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Augmented-Medication 
CardioPulmonary Resuscitation 
(AMCPR) trial: a study protocol for a 
randomized controlled trial
Dong Kun Oh, June-sung Kim, Seung Mok Ryoo, Youn-Jung Kim,  
Sang Min Kim, Seok In Hong, Bora Chae, Won Young Kim
Department of Emergency Medicine, Asan Medical Center, University of Ulsan College of Medicine, Seoul, 
Korea

Objective Clinical trials on demodynamic-directed cardiopulmonary resuscitation have been 
limited. The aim of this study is to investigate whether Augmented-Medication CardioPulmonary 
Resuscitation (AMCPR) would improve the odds of return of spontaneous circulation (ROSC) in 
patients with out-of-hospital cardiac arrest.

Methods This is a double-blind, single-center, randomized placebo-controlled trial that will be 
conducted in the emergency department of a tertiary, university-affiliated hospital in Seoul, Ko-
rea. A total of 148 adult patients with nontraumatic, nonshockable, out-of-hospital cardiac ar-
rest who have an initial diastolic blood pressure above 20 mmHg will be randomly assigned to 
two groups of 74 patients (a 1:1 ratio). Patients will receive an intravenous dose of 40 IU of va-
sopressin with epinephrine, or a placebo with epinephrine. The primary endpoint is a sustained 
ROSC (over 20 minutes). Secondary endpoints are enhanced diastolic blood pressure, end-tidal 
carbon dioxide levels, acidosis, and lactate levels during resuscitation. 

Discussion AMCPR is a trial about tailored medication for select patients during resuscitation. 
This is the first randomized control trial to identify patients who would benefit from vasopressin 
for achieving ROSC. This study will provide evidence about the effect of administration of vaso-
pressin with epinephrine to increase ROSC rate.

Trial registration ClinicalTrials.gov identifier: NCT03191240. Registered on June 19, 2017. 
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What is already known
A combination of vasopressin and epinephrine for patients with out-of-hospital 
cardiac arrest has shown not to improve outcomes.

What is new in the current study
We propose the Augmented-Medication CardioPulmonary Resuscitation (AM-
CPR) trial to determine whether the addition of vasopressin in refractory cardi-
ac arrest patients with low diastolic blood pressure during cardiopulmonary re-
suscitation improves return of spontaneous circulation rate. 
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INTRODUCTION

Out-of-hospital cardiac arrest (OHCA) is a major public health 
burden contributing to morbidity and mortality worldwide.1-3 A 
recent epidemiological study reported that over one in 10,000 
patients suffered from cardiac arrest and survival rates were low-
er than 20%.4 To improve outcomes, the guidelines of the Ameri-
can Heart Association and European Resuscitation Council have 
strengthened the chain of survival, including early recognition, 
effective chest compression, timely defibrillation, and prompt use 
of vasopressors.5-7 Among various vasopressors, epinephrine and 
vasopressin have been considered as candidates to improve the  
chance of return of spontaneous circulation (ROSC).8,9 Because 
vasopressin stimulates smooth muscles to vasoconstrict without 
a catecholamine effect, it can be used for patients with cardiac 
arrest by utilizing a different mechanism than with epinephrine.10 
However, current gui delines do not recommended vasopressin as a 
replacement for epinephrine (class III) based on previous research 
that additional use of vasopressin did not have any outcome ben-
efit compared to epinephrine alone.11-13 However, previous con-
trolled trials did not observe real-time changes in diastolic blood 
pressure or end-tidal carbon dioxide levels, which are considered 
surrogate markers of organ perfusion.11,12 Moreover, the effective-

ness of vasopressin could be masked especially in patient with 
cardiac arrest who had sufficient response to conventional epi-
nephrine doses for increasing vital organ perfusion.13,14

 Although resuscitation guidelines remain uniform across all 
cardiac arrest patients, individualizing resuscitation to appropri-
ate hemodynamic goals rather than using a standard “one-size-
fits-all” cardiopulmonary resuscitation (CPR) seems a promising 
strategy in highly monitored patients. Previous randomized con-
trolled animal studies established that hemodynamic-directed 
targeted CPR results in superior outcomes compared to standard 
CPR.15-17 However clinical trials on hemodynamic-directed CPR 
have been limited. Therefore, individualization strategies, such as 
blood pressure-directed CPR including the administration of ad-
ditional vasopressors in refractory cardiac arrest patients who 
cannot maintain diastolic blood pressure with epinephrine injec-
tion alone during CPR, may be useful. 
 The aim of the study is to determine whether the addition of 
vasopressin in refractory cardiac arrest patients during CPR im-
proves ROSC rate. We therefore designed the Augmented-Medi-
cation CardioPulmonary Resuscitation (AMCPR) trial. We hypoth-
esized that the addition of vasopressin when patients cannot achi-
eve a diastolic blood pressure over 20 mmHg with epinephrine 
during CPR, would improve outcomes.

Fig. 1. Trial flowchart. DNR, do not resuscitate; ED, emergency department; ROSC, return of spontaneous circulation; VF, ventricular fibrillation; VT, ven-
tricular tachycardia.

Analysis Analysis

Allocated to intervention
   - Received vasopressin
   - Did not receive vasopressin

Lost to follow-up
   - Early termination due to DNR, terminal illnesses
   - Extracorporeal membrane oxygenation  after allocation
   - ROSC before ED arrival or ROSC within 6 min
   - Continuous VF/VT arrest

Lost to follow-up
   - Early termination due to DNR, terminal illnesses
   - Extracorporeal membrane oxygenation after allocation
   - ROSC before ED arrival or ROSC within 6 min
   - Continuous VF/VT arrest

Allocated to control
   - Received control
   - Did not receive control

Exclusions
   - Trauma
   - DNR, terminal illnesses
   - A-line insertion delay
   - Extracorporeal membrane oxygenation insertion
   - Time interval between arrest and ED arrival >60 min
   - ROSC before ED arrival or ROSC within 6 min
   - Diastolic blood pressure >20 mmHg for 6 min
   - No blood pressure recorded
   - Continuous VF/VT arrest for 6 min

Assessed for eligibility

Randomized
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METHODS

Ethical statements
The trial protocol was approved by the Institutional Review Board 
of Asan Medical Center (No. 2017-0669) and the Ministry of Food 
and Drug Safety in Korea. The requirement for informed consent 
was waived by the Ethics Committee because of the emergent 
need for treatment in cardiac arrest. The legal representatives of 
the patients were later informed about the trial.

Study design
We will conduct a randomized, double-blind, placebo-controlled, 
single-center trial among patients with nontraumatic OHCA in 
the emergency department of an urban, tertiary hospital, located 
in Seoul, Korea. Figs. 1 and 2 show the study flow chart and the 
schedule, respectively. A SPIRIT (Standard Protocol Items: Recom-
mendations for Clinical Interventional Trials) checklist is also avail-
able (Supplementary Material 1).

Eligibility criteria
Adult patients (above 18 years old) with nontraumatic, nonshock-
able OHCA and with diastolic blood pressure below 20 mmHg 
measured by invasive radial or femoral arterial line at presenta-
tion will be included. The following exclusion criteria apply: pa-
tients with traumatic cardiac arrest, patients with a signed do-
not-resuscitate order, patients with an underlying terminal-state 
disease without an active treatment plan, patients with failed ar-
terial line insertion within 6 minutes, patients receiving extracor-
poreal membrane oxygenation, patients with a prehospital down-
time longer than 60 minutes, patients with successful ROSC be-
fore hospital arrival or ROSC within 6 minutes, and patients with 
diastolic blood pressure above 20 mmHg for 6 minutes during re-
suscitation.

Randomization and study medication
The patients will be randomly assigned in a 1:1 ratio via a random 
number generator to either the intervention group or the placebo 

Fig. 2. Trial schedule. a)Assessment of survival discharge, favorable neurologic outcome (Cerebral Performance Category 1 or 2). b)Terminations of cardio-
pulmonary resuscitation were decided by emergency medicine physicians on duty after return of spontaneous circulation or declaration of death. 

Intervention

   Vasopressin (40 IU with  
      epinephrine 1 mg)
 
   Control (saline 40 mL  
      with epinephrine 1 mg)

Assessments

   Baseline characteristics  
      according to Utstein  
      guidelines
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group. The trial administration nurse will open a premade, con-
cealed, uniquely numbered, but otherwise identical-appearing 
card containing a treatment (i.e., vasopressin or placebo). Then, he/
she will prepare the vasopressin (40 IU) or saline placebo. During 
the trial, all emergency physicians, nurses, and interns will be un-
aware of which drugs will be used. Unblinding will only take place 
in case of an unexpected serious adverse reaction. After random-
ization, patients will receive either 1 mg of epinephrine and 40 IU 
of vasopressin or 1 mg of epinephrine and saline placebo in sepa-
rate injections less than 10 seconds apart. If ROSC is not achieved 
within the following 3 minutes, patients will be administered one 
more vasopressin (40 IU) or placebo with epinephrine injection. 
After that, only 1 mg of epinephrine will be administered every 3 
minutes for both groups. Other conventional drugs, including amio-
darone, calcium, or bicarbonate will also be administered at the 
clinician’s discretion and no other drugs will be administered.

Clinical management
Advanced cardiac life support will be administered in accordance 
with the last international guidelines and local procedures.5,6 In 
brief, all cardiac arrests presenting to the emergency department 
will have resuscitation initiated while being assessed for eligibility. 
Defibrillation will be performed for patients with shockable 
rhythms. In eligible patients, an arterial line will be placed for 
continuous monitoring via the radial or femoral arteries. Confir-
mation of adequate placement of the catheter will be performed 
by an experienced emergency physician on duty using bedside ul-
trasonography. Moreover, an arterial line square wave test will be 
conducted to confirm adequate function of invasive catheters. 
Survivors who are successfully resuscitated will be admitted to 
intensive care units for further postcardiac arrest care, including 
targeted temperature management, percutaneous coronary inter-
vention, mechanical ventilation, and renal replacement therapy.

Data and laboratory measurements
All data will be anonymized and collected according to Utstein 
guidelines using a database designed with Microsoft Access (Mi-
crosoft Corp., Redmond, WA, USA) by independent blinded resear-
chers.18 Baseline characteristics and other laboratory variables will 
be obtained from electronic medical records at the study facility. 
We will also collect prehospital information, including prehospital 
total no-flow and low-flow time, presence of shockable rhythm, 
administration time of epinephrine, and amount of epinephrine. In 
addition, arterial blood pressure and end-tidal carbon dioxide lev-
els during resuscitation will be recorded on video and recorded in 
the electronic database every 10 seconds. Arterial blood gases will 
be performed initially, at 10 minutes, at 20 minutes, and at the 

end of resuscitation. All case-record data will be subsequently col-
lected in a database, where a random sample of 10% of the data 
will be assessed by the data and safety monitoring committee. 

Outcome measures
The primary outcome will be sustained ROSC defined as the spon-
taneous return of a palpable pulse and measurable blood pressure 
longer than 20 minutes. Secondary outcomes are (1) survival to 
discharge, (2) good neurologic recovery at discharge (Cerebral Per-
formance Category 1 or 2),19 (3) elevation of diastolic blood pres-
sure, (4) elevation of end-tidal carbon dioxide levels, and (5) im-
provement of acidosis and lactate levels. Diastolic blood pressure 
and end-tidal carbon dioxide levels will be obtained every 10 sec-
onds from a recording of the entire resuscitation period. Then, 
trends and median values will be compared between groups. Aci-
dosis and lactate levels will be obtained from arterial catheters 
on initial placement and 10 and 20 minutes later.

Adverse events
Risks to participants in this study may be minimal. There are no 
previous reports about harmful effects of administration of vaso-
pressin up to 80 IU for patients with OHCA during resuscitation. 
Therefore, we have no predefined adverse events for this trial.

Statistical analysis
Data analysis will be performed with the intention-to-treat set, 
the full analysis set, and the per-protocol analysis set. The sample 
size was calculated based on an expected difference of 25%. We 
assumed that 30% of patients in the control group would achieve 
ROSC. For the P-value of 0.05 and the statistical power of 0.80, a 
total sample size of 74 patients will be required in each group. 
Assuming a 15% dropout rate, we will enroll 174 patients. All col-
lected data will be analyzed using descriptive methods according 
to the intervention and control group. For continuous variables, 
mean with standard deviation or median with interquartile range 
will be presented depending on normality. For binary variables, 
number with percentage will be reported. Analysis will employ 
the t-test or the Mann-Whitney U-test for continuous variables 
and the chi-square test or Fisher exact test for categorical vari-
ables. Statistical significance will be considered as a P-value less 
than 0.05. All statistical analysis will be conducted using IBM SPSS 
ver. 27.0 (IBM Corp., Armonk, NY, USA).

DISCUSSION

Vasopressors have been considered key elements for improving 
chance of ROSC for patients with out-of-hospital cardiac arrest. 
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Despite vasopressin being more effective than epinephrine in ani-
mal studies, past meta-analysis of clinical studies showed no evi-
dent benefit of vasopressin over epinephrine in human CPR.20,21 
While the main focus of previous trials was universal administra-
tion of vasopressin during resuscitation, the key goal of this trial 
was to assess the effects of vasopressin on outcomes only among 
patients with cardiac arrest who cannot maintain diastolic blood 
pressure above 20 mmHg. Because vasopressin is another vaso-
pressor which has a different mechanism from epinephrine, it 
may have a synergic effect with epinephrine for the patients in a 
severe vasoplegic state during CPR.22 

 The current guidelines suggest monitoring diastolic blood pres-
sures and improving the quality of resuscitation when the level of 
diastolic blood pressures is lower than 20 mmHg.5,6 Although in-
sertion of an arterial line during chest compressions can be tech-
nically difficult, it is worth attempting not only for hemodynam-
ic-directed CPR but also for monitoring dynamic changes in acid-
base metabolism.23,24 Accessing the radial or femoral artery with 
catheters will be attempted and adequate placement and func-
tion of the catheters will be confirmed by bedside sonography and 
square wave test. Failed insertion of the arterial line is an exclu-
sion criterion, and withdrawal due to failed arterial line insertion 
may be higher than expected. However, at least two experienced 
emergency physicians on duty will try to insert the catheter to 
reduce exclusion of cases.
 The patients will receive 40 IU of vasopressin just after admin-
istration of 1 mg epinephrine and receive one more repeated dose 
of both if ROSC is not achieved. This dosage of vasopressin has 
been proven to be safe without serious adverse outcomes in past 
clinical trials.25 Furthermore, we will exclude patients with shock-
able rhythms (i.e., ventricular fibrillation and ventricular tachy-
cardia) because in those cases immediate defibrillation is more 
important than arterial catheterization, which is a time-depen-
dent procedure in this trial. 
 Enrollment of the patients started from August 2017. Along 
with a recent trial with in-hospital cardiac arrest patients, this 
study will provide valuable evidence about the effectiveness of 
the addition of vasopressin to epinephrine among patients with 
refractory low organ perfusion pressure in resuscitation of OHCA. 
If this treatment is shown to be effective, the use of an arterial 
line for monitoring diastolic blood pressure and administration of 
additional vasopressors could be a promising treatment strategy 
for patients with OHCA.

SUPPLEMENTARY MATERIAL

Supplementary Material 1. SPIRIT (Standard Protocol Items: Rec-

ommendations for Clinical Interventional Trials) checklist for trials.
Supplementary material is available at https://doi.org/10.15441/
ceem.22.367. 
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