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Check for
updates

Cardiac arrest and resuscitation science is advancing rapidly, with
the last decade witnessing a surge in the publication of randomised
clinical trials (RCT) that can inform guidelines and clinical practice.
Several RCTs focusing on temperature control,'~® post-resuscitation
physiological targets,*® and treatment of refractory cardiac arrest”®
were published in 2021 and in 2022, and mostly of out-of-hospital
cardiac arrest (OHCA). This trend of high-quality RCTs continued
in 2023.

In this article, we summarise the key findings from four important
multicentre RCTs published in 2023: Early Initiation of Extracorpo-
real Life Support in Refractory OHCA (INCEPTION) trial,® Targeted
Therapeutic Mild Hypercapnia after Resuscitated Cardiac Arrest
(TAME),"® A Randomized tRial of Expedited transfer to a cardiac
arrest center for non-ST elevation OHCA (ARREST),"" and STERoid
for Out-of-Hospital Cardiac Arrest (STEROHCA) trial'® (Table 1,
Fig. 1). Articles were selected based on their large sample size, mul-
ticentre design, assessment of significant clinical outcomes, and
publication on high-impact medical Journals.

INCEPTION trial

The INCEPTION trial, performed in 10 out of the total 16 cardio-
thoracic surgery centres in The Netherlands, was the first multicentre
RCT of extracorporeal cardiopulmonary resuscitation (ECPR).°
Notably, it is the only ECPR RCT to date that has completed the
planned enrolment. ECPR was compared with conventional car-
diopulmonary resuscitation (CPR) in 134 adults with refractory
OHCA and an initial shockable rhythm. This RCT found a similar rate
of survival with favourable neurological outcome at 30 days for
ECPR and conventional CPR (20% versus 16%, p = 0.52).° Subse-
quent Bayesian analyses estimated a 42% probability of a minimal
clinically important difference (5% absolute risk reduction),'® increas-
ing to 61% in a per-protocol analysis that excluded patients not meet-
ing inclusion criteria, amongst which time to cannulation exceeded
60 minutes, and with return of spontaneous circulation (ROSC)
before hospital arrival.'*

ECPR benefit was less evident in INCEPTION than in previous
single-centre RCTs,”'® Importantly, INCEPTION was a pragmatic
study, where clinical practice was not standardized across participat-
ing centres whose experience and case volume varied consider-
ably.’® These factors were particularly evident for delays in
establishing ECPR: the time between hospital arrival and cannulation
initiation, and between cannulation initiation and extracorporeal flow
were 16 and 20 minutes,® considerably longer than previous trials,

potentially diminishing any beneficial effect of ECPR. Overall, the
INCEPTION trial highlights the challenges of implementing this com-
plex intervention that may be effective at a single high performing
centre across a whole system.

The International Liaison Committee on Resuscitation (ILCOR)
suggests that ECPR may be considered as a rescue therapy for
selected OHCA patients when conventional CPR is failing to restore
spontaneous circulation in settings in which this can be implemented
(weak recommendation, low-certainty evidence).'” Meta-analyses of
RCTs only, including the INCEPTION trial, are in favour of ECPR.'®
However, the heterogeneity in design of these studies and their lim-
itations warrants caution in their interpretation.'®

TAME trial

Post-resuscitation guidelines recommend normocapnia for coma-
tose adults after OHCA.?° However, higher partial pressure of arterial
carbon dioxide (PaCO,), a major regulator of cerebrovascular tone,
may potentially improve cerebral perfusion by increasing cerebral
blood flow. Mild hypercapnia after cardiac arrest increased cerebral
oxygen saturation, as shown with near-infrared spectroscopy?’,
and was associated with better outcomes in two observational stud-
ies.?>?® In a small phase Il RCT, mild hypercapnia reduced release
of neuron-specific enolase (NSE), a biomarker of neuronal injury.>*
Accordingly, the TAME trial, a multi-centre RCT enrolling 1700
comatose adults resuscitated after OHCA and admitted to 63 inten-
sive care units in 17 countries, tested if mild hypercapnia (PaCO,, 50
to 55 mm Hg [6.7 to 7.3 kPa]) would improve outcomes as compared
with normocapnia (PaCO,, 35 to 45 mm Hg [4.7 to 6 kPa])."° The
TAME trial complements other RCTs investigating physiological tar-
gets after resuscitation, such as temperature,’ oxygenation, and
blood pressure*~® published in the last three years.

At 6 months, targeted mild hypercapnia for 24 hours beginning at
randomisation did not improve survival with favourable neurological
outcome (43.5% vs 44.6%, relative risk (RR), 0.98; 95% confidence
interval (Cl), 0.87—1.11; P = 0.76) or mortality (48.2% vs 45.9%, RR,
1.05; 95% Cl, 0.94-1.16). Potential adverse effects of mild hypercap-
nia include the worsening of cerebral oedema and elevation of
intracranial pressure;?® however, data from this study suggest that
clinically relevant elevations in intracranial pressure were unlikely.
Moreover, mild hypercapnia may have adverse haemodynamic
effects, but a sub-study of the TAME trial found no evidence of
increased pulmonary vascular resistance or worsened right ventricu-
lar function compared with normocapnia.”® Preliminary data also
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Table 1 - Summary of important multicentre randomised trials of cardiac arrest and cardiopulmonary resuscitation published in 2023.

Study

Setting

Population

Intervention

Control

Primary outcome

Secondary outcomes
(main)

Suverein 2023
(INCEPTION)®

Eastwood 2023
(TAME)'©

Patterson 2023
(ARREST)"!

Obling 2023
(STEROHCA) 2

10 cardiosurgical
centres
in The Netherlands

63 intensive care units
in 17 countries

35 acute hospitals, 7 of
them cardiac arrest
centres, in the

Greater London area,
UK

2 cardiac arrest centres
in Denmark

Witnessed OHCA patients
(18-70 years) with an initial
shockable rhythm refractory
to 15 minutes of advanced
life support

Resuscitated comatose
OHCA patients (>18 years)
of presumed cardiac or
unknown cause

Resuscitated OHCA
patients (>18 years) of
presumed cardiac cause
without ST-segment
elevation myocardial
infarction

Resuscitated comatose
OHCA patients (>18 years)
of presumed cardiac cause

Extracorporeal CPR at
hospital arrival

Mild hypercapnia (PaCO,
50-55 mmHg [6.7 to
7.3 kPa])

Transport to a cardiac arrest
centre

Bolus intravenous injection
of 250 mg
methylprednisolone

(2 x 125 mg/2 mL) over

5 min

Conventional CPR

Normocapnia
(PaCO, 35—

45 mmHg [4.7 to
6 kPa])

Transport to the
closest emergency
department

Placebo (4 mL
isotonic NaCl) over
5 min

Survival with a favourable
neurological outcome at

30 days

20% vs 16% (OR 1.4; 95%
Cl, 0.5-3.5)

Survival with a favourable
neurological outcome at

6 months

44% vs 45% (RR 0.98; 95%
Cl, 0.87-1.11)

All-cause mortality at

30 days

63% vs 63% (RR 1.00; 95%
Cl, 0.90-1.11)

Daily measurements of IL-6
and NSE from admission
until 72 hours

- Lower IL-6 values at 24
and 48 hours

- No difference in NSE
values

Survival with favourable
neurological outcome at

6 months

20% vs 16% (OR 1.3; 95%
Cl, 0.5-3.3)

Mortality at 6 months

48% vs 46% (RR 1.05; 95%
Cl, 0.94-1.16)

Poor functional outcome at
6 months

53% vs 51% (RR 1.05; 95%
Cl, 0.95-1.15)

Mortality at 3 months

65% vs 64% (RR 1.02; 95%
Cl, 0.92-1.12)

Favourable neurological
outcome at 3 months

30% vs 31% (RR 1.01; 95%
Cl, 0.92—-1.11)

Mortality at 180 days

25% vs 36% (HR 0.65; 95%
Cl, 0.35-1.2)

Abbreviations: OHCA, out-of-hospital cardiac arrest; CPR, cardiopulmonary resuscitation; HR, hazard ratio; IL-6, interleukin-6; NSE, neuron specific enolase; OR, odds ratio; RR, risk ratio.
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Early extracorporeal CPR for refractory
out-of-hospital cardiac arrest
Suverein MM et al. N Engl J Med.

POPULATION SETTING

Witnessed OHCA patients (18-70 10 cardiosurgical centres

years) with an initial shockable in The Netherlands

rhythm refractory to 15 min of ALS

INTERVENTION CONTROL

Extracorporeal CPR at Conventional CPR (basic

hospital arrival and advanced life support)
PRIMARY OUTCOME

Survival with a favourable neurological outcome at 30 days
20%Vvs16% (OR14;95% Cl,05-35)
MAIN SECONDARY OUTCOME
Survival with favourable neurological outcome at 6 months
20%Vvs16% (OR13;95% Cl,05-33)

Transfer to a cardiac arrest centre for
non-ST-elevation out-of-hospital cardiac arrest
Patterson T et al. Lancet.

POPULATION SETTING

Resuscitated OHCA patients (=18 35 acute hospitals, 7 of them

years) of presumed cardiac cause cardiac arrest centres, in the

without STEMI Greater London area, UK

INTERVENTION CONTROL

Transporttoa Transport to the closest

cardiac arrest centre emergency department
PRIMARY OUTCOME

All-cause mortality at 30 days
63% vs 63% (RR1.00;95% Cl, 090-111)
MAIN SECONDARY OUTCOME

Favourable neurological outcome at 3 months
30% Vs 31% (RR101;95% Cl,092-111)

Mild hypercapnia or normocapnia
after out-of-hospital cardiac arrest
Eastwood G et al. N Engl J Med.

POPULATION SETTING

Resuscitated comatose OHCA 63 intensive care

patients (=18 years) of presumed units in 17 countries

cardiac or unknown cause

INTERVENTION CONTROL

Mild hypercapnia (PaCO2 50-55 Normocapnia (PaCO2 35-45

mmHg [6.7 to 7.3 kPa]) mmHg [4.7 to 6 kPa])
PRIMARY OUTCOME

Survival with a favourable neurological outcome at 6 months
44% vs 45% (RR 098; 95% Cl, 0.87-111)
MAIN SECONDARY OUTCOME

Mortality at 6 months
48% vs 46% (RR1.05;95% Cl, 094-116)

Prehospital high-dose methylprednisolone in
resuscitated out-of-hospital cardiac arrest
Obling LER et al. Intensive Care Med.

POPULATION SETTING

Resuscitated comatose OHCA 2 cardiac arrest

patients (=18 years) of presumed centres in Denmark

cardiac cause

INTERVENTION CONTROL

250 mg methylprednisolone Placebo (4 mL isotonic

(iv. bolus over 5 min) NaCl) over 5 min
PRIMARY OUTCOME

IL-6 and NSE levels from admission until 72 hours

Reduced IL-6 at 24 h (211 pg/mL [95% CI, 1.3-3.2] vs. 29 pg/mL [95% CI,
18-46], p<0.001) and 48 h (57 pg/mL [95% CI, 3.8-8.4] vs. 10 pg/mL [95%
Cl, 6.7-15], p=0.04). No difference in NSE over time.

MAIN SECONDARY OUTCOME
Mortality at 180 days
25%vs 36% (HR065;95% Cl, 0.35-12)
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Fig. 1 - Infographic of four important randomised clinical trials published in 2023 in the fields of cardiac arrest and
cardiopulmonary resuscitation. Abbreviations: OHCA, out-of-hospital cardiac arrest; CPR, cardiopulmonary
resuscitation; RCT, randomised clinical trial; PaCO,, partial pressure of carbon dioxide, STEMI, ST-elevation
myocardial infarction; IL-6, interleukin-6; NSE, neuron-specific enolase.

indicate that in patients with acute myocardial infarction, mild hyper-
capnia may protect against myocardial ischemia—reperfusion injury,
as it was associated with lower peak and serial high-sensitivity tro-
ponin T release following revascularisation.””

ARREST trial

The ARREST trial is the first and only multicentre RCT that tested
if the direct transport of resuscitated OHCA patients without ST ele-
vation after ROSC to a cardiac arrest centre improves outcomes
compared with transportation to the geographically closest emer-
gency department.’’ Among the 862 patients randomised in London,
UK, 61% had a cardiac cause and, of them, 40% exhibited coronary
artery disease and 20% an acute coronary syndrome. The cause of
arrest remained unidentified in 19% of patients. The median time
from cardiac arrest to hospital arrival was 84 min (IQR 68-104) in
the cardiac arrest centre group and 77 min (IQR 63-96) in the stan-
dard care group. While there was no difference in pre-randomisation

characteristics, more patients in the cardiac arrest centre group were
identified as being in cardiogenic shock, admitted to intensive care
unit, received organ support (haemodynamic, ventilatory, and renal),
and received coronary angiography, which was also more rapid. This
observation may be attributable to higher access to diagnostics and
interventions or different clinical practice in cardiac arrest centres.
At 30 days, all-cause mortality in the cardiac arrest centre group
and the standard care group was the same (63% vs 63%, RR for sur-
vival 1.00 [95% CI, 0.90-1.11], p = 0.96). Also at 3 months, there
was no difference in all-cause mortality (65% vs 64%, RR 1.02
[95% CI, 0.92—-1.12]) and survival with favourable neurological out-
come (30% vs 31%, [RR 1.01; 95% CI, 0.92-1.11])."" A possible
effect on survival from transport to a cardiac arrest centre was found
in patients younger than 57 years and those aged 57-71 years,
respectively, experiencing higher and lower survival rates compared
with standard care."' The trial was powered to detect a 10% absolute
risk reduction in mortality with transport to a cardiac arrest centre,
which may have been much greater than the potential true effect
size. Before the results of this RCT, a meta-analysis with mostly
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observational data found that treatment in a cardiac arrest centre
was associated with improved survival with favourable neurological
outcomes.?® However, the results of the ARREST trial are consistent
with recent RCTs testing advanced post-resuscitation interventions
such as immediate coronary angiography in patients without ST ele-
vation.?>~®' The ARREST study also highlights the challenge for on
scene clinicians in deciding which patients with a presumed primary
cardiac arrest will benefit from cardiac arrest centre care.

STEROHCA trial

The STEROHCA trial, a Danish phase Il RCT, tested if the
administration of high-dose methylprednisolone to adult OHCA
patients with ROSC could reduce inflammatory injury, potentially pre-
venting secondary neurological injury and worsening of post-cardiac
arrest syndrome.*® The primary outcome was the plasma values of
IL-6 and NSE from admission until 72 hours.

Among the 158 patients randomised, the early prehospital admin-
istration of a 250 mg intravenous bolus of methylprednisolone
reduced inflammation compared with placebo. The median time to
randomisation was 20 minutes from ROSC. Although baseline IL-6
values were similar between groups, the intervention group exhibited
a significant reduction at 24 hours (2.1 pg/mL [95% CI, 1.3-3.2] vs
29.8 pg/mL [95% CI, 18.9-46.8], p < 0.0001) and at 48 hours
(5.7 pg/mL [95% CI, 3.8-8.4] vs 10.1 pg/mL [95% CI, 6.7-15.1],
p = 0.04). No difference was observed at 72 hours. Similarly, a sig-
nificant treatment-by-time interaction for high-sensitive C-reactive
protein was found. The observed mitigation of inflammation did not
translate into improved blood values of brain injury biomarkers such
as NSE and neurofilament light chain. Importantly, the mean NSE
values in the study population were low and close to those predicting
neurological recovery,® suggesting that the degree of brain injury in
these patients was lower than in other studies on post-resuscitation
care. These results align with those of the 2021 IMICA trial, which
showed a reduction in high-sensitive C-reactive protein values but
no improvement of neurological outcome after administration of the
IL-6 inhibitor tocilizumab.*®

Although STEROHCA was not powered for mortality, there were
more survivors in the intervention group at six months (75% vs 64%;
unadjusted hazard ratio 0.65 [95% CI, 0.35-1.2], p = 0.17; adjusted
hazard ratio 0.35 [95% CI, 0.18-0.67], p = 0.002). Importantly, the
injection of high-dose methylprednisolone was deemed safe, as
demonstrated by a similar incidence of adverse events between
groups. Two prior RCTs of cardiac arrest patients who received glu-
cocorticoids along with vasopressin have reported a higher rate of
survival and neurological outcome®**°, and one trial an increased
incidence of ROSC.*® The STEROHCA should help inform a larger
multicentre trial of steroids after cardiac arrest.
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