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Abstract

Objective: To describe the clinical trial “Vasopressin and Methylprednisolone for In-Hospital Cardiac Arrest” (VAM-IHCA).

Methods: The VAM-IHCA trial is an investigator-initiated, multicenter, randomized, placebo-controlled, parallel group, double-blind, superiority trial of

vasopressin and methylprednisolone during adult in-hospital cardiac arrest. The study drugs consist of 40 mg methylprednisolone and 20 IU of

vasopressin given as soon as possible after the first dose of adrenaline. Additional doses of vasopressin (20 IU) will be administered after each

adrenaline dose for a maximum of four doses (80 IU).

The primary outcome is return of spontaneous circulation and key secondary outcomes include survival and survival with a favorable neurological

outcome at 30 days. 492 patients will be enrolled. The trial was registered at the EU Clinical Trials Register (EudraCT Number: 2017-004773-13) on Jan.

25, 2018 and ClinicalTrials.gov (Identifier: NCT03640949) on Aug. 21, 2018.

Results: The trial started in October 2018 and the last patient is anticipated to be included in January 2021. The primary results will be reported after 3-

months follow-up and are, therefore, anticipated in mid-2021.

Conclusion: The current article describes the design of the VAM-IHCA trial. The results from this trial will help clarify whether the combination of

vasopressin and methylprednisolone when administered during in-hospital cardiac arrest improves outcomes.

Keywords: In-hospital cardiac arrest, Vasopressin, Methylprednisolone, Randomized trial

Introduction

In-hospital cardiac arrest is a relatively common condition with high
mortality.1�3 Although outcomes have improved over the last decades,
in-hospital survival has plateaued in the last 10 years at approximately
26% in the United States.1 Although survival varies among different
studies and countries, it is generally low.4 In Denmark, 28% are alive
after 30 days while 20% are alive after 1 year.3

Despite these dismal outcomes, clinical trials are sparse in in-
hospital cardiac arrest5 and there is a scarcity of evidence-based
pharmacological interventions.6�8 Thus, there is an need for
additional randomized clinical trials in in-hospital cardiac arrest in
order to advance the science and improve patient outcomes.

In two trials, published in 2009 and 2013, Mentzelopoulos et al.
examined the effect of adding vasopressin and glucocorticoids to
standard treatment in in-hospital cardiac arrest.9,10 In these two
randomized, double-blind trials, the investigators compared the
addition of vasopressin (20 IU for each dose of adrenaline) and
glucocorticoids (40 mg methylprednisolone) during cardiac arrest to
placebo. After the cardiac arrest, patients in the intervention arm
furthermore received glucocorticoids (300 mg hydrocortisone) if they
had vasopressor-dependent shock. In both trials, the authors found
improved outcomes, including survival, in the vasopressin and
methylprednisolone group.9,10 However, the American and European
guidelines from 2015 do not recommend the routine use of vasopressin
and glucocorticoids in in-hospital cardiac arrest primarily due to lack of
studies externally validating the findings from the two previous trials.7,8

To further understand whether vasopressin and methylpredniso-
lone improves outcomes for patients with in-hospital cardiac arrest, we
designed the “Vasopressin and Methylprednisolone for In-Hospital
Cardiac Arrest trial” (VAM-IHCA). We hypothesized that the
combination of vasopressin and methylprednisolone administered
during in-hospital cardiac arrest would improve outcomes.

Methods

Protocol

The full protocol is provided in the Supplemental material and all
previous versions are available on the trial website.11 The protocol

was developed in accordance with the International Conference
on Harmonization (ICH) guidelines12�14 and the Standard Protocol
Items: Recommendations for Interventional Trials (SPIRIT)
statement.15,16 The trial was registered at the EU Clinical Trials
Register (EudraCT Number: 2017-004773-13) on Jan. 25,
2018 and ClinicalTrials.gov (Identifier: NCT03640949) on Aug.
21, 2018.

Design

The VAM-IHCA trial is an investigator-initiated, multicenter, random-
ized, placebo-controlled, parallel group, double-blind, superiority trial
of vasopressin and methylprednisolone during adult in-hospital
cardiac arrest.

Setting

The trial is conducted at 10 hospitals in Denmark including four large
university hospitals. A full list of participating centers is provided in the
full protocol in the Supplemental material.

Eligibility criteria

Patients will be included based on the following criteria: In-hospital
cardiac arrest, age �18 years, and receipt of at least one dose of
adrenaline during the cardiac arrest. Exclusion criteria are: Clearly
documented “do-not-resuscitate” order prior to the cardiac arrest, prior
enrollment in the trial, invasive mechanical circulatory support at the
time of the cardiac arrest, and known or suspected pregnancy at the
time of the cardiac arrest.

Intervention

The study drugs consist of 40 mg methylprednisolone (Solu-medrol1,
Pfizer) and 20 IU of vasopressin (Empressin1, Amomed Pharma
GmbH) given as soon as possible after the first dose of adrenaline
which is part of standard care. Additional doses of vasopressin (20 IU)
will be administered after each adrenaline dose for a maximum of four
doses (80 IU) (see Fig. 1). These drugs and doses are similar to the
original trials by Mentzelopoulos et al.9,10 However, for practical
reasons (i.e., that one ampule of vasopressin contain two doses) this
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trial will include a maximum of four doses of vasopressin as compared
to a maximum of five doses in the original trials.9,10

The placebo for vasopressin will consist of 1 mL of 9 mg/mL NaCl
(“normal saline”) from 2 mL ampules identical to the vasopressin
ampules. The placebo for methylprednisolone will also consist of 1 mL
of 9 mg/mL NaCl.

The study drugs are placed in a blinded study kit (a small box, see
Appendix 2 in the full protocol) containing one 40 mg dose of

methylprednisolone (or placebo) and two 40 IU ampules (i.e., four
20 IU doses) of vasopressin (or placebo).

Blinding

The trial is double-blind; patients, investigators, and the clinical team
are blinded to the allocated treatment. In the blinded study kit, a sealed
opaque envelope contains the allocation assignment which will allow

Fig. 1 – Overview of the trial interventions.

R E S U S C I T A T I O N P L U S 5 ( 2 0 2 1 ) 1 0 0 0 8 1 3



for emergency unblinding. The decision to unblind will be at the
discretion of the treating physician and clinical team.

Allocation

Patients are randomized in a 1:1 ratio to either vasopressin and
methylprednisolone or placebo in blocks with random sizes of 2, 4, or
6. The randomization is stratified according to site.17

Outcomes

The primary outcome is return of spontaneous circulation (ROSC).
ROSC is defined as spontaneous circulation with no further need for
chest compressions sustained for at least 20 min.

The key secondary outcomes are survival at 30 days and survival
at 30 days with a favorable neurological outcome. A favorable
neurological outcome will be defined as a cerebral performance
category (CPC) score of 1 or 2. The CPC score is a 5-point scale
assessing neurological/functional outcomes after brain damage.18

Patients not alive at 30 days will be categorized as a poor neurological
outcome.

A number of additional outcomes are also collected, and a full list is
provided in the protocol in the Supplemental material. These
outcomes include survival, neurological outcome, and quality of life
at 90 days, 180 days, and 1 year after the cardiac arrest.

Specific adverse events are also collected.
The outcomes adhere to the “Core Outcome Set for Cardiac

Arrest” (COSCA) guidelines.19

Sample size

The trial is powered to the primary outcome of ROSC. Combining the
original trials by Mentzelopoulos et al., the proportion of patients with
ROSCwas148/178 (83%[95%CI:77%,88%]) in the interventiongroup
and 118/190(62% [95%CI: 55%,69%]) in the placebogroup yielding an
absolute risk difference of 21% and a relative risk of 1.34.9,10 For this
trial, we assumed a ROSC rate of 45% in the control group (based on
unpublished preliminary data from some of the participating sites). We
assumed an absolute difference of 13% between the control and
intervention group corresponding to a ROSC rate of 58% in the
intervention group and a relative risk of 1.29. With these estimates, an
alpha of 0.05, and the use of the chi-squared test, we will need a total of
492 patients (i.e., 246 in each group) to have 80% power to detect a
statistically significant difference between groups.

Statistical analysis plan

A detailed statistical analysis plan is provided in the protocol in the
Supplemental material. The statistical analyses and reporting will
adhere to the CONSORT guidelines.20,21

All analyses will be conducted on a modified intention-to-treat
basis only including patients receiving the first dose of the study drug
and meeting all inclusion criteria and no exclusion criteria (except
pregnancy). In a double-blind trial, this approach is unbiased while
increasing precision.22

The primary and key secondary outcomes (binary variables) will be
presented as counts and proportions in each group. Results will be
reported as both risk ratios and risk differences. P values will be
obtained from Fisher’s Exact test. As a sensitivity analysis, we will
estimate the risk ratio with 95% confidence intervals for the primary

outcome while adjusting for center and strong prognostic factors,
specifically age, whether the cardiac arrest was witnessed, and the
initial rhythm, as covariates.23�26

Subgroup analyses will be performed on both the absolute and
relative scale. The analyses will include five pre-defined subgroup
analyses for the primary and key secondary outcomes according to 1)
first documented rhythm (shockable vs. non-shockable), 2) whether
the cardiac arrest was witnessed, 3) patient age (dichotomized by the
median), 4) time from cardiac arrest to first study drug (dichotomized
by the median), and 5) time from adrenaline administration to first
study drug (dichotomized by the median).

Blinded interim analyses are conducted by an independent data-
monitoring committee approximately every 6 months. There are no
formal stopping criteria.

Data collection and follow-up

Data on drug administration and the primary outcome ROSC will be
obtained from the clinical cardiac arrest team in real-time on a numbered
case report form that accompanies the study kit. Additional data will be
manually obtained from the electronic medical records by trained
research staff and entered into a REDCap database. Details of the
included variables and their definitions are provided on the trial website.11

Clinical treatment

The clinical management of included patients will be at the discretion
of the treating clinical team in order to test the interventions in a real-life
clinical scenario. In general, management will adhere to the intra- and
post-cardiac arrest guidelines provided by the European Resuscita-
tion Council27 and the Danish Resuscitation Council28 but no specific
treatments will be prohibited or mandated.

Ethical considerations and consent

A detailed description of the ethical considerations is provided in the
protocol in the Supplemental material. The trial was approved by the
regional ethics committee (case number: 1-10-72�42-18) on Apr. 11,
2018 and the Danish Medicine Agency (EudraCT Number: 2017-
004773-13) on Feb. 28, 2018.

Consent is obtained according to Danish law using a 3-step
approach. First, verbal, and subsequent written, consent for
enrollment is obtained from an independent physician during the
cardiac arrest. Second, if the patient survives the cardiac arrest,
written consent for further data collection and follow-up is obtained
from a surrogate. Third, if the patient regains consciousness, written
consent is obtained from the patient.

Data sharing

Six months after the publication of the last results, all de-identified
individual patient data will be made available for data sharing.29

Procedures, including re-coding of key variables, will be put in place to
allow for complete de-identification of the data.

Discussion

The current article, along with the full protocol available in the
Supplemental material, describes the design of the VAM-IHCA trial,
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which is testing the combination of vasopressin and methylpredniso-
lone in patients during in-hospital cardiac arrest.

Vasopressin (also known as antidiuretic hormone or arginine
vasopressin) is a nonapeptide produced in the hypothalamus and
secreted into the circulation through the posterior pituitary gland.
During states of shock, levels of vasopressin are low and exogenously
administered vasopressin exerts profound vasoconstrictive effects.
The rationale for the use of vasopressin during cardiac arrest is based
on studies demonstrating that plasma levels of vasopressin are lower
in non-survivors compared to survivors,30 and that vasopressin,
through its potent vasoconstrictive properties, increases coronary
perfusion pressure and thereby the chance of ROSC.31,32 These
properties lead to clinical trials where vasopressin was compared to
standard treatment in patients with cardiac arrest.33�36 Only one
relatively small trial (n = 200) included in-hospital cardiac arrest
patients.37 In a meta-analysis of six randomized clinical trials, there
was no overall benefit of vasopressin administration during cardiac
arrest.34

Methylprednisolone is a synthetic glucocorticoid, which is a class
of corticosteroids that is part of the larger group of steroid hormones.
Studies in patients with cardiac arrest have demonstrated that levels
of cortisol are higher in patients that are resuscitated when compared
to patients that are not resuscitated,38 which may illustrate an impaired
endocrine response in non-survivors. This is supported by animal
studies where the administration of hydrocortisone during cardiac
arrest increases ROSC.39 This may relate to the cardiovascular
effects of glucocorticoids, which include increases in enzymes
involved in adrenaline synthesis, inhibition of catecholamine re-
uptake and breakdown, and by enhancement of cardiovascular
sensitivity to catecholamines by increasing the binding capacity and
affinity.40,41 Data on glucocorticoid administration during human
cardiac arrest is limited and small studies have shown conflicting
results.42

Although the benefit of vasopressin and glucocorticoid adminis-
tration as individual drugs is unclear, Mentzelopoulos et al. tested the
combination of the drugs in two trials.9,10 These trials, which were
relatively small (100 and 268 patients) had remarkable results with
very large treatment effects. In the first trial, survival to hospital
discharge was higher in the intervention group as compared to the
placebo group (9/48 [19%] vs. 2/52 [4%], p = 0.02).9 In the second trial,
the primary outcome of survival to hospital discharge with a favorable
neurological outcome (CPC score of 1 or 2) was higher in the
intervention group as compared to the placebo group (18/130 [14%]
vs. 7/138 [5%], p = 0.02).10 The authors also showed beneficial effects
on post-cardiac arrest hemodynamics, organ failure, and inflamma-
tion.9,10 Despite these remarkable results, the interventions have not
been implemented into guidelines and clinical practice. The trials have
received a great deal of attention in the literature with most
commentaries arguing for external validation studies before clinical
implementation.43�46 The International Liaison Committee on Re-
suscitation (ILCOR) reached the same conclusion: “Confidence in the
treatment effects from bundled treatments [i.e., vasopressin and
glucocorticoids] will increase if confirmed in further studies”.6

Hopefully, the results of the current trial, along with those from
Mentzelopoulos et al., will provide a clearer picture about the benefit of
vasopressin and methylprednisolone.

The intervention in the Mentzelopoulos et al. trials included
hydrocortisone for patients with vasopressor dependent shock four
hours after the cardiac arrest. A dose of 300 mg of hydrocortisone was
administered per day until shock reversal or for a maximum of

7 days.9,10 For several reasons, this part of the intervention is not
included in the current trial. First, considerable beneficial effects were
seen in the original trials before the hydrocortisone was administered.
This includes a substantial increase in ROSC, improvements in early
hemodynamics, and an increase in 4-h survival.9,10 Second, a
separate randomized clinical trial, not including the intra-cardiac arrest
interventions, found no benefit of hydrocortisone for post-cardiac
arrest patients with vasopressor dependent shock.47 Third, assessing
both intra- and post-cardiac arrest interventions combined does not
allow for assessment of the individual effects of each intervention. If
the current trial is positive, future trials are needed to then assess the
post-cardiac arrest aspect of the Mentzelopoulos et al. trials. Lastly,
the primary outcome of the current trial is ROSC, which will not be
influenced by post-cardiac arrest treatment.

The primary outcome of the current trial is ROSC. Ideally, the trial
should be powered for a more patient-centered outcome, such as 90-
day survival with a good neurological and functional outcome. As such
outcomes, especially in those patients eligible for the trial (i.e.,
receiving adrenaline), are relatively rare (approximate 5�10%),
powering a trial for a clinically relevant difference is challenging. For
example, if the outcome occurred in 10% and 12% of the patients in the
control and intervention groups respectively, more than 7000 patients
would need to be included. This was not considered feasible at the
time of the design of the current trial. However, if the treatment effect
on survival is as large as seen in the Mentzelopoulos et al. trials, the
trial is well-powered to detect such a difference (see protocol available
in the Supplemental material for additional details).

The conduct of trials during cardiac arrest provides a number of
ethical and logistical challenges.48 Although international guidelines,
such as the revised Declaration of Helsinki,49 European regulations,50

and the Good Clinical Practice guidelines,12 supports research in
acute settings where patients are not able to provide consent, great
international variability exists in the rules and regulations for such
research.51,52 In Denmark, it is currently a requirement to obtain
consent from an independent physician (i.e., someone not involved in
the research) before a patient can be enrolled and medication
administered. While this approach provides an opportunity to conduct
such research, it introduces important logistical challenges that can
result in missed enrollments or delays in administration of the study
drug.

The trial started in October 2018 and the last patient is anticipated
to be included in January 2021. The primary results will be reported
after 3-months follow-up and are, therefore, anticipated in mid-2021.
These results will help clarify whether the combination of vasopressin
and methylprednisolone when administered during cardiac arrest
improves outcomes.
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