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Pathology

e Cortical laminar
Necrosis

e \Watershed zones
e Basal ganglia

e Pyramidal layers
Hippocampus

e Purkinje cells
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Prognostication
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Utstein Survival Report

Cardiac etiology

l 31,:89 l

Unwitnessed arrest Witnessed arrest (bystanders) Witnessed by 911 responders
16,689 11,627 3,367

MAYO McNally et al: CDC Surveillance Summaries 60(SS08), July 29, 2011
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Utstein Survival Report

Cardiac etiology
31,689

v

Witnessed arrest (bystanders)

l

11,627

. J

v

l

Initial rhythm asystole
3,659
ROSC in field = 1,219
No ROSC = 2,440

rlnitial rhythm VF/VT/unknown shockable\
4,244
ROSC in field = 2,377
No ROSC = 1,866
Missing =1

Other initial rhythm
3,714
ROSC in field = 1,626
No ROSC = 2,087
Missing =1

v

¥

v

Admitted to hospital
841

Admitted to hospital
2,089

Admitted to hospital
1,207

v

]

v

Discharged alive
144

Discharged alive
1,278

Discharged alive
340

v

v

v

.

Neurologic status
CPC1lor2=61
CPC3o0r4=53
Unknown = 30

Neurologic status
CPC1or2=1,022
CPC3or4=148
Unknown = 108

4

o

Neurologic status
CPC1or2=206
CPC3o0r4=88

Unknown = 46
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McNally et al: CDC Surveillance Summaries 60(SS08), July 29, 2011
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Clinical Features

e Best motor response

e Eye findings

« Myoclonus
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Pain Stimuli
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Normal pupil size

Oculomotor palsy from acute
Intracranial mass

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

Midposition pupils: Brain death;
diencephalic herniation

©2013 MFMER | 3297230-11
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Eye Findings

Feature Pathology

» Ocular dipping » Diffuse cortex, thalamus
« Ocular bobbing Pons, cerebellum
 Upward gaze Nonlocalizing

» Periodic Lateral gaze Nonlocalizing, diffuse

; cortex
* Ping-pong

Nonlocalizing, diffuse
cortex
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Periodic Alternating
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Sustained Upward Gaze In
Postresuscitation Coma

* Not epileptic phenomenon
o 2 weeks-2 months
e Often with myoclonus

e Outcome invariably poor
* Vegetative state — death

MAYO Keane et al, 1981
CLINIC
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Post arrest myoclonic status Posthypoxic action myoclonus

Cardiac arrest « Usually after respiratory

— arrest
Gone within a few days

. Persists
Severe brain damage

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

exam and ancillary tests
Electroencephalogram

often with burst Electroencephalogram
suppression often diffuse slowing

Hopeless condition Good cognitive recovery
but ataxia
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Myoclonus Status Epilepticus

 Agonal phenomenon

« Rapid, brief, jerks

e Face, limbs, diaphragm

e Sound and touch sensitive
e 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 % \[o} %
EEG findings
Burst suppression
Polyspike waves
PLEDs
Alpha coma
Diffuse slowing
CT scan
Cerebral infarcts
Cerebral edema
Normal
Outcome
Awakened
Poor outcome or death

Good outcome
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Outcome of Myoclonic Status Epilepticus
In Survivors of Cardiac Arrest

Surviving to
Pt hospital dismissal
Reference (no.) (no.)

Celesia et al 13 1

Krumholtz et al 19
Jumao-as and Brenner

Wijdicks et al

0
0
0
0

Young et al
Thomke et al 0
Total 2 (1%)
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Laboratory Tests

e EEG
« SSEP
e 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

Dominant theta-delta activity with detectable

I
normal alpha

Dominant theta-delta activity without detectable
normal alpha

(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)

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

Survival with
neurological sequela

No. (%)  95% ClI
6 (10) 4-20

==e Full recovery
grade No. (%) 95% CI

48 (79)  66-81

Death
No. (%) 959% CI

7 (11) 5-22

MAYO
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45 (51)
11 (27)
0 (0)

0 (0)

40-62

14-43

0-3

0-5

11 (13)
3(7)
3(2)

0 (0)

6-21

2-20

0.5-6

0-5

32 (36)
27 (66)

135 (98)

70 (100)

26-47

49-81

94-100

95-100

©2013 MFMER | 3297230-25
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?8SEP In Postanoxic Coma”
Stim: Right median Stim: Left median

N9 N9

EP1-EP2 £ EP1-EP2 A
|2uV
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: : A
Patients with

hypoxic-ischemic coma
(n=1,136)

\_

( SEP absent 2 /SEP preserved\

(n=336) (n=800)
L WELGH 41% awaken

0) 210 0) - 0)
| (95% C10-1%)  (95% CI 37-44%)

4 )

SEP abnormal { SEP normal
(n=310) (Nn=491)

22% awaken 52% awaken
0] - 0] 0] - 0]

\(95/0 Cl 17-26 /o)J \(95/0 Cl 48-56 /o)J
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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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Research
Serum neuron-specific enolase as early predictor of outcome after
in-hospital cardiac arrest: a cohort study

Tatiana H Rech® 1a Regina Rios Viera!, Fabiano Magel?, Janete Salles Brauner! and
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Studies of Serum Neuron-Specific Enolase
to Predict Unfavorable Outcome After
Cardiac Arrest

In- NSE Favorable Unfavorable Cut-off Sensi- Specif-
hospital sampling outcome outcome value tivity icity
CPR time (hr) (no.) (no.) (ng/mL) (%) (%)

No 24 45 20 >17 40 98

Not

e 24 27 35 >20 51 89
specified

NoO 72 18 25 >33 65
NO 72 28 24 >16.4 70
Yes/No® 48 34 76 >25 59
Yes/No® 72 28 69 >65 0

Yes/No® 24 >33 44
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Prediction of outcome in comatose
survivors after cardiopulmonary
resuscitation

E.F.M. Wijdicks, MD; A. Hijdra, MD; G.B. Young, MD; C.L. Bassetti, MD; and S. Wiebe, MD

Abstract—Objective: To systematically review outcomes in comatose survivors after cardiac arrest and cardiopulmonary
resuscitation (CPR). Methods: The authors analyzed studies (1966 to 2006) that explored predictors of death or uncon-
sciousness after 1 month or unconsciousness or severe disability after 6 months. Results: Thee authors identified four class
I studies, three class II studies, and five class III studies on clinical findings and circumstances. The indicators of poor
outcome after CPR are myoclonus status epilepticus (level B), absent pupillary light response or corneal reflexes, and
extensor or no motor response to pain after 3 days of observation (level A). Prognosis cannot be based on circumstances of
CPR (level B) or elevated body temperature (level C). The authors identified one class I, one class 11, and nine class III
studies on electrophysiology. Bilateral absent cortical responses on somatosensory evoked potential studies recorded 3
days after CPR predicted poor outcome (level B). Burst suppression or generalized epileptiform discharges on EEG
predicted poor outcomes but with insufficient prognostic accuracy (level C). The authors identified one class I, 11 class III,
and three class IV studies on biochemical markers. Serum neuron-specific enolase higher than 33 pg/L predicted poor
outcome (level B). Ten class IV studies on brain monitoring and neurcimaging did not provide data to support or refute
usefulness in prognostication (level U). Conclusion: Pupillary light response, corneal reflexes, motor responses to pain,
myocclonus status epilepticus, serum neuron-specific enolase, and somatosensory evoked potential studies can reliably
assist in accurately predicting poor outcome in comatose patients after cardiopulmonary resuscitation for cardiac arrest.
NEUROLOGY 2006;67:1-1
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Coma
]

Exclude major confounders

No brain stem reflexes

at any time
(pupil, cornea, oculocephalic,
cough)

Day 1
Myoclonus
Status Epilepticus

Day 1-3
SSEP
absent N20 responses

Day 1-3
Serum NSE >33 ng/L*

Day 3
Absent pupil or corneal
reflexes; extensor or absent
otor response

No ¥

= Brain Death

testing

Yes Poor

outcome

Poor
outcome

Poor
outcome

Poor
outcome

Indeterminate outcome

©2013 MFMER | 3297230-34
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Comatose CPR
Day 1

Myoclonus status epilepticus
Abnormal SSEP

Abnormal NSE

Poor outcome

Day 3

Abnormal SSEP
Abnormal brain stem

Poor outcome
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Improving Outcome
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The New England
Journal of Medicine

s Copyright. 1986, by the Massachusetis Medical Soviety

Volume 314 FEBRUARY 13, 1986 Number

RANDOMIZED CLINICAL STUDY OF THIOPENTAL LOADING IN COMATOSE SURVIVORS
OF CARDIAC ARREST

Brain Resuscrration Crnicar ‘Trian 1 Stony Groue*

MAYO
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1-Year Cumulative Survival in Patients with
Cardiac Arrest Who Remained Comatose

m—=a Thiopental
m—n Standard

Months
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The New England
Journal of Medicine

Copyright © 2002 by the Massachusetrs Medical Sociery

VOLUME 346 FEpruary 21, 2002 NUMEER 8

MILD THERAPEUTIC HYPOTHERMIA TO IMPROVE THE NEUROLOGIC
OUTCOME AFTER CARDIAC ARREST

THE HYPOTHERMIA AFTER CARDIAC ARREST STuDY GROUP®
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INDUCED HYPOTHERMIA AFTER OUT-OF-HOSPITAL CARDIAC ARREST

TREATMENT OF COMATOSE SURVIVORS OF OUT-OF-HOSPITAL CARDIAC

ARREST WITH INDUCED HYPOTHERMIA

STEPHEN A. Bernarp, M.B., B.S., TimotHy W. Gray, M.B., B.S., MicHaeL D. Buist, M.B., B.S.,
Bruce M. Jones, M.B., B.S., WiLLiam SiLvesTer, M.B., B.S., Georr GUTTERIDGE, M.B., B.S., AND KAREN SMITH, B.Sc.
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Hypothermia Definitions

e Mild 33-36°C
e Moderate 28-32°C
e Deep less than 28°C
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Induced Hypothermia and CPR

BO0rE BRFOOR
coorEomroon
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Normothermia (n=124)

I 1 | l_l_l—-o\
.——.\.’.—./ 4

0 1 2 3 4 8 12 16 20 24 28 32 36 40 44 48
Hours after restoration of spontaneous circulation
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Hypothermia

Normothermia

100
Days

150 200
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Time to Cooling Matters

Therapeutic
hypothermia

Standard
resuscitation

10 20 30 40 20 60
Time from collapse to ROSC (min)

MAYO Crit Care Med 34:1865, 2006
CLINIC
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1,145 pt admitted
survivors of OHCA

708 pt (62%) 437 pt (38%)
VF / pulseless VT Asystole / PEA

Hypothermia No hypothermia Hypothermia No hypothermia

group group group group
457 pt (65%) 251 pt (35%) 261 pt (60%) 176 pt (40%)

Good outcome Good outcome Good outcome Good outcome
201 pt (44%) 73 pt (29%) 38 pt (15%) 30 pt (17%)

P<0.001 P=0.48

MAYO Circulation 123:877, 2011
CLINIC
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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

©2013 MFMER | 3297230-48
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HEAD TO HEAD

Does the evidence support the use of mild hypothermia
after cardiac arrest? No

eral guidalings recommend hypolthermma fo malose pat wiho hsve had a card
outsids haspital, Jerry Nolan and Jasmeat Soar (doi10,1136Mm| d5830) balleve tha data
this ci, Bul Andrew Walden, Ni

¥ Uit o i
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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 iIs inconclusive and
assoclated with risks of systematic error,
design error and random error”
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Lingering concerns
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{Clearance of benzodiazipines
~ {Opioids
{Coronary perfusion lInsulin secretion

I Cardiac output :
TCardiac arrhythmias THyperglycemia

TPneumonia TCold diuresis
TAtelectasis THypovolemia
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Effects of Hypothermia on the Disposition of Morphine, Midazolam,
Fentanyl, and Propofol in Intensive Care Unit Patients

Thor Wilhelm Bjelland, Pal Klepstad, Bjomn

Olav Haugen, Turld Nitsen, and Ola Dale

Deparimeni of Circuiation ang Medica! Imaging, Faculy of Medicine, Norwagian Uindversily of Scence and Technology
Trancheim, Nonway (T.W.B., P.K, BOM., T.A, 0.0k and Depariment of Anssthesialogy and Emevpency Modicine
P, 0.0 ) and Department of Cardiology (8004 ), St Oder’s Universily Hospial, Tronofeim, Nonvay

Focadved March 11, 2012 socepled Oolober 31, 2002

ARSTRACT

Thernpeutic  hypotharmis [TH) may isducs  pharmacokineic
changes Bl may afect B level of sedation. We have compared
it dispositon of morphiss, midazelsm, fenteryl, and proposl in
TH with normatharmia in man, Fourtesn patisnds breated with TH
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matched critically il patients P-38°C). Contirusus infusions of
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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 Cardiac Arrest
and Hypothermia

A Prospective Study

Andrea O. Rossetti, MD," Mauro Oddo, MD,?
Giancarlo Logroseino, MD, PhD.? and Peter W. Kaplan, MBBS, FRCP'#

Objective: Current American Academy of MNewalegy (AAN] guidelines for outcome prediction in comatoss sufvi-
vors of cardlac arrest (CA) have bean walidated before the therapautic hypotharmia era (TH) unchenook this
sy to werdy the prognostic value of clinical and electrophysiological variables in the TH setting
Methods: A total of 117 comsecutive comalose survivors of CA trested with TH were prospectively studied owes
a Fyear peiod. Meurclogical examination, electroencephalography (EEG) and somatosensory evoked potentials
SSEP) ware parfarmed immediately after TH, at normethesmin and off sedation Meurological recevery was as-
sogead At 3 to & manths, q Cerebral Parformance Categoriss [CPC)
Results: Thiew chnical variables, assessed within 72 hours after CA, showed higher false-positive monality prods
tiors as compased with the AAN gu delines: incomplete brainstem reflexes racovary (4% w5 %], myoclonus 7%
vi 0%, and absent motor respomnse to pain (24% wvs O Furthermore, unreactive EEG background was income
patible with good long-term naurclogical recovery (CPC 1-21 and strongly associated with in-hespital mertality
(adjusted odds ratio for death, 15.4; 75% confidence interval, 3.3-T1.9), The presance of at least 2 independent
predicton oul of 4 [meomplete brainstern reflexes, myoclonus, unreactive EEG, and sbsent cortical S5EP) accu
rately predicted poor long-term neurclogical recovery (positve predictve value 1.000; EEG reactnvity significantly
improved the prognostication
Interprotation: Chur a show that TH may modify cutcome peediction after CA, Implying that some clinical
res showld be interpreted with more caution in this satting a: compared with the AAN gudelines. EEG
ground reactivity s el in datermining the progrosts after CA treated with TH
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Prognostication after TH not perfect

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

e Absent N20 SSEP (during or after TH)
« NSE may be useless

» Absent pupils and corneal reflexes
 Non reactive EEG after rewarming

e Seizures during hypothermia

 Myoclonus and status epilepticus
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Summary

* TH may Improve outcome in some
patients

e Still enormous devastation and mortality

» Prognostication after TH Is very difficult
due to confounders

o Better understanding pharmacokinetics
IS heeded

New Challenges for the Neurologist !
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