels within the dura mater that is inunature and the most likely
source for hemorrhage in non-traumatic conditions.#8 Akin to
Geddes’ Unified Hypothesis, the authors purport that hypoxia is the
preeminent factor causing these immature vessels to leak, and
subsequently result in SDHs.#? However, also akin to Geddes’
Unified Hypothesis, this theory offers no scientific data linking an
intradural (within the dura) vascular plexus to the significant
subdural hemorrhages in trauma® Unlike even Geddes’ Unified
Hypothesis, this theory has not been studicd in any cohort of patients.
Thus, like Geddes’ Unified Hypothesis, this theory is untested by
the rigors of scientific falsifiability and unsupported by the medical
literature. The legal analysis of these two hypotheses will be
discussed in the Daubert analysis below.

“2 4,

42 )4,

444 Ser id. at 737

443 [d. at 743 (emphasis added).

46 Matschke et al, supre pote 255, at 1594,
H7 See Squier & Mack, supro note 396, at B.
M8 14, at8-9.

49 1d, at 10,

450 Ser id. at 10,12
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#ii. Data Gaps

In every field of medicine, there are areas of incomplete
information, where research and further investigation are beneficial.
This is true for child abuse pediatrics as well. However, incomplete
information does not necessarily equate to insufficient information.
As previously outlined, vast amounts of historical reports, research
data, and clinical experience have established quality, evidence-
based information for the diagnosis of AHT with a reasonable
degree of medical certainty.

That being said, some questions remain unanswered. Current
areas in question include: 1) what are the exact tolerance and failure
limits of the multiple intracranial structures (the dura mater, cortical
bridging veins, the unmyelinated infant brain) of the human infant;
2) how do those structures, as well as other intracranial entities
(such as cerebrospinal fluid), independently and collectively act to
increase or decrease biomechanical forces; 3) what are the exact
forces required to induce SDHs and DAI (Diffuse Axonal Injury) in
the human infant brain; 4) what are the tolerance and failure limits
of the infant cervical and thoracic spine;**! 5) what is the exact
mechanism for RHs and what role do multiple physiologic factors,
such as increased intracranial pressure and biochemical
(prostaglandins) release, play in their causation; and, 6) what are the
incidence and prevalence of rare AHT “mimickers” (osteogenesis

<51 Much has recently been made of the biomechanical research arguing against the validity of
AHT/SBS. Ser Bazelon, supra note 5. Given the ethical limitations of rescarch in the ficld,
much prior pediatyic biomechanical research was scalud data based upon adult values. See
Jason F. Luck et al, Tensile Mechanical Propertics of the Perinatel and Pediatric PMHS
Qstevligarnentous Cervical Spine, 52 STAMP CAR CRASH ). 107, 107-09 {2008). This left what
was duscribed by many leammed researchers in the ficld as a “significant void inr pediatric
cervical spine hiomechanics.” Id. at 107. Although recent biomechanical research upon post-
mortem infants is an improvement on that prior data, it is still limited and approximate.
Ser id. at 109. In fect, Luck et al. found that “juvenile animal surrogates estimate the
stiffness of the human cervical spinc fairly well.” id. at 107. Along that vein of approximate
data, recent animal studies (spedifically, seven to ten day-old anesthetized lambs
vigi ly shaken by h ) have produced the exact same injuries commonly found in
AHT/S5B5—subdural hemorthages and retinal hemorrhages. S John W. Finnic et al.,
Diffuse Neuranal Perikaryal Amyloid Precursor Protein Immunoreactivity in an Quine Model of
Nom-Accidental Head Injury (the Shaken Baby Syndrome), 17 ). CLINICAL NEUROSCIENCE 237,
237-39 (2010).
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imperfecta, glutaric aciduria type 1, etc.) in AHT cases. Ethical and
logistical challenges may limit progress to research in the child
abuse field.

These questions, and others, have already been identified by
experts in the field of AHT as areas of present and future research 432
Improvements in the biofidelity of anthropomorphic doll models,
computer finite modeling of the intracranial and intraocular
structures, and the identification of potentally specific biochemical
markers of traumatic brain injury are just some of the examples of
advancements in AHT research. Efforts to address these unknowns
will only further enhance our understanding of AHT.

C. Coming to the Diagnosis of AHT

AHT is “those constellations of injuries that are caused by the
directed application

of force to an infant or young child, resulting in physical injury
to the head and/or its contents.”*5? Commonly observed injuries
include scalp injury (e.g.. bruises, lacerations/abrasions, swelling),
skull fractures, intracranial (inside the skull) hemorrhage (i.e., SDH,
subarachnoid hemoerrhage, epidural hemorrhage, intraparenchymal
hemorrhage), diffuse axonal injury# cerebral edema (brain
swelling), encephalopathy, cervical spine fractures, cervical spinal
cord injury/hemorrhage, retinal hemorrhages, rib fractures, and
long bone fractures. While any of the above injuries can result from,
or accompany, AHT, the most common injuries associated with
AHT are SDHs and RHs.

Recent legal literature and cases have cited a “diagnostic triad”
of SDHs, RHs and encephalopathy as defining AHTA% As this

452 Ser, ¢.g., Brian ). Forbes et. al, Inflicted Childhood Newrotrzuma (Shaken Baby Syndrome):
Ophthalmic Findirgs, 41 ], PEDIATRIC OFHTHALMOLOGY & STRARISMUS 80, 86 (2004).

453 See Chivsa & Duhaime, supra note 13, at 317,

454 “Diffuse Axonal injury” refers to damage of the brain to a widespread, not fncal, area; it
most commonly manifests as lesions of the white matter tracts of the brain. Ser Douglas H.
Smith et al., Diffuse Axonal Injury in Head Traura, 18 J. HEAD TRAUMA REHABILITATION 307,
308 (2009).

158 Ser Tuerkheimer, supra note 4, 014 & n.13, 7 n.39.
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review has described, there is a clear, strong, and highly statistically
significant association of SDHs and RHs with trauma.’ However,
the mere presence alone of SDHs and RHs does not establish a
diagnosis of AHT.

A thorough evaluation, which includes, at a minimum, a
complete medical history and physical examination, is required to
rule out other causes for the findings. A multidisciplinary approach
that involves careful review of psychosocial and investigative details
is ideal. Akin to the well-establish medical diagnosis of battered
child syndrome, AHT also finds its foundation in “the degree and
type of injury [that] is at variance with the history given regarding
the occurrence of trauma.” 457

Arriving at the diagnosis is no different than arriving at any
other clinical medical diagnosis: it starts with a “chief complaint.” In
the context of AHT, usually this comprises a presenting symptom or
symptoms, such as apnea (stopping breathing), irritability, change in
mental status, seizures, lethargy, vomiting or others.4%¥ With that
initial presenting symptom(s), a clinical provider will obtain a
comprehensive medical history. This includes a detailed history of
the events surrounding the presenting symptom(s), a trauma
history, a history of infectious symptoms or exposures, a detailed
past medical history (including prior illnesses, surgeries,
hospitalizations, and birth history, if applicable), a developmental
history, a history of relevant family medical illnesses/disorders, and
a comprehensive psychosocial history (including identification of
psychosocial stressors, preexisting or concurrent mental health
disorders, substance abuse, domestic violence, and prior concerns
for child maltreatment/neglect).45? Typically, this history is obtained
by asking the caregiver open-ended, non-suggestive questions, such
as: “What happened/did you do next?” or, “How did the
infant/child act then/thereafter?” or, “Tell me about your child’s

456 Although not discussed in this review, “encephalopathy” is also associated with trauma.
457 Sec Kempe etal,, sipra note 148, at 143,

458 Sev Chiesa & Duhaime, sipra note 13, at 321,

459 Id. ai 319-20.
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daily activities in the days prior.” ¢

Subsequent to the history, the clinical provider conducts, when
applicable, a detailed, entire-body physical examination. 41 Special
attention is paid to the head, skin, and abdominal, genitourinary,
and skeletal systems to assess for signs of trauma.#? Although the
physical examination is an important part of the diagnostic process,
historical reports and recent studies have confirmed the absence of
any physical findings of trauma on exam in upwards of 31% of AHT
cases, %3

After obtaining a history and performing a physical
examination, the clinician considers the various diagnoses that
might explain the clinical presentation.#6¢ This is also known as the
“differential” (list of possible causes).45 The clinician will formulate
differentials for all the relevant injuries. For the limited purposes of
this article, the most common injuries involved in AHT -SDHs and
RFis —have been considered. When presented with the differentials
for those injuries (listed in Appendix B and C), the clinician then
goes through the complex inferential and deductive process of
differential refinement.

Whereas this clinical methodology was once believed to be a
linear, Bayesian analysis, it is now understood that the diagnostic
process is a dynamic, non-linear, unstructured method of problem-
solving.#5 Consequently, and especially in AHT cases, the clinician
engages in a multi-disciplinary process of attaining additional

460 [ at 319.

161 |d. at 32D. In certain cascs, spedfically, in certain cases of fatal AITT, a detailed physical
examination cither is impractical {secondary to the critical care needs of the child) or
unwarranted, as further physical ination information will be obtained via autopsy.
Sezid at 3N,

462 |4, at 320.

463 See Carole Jenny et al, Analysis of Missed Cases of Abusioe Head Trauma, 282 JAMA 621, 623
& tbl2 (1999) (showing physidans failed to detect AHT 312% of the time) (source also
referenced in Appendix A, “General” literature, retrospective study #19); see also Hymel et
al, Head Inpiry Depth, supra note 285, at 712, 716 tb13 (showing abused children might not
show scalp or skull injury, but sti]l may have brain injury).

464 Ser Chiesa & Duhaime, supra note 13, at 321 (discussing differential diagnoses)
445 Ser i,
466 Ser infra notes 523-24.
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information.4” The clinician cooperates with multiple agencies
(social services and law enforcement) and multiple medical
disciplines (radiology, ophthalmology, neurosurgery, etc.) to obtain
additional history and clinical information.#®® Furthermore, the
clinician examines existing laboratory and radiologic data, and
determines the necessity of additional laboratory and/or radiologic
testing.*? Once having received the additional information, the
clinician synthesizes that information with the known
pathophysiologic processes of the human body, the evidence-based
statistical information on the injuries, and the clinician’s own
experience in patient care. 47

For SDHs and RHs, many of the potential disorders on the
differential can be eliminated through a detailed history, physical
examinaticn, and initial laboratory and radiologic information.s”! In
the vast majority of cases, the conmon denominator for SDHs and RHs
will be trauma 472 From there, the clinician must determine whether
the clinical information is consistent with either accidental trauma or
AHT .47

In arriving at that determination, the clinician closely examines
the historical information for consistency. Inconsistency can appear
in a variety of ways. The history provided for the injury may have
internal features to the story, which are inconsistent with
themselves. A history may substantially evolve or change as it is told
to multiple providers. Other examples of inconsistency include: 1) a
history that is absent in the presence of severe injuries; 2) a history
that is inconsistent with the known developmental capabilities of the
child; 3} a history that is inconsistent, pathophysiologically,47 with

467 Sce Chiesa & Thuhaime, supra note 13, at 320. In fact, a multidisciplinary child protection
team approach has become Lhe standard of care in many jurisdictions. Ser id. at 319,

468 Ser id. at 321.

469 Ser id. at 322

470 Ser id. at 319-20.

471 14, at 321,

472 Sep id. a1 301, 33

A73 See id, at 322,

474 This pr that after r bte medical investigation thete is stili no other discernible
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the injuries; or 4) a history that is inconsistent with the extensive
clinical studies and statistical information (described in the section
above, and in Appendix A on SDHs and RHs). As has long been
validated, both medically and legally, through the diagnosis of
battered child syndrome, if a clinician determines the injuries are “at
variance with the history given regarding the occurrence of
trauma,”#”* then the clinician can diagnose AHT/non-accidental
trauma with a reasonable degree of medical certainty.

D. “A Shifted Consensus?”

As mentioned above, recent authors and cases have cited “a
shift in mainstream medical opinion” against the validity of AHT as
a medical diagnosis.#’¢ Other proffers have included: “[a]nd as
technolegy and scientific methodology advanced, researchers
questioning the basis for SBS reached « critical mass.”*77 There is but
one simple question for these assertions: Where is the evidence/data
for these assertions (other than the opinions of known defense
experts)?

Rather than respond in like, with unsupported generalizations,
this author will simply cite, with supporting, verifiable references,
the various international and domestic medical organizations that
have publicly acknowledged the validity of AHT as a medical
diagnosis:i7®

1)The World Health Organization*’?
2)The Royal College of Paediatrics and Child Health¢

medical cause for the injuries,
475 Sec Kempe et al., supra note 148, at 143.

478 Tuerkheimer, supra note 4, at 3 (citing State v, Edmunds 746 N.W.2d 5%0, 598-99 (Wis. CL.
App. 2008)).

477 See Tuerkheimer, supre note 4, a1 14 {emphasis added).

478 Some of the below listed organizations have explicitly acknowledged support through
practice guidelines or similar promulgations, while others have implicitly done so by
providing clinician er patient education materials on their websites.

4% See Jonathan Dart & Sarah Cumberland, Fragils Brain, Handle with Care, 87 BULL WORLD

HEALTH ORG. 331, 331-32 (2009); Fact Sheet No. 150, Child Maltreatment, World Health
Org. (Aug. 2010), http:/ / www . wha.int/ mediacentre/ factsheets /f5150/ en/ index . htmi,

480 THE ROYAL COLL QF PAEDIATRICS & Ciin.n HEALTH & ROYaL CoLL OF RADIOLOGISTS,
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3)The Royal College of Radiologists*

4)The Royal College of Ophthalmologistss&2

5)The Canadian Paediatric Society48?

6)The American Academy of Pediatrics*4

7)The American Academy of Ophthalmology85

8)The American Association for Pediatric Ophthaimology
and Strabismusi8

9)The American College of Radiology”

10)The American Academy of Family Physicians8

11)The American College of Surgeons*?

12)The American Association of Neurologic Surgeons**0

STANDARDS FOR RADIOLOGICAL INVESTICATIONS OF SLSPECTED NON-ACCIDENTAL INJURY 10

(March 2008),
htip:// www.repch.ac.uk/sites/ default/ files / asset_library /Publications/S/Standardsfor
Radioloricall 1 i D.pdf.

481 Ser id.

482 See G. Adams et al., Update from the Ophthalmology Child Aluse Working Party: Royal College
Ophthalmologists, 18 Lye 795, 795-96 (2003) avnilable at
www rcophthuac.uk/ page.asp?section=493&search=.

483 See [oint Statemestt on Shoken  Baby  Symdrome, CANADIAN  PAEDIATRIC  SOC'Y,
http:/ / www.cps.ca/ english/ s\atements/ pp/cps01-01.htm (last visited Oct. 23, 2011},

484 Christian et al,, supra note 6, at 1410,
435 Alex V. Levin ct al., Information Siatement: Abusive Head Trauma/Siaken Baby Syndrome, Am,

ACAD, OF OPFHTHALMOLOGY (June 20140),
http:/ /one.aa0.0rg/ ce/ practiceguidelines/ clinicalstatements_contentaspxZcid =914163d5-
3313-4¢23-80M1 -07167e062579.

46 Info for Patients: Shaken Baby Syndrome, AM, ASS'N FOR PEDIATRIC OPHTHALMOLOGY &
STRABIEMUS, http:/ / www.aapos.org/ terms/ conditions /97 (last visited OclL 23, 2011).

47 Ser James S. Meyer, et al, ACR Appropricleness Crilpria: Suspected Plysical Abuse — Child,
AM, CoL RADOLOGY
hitp:/ [ www.acr.org/SecondaryMainMenuCategories/ quality_safety /app_criteria/ pdf/E
xpertPanelonPediatricimaging/Suspected Physical AbuscChildDoc9.aspx  (last  reviewed

2009).

48 Ser Liz Horsley, AAP Guidelines vn Evaluating Suspected Child Physical Abuse, 77 AM. FAM.
PHYSIIANS 1461, 1461-64 (2008), available at
http:/ / www.aafp.org/ afp/2008/0315/p1461.htmt.

459 See Patient Education, AM. CoLL OF SURGEONS,
http:/ fwww-facs.org/ patiented ucation/ patient-resources/ nervoussystem. html (last

visited Aug,. 26, 2011). i
A% Patient informabion: Shaken Baby Syndrome, AM. ASS'N OF NEUROLOGICAL SURGEONS {Nov,
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13)The Pediatric Orthopaedic Society of North America‘®!

14)The American College of Emergency Physicians4®2

15)The American Academy of Neurology

While it is certainly true that the public promulgations of the

various international and domestic medical societies are not
representative of each and every member of that society, it is safe to
conclude they are representative of the majority of its members. The
notable subspecialties that have some discord amongst their
members are pathologists (represented by the National Association
of Medical Examiners) and biomechanical engineers.

IILTHE DAUBERT ANALYSIS AND BEYOND
A. The Daubert Analysis

A Daubert/Trilogy scrutiny of AHT evidence/testimony can
only begin at one place: Daubert. The Daubert court stated that when
faced with a proffer of scientific testimony, “the trial judge must
determine at the outset, pursuant to Rule 104(a), whether the expert
is proposing to testify to (1) scientific knowledge that (2) will assist
the trier of fact to understand or determine a fact in issue.”4% These
are well-recognized as the reliability and relevance requirements of
the trial judge’s gate-keeping responsibilities.

In assessing reliability, the Daubert court clearly stated there is

2005) htip://www.aans.org/Patient%20Information.aspx (follow “Click here to view
Conditions and Treatments” hyperlink; then follow “Shaken Baby Syndrome™ hyperlink).

491 Ser Child Abuse, PEDIATRIC ORTHOPAEDIC soc'y oF N. AM,
http:/ / www.posna.org/education/StudyGuide/childAbusc.asp (last visited Oct. 23,
2011); Fractures Associnled with Head Injury, PEDIATRIC ORTHOPAEDIC SOCY OF N. AM.,
http./ f www . posna.org/education/StudyGuide/ fractures AssociatedwithHead Injury asp
(last visited Oct. 23, 2011).

492 See Doraliz Hidalgo & Berard L. Lopez, Head Trauma in Children Younger Than 2 Years,
CRITCAL DECISIONS EMERGENCY MED, Apr. 2007, at 16 (presenting instruction for
emergency physicians).

493 Shaken Baby Syndrome, AM. ACAD. OF NEUROLOCY,
http:/ / www.aan.com/apps/disorders/index.cfm?event=database adisorder.view&dis
order_id=1060 (last visited Oct. 23, 2011).

494 Daubert v. Merrell Dow Pharm,, Inc., 509 U.S. 579, 592 (1993) (footnotes omitted).
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no checklist or specific test. However, in assessing the validity of the
methodology underlying the proposed scientific testimony, the
court enunciated four factors for the trial judge to consider:

1) whether a theory or technique could be (and- had been)

tested — also known as “falsifiability” or “testability;”195

2) “whether the theory or technique had been subjected to peer

review and publication;"”49%

3) whether there was a “known or potential rate of error;”+% and

4) whether there was “general acceptance” in the relevant

scientific community 4%
These four factors will be the starting point of our analysis.

The first two factors, the falsifiability of AHT and its subjection
to peer review, are readily addressable. As has been demonstrated
above, AHT has been tested or subjected to the scientific rigors of
falsifiability by multiple disciplines and multiple methods.s%
Pediatricians, specifically those specializing in child abuse and
neglect, have, over many years, studied and tested various facets of
AHT diagnosis, such as symptom presentation, historical factors,
physical examination findings, laboratory and radiologic findings,
and cutcomes.®® Radiologists have utilized imaging modalities (CT
and MRI) to assess the frequency and specificity of certain
intracranial injuries, like SDHs, in traumatic and non-traumatic
scenarios.50! Biomechanical engineers have examined AHT from

995 )d. a1 593,
9% Id,
497 Id, at 594

498 |d. Other factors for a trial court’s consideration include whether “the expert's
qualifications are sufficient . . |hhether| the method hns bern put to non-judicial uses .
‘whether the expert's prop v Grows ty and direcily out of research lhe
experi has conducted mdcpendmt of the litigation” .., ‘whether the expert has
unjustifiably cxtrapolated from accepted premise to u.nfu\.mded conclusion’ ... [and]
‘whether the expert has adequately accounted for aliemative explanations.”” David v.
Black & Decker (US) Inc., 629 I. Supp. 2d 511, 514 (W.D. Pa. 2009) (citing Magistrini v. One
Hour Martinizing Dry Cleaning, 180 F. Supp. 2d 584, 594 {D.N.]. 2002), 2ff"d 63 Fed. Appx.
356 (3d Cir. 2003)) (citation omitted).

499 See supra Section I1.B.2 ("Statistical Evidence”).
30 Sez, ¢y, Hymel ct al., Head Injry Depth, suprn note 285, at 712-13.
50t See, e.g., Dubowitz et al., supra note 422, at 1617 (using MRI in near drowning episodes);
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primarily a “physical forces” perspective, seeking to exact
quantifiable answers to the forces required to cause the intracranial
and spinal injuries seen in AHT.%2 And, finally, pathologists have
comparatively studied the microscopic and macroscopic tissue
manifestations of the intracranial, intraocular, and spinal injuries in
accidental and AHT cases.303

But not only has AHT been studied in multiple disciplines and
by multiple methods, it also has been studied by multiple researchers
from multiple nations. As has been discussed above, there exist at
least 700 peer-reviewed, clinical medical articles, comprising
thousands of pages of medical literature, published by over 1000
different medical authors, from at least twenty-eight different
countries.® Additionally, AHT has been peer-reviewed and
published in the following disciplines: biomechanical engineering,
general pediatrics, neonatology, neurology, neurosurgery, nursing,
obstetrics, ophthalmology, orthopedics, pathology (forensic
pathology), radiology, and rehabilitative medicine. In fact, given
its association with significant medical injuries and child fatalities,
AHT is the most peer-reviewed and well-published topic in child
abuse pediatrics. Thus, it is difficult for one to assert or argue that
the diagnosis of AHT has not been subjected to the rigors of
scientific falsifiability, stringently peer reviewed, or well published.

The third criterion—the known or potential rate of error—is
Daubert’s reference to statistical evidence either in support of or
against a particular theory.506 While certain scientific disciplines
have a readily computable error rate, certain scientific disciplines do
not. In clinical medical studies, the best approximation of an error

Wells et al, supra note 286, at 252 {(asscssment using CT).

502 S¢e, £.8, Luck et al, supra note 451, at 107, 109 (showing use of a physical forces
perspective).

503 See, ¢.g.. Geddes et al, supra note 396, at 18-19.

5 Sev supra text accompanying notes 234-35,

505 See infra Appendix A.

506 See {n re Neurontin Mktg,, Sales Practices & Prod. Liab., 612 FSupp. 2d 116, 140 (D. Mass.
2009) ("Statistical evidence significance is one of the factors the Court should examine
when determining whether a drug can cause an adverse event”); see alse Daubert v.
Merrell Dow Pharm., Inc., 509 U.S. 579, 594 {(1993) ("[lin the case of a particular scientific
technique, the count ordinarily should consider the known or potential rate of error.”)
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rate is the p-value. Remembering the general statistics section above,
the p-value is the probability that the result obtained is secondary to
chance. 3 Although chance is not per sz error, in clinical medical
studies, it is the best approximation, and the cut-off or threshold, for
determining what data is reliable.

As discussed above, there are numerous systematic reviews,
controlled trials, and well-designed, prospective, and retrospective
studies that demonstrate a highly significant statistical association of
SDHs anid RHs with AHT. For example, recent studies and systemic
reviews have calculated the specificity and positive predictive value
of severe RHs for abusive head injury tc be on the order of 93-97%
and 71-96%, respectively3® In fact, Vinchon et al. recently
determined that the concurrence of these factors—SDH, RH, and the
absence of evidence of impact to the head —was 100% specific for
abusive injury, 50

In order to truly appreciate the strength of this statistical
evidence, we must, at this point, discuss the concept of “convergent
validation. 519 Simply stated, “convergent validation” is the
confirmation of a relationship of variables when that relationship is
demonstrated by multiple independent measures.5!' The higher

507 As stated in the gencral statistics section above, in social sciences and medicine, this
“observed significance level” (the p-value) is usually set at 5% (or 0.05) for "statistically
significant,” or 1% {or 0.01) for “moderately high” statistical significance, and 0.1% (or
0.001) for “high or strong” statistical significance. See supra Section I(B)(1)(b).

508 See S. Maguire et al., supra note 364, at 860 (systematic review showing positive predictive
value for R of 71%); Vinchon et al. supre note 285, at 380 (recent study showing
spedificity of 93.2% for RH in AHT and 100% of severe REH in ALTT); see aise Vinchon et al.,
supra note 280, a1 642 thl4 (recent study showing severe RH specificity of 0.974 and a
positive predictive value of 0.961).

509 See Vinchon et al., supra note 280, at 637.

512 In the 1950s, two emineni psychologists, Campbell and Fiske, sought to provide validation
for psychological tools that d vague variables such as courteousness,
h y. selfc d imaginativeness, talkati , ete. See Donald 1. Campbeld)
Donald W. Fiske, Corroergent end Discrimi) Velidation by the Multitrait-Multimethod
Matrix, 56 PsYCHOL BuLL. 41, 98 tbl.13 (1959). In creating the multtrait-multimethod
approach to assessing validity of psvchological t tools, Campbell and Fiske
determined that one of the key componcents was the concept of “comvergent validation.” Id.
at 81.

51t Id. at 81,
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these independent measures correlate with each other, the greater
the validity of the results.512 With SDHs and RHs, the concept of
convergent validation explains the increased statistical strength and
validity of their results. Both injuries have been studied by multiple
independent measures—general pediatrics studies, radiology
studies, and pathology studies —and all independent measures have
correlating results. Thus, the medical literature on AHT has also
addressed Daubert’s third criterion.

Finally, with regards to general acceptance within the relevant
scientific community criterion, there are several issues that warrant
further discussion. First, in the field of AHT, what constitutes the
“relevant” scientific community? Is it general pediatricians?
Pediatricians who specialize in child abuse and neglect?
Pathologists? Ophthalmologists? Second, what constitutes “general
acceptance” within that community? Is it a majority of members, or
is unanimity or near unanimity required? Third, how is appropriate
evidence of general acceptance adduced? Is the opinion testimony
of one random member sufficient? Or is something more definitive
required, such as opinion results of a majority of members or a
policy statement promulgated by a medical society? Finally, what is
the appropriate course of action when multiple disciplines are
involved, as in AHT (general pediatrics, radiology, ophthalmology,
neurosurgery, and occasionally pathology), and each are relevant
scientific communities? Can a specialist from one discipline testify to
scientific evidence from the other disciplines?

Although many courts, US. and international, have concluded
that AHT is a generally accepted valid medical diagnosiss!? within

S12id.

513 See People v. Martinez, 74 P 3d 316, 323 (Colo. 2003) (*[W]e assume, as it is not in dispute,
that the scieniific principles of shaken-impact syndrome and subdural hematomas
resulting from extreme nccidents are reasonably reliable™); State v. McClary, 541 A.2d 96,
102 (Conn. 1988} (shaken baby syndrome is generally accepted by medical science); State
v. Torres, 121 ,3d 429, 437 (Kan. 2005) {testimony by physicians that infant’s injuries were
sheken baby syndrome, and not consistent with falling off a chair was suffident for
conviction of felony murder); State v. Leibhart, 662 N.W.2d 618 (Neb. 2003) (expert
testimony on shaken baby syndrome admissible; passes Daubert): Order Denying Maotion
to Exclude Testimony on AHT/SES at 5, State v. Mendoza, No. 071908696 (Utah Dist. Ct.,
June 5, 2009} (*|Tthe State’s experts made a very compelling . . . showing that $8S is both
still widely accepted and applicable to the current case™); see also R v. Harris, [2005] EWCA
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the relevant scientific community, they have offered little guidance
on what the relevant scientific community or general acceptance is
and how those determinations came to be. With regards to AHT, the
relevant scientific community should be those medical providers
who, within their discipline, spend a reasonable portion if not
majority, of their clinical time and practice in the evaluation and care
of children suspected of AHT and abuse, who remain abreast of the
most recent peer-reviewed literature on AHT and child abuse, and
who either have obtained subspecialty certification, or are eligible
for subspeciaity certification, in the field of child abuse.54 The
satisfaction of these criteria will aid a court in assuring that the
testimony provided is tethered to standards of medical practice,
thereby satisfying Kuntho.513

The clinical practice of evaluating and caring for children
suspected of AHT and abuse is a crucial element in the
determination of the relevant scientific community. There are
medical subspecialists (general pediatricians, pathologists,
radiologists, ophthalmologists, etc.}, and even non-medical persons
(biomechanical engineers), who are well versed and well read on the
literature surrounding AHT. But, a mere reading knowledge of a
particular topic cannot be considered relevant to the scientific
community. Experiential knowledge is commensurate, if not
superior, to didactic knowledge. As the UK. High Court stated in a
recent appeal of shaken baby syndrome cases:

The fact that an expert is in clinical practice at the time he makes his report is
of significance. Clinical practice affords experts the opportunity to
maintain and develop their experience. ... Clinicians leamn from each
case in which they are engaged. Each case makes them think and as
their experience develops so does their understanding. Continuing
experience gives them the opportunity to adjust previously held
opinions, to alter their views.... Such clinical experience.,. may
provide a far more reliable source of evidence than that provided by
those who have ceased to practice their expertise in a continuing

{Crim) 1980, [267] (Eng.); R v. Henderson; R v. Butler; R v. Oycdiran, [2010] EWCA (Crim)
1269, [7] (Eng).

54 While other criteria, such as academic appointment, rescarch, and publication, are
desirable, they are nol nocessary to declare one as a part of the “relevant” scientific
community.

515 See Kassirer & Cevil, supra note 54, at 1383 (discussing Kumlio).
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clinical setting and have retired from such practice. Such experts are,
usually, engaged only in reviewing the opinions of others, They have
lost the opportunity, day by day, to learn and develop from
continuing experience.516

Thus, those providers who, in their discipline, do not spend a
reasonable portion of their practice in the evaluation and care of
AHT and child abuse patients cannot be considered the relevant
scientific community within the meaning of Daubert and Kumiho,

Courts have historically relied upon opinion testimony to
provide evidence of the general acceptance of AHT within the
scientific community.?7 Since there is no medical or scientific
literature assessing the opinions of physicians on the validity of
AHT as a medical diagnosis, a concern with prior opinion testimony
on general acceptance is that its foundation may have rested upon
the ipse dixit of the expert. Consequently, as expert opinions on the
general acceptance of AHT occasionally varied from location to
location, and from time to time, so have some court decisions.518

Although there is no medical or scientific study assessing the
opinions of physicians on the validity of AHT, there is still
substantive evidence to that effect— the public promulgations of the
relevant national and international medical societies. The very raison
d’etre of national and international medical societies is to represent
the professional interests of the individual members within those
societies. As such, these national and international medical societies
have inherent, formal processes for obtaining individual member
input on relevant professional topics, considering that input and the
relevant scientific literature, and then formulating policy statements,
practice guidelines or other educational materials on those topics.

S16R v. Henderson; R v. Butler R v. Ovediran, {2010] EWCA (Crim) 1269, [208] (Eng.}
{emphasis added).

517 Ser, ¢.g., Martinez, 74 P3d at 323; McClary, 541 A 2d at 102; State v. Edmunds, 746 N.W.2d
590, 593 (Wis. Ct. App. 2008); Order Determining Admissibility of Expert Testimony on
AHT/SBS at 22-23, Commonwealth v. Davis, No. 04-CR-205 (Ky. Cir. Ct., Apr. 17, 2008);
Order Denying Motion to Exclude Testimony on AH1/SES at 6, State v. Mendoza, No.
071908696 (Utah Dist. Ct., june 5, 2009).

518 Compare Order Denying Motion to Ixclude Testimony on AHT/SBS at 3-6, State v,
Mendoza, No. 071908696 (Utah Dist. Ct, June 5, 2009) (accepting AHT testimony), with
Edmunds, 746 N.W 2d at 5 (giving o new trial because scientific doubt surrounds AHT
diagnoses).
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While not representative of each and every member of that society,
it is safe to conclude that the promulgations of the national and
international medical societies are at least representative of the
professional views of a majority of its members.

With that said, it is virtually unanimous among national and
international medical societies that AHT is a valid medical
diagnosis.5* Armongst clinical practitioners, from pediatricians to
radiologists, from the American Academy of Pediatrics to the World
Health Organization, the validity of AHT as a medical diagnosis is
unquestioned. Thus, the fourth Daubert criterion has also been
addressed.

Although the four general considerations enunciated in Daubert
are satisfied by the AHT literature, the trilogy makes clear that,
overall, it is the methodology that is of paramount importance, not the
conclusions generated or the criterion satisfied. Does the AHT
expert have “good grounds”5% for coming to his/her cenclusions? Is
there a logical nexus between his/her methodology and the
opinions that are generated? Has the expert exercised the “same
level of intellectual rigor’52! that the expert would use outside the
courtroom when working in his/ her relevant discipline? Or is AHT
just junk science that's not “even good enough to be wrong”>2 and
thus inadmissible scientific testimony /evidence?

In assessing the methodology in AHT, it is important to
remember that arriving at the diagnosis of AHT employs no
different methedology than arriving at any other clinical diagnosis.
At its core, clinical medical decision-making is grounded in the roots
of the scientific method. Extensive study into physician cognition
has revealed valuable insights into the clinical diagnostic process
(the methodolegy sought to be evaluated by Dauberf). Whereas it
was once thought that physician clinical reasoning proceeded in a

519 See supra Section 11B.c.1=*A Shifted Consensus?”—where fiftven national and
intcrnational medical societies are listed as publicly supporting the validity of AHT as a
medical diagnosis. As mentioned in that scction, the only “relevant” disciplines with some
discord are pathologists and biomechanical engineers,

520 Daubert v. Merrell Dow Pharm,, Inc., 509 US. 579, 590 (1993).
521 Kumho Tire Co. v. Carmichaej, 526 U.5. 137, 152 (1999).
522 Breyer, supra note 57, at 6.
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discretely linear fashion known as Bayesian analysis’? recent
research has demonstrated the diagnostic process is actually a non-
linear, unstructured method of problem-solving that employs both
inferential and deductive reasoning.52¢

The physician gathers information on a patient’s symptoms and
signs and generates hypotheses (also known as a differential
diagnosis).? Through the attainment of additional clinical
information (via various diagnostic tests), the physician goes
through an inferential and deductive process of hypothesis
refinement until a consistent “working diagnosis” is achieved.52
Hypothesis refinement utilizes a variety of reasoning strategies—
probabilistic, causal and deterministic—to discriminate among the
existing diagnoses of the differential diagnosis.”? While being

523 Ser JEROME P, KASSIRER & RICHARD I KOPELMAN, LEARNING CLINICAL REASONING 16 {1991)
(“Bayesian analysis assembles a complete set of diagnostic hypotheses that can explain a
given set for clinical findings. Fer each hypothesis, a set of rel attributes is identifled
(historical findings, physical findings, complications, predisposing factors, laboratory
results) that might help discriminate among, the diagnoses. The prior probability of each
diagnostic hypothesis is specified numerically, as is the probability that each attribute is
found in each disease entity. Then, a calculation is make of the likelihood of cach disease
entity given the discase prevalence and the probability of cach clinical attribule.”).
Although physician ing does not oxclusively proceed in a Bayesian fashion,
physicians do frequently rely on Baycsian reasoning {combining disease prevalence with
their knowledge of frequency of signs and symptoms in a given disease) in the diagnostic
process. See Henifin, et al, supra note 91, at 467,

524 S¢e Jerome P. Kassirer & Frank A, Sonnenberg, The Seientific Basis of Diagnosis, in TEXTBOOX
OF INTERNAL MEDICINE 14, 1313 (William N, Kelley od., ).B. Libbincott Co. 1989); KASSIRER
& KOFELMAN, supra note 523, at 3.

525 See Kassirer & Sonnenberg, supra nole 524, at 14; see also KASSIRER & KOPELMAN, suprs note
523, at 16 (defining differcntial diagnosis).

526 See Kassirer & Sonnenberg, supra note 524, at 15; see also KASSIRER & KOPELMAN, supra note
523, at 11 ("Hypothesls refinement is an evolving, sequential process of data gathering and
interpretation.”). Rather than exclusively relying on statistical data on di prevatence
to generate diagnostic  hypotheses, the physician also utilizes “heuristics”™ {or
shortruts/mles of thumb) to make the tsk of information gathering manageable and
efficient. KASSIRER & KOPELMAN, supra now 523, at 4.

5T Scc Kassirer & Sonnenberg, supra note 524, at 15; see also KASSIRER & KOPELMAN, supra note
523, at 11. (“Hy pothesis refinement is an evolving sequential process of data gathering and
interpretation.”). Probabilistic reasoning is Bayesian-type reasoning where prior
probabilities of di are considered and combined with a physician’s knowledge of the
frequency of signs and symptoms in a given disease and the probabillties of specific test
irformation. These assist the physician In a probabilistic assessment of the most likely
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mindful of the pitfalls of heuristics, the physician ultimately
proceeds to hypothesis confirmation when the laws of diagnostic
adequacy, coherency, and parsimony are satisfied.’28

Many courts have held that the “differential diagnosis”
methodology is a reliable method of ascertaining medical
causation.’® Courts have stated that the “differential diagnosis is a
well-recognized and widely-used technique in the medical
community to identify and isolate causes of disease and death.”53%
As long as the expert “at least considers alternative causes,” then
testimony based upon the “differential diagnosis” methodology is
admissible.53!

US. courts have previously assessed the methodology
underlying AHT and deemed it valid.®2 In more recent cases, U.S.
courts have reassessed its sufficiency, and have still deemed it

hypothesis. Causal reasoning “ls a function of the amatomical, physiological and
binchemical mechanisms that operate normally in the human body and the
pathophysiologic behavior of these mechanisms in discasc.” See KASSIRER & KOPELMAN,
supra note 323, at 28. Physicians “are accustomed to use any reliable dato to assess
causality, no matter what their source. . .. Temporal proximity can be a potent factor in
causal decision making . . . ." Kassirer & Cecil, supra note 54, at 1384

528 "Adequacy occurs when a “diagnostic hypothesis... encompasses all surviving
hypotheses and . . . accounts for all the patient’s findings, whether abnormal or normal.”
KASSIRER & KOPELMAN, supra note 523, at 32. Coherency occurs “when a patient’s ﬁndings
are conslstml with the altered pathuphyslnlogy of the hypothesized discase state.” !d.
Parsi is “the simpl le explanation all of the [patient’s] findings.” Id.

529 See Best v. Lowe's Home Cirs. Inc., 563 F3d 171, 179, 183-84 (6th Cir. 2009) (stating a
differential diagnosis can be adequate grounds for a causation opinion under Daubert);
Hyman & Ar g PSC. v. Gund 279 S.W.3d 93, 107, 109 (Ky. 2008); Woestberry
v. Gislaved Gummi AB, 178 F.3d 257, 263 (4th Cir. 1999). But sce. Moore v. Ashland Chem.
Inc;, 151 F.3d 269, 279 (5th Cir. 1998) (denying admissibility of expert testimony bascd
upon the differential diagnosis); Mogne 151 F.3d at 288 (dissent).

530 See Gunderson, 27% S.W 3d at 107 (citing Globetti v. Sandoz Pharms. Corp., 111 FSupp2d
1174 (N.D. Ala. 2000)).

5N {n 7 Paoli RR. Yard PCB Litig, 35 F.3d 717, 759 (3d Cir. 1994) {noting there is "a
requirement that experts at least conslder alternative causes™ and that this concept is “at
the care of differential diagnosis.”): see Heller v. Shaw lndustrus, Inc, 167 F3d 146, 136
{3d Cir. 1999) (stating ihai before allowing diff ial diag r ing as grou.nds for
causation, a medical expert must rule out “obvious alternative causes but not,
“categorically, all other possible causes™ of an injury).

532 Sev State v. McClary, 541 A2d 96, 102 (1988) (noting shaken baby syndrome is generally
accepted by medical seience),
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valid.53? But, the assessment of the validity of the methodology
underlying AHT is not peculiar to U.S. courts.

In the United Kingdom, AHT has been a topic of significant
medico-legal concern recently. The U.K. High Court recently heard
four appeals on alleged “battered babies” cases.® In R v. Herris (a
consolidation of the four appeals) the U.K. High Court examined the
issue of whether newly-developed “medical research... [had
created] ‘fresh evidence’ which . . . fcast] doubt on the safety of each
conviction.”53 The High Court stated:

At the heart of these appeals... was a challenge to the accepted
hypothesis concerning “shaken baby syndrome” (SBS); or, as we
believe it should be more properly called, non-accidental head injury
(NAHI). The accepted hypothesis depends on findings of a triad of
intracranial injuries consisting of encephalopathy (defined as disease
of the brain affecting the brain’s function); subdural haemorrhages
(SDH); and retinal haemorrhages (RH).53%

In evaluating the sufficiency of the “triad,” the High Court
received testimony from over twenty internaticnal experts in the
field of AHT—"ten medical expert witnesses called on behalf of the
appellants and eleven called on behalf the Crown . .. [and] written
evidence of four further witnesses.”7 As a part of its examination of
the “newly-developed research,” the High Court studied Dr.
Geddes’ Unified Hypothesis:

Between 2000 and 2004 a team of distinguished doctors led by Dr
Jennian Geddes, a neuropathologist with a speciality in work with
children, produced three papers setting out the results of their
research into the triad. In the third paper “Geddes 111", the team put
forward a new hypothesis, “the unified hypothesis,” which
challenged the supposed infallibility of the triad. . ..

533 Spr United States v, Vallo, 238 F3d 1242, 1245 (10th Cir. 2001); People v. Dunaway, 88 P.3d
619, 633-34 (Colo. 2004); People v. Martineg, 74 '3d 316, 323, 324-25 (Colo. 2003); State v,
Leibhart, 662 N.W.2d 618, 627-28 {Neb. 2003); State v. Glenn, 900 So.2d 26, 34-35 (La. Ct.
App. 2005); Order Denying Motion to Fxclude Testimony on AHT/SBS at 5-6, State v.
Mendoza, No. 071908696 (Utah Dist. Ct., June 5, 2009).

53 R v. Harris, [2005] EWCA (Crim) 1980, [4]-[5].
535 I, at [3].

53 Id. at |56].

57 1d at|3).



A DAUBERT ANALYSIS 587

When Geddes Il was published it was, and still is, very
controversial. ... However, eqrly on in the hearing it becaomic apparent
that substantial parls of the basis of the unificd hypolhesis could no longer
stand, Dr Geddes, at the beginning of her cross-examination, accepted
that the unified hypothesis was never advanced with a view to being
proved in court. ... Further, she accepted that the hypothesis might
not be quite correct; or as she put it “1 think we might not have the
theory quite right. 1 think possibly the emphasis on hypoxia—no, 1
think possibly we are looking more at raised pressure being the
critical event."338

In concluding that Geddes’ Unified Hypothesis could no longer
be considered credible, the High Court stated:

As a result of critical papers published in the medical journals, as we
have already stated, Dr Geddes when cross-examined frankly
admitted that the unified hypothesis could no lenger credibly be put
forward. In cross-examination she accepted that she could no longer
support the hypothesis that brain swelling was the cause of subdural
haemorrhages and retinal haemorrhages. She did, however, state that
she believed that raised intracranial pressure (ICP) might prove to be
an independent cause of both lesions. When asked by Mr Horwell if
she had published a paper on this hypothesis she said that she had
not and that her research was still incomplete. . .. “In our judgment, it
follows that the unified hypethesis can no longer be regarded as a
credible or alternative cause of the triad of injuries. . ..

... These four appeals raise different medical issues and do not
necessarily fail because the unified hypothesis has not been validated.
But it does mean that the triad, itself a hypothesis, has not been
undermined in the way envisaged by the authors of Geddes I1.5%

The High Court then conducted “sufficiency of evidence” reviews
on the four cases.4? Based upon an appellate standard of review of
“whether the evidence, if given at the trial, might reasonably have
affected the decision of the trial jury,51” the High Court determined
that, in two cases, the “fresh” evidence “might reasonably have
affected the jury’s decision to convict”®2 and set aside those

538 Id, at [57]-[56] {emphasis added).
53 Id, ot [68]~[65] (emphasis added).
$40 Ser id at |102}-[103].

14, e [101).

542 1. at [153].
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convictions.>3 In the two other cases, the High Court sustained or
modified the convictions.54#

B. Other Legal Challenges to AHT

Although a comprehensive examination of all the challenges
surrcunding AHT testimony and evidence is beyond the scope of
this article, a couple of more recent challenges shall be addressed
briefly 45 One, akin to Geddes’ Unified Hypothesis, is an assertion
of an alternative explanation for the injuries seen in AHT. It is the
abovementioned “dural immature vascular plexus” theory by Squier
and Mack.%¢ This theory is but another example of a more general,
overarching challenge to the medical evidence base underlying
AHT. By proffering another valid scientific explanation for the
injuries in AHT, the contention is that there will then be doubt
regarding the “non-accidental,” “abusive,” and “traumatic” nature
of the injuries.

In the dural immature vascular plexus theory, the authors
hypothesize that there is a plexus {network) of vesscls within the
dura mater that is immature and a likely source for “hemorrhage in
non-traumatic conditions.”>? Secondary to the immaturity of these
vessels, in situations of hypoxia, these vessels “leak,” and
subsequently result in SDHs*8 Akin to Geddes' Unified
Hypothesis, hypoxic-ischemic injury is the preeminent factor

543 14, at [153], [266).
SHJd. at [185), [219].

545 Other challenges to admissibility of AHT testimony have included 403 challenges (that a
medical diagnosis of child abuse is confusing to a jury in relation to the legal definition of

child abuse, within a particular state, and ¢ quently, the prejudicial value outweighs
the probative value) and challenges to the admissibility of testimony on the of
force required to cause the injuries. See People v. Martinez, 74 P.3d 316, 321-22 (Colo,
2003). For & comprehensive review of the evidentiary challenges in AHT testimony, see

John EB. Myers, MYERS ON EVIDENCE [N CHILD, DOMESTIC, AND EL.DER ABuSE CASES (Aspen
Publishers, vol 1 2005} and John E B. Myers, MYERS ON EVIDENCE IN CHILD, DOMESTIC AND
ELDER ABUSE CASES (Aspen Publishers, supp. 2007).

546 See supra Section J1(B)(2)(*Statistical Evidonce™).
547 Mack ct al., supra note 396, at 208,
548 Squier & Mack, supro note 396, at 10,
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leading to “hemorrhage in non-traumatic conditions.”59

This mest recent alternative hypothesis for the causation of
SDHs and RHs does not survive Trilogy scrutiny. Unlike even
Geddes’ Unifed Hypothesis, this theory offers no scientific dala
linking an intradural (within the dura) vascular plexus to the
significant subdural hemorrhages seen in AHT.3%0 Although
published as a review article in a peer-reviewed medical journal, it
has not been the subject of any scientific study, in any cohort of
patients. Consequently, it has not been tested by the scientific rigors
of falsifiability, and has adduced no evidence-based medical
literature. Furthermore, by adhering to Geddes’ medically and
legally discredited theory of hypoxic-ischemic injury as the
“unifying” cause for SDHs and RHs, this theory remains outside
mainstream medical opinion. Thus, any scientific testimony based
upon this theory would be based solely upon the ipse dixit of the
expert, and inadmissible under Joirer and Kuntlo.

Because the theory attempts to perpetuate Geddes' discredited
Unified Hypothesis, two recent United Kingdom court opinions
have questioned the scientific objectivity of one of its authors, Dr.
Squier. In a U.K. family court opinion, the court stated:

Both Dr. Cohen and Dr. Squier subscribe to the Geddes Il hypothesis
in one form or another. Put at its simplest, each are of the view that
hypoxia in children can lead to subdural haemorrhages and retinal
haemorrhages in the absence of trauma.

... They go against the mainstream of curvent thinking and the analysis of
the Court of Appeal in R v. Harris. ...

Or. Cohen and Dr. Squier support Geddes lil, even though Dr. Geddes
herself in Harris withdrew from her own unified hypothesis. . . .

In considering the evidence of Dr. Cohen and Dr Squier, I remind
myself that four years have passed since Dr. Geddes accepted that her
unified hypothesis could no longer credibly be put forward. . ..

9 See id; Mack et al, supra at 396, at 208,
550 Ser supra Part (d)(ii) Alternative Hypotheses.
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I have to consider whether or not these experts have “developed a
scientific prejudice” or whether they are in the vanguard of research
and learning55!

The court then concluded:

[ do not doubt the commitment of Dr. Squier and Dr. Cohen to the
advancement of the understanding of Shaken Baby Syndrome. As
already indicated, | make no criticism and, indeed, it would be wrong
to do so, of the fact that neither of them hold mainstream views.
There is a significant fundamental difference between academic
theories and hypotheses, on the one hand, and the rigorous forensic
analysis which is required in care proceedings . . ..

Dr. Squier and Dr. Cohen, | find with negret, have cach fallen into that
category of expert identified by Butler-Sloss P. in Re LU & LB, namely the
exper! who has developed @ scientific prejudice. As a conscquence, | accept
the submission of the Local Authority tha! Dr. Squicr has pernutled her
convictions to lead her analysis.... [E]ach of the significant factual
errors made by her served to support her hypothesis of choking and
hypoxia.

The overwhelming preponderance of evidence in this casc is to the effect that,
as of today, medical opinion is tha! hypoxia docs not lead to subdural
haemorriages and retinal hacmorrhages . . . 552

When Dr. Squier provided testimony in a recent criminal
appellate matter, the U.K. High Court stated:

Dr Squier’s stance, in oral evidence before us, casts significant doubt
upon the reliability of the rest of her evidence and her approach to
this case. It demonstrates, to our satisfaction, that she was prepared to
maintain an unsubstantiated and insupportable theory in an attempt
to bolster this appeal.

In the light of our view as to the quality of Dr Squier's evidence
before us we conclude it is not capable of undermining the safety of
the verdicl. For those reasons, we reject the application to call fresh
evidence. 353

551 A Local Auth. v. S, |2009] EWHC (Fam) 2115 [63), [199], [201]-[203] (Eng.) (emphasis
added).

552 [d. at |2R4]-[285] (emphasis added) (heading omitted),
553 R v. Henderson; R v. Buller; R v. Oyediran, [2010] EWCA (Crim) 1269 [188], [190] (Eng.)
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The other recent challenge to the admissibility of AHT
testimony asserts that a physician’s diagnosis of “abusive” or
“inflicted” injury is.an “improper comment on the mens rea” element
of an offense and consequently, an improper “invasion of the
province of the jury.”5% In medicine, physicians routinely diagnose
intentional acts of patients that result in medical problems. For
example, in eating disorders such as bulemia (binge and purge type)
and anorexia nervosa, the patient’s intentional acts of either purging
food recently eaten (bulemia) or not eating food (anorexia) so as to
not gain weight are key diagnostic features of those disorders. Many
other medical diagnoses—self-cutting behavior, trichotillomania
(hair pulling), and illicit substance abuse, to name a few —exist
where primary care physicians, in the routine course of clinical
medical practice, diagnose intentional acts of patients as key
components of medical disease. Additionally, pathologists
{specifically forensic pathologists and medical examiners) are
routinely called upon to determine intent in the manner and cause
of death. And, psychiatrists are sometimes requested to determine
an individual's capacity to satisfy the mens res elements of criminal
offenses. The practice of child abuse pediatrics is no different than
these other practices of medicine.

Courts have long held that, as long as a physician does not
testify to the ultimate question of the defendant’s guilt or innocence,
a physician may opine that injuries are “nonaccidental,” “inflicted,”
or “abusive.”s%5 In Estelle v. Maguire the US. Supreme Court
recognized the admissibility of medical testimony on the issue of
intent when it considered the admissibility of 404(b) evidence in

(emphasis added).
554 State v. Smallwoad, 955 ".2d 1209, 1220-21 (Kan. 1998).

555 See State v. Smith, 877 So. 2d 1123, 1127-29 (La. Ct. App. 2004) (fatal shaking and impact
case; doctor testified child's injuries were abusive); State v. Smallwoed, 955 P.2d 1209, 121
(1998) (infant dicd of inflicted head injury; patholegist opined the child died of abuse: “by
stating thal, based upon her medical experience, Kaine died as a result of child abuse,
either shaking or a blow to the skull, Dr. Gould was not testifying es to the ultimate
question of Smaliwood’s guilt or innocence. Expert testimony in the form of an opinion is
not objectianable because it embraces the ultimate issue or issues to be decided by the trier
of facL."}.
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order to prove “battered child syndrome.”5% The Supreme Court
wrole:

The demonstration of battered child syndrome “simply indicates that
a child found with [serious, repeated injuries] has not suffered those
injuries by accidental means.” Thus, evidence demonstrating battered
child syndrome helps to prove that the child died at the hands of
another and not by falling off a couch for example, it also tends to
establish that the “other,” whoever it may be, inflicted the injuries
intentionally.5%7

As with battered child syndrome, the non-accidental or abusive
determination in AHT finds its diagnostic underpinning in “the
degree and type of injury [that] is at variance with the history given
regarding the occurrence of the trauma.”® Recently, in State v.
Torres, the Supreme Court of Kansas concluded that a physician’s
opinion that an infant's death was a “textbook case” of “shaken
baby or shaken impact syndrome” did not invade the province of 2
jury so long as the expert did not testify as to “the ultimate question
of the defendant’s guilt or innocence.”% Thus, these most recent
challenges to the admissibility of AHT testimony lack legal and
medical foundation,

C. Beyond Daubert: The Marriage of Medical and Legal
Perspectives

Given the abundance of medjical literature in support of AHT—
the significant statistical strength of much of that literature, the
recognition by many US. and U.K. courts of the validity of that
literature and of the diagnosis of AHT—one must seek explanation
for the variability in some court decisions. Why have some courts
concluded that there is a “significant and legitimate debate in the
medical community” on AHT,50 while others have not?5! Why

556 Estelle v. McGuire, 502 US. 62, &8 (1991).

557 [d. (citation omitted).

558 See Kempe et al., supra note 148, at 143; Tuerkheimer, supre note 4, at 31.

559 Ser State v. Torres, 121 P3d 429, 446-47 (Kan. 2005).

560 Siate v, Fdmunds, 746 N.W.2d 590, 596 (Wis. Ct. App. 2008).

561 Ser R v. Henderson; R v. Butler; R v, Oyediran, EWCA (Crim) 1269 ot [188]-[190}; Order
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have some concluded that the diagnosis of AHT is “based on
inconclusive research,”%2 while the vast majority have not?3?
Several reasons exist.

First, as mentioned above, the adduction of evidence on what is
general acceptance within the relevant scientific community has in
many cases, unfortunately, been upon the ipse dixit of the expert. In
State v. Edmunds, the Court determined, based upon “expert medical
testimony,” that “a significant and legitimate debate in the medical
community has developed in the past ten years” on AHT.5#
However, those “experts” provided no substantive medical
literature affirming that “significant and legitimate debate.”55
Highlighting the shortcomings of such evidence, one expert witness
in a UK. AHT case stated:

Al-Sarraj told the court that there are 40-44 neuropathologists in the
country of whom a maximum of 10 or 12 are forensic
neuropathologists. To his knowledge, the only neuropathologist in
the UK believing that hypoxia can cause subdural haemorrhages is
Dr. Waney Squier. In addition, he said there are two or three other
people who share her opinion who are working in different, but
related, specialities, of whom Dr. Cohen and Dr. Scheimberg (Dr.
Cohen’s co-author) are presumably two. Dr. Al-Sarraj said:

“They come in all the defence cases, so you do nol realise that they are
in such a minority.”

Second, the pecuniary interest in providing expert testimony
cannot be underestimated. It has posed and continues to pose a
significant risk to the presentation of unbiased medical information,
Third, in additon to pecuniary interest, as discussed above,
personal prejudices can also affect scientific analysis. This can result

Denying Motion to Exclude Testimony on AHT/SBS at 1-4, State v. Memdoza, No.
071908696 (Utah Dist. Ct, June 5, 2009),

562 Order Determining Admissibility of Expert Testimony on AHT/S85 at 22, Commioniwealth
v. Davis, No. (4-CR-205 (Ky. Cir. CL, Apr. 17, 2006).

563 See, e.g., State v. Lelbhart 662 N.W.2d 618, 627-28 (Neb. 2001); Crder Denying Motion 1o
Exclude Testimony on AHT/SES at 5-6, State v. Mendoza, No. 071908696 (Utah Dist. Ct,
June 5, 2009).

564 See Ednmunds, 746 NLW.2d a1 596.

565 Ser ied.

566 A Local Auth. v. 5, [2009) EWHC (Fam) 2115 [199} (Eng,) (emphusis added).
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in the adherence to disproven theories and the presentation of
skewed information. Finally, the increasing complexity of scientific
and medical information has placed onerous burdens on the single,
gate-keeping trial judge. Given the lack of dispositive medical
guidance from a unified, unbiased, multi-disciplinary, medical
body, courts have been left to fend for themselves, relying upon
whatever seemingly reliable medical information is presented.
Naturally, variability in some decisions has ensued.

If the marriage of the legal and medical perspectives is to
survive, especially with regards to AHT, then the medical and legal
fields must remain faithful to their obligations, and seek to
strengthen their union. Courts must remember Justice Breyer's
admonition— “seek decisions that fall within the boundaries of
scientifically sound knowledge”5” and keep out science that "isn't
even good enough to be wrong.”>8 This article has provided
evidence-based medical literature supporting the scientific
soundness of AHT and the lack of such evidence for theories such as
Geddes’ Unified Hypothesis and Squier and Mack’s dural immature
vascular plexus-theory. Concurrent with that obligation, courts must
recognize when there is a legitimate and responsible disagreement
among medical experts, and allow the jury to resolve that dispute
among the experts. Finally, when confronted with the complexities
of medical and scientific information, courts should seek assistance
from impartial court-appointed scientific experts to explain the
medical and scientific information.

For medicine’s part, the national medical societies of the
relevant disciplines should coordinate with Federal Judicial Center
(FIC) and National Academy of Sciences, Committee on Science,
Technology and Law, to establish a registry of potential
independent medical experts on AHT. Along those lines, the
relevant national medical societies should promulgate policies
limiting expert medical testimony fees, and support state and
federal legislation towards that effect. Finally, the judiciary, via the
F]JC, and the relevant medical disciplines, specifically child abuse

567 Breyer, supra note 57, at 4.
568 4. at 6.
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pediatricians, should engage in reciprocal educational efforts on the
responsibilities and limitations of expert testimony in AHT.

IV, CONCLUSION

What has been presented for the reader is:

i) a brief examination of the extensive clinical medical literature
on the topic of AHT;

ii) evidence-based clinical medical studies on SDHs and RHs
that demonstrate highly significant statistical associations of
those injuries with AHT;

iii)verifiable references to fifteen national and international
medical societies who have publicly endorsed the validity of
AHT;

iv)medical and legal rationales refuting alternative hypotheses
(such as Geddes’ Unified Hypothesis and Squier and Mack’s
Dural Immature Vascular Plexus Theory) for the injuries
common to AHT; and

v} national and international case law examining, and ultimately
confirming, the validity of the medical evidence in support
of AHT.

These reasons, and years of clinical experience, are the
foundation for the opinions given by the vast majority of medical
professionals called to evaluate suspected AHT. The diagnosis of
AHT, long recognized as a valid diagnosis, occurs within the same
professional culture of science and practice (methodology) that leads
to the diagnosis and treatment of millions of pediatric patients in the
U.S. every year. Many of these diagneses are matters of life and
death, and sometimes these diagnoses lead to the courtroom. For the
legal profession to treat this aspect of pediatric medicine as separate
from the rest of medicine is unjustifiable. It is understandable that
lawyers will look for opportunities to create doubt in the minds of
jurors. However, the only way to appropriately improve the chances
for justice in the courts with respect to AHT is to assure that an
unbiased, financially-unmotivated, medical expert testifies to the
current state of medical evidence.
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APPENDIX A
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of an Infant or Young Child in a Short Fall of Less than 6 Vertical
Feet, 35 ]. TRAUMA 968 (1993).
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TRAUMA 1273 (1989).
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APPENDIX B

DIFFERENTIAL DIAGNOSIS OF SUBDURAL HEMORRHAGES:

Trauma
Inflicted/ Abusive
Accidental
Birth

Metabolic Diseases
Glutaric Aciduria Type 1
Menke's Disease
Hemophagocytic Lymphohistiocytosis
Nutritional deficiencies

Genetic Syndromes
Osteogenesis Imperfecta
Ehlers-Danlos Syndrome Type I
Hereditary Hemorrhagic Telangectasia

Coagulopathies (Clotting Disorders)
Hemophilia
Hemorrhagic Discase of the Newborn

Tumors
Lymphoblastic Leukemia
Neuroblastoma

Infections
HSV meningoencephalitis
Bacterial meningitis
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APPENDIX C

DIFFERENTIAL DIAGNOSIS OF RETINAL HEMORRHAGES:

Trauma
Inflicted/ Abusive
Accidental
Birth
Metabolic Diseases
Glutaric Aciduria Type 1
Hemophagocytic Lymphohistiocytosis
Nutritional deficiencies
Genetic Syndromes
Osteogenesis Imperfecta
Ehlers-Danlos Syndrome Type Il
Anemia
Coagulopathies (Clotting Disorders)
Hemophilia
Hemorrhagic Disease of the Newborn
Carbon Monoxide Poisoning
Vasculitis
Hypoxia/Hypo or Hypertension
Papilledema/Increased Intracranial Pressure
Tumors
Lymphoblastic Leukemia
Cerebral Aneurysm
Hemangioma
Infections
HSV meningoencephalitis
Bacterial meningitis
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The Batiered-Child Synidrume
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Fig 4. Dr, . Herey Keipe. Fig 5. Funt page of The Batuted-Child Syndroane,

Reprinted with permmessron of The Kempe Faundaiion fer JAMA Vol 181 July 7. 1962, pp.17-24. Copyright

the Prevention and Treatmeni of Child Abus: and Neglect. D192 American Medlial Association. All nghts
neserved. Reprinted with permission from JAMA,

Fig. §. 1{uman Eye Fig, 7. Normel Retina, demonstranng the areaof the

Reptinted courtesy of hitp:/ /lhsansiomy4.wikzspaces com Tetina calied the pustenor pole: fovea and macula
(withon  cirrles),  optic  nerve (bright whimah
appesring arcke on lefi-hand side) and s head
mgnjfesting a8 4 circular dise {optic dis). and
retinal vemsels emanating from the optic terve
Reprinted from Lyt Disav Andiomy, Rels: EDAOG.
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phot/ evedis/ index asp (circles added by author),



Hous. J. HEALTHL. & POL'Y

Fig. 8. Mild nonsperific retinat hemorrhages confined o the pasteriar pole.
{Courtesy of Alex V. Levin, MD. MHSc, Wills Eye Imstitute, Philadel phia)

Fig 9. Severe retinzl hemorrhages, too numerous to count, such that there by vinually
no vRible nprmal reting, (Courntrsy of Alex V. Lavin, MD, MHSc, Wills Eve Imtitule,
Phladelphia)
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Fig. 10. Macular raumanc ronoschusis. (Courtesy of Alex V. Levin, MD.

MHSc, Wills Kye Instiiute, Philadelphia)

accident
none
‘flame
H ' mpearl
' mdiffuse
abuse
0% 20% 40% 60% 80% 100%

Fig. 11. "Ketinal hemorrhage in the AT and 1111 groups. Although mest cases of abuse were sssocuted with
sevoerr hefnarrhage, seven had no hemorrhage, and three had only mild hemerrhages.” Mattheeu Vinchon et al,
Confrssed Abuse Vengus Witnrsted Accidentsin Infmts: Comprrison of Clinical, Radlological, und Ophih il Dant
in Corroboretad Cates, 26 Chuld's Nervous Sy, 637, 641 g (2009). Conversely, no or muld RHs were bound in M
ceser ol AT, id. at 6]9 641 figd, and onfy “one had severe hemorhage caused by direct lacial impacL” Id. at 641
Lig 3. {Figure rey with of publisher.)
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PLEASE STAY TUNED FOR AN ACADEMIC RESPONSE T0O A DAUBERT ANALYSIS
OF ABUSIVE HEAD TRAUMA/SHAKEN BABY SYNDROME IN VOLUME 12 OF THIS
JOURNAL.
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Letter to the Editer

Shaken baby syndrome: A flawed biomechanical analysis

d Neck

Keywords: Tnjury; Infant: Shaken; Baby: Romtionsl; Accelertion/decel

To the Editor,

We are gravely concerned that the conclusions reached by
Bandak [1] may be invalid due to apparent nurnerical errora in
his estimation of forces experienced in an infant neck during
vigorous shaking. More specifically, we have repeated the
author’s calculations and we find values of neck forces that are
actually more than 10 times lower than those presented in
Bandak’s Table 3.

Using the free body diagram of the infant head and neck
(Fig. 3), Bandok identified the two components of neck force
during rolation of the hcad—the tangential force F, and the
normal force F,. Bandak described the basic equations for neck
forces during a simplified shnking event, but did not present
detailed methods for calculating the upper neck loads. We
define them here for completeness:

a6
1= Mheady = Mhead? o m
¥ day?
Fn—mhud7=mh=ndr(d_,‘) @

where ris the length of the neck in meters, My the mass of the
head in kilograms, a, the tangential linear head acceleration in
meters per second squared, 4°9/dr the angular scceleration of
the head in radians per second squared, v the Linear velocity of the
head in meters per second, and dé/ds the angular velocity of the
head in radians per second.' As Bandak pointed out, when F,
reaches its maximum value, F, is at a minimum, so it would bc
incesrect to sum or otherwise combine peak F, and F Lo estimate
peak neck forces. Yet, using the snme angular acceleratian and

DOLs of original arilcles: 10.1016/).forsciint. 2005.12.017,
10.1016/j.foraeiint 20056.01.001.

' It is imporwnt to note that the cquations for tangential and normal accel-
eration in Bandak's methods and repeated in this letter do not account for chent
acceleration, and it is pot known if the actuel neck forves would be higher or
lower If chest accelerntion were considered.

0375-0738/$ — sec front matter © 2005 Elsevier lreland Lid. All rights reserved.

dai: 10.101 6/] forsciing 2005.12.018

velocity values Bandak reported from the literature, we calculate
forces 10 times lower than those presented in Bandak’s Table 3.

For exampte, to calculate neck forces for the most severe
shaking event reported in Bandak's Table 3, we used the largest
angular acceleration and angular velocity values, the longest
neck length and the heaviest head mass provided in Table 3
(15,000 rad/s*, 150 rad/s, 6.35 cm, and 1.59 kg, respectively).
Substituting these values into Eqgs. (1) and (2) above, we find
that narmal force F, exceeds the tangential force F,, and is
calculated as follows:

Fopigh = mhesa{7) (:—f)z

Im rad \?
100cm) (ISOT) =2272N

= (1.59kg) (6.35 cmx

However, Bandak reported Fppign at 35,931 N in Table 3, a
volue 15,8 times higher than the correct value. Similariy, to
calculate forces for the Ieast severe shaking event discussed by
Bandak, we used the minimum values of each parameter range
provided by Bandak's Table 3 and calculated the lower range of
the normal force as:

2
e = ms) (37

' Im rad \?
= (0.63kg)(3.3|cm x lOOcm) (soT) =65N

The corresponding value reported by Bandak in Table 3 is
1027 N.

We repeated the foree calculations for ell values in Bandak's
Table 3 and our attempts to reproduce these neck force
calculations consistently yield values that are at leasi 10 times
Iower than those reported for shaking in Table 3 and Fig. 4 of
Bendak's paper. While in some cases the error appears to be a
failure to include the neck length, there is no single, simple
explanation responsible for the emors that appear in every
valuc in Table 3. Also, Prange and Myers [2] analysis of the
same data yielded neck forces similar to what we have
calculated here.

EXHIBIT 7
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Bascd upon his fiawed calculations, Bandak erroncously
concluded that the neck forces in even the least severe shaking
cvent far exceed the published injury tolerance of the infant
neck. However, when accurately calculated, the range of neck
forces is considerably lower, and includes values that arc far
beiow the threshold for injury. In light of the nimerical emors in
Bandak's neck force estimations, we question the resolute tenor
of Bandak's conclusions that neck injuries would occur in all
shaking events. Rather, we propose that & more appropriate
conclusion is that the possibility exists for neck injury to occur
during a severe shaking event without impact,

References

[1} PA. Bandak, Shoken bahy ds a bi I tysis of lojury
mechanizms, Forensic Sei. Int. 151 (200S) 71-79.
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Which clinical features distinguish inflicted from non-
inflicted brain injury? A systematic review

S Maguire,' N Pickerd,' D Farewell,2 M Mann,> V Tempest,' A M Kemp'

ABSTRACT

Aim: A systematic review of the scientific Bterature 1o
asfine clinical indicators disunguishing inflicted (i8I} from
nen-inflicted brain injury {niBl).

Methods: An all languaga literature search of 20
electronic databases, websites, references and biblio-
graphies from 19702008 was caricd out. Relavant
studies were indapendently reviewad by two rained
raviewsrs, with a third review where required. nclusion
criteria included primary comparative studies of B and
niB! in children aged <18 years, with high surety of
diagnosis describing key clinica! feaures. Multileve!
Ingistic regression analysis was conducted. detcrmining
the posilive predictive value [PPV) and ndds ratios (OR)
with p values for retinal haemaorrhage, tib/iong bone/skull
fractures, apnoea, seizuies and bruising 1o head/neck,
Results: 8151 swdies were identiied. 320 were
reviewed and 14 included, 1epresentng 1655 children,

779 with iBI. Gender was not a discriminatory teature. Ina,

child withiintracranial injury.-apnoga{PPV 93%, OR 17.06;
p<0.001} and retinal hasmonhage PPV 71%, OR 3.504,
p = 0.03) were the features most predictive of iBl. Rib
fractures (PPV 73%. OR 3.03, p = 0.13) had a similar PPV
10 retinal haemarrhagss, but there were less data for
analysis. Seizures and long bone fractures were nat
discriminatory, and skufl Iracture and head/neck iuising
were more associated with niBl, although not sigmificantly
s0.

Conclusions: This systematic teview shows that apncea
and reunal haemaorthage have a high odds ratio for
association with Bl This review identifies key lemures
that should be recorded in the assessment of children
where Bl is suspected and may help clinicians to define
the likelihaod of iBL

In 1974, radiolegist John Caffey published his
paper “The whiplash shaken wnfant syndrome:
manual shaking by the extremities with whiplash
indueed ntracrantal and intraccular bleedings,
linked with residual permanent brain damage and
mental resardation” ' The title captured a proposed
mechanism far the most serious form of physical
child abuse and referred Lo che association of
intracranial and retinal haemorrhages The anticle
described che diagnostic challenges of tdenuifying a
condition where there are often no exrernal signs
of trauma to the head, siull ractures or a history
of trauma of any kind, and associated injuries may
be subtle or occult, pasticula:ly in the case of co-
existing fractures. Caffey recognised that these
childien were often subjected to repeated trau-
matic vpisodes. Despite advances 1n investigative
neurology and widespread awareness of this
condition. inflicted brain injury {iB}) is commonly

EXHIBIT 8

» Caonsiderable scepticism is being expressed as
to how to distinguish inflicted (iBl} from non-
inflicted brain injury {niBl}.

» Varying weight has been given to specific
clinical features of iBl in previous publications.

» Apnoea, retinal haemarrhages and rib fractures
are felt to be important but there is no
comprehensive siatistical estimate of predictive
power regarding i8I,

» The finding of apnoez and/or retinal
haemorthage in a child with a brain injury is
more strongly associated with iBI than nil.

» Children where iBI may be a ditferential
diagnosis should undergo fundoscopy by an
ophthalmologist and it <2 years old should have
a skeletal survey.

» Infants tess than & months of age with a brain
imury are more likely to have sustained an i8]
than older infants.

under-recognised” * and remains a diagnostic chal-
lenge.

Children with iBl often prescnt with sigmificant
intracranial injury in the context of a history of a
minor fall, trivizl mmjury or no reported trauma.
Clincal symptoms and signs vary from the mest
non-specific, for example vomiting or irntability,
to those that clearly point to a central neurological
msult such as reduced consciousness.”’ 5ome may
present with other inflicted injuries, such as
bruising or fiactures, as the primary indicaror For
same children with a non-specific chinical presenta-
uon, the possibilty of an iRl may not be
considered 7 As in most cases of physical child
abuse therc is no dugnosuc test for Bl the
dizgnosis is made on a halance of probability and
after careful exclusion of orher possible couses of
the chnical presentausn which inelude accidental
injury and medica! conditions such as rare meta-
bolie condittons (glutaric aciduna™, coagulation
disorders, " infective encephalopazhuies, etc. It has
been recognised chat up to 30% of children with :Bl
had oresented previously with signs of physical
abuse that were nussed.* *

Although well recognised as a condtion that s
prevalent in infants and babes, the estmated

i7, der 10,94 36/adc, MOR.1S0110
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Databases

» All EBM Raviews — ACP Joumaf Club (ACP), Cochrane
Database of Systematic Reviews (COCH), Database of
Abstracts of Reviews of Effects (DARE), Cochrane Central
Register of Controllad Trials, Health Technology Assessment,
National Health Service Economic Evaluation, Cochrane
Methodology Register

» ASSIA (Applied Sccia Sciences Index and Abstracts)

ChildData

CINAHL {Cumulative Index to Nursing and Allied Health

Literature)

EMBASE

MEDLINE

MEDLINE In-Process & Other Non-Indexed Citalions

SCOPUS

Open SIGLE {System for Infonmation on Grey Literature in

Europe)*

Social Care Online

TRIP Plus

Web of Knowledge — ISI Proceedings

Web of Knowledge — !SI Science Citation index

» Web of Knowledge — ISI Social Science Citation Index

Websitas

» The Child Brain Injury Trust {CBIT), www.chituk.org

» Child Welfare Information Gateway lformerty National Clearing
House on Child Abuse and Neglect), http//www.childwelfare.
gov/

» International Society for Prevention of Child Abuse and Neglect
{ISPCAN]), http:/Avww.ispcen.org/

» The National Center an Shaken Baby Syndrome, hitp://www.
domshake.com/

*Up to 2005 when the datshaso ceased indaxing.
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ncdence of inflicted head inpury is 21-24 per 100 000 infants
under the age of 1 year.™" Cascs may present regularly o
speaalist ncwology .nits but present infrequently to general
paeduatric units. Chinicians wn all settings need 10 be aware of Lhe
clinical indicators tor this condinon to make evidence based
decisions as to when they should consider investigating an
infant where iBl is a possible cause and to nform a final
diagnosis. Many are asked to present their professional or expert
opinion in the family or eriminal courts as part of the child
protection process and they must be able to cite relevant
evidence to back up thenr statements. Although there is a
considerable amount of published scientific literature in this
ticld, there have heen few attempts ro systematically review and
cntically appraise the world hitzrature. We bave attempted 10
repair this deficit and have addressed the quesuon: “What are
the clina! features that distinguish inflicted from non-infheted
brain injury?”’. The neurc-radiological features of iBI/niBl are
the subject of 4 separaze review

METHODS

We conducted an al! language literature search from 1570-2008,
searching 20 databases, websires, references and bibliographies,
using over 100 keyword combinauons (box 1, table 1). This
yiclded 320 studies for review by reviewers, drawn from
paediatncians, paediatsic neurologists, neuro-radhalogists and
aphthalmologists. designated and named docrors/nurses in child

Areh N5 Chid 2009,94 850-867. de: 10.1136. adc. 2008 15010

protection. All reviewers underwent standardised cntical
appraisal training, based on the NHS Centre for Reviews and
Disseminauon critical appraisal standards,” supported by a
dedicated electromic crtical appraisal module Al studies
underwent two independent reviews and a third (f there was
disagreernent {fig 1).

Inctusion/exclusion criteria and quality standards

We defined the term “brain injury” as extra-axial haemorrhage
{subdural, extradural, subarachnoid) and/or mnjury to the brain
(hypoxic ischaemuc injury, parenchymal injury, contusion,
diffuse axonal injury, cerebral oedema)}. Iaclusion/cxclusion
criteria are hsted 1n box 2. nflicted bram injury {BI). the tem of
interest, 1efers to children who had sustained brain injury from
physical chitd abuse. Those with noneinficted hram gty
(Bl) had cother causauve mechanisms induding acodental
sgpn, acd medical causes of insracrapel feviens,

Given the nature of this research field, our opumal study type
was population based srudies thar compared the chinical
features of Bl and niBl with consecutive case ascertainment.
As only studies with both mBI and 1Bi cases could be used tor
any analysis of predictive power of the features dentified, many
oft cited (non-comparative) studies were not eligible for
inclusion. The included studies detailed the chinical featcies of
interest but did not rely solely on these tor the determinauon of
diagnosts (iBl vs mBi}). Only studies after 1970 were considered
for mclusion, as radiwlogical techniques pnor to this would not
be relevant to curremt practice. Included studies had a high
surety of diagnosis of iBI' and conftrmation of cause in niBl. To
determine a high surety of abuse, we implemented our
previously published “ranking of abuse”, that 15, children stated
as “abused” in the study had had that outcome confirmed by
multi-agency child protecuion wams, legal decision, witnessed
abuse ot perpetrator admisston {(rank §-2)'" (table 2). Swudies
where the decision of abuse had relied solely on chnical features
were excluded to minimise sciection bias and circularity, Where
studies tneluded a category “aeutiology indeterminate”, these
cases were excluded from che final analysis.

Statistical analysis
The analysis was limited by the items that the authors chose to
report and we were able to anaivse the following features:

apnoea

retinal haemorhages

b fractures

long bone fracturcs

brusing to the head and/or neck

scizures

skull fractures
We were dependen: on the pnmary suthors’ definitons of the
above terms. “Apnoea” reflects either recorded or reporied
apnoea In the two studies that recorded this item.™ ** "Seizures”
were not always defined, but some authors did record that some
children presented th status epilepuicus.” “Long bone fraciures”
meluded any fracture to the femur, tibia, fibula, radius, ulna of
humerus Likewtse, “skull” or “'rib fractures” included any type
ar locatton of fracture, respecuively.

We included only daa from studies where a key feature was
explicirly mentioned by the acthors Further, even when a
feature was included in the study, not all childeen in each group
were examined for the feature in questior For example, net sl
childrers in the niBl group had a fundoscapy examination to
look for retnal haemorrhages We have elected to adopr an

¥y ¥ v v v v v
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Tablo 1 Keywords and search sirategy

Keywards

Set 1

battered chld child proteetron ron-accidental injury
shaken baby children nae-ecoidental rouma
batterad baby inflreted brn isjury physical ebuse

banaes intunt ot shoken infam
child

child ebuca

child mahreatment

Sal 2

shusrve hoad trouma
blesding ino brain
blow to tha head
broan

brpin damege

brain hasmonhages
bromn hemorrtages
brain injuries

brain swelling
bramstem

centrd ntrvous gystem
cerchral

cembral srophy
cerebrd wdema
cetewdl inpmies
cervical hembar
corvical spino imjury
cervical spme
ntirapsthology
contusisn

cantusional iear
crareal npury
ereniocerehrat trawma
cramoccivical
agnosuc Lisd
diffyse axonal injury
eggshell fraciure
encephalamalacia
encephalopathy
pxtractomal CNS injury
extradured hagmonhage
axtradured homorthaga

inflizred cerebrat imjury
wiflicted rawnaic head injury
nflicted troumatic brain
intermignal abuse

prowing skull fractura
kacmatona

haemarrhagic retnoosthy
head mjwies

head trouma

nematona

hemomhagic retingpathy.al.
hydrocophais

hygrema
hypoaic-ischaomic injury
hygaxic-ischerme inqury
tmpact igury

nfarction

inflictsd bram ingury
wflried cerehral infury
wnflicted troumatic brawn oy
inflicted tracnratic head injury
imerhemisphene
ntraceretra] bleeding
inracerrinal haemorrhage
intracerstral hemorrage
mtraganidl haemomhage
intrecremat heniorthage
mrecrannd munes
ntraparenchymal tear

thaking baby syndroma
shaking impact syndrome
20fL biesus injury

intraventricbar hamaigra
lacuration

laminar neciesls
leptemeningeal cyst

multiple skull iracture
nsurologic injury 1n child abuse
neuron3 thology

nor-accidencal hesd injury
paratalcing

reimal haemorrhage
retimal hemohags
sciwora
shaking impact syrndrema
sheanng injury
skull Fracturos
spinal eord igury
subarnchnoid hematoma
subdural hematema
subgurat harmatomsa
cubdurid hyGroma
thoracie lumbar sacral
woumatic efiusions
ventricufer haemonhage
vintricular hemarhage
vhiplach Impact syndromo

intraparenchymal hemorrhage

whiplagh injury
whigtash shaken infpnt

Scarch siratoyy

1 Chit/ 4, fratnal hy rhage or et | thage).al

2. {child: or infont: or toddler)al. 55. skull fracurq:.ef.

3imz2 56. [spinal cord mjwy adj3 ramotagie pangrmalinyl 3.

4. non-occidento! injurs.of. 57, spinal cord mjur-.af.

S, nom-occidemul traumo.al. 50, (subdural fr or ) 5

6. Inon-ncesdental; and imur).a! 39, (subarachnod o subarachnowd h ).af
7. scht ussue injur:.al. 60, [subdirnt fmemorrhage or suboural b h al.

8. physical abuse.sf, BL. A Q0 or i he al.

9 (niholed bign st of nflcled cerehual i)l 62, whplash smpact syndiome.al,

10. finficred vaumatic head injur: or infictes maumatic brain
npr:}.al.

11, {er/é-10) and 3

12. {chid chuse or chifd makrestment or child protecionl.d.
13. {bariered child or shaken baby o battercd baby).af.

14, [hattered infant or shaken sdam).of.

15, Shak: Baby Syndrome.a,

16. shak: impecl svndromaal,

17. Catfey-Kemge $yrdroms,a’,

18. haterod chdd syndrama.x,

83

B4,
85,
66,
158
15
€9,
. shearing imur.af.
n

virplasn inyar sl

witplash shaken infant.af,

mizrzion.al.

{hypoxic-ischemme wjue or hypoxc icchatfc inr:).at.
feontusion” or conlustonal temr).al,

{hematoma or haemszioma).el.

taceration,.os.

vaumouc ofiuson:.of,

Contmund
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Table 1 Continued

Search srmegy

19. “"Child Abuse”/dl [Dwgnosis]

20. infant aumatic stress syndrome.af.

21. paront-infat aomare suess syncrome.ol.
L aNZ-21

W Na2

24, gbusive head trourrat,

25, blgety oto branal.

26. blow 10 tha hexd.af,

21, brain camage af,

28. {braen b hage' or bram ge; b al
29, {braws swollng or cerebeal edema).uf.

30, cerebral ugur.of,

31, cowcal spino inur-.af,

32. cerwical spne newapathology.al.

3. cramal wjur-.at,

34. croniocerchral trauma.el.

35. dilluse axanaf mjur.af,

36, extracranial CN§ injur..af.

37. oxiracranig) Contral Nervous System injur..of,
38, cemtral nervous syslem njur.ol.

&

39 durgl arh ).al
Al axiradural kaemorrhege.e!,

41, haemorrhagc stnoesthy. o,

42. thead Inwa. or heod trumal ol

43 \mpael mjur.3f.

72. subdural hygrama.af.

73, hygoma.st,

74, inlethemisphenc.al,

15, parafelcing.sf,

T6. {brain or brawnstem).af.

11 ceretualal.

8. aitrapargneirymal.at.

79. scavoramp.

80. spinal zord mjury withown radiolog:c abnarmuhry.ad.
B1. cervical kumbst.af

B2. thorzese umbar satialal,

B3. Ieptemenmoaal cyst.af,

B4, mowmg skul tracture.al.

85, hydracephalus.af,

B6. lamnar necrosis.af,

87. encephalomalacia.al

BR, cerebrl anppny.al,

89, eranipcenacol.ol.

90. encephalopathy.al,

9. (imrapaenchymal hemotrhag: or intraparenchymal
haemonthag:).af,

92. Hoomomhagic retinopativy.af.

93. hemorrhape retinopathy.af.

92, tHaemenhayic raimopathy ed}3 retinal hasmorrhages).al.
95, Extradura! hasmorrhage.mp. o1 Extradutal hewonage.s,
96. {nxtradural haemotrhag of extradural hemorthop:).of.

44 imvacerebral biscding af. 9.1 dural spimal g or dura! spinal
hemorrhag-).af.

43, {intrucerchral haororhage o mbaceretial gel.nf, S8 (M adj3 retingl hasmorrhag:).af.

40, {inTactanizl hasmorthage or intracranid ga).at 99. iH [ in y adj3 retind o).t

47, ntraciemal inpursaf 100 iretinal | g. of retinsl b hag:).ai

48. it ! or iy 101 oi2¢-100

haematoma).af.

49, {multeplo chudl froctur: or cggshed fractori).at.
50. (newological imur: adj3 chud ahuselal

S1. neuropathology et

52. nen-oecidemal heac inju;.al.

53. {parenciymal cortusion or laceration).af.

102, 23 and 101

extremely conseevauve iniputation approach to account for this
mussing infornation " For example, if we are analysing a feature
that we suspect may be associated with :Bl, for instance, reunal
haemorrhages: in the group of children with iBL, i} only 6/10 i8I
childeen underwent fundoscopy, we made the assumption that
the four children who were not examined would not have had
the featuse.

By contrast, in the group of children with niBl, if an
thvestigation for cthis [eature was not performed, for example,
if only /10 miB! children underwent fundoscopy, we made the
assumption that the cight childien who were not examined
would have had the feature. Only in the case of skull fractures, a
Feature whase presence we suspect to be associated with miBl,
was the opposite impu:ation peiformed. We believe that by
appreaching the mussing data in this way. we cor on the side of
cauton, and nisk underestimating. rather than ovelcstimating
the sirength of the discnmination provided ny this feature We
have speaificatly employed this technigue o avaid reinforcing
any pnor assur.paons, but rather to determine a vald esumate
of the significance of each of the fearures under analyss.

These .mputations being given, we then conducted a mulu-
level logisiic regression analysss,” allowing nov only the
prevalence of abuse to vary beiween studies, but also the odds
ratios {OR) for the features in question. By allowing the adds

duch Dis Crw'd 7009-94°B60-B07. dei 10,1136/ 2de. 2008150110

ratio to difrer hetween studics, we again aim to mirumise the
risk of circularity, where an individual study may have overly
relied upon a particular beature i arder to arnive at the diagnosis
of abuse. Far gach Feature, we report the estimated odds rato
for the feature in discriminating between iBl ard niBl, together
with a 95%, confidence interval (35% CI) We also provide a p
vilue to determine if this odds ratio 15 significantly different
fram 1, and a positive predicuve vaiue (PPV), the estimated
prabability of abuse given the presence of 1hus fearure in a chuld
with brain injury, together with a 95% CI

RESULTS
Of 320 reviewed studies, 14 met the inclusion critera =" *¥
All were pubshed after 1995 Six were cross-sectiona!l
studies, © ¥ 7T fye case senes M F T fwo Lase—control
studies " and one 5 longieudinal cohont stady ' Eight studier
invelved prospectwe enrolmen: of cases' ™ +*#* The s
retrospeetive studies achieved full case ascerainment from
haspital inpatien: coding and/or radiotogy databases Full study
details are given mi unline appendix A.

Of the 306 studies excluded, the mosi zommon reasons for
exclusion were the lack of comparative dats cr a rank of abuse
of less than J or 2 A small number {11 studies) were excluded

BE3



Figure 1
studies identitied at each stage.

Main phases and number of

*

DATABASES SEARCHED 1970-2008

All EBM Reviews, ASSIA, ChildData, CINAHL, EMBASE, MEDLINE,
MEDLINE In-Progcess, SCOPUS, SIGLE, Social Care Online, TRIP Plus,
1St Proceedings, 151 Science Citation Index, 1S1 Social Science Cilation Index |

L

Matn gearch *
8161
efter de-duping & scanning
for relevancy
6143

Supplamantary search
(roferences, www)
328

Inctusion criteria

»
>

»
[ 4
»>

children aged 0 to <18 ysars

observational comparative stwdy (cross-sectional/case~
control/case series/langitudinal cohort)

children with inflicted brain injury diagnosed on CT/MA:
intracranial haemorrhage (extra-axial with or without
additional brain injury — <+ intra-parenchymal haemorrhage,
+ diffuse axonal injury + hypoxic ischaemic injury 4 cerebral
contusion + cerebral cedema)

ranking of abuse 1 or 2 for inflicted brain injury (iBf)
nor-inflicted brain injury (niBI): non-infiicted aetiology
confirmed

children who were alive at presentation

all language studies

relevant clinical details given for each group

Exclusion criteria

»

»>
»
L d

studies aboul complications, management or pregnosis of iBlY
niBl

consensus Statements or personal practice studies
non-comparative studies

studies addressing exclusively post mortem neuro-
patholegical findings

studies with mixed adult and child data, where the children’s
data cannot be extracted

methodologically flawed studies {eg. significant bias, whara
iBl was not adequately confirmed or where inadequate tlinical
details were given}

studies that only addressed head injury where there was no
intracranial abnormality

studies with a fow surety of diagnosis of inflicted injury {rank
3-5 abuse)

ABSTRACTS FULL TEXT STUDIES
scamned for retavancy scanned for relevancy
6468 e 1168
¢ STUDIES TRANSLATED -
42 (16 reviewed) |
V
TR ee————y
' THIRD REVIEW STUDIES REVIEWED
134 l‘...o 320

H

v

INCLUDED STUDIES
14

duc to study design (expert opwmion/review article, ete) and a
further 10 included mixed adul: and child data Many studies
were excluded on mare than one basis (eg, rank of abuse/nen-
comparative/lack of detail on features for analysis).

Studies represented combined data on 1653 children, 779 of
wham had suffered iBl and 875 niBl. Eleven of 14 studies included
children less than 3 years of age. " "7 %3 NI T Seyen studies
ascertained all childien who were hoespitalised with traumatic
head injuries,"™™ > ~ six swdics included all children with
subdural haemorrhage of any aetiology (rauma, coagulopathy,
metahohic disorder ar post infection, et} % ® * and one study
included children with subdural or extradural haemorrhage ** The
majority {seven) were conducted in the USA' 7 ™ ¥ five were
European™ " " ** (theee UK "™ and cne each was from
Australia® and Hong Kong™ In nine studies, children were
included solely an the basis of age and confirmation of cause
Fowevcr. five had specific exclusion criteria {table 3).

Cender was recorded in 980 cases and was not a distinguish-
ing {eatute More boys than gels sustained brain inpunes,
regardless of aetiotogy (PPV of 1Bl if the child is a boy 0.597
(93% €1 0.277 w0 0.530). OR 0697, p>0.2)

I: was not possihle to undertake a formal analysis of age as a
discriminating feature as cach study reported w differendy
Light studies confirmed thar children with i8! were sigmificantly
younger than these who sustatned aiBL"™ Y %32 2205 Of the

Table 2 Abuse ranking

Raoking  Critesin used to define abuse

1 Abuse conlirmed at case comerence oz civil, tamely or criminet court
procesdings or admiticd by the perpetrator, o7 independently wimessed

2 Abuse canbrmed by stated criletia incluging rmut plmary

k] Diagnosis of abuse defined by stated crit=na

4 Abuse stated as occuming, but no supporting dtail given as to how 1t was
determined

5 Anuse stated sitnply as “suspecied”, no desfls on whether 1 was

confimed of nal

fuch Dis Chitf 206394 BE0-867 doi 10.1136/a0c.2000.150110



Table 3 Additional exclusien criteria ol included studias

Authar/yoar

Additicnal axclusion critcria

Ewmng-Cabis L, Krumr L, Prasad BA. er af (1898)°
Hettler J, Greenes DS (2803)°"

Fung ELW, Sung RYT, Nebson EAS, et of {2002)"
Piene-Kahn V. Roche 0. Dureau P. et o {2003)"

Eraro L, Berges RP. Songer T {2004}

Pricr traumatie bram mpury, metabelc abnarmatiy. preterm (<32
wareks)

Coaguiogathy, neanatsl neurclogical abnarmatity, structural
abnormality, surgery or previgus witeacrenial haemorrhage
Subdured haemsrrhage due te ffection or surgery

I

Cardi Y i Y. savere
dehydration or delayed eye axammat:on
[ ion. cesebral & ions or T

eight studies addressing chudren less than 3 years of age, where
mean ages were available, " 1 WM M B 2 chree srudies found no
significant difference between iBl and miBL"“” Five stu-
dies™ ¥ M= srared rhat children with (Bl were significantiy
younger than thase with mBal Four of these studies™ ¥ ™ * gave
the mean ages cf children with 1Bl a5 less than or equal o
6 months. while the niBl groups ranged hetween 7.5 and
12 3 months ** " M %

Combined feature analysis
It was not possible to wlentify which children had specihc
combinations of features, as this lovel of detail was not given.

Apnoea
Apneecdappeaed-to-bee arghty discrimimtof-fiading, witha
PPV of<9a%i=@7 8% TEOTI2 (070985} and an OR of 17862
(57 5% G-t &ro HEUN. +pBTRN ). However, it was one of
the least recorded chinical items, only beng analysed by two
authors (405 children), perhaps reflecting that its signifticance
nas only been recognised more recently.™* @

Retinal haemosmrhage

Although 1283 childien were included in studies that considered
this feature, only 998 had fundoscopy (670 iBl and 328 niBI).
Many children presenting with witnessed trauma did not have
formal fundoscopy, whereas the majority of children with iBl
did. Therefure, to account for studies where this was not
expliciz,”™ ¥ we used the conservauve approach descnbed above
Retinal haemorrhages were strongly associated wath iBL with a

PPY 8F 71 (575 Cl 0463 1o D'UEBY and = OR of 3.504°

(978% €l 1083 2o 1128k p=003L, A child with an
ntracranial injury who has co-existent retinal haemarrhages is
significantly more likely to have iBi than niBL

Rib fractures

Ruib fractures were consideted 1n studies representing 1002
children. and data were awoilable on 303 children. Rib
fractures were associated with mflicted injury, with s PPV
of 73% (97.5% C[ 0.500 1o 0.882) and an OR of 3 037 (97.5%
C10.716 to 12.799). The wide confidence interval reflects the
fact rthat refatively few children had datz recorded on this
item. Qi conscrvative analysis therefore results ir lowsr
significance

Seizures

Svizures were considered in studies mvalving 760 cases, and
results were documented in 758, Seizures were more associated
with 1Bl than niBl. but not sipnificantly so, with a TPV of é6%
{97 5% C10 454 10 0 B21) ard 2n OR of 2 924 (9754 C1 0 731 ra
11.694, p=013)

Zagh B Creled 2009;94.860-867. a0 1013 J6vade 200B.120110

Long bone frectures

One of the difficulties in analysing fractures as recorded in
studies, is knowing whether the author is counting individual
fractures, or ndivtdual children who have sustained {1actures, In
studies where chis was not explicit,™ we made the assumpnion that
the number ol chudren with fractures was recerded, a conservanve
appreack Studies considening long bone fractures represent 1020
children, of whaoin 921 undenwent skeletal imaging. Qverall. the
PPV of long bone fractures for iBl was 59% (§7.5% C1 (1 48 1o 0 £9).
OR 1.722 (97.5%. C1 0824 10 3.601, p=10.14). Therefore 3 long
bone fracture in association with an intracranial injury was a weak
predictor for iB, but not significantly so.

Skull fractures and bruising to the head and neck

Skull fractures were considered 1n studies representing 1014
children, and ducumented as preseat or absent in 91€ children,
Sikul! bractures were more strongly associated with niBi than
Bl, with & PPV for iBl of 44% (97 5% CI 0.223 wo 0.678), OR
0.852 (87 57 CI 00 316 10 2,301, p>0.5). Likewse, bruising to the
head and neck was mote common in the miB! children, bur ic
was the least recorded stem, weakening its significance Only
212 cases had this featurs considered, and averall the PPV of
head and/or neck bruising for iBl was 37% (57.5% C1 0.035 o
0.906), OR 0.811(97.5% CI1 0.070 o 3.410), p>0.2). No speaific
mention was made of the use of 3D reconstrucnion techniques
to define such fractures; the authors simply recorded their
presence or absence when loaked for

DISCUSSION

Makung the ciinical distinction between iBi and ntBl in children is
alhways going to be challenging By preducing a mutulevel logisuc
regression of specific clirmeal features on over 1600 children, we
have shown that there 1s scientific ewdence to support the
distincuion berween 1Bl and niBl, and we are ahle to otfer posiuve
predictive values and udds ratios for indvidual clinical indicators
i children hospiahsed with brain injury. The published hterature
does nat allow an analysis of combined features.

This review 1s the largest of its kind, and offers {or the first
ume & vahd statistical probabilny of iB. when certain key
features are present (eg, retinal hacmorrhages). Although n
some instances, for example, rib fracturss, the sampie size hmits
our staristical power to detect the full effec: of this frature, as
with any systematic review, we are of course hmited hy the
amourt of high quality data available 1n the published
Ierature  However, even wich this imited data set, the
presence of rb fractures (PPV 734, OR 3.027) 15 sull indicates
an association with iBl rathes than niBl. and emphasises how
Lmporan: s to conduct appropriate imagng to determine if
sach fractures are present.

It appears that the younger the chidd the greater the
lkehhood that an intracramal anjury 15 due 1o ahuse

Bk:




However, childien as old as 10 years with severe iB] have also
been described in isolated case repores.*-

Apnoea appears to be a cntical distinguishing feature {PPV for
abuse 93%, OR 17.06, p<0 001) There is increasing evidence that
hypoxic tschaemic injury and its attendant complications are an
sntegral part of the cascade m Bl The presence or absence of
apnoeca must be tecorded in all cases of head injury in children.

Retinal haemorrhages are a valuable disenminator, reinforcing
the need for fundoscopy on any child with unexpliined
inrracrarual injury, or suspected iBl. Induect aphthalmoscopy
should be canducted by an ophthalmelugist, as siudics have
shown that other chnicians are enher unable to wnduct an
accurate examination, or when they do, may miss up to 13% of
retinal haemorrhages present ™

Fractures in physical abuse are often accult ¥ " Therefore, in
ling with the Royal College of Pacdiatnes and Child Health/
Royal College of Radiologists standards for the radiological
investigation of suspected physical abuse, any child aged less
than 2 years in whom an aflicted injury s considered, should
have & full skeletal survey, including oblique views of the rihs ©
Seizures were not a vajuable diseriminarory finding. Perhaps an
analysis of specific patterns of seizures (eg, sratus epilepticus,
compicx, focal) would be more informative.

It was not possible to analyse the value of history given as 2
prechictor, ag a numbe: of siudies had used absence of a histony
of trauma or inconsistent explanation as pant of their definition
of abuse.* * Only one large study set out to esumarte the value
of the imtial history in predieting vshether the head injury was
inflicced or non-inflicted = Study design ensured that the
history dic not contribute to the decsion as ta whether e
child belonged to the Bl or niBl group. The study concluded
that having no history of trauma had a hugh specificity ((097)
and high PPV {0.92) for inflicted injury.

Although many studies addressed encephalopathic features,
the diflenng classifications thal were used (altered tonscious-
ness. coma, rritability, Glasgow Cama Scare (CCS)) precluded
any comhined analysis of this information. It is recogmsed that
performing a GCS on voung intants 1s imprecise; a study™ that
noted an incrcased relative risk of this item for (3! {RR 1.7,
95 €1 093 2) did not attach weight to this feature.

We did nat address social features which are more culiurally
specific, and less swited to meta-analysis, There s also the risk of
introducing bias by undue reliance on social features, as shown
by Jenny,” who noted that white infants from two parent
families were morz likely to have theis B! missed than ethnic
minonty children or those living with one parent.

This review did not address biomechanical features. [c is
recognised that iRl can occur 25 a conseguence of shaking,™
impact,” shaking and impact,”™ ** water intoxication,* ** suffo-
cauon® or strangulation.™ In our review skull fracture and
bruising to the head/neck were more strongiy associated with
ni8! than iBf, suggesting bluat trauma as a commaon mechanism
of niBl Clinical evidence of impac: may only be found on post
mortem,” so conclusions as to whethet an unpact ijury has
occurred or not tn iBl cannot reliably be drawn from the cliniezl
features alone

It is recogrused rhat subdusal haemarrhage {SDR) can occur
m infancy from orher causes. and consideratior must he given
to posstble organic diseast, such as motabolic disorders (eg.
glutanc aciduna),” alber: this hias charactenstic MRI {indings
While coagulopathy may cause intracerebral harmorrhage,™ it
may also be secondary to an iBLY highlighting the need for
thorough investigationa in this group Iz 15 recogmised that SDH
i particular, may occur as a conscquence of bisth, parucularly
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following instrumental delivery,”™™ although 2 neonatal SDH
wichout skull fracture has also been described where the mother
was assaulted ante-natally.™

While this review has highlighted cenain clinical features that
in association with ntracranual mjury have a high paositive
predictive value and adds ratio for iBl. such as reunal haemor
rhage, apnoea or Tio fractures, none of these features are exclusive
ra iBl. It is essential that the diagnosis of 1Bl 1s only made afrer
taking into consideration full detals on history (rth, medical,
{amily, developmen:al. sacial, details of any reported trauma) and
a derailed examination, and having actively exchuded other
relevant organie diseases. |t s viral thar future work should
endeavour to collect data on all the features above, vach detailed
recarding of precise abnormalites [ound, for example, on
ophthalmeology. if we ate to 1efine these siacstical correlations.

Baroness Kennedy has made u abundantly clear that
chinicians nwust be able to cite screntific evidence to support
theii cliical opinions when providing evidence to the caurts,”
and it is challenging for any clinician to keep up to date with alf
the curreat evidence (int the year 2007 alone 242 studies relatng
to iBl were published) Therefore, we {eel that this unigue,
ngorously conducied syscematic review will be a valuable
resource for cliniclans and other professionals in the field.
providing, as 1t does, odds ratios of abuse for seven casily
documented eltical features
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.atnating the Probability of Abusive Head Trauma:

WHAT'S KNOWHN DN THIS SURJECT: In recent debata in \
medicolegal circles. climical basis for a diagnosis of abusive haad
trauma (AHT) has been questioned. Studies have been
underpowered to address the key clinical questions, Estimates of
the associatton af singte clinical variahles with AHT are
recognized

WHAT THIS STUDY ABDS: This study prowides an estimate of
probabthity of AHT based on 6 clinica! features. In a child younger

A Pooled Analysis
than 3 whp has an intracranial injury and =3 of these ieatures,

i the pusitive prediclive value of AHI 15 >B5% (odds

\ ratio: > 100).

CONTEXY ARD OBJECTIVE: To determine which combinations of ¢lini-
cal faatures assist in distinguishing abusive hsad trauma (AHT) from
nonabusive head trauma,

METHODS: Indwvidual patiem: data from & comparative studies of chil-
dre han 3 years with intracras..al injury were analyzed Yo
deteeming the association belween ations of apnea;
celinal hemorrhage, rib, skull, and long-bong TratTuTesTSERZUres: and
head and/or neck bruising, An aggrepate analysis of cata from these
studies used multipio impulation of comined chinical features using a
tespoke hotdeck imputation strategy, which accounted for uncertainty

arising from missing infgrmation.
RESULTS: Analyzing 1053 children (348 had AHT) Yexcluding nonsignif-

cant vanables (gender, age, skull fractures), for a child with an intra-
zranial iyury and 1 or 2 of the 6 features, the positive predictive value
{PPY) of AHT varies from 4% to 97% according to the different combi-
wations. Although rarely recorded, apnea is significantly associated
mlh AHT {odds ratro [0R): 6.89 [confidence interval. 2.08-22.86)). When
b fracture or retinal hemorrhage was present with any | of the otner
‘ealures, the OR for AHT is > 100 (PPV > 85%). Any combinalion ol 3 or
nore of the § significant features yielded an OR of 2100 (PPV for AHT >
15%).

30HCLUSIONS: Probabilities of AHT can be estimated on the basis of
fifferent combinations of clinical features. The model could be further
jeveloped in a prospeciive large-scale study, with an expanded clinical
iata sot, to contribute to a more refingd tool to niorm clinical deci-
iions about the likelihood of AHT, Pedratrics 2011,128-e550-e564
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Abusive head trauma {AHT) remains
the commonegst form of fata! chlid
abuse and predominantly affects in-
fants.! These cnildren classically pres-
ent with an intracramal injury {iCl) that
is evident on neuroimaging or at post
mortem, where there 15 no explanation
of trauma, or a history that is inconsis-
tent with the severity of injury or the
developmenta! fevel of the child. The
challenge for the clinician is to deter-
mine, firstly, whigh children should be
investigated to exclude AHT; secondly,
when concerning (ealures are found,
how confiden! one can be thal AHT is
the cause ratner lhan nonabusive
head trauma (nAHT) or an organic drs-
ease. After a full chnical assessment,
the multidisciphinary team must picce
together gli avadable (eg. ciiniral, so-
cial, forensic) information and deter-
mine the fikelthood of an 2busive etiol
ogy. These decisions are difficull, and
the pressures to make the correct di-
agnosis are considerable. A child with
missed AHT may later present with a
fatal injury%; on the other hand, an in-
correct diagnosis of AHT will have dev-
astaling consequences for the child
and family.

When cascs of suspected child abuse
enter the legal child protection pro-
cess, the medical evidence contributes
heavily to decisions about the future
risks to the child. and child care pro-
ceedings, regardless of whether the
evidence informs a criminal prosecu-
tion. In a recent low review article.
Turkheimer questioned the diagnosis
of AHT an the basis of combinations of
climecal features.* This stimulated con-
troversial argument 1n The New York
Times: Tuerkheimer suggested that ex-
perts are questioning the scientific ba-
sis for shaken baby syndrome (sic)
which was roundly refuted by re-
sponses from M. Barr and J. Lew-
enthal" among others, thus highhght-
ing the need for an agreed scientific
basss Lo contribute to this diagnosis. In

PLDIATR CS Valyme 128 Yumber 2 Seore
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their role as expert witnesses in court,
clinicians in the United Kingdom have
also come under pressure Lo supporl
their opinion wilth scientific evidence,
as highhightcd by Baroness Kennedy:
“A doctor can be convinced based on
hig or her experience that @ defendant
1s guilty, but untess there is compelling
evidence, supported scientifically, he
or she should not cxpress that view in
¢riminal proceedings.”® As such, an
evidence-based calculalion that assim-
ilates the clinical data and cantributes
to determining the probability of AHT
would be a valuable adjunst fer the
professionals concerned.

Although many studies have evaluated
the diagnostic utility of sndividual fea-
tures in idenlifying children with AHT,
only a small number nave explored
how combined features predici the
condition®¥ given that AHT is relatively
uncommon in any given population?
individual sludies are frequently un-
derpowered to draw statistically valid
conclusions for multiplc combinations
of fealures." Previously, we conducted
a meta-analysis of high quality studies
that derives the posilive predictive val-
ues (PPV) and odds ratios (ORs) {or
AHT for mdividual features.'* However,
in a clinical sgenario, the diagnosis of
AHT 15 based on an interpretation of
the combeined findings. In this study we
aim to combine individual patient data
from & large population-based com-
parative studies of AHY and nAHT to es-
timate the probability of AHT, gwen
different combinations of features
identifiable during the initial evalua-
tion of such cases. In so daing, it may
arovide 2 statistical estimate to assist
clintcians,

METHODS

We conducted a systematic review of
the clinical features of AlT and nAHT"
{apnea; retinal hemorrhages [RHs),
rib, skull, and leng-hone fractures; ses-
zures; and head and/or neck bruising)

ARTICLES

and identified 14 high qualily compar-
ative studics. We contacted the au-
thors of the most recent larger studies
that encompassed the majority of the
clinical indicators af AHT 8nd nAHT in
children younger than 3." 0f the 9 au-
thors we contacted, 2 did not respond,
1 was unable to help, and the authors
of the remaining 6 studies, all pub-
lished since 2003 .%%'s gencrously pro-
vided angnymized, individual-icvel pa-
lient information. We have used Lhesg
data to perform an indmdual-patient
data pooled-analysis 1o rclale combi-
nations of clinizal features lo AHT or
nAHT.

All studies included chifdren younger
than 3 who were admitted to hosprtal
with an IC), defined as any combination
of subdural hemorrhage, subarach-
noid hemorrhage, extradural hemor-
rhage, intraparenchymal injury, cere-
bral contusion, diffuse axonal injury,
hypoxic ischemic injury and/or associ-
ated cerebral edema. Theinclusion cri-
teria with respect to [Cl type varied be-
tween studies; cases of 1sofated skull
fracture with no ICl were excluded.In 2
instances,’ ' the authors provided us
with additional data over and above
that which thay had published in the
referenced studies. All extra cases had
been ascertgined in the same mannar
as that described in the published
study.

We defined the difterent features as
follows' RHs included any pattern of RH
that was clearly documenied on oph-
thalmological examinatien. We con-
firmed an absence of RH when the cyes
had been examined and ne hemor-
rhages found; otherwise the data were
deemed "missing.” "Long-bone frac-
tures” included metaphyseal ar diaph-
yseal fraclures, boih old and new, al-
fecting any of the long bones. We
classified a fracture as “absent” when
there were no fractures reporied on a
skeletal survey: if no skeletal survay
was performed, fracture gata were re-
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- . Abuse Ranking

Ranlong Griteria Used to Oefine Abuse

1 Anuse confirmed at case conference
ar ot tamily or griminal court
proceedings or agmitied by
perpetraler or sngependently
wilnzssed

2 Auyse confirmed by staled critena,
incluhing mulindiasiphaary
pssessment

3 Diagnouxis of abeac defined by Stateo
criteria

4 Abuse stalsd a5 ogcurring, but no
supporung detail given as 10 how
W was determnyd

5 Abuae siated simply a6 “suspected”,
no details on whather @ was
confirméd

corded as “mussing.” “Seizurg” in-
cluded documented seizures, either
single or, in some cases, slatus epilep-
ticus. "Apnea” and “head/neck bruis-
ing” were simply recorged as “pres-
ent,” "absent,” or "missing.”

We defined AHT (Lerminology as recom-
mended in the recent American Acad-
emy of Pedistrics’ recommenda-
lions™) as ICl where abuse had been
confirmed as a cause. We only included
confirmed cases of AHT, ie, those
ranked | or 2 tor abuse, according 1o
our previously pubhshed ‘rank of
abuse' (Table 1). This was to ensure
that the decision was based on a thor-
ough child protectien assessment and
multidisciplinary decision or court
procecdings to minimize circularity by
dependence purely on the climcal fea-
lures alone to determine if abuse had
taken place.'' All the nonabused cnil-
dren had confirmed causes (traumatic
or organic}; any cases deemed
indeterminale or simply “suspecied
abuse” in the original data set were
excluded from the analysis.

for full details of the statistical meth-
ods employcd, see the Apgendix In
summary, we performed an aggregate
analysis of the § studies, taking into
account the uncertanty arising from
missing infermation on certain clinical
features. To do s0, we employed mulli-

0552 MAGUIRL et a1

ple imputation, using a bespake hot-
deck imputation strategy informed by
examination of the raw data. Wherever
possible, we imputed data from an-
ather child in the same or a similar
study, particutarly when several ilems
were missing. Il fewer than 5 children
could be found to match the chitd who
had missing information, we refrained
from imputing from the matched
cascs hecausc this can lead to under-
estimation of the uncertainty sur-
rounding the missing faatures. In-
stead, we completed our imputed data
by filling In any remaimng missing
ilems {rom the margins of the ob-
served distribution of that feature,
within their etiology group We gener-
ated 10 imputed data sets for analysis.

To each of the imputed data sels, we
fitted 8 multievel logistic regression
model. Logistic regression focuses on
the probability of AHT, given informa-
tion on the presence or absence of car-
tain features. A multilavel version was
used to account for the fact that the
different studies were drawn from dif-
ferent populations and, in particular,
nad different prevalences of AHT. Re-
sulls fram the 10 impuled dala sels
were combined according to estab-
lished procedures, and expressed as
ORs, wilh 95% confidence intervais
(Cls) and PPVs. We emphasize that a
large OR need not correspond to a
large PPV becausc a PPV takes intc ac-
count the undertying prevatence of AHT
in this specific population.

We fitted 3 multilevel logistic regres-
sion models. Initially, we examined the
relationship between AHT, age, and
gender, adjusting lor variability in the
prevalence of AHT between studies. We
then added all 7 climical features to the
model, further adjusting for between-
study variation in the dependence of
ctiology (AHT ¢r nAHT) on each chinical
feature. Te improve slatistical effi-
ciency, we then refitted this maodel,
omitting nonsignifican! features. Fi-

nally, we assessed the predictive aceu-
racy of the madel. To do this, we used
fivefold cross-validation: this process
divides the data into 5 parts, using 4 to
refit the multilevel maodel, and the re-
maining part to test its oredictive ac-
curacy. This process is tnen repeated,
with each of the 5 parts being used to
test the model in turn.

RESULTS

The 6 included studies®'** represent
dala on 1053 chiidren (348 sustained
AHT, 705 sustained nAHT). The study de-
signs were similar; they were alt
population-based and included chil-
dren younger than 3 who were admit-
ted to regional hospitals with ICI diag-
nosed on neuroimaging. Four studies
included all children with treumatic
brain njury,'=" ¥ and 2 inciuded all
children who were admitted with sub-
dural hemorrhage®® Studies con-
firmed etiology of nAHT cases bul ap-
plied differeni exclusion criteria Two
of these studies were prospective,'?'s
with the remainder retrospectivet '*='*
but with detailed consecutive case
ascertainment

Analysis

Because demographic nformation
was availaole for all children, it was
possible Lo examine the diagnostic util-
ity of age and pender without resorting
to muitiple imputation. No significant
gender differences were abserved, al-
though it was clear that more boys
than girls sustamned bramn mjury, re-
gardless of etiology (Table 2). Ali 3 of
the youngest age groups (0—5months,
6—11 months, 12-23 months) had
lngher prevalence of AHT than the el-
desl group (24—-3G months), and the
differences belween the age groups
were significant (Table 3). The odds n
the 2 youngest groups were ~4 times
the baseline odds. Corsistenl with
study ascerlainmenl, we also ob-
served substanzial between-study vari-
abitity in the prevatence of ahuse.
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lcatures Bechtel et al't trtaro g1 al' Henler ond Hahbsg c1 aP Kemn gi al'® Vinchar
Greenes' etal™
n % 5 % n % n % a % n k)

Head traums

nAHT 50 i8 316 84 2186 69 N 48 &7 40 25 36

AHY I 2 61 6 95 M 34 57 100 6o 44 -1}
Age group, mo ,

05 31 ;] 2 32 202 63 M s2 §1 3t 45 65

11 0 3 77 20 EBE 22 18 2 35 20 14 2

12-23 10 16 19 n 4 3 4 & 53 a2 10 14

24-35 3 5 100 bed 0 0 9 I} 30 18 4]
Gendor

female 11l 49 155 n 196 3 28 45 58 35 2 33

wale tM Lr] m 59 h 66 hi] 55 109 Lot 45 B!
Skull Iracture

Absont 28 44 154 4t 148 4R "2 83 57 83

Prasent 3B 96 2¢ o8 182 < '] 0 2y t 172 17

Date missing L] ] ¢ 1 0 0 ] 108 o 0 0
Aib fracture

Apsent 6 35 558 9% 506 g8 0 /] 144 B4 32 75

fresent 3 § " 4 5 2 ] 0 % 1 17 23

Dsta missing & 0 5 1 0 ] 63 100 [ 0 1] 0
Lorg-bone tracture

Absent 17 % 343 9 282 L4 o 4 138 a3 57 a

Present H I bl E] 17 H] ] 0 25 17 12 17

Data rmasing 45 70 5 1 o 0 65 109 U o [} ¢
RH

Absea; 45 70 28 87 225 iz 35 34 g8 by 33 48

Preseni 16 25 ds 12 80 8 L1 46 56 54 56 57

late missing 3 5 5 \ 0 o] bl 1] 5 ] 0 [
Heag and/or neck bruising

Abszrit 30 47 358 95 ] [ 0 0 107 64 35 5

Present 28 L1 19 ] 2 i o v A 38 M LE]

Data mussing § 9 0 0 311 100 65 100 [ 0 [} 0
Apnea

Absem 0 0 0 0 0 [ 57 -t ] 16 €9 k1] 74

Pecsent ¢ [ 9 [} 0 0 12 35 »n i:] %

Data missing 64 100 377 100 in 100 o 0 LK} 9 [} a
Serures

Ansent 46 I 0 0 pat] 76 45 n .} 50 EX] 48

Presant B 17 a 4] 76 24 18 23 66 L1 38 52

Data missing 10 16 m 1ay [ 0 1] 1 17 10 1] 0

tADLE Y Regression Analysis of Demographic infarmation” Giokal Tesi of Significance of Age

Regression tower Uoper OR Lower Upper p Rangorn
Ceefficient  Confidence  Confidence Confioener  Genfitence [flects S0
Limit timit Limit timit
intercep; — 1943 =308 =083 0143 0.047 [HELT] oo 1.135
05 mo 1800 0.428 2572 4480 1,534 13.088 <001 1.074
§~11 mo 1.399 0734 2066 408 2078 7897 - <0om
12-2¥ mp 0757 =0.Ce7 1.571 212t 0455 4813 -_ 0483
Male 0780 ~0.021 0.580 1.522 09713 1.787 bEY <000

Multiply Imputed Multitevel
Logistic Regressian

For each of the 10 imputed data sels,
we used multilevel logistic regression
to determine the diagnostic value of all
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features identified during indial inves-
tigations Jn combination. We report ef-
fect sizes on the logistic scale and in
terms of ORs, giving 85% Cls for these
estimates, and PPVs, together with P

values and estimates of the SDs of the
random effects (Table 4). In this model,
the reference category is a-girl aged
helween 24 and 35 months, but now,
additianally, they are known to have no
other clinical features present (ie, ICI
alone).

Honsignificant Features

Once other clinical fealures were
knawn, age was no lenger significantly
associated with etiology at the 5%
level. In ather words, diven information
about the presence or absence of the 7
clinical teatures, knowing tne child’s
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TAOLE S Full Regression Model of Demograghic and Clinical Features Expressed as ORs With 95% Clis. A Values, and Estimates of the SDs of the

Random Effects

Lower

Rogressinn Lawer Upper R Upoer P Random

Coefficiemt Confidencelimdt Caonfidence Limit [ Lmit  Gonft Limit Effects Sb
Intercent -~4.00? —0.505 —2.500 0.018 Q.004 0,082 <ok 1.258
0-5mo 1138 —=0.334 3615 5.120 072 13567 0068 1301
=11 me 1,284 0.277 2251 1512 1.520 0,844 - <0.00!
i2-23mo 0.267 —1,u8% 1,627 1.306 0355 L0808 —_ 0910
Male 0.149 —0.433 0.732 1.160 0647 2079 0615 0134
Skull tractures =049 ~1.928 0.430 DATS D145 1.537 23 1142
Rib Iractures 3755 1,363 5548 42,746 7.118 256 668 -<0om 0446
Long-bone fraclures 2635 1179 4032 11345 3.250 §9.5G% <0.001 0an
RHs 3450 2.84 4.076 31487 18840 B:R % <000 0.15%
Hean andfor neck hruising 1513 0160 2.865 4339 1174 17.546 0.027 [REH]
Annaa 1938 {.742 3,159 6748 2,100 2083 oo D617
Senures 1.624 0675 2374 5,075 1.963 13,447 0001 0.7162

ape as weil did not significantly alter
the prohability that the child had been
abused, Gender remained uninfarma-
tive where AHT was concerned. Skull
fracture(s) were the only clintcal {ea-
ture(s} with an OR of <! (ie, more
suggestive of nAHT than AHT), although
this association did net rcach
significance.

Because we found no statistical evi-
dence that including these terms in a
mode] for AHT was important, we refit-
tad the model, dropping the nonsignif-
icanl features. The reduced. multiply-
imputed muitilevel analysis gave rise
to Table 5, on which we base our sub-
stantive conclusions,

ICl Alone

When a child younger then 3 had an IC],
with none of the clinical features noted”
above, the estimated probability of AHT

iAutE & Reduned Regression Model

was ~4%.(Table 5). Although we did
account for study-specific associa-
tions between AHT and age, AHI and
gender, and AHT and skull fractures.
we reiterate that age did not help to
determing the likelihood of abuse
when ali other clinical features were
known.

Results When Each Feature 1s
Solely Present In & Child With ICI

Fraciurer

For rib.fractures there was the stron-
gest evideride of AHT, withan OR of ~45
(Figis 1 and 2). Nole, however, the wide
Cls that surround this estimate, owing
to the very small numbers of rib frac-
tures present in hoth eticlogy groups.
Long-bone fractures are similarly in-
dicative of AHT (OR: 13.73), shightly less
strongly than rib fractures. Because

the prevalence of tong-bone fractures
was marginally higner than that of rib
fractures, the Cls surrounding this es-
timate are narrower.

kM, teod andior Heek Uru.sing
Avnea, and Saizures

“RHs were 1 of the more frequently
recorded items, and had an esti-
mated OR of ~35. Therefore,
whereas a child with an ICl alone had
a probability of AHT of 4%, this rose
1o 58% if ICl and only RHs were pres-
cnt. Head and/or neck bruising had a
weaker, marginally significant refa-
tionship with AHT. A combination ol
ICI and bruising to lhe hecad and/or
neck increased the probability of AHT
from 4% to 15%. Il is worth empha-
sizing, however, thal this left 85% of
children with this pattern of injury
who did not have AHT.

Upper r

Repression Lower Upner OR Luwer Random

Coeficient  Confuenez Limil Confidence Limi Canfidence Lt Confidence Limit Eficets 50
tmercent =322 —4.358 —20857 0.040 0013 az <gom 7
-3 mn 1710
&-11mo 0814
12-23 mo 1.068
Mate 0.150
Shull {racture 1240
Rig iraciures 1300 2036 5555 42,720 1.504 261 036 <D.00! 031
Lang-trone fractures 2621 1.235 4006 13.147 3.240 54937 <0 0330
Riis 3019 2887 4357 53764 17,855 EZ84E =04 na2tt
Heod andfor nech biruisiag 1451 0072 2830 4268 1075 16.951 0.038 1175
Apnea 1851 0732 31w 8.84% 2,078 22858 0.001 0623
Seirures 1524 0535 2533 5072 2.003 12843 0.001 737
6554 MAGUIRE 81 3!
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Either apnea or scizures alone, in as-
saciation with ICl, sipnificantly in-
creased the hikelihood of AHT, both at a
level comparable to that of nead
andfor neck bruising alonc (an OR of
5). Apnea was the shghtly stronger of
the 2, although this finding is subjecl to
a degree of uncertginly because of the
large amount of missing data (re-
corded in only 301 of 1033 cases). It is
noped that this feature will be more
commonly recorded in future studies
because of increasing recognition of
its association with AHT.

Results When Muitiple Faatures
Are Present

A unique advantage of our study is the
ahitity to consider the presence or ab-
sence of multiple climgal features in
combination, Thus far, we have uscd
the data to focus on situations where
we knew that only a single clinical fea-
ture was prescnt; however, we now
turn to the more frequenl scenario
where more than 1 feature may be
present {(Figs 1 and 2).111s immediately
apparenl thal when only 1 or 2 tea-
tures were present, the abilty to dis-
tinguish AHT fram nAHT depends heav-
ily on the specific feature(s) n
question. For instance, it a chilg with
ICI had head and/or neck bruising in
combrnation with apnea, the estimaled
probability of AHT was 54% (OR: 29);
however, if the child had apnea com-
hinad with RHs, this eshimated proba-
bility rose to 90%, and the OR was al-
mast 10 ttmes higher. Likewise, il the
child presented with apnea and ser
zures bul no gther fealures, the estr
mated probability of ART was only 58%
(OR- 35); however, if a child had sei-
zures and mb fractures, the probability
o' AHT raseto 90%, and the OR was 227,

Once 3 or more of the significant fca-
tures were presenl, OHs were > 100,
and PPVs for AHT were uniformly above
85%, irrespective of the specific fea-
tures, in Fig 2 we show precise esti-
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mates for each of the B4 possible
combinations.

Accuracy of the Model: Mode!
Cheching

In the absence of an additional, inde-
pendent source of data against which
to test our findings, we used cross-
validation to assess the acouracy of
our predictions. Details of the model
checking are provided in the Appendix.
We cnose high cul-off hmits, such thet
we deemed a predicted probabulity to
be correct if the PPV [or AHT or nAHT
was =>B80%, and Lhe predicled etiology
was true (sce Fig 2). Any PPV jess than
thus was regarded as indetermmnate
On this basts, our predicted etiology
was correct 80% of the time, indeter-
minate 15% of the hme, and incorrect
in 5% of cases. This nighlights that no
sct of clinical features was unigue to
AHT or nAHT, and such features must
be considered in the context of all
other medical and social aspects of
the case in question.

DISCUSSION

Our analysis uf more than 1000 infants
and young chitdren with ICI of con-
firmed etipiogy represents the largest
published analys:s ol combined clini-
cal features to csumate the probahility
of AtIT, We have shown that in a child
younger than 3 with an 1Gi and 1 or 2 of
the key clinical features, the probabit-
ity of AHT vared depending on the
number and specific features present,
with RHs and nb fractures being the
most discriminating. Three or more of
the key features were highly predictive
of AHT, This analysis nffers the potential
to undergn a clinical opinion with avahd
scientific cstimate of probabifity.

In the study we draw on the raw data
from the most recent large-scale com-
parative epidermiologic publications.
and we are indebted to the authors of
the primary studies included. This is
the first detailed multivariate analysis

o " ARTIGLES

1o be produced and, in common with
all studies in this difficult field, there
are limitstions; however, we believe
that this work makes 2 timely and valu-
able contribution to the clinical field, in
particutar al atime when the validity of
thagnosing AHT frem combinations of
clinical features 1s being questioned’

Although information on the presence
of apnea was missing in a large hum-
her of cases, the majority of these
(377 311) came from 2 large studies
that had otherwise very complete re-
cording of features. Where data (eg,
apnea) was missmng, we addressed
this by using simitar indivtduals within
the dala sat lo Impute missing data, an
approach that is statistically valid pro-
vided the dala are missing at ran-
dom.’® |n statistical terms, clinical de-
cisions about what investigations to
perform definethe machanismileading
10 missing data. Because such deci-
sions are usually laken seguentially
and on the basis of the results of the
previgus investigations (that s, the ob-
served data), the “rmissing at random™
assumplion is reasonable in this con-
text All of the features, other than ap-
nea, were investigated for in the ma-
jority of the studies.

The difference between the mcluded
studies highlights the varied approach
1o the clinical assessment of these
children. The overall study findings re-
iterate the importance of a compre-
hensive and standardized nvestipa-
tion of all young children with an ICI of
uncertain etiology. recordsng the pres-
cnce ar absence of seizurcs, apneic ep-
isodes, bruising, and findings from
fundoscopy and skeletal survey o de-
rive an nitial chinical probability of
AHT. The cases included inthis analysis
were invesligated in the late 1990s and
carly 2000s. Undoubtedly, future stud-
1es are likely to include magnstic reso-
nance imaging, morc rigerous skeietal
survey protocols and fuli ophthalmo-
logical data, each of which potentially
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reveals o greater understanding of the
individual diagnostic indicators of AHT.
However, the features included in our
analysis are Lhose that all frontline cli-
nicians are likely to identify before re-
ferring the child ntu a specialist cen-
ter for more delailed assessment, and,
as such, the resutts of this study could
be used to suppert such additional de-
tailed asscssments.

This mode! has been developed from
recent high quality, large scale com-
paralive studies currently available
from the internationa! scientific litera-
ture, However, we believe that it has
the potential for future development,
inlo a sophisiicated Loal to aid the elin-
ical decision process when assessing
8 young child with unexplained head
trauma. A large-scale prospective
study is urgently needed to collect a
mare extensive standardized clinical
data set from a cross-section of young
children with ICf and apply a multivar-
1a1e analysis. A proposed study of this
nature would need to be conducted on
an interpational basis to collect suffi-
sient case numbers over a reasonable
time scale and to incorporate more de-
tail about the nature of the currently
recognized clinical indicators such as
seizure lype and duration, the precise
location and patiern of RHs,"*# and de-
tailed neurcradiological features of ICI
tound in each group.”™ Qtner features
may also be contributory eg, history
on presentation" vomiing? co-
existent injury," conscious leve! on
arrival,'f and burns'; with increasing
features incluged in the analysis,
larger numbers wilt be reguired spe-
cifically to ensure that enough cases
with each posstble combmnatian (fea-
tures present or absent) are in-
cluded to enahle valid statistical
analysis of every scenarie.

Diagnustic studies in this fisld are
vpen lo criticism of circularity be-
cause of thewr dependence on & con-
stellation of chinical features, as op-

0583 MAGUIRE e1al

posed o & singte gold-standard
diagnostic test, which does not exist.
Ultimately, in any individual case, a
chilg either has, or has not, suffered
AHT and, consequently, a diagnosis of
AHT either is, or is not, correct. How-
ever. except 1n cases ol independently
witnessed injury, a diagnosis musl
rest an a probabilistic assessment of
how likely it is that AHT took place. It is
not pessible to restrict research in
this field to independently witnessed
abuse, which represents a tiny propor-
tian of cases. We have attempted to
minimize the risk of circularity by only
analyzing cases where abuse was con-
firmed by a comprehensive evaluation
of all the medical and social features,
after a muttidisciplinary assessment
of the full case details and, in many
cases, by "finding of fact" in care or
crmmingl legal proceedings or perpe-
trator admisstons, Likewise, nAHT
cases were orly included when the eti-
ology was confirmed. To adequately
power studies of what 13, 1n statistical
terms, a small population, some au-
thors frequentiy cornbine presumptive
and “suspected’ abuse inta 1 cate-
gory.”t Others'"™ add indeterminate
cases to the noninflicted cases or com-
bine suspected abuse with confirmed
abuse. We have rigidly excluded such
cases from our analysis and the ex-
tremely large data set and internal
cruss validation offers reassurance
that our estimates are valid. In add-
tion, the strength of this work lies in a
regresston analysis of § significant
variables in 1053 children, generating
64 possible combrnations, which rep-
resents awider range of possible com-
binations than could be achreved from
any single study, The fincings from this
comparalive study mitigate agamst
the circularity argument to some ¢x
tent. We have demonstrated that there
is & difference between the predictive
probability of different combinatiens
of features, strongly influenced by the
specific features tn question. However.,

even for strongly influential features,
such as RHs, not all cases were be-
cause of AHT, as shown by a PPV of 58%
for those chidren with an ICl and RHs
and no other clinical fealures. These
data ncludes the most challenging
chinical scenario, namely the likelihood
of abuse when a child nas IC| but nong
of ihe ather distinguishing clinical fea-
tures. For a child younger than 3 with
an ICl alone, the estimated probability
that the brain injury is an AHT is 4% i
this data set.

Although the use of this analysis to de-
termine the probability of AHT in a
given case will never replace the diag-
nostic skills of the clinician, it has the
potential to contribute to decision-
making, This could assist (rontling pro-
fessionals when deciding whether to
refer a child for speaialist clinical and
multiagency invesligation of possible
AHT and contribute to decision-making
at various peints along the referral
and assessment process. I could also
assisl cliniciang offering medical testi-
mony in civil or criminal proceedings,
in demonsirating why certain comni-
natsons of features are more or less
predictive of an abusive etiology. Con-
trary 1o the view exprassed by
Tuerkheimer® that “the scientific un-
derpinnings of $BS have crumbled
over the past decade.” this tarpe-scale
analysis confirms the association of
AHT with specific combinations of chn-
ical features and, furthermore, it has
enormpus potential as a prototype for
a larger-scale prospective study to in-
clude more sophisticated detaiis of
chnical indicators, which would he
valuable o chinicians and other profes-
sionals working in this field.
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APPENDIX; DETAILS DF
STATISTICAL METHODS

We began our analysis by visualizing
the raw data with a parallel-
coordinates plot (Fig Al). Each child is
represented m this plot by a cornected
line that joins the recorded values of
the variables of interesl, Variables are
transformed to share a common scale,
and their values can be read off the
vertical axes The plot 1s then divided
by injury etiology and by the source
studly, and lines are jtiered and col-
ored to alleviate problems with over-
plonting. Densely colored areas of the
plots represent more children than
the light, sparse areas. For example,
the predominani pattern of features
seenin tho AHT group of children in the
Vinchon ¢t al' study is the youngest age
group, boys, without skull, rib, or long-
bone fractures, with retinal haemor-
rhages, no information on bruising
and apnea but with scizures.

Inspection of the raw data informed
our hotdeck multiple-imputation strat-
egy. The Kemp et ai? study had com-
plete information on all children and,
thus, required no imputation. Hobbs et
al* had only a small amount of missing
data, and (where at least 5 matches
could be found) this was imputed from
either itself ar (rom the Kemp el al
study?Ellaro et al* had a small amount
of missing fracture data, and neither
apnea nor scizures were recorded for
these children. The fracture data we
impuled frem within the same study
metched on all available features, This
heing done, we then found children in
the Vinchon et al study' who matched
the Etaro et al samplet on all features
common o both studies, using this to
impute information on seizures. A sim-
ilar stralegy was used to hring infor-
mation on bruising from the Ettaro et
al study® into the Vinchon et al' cases.
At this stage, both EHaro et al* and Vin-
chon et al' had complete information
except for apnes {(always excepting
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any instances in which insufficient
matching children could be found).

After a within-Bechte! et al® imputation
to fillin the sporadically missing items,
data from (the imputed versions of}
theEttarg et al' and Vinghon et al' stud:
ies were used to update the Bechtcl et
al* data. At this stage Bechtel ef alt
Ettaro et al,* and Vinchon et al' were all
used to form a sampling frame from
which to impute into Hettler and
Greenes® who chose not to record
many items but, impertantly, recorded
information on the presence or ab-
sence of apnea. Al this point Hettter
and Greenes® Hobbs ¢t al* and Kemp
et al? had {in principle) comptete infor-
mation, whereas Bechtel et al® Ettaro
et al! and Vinchon et al' lacked data
only on apnca. By sampling informa-
l1on on apnea from similar children in
the former set into Lhe latter. we com-
pleted the hotdeck stage of imputation.

In practice, there were several in-
stances in this process where lewer
than 5 matching children could be
found. The choice of a mipimum of 5
matched individuals is somewhat arbi-
trary, but it is reasonably likely that 4
or fewer children may have exactly the
same observed infermation on the
missing item(s}. especially if the prev-
alence of the relevant feature s partic-
ulerly law or particularly high. Thus,
imputing from such a sample could er-
roneousty suggest that the missing
item(s} were, in fact, known, To cir-
cumvent this problem, the final stage
of our imputation was to sample from
the margin of the feature concerned
conditional on the etiology of the neu-
ralogic injury.

Figure A2 displays the 10 imputed data
sets, made slightly transparent 3o that
similarities and diflerences between
imputations may be seen. Hote that re-
sults of the 2 subdural-cnly studies
{(Hobbs et al* and Kemp et al) do not
show the propensity for skull frac-
tures tn the nAHT group seen (or im-

puted} in the other 4 studies. This may
be because of 8 number of organic
causes of subdural hemorrhage in this
group, whereas the nAHT groups inthe
other studies were trauma-related. An
interesting feature of the Hettler and
Greenes® impulalions is that rib and
long-bone [ractures are never imputed
lo be present, in contrast with skult
fractures and bruising. Another obvi-
ous difference between the 2 etialogy
groups 1s the number of 1solated fea-
tures in the nAHT groups as opposed to
tne high prevalence of multiple re-
corded features in the AHT groups.

Following the medelling described in
the article, we gave detailed consider-
dhon Lo the predictive perfarmance of
our chosen model. Figure A3 shows the
raw daia again but this time colored
according ta the predicted probabilily
ol AHT (based on the final, reduced
model). Because there was substantial
missing information, these predic-
tiens were averaged across the 10 im-
puled dats sets. A green color sug-
gests AlIT with a probability less than
20%, orange denotcs ambiguous cases
with predicied probabiltties of AHT that
are between 20% and 80%:; and a red
color corresponds to high probahiti-
ties (>80%) of AHT.

We see that our modelling 1s reason:
ably successful at discriminating be-
tween the 2 groups of interest, The pre-
domenance of green and orange in the
left-nand plots and the frequency of
red lines in the right-nand plots sug:
gest thal, on the whole, the model s
fitting quite well. Howevar, of (at least)
equal importance is the degree lo
whichthe model can suggest incorrect
etiofogies; it 1s possibie Lo have a nb
fraclure inthe nAHT group; conversely,
some children with no ohvious \nyury
(particularly evident in the Hebbs et al®
study) can have AHT,

As mentioned in "Methods * we recog-
nize the risk of overestimating the risk
of abuse by relying solely on within-

Downloaded Mom pediutrics.iuppublications.org et Scatile Children's on April 6, 2012



REVIEW ARTICLE

Clinical and Radiographic Gharacteristics
Associated With Abusive and Nonabusive
Head Trauma: A Systematic Review

AUTRORS: Shalea J, Piteau, MD, MSc,* Michello 6.X. Ward,
MD? Nick J. Barrowman, Phi$ and Amy C. Plim, MD, MScs?
*Depertment of Pediatrics, Queend University Kirgston, Ontoria,
Canadg; Deperimends of *Pediatrics and *Emergency Modicine,
Universily of Ottawn, Oftawa, Ontaria. Canade: and *Glinical
Research Unil, Chitdren Hospllal of Eastern Oplario Research
institute, Oitawg, Oniarta, Conada

KEY WORDS

shusive head troume, heod injury, chlldren, abuse, systemstic
review

ABBREVIATIONS

AliT—esbusive head trauma

O —canfigencs interva)

NAHT—nonabusive head trauma

OR—odda ratio

Ors Pitsaw and Plint conceived end designed the study;

Ors Piteau and ward screensd Itergturs search retults ang
igentified articies 1or retrisval, reviewed full papers for
inclusion, and exractod datn for meto-anplysis Dr Barrowman
analyzed the dals; ond all authora irderpreted tha data, eritically
revized tha draft, and gave ftnal approvel of tho version Lo ba
published. Or Piteau ia the guarantor for the study.

www pedistric.org/egliool 10,154 2/pedy 20111545

dor 10.1542/peds 2011-1545

Accepted for publication Apr 8, 2012

Address correspandence to Shales Pileay, MD, M3¢, Department
of Pedistrics, Kingston Ceneral Hospital, Queens Universlty, 78
Stuart S, Kingsion, Oniario, Canada K7L 2V7. E-malk
13jp2@queensice

PEDIATRICS (3SN Numbera: Print, 0031-4005; Onfing, 1038-4275).
Copyright © 2012 by the American Academy of Pedigtrics

FINANCIAL DISCLOSURE: Mha culhors hare indicated they hove
nv fnancial relatianships retavant {o this article to disclase.

FUNDING: No external funding.

PEDIATRICS Yoluma 130, Numbar &, August 2012

DR &

BACKEROUND AND DBJECTIVE: To systematically review the literature
to determine which clinical and radicgraphic characteristics are as-
sociated with abusive head trauma (AHT) and nenabusive head trauma
{nAHT} In children.

METHODS: We searched MEDLINE, EMBASE, PubMed, conference proceed-
ings, and referance lists to Identify relevant studies. Two reviewers in-
dependently selected studies that compared clinical and/or radiographic
characteristics including historical features, physical exam and imaging
findings, and presenting signs or symptoms in hospitalized children <8
years old with AHT and nAHT,

RESULTS: Twenty-four studies were included. Meta-anslysis was
complicated by incongistencies in the reporting of characteristics
and high statistical heterogeneity. Notwithstending these limitations,
there were 19 clinical and radiographic variables that could be
meta-analyzed and odds ratios were determined for each variable.
In examining only studies deemed to be high quality, we found that
subdural hemorrhage(s), cerebral ischemia, retinal hemorrhagels),
skull fracture(s) plus intracranial injury, metaphysesl fracture(s),
long bone fracture(s), rib frecture(s), sezure(s), apnes, and no edequate
history given were significantly sssociated with AHT. Epidural
hemorrhage(s), scalp swelling, and isolated skull fracture(s) were
significantly associated with nAHT. Subarachnoid hemorrhagel(s),
diffuse axonal injury, cerebral edema, head and neck bruising, any
bruising. and vomlting ware not significantly associated with either
type of treurmna.

CONGLUSIONS: Clinical and radiographic characteristics associated
with AHY and nAHT wera identified, despite limitations in the literature.
This systematic review also highiights the need for consistent criteria
in identifying and reporting ¢linical and radiographic characteristics
essociated with AHT and nAHT, Pediatrics 2012,130:1-9

EXHIBIT 10



Abugive head trauma (AHT) is the most
common cause of traumatic daath in
children younger then 1year! and iathe
most common cause of death due to
child abuse.' Survivars of AHT are left
with signlficant morbidity, with 45%
having permanent neurologic sequelae
compared with 5% of nonabuse cases.?

While the annual incidence of AHT is
estimated at ~24 to 34 per 100 000
children younger than 1 year>* this is
likely an underestimate because many
ceses are not brought 10 medical at-
tention and athers are not racognized
as ebuse, AHT in children can ba diffi-
cult to diagnose becausathe symptoms
are nonspecific, the history is often in-
accurate, and the victim is often pre-
yerbal, In 1 study, physicians missed
the diagnosis on initial presentetion in
one-third of cases and this resulted in
repeated treuma, increased morbidity,
and death® As there is no gold sten-
darg disgnostic test for child abuse,
the dlagnosis relies on clinical and
radiographic features as well as sup-
porting social and child walfare infor-
mation. AHT may be recognized in part
by historical features {eg. ro history of
traume, a low-impact trauma history.
a changing or inconsistent history, or
a history incompatible with the injuries
or incompatible with the childs davelop-

. mental stage), certain types of intra-
cranial injuries {eg, ditfuse subdural
nemorrhages), and associsted injuries
(eg, retinal hemorrhages, metaphyseal
fractures, and patterned bruising) &
We planned 8 systematic review 10
summarize the best available evidence
comparing the clinical and radiographic
characteristics of AHT and nonsbusive
head trauma (nAHT) in hospitalized chik
dren. By identifying these features we
hope to help frontdine clinicians in the
difficult task of distinguishing between
AHT and nAHT trauma. Such information
may improve outcomes for the victims
of abuse and their siblings through the
early identification of child abuse.

2 PIEAUetsl

METHODS

We followed a protogol for this review, in
which ali eligibility critoria, outcomes,
and analyses were specified a priorl
{available from authors on request).

Sesarch Strategy

The main search strategy (Supplemer-
tal Information 1) was developed by 8n
experienced librarian and included
MEDLINE (1850 to November. week 2,
2010) and EMBASE (1980 to week 45.
2010); both searches were executed
through the Ovid interface. Other gearch
strategies inciuded searches of relsvant
conference proceedings (American Acad
emy of Pediatrics, Canadian Pediatric
Society, Pediatric Academic Societies,
Society for Academic Emergency Medi-
cine, Canadian Association of Emer
gency Physicians, American College of
Emergency Phyaicians) for 18992009,
contact with the primary author of rele-
vant studies, and review of the reference
lists of inciuded studies and relevant
reviews. There was no restriction on
year, language, or publication status.
Studies identified as eligible were used
as seed articles for 8 PubMed-related
article search conducted on November
18, 2010 (Supptemental information 1).
The first 50 related articles {ranked by
relevance} not previously identified by
the subject search werc retained and
screencd.

Study Selection

Studies were included ifthey compared
historical festures, physical examina-
tion or Imaging findings, or presenting
signs or symptoms of AHT and nANT
in hospitalized children =B years old.
Head treuma was defined as skull
fracture on computed tomography, MR,
or plain radiography or &t least 1 of the
following on computed tomography
or MRl subdural hemorrhags, epidural
hemorrhage, subarachnoid hemorrhage,
intraparenchymal hemorrhage, brain
contusion, diffuse axonal tnjury, cerebral

edema, and hydrocephalus. Exclusion
criteria included duplicate publications,
review articles, opinian piecas, consen-
sus stataments, studies evaluating abu-
sive injury exclusive of hesd trauma,
noncomparative studies gvaluating AHT,
studies evaluating nonhospitalized chil-
dren, studies examining only clinical
outcomes, management of postmortem
investigations, or studies judged to be
methodologically weak owing to signifi
cant bias. Studies were judged to have
significent bias if the same variables
were spplied in both the diagnosis and
the characterizstion of abuse; for exam-
ple, the pattern of head trauma was the
primary fector used to define abuse and
then was enalyzed as a variable of abuse.

Two reviewers {SJ.P. and MGKW) in-
dependently reviewed the titles and
gbstracts genersted by the search to
identify potentially relevant articles.The2
reviewers then independently assessed
the fuil article by using 8 standardized
form with eligibility criteria established
apriori. Disagreements were resgived by
consensus or by a third reviewer (ACP}
a5 necessary. The third reviewer (ACP)
additionally reviewed the eligibility of all
studies deemed eligible by both review-
ars (3P and MBKW), and disagree-
ments were rasolved by consensus.
Authors were asked for clarification when
it was unclear whether all children in the
study met our definition of head trauma.

Assessment of Methodological
Quality

Two independent reviewers (SJ.P. and
MGKW) assessed study quality and
disagreements were resolved by con-
sensus or by the third reviewer (AGP).
Reviewerswere nol blindedto author or
other publication details. Study quality
was assessed according tothe ability to
accurately categorize the etiology of
head trauma as abusive or nonabusive
based on a priori criteria. In the absence
of a goid standard diagnogtic test for
child abusc, the quality of the & priori



criteria was assessed based on its ability
to be free of bias and circular logic to
arrive gt a diagnosis of child abuse.
Specifically, we applled the previously
published 5-point scale, “ranking criteria
for the definition of abuse,” to categorize
studies as high (scare of 1 or 2} or low
quality (score of 3-5) (Table 1)1

Data Extraction

Two reviewers (S..P. and M.GXW) In-
dependently extracted data to & stan-
dardized form and entered it into
Microsoft Excal (Microsoft Corp, Red-
mond, WA). Gnly consensus data were
used in the review. Extracted data in-
cluded: (1} characteristics of the study
{design, year of publication, ete), (2}
description of study populations (age,
number of participants, etc), () stand-
ards used to determine abusive and
nonabusive nature of injury, {4) type of
head trauma (subdural hemorrhage,
epidursl hemorrhage, subarachnoid
hemorrhage, intraparenchymal hem-
orrhage, skull fracture plus intracranial
injury, isolated skull fracture, cerebral
ischemia, cerebral edema, and diffuse
axonal injury), and {5) cther clinical
variables. Other clinical variables in-
cluded historical features (no adequate
histary, history of low-impact trauma,
inconsistent history, the injury was
blamed on home resuscitstive efforts
or on siblings, or deiay in seeking care
after an injury), presenting signs and
symploms {seizures at or within 24 hours

JABLE 1 Ranking of Criterio Used to Define
Abuse"

Ronking Criterva Used to Define Abuzs

| Abuzeconfirmed at casconference or civil
{amily, or criminal courl procesdings
or admitted by perpetralor

2 Abuse confirmed by slated criteria
Including muttidisciplinary sasessment

3 Diagnosls of sbuse dafined by stated
criterin

4 Abusa sigied as cocurring bit no
supporting detpil given as to how It
was determined

§  Abuse steted simply a3 “suspacted”, no
detslls on whether it was confirmed
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of presentation, vomiting, apnea at pre-
sentation, lethargy, abnormal neurologic
status such as cranial nerve palsy or
paresis), ather physical findings (such 8s
scalp swelling. ratinal hemaorrhage(s), rib
fracture(s], long bone fracture(s), meta-
physeal fracture{s), any bruising, head
and neck brulsing, other organ injury,
cardio-respiratory compromise, and
Blasgow Coma Scale score on admis-
sion), and operative interventions, Where
studies included a category of head
trauma of indeterminate eticlogy, these
cases were excluded. Where studies in-
cluded children with injuries that did not
meet our definition of head trauma along
with those that did meet our definition, we
extracted data for eligible children only.
and if data coutd not be extracted for only
these children, the study was excluded.

Data Analysis

Data were expressed as pooled odds
ratios (ORs)} with 95% confidence
intervals (Cis). For ORs > 1, the variable
is associated with AHT and for ORs
<1, the variable is associated with
nANT. Data were pooled by using
the Dersimonian-taird random effect
method by using the empirica! OR with
inverse variance weighting except
when at least 1 cell ina 2 X 2 table
was 0, in which case 0.5 was added t0
alt the cells in the table before com-
puting the empirica OR end verlance.
Heterogeneity was examined by using
the I? statistic. Significance was deter-
mined by a Pvatue <.05. Analyses were
conducted by using custom programs
written by using R version 2.10.19

Bue to the inconsistency in the specific
clinical and radiographic variables re-
ported between studies end in the
manner of reporting these variables
between studies, wa limited our meta-
analysis to 19 variables.'® These vari
ables were chosen because they were
considered clinically relevant, were
reported in 8t least 2 studies, and
could be dichotomized into present and

apsent. These variables wers subdural
hemorrhage(s}, epigural hemorrhageds),
subarachnoid hemorrhage(s), retinal
hemorrhage(s), skull fraclure(s) co-
occurring with imtracranial injuries, iso-
\ated staill fractura(s), cerebral ischemia,
cerebral edema, diffuse axonal injury,
azalp swelling {defined as either soft tis-
sue swelling or subgaleal hematomal,
metaphyseal fracturels), long bone
fracture(s), rb fracture(s), any bruis-
ing, head and neck bruising (distin-
guished from other signs of external
head trauma), apnea &t presentation,
seizure(s) at presantation or within 24
hours of presentation, vomiting, and no
adequate history (such as no history of
trauma).

Clinical and radiographic variables
were analyzed in 2 separate groups: (1
all studies that reported a given vari-
able and (2) high-quality studies enly
(rank 1 or 2). Given that the most com-
mon age group affected by abuse is
children <3 years old, we had & prion
planned a subgroup anglysis by age
{children =3 and =3 years of age). This
analysis was, however, not possible
given the manner in which data were
presented within included studies. Wnen
possible, the mean age of children in tha
2 cohorts was compared. A Wilcoxon
signed rank test tested the hypothesis
that the abused children were younger
than those not abused, accounting for
the pairing within studies of children
identified as abused and not abused. We
expanded our a priori analysis plan by
examining this hypothesis for studies
that included only children up to 24 and
36 months old, respectively.

During data extraction, it became clear
that studies could be grouped into
3 categories by tha manner in which
they reported elinical and radiographic
characteristics, and this resulted in the
need to expand our a priori analysis plan
to consider missing data. For example,
in reporting retinal hemorrhages,
some studies claarly siated that all




children in sach cohort had fundoscopic
exams,'572' some studies reported
this variable for only the subset of
children in each cohort who had
fundoscopic exams,'27-3 while gthers
{mainly retrospective cohort studies)
reported the number of retinal hem-
morhages as if all children in each
cohort had a fundoscopic exam, but in
detailed review, it was clear that this
was highly unlikely.21124-20 We deter
mined that of the 19 variables reported
in this review, retinal hemorrhages and
rib, long bone, and metaphyseal frac-
tures were most likely to be affected by
informative missing data,® and these
variahles required a sensitivity analk
ysis. These variables were chesen as
specific investigations (skeletal survey
or bone scen) or a specislized physical
exam skil! (fundoscopic examination)
would be needed to rule out these
findings and that these investigaticns
and exams were much more likely to be
completed for children in whom abu-
sive traums was suspected. For the
sensitivity analysis, we considered all
studies, as well as high-quelity studies
alone, and examined (1) those studies in
which all children had the relevant in-
vestigation or examination and (2) those
studies in which either ali children hed
the relevant investigation or examination
dona and/or studies in which the pro-
portion of the children having the in-
vestigation or examination done was
clearly stated. We chose not to impute
missing values (eg, we did not assume
that unexamined children in the non
sbuse cohort had the finding typically
associated with abuse) given that inmany
of the retrospective studies we could not
determine how many children had the
investigation or examination done.

RESULTS
Description of Studies

Figure 1 shows the flow of studies
through the selection process. Five hun-
dred ninety-six studies were identified:
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Study flow.

85 were deemed possibly refevant on
screening and full text publications
were obtained, and of these, 24 met in-
clusion u-iteria (ﬁg |)_u-n.|b-zus-nm-n
Two included studies¥? were identified
by reviewing reference lists of relevant
reviews."” One study? appeared to report
dsta for 40 children that were also in-
cluded in a second’s publication: only
variables with no overlap were included.
Table 2 describes the included studies.
Twenty-one studies were deemed high
quality {rank 1 or 2), and 3 studies were
deemed low quality (rank 3, 4, or 5).

Clinlcal and Radiographic Variables

There was a wide range of clinical
cantent in the ingluded studies with
82 variables reported overall. Studies
reported | to 35 variables, with a mean
of 15 variables. Subdural hemorrhage
was the most commenly reported var-
iable, being reported in 15 studies. The
following characteristics were reportedin
at least 10 studies: retinal hemorrhages,

subarachnoid hemorrhage, epidural
hemorrhage, seizure, and the injury
mechanisms of motor vehicle accidents,
falls, and admitted/witnessed assault

Inconsistency in the definition and re-
perting of clinical and radiographic
variables as well as high statistical het-
erogeneity presented challenges to meta-
snalysis. For example, subdural hemor-
rhage was reported as totsl, unilateral,
tilateral, mixed density, interhemi-
spheric, or subdural hemerrhage plus
othar injuries_u-ﬂ.lul—ziMBldu?M
Skull fracture was reported as simple,
complex, multiple, bilateral, depressed,
nonparietal, diestatic fractures >3
mm, or fractures crossing suture
lines 4811121522203 +38 By sefgcting
variables that were clinically relevant,
reported in at Jeast 2 studies, and that
could be dichotomnized into present or
absent, we were able to individually
meta-analyze 19 clinical and radiographic
variables. Table 3 provides @ summary of
the results of the meta-analysis for each



JABLE 2 Charecteristics of Included Studies (N = 24)

First Year of Country Age, o Sample Type of Study Quakity
Author Pubtication Slzes Study Rank

Bechtel® 2004 us -4 82 Prospective 1and 2
Biltmire® §985 us 0-12 [l Retrospective 1end 2
Datta™ 2005 114 0-24 52 Retrospediive 1and 2
Duhaime's 1892 us o-M ] Prospective 1and 2
Ettare™ 2004 us 0-38 I Retrospective Vand 2
Ewing-Cobbs? 1p9e us 0-72 40 Praspective 1ond 2
Ewing-Lobbs®™ 2000 us 0-72 &0 Prospective 18nd 2
Feldman™ oM ] 0-38 L Prospedlive land ?
Hettler® 2003 us 038 163 Retrospective 1and 2
Hobbs 1084 Uk 0-24 Retrospective lang 2
Hoskole® 2002 [ 4 0-24 18 Retraspestive 4

HymeP 007 us 0-36 L)l Prospertive 1ond 3
Ichord?* 2007 us 0-38 52 Prospestive 1end 2
Keenan™ 2004 us 0-24 182 Prospective tor2
Kellyn 2004 Now Zealand -2 Bl Retrospeciree 4

MeKinmeyl® 008 us 0-36 2 Retrospective 1and2
Myhret? 2007 Norway 0-38 52 Retrespedtive 2

Reecat' 2000 us 0-38 178 Retrospective fand2
Ruppaii* 200 us 0-12 (M Prospactive $

Shugerman®’ 1538 us 038 ar Retrospective 2

Tdoum® 1988 Auttralin 024 ] Retrospeciive land2
Vovilala® 2007 us 060 10 Prospective lend?2
Vinchon' 2005 france 0-24 150 Prospective 1and 2
Vinchon™ 2005 France 0-2¢ 8 Prospective !

High-quaity fudies « 1=2; lwsquainly sturkies = 3-5 u3 based an tha criteris used Lo determinn e elictogy of head injury.
* Szmple sk reperted B Un of chlidren in each tnctuded atudy that met our defirition of head trywms md for wham dots
resovont to the review could ba extrocied. The Duhaime, 2 kirKinney I Rerece, ! 2nd Billmire™ studies inchuded chitdren who
did) 01 el our dalinitien of head Ireuma and the tamplo sirg reporicd iy for ondy Lhose ghildren Lhat meet cur definition.

individual characteristic, and Supplemen-
tal Information 2 shows forest plots for
these characteristics. The degree of
statistical hetarogeneity varied markedty
between the variables and ranged from
low to high (Teble 3). Of note, a high OR
does nat directly eorrelate with a high
positive predictive value for a given fea-
ture since this depends on the prevalence
of abuse in the individual studies.

Variables Assoclated With AHT

When examining all studies, subdural
hemorrhaga(s), cerebral ischemia, cere-
bral edema, retina! hemorrhage(s), skull
fracture(s} co-cccurring with intracranisl
injury, metaphyseal fracture(s), long bone
fractures(s), rib fracture(s), any bruising,
seizure(s) at or within 24 hours of pre-
sentation, apnea at presentation, and no
adequate history were individually sig-
nificantly assoclated with AHT (Table 3).
Including only high-guality studies, cere-
bral edema and any bruising were no
longer significantly associated with AHT.
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Variables Associated With nAHT

When examining all studies, epidural
hemorrhage(s), isolated skull fracture
(s}, scalp swelling, and head and neck
bruising were significantly associated
with nAHT (Table 3). When analysis was
limited to high-quality studies, head and
neck bruising was no longer signifi-
cantly associated with nAHT.

Variables Not Significantly
Associated With ANT or nAHT

When examining all studies and only
high-quality studies, subarachnoid hem-
arrhage(s), diffuse axonal injury, and
vomiting were not significantly associated
with AHT or nAHT, Haad and neck bruising,
any bruising, and cerebral edema were
not significantly associated with AKT or
nAHT in only high-quality studies.

Sensitivity Ansglysis

Wa performed a sensitivity analysis
for 4 variables: retinal hemorrhages

fran
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and long bone, metaphyseal, and rib
fractures (Supplemental Information
3 and 4). While retinal hemorrhages
remained significantly associated with
AHT, long bone and rib fractures did
not, and there were no studies exam-
ining metaphyseal fractures to include
in the analysis. The small number of
studies alse [Imited the analyses for rib
and long bone fractures.

Age

Fourteen studies contributed data to
the age analysis. Seven studies did not
report the mean age of the individual
cohortg,1225.2630325430 3 gtydies repor-
ted the mcan age for both cohorts but
we extracted dsta only far children
meeting our eligibility criteria and we
codld not extract the corresponding
age data,*’'2M and 1 article reported
mean age® but this overlapped with
data reported in anothar article.? In all
except 1 study! the mean age of chil
dren identified as abused was lower
than the mean age of children identi
fied as not abused (P <C .0004). The
range of mean ages reported was 2.i
to 22 months in the abuse cohort and
5.64 to 43 months in the nonabuse co-
hort. Among the abuse cohort, the
mean age was <12 months in 12 (86%)
gtudies and <6 months in 6 {43%)
studies. Among the nonabuse cohort,
the mean sge was <12 months in 7
(5096) studies and <6 monthain 1 {7%)
study. When the analysis was re-
stricted to the 11 studies that include
children <36 months old and to the &
studies that include children <24
months old, the maan age of the chil-
dren identified as abused remained
lower than the mean sge of children
identified as not abused (£ = .003 and
P = .03, respectively).

DISCUSSIDN

Principal Findings of the Review

Distinguishing between AHT and nAHT can
be challenging. Negative consequences
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TABLE 3 Clinical and Radiogrephic Characteristica Asepeiated With ABT and nABT

Characteristic No.of OR (B5% C1); OR >1 2% 4
Stutiss  Favors Abuse; DR <1
Fevors Nonabuza
Subgural hemorrhage(s)
Al siudles 1% 692 {ET7-11.74} 0 <001
High-quality studies L] 8,60 {6.75-11.73) 0 <00t
Epidurat hemorrhage(s)
Al studies 10 0.15 (0.08-0.28) 1] <.
High-guality studizs ] 013 (0.68-028) 9 <00}
Subsrachnoid hemorrhage(n)
Al studies [}] 142 (LE-3.0 ™8 38
High-quallty studies n 131 (0.58-3.00 ] 52
Cerebral edems
Al studles 9 217 (1.06-4.45) H i)
High-quallly studies T 205 (0.82-5.10) 85 12
Cerebrel ixchemin
High-quality studies ] 479 (1.84-246) » 001
D|ffuss mxpnal injury
All studies -3 147 (028-8.30 1] 88
High-quality studles 4 085 (0.06-2.46) k] B8
Siaull fracture(s) + intracranial mjury
High-quality studies 4 1.78 (1.06-57.08) 83 04
isolated skull fracture{(s)
Highrquality studies 2 0.01 {0.005-0.04) [ <60
" Long bong fracture(s)
Al studies ] 4234 (250-7.19) <.001
High-quality studies 8 4344 (252-749) ] <001
Metophysea) iracture(s)
Atl studles 2 1176 [.18-8341) 11 004
High-quatily studiea 1 15,06 {1.83~117.72} Single sstimate <.001
RIb frecture(s)
Al studiss 7 489 (4.04-7.19) 1 <501
High-quallty studies 6 B84 (4.42-2180) 0 <.0M
Retinal hemerrhaga(s)
All sudins L] Z7.12 (15.70-46.84) 24 <001
High-guality studies 12 2024 (15.57-51.80) 35 <001
Any bruising
Al studies § AT (1.62-14.05) 15 005
Highquallty studies 3 535 (0813141 0 06
Head and neck bruising
All studies 3 042 {0.15-0.84) 2% 28
High-quatity 2 D65 {0.27-15 0 M
Scalp swelling
High-quality studles 7 .12 (0.05~0.32) 85 <501
Apnea
Al studies 4 631 (234-1205) 0 <ant
High-quality studies 3 488 (2.08-11.49) 0 <00t
Saizura(s}
Al studies 0 725 304&-17.27 n <.001
High-quality studies [] 11,24 (1.30-12.28) 0 <001
Vormiting
High-quality studies 3 029 (0.02-4.88) 8 B9
Mo adaquate history
All studies )} 4084 (1291-17063) -] <00
High-quatity studles 8 5272 (1279-217.33) T2 <001

including re-injury and death have
been shown to occur when the di-
agnosis has been missed.® There cen
also be negative consequences to the
child and family with an incorrect
diagnosis of abusive injury. For thase
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reasons, accurete diagnoses must
be made. From our systematic review
we were able to highlight some clin-
ical and radiographic characteristics
associated with AHT and nAHT in
children.

We found that each of subdural hemor
rhage(s), cerebral ischemia, skull frac-
ture(s) in conjunction with intracranial
injury, retinal hemorrhaga(s), long bone
fracture(s), rib fracture(s), metaphyseal
fracture(s), seizure(s} at presentation or
within 24 hours, apnea at presentation,
and no adequate history were indi-
vidually sigrificantly associated with
AHT when onily high-guality studies
were meta-analyzed. Epidural hemor-
rhage(s), scalp swelling, and isolated
skull fracture(s) were each signifi-
cantly associated with nAHT when
high-quality studies were mete-analyzed.
Although we recognize that patterns
of injuries are of key importance in
making a diagnosiz of ahuse or
nonebuse, limitations in the data,
as well as the manner in which it
wag presented, prevented us from
examining whother variables were
associated with abuse when found in
combinstion.

Comparison With Other Studles

In 1982, Kempe described “battersd
child syndrome” as the combingtion of
subdural hemorrhage, skeletal inju-
ries, and bruises.®® Since then, many
studies have supported the association
of subdural hemorrhage with chiid
abuse,5405! the association of epidura!
hemorrhage with nAHT, and the asso-
cistion of subarachnoid hemorrhage
with both mechanisms of injury. 27735
Qur study provides evidence thet a
younger age ig associated with AHT,
and this may support the hypothesized
temporal association between AHT and
crying patterns in infants within the
first 3 manths of life.*2 This finding may
also reflect the physiofogic and anatomic
differences in younger children thet may
alter the susceptibility to head injury
with & given mechanism or force#—

Maguire et al'8 recently published a
systematic review addressing a similar
question as our review. Simitar to our
study, they found that apnea, retinal



hemorrhage, rib fractures, long bone
fractures, shkull fractures associated
with intracranial injury, and seizures
wera associated with abuse.” The re-
view also found head and neck bruis-
ing was associated with nAHT, Some
impartant differences exist, however,
between these 2 reviews, including
the definition of head trauma, articles
included, characteristics analyzed, stati-
stical methodology, and data represen-
tation. Specifically, our review included
examination of historical features and
the type of intracranial injury. We believe
that the type of intracranial injury asso-
cigted with injury mechanism is critical,
as these may he the initial date available
to frontdine clinicians who must make
a preliminary determination around in-
jury mechanism. We included only stud-
ies of admitted patients to focus on more
seriously injured patients, and we limited
our study population to a younger ageto
focus on the primary age group at risk
for AHT. We inciuded more studies in aur
systematic review, although 3 studies in
Maguire et al's 2009 review did not meet
our inclusion criteria. We also chose to
examine statistical heterogeneity be
tween studies and to examine all studies,
as well as only high-quality studies, to
address the robustness of our data.
Interestingly, when low-quality studies
were excluded from analysis, only 3
variables were no longer significantly
associgted with either AHT or nAHT
suggesting our conclusions are fairly
robust, We dealt with informative
migsing data in a different manner. The
Maguire et al 2009 review imputed in-
formative missing data when only
a proportion of the children in each
cohort had the investigations. We
chose not to use this approach for our
sensitivity analysis since we could not
determina the proportion of childrenin
each cohort thet had the given in-
vestigation or exam performed. The
small number of studies accurately
reporting missing data fimited our
sensitivity analysis.

PEDIATRICS Yolume 130, Number 2, August 2012

Two other reviews of characteristics
associated with AHT and nAHT have
been recently published. One, by Kemp
et al, reviewed neuroradiolagic fes-
tures in 21 studies of children hospi-
talized with head trauma. This study’s
finding that subdurai hemorrhage and
hypoxic ischemic injury were signifi-
cantly associated with AHT*¢ was in
agreement with our results. The authors
also found that cerebral edems was
agseciated with AHT. The second study,
a patient-leve! meta-analysis from 6 co-
hort studies, examined the pesitive pre-
dictive velues of a combination of 6§
clinical featuras (head and neck bruis-
ing, rib fracture, skuil fractures, long
bone fractures, retinal hemorrhage,
seizures, and apnea) in conjunction with
intracranial injury.*? It reported that any
combination of =3 features yiclded
a positive predictive value for AHT of
B5%. Given the limitetions of the articles
included in our review, an analysis of
combined features was not possible in
our study,

Limitations of the Review

The meta-analysis for this review was
made difficult by inconsistencies in the
criteria used to determine the etiology
for head trauma, inconsistencies in
defining and reporting clinical and ra-
diographicvariables, and a moderate to
high degree of statistical heterogeneity
between studies. As there are no stan-
dardized criteria for the definition of
gbuse, most authors developed their
own criteria, and many of these are
fraught with circular reasoning. The di-
apnosis of AHT relies on historical fea-
tures, clinical findings, and radiologic
Interpretations, and it is these same
criteris that are used to categorize head
trauma as abusive or nonabusive. We
attempted to address this limitation by
using a published scale to rank the
quality of the criteria used for defin-
ing abuse™ 21817 and examined our re-
sults for all eligible studies, as well as
for those using high-quality criteria.
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Howaever, for features that have been
traditionally associated with abuse (such
as subdural hemorrhage and retinal
hemorrhage), this ranking scale does
not compensate well for circularity and
thus our results must be interpreted
cautiously.

Significant variability in the definition
end description of clinical and radio-
graphic variables in the included
studies made meta-analysis difficult.
Thig variability highlights the need for
the standardization of definitions and
descriptions of characteristics to ac-
curately compare data between stud-
ies or combine data for meta-analysis.
Ultimately, such standardization could
advance the devetopment of accurate
diagnostic criterig for AHT. The high
degree of haterogenaity among stud-
ies may reflect this lack of standard-
ization, somewhat weakening the
clinica! interpretability of the review
findings.

All studies Included in this review were,
as expected, observational studies. Se-
lection, informational, and confounding
bias are limitations to these studies. The
retrospective studies were limited with
respect to reporting missing data, Many
gtudies reported data around charac-
teristics (eg, retinal hemorrhages) as if
gll children in beoth cohorts had un-
dergone the necessary investigation or
examination (eg, fundoscopy) to look
for the characteristic in question; how-
ever, a detailed review of the data
revealed this to be unlikely. While we
performed 8 sensitivity analysis to
examinathisissue, our results needto
be interpreted cautiously. The retro-
spective studies in this review were
also limited by recsll bias; for exam-
ple, the low-quality studies relied on
medical record coding for the diag-
nosis of abuse, without reviewing sup-
porting detail as to how ebuse was
determined. By limiting the review to
studies of admitied children, only
sarious head injuries would have been



included, but children who died be-
fore preaentation would have bean
excluded. As well, children with less
severe abusive injuries may be less
likely to be brought to the hospital
aftar an abusive avent. Thus, a se-
lection bias may accur for chil-
dren with more severe injuries and
symptoms in the abusive cohort
being brought to the hospital com-
pared with those in the nonabusive
cohort.
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Nonaccidental head injury in children. Historical vignette.
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Abstract

Our current understanding of nonaccidental head injury in children is the result of decades of
effort and the tireless work of numerous physicians. In 1860 Auguste Ambroise Tardieu, a French
forensics expert, recognized important patterns of injury in children and identified nonaccidental
trauma as the cause of these injuries. His work was ignored. In the years that followed,
physicians continued to report these patterns of injury but were unable to identify the etiology. A
fundamental misunderstanding of the usual cause of subdural hematoma (SDH) contributed to
the confusion at that time. Early in the 20th century, neurosurgeons such as Wilfred Trotter
recognized that SDHs were traumatic in origin. However, even Trotter's efforts to expose faults in
the theories that SDHs primarily resulted from inflammatory or infectious processes were not
accepted immediately. Eventually, the pattern of injuries in children was again recognized both by
neurosurgeons, who began to identify an association between trauma-induced SDHs and retinal
hemorrhages, and by radiologists, who began to note SDHs in conjunction with osseous lesions.
Not until the 1950s and 1960s, however, did physicians begin to routinely identify nonaccidental
trauma as the cause of these injuries. Following the recognition of child abuse, a pattern of
injuries in conjunction with shaking was identified and is currently known as shaken baby
syndrome. Since its identification, our understanding of this syndrome has been modified as a
result of new medical research, legal challenges, and popular media forces.
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ABSTRACT
CRJECTIVE. Diagnosis of child abuse is dilficult and may reflect patient. practitioner, 0.7 07 ¥ Ly
and system foctars. Previous studies have demonstrated potendal lethal conse- T Tom e
quences il cases of abuse are missed and suggested a role for continuing medical m"'dm :';;:mwo'mz’
education in improving the accuracy of diagnosis of suspected abuse. Although the ot 10.1542ieds 20042731
majority of injured American children are treated at general hospitals, most Key Words -
published studies of severe injury resuliing from child abuse have been conducted meechica] ence, lospia) disstunge data,

child aturse, femus Gacture, taumatic bain

at childrens hospitals. The objective of this study was 1o evaluate the role of

hospital type in observed variations in the frequency of diagnosis of child physical iy, mcical erox
abusc among children with high-risk injuries. m_m"""""m'"’"'m“w
METHODS. Hospital discharge data were evaluated, and adjusted rates of abuse diag- mﬂmm“wm
nosis were reported according to hospital type. A regression model estimated the O-5-CM—remanonal Clesstieation of
number of cases of abuse that would have been diagnosed if all hospitals identified mﬁnmw
abuse as frequently as observed at pediatric spedialty hospitals. This study consisted NACHRI—Nariaral Assodation of
of children who were <1 year old and admitied 10 US hospltals in 1957 for Qhiddren's Hospitahy and Reiated
treatment of traumatic brain injury or femur fracture, excluding penectrating 155——irfury severlty score
trauma or metor-vehicle-related injury. A total of 2253 weighted cases were U—cordidence intenat
analyzed. OR—odds rato
Acurpcd ko publication Aun 30, 7005
RESULTS. The proportion of patients with a medical diagnosis of child abusc varied AdOres3 correpondence to RSN Sege. WD,
widely between hospital 1ypes: 29% of the cases were diagnosed as abuse at m;ﬁ,’,‘;ﬁm
children’s hospitals compared with 13% at general hospitals, An estimated 178 oy
infants {39% of total) with these specific injurivs would have been identified as PEOLATRICS 0SSN haummbers Prie, 033 14005
Orine, 10884175 Copyrght © 26 by the

abused had they been treated at children’s rather than general hospitals. et Academyol Fedarnas *

CONCLUSIONS. Hospital 1ype was associated with large variations in the frequency of
diagnosis of child abuse. This varialion was not related to observed differences in
the patients or their injuries and may result from systematic underdiagnosis in
general hospitals. This result has implications for quality-improvement programs
at peneral hospitals, where the majority of injured children in the United States
receive emergent medical care.
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ITH NBARLY 3 million referrals to child protective

services and >900 000 children found to be vic-
tims of child maltreatment in the United States in 2001,
abuse continues to have a large impact on the health of
children. Approximately 1300 children died as a result of
abuse in 2001.! Unfortunately, the evaluation and diag-
nosis of child abuse remains uneven.

Although there is no highly specific test or physical
finding thal is pathognomonic for child abuse, in pre-
mabile children, 2 injuries, femur [racture and traumatic
brain injury (TBI). are considered highly suspicious in-
dicators of abuse etfology.? Previous studies have found
that the diagnosis of abuse has been missed in a substan-
tial portion of abused infants with high-risk injuries. 2

The process of suspecting and reporting child abuse is
complex; it depends on both physician and patient fac-
tors. A survey-based study identified increased suspicion
of abuse to be associated with younger children, more
severely injured children, single-parent families, and
poorly educated mothers.? The physician’s age, postgrad-
uate education, and tolerance for discipline have been
shown to affect suspecting and reporting abuse.*? Two
Tecent retrospective chart revicws from single institu-
tions found large variations in the suspicion and diagno-
sis of child abuse in hospiialized children with head
trauma and fractures based on patient [actors, induding
race, age, and injury severity.'"™' These studies were
conducted at children’s spedialty hospitals. We are not
aware of any published study that cvaluated the varia-
tion of diagnosis of child abuse between different hospi-
tal types across the United States.

The study presented in this report used a large na-
tional database of hospital discharge data to cvaluate the
coniribution ol hospital type to the varlation in diagnosis
of child abuse. The investigation focused on patients
with injuries frequendy caused by child abuse, infants
with either [emur fracture or TBI that did not result from
either penetrating trauma or motor-vehide accidents.
Discharge data concerning children hospitalized in the
United Stales were obtained (rom the Healthcare Cost
and Utilization Project {HCUP) Kids' Inpatient Database
1997, published by the Agency for Aealthcare Research
and Quality.”?

METHODS

The<Kids' Inpatient Database 1997 was developed as part
of the Healthcare Cost and Ultilization Project (HCUP) to
facilitate the study of a wide range of pediatric disor-
ders." The data set includes informatien conceming as-
pects of hospilal care and patient outcomes of children
=18 years old from a sample of hospitals acress the
Uniled States in 1997, Pediatric discharges were sampled
from the following 22 states: Arizona, California, Colo-
rado, Connecticut, Florida, Georgla, Hawaii, lowa, Illi-
nois, Kansas, Maryland, Massachusetts, Missouri, New
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Jersey, New York, Oregon, Pennsylvania, South Caro-
lina, Tennessee, Utah, Washington, and Wisconsin.

The sample of discharge information was collected
from 2521 hospitals and included 1.9 million discharge
records. These hospitals incduded general community
hospitals, academic medical centers, and pediatric hos-
pitals. A systematic random sample was drown from
these hospitals consisting of 10% of births and 80% of
other pediatric discharges. Once weighted 1o account for
sampling based on HCUP methodology."? the national
estimates represented >6.5 million discherges. Paticnt-
level data (age, gender, insurance status, diagnosis, and
external cause of injury codes based on International
Classification of Diseases, Ninth Revision, Clinfcal Modification
[ICD-9-CM] codes) and hospiial-level [aciors (1caching
status, National Association of Children’s Hospitals and
Related Institutions [NACHRI] hospital type, and hospi-
1al bed size) were analyzed in this study.

Subjects

From the original data set, we extracted 2253 weighted
cases of patients <1 year old with TBI and femur fracture
{ICD-9-CM codes: 820.00-821.39) (Fig 1). TBI included
all intracranial injury (ICD-9-CM codes: 800.10-800.49,
800.60-800.99, 801.10-801.49. 801.60-801.99. 8¢3.10-
803.49, 803.60-803.99, 804.10—-804.49, B04.60-804.99,
851.00-854.19, and 950.00-953.9). Children were ex-
duded if they were not admiued through the emergency
departinent {to avoid counting hospital wanslers or refer-
rals for specialty care); if they were injured by a motor
vehicle, a gunsho, or 2 knife stabbing; if they did not have
any E code assigned; or if they did not have suffident data
available 1o calculaie an injury severity score (1S5).

Measures
Partients were grouped into 3 mutually exclusive groups
on the basis of the type ol hospital that provided care for
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the patient: (1) a general hosplial; {2) a general hospital
with a children’s unit; or (3) a children’s hospital. The
hospital grouping was assigned by the NACHRI.

The analyzed patient-level factors included age, gen-
der, insurance status, injury type, 155, mechanism of
injury, and disposition, Insurance status was categorized
as government assistance {Medicare, Medicaid, self-pay,
CHAMPUS, and other government insurance) and all
other insurers (BlueCross, commercial, preferred pro-
vider organizations, health maintcnance organizations,
and prepaid health plans). Injury type was initially di-
vided inta femur fracture and TBL. TBI was further di-
vided into 3 mutually exclusive categorics based on the
presence or absence of skull fracture: subdural or epi-
dural hemorrhage with skull fracture (ICD-9-CM codes:
800.20-800.30, 800.70-800.80, and 852.20-852.40).
subdural hemorrhage without skull fracture (ICD-9-CM
codes: 852.20~852.40), and all other intracranial injury.
The ISS was calculated from the ICD-9-CM codes by
using ICDMAP software (Tri-analytics, Inc, Bel Air, MD).
Mechanism of injury was based on 1CD-9 E codes and
divided into 4 murually exclusive groups: child abuse (E
codes: 904.0-904.9 and 967.0-967.9); fall (E codes:
880.0-888.9 and 987.0-987.9); struck—not child abuse
(E codes: 916.0-921.9, 960.0. and 968.1-968.2): and
other. Disposition was divided into routine discharge,
discharge to another health care facility, or other. Race
was nol designated in ncarly one Lhird of the cohort and,
therelore, was not used in the analysis.

Hospital-level factors that were analyzed induded
teaching status, urban/rural status, and hospital bed size.
Designalions for teaching hospitals and urban status
were derived from the American Hospital Association
Annual Survey of Hospitals by the HCUP. Any hospital
with an American Medical Association-approved resi-
dency program was categorized as a teaching institution;
hospitals in a metropolitan statistical arca were consid-
ered urban. Hospilal bed size was grouped by the Agency
for Bealthcare Research and Policy into 3 groups nested
within teaching status and hospita! location {small, me-
dium, and large) as described in the technical documen-
tation available from the agency.

Data Management and Analysis

The cohort was divided according to hospital type. The
rates of child abuse diagnosis for all injury types were
reported within each group. Child abuse diagnasis rates
were compared on the basis of spedfic injury types.
Logistic-regression modeling was used to {urther evalu-
ate the relationship of the diagnosis of child abuse to
hospital type. Child abuse was the response variable, and
hospital type was the explanatory variable. An adjusted
modecl was then created, adjusting for buth patient- and
hospltal-level factors including age, gender, insurance
type. 1SS, injury 1ype, hospital bed size, and hospital
teaching status. Injury type was dlassified into 4 mutu-
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ally exclusive variables: subdural er epidural hemor-
thage without skull Iracture; subdural or epidural hem-
orrhage with skull fracture; [emur [racture without any
subdural/epidural hemorrhage; and the reference group,
which included patients with all other intracranial inju-
ries without femur fractures. The residuals for the 2
continuous variables, age and 1SS, were assessed for
linearity. Age was found 10 have an improved fit with a
quadratic term. The disposition variable was added to
the adjusted model to asscss for bias in transfer at time of
discharge.

To calculate the number of potential child abuse cases
missed in genera) hospitals, a logistic-regression model
was constructed in which child abuse was the responsc
variable and age, gendcr, 158, insurance status, and in-
jury types were explanatory. No hospital-specific factors
werc included in the model. This rnodel was applied only
10 the reference group: patients irealed at children’s
hospitals. A regression equation was created by using the
coelficients produced from this reference model. When
applicd tc the remaining cohort, the equation generated
the probability of being diagnosed with child abuse while
adjusting for the previously mentioned patient faciors
based on the performance of physicians at children’s
hospitals. The actual child abuse status was then sub-
tracted from the predicted status to calculate the discrep-
ancy for each patient in both general hospitals and chil-
dren’s units in general hospitals. The mean discrepancy
rates with 95% confidence iniervals {Cls) were reported
for children seen at general hospitals with and without
children’s units. The total number of patients seen at
cach type of hospital was multiplied by these mean
discrepancy proportions to yield the estimated number
of children who would have been categorized as abused
had they been cared for in a children’s hospital.

RESULTS

The largest group of patients (49%) was admitted to
general hospitals, one lourth was admitted to general
hospitals with children’s units, and the remaining one
fourth was admitted 10 a children's hospital (Table 1).
Children who were treated at children’s hospitals tended
1o be younger, more severely injured. and more likely to
have private health insurance than those cared for at
general hospitals. General hospitals cared for a smaller
proportion of children with TBI but a greater proportion
of lemur fractures than the other 2 hospltal types.

The rate of identification of child abuse diagnosis
varied widely between the hospital types. Child abuse
was identified more often when there was more pediat-
ric specialty care avatlable, Children’s hospitals had the
highest rates of identified child abuse, with the diagnosis
being made more than twice as often as in general
hospitals {29% vs 13%; P < .05): General hospitals with
a children’s unit had more abuse identified than general
hasplials without a children's unit but less than a chil-
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_TABLE1': Patlentand Hospital Characteristics According to Hospital Type

General Children's Unh Children’s
Hosphal In General Haspltal Hospital
Total N {36} 1086 {100) 589{i00) 578(100)
Patient and injury characterisiics
Male &17{57 311 {53) 365(63)
Age, medizn (QR), d* 122(78-260) 137 (61-234) 153 (Fo-247)
Government Inswahce 682 (63) 327(55) 285 (49}
Injury severity, medtan (QA 40(4-5) 90(4-16) 20 (4-13)
Injury type
Sub-/epidural hemorhage with sl racture FATY] 81(14) H\aa
Subdural remorthage without skl fraciure nm 9015) 92{16)
Other intracranial tdury 623 (57} 33%(58) 309{53)
Fernur fracture 315(25) 78013) maag
Mechanism of Injury
Child abuse 13013) 13(19) £70(29)
Fall 744 (69) 392 (67) 344 (60)
Siruck, not child abae 44(13) 91Nmn 41{7)
Other 53(5) a7 2344
Hospital charactesistics
Uiban 946(87) 587 99) 578 (100)
Teaching 583(51) 485 (83) 422(73)
Bed size
Small 209(13) 3(05) 3154
Medium 40137 157 (27) 14124)
Large 476 (44) 429(73) 126 22)

{0 adicates iterquartile range [X5th-75ih percentie).

dren’s hospital, Falls, as a prollered cause of injury,
remained fairly constant between groups, ranging from
60% in children’s housphials 1o 69% In general hospitals
(P < .05).

Nearly all the hospitals in this cohort were in urban
settings. Half of the general hospitals were teaching fa-
cilities, as opposed to nearly three fourths of the chil-
dren's hospiials. Most hospitals were distributed fairly
evenly across the United States. The majority of general
hospitals were reported as large, whereas more than half
of the children’s hospitals were categorized as small.

The proportion of children who were diagnosed with
child abuse varled between hospital types after stratify-
ing by injury (Table 2). Patients with all ypes of intra-
cranial lesions were identified as victims of child abuse
least frequently in general hospitals and most frequently
in children’s haspitals. This pattern persisted with lesions
more suspicious of abuse. In children with a subdurai or
cpidural hemorrhage with skull fractures, ~10% were
identified in general hospitals as abused, and nearly one

third were identified in children’s hospitals as abused.
Infants with subdural hemorrhage without skull frac-
tures were most likely ro be diagnosed as having been
abused. These included nearly one half of the infants
with this condition admitted to general hospitals and
three fourths of infants admitted to chiidren‘s hospitals.
Children with femur [ractures were identified as abuse
victims in a similar pattern as intracranial injury, least
Irequently in general hospitals and most frequently in
children’s hospitals. In all injury groups, gencral hospi-
tals with a children’s unit idenificd abuse more [rc-
quently than general hospitals without a children’s unit
but less [requently than children's hospitals.

A reduced regression model showed that hospital
typc was associated with increased odds of receiving an
abuse diagnosis. Infants admitted to children’s hospitals
bad a 2.7-fold (95% CE 2.t to 3.5} increased odds of
being diagnosed with child abuse compared with infanis
admitted 1o general hospitails. This difference persisted
after controlling for patient and hospital factors {odds

- TABLE 2+ Proportion of Infants Dlagnosed With Child Abuse for Specific Injusies According to Hosplhal

Type
General Hasplta! Childrea’s Hospital
Tota! Cases, Chrild Abuse, Total Cases, Child Abuse,
N (%) N n (%)
Sub-/eptdural with skull fraaure 75 &m n 2508)
Subdural without haciure 7 31 (44) 92 6/{73)
Orher intracrania Injury 613 45(7) 309 41(13)
Femur fracure 315 57(18) nm 437

IATRICS Vi
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I;TABLE 3 Natlonal Estimates for Child Abuse Accarding to Hospital

Type
General Children’s Unitin  Children’s
Hospltal General Hosplial Hosphal
Towal, ¥ 1086 589 S78
Child abuse, n 143 13 170
No. ‘missed” 114 (84-143) 64 (38-89) Redeience
Total predicted abuse, 257 {227 ta 286) 172015010 202) 170
n {35 Cl

ratio [OR]): 2.7; 95% CI: 2.0 to 3.6). Hospital teaching
status did not significantly confound or interact with
hospital rype. Infants admitted to general hospitals with
a children’s unit had increased odds (OR: 1.6; 95% CL
1.2 10 2.2) of receiving a child abuse diagnosis compared
with those at general hospitals withoul a children’s unit,
but this trend was no longer significant ofter adjustment
{OR: 1.3; 95% Cl1: 0.9 to 1.7). When we controlled for
patients who were discharged from the hospial to an-
other fadlity, we found that the OR comparing child
abuse diagnosis in children’s hosplials with that ob-
served in general hosplials increased slightly, from 2.7 to
3.2. There was no change in ORs for general hospitals
with a children’s unit when controlling for transferred
patients.

An estimate was obtained of the number of children
who would have been diagnosed as abused if the rawc of
diagnosis of abuse observed seen at children’s hospitals
was applied 1o all hospitals (Table 3). The ¢ statistic of the
reference model of children diagnosed with abuse at
children’s hospitals was 0.851. The mean discrepancy for
children not diagnosed as abused at general hospiials
without children’s units was —10.5% {95% CI: =13.2t0
—7.8). showing that an additional 10.5% (114) of these
children had characteristics similar to the abused chil-
dren seen at children’s hospitals. The tatal number of
children diagnosed with abuse at general hospitals with-
out a children’s unit would be 257 (23.6%). General
hospitals with a children’s unit had a mean discrepancy
rate of ~10.8% (95% CI: —15.1 10 —6.5), yielding an
additional 64 abuse cases. The total number of missed
cases of abuse with these 2 specific injury types was 178,
which corresponds to nearly 40% of all toral cases of
abuse among infants under 1 year of age with these 2

specific injury types.

DISCUSSION

In this population-based study of 2253 weighted cases of
infants who were hospitalized with ejther a femur frac-
ture or TBI, we explored the proportion of patients di-
agnoscd with child abuse atong different hospital types.
Infants seen in children’s hospitals tended to be younger.
were more severely injured, and were more likely to be
covered by private insurance than children who were
cared for at general hospitals. Infants admitted to general
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hospitals {or severe injuries were diagnosed as abused
only half as [requently as those admitted 10 children’s
specialty hospltals. This.pattern persisted even lor the
injury most frequently diagnosed as abuse-related: sub-
dural hemarrhage without skull fracture. Using the prac-
tice pattern of children’s hospitals as the reference
group, an addittonal 178 cases of abuse would have becn
diagnosed across the United States in 1997 in this cohort
of severely injured infants with these 2 spedific injury
patiemns.

Our study found a large variation in the frequency of
diagnaosis of abuse based on NACHRI hospital type. Hos-
pitals that focused exclusively on pediatric paticnts were
more likely to detect and report child abuse: this discrep-
ancy was not explained by the patient’s age, injury se-
verity, or insurance stawus. This pattern was noted in all
injury parterns evaluated. There are several potential
explanations fer this difference. It is possible that injured
children were preferentially evaluated and admitted to
children’s hospitals simply because they were suspected
to have been abused. Additionally, more severely in-
jured children may be prefereniially evaluated for abuse
in children’s hospitals because: children’s haspitals care
far more severely injured children than general hospi-
tals. ICD-9 E codes may not be an accurate method of
determining population-based estimates {or any diagno-
sis or condition..To help reduce these biascs, we ex-
duded all patienis who were transferred between [ad)-
itics, thereby reducing the possibility that more complex
cases would be cared for at spedialiy centers. We also
controlled for patients who were discharged {rom the
haspital to another facllity and did not find considerable
changes in the ORs of the final model. Although chil-
dren's hospitals cared for more severely injured children
(as measured by the abbreviated injury score), the dis-
acpancy in frequency of diagnosis of abuse remained
after injury severity was accounted for in the statistical
analysis. Nonchildren’s hospitals had & lower rate of B
coding and therefore had a higher praportion of cases
excluded from the study. )

The definitive diagnosis of child abusce is difficult to
ascentain; this study used the clinical diagnosis of child
abuse as defined by cach pariicipaiing institmion. This
dinical diagnosis may well be incorrect, and this study
may be subject to misclassification bias in that non-
abused patients may have been categorized as abused
and wuly abused patients may never have beep consid-
ered to be abuse victims. Previous studies have identified
a tendency to underdiagnose child abuse#; therefore, it
may be reasonable to assume that more abuscd patients
were misclassified as not abused than nonabused pa-
tients were labeled as abused. It is encouraging 10 note
that previous studies suggest that the true rate of child
abuse more closcly approximates the rate detected at
children’s hospilals. Hettler and Greenes" found that
30% of children 0 to 3 years old with acute traumatic
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intracranial injury were victims of abusc. Reece and
Sege? described 50% of subdural hemorrhages resulting
from abuse, and Billmire and Myers' reported that 92%
of intracranial bleeds without skull fractures in children
under 1 year of age werc the result of abuse. Femur
fractures have also been described 10 be the result of
abuse in rates similar to that of children’s hospltals 136
The most likely explanation for the observed difference
in the likellhood of reaching a diagnosis of child zbuse
scems to be a systematic underdiagnosis of child abuse at
gencral hospitas. '

Scveral smdies have highlighted the danger of miss-
ing an abusive e¢tiology among injured children. Child
abuse is often a chronic condition that recurs until the
victim and perpetrator are no longer in contact. One of
the late cardinal signs of abuse is multiple wounds or
fractures in various stages of healing. Several case series
of child abuse show thal 18% to 80% of abused children
show some signs of prior abuse.*"'* These abused chil-
dren most likely saw a physidan at some point before
receiving the disgnosis of abuse but were not diagnosed
apprapriately. Jenny et al® reported that 31% of abused
patients admitted with acute head injuries had been
recently evaluated by physicians for complaints consts-
tent with acute head injury and were incorreatly diag-
nosed. The most common erroneous diagnoses were
viral gastroenteritis followed by accidental head injury
and ruled-out sepsis.

Dalion et al* reported that in a cohort of children <3
years old with femur fractures, 20% of the fractures
resulting from abuse were diagnosed at a later date, well
after the initlal hospitalization. Other case reports of
misdiagnosed child abuse have been published. 2

Although the process of identifying and reporting
suspected child abuse Is complex, recent reports have
highlighted the importance of spedific continuing med-
ical education. In a cohort of primary care pediatricians.
Flaherty et al’ idenuified both padent and physician fac-
tors that are assodiated with increased frequency of sus-
pecting abuse as a mechanism of injury. The only prac-
livioner-level lactor associated with increased [requency
of suspicion of abuse was recent physician education
about child abuse. In another report, Flaheny et al?
described a 10-fuld increase in physicians reporting child
abuse when they had been exposed to abuse-specific
continuing ncdical education. A study of military phy-
sicians showed that, although pediatricians had a similar
amount of child maitreatment training in residency to
emergency physicians, pediatricians reported a signifi-
<cantly greater amount of continuing medical education
In abuse than other spedialties after residency.® The only
factor associated with increased reporting of child abuse
in that cohort was the presence of postgraduate abuse
training. If this pauern were true among civilian doctars,
one might reasonably suppose thai vne factor in the
underdiagnasis of child abuse in general hospitals might

be the result of Jower levels of abuse-spedific continuing
medical education,

The quantitative burden of the underdiagnosis of
child abuse is likely 10 be substantial, because the ma-
jority of children are cared for at gencral hospitals with
or without pediatric units. Even among this cohort of
severely injured infants, general hospitals cared for the
largest proportion of patients. Hospital emergency de-
paniments are complex environments and are likely to
require quality-improvement programs to ensure that
not only are dinical stall trained in the recognition of
abuse but also that systems are in place to suppon the
idendfication, medical and sodal evaluation, and man-
agement of abused infants. _
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TROKEL, et a!

FAILURES OF EMERGENCY RELIEF

"Following the Aslan tsunami on 26 December 2004 in which 224,000 pcople

died, 2005 has been a bad year for the poorest and most vulnerable and

espedially those living in areas of armed conflicts. Two recent reports contain

a number of valuable suggesdons for the better management of global emer-

genctes.'? Oxlam's statement {18 October 2003) presents an outstanding

response 10 the problem.' It covers many issues, perhaps the most important
being the role of existing extreme poverty in compounding the clfects of
naturai events, This view is also echoed by Jan Egeland, the EBmergency Relief

Coordinator for the United Natiuns (UN), as fallows: T wenty million lives are

at risk in forgotten and ncglected crises in Western, Central, Eastem and

Southern Africa. These are the silent tsunamis of our time.” Poverty preven-

lion is the kcy, with one study showing that a disaster in a country with a

high level of developmen kills an average of 44 peaple compared with 300 in

a pootly developed country.* This reality is placed in perspective by the latest

carthquake in Pakistan where the Government is unable to spend more than

1% of its gross domesiic product (GDP) on health because it uses between

75% and 80% to rcpay debt and service defense.”

1. Oxfam. Governments have Iefled to effectively respond to year of disasters [press 1e-
leasc|. Boston, MA: Oxfam; Ociober 18, 2005. Avallabie at: www.axfam.org.uk/press/
rcleases/disasters181003.him. Accessed October 26, 2005

2. United Natlons. UN emergency retief coordmator outiines plan 10 speed ald to displaced
persons. New York, NY: United Nauons; Ociober 4, 2005, Availzble av: www.un.org/
apps/news/siory.asp?NewsID=160836cr=rcfugcECri=relugeCR=. Accessed 26 Octo-
ber 2005.

3. The Untlted Nations Office for the Coordination of Humanitartan Affairs. Avallable ai:

www.achaonline.un.org, Accessed October 26, 2005
- Internatiunal Federation of Red Cross and Red Crescent Sacieues. World Disasters Report.
Geneva, Swirzertand: IFRC, 2005:164

a
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1324 ERRATA

original paper by Frace et al. The newer codes will be part of a publication
that will be authored by Dr Simon Hambidge and colleagues. The authors
apologize for any Inconvenience this may have caused the readers or Dr
Hambidge and his enlleagues in the VSD studies,

ol 10.1542/peds 2006-2006

Trokel M, Waddimba A, Griffith J, Sege R. Variation in the
Diagnasis of Child Abuse in Severely Injured Infants. PEDIATRICS
2006:117:722-728.

An error appeared In the article by Trokel et al, titled *Variadon in the
Diagnosis of Child Abuse in Severely Injured Infants” published in the March
2006 issue of Pediatrics (doi:10.1542/peds.2004-2731). The name of the
author Anthony Waddimba was misspelled. The error has been corrected
online.

dak:10.1542/peds 2006-2017

Section on Ophthalmology, American Academy of Pediatrics;
American Academy of Ophthaimology; American Association for
Pediatrics Ophthalmology and Strabismus. Screening Bxamination
of Premature Infants for Retinopathy of Prematurity.
PEDIATRICS 2006;117:572-576.

An error appeared in the Policy Statement by Section on Ophthalmology.
American Academy of Pediatrics; American Academy of Ophthalmology;
and American Association for Pediatric Ophthaimology and Strabismus,
titled “Screening Examination of Premature Infants for Retinopathy of Pre-
maturity” that was published in the February 2006 issue of Pediatries (doi:
10.1542/peds.2005-2749), On page 573. Recommendation 1 states: “Infants
with a birth weight of less than 1500 g or gestational age of 32 weeks or Jess
(as defined by the attending neonatologist) and selected infants with a birth
weight between 1500 and 2000 g or gestational age of more than 32 weeks
with an unstable clinical course, inciuding those requiring cardiorespiratory
support and who are believed by their attending pediatrician or neonatolo-
gist to be at high risk, should have retinal screening examinations performed
after puptllary dilation using binocular indirect ophthalmoscopy to detect
ROP.” The gestational age criterion should be 30 weeks, rather than 32
weeks, so that the corrected recommendation should read “Infants with a
birth weight of less than 1500 g or gestational age of 30 weeks or less (as
defined by the atiending neonatologist) and selected infants with a birth
weight between 1500 and 2000 g or gestational age of more than 30 weeks
with an unstable clinical course, induding those requiring cardjorespiratory
support and who are belicved by their attending pediatrician or neonatolo-
gist to be at high risk, should have retinal screening examinations performed
after pupillary dilatiuon using binocular indirect ophthalmoscopy to deteat
ROP.”

dlat:10.1542/peds.2005-1162
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