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Systems approach to improving survival after cardiac arrest
Ong MKH, Perkins G, Cariou A. Lancet 2018: 391:980-8
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Perkins GD, et al. Lancet 2021

Hospital admission
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ICU mortality after cardiac arrest: the relative contribution of shock and

brain injury in a large cohort
Lemiale V, Dumas F, Mongardon N, Giovanetti O, Charpentier J, Chiche JD, Carli P, Mira JP, Nolan J, Cariou A

Intensive Care Med 2013
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Reasons for death in patients successfully resuscitated from out-of-
hospital and in-hospital cardiac arrest

Witten L et al. Resuscitation 2019; 136: 93-99

Reasons for death

100%
75%
Sudden cardiac death
B Respiratory failure
50%
° B Refractory shock
B Comorbid WLST
259, B Neuro WLST
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Early deaths after ROSC

Coronary
occlusion

Ischemia-

Defibrillation reperfusion

. . Post-CA
Drug toxicity m -
: g 4 yocardial -
(epinephrine?) dysfunction

Shock, MOF and death
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Reversible Myocardial Dysfunction in Survivors of OHCA
Laurent I, Monchi M, Chiche JD, Joly LM, Spaulding C, Bourgeois B, Cariou A, Rozenberg A, Carli

P, Weber S, Dhainaut JF. 3 Am Coll Cardiol 2002

Variables Shock No shock P
n=73 n=75

Collapse to ROSC (min) 25 [14 -39] 15 [7 -30] 0.005

Defibrillation (n) 3[1-6] 2 [1-3] 0.005

Total epinephrine (mg) 10 [3-16] 2[0-10] 0.0002

Acute coronary syndrome 53.7 % 38.2 % 0.06
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Mild therapeutic hypothermia in patients after out-of-hospital
cardiac arrest due to acute ST-segment elevation myocardial
infarction undergoing immediate percutaneous coronary
intervention®

Crit Care Med 2008 Vol. 36, No. 6

Sebastian Wolfrum, MD; Christian Pierau; Peter W. Radke, MD; Heribert Schunkert, MD;
Volkhard Kurowski, MD

Acute |schemic Heart Disease (Am Heart ] 2009;157:312-8.)

Acute coronary angiographic findings in survivors
of out-of-hospital cardiac arrest

ab

Zacharias Alexandros Anyfantakis, MD,™" Gabriel Baron, MSc, Pierre Aubry, MD," Dominique Himbert, MD,"
Laurent J. Feldman, MD, PhD,* Jean-Michel Juliard, MD," Agnés Ricard-Hibon, M[),‘1 Alexis Burnod, MD,d
Dennis V. Cokkinos, MD, P and Philippe Gabriel Steg, MD®  Paris and Clichy, France; and Athens, Greece

Circulation March 20, 2007
Six-Month Outcome of Emergency Percutaneous Coronary
Intervention in Resuscitated Patients After Cardiac Arrest
Complicating ST-Elevation Myocardial Infarction
Philippe Garot, MD; Thierry Lefevre, MD; Hélene Eltchaninoff, MD, PhD: Marie-Claude Morice, MD;
Fabienne Tamion, MD; Bernard Abry, MD: Pierre-Francois Lesault, MD; Jean-Yves Le Tarnec, MD:

Claude Pouges, MD: Alain Margenet, MD; Mehran Monchi, MD: Ivan Laurent, MD:;
Pierre Dumas, MD: Jérome Garot, MD, PhD; Yves Louvard, MD

Clinical paper Resuscitation 85 (2014) 1245-1250

Post-resuscitation electrocardiograms, acute coronary findings and @ it
in-hospital prognosis of survivors of out-of-hospital cardiac arrest™
Julio Garcia-Tejada®*, Alfonso Jurado-Roman?, Jests Rodriguez ”, Maite Velazquez?,

Felipe Herndndez?, Agustin Albarran?, Roberto Martin-Asenjo®, Carolina Granda-Nistal?,
Radl ComaP, Juan Tascon?
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Hospital mortality for pts with ROSC and STEMI

Acute anglography  No acute Anglography Odds Ratlo Odds Ratlo
Study or Subgroup Events Total Events Total Welght M-H, Fixed, 85% CI M-H, Fixed, 95% ClI
Aurore 2011 102 133 282 312 65%  0.35[0.20, 0.81] e
Bro-Jappesen 2012 69 198 75 182 88%  0.62[0.41,0.95] =t
Bulut 1989 6 10 17 27 06%  0.88[0.20, 3.80]
Cronier 2011 a7 91 14 20 22%  0.29[0.10,0.83) ——
Grasner 2011 74 154 373 430 16.9%  0.14[0.08, 0.22] —.—
Hollenbeck 2013 42 122 76 147 75%  0.49[0.30, 0.80] g
Mooney 2011 38 101 24 38 36%  0.38[0.18 0.81] ——
Nanjayya 2012 17 35 23 35 20%  049[0.18, 1.29) S——
Nlelsen 2009 176 479 320 507 325%  0.34[0.26, 0.44] -
Reynolds 2009 23 83 1 33 15% 1.15[0.47, 2.79) -
Strote 2012 17 81 91 179 55%  0.37[0.20, 0.70) g
Tomte 2011 89 145 20 28 28%  0.41[0.17, 0.86] n——
Waldo 2013 27 84 19 26 33%  0.17[0.07, 047 S —
Werling 2007 9 28 47 57 35%  0.10[0.04, 0.29] P —
Zanuttini 2012 15 48 24 45 28%  0.40[0.17,0.83] ——
Total (95% CI) 1752 2048 100.0%  0.35[0.31,0.41] 4
Total events 721 1418
Heterogenelty: Chi? = 43.27, df = 14 (P < 0.0001); * = 88% =° o1 °=1 3 1;0 3 08
Test for overall effect: Z = 13.89 (P < 0.00001) " Favours [e;q:enmental] Favours [control]

Nikolaou N et al. Resuscitation 2015
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European Resuscitation Council and European Society of Intensive
Care Medicine Guidelines for Post-resuscitation Care 2015
Section 5 of the European Resuscitation Council Guidelines for
Resuscitation 2015*

Jerry P. Nolan®"*, Jasmeet Soar*, Alain Cariou ¢, Tobias Cronberg®,

Véronique R.M. Moulaert ', Charles D. Deakin¢, Bernd W. Bottiger ", Hans Friberg',
Kjetil Sunde’, Claudio Sandroni*

i
EUROPEAN W
. RESUSCITATION -y
COUNCIL

“There are no randomised studies
but given that many observational
studies reported increased survival
and neurologically favourable
outcome, it is highly probable that
early invasive management is
beneficial in STE patients.”

Immediate treatment

Airway and breathing

= Maintain SpO, 94 — 98%

* |Insert advanced airway

= Waveform capnography

= Ventilate lungs to normocapnia

Circulation

* 12-lead ECG

* Obtain reliable intravenous access

= Aim for SBP > 100 mmHg

* Fluid (crystalloid) - restore normovolaemia
* Intra-arterial blood pressure monitoring

= Consider vasopressor/ inotrope to maintain SBP

Control temperature
= Constant temperature 32°C - 36°C

* Sedation; control shivering

NO Likely cardiac cause? YES

~ NO

Cause for cardiac arrest
identified?

YES

ICU management
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Coronary artery disease in patients with out-of-hospital
refractory ventricular fibrillation cardiac arrest

Yannopoulos D, et al. J Am Col Cardiol 2017

Early Transport
to the Cath Lab for ECMO, NG
Angiography/PCl

University of Minnesota
Protocol

Refractory VF

Out-of-Hospital
Cardiac Arrest

Historical
AHA-Based CPR

ECMO Support

A ' ' '
b : Hospital

#

_

ROSC

»

Hospital

Admission

Survival to Hospital Direct Current

15%

B Survivors  Death
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Recent statements

ESC Guidelines 2017

Cardiac arrest

Recommendations Class® | Level®

A primary PCl strategy is recommended in

patients with resuscitated cardiac arrest and

an ECG consistent with STEM|.67-7185 @Gaim"% ".COR COSTR 2021
Ibanez et al. Eur Heart J 2018 % o0 ‘ Consensus on Science with Treatment Recommendations (CoSTR)

For comatose patients with ST segment elevation there is no randomized clinical evidence for the timing of
coronary angiography. The Task Force acknowledges that early coronary angiography, and percutaneous
intervention if indicated, is the current standard of care for patients with STEMI who did not have a cardiac
arrest. We found no evidence to change this approach in patients with ST segment elevation following cardiac

arrest.

CoSTR.ILCOR.org (updated March 08, 2021) Printemps des urgences 2022



ERC - ESICM Guidelines 2021

- Emergent cardiac catheterisation laboratory evaluation (and

immediate PCI if required) should be performed in adult patients

with ROSC after cardiac arrest of suspected cardiac origin with
ST-elevation on the ECG

Intensive Care Med
https://dol.org/10.1007/500134-021-06368-4
AT Availabie oniline 8t www sciencedirect com
o, Resuscitation @,Sﬁ.mmm
P ; O | [ e eE
European Resuscitation Council 2= ELSEVIER | esrsl omepsge: warslsavir.comfccesalasy
and European Society of Intensive Care E R itation Council and E »
Medicine guidelines 2021: post-resuscitation ty of Care M 2021
care Post-resuscitation care”
. 3 . . i . . 5 Jerry P. Nolan™""*, Claudio Sandroni“*', Bernd W. Bdttiger*, Alain Cariou’,
lan'?'®, Claudio Sandroni*, Bernd W. Battiger®, Alain Cariou®, Tobias Cronberg’, Hans Friberg®, nberg”, Friberg", Cornelia brugge ", Kirstie Haywood"
omelia Genbvuggega o K?rsti: Hao;\wood' n gisela Li‘\;ags vero:ir;uenac.x;n. Mou‘::enr'o;.‘Nizlaos :s\kmw\:g". 27:,‘:3,’;«, Vlmnl’:u:‘ A.M. Moulaert™, Nms:',, ,‘“,,l,'un, He .
riero Olasveengen'®, Markus B. Skrifvars', Fabio Taccone'” and Jasmeet Soar'® Theresa Mariero Olasveengen °, Markus B. Skrifvars®, Fabio Taccone®, Jasmeet Soar’
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Should we restrict the use of immediate coronary angiogram

... to AMI with ST-segment elevation?
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Value of ECG
abnormalities after
cardiac arrest?
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Association of Timing of Electrocardiogram Acquisition After Return of
Spontaneous Circulation With Coronary Angiography Findings in Patients
With Out-of-Hospital Cardiac Arrest

Baldi E, Schnaubelt S, Caputo ML, et al. JAMA Netw Q

Key Points
Question Is the time from the return of
spontaneous circulation (ROSC) to

Figure 2. Percentage of False-Positive Electrocardiography (ECG) Findings for ST-Segment Elevation Myocardial electrocardiogram (ECG) acquisition
Infarction (STEMI) in the Population in Whom a Percutaneous Coronary Angioplasty (PTCA) Was Not Performed Seodaeown epe et olhe.
positive ECG findings for ST-segment
elevation myocardial infarction (STEMI)
0.301 in patients who experience out-of-
hospital cardiac arrest?
(%)
E 0.25- Findings In this cohort study of 370
E patients who were resuscitated from
:_; 0.20- out-of-hospital cardiac arrest, the
v percentage of false-positive ECG
'g findings among those performed 7
"é 015 minutes or less after ROSC (18.5%) was
o significantly higher than those
§ performed between 8 and 33 minutes
E (7.2%) and over 33 minutes (5.8%)
o 0.10-
st after ROSC.
R=]
"g Meaning Results of this study suggest
& 0.05- that early ECG acquisition after ROSC is
a associated with a higher percentage of
false-positive ECG findings for STEMI
0 after out-of-hospital cardiac arrest.
<7 8-33 >33

Time from ROSC to post-ROSC ECG, min
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Proportion of CA patients without STE who required an early PCI

50%

40%

30%

20%

10%

0%
Anyfantakis, Zattuni, Ying-Sui, Am Dumas, 2014 Dumas, Radsel, Am Hollenbeck,
American Heart  Resuscitation Heart J 1988 Cardiovasc Circ  Cardiol J 2011 Resuscitation
journal 2009 2013 Interv 2010 2013
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Timing of CAG in non-STEMI patients

Is sooner really better?
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Survival in patients without acute ST-elevation after cardiac arrest and
association to early CAG - a post hoc analysis from the TTM trial

Dankiewicz J et al. Intensive Care Med 2015

D T Kaplan-Meier survival estimates
ey 1.00
Excluded (n=395)
+Acute ST-elevation (n=384)
#Missing ECG (n=11)
0.751
Included NS
(n=544) E
' s 050 —
w
' v 3
I_Earty corona_ry No early coronary
ooy et 025
— No early CAG
........... f:,ﬁ:?’:,?;‘g“’(?,'fé’,.")’ i 0.00 === Early CAG
#Received PC| (n=25) T T r T T
0 50 100 150 200
Days after cardiac arrest
Dead (n=122) 48% Dead (n=159) 54% Number at risk
Alive (n=130) 52% A (1=133) 46% No early CAG: 292 147 142 139 134
Early CAG: 252 138 137 137 126
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ORIGINAL ARTICLE

Lemkes JS et al. NEJM 2019

Coronary Angiography after Cardiac Arrest
without ST-Segment Elevation

Table 2. Procedures, Treatments, and Characteristics of Coronary Artery Disease.*

100+
Immediate Angiography Delayed Angiography 90+
Variable Group (N=273) Group (N =265) g 80
Coronary angiography performed — no. (%) 265 (97.1) 172 (64.9)1 é 704 Delayed coronicy inglegraphy 67.2
Median time from arrest to coronary angiography (IQR) — hr 2.3 (1.8-3.0) 121.9 (52.0-197.3) g 60 Immediate coronary angiography 64.7
Median time from randomization to coronary 0.8 (0.5-1.2) 119.9 (47.2-203.7) = 50
angiography (IQR) — hr .;8 el
Severity of coronary artery disease — no./total no. (%) £ 301
No clinically significant disease 94/265 (35.5) 59/172 (34.3) § 204
One-vessel disease 72/265 (27.2) 49/172 (28.5) 10+ Hazard ratio for death, 1.11 (95% CI, 0.83-1.49)
Two-vessel disease 54/265 (20.4) 35/172 (20.3) 0 r r y . r \
Three-vessel disease 45/265 (17.0) 29/172 (16.9) 0 18 30 4 &0 B %
Acute unstable lesion — no./total no. (%) 36/265 (13.6) 29/172 (16.9) Deyeilnce andowiztion
Acute thrombotic occlusion — no./total no. (%) 9/265 (3.4) 13/172 (7.6)§ g:l.a;:dRISk 265 191 183 181 179 179 178
Chronic total occlusion — no. /total no. (%) 100/265 (37.7) 58/172 (33.7) Immediate 273 183 178 176 176 176 176
Revascularization treatment — no. (%)
Bei 50 (33.0 AT, Figure 1. Kaplan—Meier Estimates of Survival among Patients Who Under-
$24) 42) went Immediate or Delayed Coronary Angiography after Cardiac Arrest.
CABG 17 (6:2) 23 (8.7) There was no significant difference between the two groups in overall sur-
Pharmacologic or conservative treatment 168 (61.5) 179 (67.5) vival at 90 days.

COACT
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ORIGINAL ARTICLE

Desch S et al. NEJM 2021

Angiography after Out-of-Hospital Cardiac
Arrest without ST-Segment Elevation

Subgroup

Age
=65 yr
<65 yr

Diabetes
No
Yes

First monitored rhythm
Nonshockable
Shockable

Confirmed myocardial infarction
as OHCA trigger

Female
Male
Targeted temperature management
No
Yes
Time from arrest to return of
spontaneous circulation
=15 min
<15 min

Immediate  Delayed or Selective
Angiography Angiography

no. of patients with event/total no. (%)

104/164 (63)
40/100 (40)

95/175 (54)
28/90 (31)

82/173 (47)
49/71 (69)

69/177 (39)
46/74 (62)

84/115 (73)
49/126 (39)

68/100 (68)
43/142 (30)

73/145 (50) 63/159 (40)

18/47 (38) 18/43 (42)
50/80 (62) 37/81 (46)
94/185 (51) 86/184 (47)
28/59 (47) 25/56 (45)

114/204 (56) 96/206 (47)

99/171 (58)
20/59 (34)

97/170 (57)
17/57 (30)

Hazard Ratio (95% Cl)

CRR S — 129 (0.97-1.73)
e — 1.37 (0.84-2.23)
———— 1.32 (0.95-1.83)
| ——t— 1.19 (0.78-1.81)
R S S— 1.24 (0.88-1.75)
—_— 1.44 (0.95-2.19)
: — 1.34 (0.95-1.89)
t : 0.97 (0.50-1.90)
: R — 1.64 (1.06-2.54)
P 1.14 (0.84-1.53)
e — 1.34 (0.77-2.33)
: H——— 1.26 (0.96-1.67)
D —— 1.02 (0.76-1.36)
i - 1.51 (0.78-2.93)
T T T T 1
05 07 10 14 20 33

Immediate Angiography Better Delayed or Selective Angiography Better

Probability of Survival

No. at Risk
Delayed or selective angiography
Immediate angiography

l.OW Hazard ratio, 1.28 (95% Cl, 1.00-1.63)
0.9 P=0.06 by log-rank test
0.8+
0.7
0.6 Delayed or selective angiography
0.5+
0.4 Immediate angiography
0.3+
0.2
0.1+
0.0 T T T T T 1
0 5 10 15 20 25 30
Days
265 207 163 149 139 138 133
265 195 151 138 129 123 117

TOMAHAWK
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ERC - ESICM Guidelines 2021

- Emergent cardiac catheterisation laboratory evaluation (and immediate
PCI if required) should be performed in adult patients with ROSC after
cardiac arrest of suspected cardiac origin with ST-elevation on the ECG

* In patients with ROSC after out-of-hospital cardiac arrest (OHCA) without
ST-elevation on the ECG, emergent cardiac catheterisation laboratory
evaluation should be considered if there is an estimated high probability
of acute coronary occlusion (e.g. patients with haemodynamic and/or
electrical instability)

‘dol.org/" 7/5001. 3684
Aveiatie onine st wi sciencadroct com
Resuscitation @,%Zi;";‘ﬁlm
. . " fh 3 COUNCIL
European Resuscitation Council o | | TISEVIER  lournetnomepage: waweisevier.comocatairasuncitation
and European Society of Intensive Care E R itation Council and Europ )
Medicine guidelines 2021: post-resuscitation ty of Care 8 2021
care Post-resuscitation care
> Nolan'2'®, ron, Berd W. Bottiger, Alain Cariou®, Tobias Cronberg’, Hans Fiberg®, o P CNIZ::-";;;'S:":W c"’um":l' '.’ m‘,nw"'wm;;.‘:": M"”,., g
Cornelia Genbrugge® " Kirstie Haywood ", Gisela Lilja 7, Véronigue R. M. Moulzert'?, Nikolaos Nikolaou', Gisela Lilja’, Véronique R.M. Moulaert™, Nikolaos Nikolaou",
0 Olasveengen'®, Markus B. Skrifvars'®, Fabio Taccone'” and Jasmeet Soar'® Theresa Mariero Olasveengen °, Markus B. Skrifvars”, Fabio Taccone®, Jasmeet Soar’
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Emergency Versus Delayed Coronary
Angiogram In Survivors Of Out-Of-Hospital
Cardiac Arrest Without ST Segment Elevation:
Results Of The EMERGE Trial

Christian Spaulding, on behalf of the EMERGE investigators

AHA Meeting 2021
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EMERGE Randomized Trial

* Hypothesis: Performing an immediate CAG after an OHCA without
ST segment elevation on the post-resuscitation ECG and no
obvious non-cardiac cause of arrest leads to a better outcome

* Primary end-point: 180-day survival with no or minimal
neurological sequel (Cerebral Performance Category (CPC) 1 or
2)

AHA Meeting 2021
Printemps des urgences 2022



EMERGE: Trial Design

Survivors of OHCA with no ST segment elevation

Check inclusion and exclusion criteria
Informed consent

Randomization

Immediate coronary angiogram Delayed (48-96 hours) coronary angiogram

—

Primary end-point: 180 d;\;/ survival with CPC 1 or 2

AHA Meeting 2021 Printemps des urgences 2022



EMERGE: Inclusion and Exclusion Criteria

nclusion criteria Exclusion criteria
Adult patients > 18 years
of age No ROSC
OHCA with return of :
sRonianequs circulation ST segment elevation
(ROSC), without obvious In-hospital cardiac arrest
non-cardiac cause of
arrest) Participation in another
Admitted to a center with intervention study
an intensive care unit and ,
a 24/7 interventional Absence of informed
cardiology department consent

AHA Meeting 2021 Printemps des urgences 2022



EMERGE:
Primary end-point: Survival at 180 days with CPC 1 or 2

Survival 1with CPC score=1 or 2

Number at risk

Delayed CAG
Immediate CAG

AHA Meeting 2021

0.8

0.6

0.4

0.2

0.0

p Logrank=0.339

Delayed CAG
—— Immediate CAG
T | | |
0 50 100 150
Time to event (days)
137 45 45 45
138 50 49 48
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We should probably be more selective...

Targeting patients with
high prevalence of
coronary cause of arrest
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ROSC without STE: is later PCI equivalent to immediate PCI?

Postresuscitation ECG

/’

STEMI

Absence of significant

comorbidities and
unfavorable cardiac
arrest setting

I
STEMI

fast track

!

Immediate

Absence of obvious non-
coronary cause, significant
comorbidities, unfavarable

cardiac arrest setting

] work up

coronary
angiography

~

No STEMI

v

ER stop for
fast diagnostic

Additional history

Echocardiography

CT scan head/torax
Laboratory values

v

Cardiac intensive
care unit

Radsel P, Noc M. Resuscitation 84 (2013) 1169- 1170
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Is emergent PCI associated with a clinical benefit in post-CA patients without ST

segment elevation pattern? Insights from the Parisian registry (PROCAT II)
Dumas F, Bougouin W, Geri G, Lamhaut L, Rosencher J, Péne F, Chiche JD, Varenne O, Carli P, Jouven

X, Mira JP, Spaulding C, Cariou A (JACC Cardiovasc Interv 2016)

100% -

90% -

80% -

70% -

60% -

50% -

40% -

30% -

20% -

10% -

0% -

14 157
119 50 59
55
28
13

mnoPCI
OPCI

10 104
39 17 20
8
2
Female Male Age<50 Female Male Age>50 Female Male Age<5Q0/ Female Male Age>50
Age<50 Non Non Age>50 Non Non Age>50 Shockab Age<50 Shockable
Shockable  Shockable  Shockable  Shockable  Shockable Shockable
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Should we used a risk-stratification sirategy in the decision for early invasive
strategy in survivors of out-of-hospital cardiac arrest?

Bougouin W, Dumas F, Karam N, Maupain C, Marijon E, Lamhaut L, Jost D, Beganton F, Varenne O, Spaulding C, Jouven X, Cariou A; on

behalf from the Sudden Death Expertise Center
JACC Cardiovasc Interv 2017

Number CA/
CAHP score patients OR (95%Cl)
< 150 573/667 (86%) 2.3 (1.4-3.9) v ——
Survival 150-200 311/469 (66%) 1.3 (0.6-2.9) } M- |
> 200 128/274 (47%)  2.1(0.3-12.5) [ v {
—— <150 573/667 (86%)  3.1(1.8-5.3) : p—t—vi
neurological | 150 500 311/460 (66%) 1.4 (0.6-3.5) ——e i
outcome .
> 200 128/274 (47%)  2.1(0.3-12.5) I : + {
— P—— H: ' g Y —
Favors controls Favors early CAG
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Coronary angiogram after cardiac arrest?

Allegro ma non troppo

Immediate coronary angiography (+/- PCI):

- Should be proposed immediately if STEMI on
post-ROSC ECG

- Should be (at least) discussed in other patients

... in patients with the highest risk of coronary
cause ... in those with preserved neurological

outcome
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