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FISIOPATOLOGAI DEL COMA ANOXICO

Metabolismo anaerobio en el cerebro no suple la necesidades metabdlicas a diferencia
de otros otros tejidos: 5-10 s: pérdida de consciencia

Se lesionan en el episodio agudo primero las areas de vulnerabilidad neuronal selectiva:
sector CA-1 del hipocampo

Talamo

Neocortex

Células de Purkinje

Estas areas son mas vulnerables por:
La presencia de receptores para neurotransmisores excitatorios

0
Altas demandas metabdlicas de oxigeno de estas neuronas

Hofmeijer J, van Putten MJ. Ischemic cerebral damage: an appraisal of synaptic failure. Stroke. 2012 Feb;43(2):607-15



Dano
cerebral
agudo

Recuperacion
rapida

Recuperacion
de la conciencia

Estado de conciencia
minima

Coma

Estado
vegetativo

Muerte
cerebral

Estado vegetativo
Permanente

>3m en no traumaticos
>1la traumaticos

Estado de
conciencia
minima
permanente

Modificado de Grosseries et al., 2011




APROXIMACIO MULTIMODAL AL PRONOSTIC DEL COMA ANOXIC

S TEMPERATURA CEESCALFAR
h CONTROLADA >¢
Oh 12 24 36 48 72 96
R
1d 2d 3d 4d
EEG EEG | e
FACTORS DE CONFUSIO: Temperatura, relaxacié, sedacio, sedacié residual.

DADES DE BON PRONOSTIC: DADES DE MAL PRONOSTIC (sempre aproximacié multimodal)

EEG continu ales 12h N20 absent bilateral als PESS

EEG reactiu Abséncia de reflexes corneals i pupil-lars ales 72h

MMN present EEG S-S amb salves idéntiques. Passades 24h Supressido <10 uV o S-S
arreactiva.

ENE> 79 pg/Lales 72h
Estat mioclonic postanoxic que persisteix a les 72h amb tx correcta i
amb EEG no reactiu i diferent de puntes a la linia mitja.
Tac inicial amb severa lesié anoxica difusa.
||||| Bellvitge T i
Hospltal Unterstar IRM amb severa lesié anoxica difusa.




* Posturas o movimientos de decorticacion o de descerebracion
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Exploracion clinica: Reflejos de tronco

* Respuesta al dolor

» Reflejos corneales

» Reflejos fotomotores
* Reflejo oculovestibular

* Reflejo tusigeno

Wijdicks EFM (2001). The diagnosis of brain death. N Engl J Med 34: 1215-1221



Exploracion clinica: Reflejos

Respuesta al dolor

Reflejos corneales

+ Reflejos fotomotores

Reflejo oculovestibular

lluminacién pupila

Miosis ipsilateral y consensuada

Aferencia Il (visual)

Reflejo tusigeno

Eferencia Ill (motor ocular comun)

Wijdicks EFM (2001). The diagnosis of brain death. N Engl J Med 34: 1215-1221



Exploracion clinica: Reflejos de tronco

- Q

Respuesta al dolor

Estimulo tactil corneal

Parpadeo/cierre ocular

Reflejos fotomotores

Aferencia V (trigémino)

Reflejo oculovestibular

Eferencia VII (facial)

Wijdicks EFM (2001). The diagnosis of brain death. N Engl J Med 34: 1215-1221

Reflejo tusigeno




Exploracion clinica: Reflejos de tronco

¢

* Presion profunda condilo
articulacion
temporomadibular

Reflejos corneales

* Reflejos fotomotores * Mueca o apertura ocular
* Reflejo oculovestibular * Aferencia V (trigémino)
* Reflejo tusigeno * Eferencia VI (facial)

Wijdicks EFM (2001). The diagnosis of brain death. N Engl J Med 34: 1215-1221



Exploracion clinica: Reflejos

Respuesta al dolor

Reflejos corneales

Reflejos fotomotores

T —

Reflejo tusigeno

Irrigacion fria timpano

Nistagmus / desviaciéon mirada

Aferencia VIII (estatoacustico)

Eferencia lll y VI

Wijdicks EFM (2001). The diagnosis of brain death. N Engl J Med 34: 1215-1221



Exploracion clinica: Reflejos
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* Respuesta al dolor
* Reflejos corneales
* Reflejos fotomotores
» Reflejo oculovestibular * Estimulacion traqueal

« Aferencia IX (glosofaringeo)

Wijdicks EFM (2001). The diagnosis of brain death. N Engl J Med 34: 1215-1221



Exploracion clinica: Reflejos

00
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* Centro Respiratorio

|||||||||||||| it Wijdicks 2001 NEJM



APROXIMACION MULTIMODAL AL PRONOSTICO DEL COMA ANOXIC

S TEMPERATURA RECALENTA-
o CONTROLADA MIENTO
Oh 12 24 36 48 72 96
R
1d 2d 3d 4d
EEG EEG | e
FACTORES DE CONFUSION: Temperatura, relajacién, sedacion, sedacién residual.

DATOS DE BUEN PRONOSTICO:

EEG continuo alas 12h
EEG reactivo
MMN present

DATOS DE MAL PRONOSTICO (siempre aproximacién multimodal)
N20 ausente bilateral en los PESS

Ausencia de reflejos corneales y pupilares alas 72h

EEG S-S con salvas idénticas. Pasadas 24h Supresion <10 pV o S-S

||||| Bellvitge

Hospltal Unlver3|tar|
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arreactiva.

ENE> 79 pg/L alas 72h

Estatus mioclénico postandxic que persiste a les 72h con tx correcto
y con EEG no reactivo y diferente de puntas en la linea media.

TAC inicial con severa lesion andxica difusa.

IRM con severa lesion andxica difusa.
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FPI-F7

F7-T3

T3-Tb

T5-01

FP1-F3

F3-C3

C3-P3

P3-01

Fz-Cz

Cz-Pz

FP2-F8

F8-T4

T4-T6

T6-02

FP2-F4

F4-C4

C4-P4

P4-02

ECG

44 45 46 47 43 43 50 51 52

ES
=
=
=

-
=
=

3

S A i
/ v

||||| Bellvitge

Hosp|tal Un|verS|tar|



CONTINUOS

BURST- SUPPRESSION
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CONTINUOS

BURST- SUPPRESSION

SUPPRESSION EPILEPTIFORM
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CONTINUOS

BURST- SUPPRESSION
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Good neurological outcome

Cloostermans MC, van Meulen FB, Eertman CJ, Hom HW, van Putten MJAM. Continuous electroencephalography monitoring for early prediction of neurological outcome in postanoxic patients after cardiac arrest: a prospective

cohort study. Crit Care Med 2012;40:2867-75.



Poor neurological outcome

Cloostermans MC, van Meulen FB, Eertman CJ, Hom HW, van Putten MJAM. Continuous electroencephalography monitoring for early prediction of neurological outcome in postanoxic patients after cardiac arrest: a prospective



Hofmeijer J, Tjepkema-Cloostermans MC, van Putten MJAM. Burst-suppression with identical bursts: a distinct EEG pattern with poor outcome in postanoxic coma. Clin Neurophysiol 2014;125:94



142 Patients (92 EEG 12h, 129 EEG 24h)

67 patients (47%) Best score within 6 months after cardiac arrest

: Dominant frequency >8Hz, regardles reactivity and anterior-posterior differentiation
: Dominant frequency <8Hz

: Seizures and GPDs, independent of background activity

75 patients (53%) : Non identical Burts > 20pV and 20,5s; interburts >1s and < 10pV

: ldentical Burts > 20uV and 20,5s; interburts >1s and < 10uV
: EEG activity < 20uV

: No visible EEG activity

Tjepkema-Cloostermans MC, Hofmeijer J, Trof RJ, Blans MJ, Beishuizen A , van Putten MJAM. Electroencephalography predicts outcome in patients with postanoxic coma during mild therapeutic hpothermia. Crit Care Med

2015;43(1):159-167.



Highly malignant EEG patterns

Suppressed background Suppressed background
(amp <10 pV, 100% of the recording) without discharges. with superimposed continuous periodic discharges

Burst-suppression ) _ ) _
Suppression (ampl <10 pV; >50% recording) Burst-suppression with superimposed discharges.

without discharges

Westhall E, Rossetti AO, van Rootselaar AF, Kjaer TW et al., On behalf of the TTM-trial investigators. Standardized EEG interpretation accurately predicts prognosis after cardiac arrest. Neurology 2016; 86:1482-1490.



Highly malignant EEG patterns

Suppressed background
(amp <10 pV, 100% of the recording)
without discharges.

Suppressed background
With continuous periodic discharges

Burst-suppression
Suppression (ampl <10 pV; >50% recording)
without discharges

Burst-suppression with discharges.

Malignant EEG patterns

Periodic or rhythmic patterns:
Abundant Periodic Discharges (>50%)

Abundant Rhythmic SW (>50% of recording).

Unequivocal electrographic seizure.

Background EEG:
-Discontinuous background (suppression
periods (<10 uV; >10% of the recording).
-Low voltage background (<20 uV).
-Reversed anterior-posterior gradient

Reactivity:
Absence of background reactivity
or only SIRPIDs

Benign EEG patterns

Absence of all malignant
features stated above.

Westhall E, Rossetti AO, van Rootselaar AF, Kjaer TW et al., On behalf of the TTM-trial investigators. Standardized EEG interpretation accurately predicts prognosis after cardiac arrest. Neurology 2016; 86:1482-1490.




EEG REACTIVITY
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Reactivity

70 uv

184 patients
2 hospitals
EEG recorded during controled normothermia

1s
Filtros 0.5 - 70Hz

Caporro M, Rossetti AO, Seiler A, Kustermann T, Nguissi NAN, Pfeiffer C, Zimmermann R, Haenggi M, Oddo M, De Lucia M, Zubler F. Electromyographic reactivity measured with scalp-EEG contributes to prognostication after



Admiraal MM, van Rootselaar AF, Hofmeijer J, Hoedemaekers CWE, van Kaam CR, Keijzer HM, van Putten MJAM, Schultz MJ, Horn J. Electroencephalographic reactivity as predictor of neurological outcome in postanoxic coma: A



Post-hypoxic Myoclonus

EARLY LATE

12 24 36 48 72
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Post-hypoxic Myoclonus

Acute Post-hypoxic Myoclonus Late Post-hypoxic Myoclonus

Lance Adams Syndrome

0 12 24 36 48 72
Post-anoxic Myoclonus
ost-anoxic My Myoclonus
Myoclonic Status
Status Myoclonus Status Myoclonicus

Myoclonic Status Epilepticus

||||| Bellvitge
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Elmer J, Rittenberger JC, Faro J, Molyneaux BJ, Popescu A, Callaway CW, Baldwin M; Pittsburgh Post-Cardiac Arrest Service. Clinically distinct electroencephalographic phenotypes of early myoclonus after cardiac arrest. Ann

Al o 2 MN16 AnoR0



Elmer J, Rittenberger JC, Faro J, Molyneaux BJ, Popescu A, Callaway CW,Baldwin M; Pittsburgh Post-Cardiac Arrest Service. Clinically distinct electroencephalographic phenotypes of early myoclonus after cardiac arrest. Ann

A~ ~ 2 A 'a - N



Table1 Characteristics of the six comatose survivors of cardiac arrest (CA) treated with therapeutic hypothermia, improving beyond
vegetative state despite postanoxic status epilepticus (PSE)

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Total
Data collection Retrospective Retrospective Retrospective Prospective Prospective Prospective
Age,y 60 61 55 53 68 58 53-68
Female Yes Yes No No No No 2/4
CA dueto VF Yes Yes No Yes Yes Yes 5/6
Time to ROSC, min 32 45 17 20 20 21 17-45
Cardiac etioclogy Yes Yes Yes Yes Yes Yes 6/6"
‘ Preserved BR Yes Yes NA Yes Yes Yes s/s*
Absent MR Yes No NA No No Yes 2/5
SE diagnosis delay 2 4 2 2 3 9 2-9
fromCA, d
SE clinically Yes No Yes Yes No No 3/6
{myoclonus)
EEG description Repetitive Repetitive Repetitive Sharp waves, Frontal evolving Frontal
diffusa diffuse diffuse spike-waves rhythmic sharp poly-spike-waves
sharp waves sharpwaves sharp waves (2 Hz), L=R; waves (3 Hz), (2-3 Hz), R=L
(1.5 Hz), (2-3 Hz), (2 Hz), SIRPID bilateral
bilateral bilateral bilateral
‘ EEG reactivity Yes Yes Yes Yas Yes Yes 6/6"
PSE duration 3 2 2 2 5 3 2-5
(d, on EEG)
‘ Preserved N20 on Yes NA Yes Yes Yes Yes 5/s*
SSEP
AEDs PRO, VPA, VPA,CLZ, PRO, PHT, VPA, PHT, PRO, VPA, VPA, LEV,
(o4 LEV LEV, CLZ LEV, CLZ LEV, CLZ CLZ
CPC outcome at 3 2 2 1 3; death 2 1-3
6 mo on day
18 (sepsis)
LA syndrome Yes No No Yes No No 2/6

*All or none of tested patients.

VF = ventricular fibrillation; ROSC = restoration of spontaneous cardiac rhythm; BR = brainstem reflexes (one or more); NA = not assessed: MR = motor
response to painful stimuli; SE = status epilepticus; SIRPID = stimulus-induced rhythmic, periodic, or ictal discharges; SSEP = somatosensory evoked
potentials; AED = antiepileptic drug; PRO = propofol; VPA = valproate; CLZ = clonazepam; LEV = levetiracetam; PHT = phenytoin; CPC = cerebral
performance category; LA = Lance-Adams syndrome.

Rossetti AO, Oddo M, Liaudet L, Kaplan PW. Predictors of awakening from postanoxic status epilepticus after therapeutic hypothermia. Neurology. 2009;72(8):744-9.



Mioclonias de accidn intencion (sd Lance-Adams)

Vive en su casa, puede andar con algunas caidas, precisa ayuda para
actividades cotidianas

FP1-F7
F7-T3
T3-Tb
T5-01
FP1-F3
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C3-P3
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APROXIMACION MULTIMODAL AL PRONOSTICO DEL COMA ANOXIC

S TEMPERATURA RECALENTA-
o CONTROLADA MIENTO
Oh 12 24 36 48 72 96
R
1d 2d 3d 4d
EEG EEG | e
FACTORES DE CONFUSION: Temperatura, relajacién, sedacion, sedacién residual.

DATOS DE BUEN PRONOSTICO:

EEG continuo alas 12h
EEG reactivo
MMN present

DATOS DE MAL PRONOSTICO (siempre aproximacién multimodal)
N20 ausente bilateral en los PESS

Ausencia de reflejos corneales y pupilares alas 72h

EEG S-S con salvas idénticas. Pasadas 24h Supresion <10 pV o S-S

||||| Bellvitge

Hospltal Unlver3|tar|
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arreactiva.

ENE> 79 pg/L alas 72h

Estatus mioclénico postandxic que persiste a les 72h con tx correcto
y con EEG no reactivo y diferente de puntas en la linea media.

TAC inicial con severa lesion andxica difusa.

IRM con severa lesion andxica difusa.




Potenciales evocados somatosensoriales

* m
x —
U > Cortical

Subcortical/
tronco
*

v

Periférico

v
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O O

Q FPR of 0[0-3]%.
Q Sandroni 2014

Ejemplo de 2 pacientes en coma de etiologia andxica.
A: paciente con N20 presente en los potenciales evocados somatosensoriales y por tanto desde el punto de vista de los potenciales con prondstico indeterminado.
B: paciente con N20 ausente y por tanto desde el punto de vista de los potenciales evocados con mal pronostico.

||||| Bellvitge
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ENOLASA NEURONAL ESPECIFICA (ENE)

Es un gamma isdmer de I'enolasa que es localitza a les neurones i cél-lules neuroectodérmiques.

Augmenta en dany cerebral: ictus, traumatismes cranials, aturada cardiorespiratoria ...

També augmenta en algunes malalties neoplasiques (carcinoma bronquial, neuroblastoma, apudoma, seminoma,
glioma, meningioma, neurofibroma i neurinoma) i afeccions pulmonars benignes.

Com a factor de mal pronostic neurologic a les 72 hores de |'aturada cardiaca:
>27 ng/L en pacients no sotmesos a hipotérmia
>79 pg/L en pacients sotmesos a hipotérmia

Stammet P, Collignon O, Hassager C, Wise MP, Hovdenes J, Aneman A, Horn J, Devaux Y, Erlinge D, Kjaergaard J, Gasche Y, Wanscher M, Cronberg T, Friberg H, Wetterslev J, Pellis T, Kuiper M, Gilson G, Nielsen N; TTM-Trial

Investigators. Neuron-Specific Enolase as a Predictor of Death or Poor Neurological Outcome After Out-of-Hospital Cardiac Arrest and Targeted Temperature Management at 33° Cand 36° C.J Am Coll Cardiol.
2015,19;65(19):2104-14.

Steffen IG, Hasper D, Ploner CJ, Schefold JC, Dietz E, Martens F, Nee J, Krueger A, Jorres A, Storm C. Mild therapeutic hypothermia alters neuron specific enolase as an outcome predictor after resuscitation: 97 prospective
hypothermia patients compared to 133 historical non-hypothermia patients. Crit Care. 2010;14(2):R69.

Chung-Esaki HM, Mui G, Mlynash M, Eyngorn I, Catabay K, Hirsch KG. The neuron specific enolase (NSE) ratio offers benefits over absolute value thresholds in post- cardiac arrest coma prognosis. J Clin Neurosci. 2018;57:99-104.




Ph 7,23
Lactato 5,85

Mioclonias
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Oh 12
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PE:
N20 ausente bilateral

Reflejos de tronco alterados
Ausencia de respuestas
motoras al dolor
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PCR extrahospitalario
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72

¥
ENE: 507 pg/L
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PCR extrahospitalario
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aproxiMACIO MULTIMODAL AL PRONOSTIC DEL COMA ANOXIC

S TEMPERATURA CEESCALFAR
h CONTROLADA >¢
Oh 12 24 36 48 72 96
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FACTORS DE CONFUSIO: Temperatura, relaxacié, sedacio, sedacié residual.

EEG continu ales 12h
EEG reactiu
MMN present

DADES DE BON PRONOSTIC:

DADES DE MAL PRONOSTIC (sempre aproximacié multimodal)

N20 absent bilateral als PESS

Abséncia de reflexes corneals i pupil-lars ales 72h

EEG S-S amb salves idéntiques. Passades 24h Supressido <10 uV o S-S

Bellvitge

Hosp|tal Umversﬂan

arreactiva.

ENE> 79 pg/Lales 72h

Estat mioclonic postanoxic que persisteix a les 72h amb tx correcta i
amb EEG no reactiu i diferent de puntes a la linia mitja.

Tac inicial amb severa lesié anoxica difusa.

IRM amb severa lesié anoxica difusa.







