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Abstract
Objective: The primary results from the Vasopressin and Methylprednisolone for In-Hospital Cardiac Arrest (VAM-IHCA) trial have previously been

reported. The objective of the current manuscript is to report long-term outcomes.

Methods: The VAM-IHCA trial was a multicenter, randomized, double-blind, placebo-controlled trial conducted at ten hospitals in Denmark. Adult

patients (age ! 18 years) were eligible for the trial if they had an in-hospital cardiac arrest and received at least one dose of epinephrine during

resuscitation. The trial drugs consisted of 40 mg methylprednisolone (Solu-Medrol!, Pfizer) and 20 IU of vasopressin (Empressin!, Amomed Phar-

ma GmbH) given as soon as possible after the first dose of epinephrine. This manuscript report outcomes at 6 months and 1 year including survival,

survival with favorable neurological outcome, and health-related quality of life.

Results: 501 patients were included in the analysis. At 1 year, 15 patients (6.3%) in the intervention group and 22 patients (8.3%) in the placebo group

were alive corresponding to a risk ratio of 0.76 (95% CI, 0.41–1.41). A favorable neurologic outcome at 1 year, based on the Cerebral Performance

Category score, was observed in 14 patients (5.9%) in the intervention group and 20 patients (7.6%) in the placebo group (risk ratio, 0.78 [95% CI,

0.41–1.49]. No differences existed between groups for favorable neurological outcome and health-related quality of life at either 6 months or 1 year.

Conclusions: Administration of vasopressin and methylprednisolone, compared with placebo, in patients with in-hospital cardiac arrest did not

improve long-term outcomes in this trial.
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Introduction

Despite in-hospital cardiac arrest being a frequent event with a high

mortality, the number of trials focused on improving outcomes for this

patient population is scarce.1

In 2009 and 2013, Mentzelopoulos et al. published two random-

ized, double-blind trials, comparing the addition of vasopressin and

one dose of glucocorticoids during in-hospital cardiac arrest to

placebo.2,3 The trials showed a large improvement in return of spon-

taneous circulation and survival to hospital discharge. To confirm

these promising findings, the Vasopressin and Methylprednisolone

for In-Hospital Cardiac Arrest (VAM-IHCA) trial was conducted.4,5

The primary short-term outcomes were recently published demon-

strating a significant increase in return of spontaneous circulation

with the intervention with no difference in survival or survival with a

favorable outcome at 30 and 90 days.5 A recent systematic review

and meta-analysis of individual participant data also demonstrated

an increase in return of spontaneous circulation while the results

for survival or survival with a favorable outcome were more

uncertain.6

The objective of the current manuscript was to report long-term

outcomes and to describe the change in outcomes and treatment

effect over time.

Methods

Trial design and oversight

The trial protocol and primary results have previously been pub-

lished.4,5 The VAM-IHCA trial was an investigator-initiated, multicen-

ter, randomized, placebo-controlled, parallel group, double-blind,

superiority trial of vasopressin and methylprednisolone during adult

in-hospital cardiac arrest. The trial was approved by the regional

ethics committee and the Danish Medicines Agency. Oral and subse-

quent written informed consent was temporarily obtained from a doc-

tor independent of the trial until the patient regained consent capacity

or a surrogate became available according to Danish legislation.

Patients or surrogates provided consent for all patients that survived.

Patients

Patients were included from 10 hospitals in Denmark. Adult patients

(age ! 18 years) were eligible for the trial if they had an in-hospital

cardiac arrest and received at least one dose of epinephrine during

the cardiac arrest. Exclusion criteria included a clearly documented

“do-not-resuscitate” order prior to the cardiac arrest, prior enrollment

in the trial, invasive mechanical circulatory support (extracorporeal

circulation or left ventricular assist devise) at the time of the cardiac

arrest, and known or suspected pregnancy at the time of the cardiac

arrest.

Intervention

The trial drugs consisted of 40 mg methylprednisolone (Solu-

Medrol!, Pfizer) and 20 IU of vasopressin (Empressin!, Amomed

Pharma GmbH) given as soon as possible after the first dose of epi-

nephrine. Additional doses of vasopressin (20 IU) were administered

after each epinephrine dose for a maximum of four doses (80 IU).

The trial was double-blind with patients, investigators, clinicians,

and outcome assessors being unaware of the allocated treatment.

Outcomes

This manuscript focuses on 6-month and 1-year outcomes including

survival, survival with favorable neurological outcome, and health-

related quality of life assessed using the EQ-5D-5L.7,8 A favorable

neurologic outcome was defined as a Cerebral Performance Cate-

gory score of 1 or 2. Neurologic outcome was also assessed using

the modified Rankin Scale.9 A score of 0 to 3 was considered a favor-

able 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.7,10 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. Outcomes were

assessed primarily by telephone interview. If the patient was not able

to participate, a relative or clinical personnel provided the

assessment.

Statistical analysis

Patients were analyzed according to their randomized assignment.

The analyses only included patients receiving the first dose of either

of the trial drugs and meeting all inclusion criteria and no exclusion

criteria.5

Binary data are presented as counts with percentages and con-

tinuous data are presented as means with standard deviations

(SD). Differences between groups are presented as both risk differ-

ences and risk ratios with 95% confidence intervals.11 Differences

between groups in continuous outcomes are presented as mean dif-

ferences with 95% confidence intervals obtained from generalized

linear models with robust errors. Subgroup analyses were performed

according to the first documented rhythm, witnessed status, patient

age, time from cardiac arrest to trial drug administration, and time

from epinephrine administration to administration of the trial drug.

While the subgroups were pre-defined, the subgroup analyses for

the long-term outcomes were not.

All analyses were performed in SAS version 9.4. (SAS Institute).
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Fig. 1 – Survival over time. Large figure: Plot of Survival

over time with survival on the y-axis and time in days on

the x-axis. Small figure: Y-axis stopping at 25% as a

large number of patients never achieve return of

spontaneous circulation and die at day 0.
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Results

Patient characteristics

501 patients were included in the analysis, with 237 in the interven-

tion group and 264 in the placebo group. There was no loss to follow-

up. Detailed patient characteristics have been reported elsewhere.5

Baseline characteristics were balanced between the two groups.

The mean (SD) age was 71 (13) years and 322 (64%) were men.

Most cardiac arrest occurred in the ward (66%), were witnessed

(74%), and presented with an initial nonshockable rhythm (90%).

Outcomes

Survival over time is displayed in Fig. 1. Outcomes at 6 months and

1 year are presented in Table 1 along with already reported out-

comes at 30 and 90 days for comparison. At 6 months, there were

16 patients (6.8%) in the intervention group and 23 patients (8.7%)

in the placebo group who were alive corresponding to a risk ratio

of 0.77 (95% CI, 0.42–1.42; risk difference, "2.0% [95% CI,

"6.8%–2.9%], Table 1). At 1 year there were 15 patients (6.3%) in

the intervention group and 22 patients (8.3%) in the placebo group

who were alive corresponding to a risk ratio of 0.76 (95% CI,

0.41–1.41; risk difference, "2.0% [95% CI, "6.7%–2.7%], Table 1).

No differences existed between groups for favorable neurological

outcome and health-related quality of life at either 6 months or 1 year

(Table 1).

Results for survival at 1 year were generally consistent across the

five predefined subgroups with no effect of the intervention, except

for a signal in favor of placebo with longer time to administration

(Fig. 2).

Discussion

This manuscript report on long-term outcomes following randomiza-

tion to either vasopressin and methylprednisolone or placebo during

in-hospital cardiac arrest. No effect of the intervention was observed

at 6 months or 1 year, although the confidence intervals were wide

and the results do not exclude potential benefit or harm. The results

are in line with the primary findings of a significant effect on return of

spontaneous circulation but no effect on survival or survival with a

favorable neurological outcome at 30 and 90 days.5 The current

manuscript is the first to report on long-term outcomes following

administration of vasopressin and methylprednisolone. The previous

trials included follow-up to 60 days after randomization.2,3 The sub-

group analysis potentially showing that a longer time to trial drug

administration favors the placebo group is in line with our previous

systematic review where the potential beneficial effect of the inter-

vention at hospital discharge diminished with increasing time to drug

administration.6 This highlights the importance of early administra-

tion in order to detect a potential beneficial effect in future trials.

Table 1 – Outcomes according to treatment assignment.

Vasopressin and
Methylprednisolone
(n = 237)

Placebo
(n = 264)

Risk ratio
(95%CI)

Differencea

(95%CI)

30-Day outcomes
Survival 23 (9.7%) 31 (12%) 0.83 (0.50, 1.37) "2.0% ("7.5, 3.5)
Favorable neurologic outcome (CPC 1–2) 18 (7.6%) 20 (7.6%) 1.00 (0.55, 1.83) 0.0% ("4.7, 4.9)
Favorable neurologic outcome (mRS 0–3) 11 (4.6%) 19 (7.2%) 0.64 (0.32, 1.31) "2.6% ("6.9, 1.7)
EQ-5D-5L 62 (15) 56 (23) – 6 ("4, 17)
EQ-5D-5L – Index 45 (37) 40 (33) – 5 ("14, 24)

90-Day outcomes
Survival 20 (8.4%) 24 (9.1%) 0.93 (0.53, 1.62) "0.7% ("5.7, 4.5)
Favorable neurologic outcome (CPC 1–2) 18 (7.6%) 20 (7.6%) 1.00 (0.55, 1.83) 0.0% ("4.7, 4.9)
Favorable neurologic outcome (mRS 0–3) 15 (6.3%) 20 (7.6%) 0.84 (0.44, 1.58) "1.3% ("5.8, 3.4)
EQ-5D-5L 70 (18) 69 (18) – 1 ("9, 11)
EQ-5D-5L – Index 69 (32) 72 (26) – "3 ("20, 14)

6-Month outcomes
Survival 16 (6.8%) 23 (8.7%) 0.77 (0.42, 1.42) " 2.0% ("6.8, 2.9)
Favorable neurologic outcome (CPC 1–2) 15 (6.3%) 20 (7.6%) 0.84 (0.44, 1.58) " 1.3% ("5.8, 3.4)
Favorable neurologic outcome (mRS 0–3) 14 (5.9%) 20 (7.6%) 0.78 (0.41, 1.49) " 1.7% ("6.2, 2.9)
EQ-5D-5L 76 (15) 75 (14) – 1 ("8, 10)
EQ-5D-5L – Index 82 (24) 76 (25) – 6 ("9, 21)

1-Year outcomes
Survival 15 (6.3%) 22 (8.3%) 0.76 (0.41, 1.41) "2.0% ("6.7, 2.7)
Favorable neurologic outcome (CPC 1–2) 14 (5.9%) 20 (7.6%) 0.78 (0.41, 1.49) "1.7% ("6.2, 2.9)
Favorable neurologic outcome (mRS 0–3) 12 (5.1%) 20 (7.6%) 0.67 (0.34, 1.32) "2.5% ("7.0, 1.9)
EQ-5D-5L 76 (14) 79 (14) – "2 ("12, 7)
EQ-5D-5L – Index 83 (19) 81 (21) – 2 ("11, 15)

Continuous variables are presented as means with standard deviations and categorical variables as counts and percentages. CPC refers to Cerebral Performance

Status which 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. mRS refers to modified Rankin Scale, which is a 7-point scale with higher scores indicating worse outcomes. A score of 0 to 3 is 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.
a Risk difference for binary outcomes and mean difference for continuous outcomes.
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The optimal time point for outcome reporting in cardiac arrest

studies is unknown.12 Short-term outcomes, such as survival to hos-

pital discharge or 30-day survival, are often reported, while collection

of long-term outcomes requires more resources and often result in a

higher loss to follow-up. Although neurological recovery may improve

over time, studies have demonstrated a decrease in survival over

time exceeding that of non-cardiac arrest hospital controls and the

background population.13,14 This is consistent with our findings of a

decrease in survival during the 1-year follow-up period. However,

when evaluating the effect of an intervention, the aim is to evaluate

whether the treatment effect changes over time and not just survival.

This is especially important in patients with cardiac arrest due to a

high comorbidity burden such that patients may die from their under-

lying disease during the follow-up period unrelated to the cardiac

arrest and/or intervention. In the current trial, the treatment effect

remained relatively unchanged over time although a formal assess-

ment of this was limited by the low event rate. An unchanged long-

term treatment effect was also observed in the PARAMEDIC2 (Pre-

hospital Assessment of the Role of Adrenaline: Measuring the Effec-

tiveness of Drug Administration in Cardiac Arrest) trial.15,16 This might

indicate that long-term outcomes may not always provide additional

information when evaluating treatment effects as it may depend on

the type of intervention. Interventions such as adrenaline and vaso-

pressin and methylprednisolone, both with the primary aim of increas-

ing return of spontaneous circulation, may have unchanged effect

estimates over time, whereas interventions targeting neurological

injury potentially could change effect estimates over time.

Limitations

The number of patients with long-term survival was low resulting in

wide confidence intervals.

Conclusion

Administration of vasopressin and methylprednisolone, compared

with placebo, in patients with in-hospital cardiac arrest did not

improve long-term outcomes in this trial.
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Fig. 2 – Subgroups results for 1 year survival. Subgroup results are presented for five pre-defined subgroups.

Continuous variableswere dichotomized at themedian. The time of the cardiac arrest correspond to the recognition

of the cardiac arrest.

70 R E S U S C I T A T I O N 1 7 5 ( 2 0 2 2 ) 6 7 –7 1



Author details

aDepartment of Anesthesiology and Intensive Care, Aarhus

University Hospital, Aarhus, Denmark bResearch Center for

Emergency Medicine, Department of Clinical Medicine and

Emergency Department, Aarhus University and Aarhus Univer-

sity Hospital, Aarhus, Denmark cDepartment of Anesthesia,

Centre of Head and Orthopedics, Rigshospitalet, University of

Copenhagen, Copenhagen, Denmark dDepartment of Cardiology,

The Heart Centre, Rigshospitalet, University of Copenhagen,

Copenhagen, DenmarkeDepartment of Anesthesiology and Inten-

sive Care, Odense University Hospital, Odense, Den-

mark fDepartment of Cardiology, Aalborg University Hospital,

Aalborg, Denmark gDepartment of Clinical Medicine, Aalborg

University, Aalborg, Denmark hDepartment of Anesthesia

and Intensive Care, Aalborg University Hospital, Aalborg,

Denmark iDepartment of Medicine, Randers Regional Hospital,

Randers, Denmark jDepartment of Emergency Medicine, Herlev

and Gentofte University Hospital, Copenhagen, Den-

mark kDepartment of Clinical Medicine, University of Copenha-

gen, Copenhagen, Denmark lDepartment of Internal Medicine,

Herlev and Gentofte University Hospital, Copenhagen, Den-

mark mUnit of Clinical Simulation and Education, Herlev and

Gentofte University Hospital, Copenhagen, DenmarknDepartment

of Anesthesiology and Critical Care Medicine, Children’s

Hospital of Philadelphia, USA oDepartment of Anesthesiology

and Intensive Care, Viborg Regional Hospital, Viborg, Den-

mark pDepartment of Anesthesiology and Intensive Care,

Horsens Regional Hospital, Horsens, Denmark qDepartment of

Cardiology, Herlev and Gentofte University Hospital, Copenha-

gen, Denmark rCopenhagen Emergency Medical Services, Uni-

versity of Copenhagen, Copenhagen, Denmark sDepartment of

Anesthesiology, Zealand University Hospital, Køge, Den-

marktDepartment of Anesthesiology and Intensive Care, Randers

Regional Hospital, Randers, Denmark uPrehospital Emergency

Medical Services, Central Denmark Region, Aarhus, Denmark

R E F E R E N C E S

1. Andersen LW, Holmberg MJ, Berg KM, Donnino MW, Granfeldt A. In-

Hospital Cardiac Arrest: A Review. JAMA 2019;321:1200–10.

2. Mentzelopoulos SD, Zakynthinos SG, Tzoufi M, et al. Vasopressin,

epinephrine, and corticosteroids for in-hospital cardiac arrest. Arch

Intern Med 2009;169:15–24.

3. Mentzelopoulos SD, Malachias S, Chamos C, et al. Vasopressin,

Steroids, and Epinephrine and Neurologically Favorable Survival

After In-Hospital Cardiac Arrest. Jama 2013;310:270–9.

4. Andersen LW, Sindberg B, Holmberg M, et al. Vasopressin and

methylprednisolone for in-hospital cardiac arrest – Protocol for a

randomized, double-blind, placebo-controlled trial. Resusc Plus

2021;5:100081.

5. Andersen LW, Isbye D, Kjærgaard J, et al. Effect of Vasopressin and

Methylprednisolone vs Placebo on Return of Spontaneous

Circulation in Patients With In-Hospital Cardiac Arrest: A

Randomized Clinical Trial. Jama 2021;326:1586–94.

6. Holmberg MJ, Granfeldt A, Mentzelopoulos SD, Andersen LW.

Vasopressin and glucocorticoids for in-hospital cardiac arrest: A

systematic review and meta-analysis of individual participant data.

Resuscitation 2022;171:48–56.

7. Herdman M, Gudex C, Lloyd A, et al. Development and preliminary

testing of the new five-level version of EQ-5D (EQ-5D-5L). Qual Life

Res 2011;20:1727–36.

8. Jensen CE, Sorensen SS, Gudex C, Jensen MB, Pedersen KM,

Ehlers LH. The Danish EQ-5D-5L Value Set: A Hybrid Model Using

cTTO and DCE Data. Appl Health Econ Health Policy 2021.

9. van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJ, van Gijn J.

Interobserver agreement for the assessment of handicap in stroke

patients. Stroke 1988;19:604–7.

10. Jensen CE, Sørensen SS, Gudex C, Jensen MB, Pedersen KM,

Ehlers LH. The Danish EQ-5D-5L Value Set: A Hybrid Model Using

cTTO and DCE Data. Appl Health Econ Health Policy

2021;19:579–91.

11. Miettinen O, Nurminen M. Comparative analysis of two rates. Stat

Med 1985;4:213–26.

12. Haywood K, Whitehead L, Nadkarni VM, et al. COSCA (Core

Outcome Set for Cardiac Arrest) in Adults: An Advisory Statement

From the International Liaison Committee on Resuscitation.

Resuscitation 2018;137:e783–801.

13. Kalbag A, Kotyra Z, Richards M, Spearpoint K, Brett SJ. Long-term

survival and residual hazard after in-hospital cardiac arrest.

Resuscitation 2006;68:79–83.

14. Feingold P, Mina MJ, Burke RM, et al. Long-term survival following

in-hospital cardiac arrest: A matched cohort study. Resuscitation

2016;99:72–8.

15. Haywood KL, Ji C, Quinn T, et al. Long term outcomes of participants

in the PARAMEDIC2 randomised trial of adrenaline in out-of-hospital

cardiac arrest. Resuscitation 2021;160:84–93.

16. Perkins GD, Ji C, Deakin CD, et al. A Randomized Trial of

Epinephrine in Out-of-Hospital Cardiac Arrest. N Engl J Med

2018;379:711–21.

R E S U S C I T A T I O N 1 7 5 ( 2 0 2 2 ) 6 7 –7 1 71

http://refhub.elsevier.com/S0300-9572(22)00135-6/h0005
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0005
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0010
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0010
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0010
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0015
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0015
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0015
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0020
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0020
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0020
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0020
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0025
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0025
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0025
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0025
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0030
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0030
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0030
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0030
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0035
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0035
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0035
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0040
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0040
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0040
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0045
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0045
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0045
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0050
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0050
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0050
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0050
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0055
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0055
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0060
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0060
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0060
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0060
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0065
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0065
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0065
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0070
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0070
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0070
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0075
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0075
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0075
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0080
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0080
http://refhub.elsevier.com/S0300-9572(22)00135-6/h0080

