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Epidemiologie srdecnich zastav

* 3. nejcastéjsi pricina umrti v Evropé

* Ro¢ni incidence OHCA 67-170 na 100 000 obyvatel
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OHCA — klinicky vysledek CAEBRCA

* Preziti OHCA s KPR
»Prumeér 8%
»Rozmezi 0-18%

n { »CR 10%
1 » Traumatol. etiologie — 2,8%




OHCA — klinicky vysledek ~DERC
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Prediktory klinického vysledku Vysoké preziti

»Zahajeni KPR (bystander) * Bystander + defibrilovatelny rytmus
» Pricina, inicidlni rytmus >20% pieziti UK

>Ko,morbiditvv - »30% preziti EuReCa

»Misto srdedni zastavy »40% preziti — Dansko, CR,

>SOOC|oekonorr.1|cka Svédsko, Norsko, Nizozemi
situace(deprivace)

» Pohlavi
» Etnikum

Koronarografie
TTM




Dlouhodoby klinicky vysledek CAERCA

IRV Oorrgoc e

* Zemé se systémem ,,withdrawal of life sustaining treatment, WLST*
» Neptiznivy neurologicky vysledek pouze u < 10%

» WLST neaplikovano — vice nez 50% prezivsich trvalé t€zkeé poskozeni mozku, 33%
perzistujici vegetativni stav (Italie)

* Prezivsi — neurokognitivni dysfunkce
»>40-50%, nejvetsi zlepseni do 3 mésicti
» Emocni nestabilita, anxieta, deprese
» Posttraumaticky distress syndrom

* Rodina, osoba blizka
» Az 40% posttraumaticky distres syndrom




Otazky

* Provadite na vasem pracovisti neuroprognostikaci u
nemocnych po KPR s pretrvavajicim bezvédomim s cilem
zahajeni paliativni péce?

* Prekladate pacienty po KPR s pretrvavajicim
bezvédomim bez prognostikace na NIP/DIOP?



Intensive Care Med (2021) 47:369-421
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Intensive Care Med (2022) 48:1439-1442
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Medicine guidelines 2021: post-resuscitation EEG monitoring after cardiac arrest

care Claudio Sandroni"?"®, Tobias Cronberg® and Jeannette Hofmeijer*®

Jerry P. Nolan'?'®, Claudio Sandroni**, Bernd W. Bbttigers, Alain Cariou®, Tobias Cronberg7, Hans Fribergg,
Cornelia Genbruggegm, Kirstie Haywood”, Gisela L‘\Ua“,\/éron‘\que R.M. Moulaert'?, Nikolaos Nikolaou'?,
Theresa Mariero O\asveengen”, Markus B. Skrifvars'®, Fabio Taccone'” and Jasmeet Soar'®

Targeted temperature management and rewarming
Unconscious patient, M<3 at 272h without confounders (%)

l Yes
At least TWO of:
* No pupillary (%) and corneal reflexes at 272h
* Bilaterally absent N20 SSEP wave Yes Poor
* Highly malignant (3) EEG at >24h outcome
* NSE >60 ug/L (*) at 48h and/or72h likely (*)
* Status myoclonus (°) £72h

* Diffuse and extensive anoxic injury on brain CT/MRI
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P ro g n O Sti ka Ce Targeted temperature management and rewarming

Unconscious patient, M<3 at 272h without confounders (%)

l Yes
At least TWO of:
* No pupillary (2) and corneal reflexes at >72h

- GCS (M)

. *Bi Poor
~,,Nic* Blolaterally f:lbsent N20 SSEP wave Yes
* Highly malignant (3) EEG at >24h outcome
- Extenze * NSE >60 pg/L (*) at 48h and/or72h likely (*)

* Status myoclonus (°) <72h
* Diffuse and extensive anoxic injury on brain CT/MRI

- Patologicka flexe

- 72 hod l -

Observe and re-evaluate




Targeted temperature management and rewarming

Unconscious patient, M<3 at 272h without confounders (*)

|

AV

Il

l Yes
At least TWO of:
* No pupillary (2) and corneal reflexes at >72h
* Bilaterally absent N20 SSEP wave
* Highly malignant (3) EEG at >24h
* NSE >60 pg/L (%) at 48h and/or72h
* Status myoclonus (°) £72h
* Diffuse and extensive anoxic injury on brain CT/MRI

[ ne

Observe and re-evaluate

Yes

Poor

outcome
likely (*)



Targeted temperature management and rewarming

Unconscious patient, M<3 at 272h without confounders (%)

l Yes
At least TWO of:
* No pupillary (?) and corneal reflexes at >72h
* Bilaterally absent N20 SSEP wave
* Highly malignant (3) EEG at >24h Vyznam EEG
* NSE >60 pg/L (%) at 48h and/or72h
* Status myoclonus (°) £72h
* Diffuse and extensive anoxic injury on brain CT/MRI

lNo

Observe and re-evaluate
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Neurophysiology

Clinical examination
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Fig. 3 Prognostication modes. EEG electroencephalography, NSE neuron specific enolase, SSEP somatosensory evoked potential
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Neurologicky Pupilami Index™ (NPi®)
Normovana skala reaktivity zornic

Meéerena hodnota* Posouzeni

0 Bez reakce - Atypicka reakce

*Rozdil v NPi mezi levou a pravou zornici Soucasti systéemu
0 vice 20.7 cm miZe byt povazovan abnormalni reakci. NP-200  NPP-200 Pupilometr
*PFi pouZiti Neurologického Pupilarniho Index (NPi) CE | St tiiaes




82 patients recruited

5 patients excluded

* In-hospital cardiac
arrest (n=4)

* Non-neurological
mode of death (n=1)

77 patients
included in
analysis

77 patients with neurological outcome
assessed at hospital discharge

Good neurological
outcome (n=26)
«CPC 1 (n=17)

+ CPC 2 (n=9)

Poor neurological

outcome (n=51)

* Died prior to
discharge (n=44)

Table 3 Characteristics of seven patients after resuscitated OHCA with NPi <2.3 within first 6 h and poor neurological outcome. OHCA, out-of-hospital cardiac arrest; NPi, Neuro-
logical Pupillometry index; VF, ventricular fibrillation; CPR, cardiopulmonary resuscitation. *Low-flow time defined as time from emergency call toreturn of spontaneous circulation
in minutes. pH and lactate at intensive care unit admission, lactate level in mmol L. NPi readings are the lowest measurement after both eyes measured at that time point.

Patient Patient characteristics NPi readings Outcome
Age (yr) Arrest type Low-flow pH Lactate Oh 6h 24 h
time*

1 66 VF, witnessed, 41 7.05 11.4 0.6 3.0 Not done Died in ICU; treatment
bystander CPR withdrawn

2 65 VF, witnessed, 29 7.26 2.5 0.6 4.2 3.9 Died in ICU; treatment
bystander CPR withdrawn

3 47 VF, witnessed, 42 6.94 6.2 0.7 Mot done Mot done Died in ICU; treatment
unknown withdrawn

4 69 VF, unwitnessed, Unknown 7.01 11.7 Not done 0.8 Not done Died in ICU; treatment
bystander CPR withdrawn

5 a7 VF, witnessed, 14 6.84 133 1.2 4.4 3.2 Died in ICU; treatment
bystander CPR withdrawn

6 64 VF, witnessed, 21 7.11 5.3 1.2 4.0 Not done Died in ICU; treatment
bystander CPR withdrawn

7 65 Asystole, witnessed, 28 6.8 9.3 1.7 3.7 31 Died in ICU; treatment
bystander CPR withdrawn

Table 2 Predictive value of NPi for poor neurological outcome in 77 patients after out-of-hospital cardiac arrest. NPi, Neurological
Pupillary index; AUC, area under receiver operated characteristic curve; CI, confidence interval; PPV, positive predictive value; NPV,
negative predictive value; SENS, sensitivity; FPR, false positive rate. *Cut-off identified is the highest value with PPV >0.9 and FPR <0.05.
'Meets definition of adequate test threshold (upper limit of 95% CI for FPR <0.10).

+ CPC 3 (n=6)
*«CPC4 (n=1)

Fig 1. Flow diagram of patients enrolled in a study of quantita-
tive pupillometry after out-of-hospital cardiac arrest. CPC,
Glasgow—Pittsburgh Cerebral Performance Category.

Group AUC (95% CI) Cut-off*l§ PPV  95% CI NPV 95% CI SENS 95% CI FPR 95% CI
Admission (0 hl)Jr 0.61 (0.47-0.74)§ 2.4 1.00 0.54-1.00 0.62 049-0.73 0.19 0.07—-0.37 0.00 0.00-0.09
Lowest NPi (6—72 h) 0.66 (0.52—0.80)§ 3.3 091 0.59-1.00 0.57 043-0.71 0.30 0.16—049 0.03 0.00-0.16
Lowest NPi first 6 h' 0.65 (0.52—-0.79)§ 2.3 1.00 0.59-1.00 0.64 0.52-0.75 0.22 0.09-040 0.00 0.00-0.08
Lowest NPi (24—72 h) 0.63 (0.48—0.79) 2.8 1.00 0.03—-1.00 0.61 047-0.74 0.04 0.00-0.22 0.00 0.00-0.10
Lowest NPi first 24 h' 0.64 (0.50-0.78)§ 2.3 100 0.59-1.00 0.62 049-0.73 0.22 0.09-040 0.00 0.00-0.09
Lowest NPi (48—72 h) 0.67 (0.51-0.83)8 2.9 1.00 0.03-1.00 0.57 0.41-0.73 0.05 0.00-0.25 0.00 0.00-0.14
Lowest NPi first 48/ 0.64 (0.50-0.78)§ 2.3 1.00 0.59-1.00 0.62 049-0.73 0.22 0.09-040 0.00 0.00-0.09
72 h only 0.56 (0.37—-0.76)f 3.5 1.00 0.03—-1.00 0.52 0.34-0.69 0.06 0.00-0.29 0.00 0.00-0.20




Kvantitativnl pupilometrie

prognosticky parametr

RESUSCITATION PLUS 14 (2023) 100399

Available online at www.sciencedirect.com

Resuscitation Plus

journal homepage: www.elsevier.com/locate/resuscitation-plus
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Clinical paper

Specific thresholds of quantitative pupillometry )
parameters predict unfavorable outcome in
comatose survivors early after cardiac arrest

Table 3 - Prognostic performance of quantitative pupillometry parameters.

“_ Laust Emil Roelsgaard Obling?, Christian Hassager®",

Jacob Eifer Moller?,

a,b

Marwan H. Othman ¢, Daniel Kondziella”*,

Pupillometry Threshold Sample FPR Sensitivity PPV (%) NPV (%) Youden
parameter size (n/N) (%) (%) Index (%)
Day 1, N=135 |qPLR (%) 3.99 15/135 0(0-0) 28 (17-40) 100 (100-100) 68 (65-73) 28 (17—42) PY (1)
NPi 2.44 6/135 0(0-0) 9 (2-19) 100 (100-100) 63 (61-66) 9 (2-19) qPLR < 4A’
CYtTTTTYS) 009 7/135 0 (0-0) 13 (6-23) 100 (100-100) 64 (62-67) 13 (4-23)
MCV (mm/s)  0.33 9/135 0 (0-0) 7 (8-26) 100 (100-100) 65 (63-68) 7 (8-28) ° O
DV (mm/s) 0.04 12/135 0 (0-0) 3 (11-34) 100 (100-100) 67 (64—70) 3 (11-34) Np' < 2,45
Lat (s)* 0.35 10/135 0 (0-0) 1 (4-21) 100 (100-100) 54 (62—66) 1 (4-21)
Day 2, N=121 [qPLR (%) 4.49 9/121 0 (0-0) 19 (8-29) 100 (100-100) 65 (62-68) 19 (8-31)
NPi 2.44 3/121 0(0-0)  6(0-15) 100 (100-100) 62 (60-63) 6 (0-15) ¢ CV < 0,1 mm/S
FaIVAPEPSVSY 043 7/121 0 (0-0) 15 (6—25) 100 (100-100) 64 (62-67) 15 (6-25)
MCV (mm/s)  0.41 9/121 0 (0-0) 9 (8-31) 100 (100-100) 65 (62—68) 9 (8-31)
DV (mm/s) 0.05 6/121 0 (0-0) 2 (4-23) 100 (100-100) 63 (61-66) 12 (4-23) ® MCV < 0’335 mm / S
Lat (s)* 0.35 7/121 0 (0-0) 2 (4-23) 100 (100-100) 63 (61—66) 2 (4-23)
Day 3, N= 75 aPLR (%) 5.00 10/75 0 (0-0) 8 (14-44) 100 (100-100) 60 (56—65) 28 (14-44)
NPi 3.14 6/75 0 (0-0) 7 (6-31) 100 (100-100) 57 (53-61)  0.17 (6-28)
C\ (mm/s) Q.23 7/75 0 (0-0) 9 (8-33) 100 (100-100) 5? (54-62) 19 (8-33)
MCV (mm/s)  0.41 4175 0 (0-0) 1 (3-22) 100 (100-100) 5(53-58) 11 (3-22)
DV (mm/s) 0.13 16/75 5 (0-13) 9 (25-56) 88 (71-100) 53 (57-70) 34 (17-50)
Lat (s)* 0.31 4/75 0 (0-0) 11 (3-22) 100 (100-100) 5(53-58) 11 (3-22)

Analysis of all quantitative pupillometry parameters. Thresholds are the highest value yielding predicting unfavorable neurological outcome (90-days CPC 3-5) with
the lowest FPR achievable. Youden Index (sensitivity + specificity — 100%).

FPR, false positive rate; PPV, positive predictive value; NPV, negative predictive value; gPLR, quantitatively assessed pupillary light reflex; CV, average
constriction velocity; MCV, maximum constriction velocity; DV, dilation velocity; Lat, Latency of constriction; NPi, neurological pupil index.

" The threshold for Lat denotes the lowest values resulting in the presented FPR.
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SPECIAL ISSUE INSIGHT
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EEG monitoring after cardiac arrest iy

Claudio Sandroni'#’®, Tobias Cronberg® and Jeannette Hofmeijer*>

* Cil a ucel monitorace EEG po KPR
* Odhad zavaznosti HIBI
* Prognostikace
* Diagnostika epileptické aktivity
e Konvulzivni x nonkonvulzivni

* Monitorace antiepilepticke terapie | Terminologie

e Voltaz, kontinuita, reaktivita

American Clinical Neurophysiology Society’s standardized critical care EEG terminology:2021 version. J



CSARIM Praha 2023

EEG a prognostikace po KPR

* Dobry klinicky vysledek
 Normalni voltaz (> 20 uV) prvnich 12-24 hod po ROSC nebo ¢asna normalizace
e Pritomnost reaktivity na stimuly (zmény frekvence, voltaze...)

* Nepriznivy klinicky vysledek
e Perzistujici abnormality (suppressions, burst suppresssions)

e highly malignant” patterns, ¢asto tranzientni

. Xyéssc)cc)e epileptogenni (typ dle ANSA) — nepfrizniva znamky (zachycena i v prvnich hodinach po

* CAVE
e Suprese v prvnich 12-24 hod bézna, presto dobry klinicky vysledek! (x perzistujici!)
e EEG jako predikce nejdrive po 24 hod
* Vliv sedace!



e ot a3 o otz T Annals of Intensive Care

Prognostication after cardiac arrest: @’J
how EEG and evoked potentials may improve

the challenge

Sarah Benghanem'~~", Estelle Pruvost-Robieux®’ Eléonore Bouchereau™’, Martine Gavaret™*’ and
Alain Cariou'*




WWWWMMMWMMW Continuous nurmal-wm‘ hﬂu\"

N ™~ Nearly continuous normal-voltage
e A e e W FLU P = = .
iy b e ™ i e i AR e | et with sporadic discharges
Suppression <10pV
W%WWW T A AN . Discontinuous background
1u-upv| 1 s8c
_"““'WWWM e i Burst-suppression (heterogenous bursts)

. | -
. ‘ ) Burst-suppression (identical bursts)

_____| W\Aﬂ FWW Burst-suppr (highly epileptiform bursts)
|
WW Wwwmlﬁw Periodic discharges

Fig. 1 Relevant EEG patterns after cardiac arrest. See ESM Table 1 for definitions

Electrographic seizure (evolving spike&wave)

Reactive background {(improved frequencies)

Reactive background (transient attenuation)




Benign pattern: good outcome prediction
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Benghanem et al. Annals of Intensive Care (2022) 12:111



Benghanem et al. Annals of Intensive Care ~ (2022) 12:111

Highly malignant patterns: poor outcome prediction
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Davky, které zfejmé zasadné neovliviuji prognostickou hodnotu EEG

» Midazolam (63-68 ug/kg/hod)
» Propofol (3-3,5 mg/kg/hod)

Vliv na vypovédni hodnotu EEG
» Kombinace midazolamu a propofolu (hluboka sedace)
» Hypotermie (ale ne teploty 36 stC)
> Cas — vysoce maligni obraz do 24 hod po KPR



Malignant patterns: « grey zone »
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Kasuistika

*Muz 75 let
* Nalezen pred domem v bezvédomi (uraz hlavy)
* TANR, PEA, ALS, ROSC po 15 min

* CT hlavy — fr. frontalni kosti, fr. C1,2
* \/s. asfykticka zastava obehu pri lézi misni
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Kasuistika
LO KARIM

* Resuscitacni péce, TTM (35-36 stC)

* Pretrvava bezvedomi, GCS 3 po 72 hod
* Nizké davky analgosedace
* EEG, pupilometrie
* Prognostikace?
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Kasuistika
LO KARIM

* Prognostikace
* \/lysazena analgosedace, GCS 3
et
* Parcialni vymizeni reflexu hlavovych nervu (nPl)
* VVysoce maligni obraz EEG
* NSE 147 ug/I
* SSEP

* Paliativni péce
* VVysazeni podpory organovych funkci, exitus letalis
* DCD — ne pro vek (kontraindikace)



Unresponsive patient after ROSC

.

Suspected neurological cause of arrest? YES ——p

NO o -~
il Signs of brain death?
- Fixed dilated pupils
- Diabetes insipidus YES
« Cardiovascular changes
suggesting herniation Severe cerebral
. oedema
and brainstem
Unresponsive patient after rewarming herniation?

Exclude confounders, particularly residual sedation
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Fig. 6 Organ donation after cardiac arrest algorithm. *Includes a 24-h observation period after rewarming to 36 °C before dlinical testing for brain
death/death by neurclogical criteria [406]. WLST withdrawal of life sustaining treatment Adapted from [286]
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Prognostikace
nepriznivy klinicky vysledek

* Preklad
* NIP, DIOP - spravna klinicka praxe?

* Paliativni péce (WLST)
* Darce organu
* Smrt mozku (DBD)

* Nezvratna zastava obc¢hu (DCD)
* Zhodnotit pravdépodobnost splnéni kritérii

e ,withdrawal of life sustaining treatment, WLST*



Dékuji za pozornost.
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