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Visual Abstract
IMPORTANCEPrevious trials have suggested that vasopressin and methylprednisolone [ Editorialpage 1583
administered during in-hospital cardiac arrest might improve outcomes.

Multimedia
OBJECTIVHO determine whether the combination of vasopressin and methylprednisolone
. L . . . " 8 Supplemental content
administered during in-hospital cardiac arrest improves return of spontaneous circulation.
. . . CME Quizat
DESIGN, SETTING, AND PARTICIPANVIEIticenter, randomized, double-blind, Q

. . X . jamacmelookup.com
placebo-controlled trial conducted at 10 hospitals in Denmark. A total of 512 adult patients

with in-hospital cardiac arrest were included between October 15, 2018, and January 21, 2021.
The last 90-day follow-up was on April 21, 2021.

INTERVENTIONPatients were randomized to receive a combination of vasopressin and
methylprednisolone (n = 245) or placebo (n = 267). The first dose of vasopressin (20 1U) and
methylprednisolone (40 mg), or corresponding placebo, was administered after the first dose
of epinephrine. Additional doses of vasopressin or corresponding placebo were administered
after each additional dose of epinephrine for a maximum of 4 doses.

MAIN OUTCOMES AND MEASURH®e primary outcome was return of spontaneous
circulation. Secondary outcomes included survival and favorable neurologic outcome at 30
days (Cerebral Performance Category score of 1 or 2).

RESULTAmMong 512 patients who were randomized, 501 met all inclusion and no exclusion
criteria and were included in the analysis (mean [SD] age, 71 [13] years; 322 men [64%)]). One
hundred of 237 patients (42%) in the vasopressin and methylprednisolone group and 86 of
264 patients (33%) in the placebo group achieved return of spontaneous circulation (risk
ratio, 1.30 [95% Cl, 1.03-1.63]; risk difference, 9.6% [95% ClI, 1.1%-18.6%4];03). At 30

days, 23 patients (9.7%) in the intervention group and 31 patients (12%) in the placebo group
were alive (risk ratio, 0.83 [95% ClI, 0.50-1.37]; risk difference: $2.0% [95% Cl, $7.5% to
3.5%]; P = .48). A favorable neurologic outcome was observed in 18 patients (7.6%) in the
intervention group and 20 patients (7.6%) in the placebo group at 30 days (risk ratio, 1.00
[95% ClI, 0.55-1.83]; risk difference, 0.0% [95% Cl, S4.7% to 4.9967;> .99). In patients with
return of spontaneous circulation, hyperglycemia occurred in(#7 %) in theintervention

group and 63 (73%) in the placebo group. Hypernatremia occurred in 28 (28%) and 27 (31%),
in the intervention and placebo groups, respectively. Author Affiliations: Author

affiliations are listed at the end of this

CONCLUSIONS AND RELEVANAmoONg patients with in-hospital cardiac arrest, administration article

of vasopressin and methylprednisolone, compared with placebo, significantly increased the Corresponding Author: Lars W.

likelihood of return of spontaneous circulation.éever,there is uncertainty whether this Andersen, MD, MPH, PhD, DMSc,
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Vasopressin and Methylprednisolone vs Placebo on Return of Spontaneous Circulation in In-Hospital Cardiac Arrest

n-hospital cardiac arrest occurs in approximately  pa-

tients each year in Denmark and patients each year

in the United States. Outcomes remain poor, with only
approximately % surviving to hospital dischargein  in
the United States.  Despite this low survival, there has been
limited research focused on improving outcomes for this pa-
tient population.

Similar to the out-of-hospital setting, treatment of in-
hospital cardiac arrest focuses on early recognition, basic life
support (eg, chest compressions and ventilations), advanced
life support (eg, defibrillation and drugs), and subsequent post...
cardiac arrest care. Most recommendations for treatment of
in-hospital cardiac arrest are extrapolated from the out-of-
hospital setting. Drugs currently used during in-hospital car-
diac arrest, when appropriate, includes epinephrine and amio-
darone or lidocaine.

In randomized, double-blind trials, published in
and , Mentzelopoulos et al compared the addition of
vasopressin ( IU for each dose of epinephrine) and dose
of glucocorticoids ( mg of methylprednisolone) during car-
diac arrest with placebo. Both trials, which had a combined
sample size of  patients, showed a large improvement in
outcomes. *  For example, the most recent and largest of the
trials found that survival with a favorable neurologic out-
come occurred in  of  patients ( %) in the intervention
group compared with of  patients ( %) in the placebo
group, a finding that was statistically significant.
these findings, the current United States and European
guidelines -+ for treatment of cardiac arrest do not recom-
mend the use of vasopressin and glucocorticoids, reflecting
lack of clinical trial data that confirmed the findings of
Mentzelopoulos et al.

The Vasopressin and Methylprednisolone for In-Hospital
Cardiac Arrest (VAM-IHCA) trial was designed to test
whether vasopressin and glucocorticoids can improve return
of spontaneous circulation for patients with in-hospital car-
diac arrest.

Despite

Methods

Trial Design and Oversight

This trial was an investigator-initiated, multicenter, ran-
domized, placebo-controlled, parallel group, double-blind,
superiority trial of vasopressin and methylprednisolone
during adult in-hospital cardiac arrest. The protocol,
which is provided in ~ Supplement , was written by the steer-
ing committee and approved by the regional ethics commit-
tee and the Danish Medicines Agency. Minor differences
between the article and the protocol are described in eAp-
pendix in Supplement . An independent data monitoring
committee oversaw the trial. Oral and subsequent written
informed consent was temporarily obtained from a physi-
cian independent of the trial until the patient regained
capacity or a surrogate became available according to Dan-
ish legislation (additional details are provided in the proto-
colin Supplement ). Patients or surrogates provided con-
sent for all patients who survived.
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Key Points

Question Does the combination of vasopressin and
methylprednisolone administered during in-hospital cardiac arrest
improve return of spontaneous circulation?

Findings In this randomized trial that included 501 patients
with in-hospital cardiac arrest in Denmark, the proportion of
patients who achieved return of spontaneous circulation

was 42% in the vasopressin and methylprednisolone group and
33% in the placebo group, a difference that was statistically
significant.

Meaning Among patients with in-hospital cardiac arrest,
administration of vasopressin and methylprednisolone compared
with placebo significantly increased the likelihood of return of
spontaneous circulation, but it is uncertain whether there is
benefit or harm for long-term survival.

Patients

Patients were included from hospitals in Denmark, includ-
ing large university hospitals. Adult patients (age  years)
were eligible for the trial if they had an in-hospital cardiac
arrest and received at least dose of epinephrine during the
cardiac arrest. Patients with a cardiac arrest that started out-
side the hospital were not included. Exclusion criteria
included a clearly documented do-not-resuscitate order
prior to the cardiac arrest, prior enroliment in the trial, inva-
sive mechanical circulatory support (extracorporeal circula-
tion or left ventricular assist device) at the time of the cardiac
arrest, and known or suspected pregnancy at the time of the
cardiac arrest.

Randomization

The study kits, and therefore the patients, were randomized
ina : ratio via a random number generator to either vaso-
pressin and methylprednisolone or placebo in blocks with ran-
dom sizes of , , or . The randomization was stratified ac-
cording to site.

Intervention

The trial drugs consisted of mg of methylprednisolone
(Solu-Medrol, Pfizer) and U of vasopressin (Empressin,
Amomed Pharma GmbH) given as soon as possible after the
first dose of epinephrine. Additional doses of vasopressin
(' IU) were administered after each epinephrine dose for a
maximum of doses ( IU). Placebo consisted of mg/mL

of sodium chloride from identical ampoules. The trial drugs
were placed in a blinded study kit, which was brought to the
cardiac arrest by a dedicated member of the clinical cardiac
arrest team. The trial was double-blind, with patients,
investigators, clinicians, and outcome assessors unaware of
the allocated treatment.

Outcomes

The primary outcome was return of spontaneous circula-

tion, which was defined as spontaneous circulation with

no further need for chest compressions sustained for at least
minutes.
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Key secondary outcomes included survival at days
and survival at days with a favorable neurologic outcome,
which was defined as a Cerebral Performance Category score
of or . The Cerebral Performance Category score is a
-point scale assessing neurologic outcomes after brain dam-
age, with higher scores indicating worse outcomes. Addi-
tional outcomes, as described below, were considered ter-
tiary outcomes.

Neurologic outcome was also assessed using the
modified Rankin Scale, which is a -point scale, with higher
scores indicating worse outcomes. A score of to was
considered a favorable outcome. At  days, health-related
quality of life was assessed using the EuroQol Dimension
Level (EQ- D- L) and indexed based on Danish data.

The results from the EQ- D- L are reported both as the
numeric value directly assessed by the patient and as
the indexed value. The numeric value is reported on a
scale from to , with higher scores indicating a better
health-related quality of life, while the indexed value
can also be negative. Outcomes were assessed in person
if the patient was still in the hospital and otherwise by a
telephone interview. If the patient was not able to partici-
pate, a relative or clinical personnel provided the assess-
ment. Similar outcomes were assessed at days, days,
and year. Results forthe -and -day follow-up are pro-
vided here, while data on longer-term outcomes are still
being collected.

As a measure of organ dysfunction after return of spon-
taneous circulation, we collected data on the Sequential
Organ Failure Assessment (SOFA) score at , , and
hours after the cardiac arrest as well as vasopressor- and
ventilator-free days within the first days. The SOFA score
ranges from to , with higher scores indicating worse
organ dysfunction. Predefined potential adverse events,
including hyperglycemia, hypernatremia, infections, gastro-
intestinal bleeding, and mesenteric and peripheral ische-
mia, were also collected, with a full list and definitions pro-
vided in the protocol in ~ Supplement

Sample Size Calculation
The sample size was based on the primary outcome of return
of spontaneous circulation. Based on unpublished prelimi-
nary data from the participating hospitals, we assumed that

% of patients in the placebo group would achieve return
of spontaneous circulation. We assumed an absolute differ-
ence of % between the placebo and intervention group,
corresponding to % of patients achieving return of sponta-
neous circulation in the intervention group. This effect esti-
mate is consistent with the Mentzelopoulos et al trials.
With these estimates, an of . , and the use of the test,
atotal of patients were required to have % power to
detect a statistically significant difference between groups.

Statistical Analysis

Patients were analyzed according to their randomized assign-
ment. The analyses only included patients receiving the first
dose of either of the trial drugs and meeting all inclusion cri-
teria and no exclusion criteria.

JAMA October 26,2021 Volume 326, Number 1€

Vasopressin and Methylprednisolone vs Placebo on Return of Spontaneous Circulation in In-Hospital Cardiac Arrest

Binary data are presented as counts and percentages,
and differences between groups are presented as both risk
differences and risk ratios with % Cls. Cls were estimated
using the method described by Miettinen and Nurmimen.
Continuous data are presented as means with SDs or me-
dians with first and third quartiles, depending on the
distribution of the data. Differences between groups in
continuous outcomes are presented as mean differences
with % Cls obtained from generalized linear models with
robust errors. As a sensitivity analysis, the risk ratio for the
primary outcome was estimated while adjusting for site and
strong prognostic factors, specifically age, whether the car-
diac arrest was witnessed, and the initial rhythm, as
covariates. Modified Poisson regression was used for
this analysis.

Two-sided P values, obtained from Fisher exact test,
are reported for the primary and key secondary outcomes.
A P value of less than . was considered significant. Be-
cause of the potential for type | error due to multiple com-
parisons, findings for analyses of secondary outcomes
should be interpreted as exploratory. Five subgroup analy-
ses, all prespecified in the protocol, were performed accord-
ing to the first documented rhythm, witnessed status,
patient age, time from cardiac arrest to trial drug adminis-
tration, and time from epinephrine administration to
administration of the trial drug.

All analyses were performed in SAS version . (SAS
Institute).
I
Results
Patient Characteristics
From October , ,toJanuary , , patients
were randomized and received the trial drugs ( Figure ;

eTable in Supplement ), with the last -day follow-up
occurring on April , . Eleven patients were excluded
because they did not meet all inclusion criteria or met at
least exclusion criterion, leaving  patients for the analy-
sis (in the intervention group and in the placebo
group). There was no loss to follow-up.

Baseline characteristics were similar between the
groups (Table ;eTable in Supplement ). The mean (SD)
agewas ( )yearsand ( %) were men. Most of the
cardiac arrests ( %) occurred among patients who were
receiving care in standard medical or surgical units and pre-
sented with an initial nonshockable rhythm ( %). The
median time from the cardiac arrest to epinephrine and trial
drug administration was minutes (first and third quartiles:

, )and minutes (first and third quartiles: , ), respec-
tively. Non...trial-related interventions during and after the
cardiac arrest were generally similar between groups
(eTables and in Supplement ). There were patients
(%) who did not receive the methylprednisolone/placebo
trial drug but received vasopressin/placebo and patients
(%) who did not receive the vasopressin/placebo trial drug
but received methylprednisolone/placebo (eTable in
Supplement ). Of those receiving vasopressin/placebo,
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Figure 1. Screening and Randomization in the VAM-IHCA Trial of Methylprednisolone and Vasopressin

for In-Hospital Cardiac Arrest

arrest screened for enroliment

2362 Patients with in-hospital cardia

685

110

1055

1850 Excluded

Did not meet inclusion criteria
662 Did not receive epinephrine
23 Aged <18y
Met exclusion criteria
91 Do-not-resuscitate order
13 Prior enrollment in the trial
5 Mechanical circulatory support
1 Pregnancy
Excluded for other reasons
371 Return of spontaneous circulation
prior to trial drug
193 Clinical team forgot
175 Early termination of resuscitation
170 Physician preference
139 Logistic reasorfs
7 No intravenous access

(512 Randomized )

245 Received metylprednisolone

267 Received placebo

and vasopressin

8 Excluded
4 Do-not-resuscitate order
2 Out-of-hospital cardiac arrest
2 Previous inclusion in the trial

3 Excluded
1 Do-not-resuscitate order
1 Out-of-hospital cardiac arrest

1 Mechanical circulatory suppor

‘ 237 Included in the primary analysi% ‘ 264 Included in the primary analysis‘

t

(%), (%), (%),and ( %)received , , ,
and doses, respectively (eTable in Supplement ).
Primary Outcome

There were  patients ( %) in the intervention group

and patients ( %) in the placebo group who achieved
return of spontaneous circulation, corresponding to a risk
ratioof . ( % CI, . -. ;risk difference, .% [ %

Cl, .%- . %]; P=.; Table ). The risk ratio was slightly
higher when adjusting for site and prognostic factors (risk

ratio, . [ % Cl, . -. ]). Results were generally con-

sistent across predefined subgroups ( Figure ). The median
time to return of spontaneous circulation was minutes

(first and third quartiles: , ) in the intervention group

and minutes (first and third quartiles: , ) in the pla-

cebo group.

Secondary Outcomes

At days, patients (. %) in the intervention group

and patients ( %) in the placebo group were alive

(risk ratio, . [ % CI, . -. ]; risk difference, . %

[ %Cl,S.%to .%]; P =. ). A favorable neurologic
outcome, based on the Cerebral Performance Category
score, was observed in  patients (. %) in the intervention
group and patients (. %) in the placebo group at

days (risk ratio, [ % CI, . -. ]; risk difference,

jama.com
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2 ogistic reasons included not
enough personnel (n = 61), no study
drug available (n = 45), inability to
obtain surrogate consent (n = 1),
and other (n = 32), which included
patients isolated with COVID-19.

b patients who were excluded after
receiving the trial drugs had
inclusion/exclusion criteria
not known at the time of the
cardiac arrest.

P> . ). Results for sur-

vival and favorable neurologic outcome were generally con-

sistent across predefined subgroups (eFigures and

Supplement ).

Tertiary Outcomes

A favorable neurologic outcome at
modified Rankin Scale score, was observed in

in

days, based on the
patients

(. %) in the intervention group and patients (. %) in
the placebo group (risk ratio, .
difference, S.% [ % ClI, S.% to . %]). Health-related

quality of life did not differ between groups at

(Table ).
Outcomes at

ure in Supplement

difference between groups.

[%Cl, . -. ];risk

days

days are presented in Table and eFig-
and showed no statistically significant

Post...cardiac arrest organ dysfunction, as assessed by the
SOFA score, were not statistically significantly different be-
tween groups, as were the number of vasopressor- and ven-

tilator-free days (eTable in

Supplement ). Additional de-

tails about the outcomes are reported in eTables , ,and in

Supplement

Adverse Events

Predefined potential adverse events are reported in eTable

in Supplement

JAMA October 26,2021 Volume 326, Number 16 1589
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Table 1. Baseline Characteristics According to Treatment Assignm@nt

No. (%)

Vasopressin and

methylprednisolone Placebo
Characteristic (n =237) (n = 264)
Patient characteristics
Age,y 71(13) 70(12)
Sex
Male 148 (62) 174 (66)
Female 89 (38) 90 (34)
BMP 26 (23-31) 26 (23-31)
Medical history
Arterial hypertension 148 (62) 167 (63)
Coronary artery disease 76 (32) 92 (35)
Atrial fibrillation 69 (29) 66 (25)
Diabetes 69 (29) 78 (30)
Pulmonary disease 67 (28) 82 (31)
Cancer 55 (23) 49 (19)
Kidney disease 54 (23) 49 (19)
Chronic heart failure 47 (20) 56 (21)
Stroke 46 (19) 40 (15)
Venous thromboembolism 15 (6) 14 (5)
Liver disease 8(3) 11 (4)
Dementia 5(2) 3(1)
Any glucocorticoids prior 34 (14) 30 (11)
to hospital admission
Interventions prior to
cardiac arrest
Kidney replacement 25 (11) 20 (8)
therapy
Invasive mechanical ventilation 20 (8) 30 (11)
Vasopressor infusion 13 (5) 23(9)
Cardiac arrest characteristics
Location
Hospital ward 163 (69) 168 (64) Abbreviation: BMI, body mass index.
Intensive care unit 23(10) 18(7) aContinuous variables are presented
Emergency department 19 (8) 38 (14) as means with SDs or medians with
. R firstand third quartiles and
Cardiac catherization 12 (5 23(9 ) .
laboratory ®) ©) categorical variables as counts and
= percentages.
Operating room 4(2) 3(1) b ) . .
Data not available on 13 patients in
Other® 16 (7) 14(5) the intervention group and 10
Monitored 87 (37) 121 (46) patients in the placebo group.
. Calculated as weight in kilograms
ITIEESEe AC) ) divided by heightin meters
Initial rhythm squared.
Pulseless electrical 134 (57) 138 (52) ¢ Definitions are provided in
activity eAppendix 2 inSupplement 2
Asystole 82 (35) 95 (36) Medical history was based on
Ventricular fibrillation 17(7) 22(8) e of the electronical medical
Ventricular tachycardia 402 9(3) dOther includes multiple different
Time frp_m cardiac arrest locations including the radiology
recognition to department, the dialysis department,
Epinephrine administration, min 5(3-7) 5(3-8) the psychiatric department, and
Drug administration, min 8 (6-12) 9 (6-12) outside departments (eg, hospital
entrance).
circulation, hyperglycemia occurred in (%) in the Hypernatremia occurred in - ( %) and ( %) in the in-

intervention group and

1590

( %) in the placebo group.
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Table 2. Outcomes According to Treatment Assignmefit

Vasopressin and

methylprednisolone Placebo Difference, Risk ratio
(n =237) (n = 264) % (95% CH (95% CI) Pvalue

Primary outcome
Return of spontaneous 100 (42) 86 (33) 9.6 1.30 .03
circulation (1.1t018.0) (1.03t01.63)
Secondary outcomes
30-d Outcomes

Survival 23(9.7) 31(12) 52.0 0.83 48

(S7.5t03.5) (0.50t0 1.37)

Favorable neurologic 18 (7.6) 20 (7.6) 0.0 1.00 >.99

outcome (CPC 1-2) (S4.7t04.9) (0.551t0 1.83)

Favorable neurologic 11 (4.6) 19(7.2) ég.e 0.64

outcome (MRS 0-3) (S6.9t0 1.7) (0.3210 1.31)

EQ-5D-5I6 62 (15) 56 (23) 6(S4t017)

EQ-5D-5L...Ind#x 45 (37) 40 (33) 5(S14 to 24)
90-d Outcomes

Survival 20 (8.4) 24(9.1) S0.7 0.93

(S5.7t0 4.5) (0.53t0 1.62)

Favorable neurologic 18 (7.6) 20(7.6) 0.0 1.00

outcome (CPC 1-2) (S4.7t04.9) (0.55t01.83)

Favorable neurologic 15 (6.3) 20 (7.6) S}.3 0.84

outcome (MRS 0-3) (S5.8t03.4) (0.44t0 1.58)

EQ-5D-516 70 (18) 69 (18) 1(S9to 11)

EQ-5D-5L...ind&x 69 (32) 72 (26) 33 (S20to0 14)

Abbreviations: CPC, Cerebral Performance Category; EQ-5D-5L, EuroQol 5
Dimension 5 Level; mRS, modified Rankin Scale.

2Continuous variables are presented as means with SDs and categorical
variables as counts and percentages.

b Risk difference for binary outcomes and mean difference for continuous

outcomes.

¢ Cerebral Performance Category is a 5-point scale assessing neurologic
outcomes after brain damage, with higher scores indicating worse outcomes.
A score of 1 or 2 is considered a favorable outcome.

9The mRS is a 7-point scale with higher scores indicating worse outcomes.
A score of 0to 3is considered a favorable outcome.

€ The results from the EQ-5D-5L are reported both as the numeric value
directly assessed by the patient and as the indexed value. The
numeric value is reported on a scale from 0 to 100, with higher scores
indicating a better health-related quality of life, while the indexed value can
also be negative.

Figure 2. Subgroups Results for Return of Spontaneous Circulation

No./total (%)

Vasopressin and Risk difference, Favors| Favors Risk ratio Favors: Favors
methylprednisolone  Placebo % (95% CI) placebo | intervention (95% ClI) placebo : intervention
Overall 100/237 (42) 86/264 (33) 9.6 (1.1t0 18) —e—i 1.30 (1.03 to 1.63) [
Initial rhythm
Shockable 15/21 (71) 15/31 (48) 23 (...4.7 to 47) F—t—®——  1.48(0.921t02.38) F—o—
Nonshockable 85/216 (39) 71/233 (30) 8.9 (0 to 18) —e— 1.29 (1.00 to 1.67) —e—
Witnessed § §
Yes 79/168 (47) 75/202 (37) 9.9 (...0.2 to 20) —e— 1.27 (1.00 to 1.61) —e—
No 21/69 (30) 11/62 (18)  13(...2t0 27) beoe 1.72 (0.92 to 3.28) e
Age. y | |
>72 45/127 (35) 33/122 (27) 8.4(...3t0 20) H—— 1.31(0.90 to 1.91) —e—
72 55/110 (50) 53/142 (37) 13 (0.3 to 25) e 1.34 (1.01 to 1.78) ——i
Time from arrest to trial drug, min § §
>8 38/115 (33) 41/135(30) 2.7(..8.8t014) @ 1.09 (0.75 to 1.56) F—o——
8 62/122 (51) 45/129 (35) 16 (3.7 to 28) Ce 1.46 (1.09 to 1.96) e
Time from epinephrine to trial drug, min § §
>2 42/110 (38) 35/124 (28)  10(...2.1to 22) H—&— 1.35 (0.94 to 1.96) F——
2 58/127 (46) 51/140 (36) 9.2 (...2.6 to 21) e 1.25 (0.94 to 1.68) e
.20..10 0 10 20 30 40 50 0.4 T 1 4‘1

Risk difference, % (95% CI)

Risk ratio (95% C

)l

Subgroup results are presented for 5 predefined subgroups. Continuous variables were dichotomized at the median. The time of the cardiac arrest corresponds to
the recognition of the cardiac arrest. The blue dashed lines indicate overall effect.
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Discussion

In this trial, the combination of vasopressin and methylpred-

nisolone compared with placebo administered during in-
hospital cardiac arrest resulted in a statistically significantim-
provement in the primary outcome of return of spontaneous

circulation. There were no differences in the secondary out-
comes including survival and favorable neurologic outcome
at and days.

The administration of vasopressin, which is also known
as antidiuretic hormone, results in vasoconstriction. Be-
cause of this effect, vasopressin has been recommended as
a second-line vasoactive agent in the setting of septic
shock. Vasoconstriction is also of interest in relation to
cardiac arrest, because an increase in arterial blood pressure
may increase the coronary perfusion pressure and thereby
the chance of return of spontaneous circulation, a pre-
requisite for longer-term survival. Despite these potential
beneficial effects, trials of vasopressin in primarily out-of-
hospital cardiac arrest have failed to show an improve-
ment in outcomes, perhaps partly due to the late adminis-
tration of drugs in this setting. Corticosteroids, another
drug often used in the setting of septic shock due to a
reduction in vasopressor requirements, exerts a wide
range of functions in the body, including regulation of
metabolism, inflammation, and cell proliferation. Studies in
patients with cardiac arrest have demonstrated that levels
of cortisol are higher in patients who have been resuscitated
when compared with patients who have not been
resuscitated,  which may illustrate an impaired endocrine
response in nonsurvivors. This is supported by animal stud-
ies where the administration of hydrocortisone during car-
diac arrest increased return of spontaneous circulation.
Data on glucocorticoid administration during human car-
diac arrest are limited, and small studies have shown con-
flicting results.

In the trials by Mentzelopoulos et al, the investiga-
tors found improvements in return of spontaneous circula-
tion as well as an improvement in survival to hospital dis-
charge. The current trial found an improvement in return of
spontaneous circulation with a risk ratio of . , which is
consistent with the previous trialse findings. However,
contrary to the previous trials, there was no improvement
in survival. In the current trial, the point estimate for
survival suggested harm, while the confidence included
both clinically relevant harm and benefit. There are a num-
ber of possible explanations for the difference in results
between the current and the previous trials. First, the previ-
ous trials included the administration of post...cardiac arrest
hydrocortisone to patients with circulatory shock in the
intervention group. Second, in the previous trials,
research personnel administered the trial interventions,
whereas it was administered by the clinical personnel in the
current trial. Thus, while the current approach is more con-
sistent with clinical practice, it might have resulted in
a delay in the administration of the trial drugs compared
with the previous trials. Third, there are important differ-
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ences in patient characteristics. Patients in the previous
trials were younger and more often had a cardiac arrest that
was witnessed, occurring in the intensive care unit, and with
an initial rhythm of asystole. Survival in the control group
was higher in the current trial despite a lower proportion of
patients with return of spontaneous circulation.

Trials within cardiac arrest have found that intracardiac
arrest pharmacological interventions can increase return of
spontaneous circulation with little or no clear improvement
in long-term outcomes. In the current trial, there was an
absolute increase of . % in return of spontaneous circula-
tion. Other than epinephrine, this effect is larger than what
previously has been shown for any other pharmacological
intracardiac arrest intervention. Return of spontaneous cir-
culation is the principal goal of cardiopulmonary resuscita-
tion and a prerequisite for longer-term survival. The mecha-
nistic goal of vasopressin and methylprednisolone is to
increase return of spontaneous circulation and it is possible
that other interventions, including post...cardiac arrest inter-
ventions, are needed to translate this effect into improve-
ments in longer-term outcomes.

The current trial has strengths. Within the context of in-
hospital cardiac arrest, the trial was large and included more
patients thanthe previous trials combined. The trial was mul-
ticenter and included hospitals of various sizes. Long-term out-
comes, including quality of life, were obtained from all pa-
tients with no loss to follow-up.

Limitations

The trial has several limitations. First, alarge proportion of pa-
tients, who were potentially eligible, were not included
(Figure ). While this has no influence on the trialss internal va-
lidity, it could affect generalizability.

Second, while the median time to drug delivery was only

minutes, the drug was delivered relatively late in some pa-
tients. This could influence the results but is likely a reflec-
tion of clinical practice.

Third, the trial was powered to the primary outcome of
return of spontaneous circulation. Given the much lower pro-
portion of patients with survival and favorable neurologic
outcome, the trial was not powered for these outcomes. The
results cannot exclude potential benefit or harm of the inter-
vention on these outcomes.

Fourth, while overall survival might appear low in the
current trial ( %- %), this is likely a reflection of the inclu-
sion criteria, which required administration of at least dose
of epinephrine. Outcomes for cardiac arrest in Denmark are
generally favorable compared with other countries.

. |
Conclusions

Among patients with in-hospital cardiac arrest, administra-
tion of vasopressin and methylprednisolone, compared
with placebo, significantly increased the likelihood of
return of spontaneous circulation. However, there is uncer-
tainty whether this treatment results in benefit or harm for
long-term survival.
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Preface

The Vasopressin and Methylprednisolone for In-Hospital Gardirrestt A Randomized, Double-Blind,
Placebo-Controlled Tria{VAM-IHCA) will be conducted according to this geot. The trial will be
conducted in accordance with all applicable national and r@&onal laws, regulations, and guidelines
including the revised version of the Declaration efdihkt, European regulatiodsand the international
Good Clinical Practice guidelidehe trial and this protocol is developed in accordawith the
International Conference on Harmonization ()@tiideline$® and the Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT) statémeéFie principal investigator wrote the
protocol with input from the steering committee. Any stdostial changes or amendments to the protocol

will be clearly documented and communicated to all relaévzarties.

v/ 7
f—aS L S g eme——
/ 30/10 -2020

Lars W. AmdeveB., M.P.H., Ph.D., D.M.Sc. Date
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List of abbreviations

CPC: Cerebral performance category
CPR: Cardiopulmonary resuscitation
ICH: International Conference on Harmonization

IDMC:  Independent data-monitoring committee

IHCA: In-hospital cardiac arrest

ILCOR: International Liaison Committee on Resuscitation

mRS: Modified Rankin scale

OHCA: Ou-of-hospital cardiac arrest

ROSC: Return of spontaneous circulation

SOFA:  Sequential organ failure assessment

SPIRIT:  Standard Protocol Items: Recommendations fovémigonal Trials

VSE: Vasopressin, steroids, and epinephrine
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Overview

Registry and trial number EudraCT number: 2017-004713; Clinicalfials.gov number: NCT0364094

Date of registration

EudraCT: 25/1-2018, Clinica#ls.gov: 21/8-2018

Sources of monetary or
material support

Aarhus University Research Foundation
Department of Clinical Medicine, Aarhus University
Independent Research Fund Denmark

Amomed Pharma GmbH (only vasopressin)

Primary sponsor

Lars W. Andersen, Aarhus University

Contact

Lars W. Andersen, lwandersen@clin.au.dk

Title

Vasopressin and Methylprednisolone for In-Hospital Gardirrestt A
Randomized, Double-Blind, Placebo-Controlled Trial

Country of recruitment

Denmark

Condition studied

In-hospital cardiac arrest

Interventions

Methylprednisolone (40 mg)ombined with

Vasopressin (20J per adrenaline dose, maximum 80)

Comparator

Placebo (for both methylprednisolone and vasopressin)

Inclusion criteria

1) In-hospital cardiac arrest
2) Age HL8 years
3) Received at least one dose of adrenaline during CPR

Exclusion criteria

ie 0 EoC } pu-nE-EMHe ]SS _1E E %E]}IE
2) Prior enrollment in the trial

3) Invasive mechanical circulatory support at the timéhef cardiac arrest
4) Known or suspected pregnancy at the time of the igardrrest

Study type

Interventional Allocation: Randomized (1:1)

Intervention model: Parallel group Masking: Doubledli

Date of first screening

Sept. 17, 2018

Target sample size

492

Recruitment status

Recruiting

Primary outcomes

Return of spontaneous circulation

Key secondary outcomes

Survival at 30 days

Survival at 30 days with a favorable neurological outcéreecbral
performance category 1 or 2)
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Trial flow chart

( )

In-hospital cardiac arrest (IHCA)

-

s D
Cardiopulmonary resuscitation (CPF

Activation of cardiac arrest team
\_ J

( )

Assessment of rhythm

| J

/\

Shockable rhythm | Non-shockable rhythm
f C ) ( B\
PR
Defibrillation CPR
\_ ) L )

|
3 defibrillations

Adrenaline ] [ Adrenaline

20 IU Vasopressiand
40 mg Methylprednisolon
or
Placebo

J—

CPR } [ CPR

For each dose of adrenalin
20 IU Vasopressin
or
Placebo

Primary outcome
Return of spontaneous circulation (ROSC)

Secondary outcomes
Survival at 30 days
Survival at 30 days with a favorable neurologicaltoome

/

VAM-IHCA Protocdl version 1.8
Paged of 80




Steering committee

Lars W. AndersenM.D., M.P.H., Ph.D., D.M.Sc.
Associate Professor

Research Center for Emergency Medicine
Department of Clinical Medicine

Aarhus University and Aarhus University Hospital

Hans KirkegaardM.D., Ph.D., D.M.Sc.
Director, Professor

Research Center for Emergency Medicine
Department of Clinical Medicine

Aarhus University and Aarhus University Hospital

Bodil S. Rasmussei.D., Ph.D.
Professor
Department of Anesthesiology and Intensive Care

Medicine, Aalborg University Hospital

Department of Clinical Medicine, Aalborg University

Bo LafgrenM.D., Ph.D.

Professor

Research Center for Emergency Medicine
Department of Clinical Medicine

Aarhus University and Aarhus University Hospital

Jacob Moesgaard LarseN.D., Ph.D.
Department of Cardiology
Aalborg University Hospital

Michael Donning M.D.

Director, Professor

Center for Resuscitation Science

Beth Israel Deaconess Medical Center

Harvard Medical School

Tobias KurthM.D., Sc.D.
Director, Professor
Institute of Public Health

Charité Universitatsmedizin Berlin

Jesper KjeergaardV.D., Ph.D., D.M.Sc.
Department of Cardiology
Rigshospitalet

Copenhagen University Hospital

Dan IsbyeM.D., Ph.D.
Clinical Associate Professor
Department of Anesthesiology

Copenhagen University Hospital - Rigshospit:

Asger GranfeldtM.D., Ph.D., D.M.Sc.
Associate Professor
Department of Anesthesiology

Aarhus University Hospital

VAM-IHCA Protocdl version 1.8
Pagel0 of 80



Stine Thorhauge ZwisleM.D., Ph.D.
Department of Anesthesiology

Odense University Hospital

Kasper Glerup Lauridsen, M.D.
Research Center for Emergency Medicine
Department of Clinical Medicine

Aarhus University and Aarhus University Hospital

Christoffer Sglling, M.D., Ph.D.
Department of Anesthesiology

Viborg Regional Hospital

Dorte Due-Rasmussen, M.D.
Department of Anesthesiology

Horsens Regional Hospital

Fredrik Folke, M.D., Ph.D.
Professor
Department of Cardiology

Copenhagen University Hospitalsentofte

Mette Gitz Charlot, M.D., Ph.D.
Department of Cardiology

Copenhagen University Hospitalsentofte

Mathias Holmberg, M.D., M.P.H, Ph.D.

Research Center for Emergency Medicine
Department of Clinical Medicine

Aarhus University and Aarhus University Hospital

Conflicts of interest

Sgren DarlingM.D.
Department of Anesthesiology

Odense University Hospital

Kim B. Palestik, M.D.
Department of Anesthesiology

Viborg Regional Hospital

Anders Kjeergaard, M.D., Ph.D.
Department of Anesthesiology

Horsens Regional Hospital

Martin Schultz, M.D., Ph.D.
Department of Internal Medicine

Copenhagen University HospitaHerlev

Kasper lversen, M.D., D.M.Sc.
Professor
Department of Cardiology

Copenhagen University HospitaHerlev

Sebastian Wiberg, M.D., Ph.D.
Department of Anesthesiology

Zealand University Hospital - Kgge

Rikke Malene Jepsen, M.D., Ph.D.
Department of Anesthesiology

Zealand University Hospital - Kgge

The members of the steering committee have no confladteterest related to the current trial. A list of all

conflict of interests is provided|in Appendi}x 1

VAM-IHCA Protocdl version 1.8
Pagell of 80



Trial sites

Aarhus University Hospitat Skejby
Pdle Juul-Jensens Boulevard 99
8200 Aarhus N

Denmark

Site investigator: Asger Granfeldt, granfeldt@clin.au.dk

Aalborg University Hospitak South
Hobrovej 18t 22

9000 Aalborg

Denmark

Site investigator: Jacob Moesgaard Larsen, jaml@rn.dk

Randers Regional Hospital
Skovlyvej 15
8930 Randers N&

Denmark

Site investigator: Kasper Glerup Lauridsen, kglerup@ualidiK

Copenhagen University Hospital - Rigshospitalet
Blegdamsvej 9

2100 Copenhagen

Denmark

Site investigator: Dan Isbye, dan.lou.isbye@regionh.dk

Odense University Hospital
J. B. Winslgws Vej 4
5000 Odense C

Denmark

Site investigator: Sgren Darlipg, sorendarling@gmail.com
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Horsens Regional Hospital
Sundvej 30
8700 Horsens

Denmark

Site investigator: Anders Kjeergaard, andekjae@rm.dk

Viborg Regional Hospital
Heibergs Alle 4
8800 Viborg

Denmark

Site investigator: Christoffer Sglling, chrsoell@ip.d

Copenhagen University HospitalGentofte

Kildegardsvej 28
2900 Hellerup

Denmark

Site investigator: Fredrik Folke, fredrik.folke @re otk

Copenhagen University HospitdlHerlev

Herlev Ringvej 75
2730 Herlev

Denmark

Site investigator: Kasper Ivers

en, Kasper.Karmark.lv@segionh.d

Zealand University Hospital - Kgge

Lykkebaekvej 1
4600 Kgge

Denmark

Site investigator: Rikke Malene Jepsen, rimj@regionajactitiK
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Pharmacy

Skanderborg Pharmacy

Adelgade 27

8660 Skanderborg

Denmark

Contact: Heidi Svitlihei@skanderborg-apotek.dk
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Amendments

Version 1.7 (May 14, 2020) to 1.8 (Csfl, 2020)

X Corrections of minor typos and grammatical issues akagahinor clarifications
X Minor change to the publication plan (section 12)
X Removal of three sites including site investigators (mpldtsections)
X Multiple changes to the statistical analyses plan inclgdsection 6):
x Change of the primary analysis
X Addition of a sensitivity analysis for the primary outcome
X Subgroup analyses on both the relative and absolute scale
X Only reporting P values for certain key outcomes
X Removal of two subgroup analyses and addition of two

X Analysis of survival to 90 days as a binary outcome

Version 1.6 (Nov. 11, 2019) to 1.7 (May 14, 2020)

X Addition of four new sites (multiple sections)
X Change of site investigator in Viborg from Therese Strasrifim B. Peelestik (multiple sections)
X Addition of Mathias Holmberg to the steering committeeu(tiple sections)

X Corrections of minor typos and grammatical issues

Version 1.5 (Apr. 4, 2019) to 1.6 (Nov. 11, 2019)

X Change of site investigator in Aalborg from Signe JudeRiiolm to Jacob Moesgaard Larsen

(multiple sections)

X Addition of a subgroup analysis based on time from adieaadministration to first study drug and
removal of the site subgroup analysis (section 6.2.3)

X Addition of funding (section 14)

Version 1.4 (Sep. 12, 2018) to 1.5 (Apr. 4, 2019)

x Addition of four sites + site investigators (multiple té@s)

Version 1.3 (Mar. 19, 2018) to 1.4 (Sep. 12, 2018)

x Corrections of minor typos and grammatical issues

X Change of address for the principal investigator (fitege)
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Addition of EudraCT and ClinicalTrials.gov numbetls fistge)

Update of the overview table

Addition of Kasper Glerup Lauridsen as a site investigat@anders (multiple sections)

Change of site investigator in Aalborg from Jacob Moesgaarskh to Signe Juul Riddersholm
(multiple sections)

Reference to Appendix 2 in section 3.3.3

Clarification that the study kits will be created at Skanderld@ingrmacy (section 3.3.3 + 3.3.4)
Clarification that the site investigator and the researchseuwill also be responsible for study kits at
each site (section 3.3.4)
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Minor change in the definition of hospital dispositi¢section 5.3)

Addition of a reference to COSCA (section 5.3)

Change in definition of vasopressor-free days (se&i8

Addition of invasive ventilation-free days as a tertiaryoome (section 5.3)

Change in the timepoints of SOFA score calculation framd424 hours to 24, 48, and 72 hours
(section 5.3 + 7.2.4)

Change in the definition of hyperglycemia (section®).4

Change in definition of prior use of glucocorticoidsti 5 days to 14 days (section 6.2.3)

Addition of a subgroup analysis related to time from cacdirrest to first study drug (section 6.2.3)
Clarification that multiple imputation will only be performéf missing data is substantial (< 10%)
(section 6.2.5)

Clarification that data collection will not include the timiafithe methylprednisolone dose (section
7.1)

Removal of ethnicity as a variable (section 7.2.2)

Removal of the reference to the updated IHCA Usteingjimes (section 7.2.1)

Addition of the Glasgow Outcome Scale Extended (sectidd)

Z vP ]Jv § Gu]v}o}PC (E}u "o P o0oCv WSZ YR} ( MWEE}PJEE}P § _
9.2.2 +9.3.2)

Clarification that the legal guardian cannot be related to fpr@lcedures for the specific patient but
can be involved in trial procedures for other unrelateatients (section 9.2.3 + 9.3.2)

Update indicating approval by the regional ethics commi{section 9.3)
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Removal of sentence stating that data on non-enrollled patieats be obtained from DANARREST
(section 11.3)

Addition of Appendix 2

Minor updates to Appendix 3

Addition of Appendix 4

Removal of Appendix 6 and 7

Appendix 8 renumbered as Appendix 6 and updated

Version 1.2 (Jan. 24, 2018) to 1.3 (Mar. 19, 2018)

X

X

X

Change of the primary pharmacy to Skanderborg Pharmacy

Addition details provided on the follow-up telephongérview (section 5.3)

Clarification that the trial has been reported to the D&ni3ata Protection Agency (section 7.4)
Clarification that consent after the cardiac arrest will be atdi by a physician (section 9.3.2)
Addition of feasibility data from Odense (section 11.2)

Clarification that shared data will be completely anonymiaedording to Danish law (section 13)

Version 1.1 (Jan. 24, 2018) to 1.2 (Jan. 24, 2018)

X

X

Change of the primary pharmacy to Pharma Skan ApS

Addition of Odense University Hospital as a site (multigletions)

Version 1.0 (Aug. 31, 2017) to 1.1 (Jan. 248201

X

X

Corrections of minor typos and grammatical issues

Clarification of the intervention being the combinationro&thylprednisolone and vasopressin
(Overview, Trial flow chart)

Clarification that the vasopressin placebo ampules and vasspr ampules are identical (section
3.3.2)

Production and labelling of the study kits at Pharma Sk&# iAgtead of the university pharmacy
(section 3.3.3 and 3.3.4)

Clarification that that the unblinded pharmacy staff will notibeolved in outcome evaluation
(section 3.4)

Storage of medicine at room temperature as oppose tot2°®C (section 3.3.3)

Clarification that the site investigator will keep track tfdy kits at each site (section 3.3.4)
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Clarification that data will also be obtained from the caseoréfiorms (section 3.5.1)
Removal of E-Learning as a modality for education of stedsopnel (section 3.5.2)
Clarification that patients who re-arrest in the emergency aityment can be included if they had
sustained ROSC prior to the cardiac arrest (section 4.2)
Definition of ROSC when patients are put on extracorporieallation redefined (section 5.1.1)
Addition of the Glasgow Outcome Scale Extended foralegical outcome (section 5.3)
Addition of a section of reporting of adverse events {iger5.4.6)
Clarification of the follow-up after 90 days (section 5.5)
Addition of a draft of the CONSORT flow diagram (sect@d 6. Appendix 3)
Addition of two subgroup analyses according to theakion of the cardiac arrest and the prior use of
glucocorticoids (section 6.2.3)
Addition of ordinal logistic regression (section 6.2.4)
Various additions to the data collection (section 7.2)
Clarification that the IDMC, the Good Clinical Practice and,regulatory agencies will have access
to all relevant trial data (section 7.5)
o &J](] S8]}vi(8zZ ~o P oPuE]v_ ~¢ S8]}v O
Clarification that consent for future data collection will bet@ined from the legal guardian and the
% 5] v3[s v £S }(I]v 1( 3Z % 8] v&}Vy= vEstiom8.3.8)} % E}A]
Clarification that the study results will be published ipestive of the results (section 12)
Funding updates (overview and section 14)
Removal of the section on potential expansion of the tgaktion 15)

Addition of Appendix 8: Charter for the independent datanitoring committee (IDMC)
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1. BACKGROUND

1.1 Inhospital cardiac arrest

1.1.1 Incidence and mortality

In-hospital cardiac arrest (IHCA) is relatively common aiitlestimated 200,000 treated cases in the United
States each yedrAlthough no published data is currently available on tiuédence of IHCin Denmark, we
estimate that approximately 2500-3000 IHCA occur each. yér#fortunately, outcomes remain poor with
approximately 60% achieving return of spontaneous circulatROSC) and or-30% surviving to hospital
discharge’!! Furthermore, in initial survivors, there are substantiaspdischarge morbidity and early

mortality 101244

1.1.2 An understudied entity
Clinical trials are sparse in cardiac arte¥t and especially in IHEArelative to the burden of the condition
In a systematic review of all randomized clinical triad®iving cardiac arrest from 1995 to 2014, Sinha et al.
found that 81 (88%) were exclusively in out of hospitalliac arrest (OHCA), 7 (8%) involved OHCA and
IHCA, and only 4 (4%) involved exclusively IHCAoTdienumber of included patients were 83 times higher
in OHCA studies as compared to IHCA studies.

Currently, there is a scarcity of evidence-based pharneagcdl interventions for IHC&?! The evidence
for adrenaline (epinephrine) and amiodarone, the onlyptdrugs currently recommerad, is limited and
based on extrapolation from OHCE? There is therefore an, currently unmet, need for adulitl

randomized clinical trials in IHCA in order to advaheescience and improve patient outcomes

1.1.3 Pathophysiology
In broad terms, cardiac arrest can be divided into thpbases: pre-cardiac arrest, intra-cardiac arrest, and
post-cardiac arrest, where intra-cardiac arrest can be furttieided into a no-flow (no circulation) and a
low-flow (circulation induced by chest compressigpisase. One of the main drivers of poor outcomes after
cardiac arrest is the duration of the cardiac arrest (ieflow and low-flow time); for each minute increase
in the length of the cardiac arrest, mortality substantiaticrease$*2?° Because of this, and since ROSC is a
prerequisite for more long-term survival, the main goéintra-cardiac arrest interventions is to establish
ROSC and limit the duration of the cardaiest.

The pathophysiology of cardiac arrest and the post-cardiaest syndrome is complex and has been
described in extensive details elsewhété® Ischemia during the cardiac arrest and subsequent iside

reperfusion injury activates multiple harmful pathwaysluting systemic inflammation, endothelial
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activation, activation of immunological and coagulation pathwaykenal insufficiency, mitochondrial
damage, and microvascular dysfunctiSrConsequently this leads to a clinical state (the pasthac arrest
syndrome) with global brain injury, impaired myocardiaidtion, macrocirculatory failure, and increased
susceptibility to infectiong® Patient are often hemodynamically unstable following a cardiaest and early

post-cardiac arrest hypotension is strongly associated pdthr outcomes?®

1.2Vasopressin

1.2.1 Pharmacology

Vasopressin (also known as antidiuretic hormone or argimasopressin) is a nonapeptide produced in the
hypothalamus and secreted into the circulation through pgasterior pituitary gland. Vasopressin exerts its
effects through binding to one of its three receptaubtypes V1-V3. The V1 receptor mediates
vasoconstriction, while binding to V2 mediates the antidiic effects in the kidney and activation of the V3
receptor in the pituitary gland stimulates the secretiohhormones. During states of shock, levels of
vasopressin are low and exogenbuadministered vasopressin exerts profound vasoconstaatifects.
Where the vasoconstrictive effects of other vasopressoesraduced in conditions of hypoxia and acidosis
the vasoconstrictive effects of vasopressin are maintaifiatthen administered intravenously, vasopressin

has a half-life of approximately 10 to 35 minute¥

1.2.2 Use outside cardiac arrest

Vasopressin is licensed in several countries, incguttie United States, Sweden, Germany, and the United
Kingdom, to treat refractory shock in patient with sepdihe 2016 Surviving Sepsis Guidelines recommends
vasopressin as the second-line vasopressor after norediree > Vasopressin might also be beneficial in
other forms of shocR? Terlipressin and desmopressin, synthetic vasopressilogs with slower onset but
longer duratiori®>®, are licensed in Denmark for the treatment of esophagesices bleeding and diabetes

insipidus, respectively.

1.2.3 Use in cardiac arrest

The rationale for the use of vasopressin during cardiaesaiis based on studies demonstrating that plasma
levels of vasopressire lower in non-survivors compared to survivdrand that vasopressin, through its
potent vasoconstrictive properties, increases the coronasfusion pressure and thereby the chance of
ROSG®* These properties lead to clinical trials where vasepiewas compared to standard treatméfit3

Only one relatively small trial included IHCA pati¢fits. a meta-analysis of six randomized clinical trials,
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there was no overall benefit of vasopressin administrationing cardiac arrest However, there were a
potential benefit in subgroups according to a first tyt of asystole and early (< 20 minutes) drug
administration?! In addition, a recent meta-analysis demonstrated that the mmistration of vasopressin

increases the rate of ROSC and survival in patients whbspital arrest®* These latest findings are largely

based on studies by Mentzelopoulos et*° as described in more detail in section|1.4

1.3 Methylprednisolone

1.3.1 Pharmacology

Methylprednisolone is a synthetic glucocorticoid whish class of corticosteroids that is part of the larger
group of steroid hormones. Glucocorticoids are prodligethe adrenal cortex and exerts a wide range of
functions in the body including regulation of metabolisnflammation, and cell proliferatioff. During
situations with stress, glucocorticoids are secreted asfartse mechanism exerting widespread
physiological function® The primary effect of glucocorticoids is exerted thgbibinding to the
glucocorticoid receptor followed by translocation to thacleus where it modulates gene transcription
through binding to glucocorticoid-responsive elemefit3 his is termed the genomic effects of
glucocorticoids and it takes hours for a response ty fiéivelop>° However, glucocorticoids also possess
rapid (within minutes) non-genomic effects through irgetion with cellular membranes and receptors,
which are relevant in the setting of cardiac arrést: Methylprednisolone is administered intravenously and

has a biological half-life of approximately 12 to 36 hddrs.

1.3.2 Use outside cardiac arrest

Methylprednisolone is primarily licensed in DenmarkSadu-medrol® (Pfizer). Clinically, glucocorticoa&h
been used for decades in the treatment of various disealee to its anti-inflammatory effectsand
methylprednisolone isonthé}Eo , 03Z K E Plist bf es$ént]ad medicinés Glucocorticoids are
used in several acute and critical conditions includingds&d meningitis, anaphylactic shock, and severe
asthma or chronic obstructive pulmonary disease exad#sha. Glucocorticoids have been especially well-
studied in the setting of septic shock where treatment wglbicocorticoids increases shock reversal (i.e.

weaning for vasopressor support) and may lower mort&fty

1.3.3 Use in cardiac arrest
Studies in patients with cardiac arrest have demonstrated t&agls of cortisol are higher in patients that

are resuscitated when compared to patients that are not sestate®® which may illustrate an impaired
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endocrine response in non-survivors. This is suigabiby animal studies where the administration of
hydrocortisone during cardiac arrest increases ROSCYaféss may relate to the cardiovascular effects of
glucocorticoids which include increases in enzymesluged in adrenaline synthesis, inhibition of
catecholamine re-uptake and breakdown, and by enhanceroénardiovascular sensitivity to
catecholamines by increasing the binding capacity andigffih®® Data on glucocorticoid administration

during human cardiac arrest is limited and small studiesown conflicting result.

1.4The vasopressin, steroids, and epinephrine (VSE)gr

In two trials, published in 2009 and 2013, Mentzelopsutb al. examined the effect of adding vasopressin
and glucocorticoids to standard treatment in IHE In these two Greek, randomized, double-blind trials
the authors compared the addition of vasopressin @d@or each dose of adrenaline) and glucocorticoids (40
mg methylprednisolone) during cardiac arrest to placedfier the cardiac arrest, patients in the

intervention arm furthermore received glucocorticoid9(Bmg hydrocortisone) if they had vasopressor-
dependent shock. The results, which were publishetth@Archives of Internal Mediciieow JAMA Internal
Medicing and theJournal of the American Medical Association (JAM&)e remarkable. The combined rate
of ROSC was 148/178 (83%) in the intervention grouf@3&/190 (62%) in the control arm (p < 0.001). In the
first trial, survival to hospital discharge was highethia intervention group as compared to the plde

group (9/48 [19%] vs. 2/52 [4%], p = 0.62)n the second trial, the primary outcome of survitahospital
discharge with a favorable neurological outcome (cerépeaformance category [CPC] score of 1 or 2) was
higher in the intervention group as compared to the plagroup (18/130 [14%] vs. 7/138 [5%)], p = 0.52).
The authors also showed beneficial effects on postheararrest hemodynamics, organ failure, and

inflammation#>46

1.5Guidelines regarding vasopressin and glucocorticoid

The VSE trials have received a great deal of attentidimeititerature with most commentaries arguing for

external validation studies before clinical implementatf8f? The International Liaison Committee on

Z spe 18 S]}v ~/> KZe E Z SZ s u v}iv]ouspviE" Bw(]vi bpadleds (E}
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American and European guidelines from 2015 do notmauend the routine use of vasopressin and

glucocorticoids in IHCA primarily due to lack of tréeadernally validating the findings from the VSE trfafs.

The American guidelines recognized the importance isfals a potential therapeutic option but specifically
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1.6 Standard of care

The standard of care during cardiac arrest is describeglimelines from the European Resuscitation
Council and the American Heart Associafidtft.Pharmacological treatment is generally limited to
amiodarone/lidocaine and adrenaline for patients with araetory shockable rhythm and adrenaline for
patients with a non-shockable rhythfft?! Although the evidence for amiodarone/lidocaine and adténe
is limited and controversi&? these drugs are currently recommended and are givérgmapplicable, to
most patients with cardiac arrest. The interventions of tugrent trial (vasopressin and
methylprednisolone) will therefore be compared t@pébo and both groups will receive the established
standard of care consistent with the two VSE trfafs.

1.7 Post-cardiac arrest glucocorticoids

The intervention in the VSE trials included hydrocortesfor patients with vasopressor dependent shock 4
hours after the cardiac arrest. 300 mg of hydrocortisores\administered per day until shock reversal or for
a maximum of 7 day®$:*¢ For several reasons, this part of the interventionas included in the current trial.
First, considerable beneficial effects were seen indhginal trials before the hydrocortisone was
administered. This includes a substantial increase in RO8Gted above, improvements in early
hemodynamics, and an increase in 4-hour survival (ietetion: 111/194 [57%] vs. placebo: 96/206 [47%], p
= 0.01)**¢ Second, a separate randomized clinical trial by membiessiostudy team, not including the
intra-cardiac arrest interventions, found no benefit of hgdortisone for pat-cardiac arrest patients with
vasopressor dependent shofkThird, assessing both intra- and post-cardiac arrestietgtions combined
does not allow for assessment of the individual effefteach intervention. If the current trial is positive,
future trials are needed to then assess the post-cardiaest aspect of the VSE trials. Lastly, the primary

outcome of the current trial is ROSC which will notriflilenced by post-cardiac arrest treatment.
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2. TRIAL OBJECTIVES AND HYPOTHESES

Primary objective: To determine whether the combinatiof vasopressin and methylprednisolone, as

compared to placebo, when administered during IHCA imarease ROSC

Hypothesis: The combination of vasopressin and metlegpisolone administered during IHCA will increase
ROSC

Secondary objective: To determine whether the combinatd vasopressin and methylprednisolone, as

compared to placebo, administered during IHCA willdase survival at 30 days and survival at 30 days with

a favorable neurological outcome (CPC score 1 or 2)

Hypothesis: The combination of vasopressin and metlegpisolone administered during IHCA will increase

survival at 30 days and survival at 30 days with a favorahleological outcome (CPC score 1 or 2)
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3. TRIAL DESIGN

3.1 Overview

Thisis an investigator-initiated, multicenter, randomizedapébo-controlled, parallel group, double-blind,
superiority trial of vasopressin and methylprednisolahging adult IHCA. There will be 10 enrolling sites in
Denmark. 492 adult patients with IHCA receiving at leastdwse of adrenaline will be enrolled. The
primary outcome is ROSC and key secondary outcomieislnsurvival at 30 days and survival at 30 days

with a favorable neurological outcome.

3.2 Allocation

Patients will be randomized in a 1:1 ratio to either vagsgin and methylprednisolone or placebo in blocks
with random sizesf 2, 4, or 6. The randomization will be stratified according to &tt&n independent
statistician will create the randomized allocation list ustngandom number generator. The list will only be

shared with the pharmacy, which will not be invohiactlinical care. The pharmacy and the independent

statistician will both store the randomization list. As désed ir} section 3.3 av||d section 8.4, sites will be

provided with numbered blinded kits including eithersopressin and methylprednisolone or placebo

ensuring allocation concealment.

3.3 Interventions
3.3.1 Methylprednisolone and vasopressin
The study drugs will consist of 40 mg methylprediaise (Solu-medrol®, Pfizer) and IRDof vasopressin
(Empressin®, Amomed Pharma GmbH) given as soonsiblpasdter the first dose of adrenaline. Additional
doses of vasopressin (20) will be administered after each adrenaline dose foraximum of four doses
(801U). The drugs will be produced, managed, and storedralg to all relevant guidelines and
regulations.

These drugs and doses are similar to the original N&E {6 However, for practical reasons (i.e. that one
ampule of vasopressin contain two doses) this tridliwdlude a maximum of four doses of vasopressin as

compared to a maximum of five doses in the originiall$*>4°

3.3.2 Placebo
The placebo for vasopressin will consistof L mLaf®Blu> E o ~*v}Eu o 2 mlampulgsE }u

identical to the vasopressin ampules. The placebo fathgiprednisolone will also consist of 1 mL of 9
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mg/mL NaCINormal saline is often administered to critilyall patients and have no effects or side-effects

with these very small volumes.

3.3.3 Procedures

The study drugs will be placed in a blinded study&imall box, see Appendix 2) containing one 40 mg dose

of methylprednisolone (or placebo) and two WDampules (i.e. four 20J doses) of vasopressin (or placebo).

The study kits will be prepared at Skanderborg Pharmacgngany that specializes in the production of
medicine and is approved by the Danish Health authoritied, sinipped to the participating sites regularly.

dZ +3p C 118 Aloo S} CE S E}llu Su%EBUSpIPZSv %BE}IVP S} §Z u vy
instructions and brought to the IHCA by a designated merob#re cardiac arrest team. Once it is anticipated

that the patient will receive at least one dose of adrenaline kit will be opened, and the patient will be
considered randomized. A designated member of the cardiaest team will then prepare the study drugs.

Preparation of methylprednisolone will include mixiofjthe methylprednisolone powder (or placebo) with

the solvent in a blinded manner (§ee section|3.4). Vdsopressin (or placebo) will require no mixingisal

guide showing the procedures will be placed in theakitl cardiac arrest team members will have training in

the procedures (sge section 3.5.2). We expect that ¢heocedures will take approximately 1 minute and

that they will not interfere with the clinical management ofetlpatient. Once prepared, the drugs will be
administered as soon as possible after the first dosadvénaline; first the 20U (1 mL) vasopressin and then
the 40 mg (1 mL) methylprednisolone (or their respeeplacebos). Additional doses of RDvasopressin (or
placebo) will be administered with each dose of adrar@livhich is given every 3-5 minutes irrespective of
the underlying rhythnt® A maximum of 4 doses of vasopressin|@0will be administered. Only one dose of

methylprednisolone will be administered.

3.3.4 Overview of study medication
Study kits will be produced and labelled centrally (Skanorg Pharmacy). Study kits will be labelled with a
unique 1D consecutively according to site (e.g. 1XKXite 1, 2XXX for site 2, etc.). The study kits andsdr

will be clearly labelled according to standard practimglinical trials (sge Appendix 2). Study Kits béll

prepared and shipped to the participating sites on a fagbasis. Once a study kit is opened, the site
investigator, the research nurse, and the principakstigator will be informed. The central pharmacy will
keep a tally of all study kits and make sure, along wWithdite investigator and the research nurse, that sites

are always equipped with enough kits. The site invasbigat each site will keep track of all delivered and

used study kits. Data on actual drug administration |(setiee 3.3.3) will be entered in real-time on the
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case report form and subsequently into the online databése¢ section|7). This will ensure optimal tracking

of study drug delivery.

3.4 Blinding
The trial will be double-blind; patients, investigatcaiad the clinical team will be blinded to the allocation.
Only the pharmacy providing the blinded, numbereis kiill be aware of the allocation. The pharmacy will
not be involved with clinical care or outcome evaluation

Vasopressin placebo will consist of normal saline lyhike vasopressin, is colorless and without any
identifying features. The normal saline will be store@ mL ampules that are identical to the vasopressin
ampules. Furthermore, vasopressin has no distinctivedreffects (except those related to the trial)
resulting in possible identification. We therefore dot mmticipate any risk of unblinding.

Methylprednisolone placebo will consist of an emptgl\dompletely covered such that the clinical team
cannot distinguish whether the vial is empty or containe methylprednisolone powder. The
methylprednisolone solvent or the NaCl placebo, whioh identical in appearance, will be injected into the
vial and the vial will be shaken to immediately dissdhepowder. The mixed solution will then be
aspirated from the vial and administered to the patient.cgithe mixed solution is colorless and without
any identifying features, the clinical team will remaimbed to the treatment arm. A similar approach is
being used in the ongoindJBICU trial which is a multicenter, double-blind, randped trial®®

In the blinded intervention kit, a sealed opaque envelegk contain the allocation assignment which
will allow for emergency unblinding. The decisioruttlind will be at the complete discretion of the
treating physician and clinical team. However, we do nqiset scenarios where emergency unblinding will
be necessary. In case unblinding occurs, the reaswil{d)e clearly documented in the case report form

The patient will remain in the trial.

3.5 Trial procedures

3.5.1 Patients

The trial procedures will be limited to the interveni®given during the cardiac arrest (see section 3.3) and

the telephone interviews for long-term followp. (se¢ section 5{3 and 5.5). There will be no plarsiedd

draws, other interventions, or additional procedures. Dath g obtained from the study specific case

report form, the electronic medical records, and the patl Danish IHCA registry (DANARREST) (see gection

7}
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3.5.2 Clinical personnel
Prior to the beginning of patient enroliment and contously throughout the enrollment period, the clinical
teams involved in IHCA resuscitation at the participatingphials will be informed about the trial. Clinical

personnel will be informed about the background and ehijges of the trial, the inclusion/exclusion criteria,

the interventions, and the trial procedures they are itwed in (sef section 3.3.3 and 9.3.2). A

demonstration of correct procedures using the study Witk be included. We anticipate formal, in-person

didactics quarterly with informal sessions and emails asiegdpk in between.

4. SETTING AND PATIENT POPULATION
4.1 Setting
The trial will be conducted at 10 hospitals in Denmarkpaiticipating sites have clinical experience and

expertise in treating IHCA patients.

4.2 Inclusion criteria
Inclusion criteria:

1) IHCA

2) Age HL8 years

3) Received at least one dose of adrenaline during CPR

Cardiac arrest is defined as unconsciousness, abnormathing, and a loss of pulses requiring chest
compressions and/or defibrillation. IHCA is defineduayg individual with a cardiac arrest on hospital

grounds where the IHCA team is activated. This will dechatients who re-arrest in the emergency
department or elsewhere after an OHCA if they, priothe re-arrest, had sustained ROSC (i.e. spontaneous
circulation for at least 20 minutes).

These broad inclusion criteria were chosen to refthetinclusion criteria in the two original VSE
trials *4€ The original trials included primarily patients with a reltockable rhythm (84%). However, the
results were consistent and significant in both those veitockable and non-shockable initial rhythms and
there was no subgroup difference (p = 0.90, S. Meopmllos, M.D., Ph.D., written communication, July

2017). We will therefore include IHCA patients with bstiockable and non-shockable rhythms.

4.3 Exclusion criteria

Exclusion criteria:
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1) Clearly documented inot-E epue ]S § pripdo thécardiac arrest
2) Prior enrollment in the trial
3) Invasive mechanical circulatory support at the time of thediac arrest

4) Known or suspected pregnancy at the time of the igardrrest

Occasionally CPR is inadvertently started in patients witlea gE ] S]vRot?@ sue ]S § _ }JE- EX /(
not-E& epue ] 8§ _ }E & ]* o0 & oe€ectfonical medicgdlwredard prior to the cardiac arrest,

the patient will be excluded. Patients previously inéddn the trial will be excluded to avoid statistical
complexity related to correlated date ]v = Jv(}Eu S]}InOt}E M pe ]S S _ }E E- llmendo E]}E
in the trial is documented (but might not be known by tterdiac arrest team) prior to the cardiac arrest

and the intervention, any post-randomization exclusion$ mat lead to bia$’ Mechanical circulatory

support includes extracorporeal circulation and left vérutar assist devises. Patients having an IHCA while

on mechanical circulatory support constitutes a very djepatient population with different characteristics

and outcomes. They will therefore be exclud&iven that vasopressin and methylprednisolone are

generally not recommergtl in pregnancy, patients with known or suspected pregnamidybe excluded.

Cardiac arrest during pregnancy is exceedingly’taned we expect that this exclusion criterion will lead t

only few, if any, exclusions. If pregnant patients aréuighed (i.e. if the pregnancy is not known and not
obvious), we do not expect any harm to the patient or fet@slidelines recommend that cardiac arrest in

pregnancy is treated according to usual guidelines dinlyiintra-cardiac arrest medicatiofs.

4.4 Co-enrollment
There will be no general restrictions on entry into atijpost-cardiac arrest) clinical trials although this will
be evaluated on a cadsrcase basig We are not aware of any ongoing or planned trials is fatient

population in Denmark.

5. OUTCOMES

5.1 Primary outcome

5.1.1 Definition

The primary outcome will be ROSC. ROSC will be definggontaneous circulation with no further need for
chest compressions sustained for at least 20 minutes. défigition is consistent with the second VSE ttjal
the Get With the Guidelines€Resuscitatiomegistry', the Danish registry for IHCA (DANARRE @y the

Utstein guideline¥. If a patient is placed on extracorporeal circulation duting cardiac arrest, the patient
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will only be considered to have ROSC if they are allbe teuccessfully weaned from the extracorporeal

circulation with spontaneous circulation for at least 20 m@s.”

5.1.2 Rationale

The rationale for any intra-cardiac arrest intervention ignarily to increase the rate of RO&C
subsequently improve the rate of meaningful survivalc8IROSC is a prerequisite for more long-term
survival and since the focus of this investigation isaitirdiac arrest interventions, ROSC is a logical and
meaningful primary outcome. ROSC is a core outcome measi@h the IHC& and OHCA Utstein

guidelines and is suggested as a potential primary outcom@asure by the American Heart Associatfon

5.2 Secondary outcomes
5.2.1 Definitions
The key secondary outcomes will be survival at 30 dagsarvival at 30 days with a favorable neurological

outcome. A favorable neurological outcome will be defl as a CPC score of 1 or 2. The CPC score is a 5-

point scale assessing neurological/functional outcomes dftain damage (Tablg.1° Patients not alive at

30 days will be categorized as a poor neurological ougcom

Table 1. Cerebral performance category (CPC) score

Score| Definition

Good cerebral performance

Conscious, alert, able to work, might have mild neuga®r psychologic deficit.

Moderate cerebral disability

2 Conscious, sufficient cerebral function for independactivities of daily life. Able to work in

sheltered environment.

Severe cerebral disability

3 Conscious, dependent on others for daily support beeaafimpaired brain function. Range

from ambulatory state to severe dementia or paralysis.

Coma or vegetative state

Any degree of coma without the presence of all brain deaiteria. Unawareness, even if

4
appears awake (vegetative state) without interaction with emawiment; may have
spontaneous eye opening and sleep/awake cycles. Calrabresponsiveness.
Brain death

5

Apnea, areflexia, electroencephalogram silence, etc.
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5.2.2 Rationale

Survival at 30 days and survival at 30 days with a favorealeological outcome are considered key
outcome measures in cardiac arrest reseafcli.The use of 30-day outcomes as compared to outcomes at
hospital discharge avoids limitations related to potentiafedifnce in discharge practicés’® The use of the
CPC score is consistent with the second VSE ttiad Get With the Guidelines@Resuscitatiomegistry?,

and recommend by the Utstein guidelifé$ and the American Heart Associatiin

5.3 Tertiary outcomes
Tertiary outcomes will include:
1) Vasopressor-free days
2) Invasive ventilation-free days
3) Sequential organ failure assessment (SOFA) score a8 2072 hours
4) Hospital disposition
5) Modified Rankin scale (mRS) and Glasgow Outcome Scatelgstt(GOSE) at 30 days
6) Health-related quality of life (ERBR-5L) at 30 days
7) 90-day outcomes:
Survival
Neurological outcome (CPC, mRS, GOSE)
Health-related quality of life (E&R>-5L)

The trial will include additional outcomes focused on leelynamics, organ failure, additional measures of
neurological outcome, and long-term outcomes

Toassess the potential beneficial effects of the intettien on hemodynamics, we will measure
vasopressor-free days. A vasopressor will be defasedny continuous infusion of noradrenaline, dopamine,
dobutamine, terlipressin, vasopressin, phenylephrine,/anddrenaline. Vasopressor-free days will be
defined as the number of days within the first 7 dayeiathe cardiac arrest where the patient is not
receiving vasopressors and is alive. Receiving vasapsess at least 6 hours on a given day is defined as
receiving vasopressors for that day. Contrary to other pesssor outcomes, such as time to weaning from
vasopressors, this outcome accounts for both vasopresserand mortality® Invasive ventilation-free days
will be defined in a similar manner. Invasive ventilatioalefined as mechanical ventilation through an

endotracheal or tracheostomy tube.
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To assess hemodynamics and organ failure, we will aadc8IOFA scoftat 24, 48 and 72 hours after
the cardiac arrest in those alive. The SOFA scorealidated and widely used measure of organ failure
assessing the respiratory, nervous, cardiovascular, hgpadagulation, and renal systeffd/Ve will assess
both the cardiovascular sub score as well as the ovB@HFA score. The calculation of the SOFA score will be
based on available clinical and laboratory data. Laboratorycéinital data closest to the given time point
will be used. If a given component (e.g. bilirubighot available, it will be assumed to be within normal
ranges. If Papvalues are not available, they will be imputed usingutagions based on SpQ@aluesi-#2

To further characterize neurological outcome and towalfor comparison with other trials and meta-
analyses, the mRSand GOSEat 30 days and hospital disposition (e.g. home, rehabiitathursing home,
hospice) will be collected. Hospital disposition Wldefined at the time of discharge from the initial acute
care hospital.

We will include 9G3ay survival as a measure of long-term survival. 90 daye whosen since it is
unlikely that later mortality will be directly linked thbe cardiac arrest or the trial interventions. 90 days is
also consistent with recommendations from the Americamitidssociatior’?

Both 30-day an@0-day survival will be obtained from the follow-up phoiméerview or the Danish Civil
Personal Register which allows for accurate and virtealhgplete followup .8 Neurological outcome (CPC,
mRS and GOSE) and health-related quality of lifes{E&1#®) at 30 and 90 days will be assessed via
telephone communication with the patient or a surrogateeThlephone interview will be semi-structured
and based on the GOSE and the3BEbL questionnaires. The interview will be conductgdatcentrally
located and trained member of the research team accaydimdetailed standard operating procedures. In
case the patient is still in the hospital, this interviewl We faceto-face. In addition to CPC, both the mRS
and health-related quality of life are recommended as outeameasures by the AHAAssessment of
neurological outcome and health-related quality of life pelephone is valid and reliabfé:8 A structured
interview will be used to determine CPC, mRS, and GOSE

The mRS is a 7-point scale, ranging from 0 (no symptintsjdead), assessing the degree of disability
and dependence after a neurological injury such askstrar cardiac arrest. A good outcome will be defined
as a mRS of 0 to 3 and a poor outcome as 4 to 6. The G@8Epbint scale that is an extension of the
Glasgow Outcomes Scale (which is identical to the @®Cwith inverse scores) where the scores 1, 2 and 3
from the CPC score is divided into tffdlhe EQ@D-5Lis a well-established measure of health-related
quality of life that is quantified as a utility (i.e. a measafeuality of life between 0 and 1). In addition to
being a relevant outcome in itself, this will also allowgotential future cost-effectiveness analyses and

comparison to the background population.
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All outcomes recommended by the recent COSCA initiafleee(Outcome Set for Cardiac Arrest) are

included in the current studs$?

5.4 Harm

5.4.1 General consideration

Patients with IHCA have an in-hospital mortality of 70 to 8% many patients experience post-cardiac
arrest complications such as global brain injury, imghire/ocardial function, macrocirculatory failure, and
increased susceptibility to infectiod$Furthermore, patients suffering from IHCA often havdtiple
underlying conditions including heart failure, myocardindiarction, respiratory insufficiency, diabetes,
infections, and/or renal insufficiend).The immediately preceding cause might be related toutatory
failure (e.g. cardiogenic shock, sepsis), respira@ityre (e.g. pneumonia, chronic obstructive pulmonary
disease), arrhythmias (e.g. primary arrhythmias, myocandfatdtion), or rarely neurological disordefs*
Given this, it is difficult, if not impossible, to corepensively report all adverse events and assess their
possible relationship with the intervention in this pattepopulation. Both vasopressin and
methylprednisolone are considered safe and are commasid in clinical practice. The overall benefit and
potential harm of the interventions will be captured inrqorimary and secondary outcomes. Any specific

adverse events suspected by the clinical team to be rdl&tethe intervention will be documented.

5.4.2 Definitions

The following definitions will be uséd

Adverse event: any untoward medical occurrence in gesuitto whom a medicinal product is administered

and which does not necessarily have a causal relationsitiiptias treatment

Serious adverse event: any untoward medical occurrenaedhany dose requires inpatient hospitalization

or prolongation of existing hospitalization, results imrgistent or significant disability or incapacity, results

in a congenital anomaly or birth defect, is life-threatsm or results in death

Unexpected serious adverse reaction: a serious adveetion, the nature, severity, or outcome of which

is not consistent with the reference safety information
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5.4.3 Specific adverse events
To assess specific adverse and potentially serious aslesents (primarily related to methylprednisolone),

we will collect data on the following:

1) Hyperglycemia (> 180 mg/dL D® mmol/L%) within the first 48 hours
2) Requirement for a continuous insulin infusiadlL(hour) within the first 48 hours
3) Hypernatremia (> 145 mmotA) within the first 48 hours
4) New infections after the cardiac arrest during the hospstaly (defined below)
4a) Bacteremia
4b) Pneumonia
4c) Urinary tract infections
5) New or changing antibiotics after the IHCA duringhbspital stay
6) Clinical diagnosis of gastrointestinal bleeding after tHEA requiring at least one blood transfusion
during the hospital stay
7) Acute mesenteric ischemia based on a clinical diagisigins and symptoms, colonoscopy and/or
radiology findings) leading to surgéfy
8) Peripheral (i.e., limps or digits) ischemia based acfinical diagnosis (signs and symptoms and/or

radiology findings) leading to surgery

Assessment of adverse events will be based on availalbbedtory values and clinical data. No specific
procedures or blood draws will be performed.

Given the complexity of the post-cardiac arrest syndeginis difficult to diagnose and precisely define
new infections in this patient population. For examples thew Sepsis-3 definitioffs% do not readably
apply since many post-cardiac arrest patients will have agdam SOFA score? irrespective of any
ongoing infection. Furthermore, fever is difficultassess during the early post-cardiac arrest period where
targeted temperature management is often utilized. Infengdncluded here are therefore restricted to
those that can be, at least partly, objectively defined and ¢hitsat are the most common after cardiac
arrest1°1192Bacteremia will be defined as a positive blood cultun@ (ncluding presumed contamination or
non-pathogenic bacteria not leading to antibiotics) obtaineafhe cardiac arrestPneumonia will be
defined as new or progressive consolidation on a chedibgraph and at least two of the following: fever (>
38° «U 0 pl} C8}e]s ~AZ]13 o0}} 0 0 * L) pvidukepénid (white blood cell count < 4,000

cells/.L), or the presence of purulent tracheobronchial stiores 1°31%4Urinary tract infection will be
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defined as a positive urine culturéd( i11 U tolony-forming units/mL from a pathogenic organism)

obtained after the cardiac arres®®

5.4.4 Timeline

Vasopressin has a half-life of approximately 10 to 35 tesitiand methylprednisolone has a biological half-
life of approximately 12 to 36 hou¥s There is therefore no anticipation of adverse eventsrditaspital
discharge as patients with IHCA have long hospital $taffie above mentioned adverse events will

therefore only be assessed during the hospital stay.

5.4.5 Suspected Unexpected Serious Adverse React®ARPU
Suspected Unexpected Serious Adverse Reactions (SUSAR)reported to the independent data-

monitoring committee(IDMC) (sele section 10.2) and the regulatory authoritiespgicable. Given the

consideration outlined jn section 5.4.1, most eventxonditions, including but not limited to organ failure,

infection, tissue ischemia, brain damage, cardiac arrest,dmath, wil not be considered SUSARs. This

approach is compatible with an ongoing international, noeltiter trial in post-cardiac arrest

(ClinicalTrials.gov Identifier: NCT02908308). No eyamtkiding those outlined jn section 5.4.3, will

automatically lead to unblinding

5.4.6 Reporting

Once a year the sponsor will submit a list of all regesi adverse events that have occurred during the trial
period as a well as a report on safety of the trial sobj to the Danish Medicines Agency. The sponsor will
notify the Danish Medicines Agency when the trial hasn completed (no later than 90 days thereafter) or
if earlier than planned, the reasons for stopping thaltmust be given. The results from the clinical trial

including important adverse events will be recordedEudraCT.

5.5 Additional follow-up

The primary trial and publication will be related to thedy outcomes (sectign 5|1, §.2, gnd 5.3). However,

extended follow-up at six months and 1 year, includimgrall survival, neurological outcomes, and health-
related quality of life, will be collected and reportddata will be collected and analyzed like the 90-day
outcomes and will be reported in a separate publicatidlthough the overall trial will be unblinded after

the collection of the 90-day outcomes, the person ass&ssix months and 1-year outcomes will be blinded

to treatment assignment.
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6. SAMPLE SIZE CALCULATION AND STATISTICAL ANMILYSIS PL
6.1 Sample size calculation

The trial will be powered to the primary outcome of ROBGhe original trials, the combined rate of ROSC
was 148/178 (83% [95%CIl: 77%, 88%]) in the intermemgioup and 118/190 (62% [95%Cl: 55%, 69%]) in
the placebo group for an absolute risk difference d#®and a relative risk of 1.3%%° For this trial, we
assume a ROSC rate of 45% in the control group (baspcetminary data from some of the participating
sites [see section 11.2]). We assume an absolute dififax of 13% between the control and intervention
group corresponding to a ROSC rate of 58% in theviatgion group and a relative risk of 1.29. With these
estimates, an alpha of 0.05, and the use of the chi-squitest, we will need a total of 492 patients (i.e. 246
in each groupjo have 80% power to detect a statistigagignificant difference between groups.

With an estimated survival rate of 20% (see section 1ar2glpha of 0.05, and the use of the chi-

squared test, the power of the trial to detect a significatitference between groups is illustrated in Figure 1

according to various estimates of treatment effect (iiskmratios). Of note, the risk ratio for survival to
hospital discharge was 4.87 (95%Cl: 1.11, 21.4) ifirdté/SE trial and 2.73 (95%CI: 1.18, 6.32) for surviv
to hospital discharge with a favorable neurological outcomthe second VSE tri&t#6 The trial will haveH
98% mwer to detect a risk ratio oHL.80 with a survival rate of 20% or higher in the placgioup. Sample
size and power was calculated with PROC POWER in SASSAS Institute, Cary, NC, USA).
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Figure 1 Relationship between treatment effect (risk ratio) fongval and trial power
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6.2 Statistical analysis plan

6.2.1 General considerations

The statistical analyses and reporting will adhere to th&lSORT guideliné¥ 18 All tests will be two-sided,
aPvalue < 0.05 will be considered significant, and alfidence intervals will have 95% coverage. P values

will only be reported for the primary outcome and thedwey secondary outcomes.

Patient inclusion and exclusion will be illustrated IB@NSORT flow diagram (see Appendix 3 for a draft).

All analyses will be conducted on a maodified intentiortreat basis only including patients receiving the
first dose of the study drug and meeting all inclusioiteria and no exclusion criter (except criteria #4:
pregnancy). In a double-blind trial, this approach ibiased while increasing precisiéh.

The two groups will be compared in relation to baseliratient and cardiac arrest characteristics using
descriptive statistics.

The persons conducting the statistical analysis will bt to the randomized allocation and the

statistical analysis will be performed separately by tmeestigators. Groups willbe «]Pv § o N %

A until all pre-specified analyses are performed and stlavith all authors and the IDMC ($ee section

10.2.

6.2.2 Primary and secondary outcomes
The primary and secondary outcomes (binary variablespwifiresented as counts and proportions in each
group. Results will be reported as both risk ratios arkldifferences. 95% confidence intervals will be
obtained using methods described by Miettinen and Nurenir}® In case results are significantly different
between groups, the number needed to treat (with 98&tmfidence intervals) will also be provided. P values
Aloo }S1v (E}lu &]*Z E[+ A § 8§ 35X

As a sensitivity analysis, we will estimate the risk ratth 85% confidence intervals for the primary
outcome while adjusting for center and strong prognosdictors, specifically age, whether the cardiac arrest
was witnessed, and the initial rhythm, as covariaf@3!® Small centers (i.e. those with less than 30 patients
included) will be combined. The risk ratio will ksimated from a log-binomial regression mod#f this
model fails to converge, a modified Poisson regressiodel will be used instead®!*>Age will be included

as a linear continuous variable and the initial rhythm asary variable (shockabl@ non-shockable)

6.2.3 Subgroup analyses
Subgroup analyses will be performed on both the abscduie relative scale. The anadgwill include five

pre-defined subgroup analyses for the primary and keypsdary outcomes according to 1) first
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documented rhythm, Pwhether the cardiac arrest was witnessed patient age (dichotomized by the
median), 4) time from cardiac arrest to first study drug (dithimized by the median), and 5) time from
adrenaline administration to first study drug (dichota®d by the median). First documented rhythm will be
categorized as non-shockable (i.e. asystole or pulsalktrical activity) or shockable (i.e. ventricular
fibrillation or pulseless ventricular tachycardia). Thaltis not powered to detect subgroup differences, and

these will be considered exploratory and hypothesisegating.

6.2.4 Addition analyses and outcomes

For the tertiary outcomes vasopressor-free days, S@bres, and health-related quality of life (continuous
variables) differences between groups will be estindabsing a linear regression model. SOFA scores and
health-related quality of life will only be assessed iogh alive at the time of measurement.

Survival until 90 days will be presented with Kaplan-Metiewes but will otherwise be analyzed as a

binary outcome as described in section 62.2

Adverse events and other binary outcomes will be présémnd analyzed like the primary and
secondary outcomes.

As additional exploratory analyses, ordinal neurologicatomes (i.e. CPC, mRS, GOSE) will be analyzed
using ordinal logistical regressidtt.Before these analyses, the proportional odds assumptitirbe tested.
In case the proportional odds assumption is not met, matllogistical regression will not be performed, and

data will be presented descriptively.

6.2.5 Missing data

Missing data will be reported in the relevant publicatioige do not expect any missing data for the primary
outcome or the key secondary outcomes. For mortalitfapO days, there may be some very limited loss to
follow-up. We do not expect missing data on the vasopes®e days, SOFA scores, or adverse events.
There might be some limited missing data for neurolagizitcomes and health-related quality of life at 90
days (and potentially at 30 days) due to loss to follgevMultiple imputation using known risk factors for
outcomes after IHCA will be used to impute values forgraisi with missing data if missing data is

substantial (> 10%).

6.2.6 Multiple comparisons

No adjustments will be made for multiple comparisofise rationale for this approach is three-fold. First,
the trial has a clearly defined primary outcome which amsure that the risk of a Type | error (i.e. false
positives) is equal to the set alpha (i.e. 0.05) for tikome. Second, the simplest procedure to control the
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family-wise error rate is the Bonferroni correction erk the alpha is divided by the number of tests

% E(}EU AlS8Z]v 8Z ~( uloC_ WM]$Ps&2X YAuho Eahli-al fidst]arpitrdry?>12°
Third, any adjustment for multiple comparisons to conttod family-wise error rate increases the chance of
Type Il errors (i.e. false negativé®)Given that the risk of Type | errors is not well defirvhen conducting
multiple secondary analyses, these specific analyseddtheuconsidered exploratory and hypothesis

generating.

6.2.7 Statistical stopping criteria

Since the primary outcome is not mortality, there w#l ho formal stopping criteria for efficacy. There will
be no predefined stopping criteria for futility sinceretiment of the full cohort might allow for detection of
efficacy in subgroups or in other outcomes even if phienary outcome is neutral. Furthermore, since two

previous randomized clinical trials have shown effi¢zatdya neutral trial with an adequate sample size will

be important. For potential stopping due to safety concemses section 10|2

7. DATA COLLECTION AND MANAGEMENT
7.1 Data collection process
A trained research nurse, along with the site investigsitavill be responsible for data collection and entry.

Very limited data will be obtained from the clinical calarrest team in real-time on a numbered case

report form (se¢ Appendix|4) that accompanies the stkidyThis will include the patient identifier (i.e. CPR

number), timing of the first adrenaline dose, timingtbé first vasopressin dose, and the total doses of
vasopressin administered. This, along with the telephiomerviews for long-term followp, will be the only
source data and all additional data will be obtained from tlexz&onical medical records or DANARREST
(see section 7.6) and will be based on measurements aswbaments made by the clinical team. Data will
be entered directly into the database software (@.

7.2Variables
7.2.1 Overview
All IHCA patients at the participating sites will be entared a screening log. For those not randomized, a
specific reason for non-inclusion/exclusion willdmeumented. All randomized patients who received the
study drug will be entered into the main database.

A detailed data dictionary that clearly defines all incldid@riables will be created prior to patient

enrolliment. The data dictionary will provide the namdluod variable (including the code used in the
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database), a detailed definition of the variable, categof@scategorical variables, and units and ranges for
continuous variables.

The number of collected variables will be kepttigely small to limit resource use and data entry
mistakes. The included variables largely follow the IH&#ein guidelines from 199'7.Below is provided a

brief overview of the included variables but details a@eerved for the data dictionary.

7.2.2 Pre-cardiac arrest characteristics
Trial related variables
Study 1D
Site
Receipt of study medication
If no, reason for no study medication provided
Doses of study medication provided
Requirement for emergency unblinding
Inclusion criteria
Exclusion criteria

Date and time consent for data collection is obtained

Patient demographics and characteristics
Name
Unique patient identifier (CPR number)
Age
Sex
Race
Height
Weight

Conditions/medications prior to the cardiac arrest
Comorbidities (cardiac and non-cardiac)
CPC score and mRS prior to current hospital admission
Reason for admission
Length of stay prior to the cardiac arrest
Receipt of glucocorticoids within the last month
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Use of oral or intravenous glucocorticoids during thierent admission

Previous IHCA during this admission

7.2.3 Cardiac arrest characteristics
Location and time
Location of the cardiac arrest

Date and time of the cardiac arrest

Interventions in place
Vasopressors
Mechanical ventilation
Intravenous access

Renal replacement therapy

Cardiac arrest variables prior to the intervention
Presumed cause of the cardiac arrest
Initial rhythm
Witnessed

Time to first rhythm analysis

Cardiac arrest variables after the intervention

Date and time of the end of resuscitation (ROSC or ternainatithout ROSC)

7.2.3 Post-cardiac arrest characteristics
Targeted temperature management

If yes, target temperature and duration

Cardiac catheterization, percutaneous coronary intervention, @nary artery bypass grafting

Procedures related to neurological prognostication (EGG, imaging, biomarkers)

Use of intravenous glucocorticoids

Renal replacement therapy

Adverse events (sge section 5.4.3)
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7.2.4 Outcomes

ROSC

SOFA scores at 24, 48, and 72 hours
Vasopressor-free days

Hospital disposition

Survival at 30 and 90 days

CPC score at 30 and 90 days

mRSat 30 and 90 days

Glasgow Outcome Scale Extended at 30 and 90 days
EQ5D-5L at 30 and 90 days

7.3 Data quality and validity

Data quality and validity will be optimized by having alsitigaiined research nurses enter all data according

to a detailed data dictionary. REDCap [see sectign 7.4¥igrabl such that data forms contain field-specific

validation checks ensuring that mandatory fields are filladand that continuous variables are within

predefined ranges. Given its limited utility, douldata entry will not be performedf”128

7.4 Data storage and security

The database application we will use is REDE&REDCap is a professional database that provides a user-
friendly interface. The REDCap data management systemugeséally compliant with all regulatory
guidelines, and includes a complete audit-trail for datérg validation. Through these mechanisms, as well
as relevant training for all involved parties, patient cdafitiality will be safeguarded. REDCap is available
for free at participating sites.

The short paper case report form and the consent formeiach patient will initially be stored in a secure,
locked place at the individual sites. Every half year thveiflebe transported to the Research Center for
Emergency Medicine in Aarhus while a copy will reragaife sites. Here they will be securely stored in
locked cabinets, where only the principal investigatod the research nurse will have access. The files will
be stored for 5 years after the end of the trial, wheafter they will be destroyed.

The trial has been reported to the Danish Data Protectigengy.
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7.5 Data access

During the trial, the principal investigator and the raseh nurse will have access to the entire database,
while site investigators will have access to data frowrt own sites. Once the database is locked, a
deidentified version of the database will be made availdblthe members of the steering committee. The
IDMC, the Good Clinical Practice unit, regulatory agsneind other relevant entities will have direct access

to patients[records and to all relevant trial data including the casmort form as applicable

7.6 DANARREST

For the intra-cardiac arrest characteristics, data is captuma@al-time by the clinical cardiac arrest team as
part of a nationwide quality improvement registry (DANARRESDANARREST is a quality improvement
registry that aims to track the epidemiology of IHCAemiark. All hospitals in Denmark will participate

within a few years and the clinical personnel are reqilit@ enter data. A Danish version of the DANARREST

case report form is provided|in Appendi}x 5.

8. CLINICAL TREATMENT

The clinical management of included patients will be at¢bmplete discretion of the treating clinical team
in orderto test the interventions in a real-life clinical scenariogémeral, management will adhere to the
intra- and post-cardiac arrest guidelines provided byHuweopean Resuscitation Collk® and the Danish
Resuscitation Couné&it but no specific treatments will be prohibited or mandaté he sites will be
informed about the most recent guidelines for intra-de&c arrest care and will be encouraged to limit
premature termination of resuscitation efforts? Sites will also be encouraged to follow European

Resuscitation Council post-cardiac arrest guideffiesluding appropriate neurological prognostication.

9. ETHICAL CONSIDERATIONS
9.1 Clinical equipoise

9.1.1 Potential benefits

Details about the potential benefits of the interventioregorovided in the background section (section|1.2

1.3 amii 1.4). In brief, randomized controlled trialgpyarily in the OHCA setting, have found no benefit or

harm of sole vasopressin administrati®niThe data on steroid administration during cardiac arrestase

limited and have shown conflicting results although nadgthas shown harrf?. The combination of
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vasopressin and glucocorticoillas been tested in two randomized, double-blind triafglfing significant

and meaningful increases in ROSC, survival, and sumilia favorable neurological outconfe?®

9.1.2 Potential harms

The two VSE trials found no signs of significant haitim the combination of vasopressin and
glucocorticoids during cardiac arreé8t'® In the first VSE trial there was an increase in the remalh
hyperglycemic episodes on day 2 and 3 in the intervengion® In the second VSE trial, there was a small
increase in the proportion of patients receiving postetiac arrest insulin in the intervention arff.
Randomized clinical trials in other intensive care ungydations such as those with sepsis have found a
small increase in hyperglycemia and hypernatremia, buhoceased risk of infections, gastrointestinal
bleeding, or muscular weakness, with small to moderatsedoof glucocorticoid®:1*31**The idea that
glucocorticoids could impair cardiac healing after myoedridifarction is based on old case repoisA
meta-analysis of controlled trials of glucocorticoidgatients with acute myocardial infarction found no
association with myocardial rupture and in fact noticed arédase in mortality with the administration of

glucocorticoidg®

9.1.3 Risk/benefit ratio

From the data provided abovelin section 9{1.1. andzPa:hd in the background section (sec ion||1.2 1.3, and

1.4)), the current risk/benefit ratio is encouraging fasepressin and methylprednisolone administered

during IHCA. However, given the potential lack of geliweability of the two VSE trials, international
guidelines are currently not recommending this treatmént instead calls for additional clinical triafs!
Taken together, there is clear clinical equipoise for¢henbination of vasopressin and methylprednisolone

during IHCA.

9.2 Research in cardiac arrest

9.2.1 General considerations

Research in cardiac arrest is ethically challenging foréasons: 1) Patients are unconsciousness and can
therefore not provide informed consent and 2) treatment sabbe administered within minutes limiting the
possibility of obtaining informed consent from a legallithorized representativé®’ 138 Despite these
challenges, there is an ongoing need to conduct regea this, and similar, patient populations to improve

outcomes. International guidelines, such as the reviBedlaration of HelsinkiEuropean regulatiodsand
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the Good Clinical Practice guidelifeslearly supports research in such populatidasr example, the

revised Declaration of Helsinki states:

NZ o & Z JVA}OA]JVP ep i 8 AZ}VEEOILGZIW*]%00C }EPJA]VP }ve vEU (}E
unconscious patients, may be done only if the physicalemtal condition that prevents giving informed

consent is a necessary characteristic of the researctpgtowsuch circumstances the physician must seek
informed consent from the legally authorised represemtatif no such representative is available and if the
research cannot be delayed, the study may proceed witindormed consent provided that the specific

reasons for involving subjects with a condition that ensdthem unable to give informed consent have been
stated in the research protocol and the study has gmroved by a research ethics committee. Consent to
remain in the research must be obtained as soon aslgessom the subject or a legally authorised

E % E » V& §]A X _

The current trial will adhere to the revised Declavatof Helsinki as well as all applicable laws and

regulatory guidelines.

9.2.2 Danish regulations

Danish law allows research without informed consent inagitn where the following criteria are met:24¢

1) The research can only be conducted in the given actuatn

2) The patient is incapable of providing informed consent

3) Consent cannot be obtained from a surrogate given tlgeacy of the intervention

4 dZ & + E Z *% ](] 00C JvA}oA «}¥Z]8%pvS] vi[s PEE Vv
5) There is a possibility of benefit to the patient

The current trial fulfils all the above criteria as deised in section 9.2)3 for #1-4 and for #b in satBol

Under these circumstances, research with pharmacologitahientions is allowed if the following is

obtained=3%1%

1) }ve v3 ]} 3 ]v (E}u legalfuardian 4" (}E+TP+A EP _ v Vv]eZe

2) Informed consent is obtained from the patient or a surrogasesoon as feasible
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fegal guardian ]+ % ZC<+] ] v v}3 ]vA}o Aelatpd t& the Specific @atiént and who are not
in an inferior/superior position to the investigatogensor, who should act according to the interest of th
research participant.

9.2.3 Regulations in relation to the current trial

#1. The research can only be conducted in the given aituation

Given the high morbidity and mortality of IHCA (seetisa 11.1), clinical trials are highly needed to

improve patient outcomes. Animal studies do not adequatefiect the clinical condition of cardiac arré&$t
and human trials are needed to advance the treatment of cardiaest patients. Theri no other clinical
condition that reflects cardiac arrest and any study aimedrtprove outcomes for cardiac arrest patients

can therefore only be conducted in this population.

#2. The patient is incapable of providing informed caonse
IHCA is an unpredictable and sudden event that often acitupatients that are already acutely sick. It is
therefore impossible to obtain consent prior to the eneDuring the cardiac arrest, patients are

unconscious and therefore not able to provide consent.

#3. Consent cannot be obtained from a surrogate givenutgency of the intervention

Cardiac arrest is an acute event that often lasts for less t@amiButes'® The intervention will be
administered as soon as possible after the first adrenalioge, which is given as soon as possible in patients
with a non-shockable rhythm (most often < 5 minutes frihra beginning of the cardiac as&*) and after

the third defibrillation in patients with a shockable rhyti{approximately 6-7 minutes after the beginning of

the cardiac arresf). Given these time frames, it would be impossibleltain consent from a surrogate.

#4.dZ E « E Z % ](] 00C JvA}oA PviIB]Ps 8] vi[+ HEE v§
The interventions in this trial is specifically targeted HCA patients and if proven effective, will benefisthi

patient population.

9.3 Procedures
9.3.1 Ethical review committee

The trial has been approved by the regional ethics commiftase number: 10-72-42-18).
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9.3.2 Trial-specific procedures
dZ "~o P o Ppu E ] v_ pHysician mdmlzer @ the cardiac arrest team or a phgsioin call and
available 24/7The physician might be involved in the clinical carehef patient but will notbe involved in

trial procedures related to the specific patient. The legadrdian can be involved in trial procedures for

other unrelated patients. Through ongoing training and infation (se¢ section 3.5 2), théegal guardian_

will be aware of the trial including the background aighfficance, inclusion/exclusion criteria, and
%}5 v8] o E]sls v v (]%kealdddrdisn CAJoz ~ o 3} ul v Jv(}EuU v
decision about patient enrollmentd Z  « % ](] § Jos (Elegalguadlipns Z~]1X X AZ} Aloo
* ] P v Slegal guardian) will be site-specific.
As soon as possible, consent for future data colleatidhbe obtained by a physician from the patient or
if the patient is not able to provide consent, then by tegal guardian and a surrogate. The consent form
will be signed by the patient or a surrogate and the parsbtaining the consent. If a patient dies before it is

possible to obtain consent (we anticipate that approximat$o will not survive the cardiac arrest, see

section 6.1), patient data will be included in the tfi#lIf a patient denies future patrticipation in the trial, no

additional data wilbe collected but all data collected up until the point of withdsal will be included
consistent with Danish lai®

When approached, the patient or a surrogate will be infed, verbally and in writing, about the
background and significance of the study, inclusioteid, potential risks and benefits, as well as a brief
description of the study protocol. They will be infaeththat no additional interventions or procedures,
except the telephone interviews for long-term follewp, will be performed and that future participation will
only include data collection. The patient or the surrogatk then provide written informed consent utilizing
the informed consent form approved by the ethical reviemmmittee. When consent is obtained from

participants or a surrogate, information about potential demtfied data sharing will also be included.

9.3.3 Insurance

The patients in the study are covered by the Danish patigurance'*®

10. MONITORING
10.1 Good Clinical Practice monitoring

The sites will be monitored by the regional Good CdihPractice monitoring units affiliated with the

participating sites. A detailed monitoring plan will bevdped prior to trial commencement.
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10.2 Independent data-monitoring committee (IDMC)

The IDMC will be responsible for safeguarding theredes of trial participants, assessing the safety and
efficacy of the interventions during the trial, and foonitoring the overall conduct of the clinical trial. The
IDMC will consist of three individuatszo clinicians/trialist with expertise in cardiac arrest/créicare
research and a biostatistician/epidemiologist. The IDMC bamwill be chosen such to avoid any financial
or intellectual conflicts of interest. The IDMC willibdependent from the sponsor and the trial
investigators. The IDMC will review deidentified dateaoyearly basis (or more often if determined by the
IDMC) for safety; unless there are group differencesessitating unblinding (as determined by the IDMC),
the IDMC will be blinded to treatment groups. The tvidl continue while the IDMC review data. After the
yearly review, the IDMC will create a short report to #teering committee with recommendations for

continuation, modifications, or termination of the trighs noted ri1|section 6.2.Y, there will be no formal

stopping criteria for efficacy or futility. Criteria foecommending termination will be at the discretion gt
IDMC and there will be no formal statistical criteriatienmination due to safety. The final decision
regarding potential modifications or termination will rasith the steering committee and the principal

investigator. A detailed charter for the IDMC is pded in Appendix 6.
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11. TIMELINE AND ENROLLMENT
11.1Timeline

Pre-trial Year 1 Year 2 Year 3 Year 4

Funding

Protocol development
and modifications

Ethical approval

Registration with the
Danish Medicine Agency

Creation of data
dictionary

Trial registration

Creation of
randomization list

Education of site
personnel

Good Clinical Practice
and IDMC monitoring

Enrollment and
assessment of outcomes
Writing and publication
of methodology article

Cleaning and closing of
the database

Data analysis

Main manuscript writing

Unblinding

Publication and
presentation of results
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11.2 Feasibility

Data from 2016 from five of the participating hospitals arevided in Table R. As illustrated, we expect that

approximately &7 patients will be eligible for enroliment each year. &ivthe acuity of IHCA, we do not

assume that all eligible patients will be enrolled. Howegéven the large number of eligible patients, we

will reach our target sample size over approximately Iy@aactive enrollment (s¢e section 1[L.1) with an

enroliment rate as low a85%.With the addition of more sites, we expect enrollmeatitappen faster.

Table 22016 data from participating hospitals
IHCA with IHCA with HL dose of| ROSC in IHCA| 30-day survival in
Hospital indication for | adrenaline given (i.e.| with HL dose of | IHCA with HL dose
CPR target population) adrenaline given| of adrenaline given

Aarhust Skejby* 100 58 21 (36%) 11 (19%)
Randers 75 56 16 (29%) 7 (13%)
Aalborgt South 208 132 60 (45%) 22 (17%)
Rigshospitalet 198 177 80 (45%) 33 (19%)**
Odense 63 34 15 (44%) 8 (24%)
Total 644 457 192 (42%) 81(18%)

* This site is currently expanding as it is merging Wit other hospitals. We therefore expect a higher
number of annual IHCA at this site.

** Estimated based on the ROSC rate and data from the othes si

11.3 Enrollment

Enroliment at each site will be continuously monitoteglthe site investigator, the research nurse, and the
principal investigator. Formal reports outlining the nioen of IHCA and the proportion of those enrolled at
each site will be shared with the steering committaeagerly. In case multiple eligible IHCA are not
enrolled, a root cause analysis will be performed, afidres will be made to avoid such issues in the future.
Given the urgency of IHCA, we do not expect 100%llemeat of eligible IHCA. However, we will aim for
enroliment of > 50% of eligible IHCA. In case thakeacsintinuously underperforms despite troubleshooting

and feedback, the steering committee will evaluate whetbarollment will continue at that site.
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11.4 Additional sites
In case target enroliments are not met after 6 months tgehr of enroliment, additional sites, in Denmark
or outside Denmark, will be included. The principakstigator and the steering committee have multiple

national and international ongoing collaborations allowingrecruitment of new sites.

12. PUBLICATION PLAN

Three manuscripts are planned from the current trial. Ptaounblinding of the results, a methodology
article will be published including a detailed descaptof the trial and the statistical analysis plan. The
second and primary manuscript will include the main tesincluding pre-defined primary, secondary, and
tertiary outcomes. The manuscript will adhere to the CORS guideline¥’1%The principal investigator
will be the first and corresponding author. Additionattarship will follow authorship guidelines from the
International Committee of Medical Journal Editdfand will include members of the steering committee.
In addition, as a guideline, sites enrolling > 50 patievilisbe entitled one additional author and sites
enrolling > 100 patients two additional authors in additiorthie site investigators and members of the
steering committee. The trial results will be shared watrticipating sites and via press releabes not

directly with the participating patients. The third manuscrptl include long-term follow-up at six months

and 1 year (sge section 3.5tudy findings will be published irrespective of tesults.

13. DATA SHARING

Six months after the publication of the last results, allidentified individual patient data will be made
available for data sharint§® Procedures, including re-coding of key variablel b&iput in place to allow for
complete de-identification of the data. Data will be contplg anonymized according to Danish law.

All relevant trial-related documents, including the protbatata dictionary, and the main statistical code,
will be shared along with the data. There will be nodatermined end date for the data sharing. Data will
be available for any research purpose to all interestadips who have approval from an independent
review committee and who have a methodological sound psab as determined by the steering committee
of the current trial. Only the methodological qualgiand not the purpose or objective of the proposal will
be considered. Interested parties will be able to resfuihe data by contacting the principal investigator.
Authorship of publications emerging from the shared datt follow standard authorship guidelines from
the International Committee of Medical Journal Editéfend might or might not include authors from the

steering committee depending on the nature of theivatvement.
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14. FUNDING

Funding for the trial is provided by Aarhus Univgr&lesearch Foundation (kr. 3,000,000), the Department
of Clinical Medicine, Aarhus University (kr. 950,088 Central Denmark Region (kr. 55,751), and the
Independent Research Fund Denmark (kr. 2,343,495)réssip® and corresponding placebo ampules are
provided free of charge by Amomed Pharma GmbH. Theirfig agencies and Amomed Pharma GmbH have
no role in the design and conduct of the study; attiten, management, analysis, and interpretation of the
data; preparation, review, or approval of the manuscripttlue decision to submit the manuscript for

publication.

15. TASKS AND RESPONSIBILITIES

Principal investigator and sponsor: Overall resporigilfibr protocol development, funding, budget

overview, data dictionary development, ethical approvahgltregistration, daily management, trial
oversight, contact to the pharmacy, contact to Good Cliricattice monitoring unit and the data and safety
monitoring board, assessment of overall recruitments, b recruitment of additional sites, data

analysis, and dissemination and presentation of results

Steering committee: Protocol development, funding, gatoverview, data dictionary development, trial

oversight, dissemination of results, responsibilitisgaincipal investigator for short time periods

Site investigators: Responsible for site-specific ément, evaluation of eligible patients not included

education of personnel at participating sites, reportingité-specific issues or challenges to the principal

investigator, participant consent for data collection
Research nurse: Daily management, education of personrmréitipating sites, contact to pharmacy,
contact to Good Clinical Practice monitoring unit, data diwry development, trial registration, data ewtr

and management, patient follow-up, budget overview

Clinical team: Administration of the study drug, partésipconsent for data collection

Good Clinical Practice-unit: $ee section [L0.1.

Daa and safety monitoring board: See section 10.2
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Appendix 2: Study kit and drug labeling (Danish)
Example from the Aarhus site.

Kun til anvendelse i klinisk forspg Randomiseringsnr: 3XXX
VAM-IHCA EudraCT nr.: 2017-004773-13
A: Solu-Medrol/Placebo SOLVENS til oplgsning til Anvendes ifglge vejledning i a2sken. Opbevares ved mellem 2 og 8 °C.
injektion 1 ml, 1 stk. Udlgb:
B: Solu-Medrol/placebo PULVER til oplasning til i.v. M4 opbevares 4 maneder ved 15-25 °C, dog maksimalt til angivet
injektion 40 mg, 1 stk. udlpbsdato ovenfor.
C: Empressin/Placebo oplgsning til iy, injektion 40 Udtaget fra Dato Initialer
LE.f2 ml, 2 stk. 2-8 °C.
Udlgb ved Dato Initialer
15-25 °C.
Forespeorgsler vedr. forspget skal ske til: Afblinding: Ved alvorlig bivirkning som kan formodes at skyldes
Site investigator Asger Granfeldt studiemedicin kan afblinding foretages vha. kuverten i bunden af aesken.
Aarhus Universitetshospital Skejby, Intensiv @st Kuverten skal laegges tilbage i aesken efter brug.
Palle Juul-Jensens Boulevard 99 Zsken: ROSC: £sken skal folge patienten.
8200 Aarhus N email: asgegran@rm.dk TIf. 29720155 |lkke-ROSC: £sken medbringes af den forsggsansvarlige.

Fremstillet af Skanderborg Apotek

A B C
Solu-Medrol/placebo Solu-Medrol/placebo Empressin/placebo
SOLVENS 1ml PULVER til i.v. adm. 2ml
til opl. til injektion 1ml til opl.til i.v. injektion 40mg Randomiseringsnr. XXXX
Randomiseringsnr. XXXX Randomiseringsnr. XXXX Randomiseringsnr. XXXX
Anv. Inden 00-0000 Batchnr. 000( Anv. Inden 00-0000 Batchnr. 000( Anv. Inden 00-0000 Batchnr. 0000
VAM-IHCA VAM-IHCA VAM-IHCA
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Appendix 3: Draft of CONSORT flow diagram
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o/ 3)Mechanical circulatory support at the time o
the cardiac arrest (n=)

4) Known or suspected pregnancy at the time
the cardiac arrest (n=)

5) Logistical reasons (n=)

(7513

v

Randomized (n= )

v

Allocated to vasopressin/methylprednisolone (n=) Allocated to placebo (n=)
i Received vasopressin/methylprednisolone and eligib i Received placebo and eligible for analysis (n=)
for analysis (n=)
i Received vasopressin/methylprednisolone but not i Received placebo but not eligible for analysis (n=)
eligible for analysis (n=) 0 Reasons (i.e. met exclusion criteri@flin=)
0 Reasons (i.e. met exclusion criteria 1-3) (n=]
i Did not receive vasopressin/methylprednisolone (n= i Did not receive placebo (n=)
0 ROSC prior to drug delivery (n=) 0 ROSC prior to drug delivery (n=)
o Logistical reason (n=) 0 Logistical reason (n=)
v v
Analyzed for ROSC (n=) Analyzed for ROSC (n=)
i Lost to follow-up (n=) i Lost to follow-up (n=)
Analyzed for 30-day survival (n=) Analyzed for 30-day survival (n=)
i Lost to follow-up (n=) i Lost to follow-up (n=)
Analyzed for 30-day favorable neurological outcome (n= Analyzed fo30-day favorable neurological outcome (n=)
i Lost to follow-up (n=) i Lost to follow-up (n=)
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Appendix 4 Gase report form (Danish)

REGISTRERINGSSKEMA - VAM-IHCA

Randomiseringsnummer:

1) Patientnavn og CPR-nr.:

Mawvn:

CPR: -

2) Skema udfyldt af:

MNawvn:

Arbejdsmail:

3) Dato og tid for konstatering af
hjertestoppet:

DD MM AA
Dato: /! /

T T MM
Tid:

4) Studiemedicin givet:

m[ | ne || —>Arsag:
| [] ROSC
] Ingen Iv/i0

Udfyld resten

af skemaet [] Andet:

T T MM

Tid:

5) Tid for farste adrenalin administration:

6) Tid for ferste vasopressin/placebo
(ampul C + C) administration:

TT MM
Tid:

7) Methylprednisolon/placebo
(heetteglas A + B) administreret?

[ | owner| ]

8) Total antal vasopressin/placebo
(ampul C + C) administreret:

0000

9) ROSC (egencirkulation) opnaet?

JAD NEJD ECMD{EPBD

ROSC: Return Of Spontaneus Circulation
(egencirkulation) defineres som spontan
cirkulation [dvs. en markbar puls eller maleligt
blodtryk) uden yderligere behov for hjertemassage,
der opretholdes i mindst 20 minutter.

Ved ROSC fglger medicinasken, med indhold og registreringsskema, patienten. Hvis ROSC ikke opnads,

medbringes a&sken af den forsggsansvarlige.

Husk endvidere venligst at udfylde DANARREST.

Evt. noter eller kemmentarer kan tilfgjes pa bagsiden.

Ved spargsmal:
Mobil nr.: 83 52 10 42 (degnet rundt)

E-mail: hjertestop@clin.au.dk

Registreringsskema v. 1.2

VAM-IHCA
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Appendix 5:

DANARREST case report form (Danish)

VEILEDNING: z E H 7
SE BAGSIDEN DANARREST - registrering af hjertestop pa hospital STOR,
1 Patientnawn + CPR-nr. (evt. lahai) ,E Skema udfyldt af:
i Mawe: _ Tjkeder
) BB MM A A
CPR-nr = CATD: f
1} Lokalitet 4 stophold alarmeret 1ad weid
[ Skadestuejmodtagelser Huls “1a";
[0 Ambulatorium: __ R —— S KLTrIMM mm_no}un}!l
O Sengeafdelng; ’
O Operationsgang:
.
. 1]
O opvigningsafdeling: | ynik hyertestop lagd weid
O intensiv afdeling: —————————
O Kardiologisk laboratarium 2. Klinksk hjertestop: Indikation for genopliviing Ja T Neg [
O Andet: Hwis “Nej | “17 eller “2° udfyldes resten of skemast [HKE

{i; Blev hjsrtestoppats indtra2den observerst

Ja [ af sundhedspersonate [ af l=gmand
Mej [
Hjerterytmenveryget hjertestop

la[d Nel O

L

J Hjertestop erkendt af

O sundhedspersonale [ L=gmand

é Basal genoplivning far Stopholdets ankomst

O Hjertemassage
O ventilation

O Hijertemassage og ventliation
O stophold ikie alarmeret

O tngen

‘_h Rytmeanalyse og defibrillering fier Stopholdets ankomst
Rytmeanalyse ved hizlp af

Farste hisrterytme
O ikke-stadbar rytme
O stedvar rytme
O ingen rytmeanalyse

O aeo
[ Manuel defibriliator

Defibriliering med
O aen
O stophold Ikke alarmerst

O Anden EXG-monitorering

O Manuel defibriliator

ﬂ Den forste ohserverede hjerterytms
Owe O pulsias vT Orean [ asystoil
O ingen manuel rytmeanalyse [ Pulsgivende

|_4 Tid for konstatering af hjertestop - g

M M

15 Tid for pibegyndt hjertemassage efier ventilation
T

L[] Kunstigt kredsipb (f.eks. ECMO, CPS, m.fl)

h S MM MM

D B
KL i :

DATO: {

T M
O ingen KL:
T M M
1 6 nd for forste hjerterytme-analyse KL:
1 R M M
17 1id for ferste defibrillering KL: i
O tngen
e o M M
[8 Tid for Stophobdets ankomst L 1
O Stophold Ikke alarmeret
| § Genoplivning indstillet pga.
O spontant kredsiab O Ded

F R |

21} Arsag til hjertestop
O Mon-kardial
O Formodet kardial

1 1 ratientens status ved Stopholdets ankamst g
Hjertestop Ja ] Nei 21 veammediemmer/personale pd Stopholdet
[ Stophold ikke atarmerst (| lzage(r):
[0 Anzestesisygeplejerske(r):
12 Medicin givet [0 Kardiologier):
[0 Svoepéejerske(r):
O adrenalin O amicdaron O ingen [ Porter/serviceass::
O andet: [0 Andre:
Mekanisk hjertemassage 1
13 L J.IJEAS].“',I'.!LAUPuISET"J ad  Nep.O 27  Eeventuslie kommentarer
Ptovar Intuberet for hjertestop Ja [0 Nep O
Intubation under hjertestop 120 weg O
Kapnografi 1a 3 Hel O

Verpon 1.0 (v sepberr
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Appendix 6: Charter for the independent data-moniing committee (IDMC)

Charter for the independent data-monitoring commgte (IDMC) for the VAM-IHCA trial
Trial name Vasopressin and Methylprednisolone for In-Hospitati@arArrestt ARandomized, Double-
Blind, Placebo-Controlled Trial (VAM-IHCA)

Principal investigator and sponsoAssociate professor Lars W. Andersen, M.D., M.PitD, P
EudraCT Numbe2017-0047733

Research ethical committee nol-10-72-42-18, Central Denmark Region

VAM-IHCA Protocdl version 1.8
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Introduction

This charter will define the primary responsibiliti€fstoe IDMC, its relationship with other trial
components, its membership, and the purpose and timohgs meetings. The charter will also

provide the procedures for ensuring confidentialitydgoroper communication, the statistical

monitoring guidelines to be implemented by the IDNM@d an outline of the content of the data that will be

provided to the IDMC.

Responsibilities of the IDMC
The IDMC will be responsible for safeguarding therests of trial participants, assessing the safety and
efficacy of the interventions during the trial, and foonitoring the overall conduct of the clinical trial. The
IDMC will provide recommendations about stopping or auuitig the trial to the steering committee of the
VAM-IHCA trial. To contribute to enhancing the integoityhe trial, the IDMC may decide to also formulate
recommendations relating to the selection/recruitment/reteéon of participants, their management,
improving adherence to protocol-specified regimensl aatention of participants, and the procedures for
data management and quality control. Any such recommendatighde at the discretion of the IDMC.
The IDMC will be advisory to the steering commitfElee steering committee will be responsible for
promptly reviewing the IDMC recommendations, to decidether to continue or terminate the trial, and
to determine whether amendments to the protocol or chasgn trial conduct are required.
The IDMC will be notified of all changes to the trial poaticor conduct. The IDMC concurrence
will be sought on all substantive recommendations or gfemto the protocol or trial conduct prior
to their implementation.

The members of the IDMC will be unpaid.

Members of the IDMC
The IDMC is an independent multidisciplinary group sbimg of physicians with epidemiological expertise
that, collectively, has experience in the managementasfiac arrest patients and in the conduct,

monitoring and analysis of randomized clinical trials.

VAM-IHCA Protocdl version 1.8
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The members of the IDMC are:

Christian Fynbo ChristianseM.D., Ph.D. (chairman)
Clinical Associate Professor

Department of Clinical Epidemiology

Department of Clinical Medicine

Aarhus University, Aarhus, Denmark

Hans FribergM.D., Ph.D.

Professor

Department of Clinical Sciences

Lund University, Lund, Sweden

&

Department of Perioperative and Intensive Care

Skane University Hospital, Lund, Sweden

Jasmeet Soa-RCA, FFICM, FRCP
Consultant
Anaesthesia and Intensive Care Medicine

Saithmead Hospital, Bristol, United Kingdom

Conflicts of interest
IDMC membership has been restricted to individuals teeonflicts of interest. The source of
these conflicts may be financial, scientific, or regutatio nature. The IDMC members will disclose to ¥ello
members any consulting agreements or financial interesty thave with the sponsor of the trial or with
other sponsors having products that are being evaluatelaving products that are competitive with those
being evaluated in the trial. The IDMC will be resgible for deciding whether these consulting agreements
or financial interests materially impact their objectivilyhe IDMC members will be responsible for advising
fellow members of any changes in these consulting ements and financial interests that occur during the
trial. Any IDMC members who develop significant casflid interest during the trial should resign frometh
IDMC.

IDMC membership is to be for the duration of the iclah trial. If any members leave theMC
during the trial, the steering committee will appointehieplacement(s).
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Evaluations of trial data

The IDMC will review deidentified data after six monthgatient enrollment and then on a yearly basis (or
more often if determined by the IDMC) for safety; esd there are group differences necessitating
unblinding (as determined by the IDMC), the IDMChilblinded to treatment groups. The trial will
continue while the IDMC review data. After the reviewg IDMC will create a short report to the steering
committee with recommendations for continuation, modificat®) or termination of the trial. There will be
no formal stopping criteria for efficacy or futilityritéria for recommending termination will be at the

discretion of the IDMC and there will be no formal statial criteria for termination due to safety.

Raw data will be provided to the IDMC in Excel in tileviong format:

Row 1 contains the names of the variables (to be deflveldw)

Row 2 to N (where N-1 is the number of patients whoehemtered the trial) each contains the data

of one patient

Column 1 to p (where p is the number of variables éadefined below) each contains in row 1 the

name of a variable and in the next N-1 rows the valudsie variable.

The values of the following variables will be included

1: id: a number that uniguely identifies the patient.

2: group: The randomization code (group A or B)

3: rosc: The primary outcome return of spontaneousutation (ROSC) (1 for ROSC, 0 for no ROSC)
4: surv_30: Survival at 30 days (1 for survival at 38,dajor death prior to 30 days)

5: cpc_30: Cerebral performance category (CPC) atthbdscharge (1 to 5)

Specific adverse events (see section 5.4.3 in the podtoc

6: hyp_gly: Hyperglycemia (1 for yes, 0 for no)

7: insulin: Requirement for an insulin infusion (1 yes, O for no)
8: Hyp_na: Hypernatremia (1 for yes, O for no)

9: infect: New infections (1 for yes, O for no)

10: antibio: New or changing antibiotics (1 for yes, rOnim)

VAM-IHCA Protocdl version 1.8
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11: gas_bleed: Gastrointestinal bleeding (1 for yesy ®6)
12: mes_ischemia: Mesenteric ischemia (1 for yder @o)
13: per_ ischemia: Peripheral ischemia (1 for yder ®0)

14: susar: Suspected Unexpected Serious Adverse Beali for yes, 0 for no)

Variables #1 and #3-14 will be provided by the steecioigmittee and item #2 will be provided by the

pharmacy.

An independent biostatistician (not a member of the IDMA) provide aggregate data for each of the
variables #3-12 stratified by treatment group (variable i#2wo-by-two tables. No statistical tests will be

performed unless explicitly requested by the IDMC.

In addition to the above, the steering committee wilbpide the IDMC with data on the number of patients
screened (i.e. all IHCA at participating sites), numbgadients included in the studies, and the number of
patients who have provided consent for additional data atiten and long-term follow-up. Data will be

provided on the specific reasons for non-inclusiod awclusion.

All data will be provided to the IDMC at least 5 daysrgndheir meeting.

Meeting, communication and reports

The steering committee, along with the IDMC chairmaifi,lvei responsible for scheduling and arranging the
IDCM meeting. The meeting will start with a study overyieavided by the principal investigator. This will
include an overview of recruitment and potential problemand issues. The remainder of the meeting, which
will only be attended by the IDMC members, be wilrekated to evaluations of trial data as described
above.

The IDMC is not planned to meet physically to evaluata.dn addition to the scheduled meeting, the
IDMC may whenever they decide, contact each other Bptebne, videoconference, or e-mail to discuss
the safety for trial participants. The recommendationghad IDMC regarding stopping, continuing or
changing the design of the trial should be communidatewriting without delay to the steering committee.
The steering committee has the responsibility tammh as fast as possible, and no later than 72 hours, all
investigators of the trial and the sites including patieintshe trial about the recommendation of the IDMC
and the steering committee decision hereof.

The IDMC will prepare minutes of their meetings. Tlosed minutes will describe the
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proceedings from all sessions of the IDMC meetindyding the listing of recommendations by
the committee. Because it is possible that these minubey contain unblinded information, it is
important that they are not made available to anyone outside tBMC. The IDMC and the independent

biostatistician are obligated to keep all patient-level davaftdential.
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eAppendix 1 DiscrepancieBetweenthe Manuscriptand the Protocol
There are a few minor discrepancies between the ptot@and the manuscript. These are described

here.

1) The protocol states that ventilateand vasopresseiree days is defined as “... the number
of days within the first 7 days after the cardiac arrestere the patient is not receiving
vasopressors[/mechanical ventilation] and is alive” (gecb.3). 7 days were changed to 14
days before the trial started, but thwas inadvertently notorrectedin the protocol. The
first “data dictionary’; which definesll collected variableslated Sept. 4, 201 &tates
“Vasopressdfventilation]-free days are defined as the number of days withia tinst 14
days after the cardiac arrest where the patient is natei®ing vasopressdigvasive
mechanical ventilationdnd isalive”” This is consistent with the definition used ireth

manuscript.

2) For continuous variables, the protocol statesdifferences between groups will be
estimated using a linear regression mddg@lection 6.2.4) Upon review of blinded data, it
was evident that data osequential organ failure assessment saaid healthrelated
quality of lifewere only approximately normally distributed. To betsecount for this, we

decided to use@eneralized linear modelsith robust variance estimation.

3) Data on asopressorand ventilatorfree dayswere extremely skewed and zetioflated.
Before unblinding, we therefore decided that it wdibe unlikely that we would be able to
get a valid estimate of the mean difference between greupsusinggeneralizd linear
models This analysis was therefore not performed. We didsider other options (e.g.,
guantile regressiontiodgesl.ehmanmmedian difference), but given the distribution dfet

data, these approaches were unlikely to give meanirgfal valid reults.

4) The intended sample size was 492 patients. A totaDdfdigible patients were included.
This small discrepancy is a result of logistical andtipedéssues as the trial ended.
Specifically, to ensure that the sample size washedcthe trid end date was scheduled at
a specific date and a relatively large number of pasemére included within the last few

days of the trial.
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eAppendix 2 Definitions of Past Medical History

Coronary artery diseas®élyocardial infarction, coronary artery bypass graftingronary stenting or

angioplasty, or other known occlusive coronary disdaskiding diagnosed angina pectoris.

Chronic heart failureChronic heart failure with or without preserved ejext fradion.

Atrial fibrillation: Paroxysmal, persistent, or chronic atrial fibrillatifotter.

Stroke:Previous ischemic or hemorrhagic stroke or transisohemic attack.

Venous thromboembolisnPrevious deep vein thrombosis, pulmonary embolismanother venous

thromboembolism (e.g., cerebral venous sinus thromsibn

Arterial hypertension:A diagnosis of hypertension and receiving at leastamtehypertensive drug

(e.g., angiotensitonvertingenzyme [ACE] inhibitor, angiotensin Il receptor kkys [ARB], diuretic

or betablocker).
DiabetesA diagnosis of diabetes and receiving at tea®e antidiabetic drug €.g.,metformin,
insulin, biguanides, sulfonylureas, glitazones, digptpeptidase IV inhibitors, or sodiuglucose

co-transporter 2 inhibitor).

Pulmonary diseasé€hronic obstructive pulmonary disease or asthma reqgidaily inhalation

medication or other pulmonary disease e.g., emphyseimaystitial lung disease, cystic fibrosis, or

idiopathic pulmonary arterial hypertension.

Renal diseaseChronic kidney disease stage 3A or higher, eGFR < 60 mL/min/1.73 mz
Live diseaseWith or without cirrhosis. This includes chronighétis B or C (not cured), nen
alcoholic fatty liver disease/nonalcoholic steatohepatiilcoholic liver disease, autoimmune

hepatitis, liver disease related to hemochromatosig., et

CancerAny active solid or hematological cancer. Nnalanoma skin cancers (basal cell or

squamous cell carcinoma) are not included. Activeefsndd as receiving chemotherapy, radiation,
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or palliative care, awaiting either of the previous,awaiting curative or palliative surgery. Previous

cancers considered cured should not be included.

Dementia:Alzheimer’s disease, vascular dementia, Lewy bodiesdéa frontotemporal

dementia, dementia associated with Parkinson’s, etc.
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eFigurel. SubgrouResultsfor 30-Day Survival
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eFigure 2. Subgroupesultsfor 30-Day Favorable Neurologic Outcome
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eFigure 3KaplanMeier Curvefor 90-Day Survival Accordintp Treatment Assignment
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eTable 1. Inclusions pedite

Site Trial start Cardiac R_ecelved Included
arrests | trial drug

Aalborg University Hospital 15/10-18 421 54 52
Randers Regional Hospital 1/2-19 105 26 26
Aarhus University Hospital 17/9-18 456 96 93
Odense University Hospital 21/11-18 335 118 117
Copenhagen University HospitdRigshospitalet| 1/11-18 538 123 121
Viborg Regional Hospital 1/5-19 73 20 18
Horsens Regional Hospital 8/5-19 92 17 17
Copenhagen University HospitaHerlev 15/5-19 232 45 44
Copenhagen University HospitaGentofte 15/5-19 96 8 8
Zealand University HospitaKgge 1/9-20 14 5 5
Total - 2362 512 501
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eTable2. Additional Baseline Characteristics According Treatment Assignment

Vasopressin and

Methylprednisolone (Fr:li(;%%)
(n=237)
Patient Characteristics
CPC prior to hospital admission
CPC1 197 (83) 232 (88)
CPC 2 36 (15) 25(9)
CPC 3 4(2) 7 (3)
MRS prior to hospital admission
mRS 0 15 (6) 33 (13)
mRS 1 74 (31) 92 (35)
mRS 2 80 (34) 83 (31)
mRS 3 49 (21) 38 (14)
mRS 4 18 (8) 17 (6)
mRS 5 1(<1) 1(<1)
Frailty prior to hospital admission
Very fit 3(1) 0 (0)
Well 25 (11) 47 (18)
Managing well 64 (27) 94 (36)
Vulnerable 74 (31) 68 (26)
Mildly frail 34 (14) 22 (8)
Moderately frail 27 (11) 19 (7)
Severely frail 10 (4) 14 (5)
Admission Characteristics
Type of admission
Acute 195 (82) 221 (84)
Elective 41 (17) 43 (16)
Not admitted 1(<1) 0 (0)
Reason foadmissiof
Medical- cardiac 38 (16) 66 (25)
Medical- infection 50 (21) 30 (11)
Medical— other 65 (28) 87 (33)
Surgery-cardiac 2 (1) 6 (2)
Surgery-non-cardiac 39 (17) 35 (13)
Trauma 26 (11) 28 (11)
Out-of-hospital cardiac arrest 11 (5) 7 (3)
Other 5(2) 5(2)
Prior inhospital cardiac arrest 15 (6) 12 (5)
Any ducocorticoidsduring hospital admission 61 (26) 57 (22)
Intravenous access 229 (97) 249 (94)
CardiacArrest Characteristics
Time from admission to cardiac arrestays 21,7 2 (0, 6)
Time of day-no. (%)
Day(07:00—14:59) 89 (38) 101 (38)
Evening (15:08 22:59) 78 (33) 66 (25)
Night (23:00-06:59) 70 (30) 97 (37)
Time of week-no. (%)
Weekday 162 (68) 201 (76)
Weekend 75 (32) 63 (24)
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eTable2. Additional Baseline Characteristics According Treatment Assignment
Presumed causeno. (%)
Cardiac 64 (27) 79 (30)
Pulmonary 86 (36) 86 (33)
Electrolyte disturbances 4(2) 4(2)
Hypotension/hypovolemia 30 (13) 28 (11)
Neurological 4 (2) 5(2)
Toxicology 2 (1) 2
Unknown 47 (20) 59 (22)
Time to cardiopulmonary resuscitatieminutes 0 (0, 0) 0 (0, 0)
Time to first rhythm analysisminutes 21,4 2(,4)
Time to arrival of the cardiac arretam—minutes 3(2,4) 3(2,4)

Continuous variables are presented as medians firish and third quartilesand categorical variables asunts
and percentages

a0One patientin the intervention groupvas not admitted at the time of the cardiac arrestd is therefore not
included here

® For one patientn the intervention groupno cardiac arrest teaiparticipated in the cardiac arreand this
patient is therefore not included here
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eTable3. CardacArrest Interventions
Vasopressin and
) Placebo
Methylprednisolone (n =264)
(n=237)
Number ofepinephrinedose$ 3(2,5) 3(2,5)
Other drugs administered
Amiodarone 31 (13) 34 (13)
Lidocaine 3 3(1)
Atropine 11 (5) 15 (6)
Calcium 27 (11) 30 (11)
Magnesium 9 (4) 7 (3)
Bicarbonate 26 (11) 20 (8)
Glucose 2(1) 3(1)
Defibrillation 67 (28) 73 (28)
Number of defibrillation’ 2(1,3) 2(1,3)
Intubationduring cardiac arrest 175 (74) 179 (68)
Mechanical chest compression 40 (17) 41 (16)
Extracorporeal cardiopulmonary resuscitation 10 (4) 18 (7)

Continuous variables are presented as medians firish and third quartilesand categorical variables asunts

and percentages

aData not available on 5 patients in the intervemtigroup and 6 patients in the placebo group

®Only including those with defibrillation. Data retailable for 1 patient in each group
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eTable4. PostCardiac Arrest Characteristios Those Survivingit Least24 Hours
Vasopressin and
) Placebo
Methylprednisolone (n =61)
(n =63
Targeted temperature management 17 (27) 16 (26)
Temperature
33°C 3 (18) 2 (13)
36°C 14 (82) 14 (88)
Cardiac interventions
Coronary catherization 15(24) 15(25)
Percutaneous coronary intervention 6 (10) 10 (16)
Coronary artery bypass grafting 1(2) 0 (0)
Intra-aortic balloon pump 0 (0) 0 (0)
Left ventricular assist device 2(3) 6 (10)
Venoarterial extracorporeal membrane oxygenation 9 (14) 18 (30)
Venovenous extracorporeal membrane oxygenation 0 (0) 0 (0)
Renal replacement therapy 16 (25) 22 (36)
Vasopressor infusion 55 (87) 56 (92)
Any glucocorticoid administration 15 (24) 28 (46)
Neurological biomarkers/imaging
Computed tomography 34 (54) 30 (49)
Magnetic resonance imaging 6 (10) 7 (11)
Hectroencephalogram 27 (43) 21 (34)
Somatosensory evokgabtential 12 (19) 7 (11)
Neuron specific enolase 12 (19) 13 (21)
s100b 3 (5) 2(3)

Categorical variables are presentedcasintsand percentages
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eTableb. Trial Drugand Protocol Deviations

Vasopressin and

Methylprednisolone (Fr:li(;%%)
(n=237)
Trial drug characteristics
Methylprednisolone/placebo administration 231 (97) 256 (97)
Vasopressin/placebo administration 234 (99) 259 (98)
Vasopressin/placebo doses
One 66 (28) 73 (28)
Two 76 (32) 69 (27)
Three 35 (15) 46 (18)
Four 57 (24) 71 (27)
Protocol deviations
Totalprotocol deviations 18 (8) 19 (7)
Specific protocol deviations
Double dose of first vasopressin/placetiase 6 (3) 4 (2)
Double dose ofwo vasopressin/placebdoses 4 (2) 0 (0)
No methylprednisolone/placebo administered 6 (3) 8 (3)
No vasopressin 3(1) 5(2)
Other 0 (0) 2

Categorical variables are presentedcasintsand percentages
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eTable6. OrganDysfunction After Returrof Spontaneous Circulation
Vasopressin and Placebo Mean difference
Methylprednisolone (95%CI)
SOFA score
10.6 (4.4) 10.9 (4.5) -0.3
24 hours (n =63) (n=61) (-1.9,1.3)
9.6 (4.4) 9.7 (5.5) 0.1
48 hours (n = 50) (n = 55) (2.0,1.8)
8.7 (4.6) 9.3 (5.3) -0.6
72 hours (n = 47) (n=51) (-2.5, 1.4)
Vasopressofree days 0 (0, 5) 0(0,9) o
Ventilatorfree days 0(0,1) 0(0,7) gl

SOFA: Sequential Organ Failure Assessment

Continuous variables are presentedrasans with standard deviations aredians with first and third
guartiles TheSOFA score was only assessed in those alive givtbetime point. If a specific SOFA score
element was missing, it was assumed to be norivilakopressorand ventilatorfree days were defined as the
number of days within the first 14 days after therdiac arrest where the patiertid not receive vasopressors
or invasive mechanical ventilation, respectivelgdwere alive.Vasopresserand ventilatorfree days were
only assessed in those with return of spontaneousutation.

aSince the data wasxtremelyskewed and zerinflated, no effect estimate is provided.
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eTable7. Hospital Dispositionand Caus®f Death
Vasopressin and Placebo
Methylprednisolone
Disposition in those discharge alive (n=24) (n=32)
Home 10 (42) 10 (31)
Nursing home 0 (0) 1(3)
Rehabilitation center 7 (29) 4 (13)
Transferred tanother hospital 7 (29) 17 (53)
Cause of death (n=76) (n =54)
Sudden cardiac arrest 2 (3) 4 (7)
Hemodynamic 8 (11) 17 (31)
Respiratory 2 (3) 1(2)
Withdrawal of care due to ...
Neurological injury 25 (33) 17 (31)
Severe canorbidity 28 (37) 13 (24)
Severe acute illness 11 (14) 2(4)

Categorical variables are presentedcasintsand percentages
aCause of death in those with return of spontaneaursulation who died prior to hospital dischargdéeT
following definition were used:

Sudden cardiac arrest: Sudden cardiac arrest (@RR) without return of spontaneous circulation daectly
causedby any of the other categories. This includes brdidiac and noftardiac causes of sudden cardiac
arrest.

HemodynamicProgressive, refractory hemodynamic shock desagfgressive ICU care, or withdrawal of care
based on the same. Hemodynamically stable pati¢atg., maintaining their mean arterial blood pressuon
aggressive ICU care (e.g., full vasopressor suppwere not included in this category.

Respiratory Respiratory failure or withdrawal of care basedthe same. Respiratory failure may be related to
hypoxemia, hypercapnia, or the combination there®atients who are oxygenating sufficiently on higthe
ventilator settingswvere not included in this cagory.

Neurological withdrawal of car&Vithdrawal of care based on expectations of a poor neagimal recovery
based on brain imaging, a neurologic exam, or a formaliop of a neurologist stating that the prognosis for
neurologic recovery is very padf an assessment off sedation is not done, therest be other evidence of
severe neurologic injury (e.g., severe cerebralreder herniation).

Comorbidity withdrawal of careWithdrawal of care or refusal of lfustaining therapy based on the
expectation of a poor quality of life. This mayretated to a preexisting or newly discovered teralifiiness or
other serious medical condition (e,gementia or cancer).

Severe acute illness withdrawal of care: Withdraeftare or refusal of Bfsustaining therapy based on an
acute illness that is not amenable to treatmentiSbould be a ruptured aortic aneurism, severe bbwe
ischemia, multiorgan failure, etc. This categagsonly used if none of the others apgdl.
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eTable8. NeurologicOutcomes
30 DAYS 90 DAYS
Vasopressin and Vasopressin and
Methylprednisolone (T?CZ%%) Methylprednisolone (Ekicze&;)
(n=237) B (n=237) B
Cerebral Performance
Category
CPC1 11 (5) 18 (7) 15 (6) 18 (7)
CPC 2 7 (3) 2(1) 3(1) 2(2)
CPC 3 5(2) 9 (3) 2 (1) 4 (2)
CPC4 0 (0) 2 (1) 0 (0) 0 (0)
CPC5 214 (90) 233 (88) 217 (92) 240 (91)
Modified Rankin Scale
mRS 0 0 (0) 0 (0) 1(<1) 1(<1)
mRS 1 3(1) 4 (2) 7 (3) 4 (2)
mRS 2 7 (3) 7 (3) 5(2) 10 (4)
mRS 3 1(<1) 8 (3) 2 (1) 5(2)
mRS 4 7 (3) 4 (2) 3(1) 0 (0)
mRS 5 5(2) 8 (3) 2 (1) 4 (2)
mRS 6 214 (90) 233 (88) 217 (92) 240 (91)
Glasgow Outcome
Scale Extended
GOSE 1 214 (90) 233 (88) 217 (92) 240 (91)
GOSE 2 1(<1) 2 (1) 0 (0) 0 (0)
GOSE 3 9 (4) 11 (4) 3(1) 4 (2)
GOSE 4 2 (1) 6 (2) 3(1) 5(2)
GOSE 5 4 (2) 5(2) 4 (2) 5(2)
GOSE 6 2 (1) 4 (2) 3(1) 6 (2)
GOSE 7 3(1) 2 (1) 2 (1) 2 (1)
GOSE 8 2(2) 1(<1) 5(2) 2 (1)

Categorical variables are presentedcasintsand percentages

TheGlasgow Outcome Scale Extendgdn 8point scale to assess neurologic outcome after brain aigen
Higher scores indicate better outcomdswas planned to analyze thesigree ordinal otcomes using ordinal
logistical regression. However, the proportional oddsumption was not met, and the analyses were
therefore not performed consistent with the statedhalysis plan in the protocol.

© 2021 American Medical Association. All rights resdrv



eTable9. EQ5D-5L Subcategories

30 DAYS 90 DAYS
Vasopressin and Vasopressin and
Methylprednisolone E)riaf?fkl))o Methylprednisolone I(Dria:cgg)o
(n =23 (n =20)
Mobility
No problems 8 (35) 4 (13) 11 (55) 10 (42)
Slightproblems 1(4) 4 (13) 2 (10) 6 (25)
Moderate problems 3 (13) 11 (35) 2 (10) 5(21)
Severe problems 3 (13) 3 (10) 0 (0) 0 (0)
Extreme problems 8 (35) 9 (29) 5 (25) 3(13)
Seltcare
No problems 8 (35) 8 (26) 13 (65) 15 (63)
Slight problems 2(9) 5 (16) 3 (15) 4 (17)
Moderate problems 2(9) 4 (13) 0 (0) 1(4)
Severe problems 0 (0) 3 (10) 0 (0) 0 (0)
Extreme problems 11 (48) 11 (35) 4 (20) 4 (17)
Usual activities
No problems 3 (13) 2 (6) 8 (40) 4 (17)
Slight problems 3 (13) 2 (6) 2 (10) 6 (25)
Moderate problems 2(9) 3 (10) 3 (15) 4 (17)
Severe problems 0 (0) 5 (16) 1(5) 0 (0)
Extreme problems 15 (65) 19 (61) 6 (30) 10 (@)
Pain/discomfort
No problems 5 (22) 6 (19) 14(70) 13 (54)
Slight problems 12 (52) 6 (19) 5 (15) 7 (29)
Moderate problems 4(17) 14 (45) 1(5) 3(13)
Severe problems 2(9) 5 (16) 0 (0) 1(4)
Extreme problems 0 (0) 0 (0) 0 (0) 0 (0)
Anxiety/depressiof
No problems 9 (41) 8 (27) 11 (55) 15 (58)
Slight problems 5 (23) 11 (37) 5 (25) 5 (21)
Moderate problems 6 (27) 7 (23) 1(5) 5 (21)
Severe problems 1(5) 4 (13) 1(5) 0 (0)
Extreme problems 1(5) 0 (0) 2 (10) 0 (0)

Categorical variables are presentedcasintsand percentages
aFor two patients one in each groumt 30 daysit was not possible to assess for anxiety/depi@ssiue to
severe neurologic compromise at the time of theessment When calculating thandexed value, it was

assumed that these patients hdBxtreme problems”
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eTablel0. Predefined Potential Adverse Events
Vasopressin and Placebo
Methylprednisolone

In patients with return of spontaneous circulation (n =100 (n =86)
Hyperglycemia 77 (77) 63 (73)
Insulin infusion 23 (23) 17 (20)
Hypernatremia 28 (28) 27 (31)
Infection

Bacteremia 9 (9) 7 (8)

Pneumonia 21 (21) 15 (17)

Urinary tract infection 4 (4) 4 (5)
New or changing antibiotics 61 61) 56 (65)
Gastrointestinal bleeding 5 (5) 3(3)
Mesenteric ischemia 2 (2) 1(1)
Peripheral ischemia 3(3) 3 (3)
In those surviving at least 24 hours (n =63) (n =61)
Hyperglycemia 57 (90) 51 (84)
Insulin infusion 23 (37) 17 (28)
Hypernatremia 19 (30) 23 (38)
Infection

Bacteremia 8 (13) 7 (11)

Pneumonia 20 (32) 15 (25)

Urinary tract infection 4 (6) 4 (7)
New or changing antibiotics 57 (90) 53 (87)
Gastrointestinal bleeding 2 (3) 2 (3)
Mesenteric ischemia 2 (3) 1(2)
Peripheral ischemia 3 (5) 2 (3)

Categorical variables are presentedcasintsand percentages

Definitions for adverse events apeovided in the protocol. Hyperglycemia, insulifuision, and
hypernatremia were assessed within 48 hours afsurn of spontaneous circulation. The remaindettod
adverse events were assessed until death or hosgitcharge.
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