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ARSTRACT

BACKGROUND
Vasopressin is an alternative to epinephrine for vasapressor therapy during cardiopul- From the Departent of Anesthesialogy

monary resuscitation, but linical experience with this treatrent has been limited.

and Critleal Care Medicine, Leopold-Fran-
zena Linjvarsity, Innsbruck, Austria (MW,
ACK., K.H.5, K.H.L); the Department of

METHODS ;
i . . i Medicine, Divislon of Cardialogy—Pulmanal-
We randgmly assigned adulrs who had had an out-of-hospital cardiac arrest 1o receive  ogy, Benjamin Franklin Medleal Center, Free

two injecgons of either 40 TU of vasapressin or 1 mg of epinephrine, followsd by addi- University, Berlln, Germany (H.R-A); and

the Institdte for Theorstical Surgery, Phil-

tional reatment with epinephrine if needed, The pnmary end point was survival 10 o iversity, Marburg, Germany (H.S.).

hospital

RESULTS
Atoralo

ing smdy-drug codes. Among the remaining 1186 parents, 589 were assigned to re-

swdmission, and the secondary end point was survival to hospital discharge.  Address reprint requests to Or. Lindner at
the Department of Anesthesiolagy and Crit-
ical Care Medizine, Leapald-Franzens Uni-
versity, Anichstr. 35, 6020 nnsbruck, Aus-

F1219 patients underwent randomization; 33 were excluded becavse of miss- -
tria, ar at volkerwenzel@ulbk.ac.at.

ceive vasppressin and 597 o receive epinephrine. The two eanment groups had simi- *The investigaters wha participated in the

lar clini¢al profiles. There were no significant differences in the rates of hospizal

study grodp are ligted in the Appendix,

admission berween the vasopressin group and the epinephrine group gither amoONZ Pa- | Engl ) Med 2004;350:105-13.
rents with ventricular fibrillarion (46.2 percent vs. 43.0 percent, P=0.48) Or amONE  copright & 200¢ Massachusests Medlcal Socisty
those with pulseless electrical actvity (33.7 percentvs. 30.5 percent, P=0.65). Among

patients
higher ¢

with asystole, however, vasopressin use was associated with significandy
ytes of hospital admission (29.0 percent, vs. 20.3 percent in the epinephrine

group; #=0,02) and hospiral discharge (4.7 percent vs. 1.5 percent, P=0.04). Among

732 pati

bnts in whom spontaneous circulation was not restored with the two injeetions

of the sfudy drug, additional trearment with epinephrine resulted in significant im-

proverny

.nt in the rates of survival to hospital admission and hospital discharge in the

vasopressin group, but not in the epinephrine group (hospital admission rate, 25.7
percentys. 16,4 percent; P=0,002; hospiral discharge rate, 6.2 percentvs. 1.7 percent;
=0.002). Cerebral performance was similar in the two groups.

COMNCLY
The effd
ventiey

SIOHNS
cts of vasopressit were similar to those of epinephrine in the management of

ar fibrillation and pulseless electrical activity, but vasopressin was superior

to epingphtine in patients with asystole, Vasopressin followed by epinephrine may be
more effective than epinephrine alone in the treatment of refractory cardiac arrest.
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HERE ARE MORE THAN 600,000 5UD-

I den deachs in North America and Europe

each year. More than half of these deaths
occur before 65 years of age, which underscores the
need for optimal cardiopulmonary resusciration
(CPR) smategies in order to improve patients’ chanc-
es of snrvival.

Epinephrine has been used during CPR. for more
than 100 years* but has become controversial be-
cause it is associated with increased myocardial
oxygen consumption, venmicular arrhythmias, and
myocardial dysfuncdon during the petiod after re-
suscitation.? Since it was found thar endogenous
vasoptessin levels in successfully resuscitated pa-
tients were significandy higher than levels in pa-
tients who died, it was postulated that it might be
beneficial to administer vasopressin during CPR.A
Laboratory studies of CPR revealed that vasopres-
sin was associared with better blood flow to vital
organs,* delivery of cerebral oxygen, chances ofte-
suscitation,®7 and neurologic outcome?® than epi-
nephrine. In a small clinical smdy, the use of vaso-
pressin resulted in a significantly higher rate of
short-term survival than epinephrine,? indicating
that vasopressin may be 2 reasonable alternarive to
epinephrine for vasopressor therapy Juzing CPR.

The enrrent inrernational guidelines for CPR rec-
ommend the use of epinephrine during cardiac re-
suscitation, with vasoprassin eonsidered only 258 2
secondary alternative, because clinical data on vaso-
pressin therapy have been limited. 3011 We there-
fore conducted 2 clinical trial to assess the effects
of vasopressin and epinephrine on survival among
adults who have an our-of-hospital cardiac arrest
and present with venmricular fibrillation, pulseless
electrical acrivity, or asystole. The null hypothesis
was that there would be no differences between the
treatment groups in the rates of survival to hospi-
tal admission and survival o hospiral discharge.

METHODS

STUDY PATIENTS

This study was conducted in 33 communides and
involved 44 physician-staffed emergency medical
service units in Austria, Germany, and Switzerland.
Adulr patients who had an out-of-hozpital cardiac
arrest and presented with ventricular fibrillation,
pulseless elecrrical activity, ot asystole requiring CPR,
with vasopressor therapy were included; the criteria
for exclusion were successful defibrillation withour
the administration of a vasopressor, documented
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terminal illness, a lack of intravenous aceess, hem-
arthagic shock, pregnancy, cardiae arrest after trau-
ma, an age of less than 18 years, and the presence of
a do-not-resuscitate order.

STUDY DESIGN

The study was designed 252 double-blind, prospec-
rive, multicenter, randomized, controlled ¢linical wi-
al; the primary end point was survival to hospital
admission, and the secondary end poinrwas surviv-
al to hospita! discharge. The protocol was approved
by the institutional review board of each participat-
ing center. For all patients, the requirement of in-
formed consent was waived in accordance with the
ethical standards of the local instirutional review
board and the guidelines for good clinical pracrice
of the European Agency for the Bvaluarion of Me-
dicinial Products.2? The patdents’ families and sur-
viving patients were informed about the mial, and
the prorocol specified that if there were any objec-
tians, the patient would be withdrawn from the
study; there were no objections. Treatment assign-
ments to the study drugs were randomly generared
in blocks of 10, with stratifieation according o cen-
ter. If all criteria for inclusion were metand none of
the criteria for exclusion were met, patients who pre-
sented with pulseless elecrrical acrivity or asystole
underwent randomization immediately; patients
with ventrcular fibrilladon underwent randomiza-
tion after the first three arrempts at defibrillation
had failed.

When a given patient underwent randomiza-
tion, a box containing the study drugs—either two
ampules of 1 mg of epinephrine (Suprarenin) or
two ampules of 40 TU of vasopressin {Pitressin} —
was opened, and either 1 mg of epinephrine or
40 IU afvasapressin was injecred. The authentieity
of both drugs was confirmed with the use of high-
pressure liquid chromarography. If spontaneous
circulation was not restored within three minutes
after the first injection of the study drug, the same
drug at the same dose was injected again. If spon-
taneous circuladon was still not restored, the pa-
tient was given an additional injection of epineph-
rine at the discreton of the emergency physician
who was managing the CPR attempt. All drugs
were injected exclusively intravenously, followed by
20 ml of normal saline.

Investigators and physicians were unaware of
the study-drug assignment unless decoding became
clinically necessary for management in the period
after resuscitation; if this occurred, the dara and
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safery|monitoring commirtee was to be informed.
Additpnal interventions such as the administation
ofeodjum bicarbonare, atropine, lidoeaine, oramio-
darong and fibrinolysis were used at the discretion
of the physician managing the CPR attempt.

DOCUMENTATION

The CPR attemprwas documented according o the
Utstein stylel?; dara were entered into a data base
by ong investigator and were subsequently indepen-
dently| cross-checked twice by two other investga-
tars who were unaware of the treatment-group as-
signment. Qriginal data were made available to the
dara ahd safety monitoring committee for indepen-
dent sprutiny. Neurologic function in the surviving
patients was categorized according wa cerebral per-
formapee score,#

STATISTICAL ANALYSIS

An estimation of the number of parients needed
was derived during the analysis of another study of
out-of hospital cardiac arrest.1* The caleulation was
based|on a possible drug-related improvement in
the oltcome of 25 percent, a significance level of
0.05, two-tailed analysis, and a power of 80 percent.
Accorfling to this calewlation, 571 patients per group
might be necessary in order to show a clinically sig-
pificapt difference in the rates of hospital admis-
sion hetween the two trearment groups; the addi-
tion of a safety margin of 30 pereentresulted inan
estimizte of 1500 patients for the ennire trial. Analysis
was performed according to the intenton-to-treat
principle; the chi-square test was used to determine
differences between groups with respect to the pri-
mary and secondary end points. Odds ratos and
their 95 percent confidence intervals were caleulat-
ed. Comparisons of patient characreristics and sur-
vival dutcomes were tested with the chi-square test,
the chi-square test for trend, Fisher’s exactrest, or
Studept's t-test, as appropriare. Logistic-regréssion
analysis was used to control for possible confound-
ing effects of variables related to the different end
points. All P valoes are two-sided; no corrections
were made for multple comparisons,

RESULTS

The spudy was conducted from June 1999 to March
2002{ only one internal, blinded administrative in-
terim|analysis was performed in June 2000 after the
randomization of 200 padents, and the results were
revealed only to the data and safety monitoring com-
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mittee. This analysis established that the study was
safe, thatrandomization was working properly, and
thar no adverse events had been reported. Since
funding had ended by December 2001, enrollment
wasg stopped in Mareh 2002. The treatment groups
had similar clinical profiles (Tables 1 and 2); 88 of
the patients who underwent randomizarion were
later shown to meet criteria for exclusion, bucthey
were included in the final analysis on an inrention-
to-rreat basis. Thirty-three parients had ro be exclud-
ed from the analysis because of a missing study-
drug code (the characteristics of the patients who
were included were similar to those of the patients
who were excluded), and no significant differences
were phserved among differsnt centers (Fig. 1).
The rare of survival to hospital admission was
higher among parients with a witnessed cardiac ar-
rest than among those with an unwitnessed cardiac
arrest (352 of 920 parients [38.3 percent] vs. 41 of
255 parients [16.1 percent}, P<0.001), and the rate
was higher among patients who received basic life
supportwithin 10 minures than among those who
received such support more than 10 minutes after
the ecardiac arrest (291 of 665 patients [43.8 percent]
vs. 107 of 517 patients [20.7 percent], F<0.001). The
rates of hospital admission were similar berween
the two trearment groups both for patients with ven-
wicular Abrilladon and for those with pulseless
electrical activiry. Patents wirth asystole, however,
were mote likely ro survive to hospital admission
and ro hospital discharge if they were rreated with
vasopressin than if they received epinephtine as
initial therapy (Table 3). In an analysis including
732 patents in whom spontaneous circulagon was
not restored with the administration of the study

P.004/010 F-963

Tablo 1. Cardiovascular History of the Patiants,

Variable (N=589)

na. ftotal no, (34)

1767467 (37.7)

B4/475 (17.7}

78/476 (16.4)

59/467 (12.6)
477474 (5.9)
35/467 (7.5)
207474 (4.2)
13/468 (2.8)
27468 (1.7)

Coranary heart disease
Hypertensian

Diabetes

Left ventricular failure
Periphers| vascular disease
Cardiag arrhythmias
Pacemaker

Valvular heart disease
Cardiomyepathy

Vasoprassin Group Epinaphtlne Group P
{N=597)

189/463 (40.8)  0.33
82/474 (17.3)  0.38
78/477 (16.4) 089
50/468 (12.6)  0.99
53475 (11.2) 053
28468 (6.2) 043
18/474 (3.8) Q.74
14/468 (3.0) 0.5

/468 (1.9) 081

Value
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Table 2. Bage-Line Characteristics of the Patients.”
-
vasopressin Group Epinephrine Group ]
Characteristic {N=589) {N=597) Value
Age—yr 66,5144 §5.9=14.2 0.45
Male sex — na,ftotal no. (%) 4027580 (69.3) 4217591 (71.2) 0.47
Arrest withessed — ne.jtotal no, (%) 448583 (76.8) A72/582 (79.7) 0.53
CPR by bystander or family mamber — no.ftotal. no. {36) 111/588 (18.8) 107/597 (17.9) 0.68
Suspacted cause of cardiac arrest — ne.fiotal ne. (%)
Myocardial infarction 262454 (57.7) 249/449 (55.5) 0.48
Primary arrhythmia 89,455 (21.8) 1097452 (24.1} 0.40
Pulmanary embollsm g4/456 (14.0) 53/455 (11.6) 0.28
Additional treatments given during CPR— no.ftotal no. (36)
Sadium bicarbonate 198/587 (33.7) 2057596 (34.4) 0.81
Atropine 139/587 (23.7) 151/587 (25.3) 0.51
Lidagaine 114/589 (19.4) 114597 {19.1) 0.90
Amiodarane ) ’ 75580 (12.7) £3/597 (14.7) 0,32
Fibrinolysls 54/589 (9.2) 45597 (1.5) 0.31
initial cardiac thythm — na.jtotal no. (36)
Ventricular fibrillation 2237589 (37.9) 249/597 {41.7) .18
Pulseless electrical activity 1044589 (17.7) 82/587 (13.7) 0.086
Asystale 2627589 (44.5) 266/597 [44.6) 0.08
Intervals — mint
Duration of untreated cardiac arrest 79104 79164 0.94
{befare basic life support provided)
Tirme fromn basic life support
To first defibirillation attempt . 7.0=6.8 77576 0.13
Ta endotracheal Intubation 7.6%6.2 7.9:6.% 039
Ta intravenols cannulatien 82x6.7 8.5£7.0 0.37
To first injection of study drug 9,666 10.2=7.4 0.15
Ta second daflbrillatian attempt 12.9+7.6 13.9+8.1 0.14
To second Injectian of study drug 13.326.8 13,979 0.16
To third defibrillation attempt 17.7=8.4 18.4x9.5 037
To standard protocol with epinephrine 17.527.9 17.6x8.3 0.91
To hospital admissian 51.6:x17.3 49.0+18.1 014

# Plus—minus values are means =50, PR denotes cardiopulmonary resuscitation.

1 Intarvals are given saparately far the duration of untreatod cardac arrest and the perlods fram the pravision of basiz life
support to each treatment procedure because bystanders may not have been able to [udge the intervals accurately, owing
to emotional stress.

drug, additional weatment with epinephrine (me- hospital admission was significantly improved by
dian dose, 5 mg; interquartle range, 210 10) resuli-  both amiodarone trearment (79 of 163 patients [48.5
ed in a significant improvement in the survival rate  percent] vs. 321 of 1023 patients [31.4 percent];
in the vasopressin group (P=0.007 bythe chi-square  P<0.001; odds ratio, 2.1; 95 percent confidence
1est for trend) burnotin the epinephrine group (Ta- interval, 1.5 to 2.9) and fibrinolysis (45 of 99 pa-
ble 4). There was no significant difference berween  tents [45.5 percent] vs. 355 of 1087 patients [32.7
the two groups in cerebral performance (Tables 3 percent]; P=0.01; odds ratio, 1.7; 95 percent con-
and 4). fidenice interval, 1.1 to 2.6). After hospital admis-

with both study drugs, the rate of survival to  sion, the code for the study drug was broken (the
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Figure 1, Flowchart of the Study and Analysis.

trearment|assignment was disclosed) for five pa-
tients in order to optimize post-resusciration care.

DISCUSSION

Our results did not confirm previous data that
showed visopressin to be more effectve than epi-
nephrine ps adjunctive therapy in the reatment of
patients with venrricular fibrilladon and pulseless
electrical activity# This discrepancy raises the ques-
don of whether vasopressin improves perfusion
pressutes during CPR.in parients with these condi-
tions but does not improve the outcome. 16 Similar-
ly, although some studies in animals have suggested
that highdose epinephrine during CPR. has bene-
ficial effects, this strategy caused a hyperadrenergic
state and was assoeiated with higher early mortality
in other srudies that used a preparation for pigs.t?

B

Subseguentclinical studies with high-dose epineph-
dne did not show any benefir.2 We were unable to
derermine whether problems in extrapolating from
CPR.performed in the laboratory to clinical experi-
ence were artributable o differences among spe-
cies, the fact that our patients had underlying dis-
ease whereas the laborarory animals were otherwise
healthy, or differences between ont-of-hospital CPR
and CPR performed under laboratory conditions.
In contrast to the findings regarding patjents
with ventricnlar fibrillation or pulseless elecmical
activity, we found thatamong patients with asysto-
le, those who received vasopressin were about 40
percent more likely than those given epinephrine to
reach the hospiral alive. The extrerne ischemia in pa-
tients with asystole may suggesta possible under-
lying mechanism. As has been shown in an in viro
study, vasopressin has vasoconstricting efficacy
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Table 3. Data an Outcomes in All 1186 Patiants and on Cerebral Performance in 115 Patients at Hospital Discharge.”
Vasopressin Group Epinephrine Group P Cxds Ratio

Variable (N=589) {N=597) value  (95% Cl)
All patients no.ftotal no. (%)

Spontaneous clrculatlon restored with study drugs 145589 (24.6) 167/597 (28.0) 019 1.2 (0.8-13)

Hospital admissian 214/589 (36.3) 186/597 (31.2} 006 0.8 (0.6-1.0)

Hospltal discharge 57/578 (9.9) %8/588 (9.9} 099 1.0(0.7=1.7)
Ventricular fibrillatlon

spontaneous creulation restored with study drugs £2/223 (36.5) 106/249 (426) 020 14 (0.9-1.8)

Hespital admissien 1037223 (46.2) 1077249 {43.0) 048 0.9 (0.6-1.3)

Haspltal discharge 39/219 {17.8) 47/245(19.2) 070 L1(07-18)
Pulseless electrical activity

Spontaneous circulation restored with study drugs 21/104 {20.2} 17/82 (zo.ny 093 10 {0.5-2.1)

Hospital admlssion 35/104 (33.7) 25/82 (30.5) 0.65 0.8 (0.5-1.6)

Hospital discharge 6/102 (5.9) 7/81 (8.6) 047 1.4 (0.5-4.7)
Asystole

Spontanecus circulation restored with study drugs 424262 {16.0) 44268 (_16.5) 0.87 1.0(0.7-1.6)

Haspital admission 76262 (29.0) 54266 (203) 002 0.6 (0.4-0.9)

Hospital discharge 12/257 (4.7) 426215 004 03{01-10)
Cerebral performance ameng all patients who survived

to discharge

Good cerebral performance 15/46 (32.6) 16/46 (34.8) 099

Moderate cerebral disability 7/46 (152} 12/46 (26.1) 030

Severe cerebral disability a6 (18.6) 746 152y 07

Coma or vegetative state 1546 (32.6) 1146 (23.9) 0.49

* Eleven patients ln the vasopressin gratp (L9 percent) and

nine in the epinephrine group (1.5 percent) were lmst o fal-

Jow-up befare haspital discharge. Eleven of the patients in the vasopressin group and 12 of the patients In the epineph-
rine graup who survived ta hospital discharge (19.3 percent and 20.7 parcent, respectively) were lost to follow-up for
cerebral parfarmance, F values were nat adjusted for multiple comparisans. An odds ratio of less than 1.0 represents an

advantage for vasopressin. Cl denotes confidence interval.

even in severe acidosis, when carecholamines are
less potent.® Thus, yasopressin may be a maore ef-
fective vasopressor than epinephrine in patients
with asystole, resulting in better coranary petfusion
pressure during cardiac resuscitation. Since im-
proved coronary perfiision pressure during CPR.im-
proves survival,*® vasopressin may bea batter option
than epinephrine for patients with asystale, who
normally have the worst chance of survival of all pa-
tiens with cardiac arrest. This post hoc observation
could be tested in  trial restricted to such patients,
for whom few eatment options are available.

In addition, improvement in the rate of surviv-
al to hospital discharge among patients who were
treated with epinephrine after vasopressin may in-
dicare that the interactons among vasopressin, epi-
nephrine, and the underlying degree of ischemia
during CPR. may be more complex than was previ-

ously thought. When prolonged asphyxia has de-
pleted endogenous epinephrine levels and caused
findamental ischernia in pigs, the administration of
vasopressin combined with epinephrine results in
coronary perfilsion pressures triple those achieved
with either epinephrine orvasopressin alone. 20 This
finding suggests that the presence of ane of these
drugs may enhance the effects of the other, especial-
ly during prolonged ischemia. These data fiom ex-
perimental CPR are in agreement with the results
of our current clinical trial, in which the eombina-
tion of vasopressin and epinephrine was effectve in
patents about 25 mioutes after cardiac arrast, ata
time when a severe degree of ischernia must be as-
sumed, but increasing doses of epinephrine alone
were not effective.

In a recent study of in-hospiral CPR in which
vasopressin and epinephrine were reported to have
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Tabile 4. Data on Outcomes in 732 Patlants Wha Initially Recaived Vasoprassin er Epinaphrine and Subsequently
Received Additlonal Treatment with Epinephtina and on Cerebral Performance [n 29 Paticnts at Huspital Discharge.”

Vasoprassin Group  Epinaphrine Group P  ©Odds Ratio

Variable {N=373) {N=353) value  (95% Cl)
All patlents no. ftetal na. (%)
Spontapeous circulation restored 1374373 (36.7) 937359 (25.9) 0.002 0.6 (0.4=0.3)
Hospit[:l admigslon 96/373 {25.7) 50353 (16.4) 0.002 0.6 (0.4-0.8)
23/369 {6.2) 6/355 {L.7) 0.002 0.3 (0.1-0.5)

Hospitpl discharge
Ventriculal fibrlkiation

Spontnecus clrculation restored 58/122 {47.5) 404122 (32.8) 0.0z 05 (0.3-0.9)

Hespilal admission 37/122 (30.3) 25/122 (20.5)  0.08 0.6(0.3-11)

Haspital discharge 13/121 (10.7) 6/121 (5.0) 0,09 R4 (0.2-132)
Pulseless plectrical activity

Spantineous cireulation restored 1864 (28.1) 14/56 (25.0) 0,70 0.8 (0.4-1.B)

Hospital admlssion 17/64 (26.6) 10456 (17.9) 0.25 06 {0.2-1.4)

Hosgpltal discharge 3fe4 (4.7) 0/55 8.0
Asystote

Spenfaneous circulation restored 61/187 (32.6) 35/181 (21.5) p.oz 0.6 (0.4-0.3)

Hosplltal admission 42/187 (22.3) 24,181 (13.3) 002 0.5 (03-0.9) .

Hospjtal discharge 7/184 (3.8) o179 0.008 :
Cerebral performance among all patients who

siirvived to discharge

Goad cerebral performance 2/20 (40.09 2/5 {400 1.00

Moderate cerebral disability 2/20 (104 2/5 (@00 017

sevefe cerebral disabilicy 2/20 (10.0) 1/5  (20.0) 0.50

Comp or vegetative stare 8/20 (40.0) 0/5 0.14

w Faur patients In the vasopressin group (1.1 percent} and four In the epinaphrine group (1.1 perzent) were lost o fallow-
up baforg hospital diecharge, Three of the patients in the vasopressin group and one patient in the epinephring group
wha survived [o haspital discharge (17.4 percant and 16.7 pereent, respoctlvely} were last to follow-up far cerabaral par-
formande. P values are nol adjusted for multiple camparisons. An odds ratie of less than 1.0 represents an advantage far

vasopregsin. C1 denotes confidence interval.

similar effects, 87 percent of the patients inthevaso- parients as compared with the use of epinephrine
pressin group also received epinephrine.2* Theuse- alane, although the difference was not sragsrically
fulness pf the deliberate adminisoration ofthe com-  significant. This finding indicares that the combi-
bination ofvasopressin and epinephrine during CPR.  nation of vasopressin and epinephrine effectively
is supported by clinical observations that the ad-  restored heart function but took effecr too late to re-
minisrrhton of epinephrine followed by vasopres-  store brain fanction in some patients. When oné is
sin signfificantly improved coronary petfusion pres-  startinga CPR amempt, itis difficult to predict what
sure,22 phe likelihood of restoration of sponraneous  the level of brain function will be after resuscita-
circulation,?? and 24-hour survival rates.** The po- tion.2s For example, of five patients with asystole
tential pf this approach was demonstrated in our  in whom no hystander performed CPR. (indicaring
study by the improvement in the rates of survivalto  thatthey had severe prolonged ischemia) whowere
hospityl discharge. resuscicated with the combination of vasopressin
Ambng patients who needed additional treat- and epinephtine, four remained comatose, and only
mentwith epinephrine, many patients withagood onehadgood cerebral performance at hospital dis-
neurolpgic ourcome received the combination of charge.
vasopressin and epinephrine, but this strategy lso A multivariate analysis confirmed the results of
resultdd in an increase in the number of comatose  previous investigations showing that patients whose
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cardiae arrest was wimessed had a chance of surviv-
al more than twice that of patents wha had an un-
wimessed cardiac arrest, because CPR, could be ini-
tiated earlier.2® Correspondingly, the provision of
hasic life support within 10 minutes after the eardi-
ac arrestresulted in a doubling of the rate of survival
to hospital admission, validating the fundamental
valua of the early provision of basic life support.2?
In our wial, amiodarone and fibrinolysis were ad-
ministered at the discretion of the physician who
was managing the CPR artempt. Both of these in-
terventions resulted in improved rates of survival to
hospital admission, as has also been shown in oth-
et studies, 3829

Our study had some important limitations. Few-
er patients underwent randomization than we in-
tended, and the primary end point of survival to hos-
pital admission is not optimal bur is realistic fora
trial of this type. The clinical care of successfully
resuscitated patients in the etnergency room, inten-
aive care unit, ward, and rehabilitation facilides may
vary ameng hospitals and could not be standardized
by our study protocol, but it may have profoundly
influenced outcomes. We did not collect dose—

cent of our patients were comatose at hospital dis-
charge before being transferred to a rehahilirarion
facility, Our dara do not show whether hypather-
mia during the period after resuscitation could also
have improved neurologic recovery, as has recent-
ly been described.*#

In conclugion, the effacts of vasopressin were
similar ro those of epinephtine in the management
ofventricular Abrillaton and pulseless electrical ae-
tivity, but vasopressin was superior to epinephrine
in parients with asystole. The use of vasopressin fol-
lowed by epinephrine may be more effective than
the use of epinephrine alone in parients with refrac-
tory cardiac arrest,
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response data, and the cause of cardiac arrest
l could not be verified; both facrors may have affect-
N ed the suceess of CPR, Although the rate of survival
! to hospital discharge (9.7 percent) compares fa-
| vorably with those cited in other reports, 2.2 par-
\

|
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APPENDRIX

The following lovestigatats pardcipated in the Buropean Resuscimtion Cauncil Vasopressar during Cardiopulmanary Resuseltrion Sudy
Group (the number afpatients enralled at éach cenrer is given iz pareatheges]: Data monttodny ommittee — DA, Chambetlain (chair), Uni-
versity of Wales Collage of Medicine, Cardif; W,§, Diek, Johannes-Gutenherg University, Mainz, Germany; L.L, Bossaett, B Bruyneel, Anc-
werp Univeralry, Edegem, Belgium; deta anatysis— H. Sirver, H, Pritate, nsdnuce for Thearedeal Surgery, Philipps-Universlyy, Marburg, Ger-
may; eentral coordinating affice— V. Wenzel (chair); A.C. Krismer, K.H, Srad!baver, V.03 Maye, H.G. Lienhart, Leopold-Franzens University,
Innsbruek, Ausria, and Dispatchers of the Auswian Red Cross Emergency Medical Serviee, Innsbruck, Austria; rmergency medical serice investi-
gaors— H.R. Amtz, ], Breckwoldt, Benjamln Franklin Medieal Centet, Free University, Berlin, Germany (126); M.A. Bawbin, W.G. Voelckel,
Ieopold-Franzens Unlvereiry, Innsbruck, Auseela (115%; M. Toursarkissian, Garman Red Cross Hospitl Westend, Bexlin, Germany (92);
M.M, Menges, A. Jenner, Humboldc Hospital, Beclin, Germany (73); G. Prause, I. Kainz, Karl-Franzens University, Graz, Austia (65); M.
Messelken, Hospital at Eicherr, GAppingen, Germany (59); H.P. Milz, A, Réper, Ciry Hospital, Ceater Campug, Biclefeld, Geemany (54);
E.L. Berrschar, Humbaldt University, Viechow Campus, Berlin, Germany (49); G. Barkle, E Koberne, St. Josef s Hospiral, Freiburg, Geraany
(48}; Gi. Bandemer, A, Callies, Central Hospiral Left of the Weser River, Bremen, Germany (47); B, Schmitz, . Scharder, Eriedrich-Alexander
University, Eclangen, Gepmany (45); T. Wilde, General Hospital Wandsbek, Hamburg, Germany (38); K. Elinger, 5. Burfelnd, HV, Genz-
wilrker, Ruprecht-Karls Universiry, Manahels, Germany (34); 1. Koppenberg, University Hospiral, Regenshurg, Germany (32 U. Eb-
meyer, Omo-von-Guericke University, Magdeburg, Germany (31); B. Dirks, B. Lehle, University Hospital, Ulm, Germany (28]; W. Umimen-
hoter, R, Albreche, University Hospieal, Basel, Swirzeeland (27); H. Trimmel, N. Gaberszig, Counry Hospital, Wlenat Neustadt, Austria (271
1. Benckes, Trauma Hospical, Berlin, Germuany (265 T, Schlecheiemen, K -H. Alemeyer, Clty Hospieal Winterherg, Saarbrlleken, Germany (26);
' H. Waver, T. Gayay, Humboldr Universlty, Campus Charits, Berlin, Grrmany {25); 5. Kleinschwmide, W. Wilhelm, Saacland Universicy, Hom-
‘ burg, Germany (23); B Lauber, R, Cartatius, Sc Theresla Caslras Hospiral, Saarhrlicken, Geomany {200; BW. Batdger, M. Bufaed, Ruprocht-
. Karls University, Heldelberg, Germany (17); L. Switalsli, G. Hemlcker, Clry Hospital, Leverkuser, Germany (17); . Lenz, County Hoepiral,
. St. Gallen, Switzerland (17);], Kostar, Cardine Center, 8ad Keozingen, Germany (14); PU. Hahne, G. Edelhoff, County Hospital, Emmend-
, ingen, Germany (11); L Besmet, County Haapial, Lucemne, Switzerland {11); P, Tietze-$ehnuy, Emergency Medlieal Service, Zaven, Germany
| (11); .. Fiacher, Emst-Morlz-Arnde Univetsiny, Greifswald, Germany (8Y; D. Poppelbaurn, Qakar-Ziethen Mosplral, Berlin, Germany (4).
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