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ABSTRACT

BACKGROUND

During the administration of advanced cardiac life support for resuscitation from
cardiac arrest, a combination of vasopressin and epinephrine may be more effective
than epinephrine or vasopressin alone, but evidence is insufficient to make clinical
recommendations.

METHODS

In a multicenter study, we randomly assigned adults with out-of-hospital cardiac ar-
rest to receive successive injections of either 1 mg of epinephrine and 40 IU of vaso-
pressin or 1 mg of epinephrine and saline placebo, followed by administration of the
same combination of study drugs if spontaneous circulation was not restored and sub-
sequently by additional epinephrine if needed. The primary end point was survival
to hospital admission; the secondary end points were return of spontaneous circu-
lation, survival to hospital discharge, good neurologic recovery, and 1-year survival.
RESULTS

A total of 1442 patients were assigned to receive a combination of epinephrine and
vasopressin, and 1452 to receive epinephrine alone. The treatment groups had similar
baseline characteristics except that there were more men in the group receiving
combination therapy than in the group receiving epinephrine alone (P=0.03). There
were no significant differences between the combination-therapy and the epineph-
rine-only groups in survival to hospital admission (20.7% vs. 21.3%; relative risk of
death, 1.01; 95% confidence interval [CI], 0.97 to 1.05), return of spontaneous cir-
culation (28.6% vs. 29.5%; relative risk, 1.01; 95% CI, 0.97 to 1.06), survival to hospi-
tal discharge (1.7% vs. 2.3%; relative risk, 1.01; 95% CI, 1.00 to 1.02), 1-year survival
(1.3% vs. 2.1%; relative risk, 1.01; 95% CI, 1.00 to 1.02), or good neurologic recovery
at hospital discharge (37.5% vs. 51.5%; relative risk, 1.29; 95% CI, 0.81 to 2.006).
CONCLUSIONS

As compared with epinephrine alone, the combination of vasopressin and epineph-
rine during advanced cardiac life support for out-of-hospital cardiac arrest does not
improve outcome. (ClinicalTrials.gov number, NCT00127907.)
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ARDIAC ARREST IS A MAJOR PUBLIC

health problem, with more than 600,000

sudden deaths in North America and Eu-
rope each year. Although epinephrine is the vaso-
pressor agent of choice for cardiopulmonary resus-
citation, the prognosis of patients with cardiac
arrest who require epinephrine remains extreme-
ly poor, regardless of the cumulative epinephrine
dose given.!

Because endogenous vasopressin levels were
found to be significantly higher in successfully
resuscitated patients than in patients who died,
Lindner et al. suggested that it might be benefi-
cial to administer vasopressin during cardiopul-
monary resuscitation.? Studies of cardiopulmo-
nary resuscitation in animals demonstrated that
vasopressin increased blood flow in vital organs,?
cerebral oxygen delivery,* short-term survival,’
and neurologic outcome,® as compared with epi-
nephrine. In contrast to these observations, clini-
cal studies of cardiopulmonary resuscitation in
patients with in-hospital or out-of-hospital cardi-
ac arrest showed that the effects of vasopressin
and epinephrine were similar.”® In one of these
clinical studies,® however, successive administra-
tion of vasopressin and epinephrine in a subgroup
of patients with refractory cardiac arrest resulted
in significantly higher rates of survival to hospi-
tal discharge than repeated injections of epineph-
rine alone, a result suggesting that combined
administration of vasopressin and epinephrine
during cardiopulmonary resuscitation might be
an effective strategy to improve the outcome in
this subgroup. Although the concept of stimu-
lating both catecholamine and vasopressin recep-
tors to improve the perfusion of vital organs
during cardiopulmonary resuscitation and to de-
crease vasopressor-mediated adverse effects makes
sense, the promising results were based only on
a subgroup analysis, and therefore a prospective
clinical trial was required to assess this strategy.

We performed a large, randomized, clinical
trial in France to prospectively test whether the
combination of vasopressin and epinephrine is
superior to epinephrine alone for advanced cardi-
ac life support in out-of-hospital cardiac arrest.

METHODS

THE FRENCH EMERGENCY MEDICAL SYSTEM
As previously described,® the emergency medical
service in France is a two-tiered system managed

by the Service d’Aide Médicale d’Urgente (SAMU).
The first tier consists of emergency medical am-
bulances providing basic life support that are
staffed by technicians and based at fire stations.
The second tier consists of ambulances provid-
ing advanced cardiac life support that are staffed
by physicians and based at major hospitals
(Services Mobiles d’Urgence et de Réanimation
[SMUR]). Because there are more fire stations
than major hospitals, emergency medical techni-
cians are frequently closer to the scene of cardiac
arrest and start basic life support (including ex-
ternal defibrillation) before the arrival of a physi-
cian-staffed ambulance. In accordance with the
2000 European Resuscitation Council guidelines®
that were in effect at the time of the study, cardio-
pulmonary resuscitation was performed until
spontaneous circulation was restored at the scene
or a decision was made by the physician to dis-
continue resuscitation efforts.

STUDY PATIENTS
This study was conducted from May 1, 2004,
through April 30, 2006, and involved 31 SAMU
and SMUR units in France. Adult patients with
out-of-hospital cardiac arrest presenting with ven-
tricular fibrillation, pulseless electrical activity, or
asystole requiring vasopressor therapy during car-
diopulmonary resuscitation were included. The ex-
clusion criteria were age under 18 years, successful
defibrillation without administration of a vaso-
pressor, traumatic cardiac arrest, pregnancy, docu-
mented terminal illness, presence of a do-not-
resuscitate order, and obvious signs of irreversible
cardiac arrest.

STUDY DESIGN
The institutional review board of the University
Hospitals of Lyon in Lyon approved the study for
all participating study centers. Waiver of informed
consent was authorized by the institutional re-
view board because of the urgent need for treat-
ment of cardiac arrest. The patients’ relatives were
informed about the trial, and for patients who
survived until admission to the hospital, written
informed consent for further participation in the
trial was obtained, as prescribed by the hospital
review board, from a family member or from pa-
tients who were capable of giving consent. Data
from patients for whom consent was not obtained
were excluded from the analysis.

The study drugs were manufactured, labeled,
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and inspected by Laboratoire Aguettant, Lyon,
according to Good Manufacturing Practice and
Good Clinical Practice Guidelines; the composi-
tion of the drugs was confirmed by high-pressure
liquid chromatography. Each set of study drugs
consisted of either two 1-mg ampules of epi-
nephrine and two 40-IU ampules of vasopressin
(for the combination-therapy group) or two 1-mg
ampules of epinephrine and two ampules of sa-
line placebo (for the epinephrine-only group).

Treatment assignments were randomly gener-
ated in sets of 40 drug boxes, with stratification
according to center. Randomization and distribu-
tion of study-drug sets were governed by a central
randomization schedule. During the entire trial,
all investigators and emergency medical service
personnel were unaware of which study drugs
were used and had no control over the order in
which the study-drug sets were used. The possi-
bility of making the physician aware of the iden-
tity of the study drugs was available in the case
of adverse events, but it was never used. If all
inclusion criteria were met and none of the ex-
clusion criteria were present, patients presenting
with pulseless electrical activity or asystole under-
went randomization immediately; patients with
ventricular fibrillation underwent randomization
after three initial defibrillation attempts had
failed. After randomization, the patients received
either 1 mg of epinephrine and 40 IU of vaso-
pressin or 1 mg of epinephrine and saline placebo
in separate injections less than 10 seconds apart.
If spontaneous circulation was not restored with-
in 3 minutes after the first administration of the
study drugs, the same combination of study
drugs was administered again. If spontaneous
circulation was still not restored within the fol-
lowing 3 minutes, patients in both the combina-
tion-therapy group and the epinephrine-only
group were given additional open-label epineph-
rine at the discretion of the emergency-medical-
service physician. All drugs were administered
intravenously and were followed by the adminis-
tration of 20 ml of normal saline. Amiodarone or
fibrinolytic therapy was also administered at the
discretion of the physician; no other drugs were
administered.

DOCUMENTATION
Each patient’s demographic characteristics and
clinical data were recorded on a standardized pa-
per form according to Utstein style recommenda-

tions'* and subsequently entered into a secure
national database. All case-record forms were
subsequently collected in Lyon, where a random
sample of 5% of the forms was assessed by the
data and safety monitoring committee. Baseline
characteristics and other clinically important fea-
tures were documented. The primary end point
was survival to hospital admission, which was
defined as admission of a patient with a palpable
pulse and measurable blood pressure to an inten-
sive care unit. The secondary end points were
return of spontaneous circulation (defined as the
spontaneous return of a palpable pulse and mea-
surable blood pressure for at least 1 minute),'2
survival to hospital discharge, good neurologic
recovery (cerebral-performance category 1), and
1-year survival. Neurologic performance was as-
sessed at hospital admission by the Glasgow
Coma Scale (scores range from 3 to 15, with lower
scores indicating reduced levels of consciousness)
and at hospital discharge according to cerebral-
performance categories'?® (1 indicates conscious
with normal function or only slight disability,
2 conscious with moderate disability, 3 conscious
with severe disability, 4 comatose or in a vegeta-
tive state, and 5 brain-dead or dead).

STATISTICAL ANALYSIS
An estimate of the number of patients needed for
the trial was derived from the analysis of a previ-
ous study of out-of-hospital cardiopulmonary re-
suscitation, in which the rate of survival to hos-
pital admission in the control group (excluding
patients with ventricular fibrillation) was 21%.*
This calculation was based on a 25% improvement
in outcome in the treatment group, a significance
level of 0.05, a two-tailed analysis, and a power of
90%. According to this calculation, a sample size
of 1146 patients in each group would be neces-
sary to show a clinically significant difference in
the rate of survival to hospital admission. The
addition of a safety margin of 5.4% (correspond-
ing to the proportion of patients excluded from
analysis in the previous study) resulted in an esti-
mate of 2416 patients needed for the entire trial.
Analysis was performed according to the intention-
to-treat principle. No interim analysis was per-
formed during the study period.

The distribution of variables was tested by the
Kolmogorov—Smirnov test. Continuous variables
are expressed as means +SD or as medians and
ranges. For categorical data, proportions within
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groups and the relative risk of death in the
combination-therapy group as compared with the
epinephrine-only group were calculated, with 95%
confidence intervals. The study end points were
analyzed by the chi-square test with the Mantel-
Haenszel formulation, Fisher’s exact test, Student’s
t-test, or the Mann—-Whitney U test, as appropri-
ate. According to the guidelines for reporting
subgroup analyses, 14 post hoc analyses were
performed, including a test for interaction.** All
tests were conducted with a two-sided alpha
level of 0.05. All analyses were performed with
the use of SPSS software, version 13.0. The data
were analyzed by the data and safety monitoring
committee; all authors reviewed the manuscript
and vouch for the accuracy and completeness of
the data.

RESULTS

A total of 2956 patients underwent randomiza-
tion. Sixty-two patients (2.1%) were excluded
from analysis, including 26 in the combination-
therapy group and 36 in the epinephrine-only
group (P=0.22). Twenty-six of the excluded pa-
tients did not consent to participation in the study,
29 had traumatic cardiac arrest, and 7 were treat-
ed but did not meet the inclusion criteria. Data
from the remaining 2894 patients were analyzed;
1442 of these patients received vasopressin com-
bined with epinephrine, and 1452 received epi-
nephrine only. No treatment-related adverse events
were reported. The characteristics of the patients
in the two groups were similar, except that there
were significantly more men in the combination-
therapy group (P=0.03) (Table 1). Patients with
witnessed cardiac arrest were more likely to sur-
vive to hospital admission than were those with
unwitnessed cardiac arrest (23.2% vs. 14.4%,
P<0.001). The rate of survival to hospital admis-
sion was also higher among patients who received
basic life support less than 8 minutes and ad-
vanced cardiac life support less than 12 minutes
after cardiac arrest than among patients in whom
basic and advanced cardiac life support were de-
layed (38.3% vs. 20.5%, P=0.001).

The rates of survival to hospital admission,
return of spontaneous circulation, survival to hos-
pital discharge, good neurologic recovery at dis-
charge, and 1-year survival were similar in the
combination-therapy and the epinephrine-only
groups (Table 2). Subgroup analyses according to

various Utstein style categories also revealed no
significant differences between the two groups'*
(Fig. 1, 2, and 3). There were no significant dif-
ferences between the groups in cerebral perfor-
mance at hospital admission, as measured by the
percentage of patients with Glasgow Coma Scale
scores of 3 (94.2% in the combination-therapy
group vs. 93.1% in the epinephrine group, P=0.55),
and at hospital discharge, as measured by the
percentage of patients in cerebral-performance
categories 1 or 2 (53.6% in the combination-
therapy group vs. 61.5% in the epinephrine-only
group, P=0.51). Among patients with an initial
electrocardiographic (ECG) rhythm of ventricular
fibrillation or asystole, there were no significant
differences in any outcome between the combi-
nation-therapy group and the epinephrine-only
group. However, a post hoc subgroup analysis
showed that when the initial ECG rhythm was
pulseless electrical activity, the rate of survival to
hospital discharge was significantly higher in the
epinephrine-only group than in the combination-
therapy group (5.8% vs. 0%, P=0.02). No signif-
icant differences were found in any other sub-
group analyses (Fig. 3).

In 17.3% of admitted patients, hypothermia was
immediately induced and maintained during the
first 24 hours of the postresuscitation phase.
Although long-term survival without neurologic
impairment was better in patients treated with
hypothermia than in those not treated with
hypothermia (9.6% vs. 3.2%, P=0.003), conclu-
sions about the efficacy of hypothermia cannot
be drawn, since this intervention was not ran-
domized.

DISCUSSION

In studies in animals, vasopressors appear to be
essential during cardiopulmonary resuscitation,
with vasopressin generally producing better ef-
fects than epinephrine.> In contrast to these re-
sults, a meta-analysis of clinical studies of car-
diopulmonary resuscitation showed no obvious
benefit of vasopressin over epinephrine; there
was also no evidence of harm from vasopressin
given during cardiopulmonary resuscitation.'® On
the basis of these findings, the 2005 International
Consensus on Cardiopulmonary Resuscitation
and Emergency Cardiovascular Care Science with
Treatment Recommendations concluded that
“there is insufficient evidence to support or re-
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Table 1. Baseline Characteristics of the Study Patients.*
Combination Epinephrine
Treatment Only
Variable (N=1442) (N=1452) P Value
Age —yr 61£15 62+15 0.20
Male sex — no. (%) 1087 (75.4) 1041 (71.7) 0.03
Location of arrest — no. (%) 0.21
Home 1043 (72.3) 1080 (74.4)
Public place 399 (27.7) 372 (25.6)
Witnessed arrest — no. (%) 1072 (74.3) 1105 (76.1) 0.27
Bystander cardiopulmonary resuscitation — no. (%) 400 (27.7) 377 (26.0) 0.28
Suspected cause of arrest — no. (%)
Cardiac 522 (36.2) 517 (35.6) 0.74
Noncardiac 303 (21.0) 335 (23.1) 0.18
Unknown 617 (42.8) 600 (41.3) 0.43
Medical history — no. (%)
Coronary heart disease 295 (20.5) 310 (21.3) 0.56
Other cardiovascular disease 428 (29.7) 427 (29.4) 0.87
Respiratory disease 183 (12.7) 200 (13.8) 0.39
Other 431 (29.9) 479 (33.0) 0.08
Unknown 245 (17.0) 234 (16.1) 0.53
No history of disease 196 (13.6) 179 (12.3) 0.31
Initial cardiac rhythm — no. (%)
Ventricular fibrillation 132 (9.2) 135 (9.3) 0.89
Pulseless electrical activity 111 (7.7) 120 (8.3) 0.57
Asystole 1199 (83.1) 1197 (82.4) 0.61
Time from collapse to treatment — min
Time to arrival of emergency medical technicians 7.2+6.5 6.8+6.3 0.18
Time to arrival of advanced cardiac life support (SAMU) 16.3+9.0 16.3+8.9 0.84
Time to first injection of study drug 21.4£9.5 21.5+£9.4 0.96
Total duration of advanced cardiac life support — min 38.0+15.1 37.6+15.4 0.17
Time to return of spontaneous circulation — min 44.0+16.0 43.7+16.3 0.28
Cardiopulmonary resuscitation initiated before arrival of advanced cardiac life 1327 (92.0) 1353 (93.2) 0.23
support — no. (%)
Automated external defibrillation — no. (%) 1135 (78.7) 1168 (80.4) 0.25
Defibrillation administered by emergency medical technicians — no. (%) 343 (23.8) 362 (24.9) 0.69
End-tidal carbon dioxide monitoring — no. (%) 694 (48.1) 722 (49.7) 0.39
Additional drugs administered during advanced cardiac life support — no. (%)
Amiodarone 204 (14.1) 188 (12.9) 0.35
Fibrinolytic drug 77 (5.3) 72 (5.0) 0.64

* Plus—minus values are means +SD. SAMU denotes Service d’Aide Médicale Urgente.

fute the use of vasopressin as an alternative to, epinephrine and vasopressin would be more ef-
or in combination with, adrenaline in any cardiac fective than either vasopressor alone; this combi-
arrest rhythm.”” nation had been extremely effective in an animal

One hypothesis was that the combination of model of asphyxial cardiac arrest.*® A previous
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Table 2. Survival Data for the 2894 Patients in the Intention-to-Treat Population.*

Combination Epinephrine
Treatment Only Relative Risk
End Point (N=1442) (N=1452) of Death (95% Cl) P Value
Survival to hospital admission — no. (%) 299 (20.7) 310 (21.3) 1.01 (0.97-1.05) 0.69
Survival to return of spontaneous circulation — no. (%) 413 (28.6) 428 (29.5) 1.01 (0.97-1.06) 0.62
Survival to hospital discharge — no./total no. (%) 24/1439 (1.7) 33/1448 (2.3) 1.01 (1.00-1.02) 0.24
1-Year survival — no./total no. (%) 18/1437 (1.3) 30/1447 (2.1) 1.01 (1.00-1.02) 0.09
Good neurologic recovery at hospital discharge — no./ 9/24 (37.5) 17/33 (51.5) 1.29 (0.81-2.06) 0.29

total no. (%)

* Cl denotes confidence interval.
T Good neurologic recovery was defined as cerebral performance category 1 (conscious with normal function or only slight disability).

Combination  Epinephrine P Value for
Subgroup Therapy Only Relative Risk (95% Cl) Interaction
no. of survivors/total no. of patients

Utstein style categories E 0.79
Unwitnessed cardiac arrest 49/370 54/347 - 1.03 (0.97-1.09)
Witnessed cardiac arrest 136/675 155/733 —:I— 1.01 (0.96-1.07)
Witnessed cardiac arrest with bystander CPR 87/318 73/290 —.— 0.97 (0.88-1.07)
Witnessed cardiac arrest with bystander CPR 27/79 28/82 —+— 1.00 (0.80-1.25)
and suspected cardiac cause !
Initial cardiac rhythm ' 0.68
Asystole 232/1199 231/1197 - 1.00 (0.96-1.04)
Pulseless electrical activity 34/111 43/120 — 1.08 (0.90-1.30)
Ventricular fibrillation 33/132 36/135 _E'_ 1.02 (0.89-1.18)
No. of injections H 0.99
1 Study drug injection 69/93 79/106 : 1.01 (0.63-1.63)
2 Study drug injections 78/262 76/249 —— 1.01 (0.90-1.13)
2 Study drug injections plus additional 152/1087 155/1097 -:I- 1.00 (0.97-1.04)
epinephrine D
Time to resuscitation before drug H 0.43
injection ,
Witnessed arrest with suspected cardiac 11/25 12/35 : 0.85 (0.56-1.30)
cause, bystander CPR <8 min, and 0
ACLS <12 min 0
Unwitnessed arrest with noncardiac 271/1343 287/1361 -:l- 1.01 (0.97-1.05)
cause, bystander CPR =8 min, !
or ACLS =12 min '
End-tidal CO, during ACLS 0 0.80
End-tidal CO, >15 mm Hg 154/389 172/425 —- 1.01 (0.91-1.14)
End-tidal CO, <15 mm Hg 30/305 25/297 -+ 0.98 (0.94-1.04)
No monitoring of end-tidal CO, 115/748 113/730 -:I- 1.00 (0.96-1.05)
OTS 0?7 1{0 1?5 ZTO
Combination Epinephrine
Therapy Alone
Better Better

Figure 1. Relative Risk of Death before Hospital Admission, According to Planned Subgroup Analysis.

Data on time to resuscitation before drug injection were missing for 130 patients, who were therefore not included in the analysis. ACLS
denotes advanced cardiac life support, and CPR cardiopulmonary resuscitation.

26 N ENGLJ MED 359;1 WWW.NEJM.ORG JULY 3, 2008

Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission.
Copyright © 2008 Massachusetts Medical Society. All rights reserved.



COMBINATION VASOPRESSOR TREATMENT DURING CARDIOPULMONARY RESUSCITATION

Combination

Subgroup Therapy

Utstein style categories

Unwitnessed cardiac arrest 69/370
Witnessed cardiac arrest 193/675
Witnessed cardiac arrest with bystander CPR  120/318
Witnessed cardiac arrest with bystander CPR ~ 31/79
and suspected cardiac cause
Initial cardiac rhythm
Asystole 320/1199
Pulseless electrical activity 50/111
Ventricular fibrillation 43/132
No. of injections
1 Study drug injection 75/93
2 Study drug injections 99/262
2 Study drug injections plus additional 239/1087
epinephrine
Time to resuscitation before drug
injection
Witnessed arrest with suspected cardiac 14/25
cause, bystander CPR <8 min, and
ACLS <12 min
Unwitnessed arrest with noncardiac 376/1343
cause, bystander CPR =8 min,
or ACLS =12 min
End-tidal CO, during ACLS
End-tidal CO, >15 mm Hg 201/389
End-tidal CO, <15 mm Hg 50/305
No monitoring of end-tidal CO, 162/748

Epinephrine

Only Relative Risk of Death (95% Cl)

no. of survivors/total no. of patients

76/347 EE. 1.04 (0.97-1.12)
211/733 - 1.00 (0.94-1.07)
105/290 — 0.98 (0.86-1.10)

36/82 —_— 1.08 (0.83-1.41)
317/1197 - 1.00 (0.95-1.05)

60/120 S 1.10 (0.86-1.41)

51/135 —— 1.08 (0.91-1.29)

85/106 : 0.98 (0.56-1.72)

87/249 — - 0.96 (0.84-1.09)
256/1097 - 1.02 (0.97-1.06)

16/35 ¢ 0.81 (0.47-1.39)
394/1361 - 1.01 (0.97-1.06)
226/425 —_— 1.03 (0.89-1.19)

44/297 - 0.98 (0.92-1.05)
158/730 - 1.00 (0.95-1.05)

T T T T 1
0.5 0.7 1.0 15 20
Combination Epinephrine

Therapy Alone
Better Better

P Value for
Interaction

0.74

0.42

Figure 2. Relative Risk of Death before Return of Spontaneous Circulation, According to Planned Subgroup Analysis.

Data on time to resuscitation before drug injection were missing for 130 patients, who were therefore not included in the analysis. ACLS
denotes advanced cardiac life support, and CPR cardiopulmonary resuscitation.

large, European study of out-of-hospital cardio-
pulmonary resuscitation by Wenzel et al. had con-
firmed this hypothesis, but only in a subgroup
of patients that was not included for analysis in
the initial study design; thus, the confirmation
lacked statistical power.? In agreement with these
observations, a recent retrospective study report-
ed that treatment with a combination of vaso-
pressin and epinephrine increased end-tidal car-
bon dioxide and mean arterial blood pressure
during cardiopulmonary resuscitation; improve-
ment in these surrogate measures of vital-organ
perfusion may have been the mechanism for sub-
sequent improvement in short-term survival.*®
In contrast to these findings, a prospective,
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randomized study of out-of-hospital cardiopulmo-
nary resuscitation found similar outcomes when
40 IU of vasopressin or placebo was injected after
an initial injection of 1 mg of epinephrine failed
to restore spontaneous circulation.2 However, the
study protocol included only two vasopressor dos-
ages and was underpowered (with 325 patients)
to detect a difference in long-term survival.2°
Our trial enrolled almost 10 times as many pa-
tients as that study and used a more dynamic
protocol of increasing vasopressor dosages, thus
taking the underlying ischemia and the duration
of ongoing cardiopulmonary-resuscitation efforts
into account. Despite these efforts, the present
study showed no benefit of the addition of vaso-
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Combination Epinephrine P Value for
Subgroup Therapy Only Relative Risk of Death (95% Cl) Interaction
no. of survivors/total no. of patients
Utstein style categories E 0.37
Unwitnessed cardiac arrest 1/370 2/347 L] 1.00 (0.99-1.01)
Witnessed cardiac arrest 7/675 16/733 :l 1.01 (1.00-1.03)
Witnessed cardiac arrest with bystander CPR ~ 15/318 11/290 + 0.99 (0.96-1.02)
Witnessed cardiac arrest with bystander CPR 1/79 4/82 -il— 1.04 (0.98-1.10)
and suspected cardiac cause !
Initial cardiac rhythm ' 0.006
Asystole 15/1199 12/1197 L 1.00 (0.99-1.01)
Pulseless electrical activity 0/111 7/120 - 1.06 (1.02-1.11)
Ventricular fibrillation 9/132 14/135 —:~I— 1.04 (0.97-1.12)
No. of injections H 0.008
1 Study drug injection 10/93 21/106 ~:—-— 1.11 (0.99-1.25)
2 Study drug injections 7/262 8/249 - 1.01 (0.98-1.04)
2 Study drug injections plus additional 7/1087 4/1097 l: 1.00 (0.99-1.00)
epinephrine 0
Time to resuscitation before drug H 0.82
injection '
Witnessed arrest with suspected cardiac 1/25 2/35 —:-— 1.02 (0.91-1.14)
cause, bystander CPR <8 min, and D
ACLS <12 min 0
Unwitnessed arrest with noncardiac 22/1343 29/1361 :l 1.01 (0.99-1.02)
cause, bystander CPR =8 min, '
or ACLS =12 min !
End-tidal CO, during ACLS 0 0.02
End-tidal CO, >15 mm Hg 10/389 18/425 - 1.02 (0.99-1.04)
End-tidal CO, <15 mm Hg 3/305 0/297 " 0.99 (0.98-1.00)
No monitoring of end-tidal CO, 11/748 15/730 :l 1.01 (0.99-1.02)
0!5 0.7 1?0 1!5 2?0
Combination Epinephrine
Therapy Alone
Better Better
Figure 3. Relative Risk of Death before Hospital Discharge, According to Planned Subgroup Analysis.
Data on time to resuscitation before drug injection were missing for 130 patients, who were therefore not included in the analysis. P=0.02
for patients with initial pulseless electrical activity. ACLS denotes advanced cardiac life support, and CPR cardiopulmonary resuscitation.
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pressin to standard treatment with epinephrine
during cardiopulmonary resuscitation of adults
with out-of-hospital cardiac arrest. In contrast,
in a post hoc subgroup analysis, we found a
significant improvement in survival to hospital
discharge in the epinephrine-only group as com-
pared with the combined-therapy group among
patients with pulseless electrical activity. Since the
use of hypothermia was not randomized, we are
unable to conclude whether inducing early hypo-
thermia in the post-resuscitation phase improves
neurologic recovery, as was shown in previous
studies focused on the protective cerebral effects
of hypothermia after cardiac arrest.?%22

To examine the effects of vasopressin treat-
ment on patients with a better prognosis, we
prospectively selected subgroups of patients with
witnessed cardiac arrest, initial ventricular fibril-
lation, immediate cardiopulmonary resuscitation,

N ENGL J MED 359;1

high end-tidal carbon dioxide levels during car-
diopulmonary resuscitation, and return of spon-
taneous circulation after a single administration
of study drugs. The lack of superiority of combi-
nation therapy over epinephrine alone, regardless
of the patient subgroup, suggests that it may be
futile to add vasopressin to epinephrine during
cardiopulmonary resuscitation with advanced car-
diac life support. In our study, the proportion of
patients with asystole was higher, and therefore
the rate of survival to hospital admission was
lower, than in the study by Wenzel et al.® Since
the benefit of vasopressin in the latter study was
seen primarily in the subgroup of patients with
asystole, it can be reasonably argued that our
trial was conducted in a very appropriate popula-
tion in which to test our hypothesis. More than
80% of our patients presented with asystole, and
spontaneous circulation was restored an average
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of 45 minutes later, facts that suggest that the
combination of fundamentally depleted cardiac
energy and a subsequent prolonged low-flow in-
terval may reflect a degree of ischemia that de-
termines survival to a greater degree than the
quality and strategy of the ongoing cardiopulmo-
nary-resuscitation efforts. This suggestion is in
agreement with the finding that the greatest survi-
val benefit was achieved in our study when a pa-
tient with witnessed cardiac arrest received basic
life support within 8 minutes after the arrest and
advanced cardiac life support within 12 minutes.

Because our patients were resuscitated in large
and small cities and in rural areas by emergency
medical services based in both university and
county hospitals, the setting of the study was
appropriate to determine the effects of a given
drug during cardiopulmonary resuscitation under
realistic conditions. However, our study has limi-
tations, in particular the low overall survival rate.
Although the rate of survival to hospital admis-
sion in our study was almost identical to that in
a recent American trial of cardiopulmonary resus-
citation (21.0% vs. 20.9%),2° our rate of survival
to hospital discharge was lower than that in the
study by Wenzel et al. (2.0% vs. 9.7%).8 This dif-
ference can be explained mainly by the low inci-
dence of ventricular fibrillation in our trial as
compared with that in the study by Wenzel et al.
(9.2% vs. 39.8%), a reduction that was partly due
to the efficacy of automated defibrillation that
was performed before possible enrollment in our
study. During a period of 14 years in France, the
percentage of patients receiving automated defi-
brillation during basic cardiac life support in-
creased from 13% to 80%, while the percentage
of patients having ventricular fibrillation at the
beginning of advanced life support decreased by
50%, from 35% to 17%.! A similar decline in the
rate of initial ventricular fibrillation was observed
in Seattle.?> Thus, the “best” patients — those
with a brief duration of ventricular fibrillation
and therefore a high likelihood of survival and
subsequent good cerebral recovery?* — could not
be included in the present study.

Unfortunately, the small number of patients
with ventricular fibrillation in our study precludes
a definitive conclusion against the use of vaso-
pressin, even though a weak trend toward better
outcomes with epinephrine alone was observed.
The only cardiopulmonary-resuscitation interven-
tions that have been proved to increase survival
are rapid defibrillation and aggressive chest com-
pression, both of which are performed during
basic but not advanced cardiac life support.?>
The primary end point was not optimal, but it
more realistically reflects the effects of cardio-
pulmonary-resuscitation interventions, because
medical care in the intensive care units, wards,
and rehabilitation facilities could not be stan-
dardized in our study protocol, although differ-
ences in care may have profoundly influenced the
outcomes.2® Moreover, because our study compar-
ing the use of different vasopressors during car-
diopulmonary resuscitation showed no difference
in their effects on short-term survival, there is no
reason to expect any difference in their effects
on survival or neurologic recovery 1 year later. In
conclusion, as compared with epinephrine alone,
the combination of vasopressin and epinephrine
did not improve outcome during advanced cardiac

life support for out-of-hospital cardiac arrest.

Supported by the Programme Hospitalier de Recherche Clin-
ique 2003 of the French Ministry of Health Research and the
French Health Product Safety Agency and by the Research Dele-
gation of the Hospices Civils de Lyon. The Research Delegation
of the Hospices Civils de Lyon has received grant support from
Aguettant Laboratories.

Presented in part at the Annual Congress of the French Soci-
ety of Anesthesiology and Critical Care Medicine, Paris, Septem-
ber 26 to 29, 2007.

Dr. Wenzel reports receiving grant support from Boehringer
Ingelheim. No other potential conflict of interest relevant to this
article was reported.

We thank the physicians, nurses, and emergency medical ser-
vice personnel of each participating center for their cooperation
with the study and all involved SAMUs and SMURs for their
participation; Bruno Riou (University Pierre et Marie Curie, Par-
is) for reviewing the manuscript; Brigitte Ladret (University
Paul-Valérie, Montpellier, France) for her valuable help in trans-
lation; Elisabeth Pinelli for her continual technical assistance;
Odile Gelpi and Catherine Cereser from the Clinical Research
Delegation of the Hospices Civils de Lyon for their advice; Ber-
trand Camus at Aguettant Laboratories, Lyon, for his support;
and our families and close relatives for their encouragement and
extreme patience.

APPENDIX

The following investigators participated in the French Adrenaline-Vasopressin and Cardiac Arrest Study Group (the number of patients
enrolled at each center is given in parentheses): Data and safety monitoring committee — H. Hubert (chair); C. Guinhouya; C. Vilhelm,
Medical Decision Support, Health Engineering Institute, University of Lille, Lille; V. Piriou, Department of Anesthesiology, CHU Lyon-
Sud, Lyon; Central coordinating committee — P.-Y. Gueugniaud (cochair), J.-S. David (cochair); E. Chanzy, P.-Y. Dubien, P. Mauriau-
court, C. Branganga, X. Billeres, M.-P. Clotteau-Lambert, P. Fuster, P. Goldstein, P. Petit; Emergency medical service investigators —
J.-S. David, P. Petit, SAMU 69, Lyon (523), including three SMURs: P.-Y. Dubien, SMUR, Edouard Herriot Hospital (317), P. Fuster,
SMUR, CHU Lyon-Sud (151), and F. Guillaumée, SMURs, Croix-Rousse Hospital (55); E. Chanzy, F. Adnet, SAMU 93, Bobigny (374),
including four SMURs: E. Chanzy, SMUR, Avicenne Hospital (197), J. Metzger, SMUR, Saint-Denis Hospital (76), V. Raphael, SMUR,
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Aulnay Hospital (62), and A. Beruben, SMUR, Montfermeil Hospital (39); P. Mauriaucourt, B. Chaybany, P. Goldstein, SAMU 59, Lille
(237); C. Braganga, E. Tentillier, M. Thicoipé, SAMU 33, Bordeaux (200); X. Billeres, P. Le Dreff, C. Bar, D. Meyran, Bataillon des Marins
Pompiers, Marseille (172); M.-P. Clotteau-Lambert, F. Berthier, SAMU 44, Nantes (164); D. Thiercelin, P. Benoit, C. Ichai, SAMU 06,
Nice (151); G. Debaty, B. Bourgeois, E. Menthonnex, P. Menthonnex, SAMU 38, Grenoble (143); A. Ricard-Hibon, I. Vassor, V. Bel-
pomme, SMUR, Beaujon Hospital (130); P. Roux, M. Pujos, J.-L. Ducassé, SAMU 31, Toulouse (117); C. Espesson, J.-L. Blanc, J.-C.
Bertrand, SAMU 42, Saint-Etienne (103); E. Querellou, D. L’Azou, A. Pennarguear, M. Veyne, SAMU 29, Brest (86); L. Ducros, C. Bro-
che, P. Plaisance, SMUR, CHU Lariboisiére, Paris (75); P. Ecollan, L. Fievet, B. Riou, SMUR, CHU Pitié-Salpétriére, Paris (69); L. Hal-
bout, E. Pondaven, J.-L. Gérard, SAMU 14, Caen (68); D. Savary, J.-P. Perfus, SAMU 74, Annecy (61); R. Maupoint, Y. Poncelin, L.
Holzapfel, SAMU 01, Bourg-en-Bresse (40); P. Capelle, E. Boyez, C. Delassara, SMUR, Maubeuge Hospital (37); C. Bracq, J.-B. Cam-
pagne, SMUR, Dunkerque Hospital (35); P. Dreyfus, M. Freysz, SAMU 21, Dijon (33); P. Nouguier, J.-C. Devinat, J.-P. Auffray, SAMU
13, Marseille (26); A. Gache, J.-E. de la Coussaye, SAMU 30, Nimes (18); C. Meurisse, SMUR, Valenciennes Hospital (12); B. Boulanger,
D. Jan, SAMU 56, Vannes (10); C. Lae, SMUR, Annemasse Hospital (10).
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