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Outline

® Case presentation

* Review of hypoxia literature

* Review oflysphagiaterature

* Review of neck injury literature
# Closing remarks
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Overview

* Very complicatedeurcanatomy/histology
= Will keep as clinically focused as possible

= Will liberally use literature
« Any guotes are taken from the referenced paper
« My opinion will specifically denoted

* My bias
« Skeptical but the data are incomplete



Goal

#* You will have a better understanding and
appreciation of the debate over the role of
hypoxia as a mimic of AHT

= You will be able to apply what you hear to
your clinical situation

“«/ .e. owhat role does h
# Not trying to convert you
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Infant Acute Life-Threatening
Event—Dysphagic Choking Versus Nonaccidental Injury

Patrick D. Barnes, MD.* John Galaznik, MD." Horace Gardner, MD,* and Mark Shuman, MD?

A 4-month-old male infant presented to the emergency room with a history of choking while
bottle feeding at home, and was found by emergency medical services (EMS) to be apneic
and pulseless. He subsequently developed disseminated intravascular coagulopathy and
died. Computed tomography (CT) and magnetic resonance imaging (MRID showed subdural
hemorrhages (SDHs), subarachnoid hemorrhage (SAH), and retinal hemorrhages (RHs),
along with findings of hypoxic-ischemic encephalopathy (HIE). The caretaker account
appeared to be inconsistent with the clinical and imaging features, and a diagnosis of
nonaccidental injury with “shaken baby syndrome” was made. The autopsy revealed diffuse
anoxic central nervous system (CNS) changes with marked edema, SAH, and SDH, but no
evidence of “CNS trauma”. Although NAI could not be ruled out, the autopsy findings
provided further evidence that the child’s injury could result from a dysphagic choking type
of acute life threatening event (ALTE) as consistently described by the caretaker.

Semin Pediatr Neurol 17:7-12 © 2010 Elsevier Inc. All rights reserved.

Barnes et al. Sem Ped Neuro 2010




Case Information

# 4.5 month old male infant

* Fed on bottle, propped on chest

® Father left room then returned

# Baby blue and chocking

# Attempted airway clearing then back blows
“Bl ew 1 nto mouth, o0sa
“oPumped on chesto th

Barnes et al. Sem Ped Neuro 2010



Case Information

#* Ran next door to seek help
® EMS arrived, baby apneic and pulseless

® Resuscitation successful
« Pulseless for 30minutes
« Hypoxic for >40 minutes

® Transported to ED

Barnes et al. Sem Ped Neuro 2010



Case Information

* Profoundcoagulopathyhypothermic

®pH 6.726, BE27.9

# Bulgindfontanelleno external trauma noted
®* Neurologically devastated

# Bilateral RH (4 hrs)
« extensive bilateral RH and retinal elevation (16 hi

#= Died at 66 hours

Barnes et al. Sem Ped Neuro 2010



Case Imaging

® Skeletal Survey

«0The skeletal sur
guestion of somerighti ded r |

= Initlal CT
«Obi | at er al cerebr al e d

convexityjnterhemispherj@ndperitentorial
SAH and SDHO
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Barnes et al. Sem Ped Neuro 2010
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Case Imaging

® Followup CT (12 hours)

sOprogression of the <ce
SAH/SDH plus increased ocular hemorrhages
with bl ood | evel so

Barnes et al. Sem Ped Neuro 2010
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Case Imaging

# Initial brain and orbit MRI (19 hours)

«0 mar k e d cerebdallambdrcervical spinal
cord edema and restricted diffusion consistent
with HIE andtonsilamerniatiod

«0BiI | ater al ocul ar hema
were seen along with retinal detachments and
retro-ocular perioptice d e ma . 0

Barnes et al. Sem Ped Neuro 2010
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Autopsy Findings

# 0 F r postdrolaterdiactures of the right
5th and 6th ribs were demonstrated about 2
Inches In lateral to tlokestochondral
junctions. O

®ONoOo neck 1T njury was
®ONo autopsy was done

Barnes et al. Sem Ped Neuro 2010



Autopsy Findings

=obi |l ateral small SDH
uppersagittaportions of the cerebral
hemispheres plus thin layers of SDH over the
right and left middle cranfaksae 0

®*0SAH was al so presen
Interhemispherissure, the upper portion of
the cerebral convexities, and alongyhaan
f1l ssureso

Barnes et al. Sem Ped Neuro 2010
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Barnes et al. Sem Ped Neuro 2010
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(An Aside)

® Autopsy
«+0The eyes were brown;
and equal and the sclera were pale. There was |

petechia of the conjunctiva. Ophthalmological
examination was done W

Personal Communication
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(An Aside)

# Hospital Consult

«0BI | ater al reti nal det
sub ILM macular hemorrhages, numerous
Intraretinahemorrhages, and rigigramacular
fol d. o

« 360 retinal detachment
« No normal retina noted In either eye

Personal Communication
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Case Interpretation

The gross and microscopic examination in this case showed
only ‘the effects of severe HIE, venous hypertension (HTN),
and coagulopathy.-*° This is consistent with the history ni'
infantile d‘f‘%ph&ﬂlc chnlxmg as consistently provided by the
caretaker.

Geddes JF, Vowles GH, Hackshaw AK: Neuropathology of inflicted head
injury in children. L. Patterns of brain damage. Brain 124:1200-1208, 2001
Geddes JF, Vowles GH, Hackshaw AK: Neuropathology of inflicted

head injury in children. II. Microscopic brain injury in infants. Brain
124:1209-1306, 2001

Geddes JF, Tasker RC, Hackshaw AK, et al: Dural haemorrhage in
non-traumatic infant dcathw Does it explain the b _.lftf'-'-ding in shaken

baby syndrome? Neuropathol Appl Neurobiol 29:14-22
Barnes et al. Sem Ped Neuro 2010



=—| Tue University of TEXAS

'(‘ )' HeavrH ScieNnce CENTER

B AT HoustOoN

Case Interpretation

There was no evidence of “primary” traumatic in-
jury (ie, contusion or shear injury). There was neither any
traumatic neck or spinal cord injury nor any evidence of trau-
matic scalp or skull injury. Such injury would be expected to

produce central apnea, not obstructive apnea. The only evi-
dence of traumatic injury were the acute unilateral rib fractures
that could certainly be related to the multiple CPR attempits.

Barnes et al. Sem Ped Neuro 2010
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Case Interpretation

Geddes et al suggest that addi-
tional factors, such as venous and arterial HTN may exacer-
bate hemorrhage in the ischemic, swollen brain with in-
creased ICP.*° They propose both increased oozing from
hypoxic veins in the setting of venous HITN secondary to
severe edema, and increased hemorrhage from episodic or
sustained arterial HTN (eg, with reperfusion) that may occur
as a part of Cushing’s triad or be neurogenic in origin.

Geddes JF, Vowles GH, Hackshaw AK: Neuropathology of inflicted head
injury in children. L. Patterns of brain damage. Brain 124:1200-1208, 2001
Geddes JF, Vowles GH, Hackshaw AK: Neuropathology of inflicted

head injury in children. II. Microscopic brain injury in infants. Brain
124:1299-1306, 2001
Geddes JF, Tasker RC, Hackshaw AK, et al: Dural haemorrhage in

non-traumatic infant deaths: Does it explain the bleeding in shaken
7

baby syndrome? Neuropathol Appl Neurobiol 29:14-22, 2003
Barnes et al. Sem Ped Neuro 2010
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Case Interpretation

Typically, the coughing, gagging, and retching responses are
self-limited when the offending stimulus is removed. When

paroxysmal and sustained, such responses may result in severe
13-21

injury or death, as may be classically seen with pertussis.

Barnes et al. Sem Ped Neuro 2010
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Case Interpretation

Addi-
tionally, choking, vomiting, or paroxysmal coughing (eg,
pertussis) may also result in SDH and RH. !’

Geddes ], Talbert D: Paroxysmal coughing, subdural and retinal bleed-
ing: A computer modeling approach. Neuropathol Appl Neurobiol

Barnes et al. Sem Ped Neuro 2010



Aut hor o0s Con«

® Infant suffered acutdysphagiéchoking) and
this alone was the cause of the death

# Two proposed mechanisms (not exclusive)
« Dysphagi@ausing increased venous pressure
« Choking causing hypoxia make it worse
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Geddes et al.

#® Two main themes
+Hypoxi a (0Geddes I,
« DysphagidGeddes and Talbert)
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Brain (2001), 124, 1290-1298

Neuropathology of inflicted head injury in children

I. Patterns of brain damage
J. F. Geddes,! A. K. Hackshaw.,? G. H. Vowles,! C. D. Nickols! and H. L. Whitwell3

Departments of 'Histopathology and Morbid Anatomy and Correspondence to: Dr J. F. Geddes, Department of
*Environmental and Preventative Medicine, Queen Mary, Histopathology and Morbid Anatomy, Royal London
University of London and *Department of Forensic Hospital, Whitechapel, London EIl BB, UK
Pathology, University of Sheffield, UK E-mail: j.f.geddes@mds.qmw.ac.uk




Methodology

#5 3 oedacarhehted cases of inflicted head
I nj uryo
« Confession by perpetrator (7)

« Criminal conviction of neaccidental head injury with
extracraniahjuries (19)

« Head injury witlextracraniahjuries but no conviction
)

« Criminal conviction withowxtracraniahjuries (12)

« Discrepancy between injury and history provided (7

Geddes |



Methodology

#5 3 oedacarhehted cases of inflicted head
i njuryo 38/53 or 72%
« Confession by perpetrator (7)

« Criminal conviction of neaccidental head injury with
extracraniahjuries (19)

Ll

« Criminal conviction withowxtracraniahjuries (12)

Ll

Geddes |



Methodolgy

®= All records were reviewed
« Clinical and legal

# Brains systematically sampled
# Stained (H&EAAPP, and others)

Geddes |
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Results

Table 1 Summary information on 53 NAI cases

Factor All [Infants Children
cases (<I year) (=1 year)

Sex (number) Male p. I8 9
Female 2€ 19 7

Age at head injury Number ' 37 16
(days) Median |2 73 630
Mean 34 97 925

Range 20-2920 | 20-273 388-2920

Survival (days) Number 49% 37
Median I
Mean 2 27.7
Range 0-695 0-695

*Accurate survival times were not available for four cases.

Geddes |



Macroscopic Results

#51% (27/53) had significamttracranial
Injuries
« 10 rib or clavicle fractures
« 4 with long bone fractures
« 6 abdominal injuries
« 7 with burns or bruises

Geddes |



Macroscopic Results

#:85% (45/53) had significant signs of impact
Injuries to head
« 19/53 with skull fractures
#81% (43/53) had SDH
« 38/53 were acute
«34 of the SDH were tr.

®47% (25/53) had SAH
« All 25 had SDH as well

Geddes |



Microscopic Results

®71% (27/38) had RH
« 26/27 were bilatera
« All with RH had SDH
« Not all had eye examination

Geddes |



Microscopic Results

® Three types of axon damage studied
« vascularschemic axonal injury
« focal traumatic axonal injury (TAI)
« diffuse (traumatic) axonal injury (DAI)

“Most common finding I
hypoxiaic schemi ad (84% 1 n-
«0a geographi-mattprat t er n

Immunoreactivitywhich was usually widespread an
rel ated to vessels. o

Geddes |



Microscopic Results

*6% (3/53) had Diffuse Axonal Injury (DAI)
« 2 Infants and an 8 year old

®42% (22/53) had Focal TAI
« 11 Central white matter (5 infants)
« 11 Craniocervicdlll infants)
+ 8 In brainstem
« 3 In cervical cord roots

Geddes |
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Results

Table 2 Principal details of all 53 NAI cases, comparing findings in infants with those in children

Factor All % Infants » Children Relative P-value~
cases (<1 year) (=1 year) risk
(number) (number) (number)

Clinical
Apnoea or respiratory systems 0 37(19) 22(8) 69 (11) 1.00

General autopsy

Significant extracranial injury 9 (22) 25 (4 1.00
Yes 1 (27) 5 (12)° 0.54

Earlier injury No 5 ) (10) 1.00
Any 32 (16) 33(12) 28 (4) 1.17
Head 20(10) 9(7) 21 (3) 0.98
Body ) 7(1) -
Both ) ) 0 (0) -

Subscalp bruising No } 27 (10) 1.00
Yes ' 3(27) 100 (16) 0.63

Geddes |
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Apno C iratory symptoms
e S | I S General autopsy
significant ext anial injury

Earlier injury (any)

bdural haemorrhage (any)
Subdural haemorrhage (old)

Subdural haemarrhage (thin film}

Subarachnoid haemorrhage (old)
Subarachnoid haemorrhage (new)

Intracerebral haemorrhage

omal imjury

tic axonal injury:
» matter

Diftuse axonal injury

Retinal bleading

Geddes |



Discussion

® Authors report concern about the accuracy o
their case designation.

Geddes |
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Discussion

we are aware that the 12 cases in one category (where a
conviction was obtained, in the absence of extracranial
injuries), might conceivably include cases that were not in
fact NAI even though they had the pathology widely taken

to be pathognomonic or at least ‘highly suggestive’ of child
abuse. Lack of firm objective grounds for concluding that
cases were NAI 1s another drawback of many series in the
literature, including clinical and forensic series.

Geddes |
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Brain (2001), 124, 1299-1306

Neuropathology of inflicted head injury in children

II. Microscopic brain injury in infants
J. E. Geddes.! G. H. Vowles,! A. K. Hackshaw.? C. D. Nickols.! I. S. Scott? and H. L. Whitwell*

Departments of 'Histopathology and Morbid Anatomy and Correspondence to: Dr J. F. Geddes, Department of
2Environmental and Preventative Medicine, Queen Mary, Histopathology and Morbid Anatomy, Royal London
University of London, 3[)&’;)(:'1;‘1‘:71{?;” of Histopathology, Hospital, Whitechapel, London EI IBB, UK
Addenbrooke’s Hospital, Cambridge and *Department of E-mail: j.f.geddes@mds.qmw.ac.uk

Forensic Pathology, University of Sheffield, UK

# 37 Infants from Geddes |

#* 14 additional infants as control
« 7 SIDS, 5 RTI, perinatahsphyxia, 1 AGE



Methodology

# Histologicsampling
#® Staining witAPP and CD68 and others

Geddes Il



Results

#68% (25/37) cases we¥ePP (+)
*l ncluding 11/ 14 who WwEe
«13/ 25 were ol argely va

« 5 had injury to only corpgallosunor central
white matter

« 2 had DAI
« 8 AAPP (+) localized toorticospinabundles

®14% (2/14) control s

Geddes Il
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Results

®78% (29/37) cases had widespread neuronal
hypoxia

«/ ncluding 8 were o0of oun

Geddes Il
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