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Pathology

• Cortical laminar
necrosis

• Watershed zones

• Basal ganglia

• Pyramidal layers
Hippocampus

• Purkinje cells
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Purkinje and Cortical Cell Loss
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Prognostication
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Utstein Survival Report

Cardiac etiology
31,689

McNally et al: CDC Surveillance Summaries 60(SS08), July 29, 2011

Witnessed arrest (bystanders)
11,627

Unwitnessed arrest
16,689

Witnessed by 911 responders
3,367
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Utstein Survival Report

Cardiac etiology
31,689

McNally et al: CDC Surveillance Summaries 60(SS08), July 29, 2011

Witnessed arrest (bystanders)
11,627

Initial rhythm VF/VT/unknown shockable
4,244

ROSC in field = 2,377
No ROSC = 1,866

Missing = 1

Admitted to hospital
2,089

Discharged alive
1,278

Neurologic status
CPC 1 or 2 = 1,022
CPC 3 or 4 = 148
Unknown = 108

Initial rhythm asystole
3,659

ROSC in field = 1,219
No ROSC = 2,440

Admitted to hospital
841

Discharged alive
144

Neurologic status
CPC 1 or 2 = 61
CPC 3 or 4 = 53
Unknown = 30

Other initial rhythm
3,714

ROSC in field = 1,626
No ROSC = 2,087

Missing = 1

Admitted to hospital
1,207

Discharged alive
340

Neurologic status
CPC 1 or 2 = 206
CPC 3 or 4 = 88
Unknown = 46
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Clinical Features

• Best motor response

• Eye findings

• Myoclonus
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Pain Stimuli
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Following commands

Localizing

Withdrawal

Abnormal flexion

Extensor response

No response
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Normal pupil size

Mydriasis (anxiety, delirium, pain,
seizures, atropine, dopamine)

Oculomotor palsy from acute
intracranial mass

Midposition pupils: Brain death;
diencephalic herniation
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Eye Findings

Feature

• Ocular dipping

• Ocular bobbing

• Upward gaze

• Periodic Lateral gaze

• Ping-pong

Pathology

• Diffuse cortex, thalamus

• Pons, cerebellum

• Nonlocalizing

• Nonlocalizing, diffuse
cortex

• Nonlocalizing, diffuse
cortex
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Dipping
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Periodic Alternating
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Sustained Upward Gaze in
Postresuscitation Coma

Keane et al, 1981

• Not epileptic phenomenon
• 2 weeks-2 months
• Often with myoclonus
• Outcome invariably poor

• Vegetative state – death
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Post arrest myoclonic status

• Cardiac arrest

• Gone within a few days

• Severe brain damage
on physical exam and
ancillary tests

• Electroencephalogram
often with burst
suppression

• Hopeless condition

Posthypoxic action myoclonus

• Usually after respiratory
arrest

• Persists

• No evidence of severe
brain damage on physical
exam and ancillary tests

• Electroencephalogram
often diffuse slowing

• Good cognitive recovery
but ataxia
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Myoclonus Status Epilepticus

• Agonal phenomenon
• Rapid, brief, jerks
• Face, limbs, diaphragm
• Sound and touch sensitive
• Disappears in 1-2 days
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107 Comatose Survivors of
Cardiac Arrest
Myoclonus status (n=40) No myoclonus status (n=67)

Feature No % No. %

EEG findings

Burst suppression 33 83 5 7

Polyspike waves 3 8 2 3

PLEDs 0 – 4 6

Alpha coma 3 8 2 3

Diffuse slowing 1 3 44 66

CT scan

Cerebral infarcts 6 41 1 10

Cerebral edema 6 41 3 10

Normal 17 – 38 –

Outcome

Awakened 0 – 20 30

Poor outcome or death 40 100 52 78

Good outcome 0 – 15 22
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Outcome of Myoclonic Status Epilepticus
in Survivors of Cardiac Arrest

Reference
Pt

(no.)

Surviving to
hospital dismissal

(no.)

Celesia et al 13 1

Krumholtz et al 19 0

Jumao-as and Brenner 15 0

Wijdicks et al 40 0

Young et al 18 0

Thomke et al 50 0

Total 155 2 (1%)
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Laboratory Tests

• EEG

• SSEP

• CT/MR

• Biomarkers
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Classification for Electroencephalographic
Findings After Resuscitation from Cardiac Arrest

EEG Grade Finding

I Normal alpha with theta-delta activity

II Dominant theta-delta activity with detectable
normal alpha

III Dominant theta-delta activity without detectable
normal alpha

IV

(A) Low-voltage delta, possible with short
isoelectric intervals (burst suppression)

(B) Dominant, monomorphic nonreactive alpha
activity (alpha coma)

(C) Periodic generalized phenomena (eg, spikes,
sharp waves, slow waves with very low
background activity)

V Suppressed to isoelectric electroencephalogram
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Literature Review of Electroencephalographic
Findings After Resuscitation from Cardiac Arrest

EEG
grade No. (%) 95% CI No. (%) 95% CI No. (%) 95% CI

I 48 (79) 66-81 6 (10) 4-20 7 (11) 5-22

II 45 (51) 40-62 11 (13) 6-21 32 (36) 26-47

III 11 (27) 14-43 3 (7) 2-20 27 (66) 49-81

IV 0 (0) 0-3 3 (2) 0.5-6 135 (98) 94-100

V 0 (0) 0-5 0 (0) 0-5 70 (100) 95-100

Full recovery
Survival with

neurological sequela Death
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?áSSEP in Postanoxic Coma”
Stim: Right median Stim: Left median
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Patients with
hypoxic-ischemic coma

(n=1,136)

SEP absent
(n=336)

0% awaken
(95% CI 0-1%)

SEP preserved
(n=800)

41% awaken
(95% CI 37-44%)

SEP abnormal
(n=310)

22% awaken
(95% CI 17-26%)

SEP normal
(n=491)

52% awaken
(95% CI 48-56%)
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MRI Studies After CPR

• Small series (<100 patients)
• Widespread areas of reduced

diffusion in the cortex >48 hours
predicts poor outcome

• Not validated in patients with
hypothermia

• Repeatedly normal MRI may be
associated with poor outcome
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Studies of Serum Neuron-Specific Enolase
to Predict Unfavorable Outcome After

Cardiac Arrest

Ref

In-
hospital
CPR

NSE
sampling
time (hr)

Favorable
outcome

(no.)

Unfavorable
outcome

(no.)

Cut-off
value

(ng/mL)

Sensi-
tivity
(%)

Specif-
icity
(%)

[26] No 24 45 20 >17 40 98

[23] Not
specified 24 27 35 >20 51 89

[12] No 72 18 25 >33 65 100

[24] No 72 28 24 >16.4 70 100

[25] Yes/Noa 48 34 76 >25 59 100

[13] Yes/Nob 72 28 69 >65 50 96

[27] Yes/Noc 24 51d 356d >33 44 100
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Poor
outcome

Poor
outcome

Brain Death
testing

Coma

absent N20 responses*
Yes

Myoclonus
Status Epilepticus

Yes

No brain stem reflexes
at any time

(pupil, cornea, oculocephalic,
cough)

Yes

Exclude major confounders

No

Indeterminate outcome

Absent pupil or corneal
reflexes; extensor or absent

motor response

Poor
outcome

Yes

FPR
0%

(0-8.8)

FPR
0.7%

(0-3.7)

FPR
0%

(0-3)

Or

Or

Or

Poor
outcome

Yes FPR
0%

(0-3)
Serum NSE >33 µg/L*

Or

Day 1

SSEP
Day 1-3

Day 1-3

Day 3
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Comatose CPR
Day 1

%
Myoclonus status epilepticus 20
Abnormal SSEP 30
Abnormal NSE 20
Poor outcome 50

Day 3 %
Abnormal SSEP 10
Abnormal brain stem 10
Poor outcome 20
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Improving Outcome
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1-Year Cumulative Survival in Patients with
Cardiac Arrest Who Remained Comatose
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Hypothermia Definitions

• Mild 33-36oC

• Moderate 28-32oC

• Deep less than 28oC
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Induced Hypothermia and CPR
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Time to Cooling Matters

Crit Care Med 34:1865, 2006
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Circulation 123:877, 2011

1,145 pt admitted
survivors of OHCA

708 pt (62%)
VF / pulseless VT

Hypothermia
group

457 pt (65%)

No hypothermia
group

251 pt (35%)

Hypothermia
group

261 pt (60%)

No hypothermia
group

176 pt (40%)

437 pt (38%)
Asystole / PEA

Good outcome
201 pt (44%)

Good outcome
73 pt (29%)

Good outcome
38 pt (15%)

Good outcome
30 pt (17%)

P<0.001 P=0.48
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Therapeutic Hypothermia for All
Patients?

• Data from 3 randomized controlled trials showed
improvement neurologic outcome and survival at
discharge

• Groups of patients with non-VF/VT as first cardiac
rhythm did not show a statistically significant benefit

• Patients with a non-cardiac cause did not show a
statistically significant benefit

• Patients with in-hospital cardiac arrest did not show a
statistically significant benefit

• Patients with OHCA with VF/VT rhythms accounted for
significant improvement in survival

Holzer AJ et al: The Cochrane Library: Issue 8, 2010
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Target Temperature Management 33°C vs
36°C After Out-of-Hospital Cardiac Arrest

Scandinavian Critical Care Trials Group,
Copenhagen Trial Unit, Copenhagen
Denmark; Lund University, Lund Sweden
(Clinical Trials NCT01020916)

“The accrued evidence is inconclusive and
associated with risks of systematic error,
design error and random error”
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Lingering concerns
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Estimates in Clearance Change in Drugs
Used in Hypothermia for Cardiac Arrest

Percent per
1°C decrease

Midazolam 11

Remifentanil 6.3

Vecuronium 11.3

Fentanyl 6

Propofol 8
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Prognostication after TH not perfect

• Myoclonus status FPR 3%
• Absent motor FPR 24%
• More than one BSR absent FPR 4%
• Unreactive EEG FPR 7%
• Absent SSEP FFR 0%
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Prognostic Factors

• Absent N20 SSEP (during or after TH)

• NSE may be useless

• Absent pupils and corneal reflexes

• Non reactive EEG after rewarming

• Seizures during hypothermia

• Myoclonus and status epilepticus
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Summary

• TH may improve outcome in some
patients

• Still enormous devastation and mortality

• Prognostication after TH is very difficult
due to confounders

• Better understanding pharmacokinetics
is needed

New Challenges for the Neurologist !
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