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® 1. BEERIEGELE

Adrenar ine Control
P value
N =108 N=2173
Age, mean, SD 71.1£14.9 72.0+14.9 0.55
Male, N (%) 83 (76.9) 1373 (63.2) 0. 002
Location. N (k) Home 76 (10.4) 1465 (67.4)
Public 14 (13.0) 380 (17.5)
Work place 3 (2.8 n Q3 0. 08
Care facility 8 (7.4 204 (9.4)
Others 7 (6.5) 53 (2.4
Bystander PR, N (H) g cpR 0 (64.8) 1396 (64.2)
Cardiac-only 15 (13.9) 340 (15.6) 0. 87
Conventional 23 (21.3) 437 (20.1)
VF. N (% ‘ 30 (27.8) 508 (23.4) 0.18
Call to CPR, mean, SD 1.7+2.3 7.9%2.9 0.69
Call to Shock, mean, SD 9.0+2.5 8.6+2.9 0.44
Call to Hospital arrive, mean, SD 31.8+9.9 26.3x7.17 <0. 001

VF; ventricular fibrillation

212, MEKGLICELEDT FLFHY VEROFERNOERFZEE RS, 7 KLY
ERBEETIE. FRIEROLHERN 22% &7 RUFU U IEEREE (11%) L
BRLCHRIZE -T2, BRE720EFER. A, —» AL&R, H8BR0O%E
IZEIIERO o T,

£2. T FVF Y AMERHOFER OEIF

Adrenarine Control

P value
N =108 N = 2173
ROSC before arrival, N (%) 24 (22.2) 248 (11.4) 0. 001
ROSG (total), N () 40 (37.0) 843 (38.8) 0. 4
Admission, N (%) 33 (30.6) 702 (32.3) 0.4
1-month surviveal, N (%) 10 (9.3) 240 (11.0) 0.74
Neuro favorable outcome, N (%) 5 (4.6) 119 (5.5) 0.46
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ROSC; return of spontaneous circulation

WIZ, BEFIFROPHLERFTIEDN VF Th o 7ER & 3k VF EHIZ 5 Cis
I{REBREI L, VFEFITIE. BRI LAT FLFH U v oEFERECRGER S
7 (Table3A), —7F5. FEVFBETIX, WRBIBFNOLHERRT FLFU VBT
FET RV Y UBEHEBLTHEEIZE L (24.4% vs 5. 5%, p<0.001), #LERL T

NUF U UECEVMERAZ3RH7- (3.8% vs 1.9%, p=0.19) (Table3B),

#£3. FIHLENR. 7 RLFY AEROEE L ER
A) FIEILER VF

Adrenarine Control
P value
N=230 N = 508
ROSG before arrival, N (%) 5 (16.7) 155 (30.5) 0.08
ROSC (total), N (%) 13 (43.3) 282 (55.5) 0.13
Admission, N (%) 12 (40.0) 260 (51.2) 0.16
1-month surviveal, N (%) 7 (23.3) 148 (29.1) 0.71
Neuro favorable outcome, N (%) 2 (6.7 88 (17.4) 0.09
B) fI#A.L>E X non-VF
Adrenarine Control
P value
N = 78 N = 1660
ROSC before arrival, N (%) 19 (24.4) 91 (55) <0. 001
ROSC (total), N (%) 27 (34.6) 558 (33.6) 0.47
Admission, N (%) 21 (26.9) 439 (26.4) 0. 51
1-month surviveal, N (%) 3 (3.8) 91 (5.5) 0.78
Neuro favorable outcome, N (%) 3 (3.8) 31 (1.9 0.19

VF; ventricular fibrillation, ROSC; return of spontaneous circulation

FEVFEIZRIT B, 7 FL U UV EESEOREIIZENOLHERE, S2ERICHT5%
BEFHEA v XX, 2, 6.21 (95%EMEXE, 3.45-11.2), 2. 79(95%EHEX

R, 0.78-9.97) ThH -7z,
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AHFFEIL. KB 72population—based cohort study CEH SN BET — & 2§
I, ARG LICEEBRATOT KL T ) o BEOFRAEER LI LD TOH
ETHD, ZREMLBIZBT AT FLF U v ofEi, 3 CIOERER 2158 L 72
STEY, Z OHIRETHERG L (BAWVIIZTNICET S AT L) ITL-TE
EENTWI7®, EOMROBREIRRIEIIREE L 2> T\ 5, ZHE TIoEls
INT RUF U v oBRICET 2RI, BARLIEEEBORI Y YLy
VEDHEBSSV R PITRONTE R, BE. BAMEIRICHTAT KLU v
ED#RE, 7T FUF Y U ORERIEE - M ORI CHBMET L BEN T v
HR—=NPHRENTZN, ZOWMETIET FLF U rvoBBITREN L0720,
ZH LW, bRETIER, FRITEENLBRERGLIZLDE T FLF U v oRsn
BtdaSNlz, UVEAL VKR NI, TRV CEBEREEING, T
YV EZ A RRRUTD 2 & o FBrsh B I DFF A TR 2 ERRIIC B L TV B 70,
T RUFU EEOHREE, ERERL L c BT AERICEERESYEE L
W2z 5,

AR TIE, I LERN VF ThoEMTIX, 7 FLF U VB EOREITED
bIaroT=diZxt U, FEVF B Tid, REEBIZRIOLIERZZELICKEL, B
DHBERIC L > THRBERROA LEZ L O THREERH D ZLETEL TN S,
VF FEFICrX, BRMENC L AR EAIBRE I CELE S h., BRENCEIG LR D - I fE
BT LCOBRT RLF U UBRERINED, 7T RUTFY v OhRBPBESH
PolbDEEbig, %L, EFZEAER, BRMENIEIG LR THERNC
BiI57 N ) U BEONRERFTAILENRS B,

Marcus HIC Lo TV HR—ADLHE SN-T—F Tid, FIH.OERERICH
b3, T RLFY VBREOHREPRINRD o8, TOHETIE, BE1D
BEEENBEOEOLIZEETLHETIZEY 1L LA LEZEL TR Y MRS
BN DALY 1%ETHLRE, HEVAT ARRTHRRETORETH
ST N, BRERTZENTERPSLOEDODEREBEbh 3,

RFFRITBEFFETHY, 7 R F I oAz bo—LrEhizb 0Tk
VW, BIE, 7 RUTF U NI R DA TERERGTORIEHFINTBY ., 7
RLF U OMRIEIT TR, BIICIEE ARG LORE KB L TWATH
RS D, £/, TNV T U VEIIREEIZ S0 BLS KRG Lo =8 L 72D
2D, bELEBRPARTHDLEWVINAL T AR A TNAEEEENED, VT
NOEETYH, EEFIIFEFEICD WD, TRUVFI VORE2 S BICHERT 57
DITITEFIDEBENMLETH B,
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Study objective: The benefit of epinephrine in cardiac arrest is controversial and has not been
conclusively shown in any human clinical study. We seek to assess the effect of introducing
intravenous epinephrine on the survival outcomes of out-of-hospital cardiac arrest patients in an
emergency medical services (EMS) system that previously did not use intravenous medications.

Methods: This observational, prospective, before-after clinical study constitutes phase Il of the Cardiac
Arrest and Resuscitation Epidemiology project. Included were all patients who are older than 8 years, with
nontraumatic out-of-hospital cardiac arrest conveyed by the national emergency ambulance service. The
comparison between the 2 intervention groups for survival to discharge was made with logistic regression
and expressed in terms of the odds ratio (OR) and the corresponding 95% confidence interval (Cl).

Results: From October 1, 2002, to October 14, 2004, 1,296 patients were enrolled into the study, with
615 in the pre-epinephrine and 681 in the epinephrine phase. Demographic and EMS characteristics
were similar in both groups. Forty-four percent of patients received. intravenous epinephrine in the
epinephrine phase. There was no significant difference in survival to discharge (pre-epinephrine 1.0%;
epinephrine 1.6%; OR 1.7 [95% Cl 0.6 to 4.5]; adjusted for rhythm OR 2.0 [95% C! 0.7 to 5.5]); return of
circulation (pre-epinephrine 17.9%; epinephrine 15.7%; OR 0.9 [95% Cl 0.6 to 1.2]), or survival to
admission (pre-epinephrine 7.5%; epinephrine 7.5%; OR 1.0 [95% ClI 0.7 to 1.5]). There was a minimal
increase in scene time in the epinephrine phase (10.3 minutes versus 10.7 minutes; 95% Cl of
difference 0.02 to 0.94 minutes),

Conclusion: We were unable to establish a significant survival benefit with the introduction of
intravenous epinephrine to an EMS system. More research is needed to determine the effectiveness
of drugs such as epinephrine in resuscitation. [Ann Emerg Med. 2007 ;xx:xxx.]
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Editor’s Capsule Summary '

What is already known on this topic

There are few human data supporting the current use of
intravenous epinephrine for patients with out-of-hospital
cardiac arfest.

What question this study addressed

Does the introduction of a single dose of 1 mg
intravenous epinephrine improve outcomes from out-of-
hospital cardiac arrest in a system that previously did not
use this drug?

What this study adds to our knowledge

Only 44% of eligible subjects received epinephrine in this
1,296-patient before-after trial in Singapore: No benefit
in initial survival or other common short-term
resuscitation mettics occurred.

How this might change clinical practice

Given the study’s limitations, the role of epinephrine
remains unclear. This study highlights the difficulties in
establishing the value of standard EMS resuscitative care.

INTRODUCTION
Background and Importance

In the chain-of-survival concept,” provision of early access,
eatly cardiopulmonary resuscitation (CPR), eatly defibrillation,
and early advanced care, including intravenous drugs, should
improve survival in sudden cardiac arrest. Survival rates for out-
of-hospital cardiac arrest vary in published reports from 2% to
more than 20%.3

Intravenous epinephrine (adrenaline) has been used since
1906 to treat cardiac arrest.* However, since then, there have
been few formal evaluations of the value of epinephrine, and
these studies are more than 10 years old.> Clinical trials have
not been able to show any benefit with intravenous epinephrine
in the field.®” In fact, some suggest that harm is actually
associated with its use in cardiac arrest.®° Extensive clinical
trials comparing high-dose epinephrine (>5-mg boluses) with
standard-dose epinephrine (1 mg) have shown that there is no
improvement in survival with increasing doses of
epinephrine.'%*¢

The current International Liaison Committee on
Resuscitation Advanced Cardiac Life Support Guidelines
(2005)"7 acknowledges that there is no placebo-controlled
evidence that use of any vasopressor during cardiac
arrest improves survival to hospital discharge. However,
acknowledging the current standard clinical practice, they state
that it is reasonable to continue to use vasopressors routinely.'”
Because the use of epinephrine is ingrained in clinical practice
in North America and Europe, it would probably not be
possible to conduct controlled evaluations of epinephrine in
these settings.

Goals of This Investigation

In this study, we aimed to evaluate the incremental benefic
of introducing intravenous epinephrine in the out-of-hospital
setting on the survival outcomes of cardiac arrest patients in the
Singapore emergency medical services (EMS), a system that
previously did not use out-of-hospital intravenous medications.
Specific outcomes examined included survival to discharge,
survival to hospital admission, return of spontaneous
circularion, and functional status on discharge.

MATERIALS AND METHODS
Study Design

The Cardiac Arrest and Resuscitation Epidemiology Study is
a prospective multiphase, before-after study of all eligible out-
of-hospital cardiac arrest patients in Singapore. During phase I,
intravenous epinephrine was introduced in the treatment
protocols of all out-of-hospital cardiac arrest patients conveyed
by the Singapore Civil Defence Force ambulance service. The
Singapore Civil Defence Force operates the national 995
emergency telephone service; private ambulance operators do
not convey emergency cases. The study period was October 1,
2002, to October 14, 2004.

Setting

Singapore is 2 city-state with 2 land area of 699.4 km® and a
population of 4.35 million.'®'® The population is multiracial,
with the major ethnic groups being Chinese, Malay, and Indian.
The island’s EMS system is run by the Singapore Civil Defence
Force, which currently operates 32 ambulances based in 15 fire
stations and 14 satellite stations in a single-tier system.
Emergency ambulance patients are delivered to 6 major public
hospitals in the country that are equipped with modern
emergency departments (ED).

Singapore EMS is activated by a universal, centralized,
enhanced, 995 dispatching system run by the Singapore Civil
Defence Force and using computer-aided dispatch, medical
dispatch protocols, global positioning satellite automatic vehicle
locating systems, and road traffic monitoring systems.

Since 1996, ambulances in Singapore have been manned by
specifically trained paramedics (roughly equivalent ro North
American EMT-), replacing the nurses who previously served
as ambulance officers. The paramedics undergo an 18-month
training, including theory and hospital and ambulance
attachments. They are able to provide basic life support and
defibrillation with automated external defibrillators. Before this
study, cardiac atrest protocols followed basic life support
guidelines and included the use of automated external
defibrillators in a “shock first” protocol. Intravenous
medications were previously not in use by ambulance crews.
The crews are not certified to perform endotracheal intubation
and do not give epinephrine by the endotracheal tube.
Mechanical CPR is not used.

The Cardiac Arrest and Resuscitation Epidemiology Study
Group includes representatives from the 6 major public
hospitals in Singapore, the Singapore Civil Defence Force,
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Health Sciences Authority, and the Clinical Trials and
Epidemiology Research Unit, Singapore. The Cardiac Arrest
and Resuscitation Epidemiology phase I study described out-of-
hospital cardiac arrest epidemiology in Singapore and served as a
baseline for phase I1.2°

For this study, the investigators initiated a series of
intravenous cannulation and drug administration workshops
duting a 9-month period for Singapore Civil Defence Force
paramedics, which included didactic teaching, demonstrations
and training using simulators, and an attachment to EDs in
hospitals for practical training in intravenous cannulation and
drug administration. Paramedics had to log 10 supervised
intravenous drug administrations in the hospitals ro be certified
competent to give intravenous epinephrine. The Singapore Civil
Defence Force maintained a register of paramedics certified to
give intravenous drugs.

The Singapore Civil Defence Force ambulance service
implemented intravenous epinephrine for the out-of-hospital
management of cardiac arrest, with approval from the Ministry
of Health and under the supervision of the Singapore Civil
Defence Force Medical Advisory Committee from QOctober 15,
2003. Treatment followed strict protocols approved by Minisery
of Health and Medical Advisory Commiittee. Intravenous
epinephrine was given after initiation of CPR and initial
defibrillation (if appropriate) according to advanced cardiac life
support (ACLS) guidelines. Paramedics were given 2 attempts
or 2 minutes for successful intravenous placement at the scene.
If intravenous placement was unsuccessful, the protocol
emphasized not to delay transport any further but to transport
the patient. Another 2 intravenous attempts were allowed in the
ambulance en route. Only 1 dose of prediluted epinephrine
1:10,000 in 10 mL solution was given if intravenous insertion
was successful according to approved protocols.

Selection of Participants

Patients older than 8 years were included. Patients older than
8 years were considered suitable for automated external
defibrillator use, as well as the 1-mg dose of epinephrine used in
the study. Exclusion criteria were traumatic cardiac arrest
patients and those “obviously dead” as defined by the presence
of decomposition, rigor mortis, or dependent lividity.

Methods of Measurement and Data Collection and
Processing

Patient characteristics (age, sex, race, medical history),
cardiac arrest circumstances {(arrest location, witnessed,
bystander CPR, defibrillation, epinephrine given), ECG
rhythms, EMS response times, and outcomes were prospectively
recorded in a standard report filled out by EMS and EDs
according to the Utstein style.*’ ECG recordings were captured
using the Lifepak 12 (Medtronic, Physio-Control, Redmond,
WA) and subsequently verified by physician reviewers. EMS
timings were automatically recorded by the computerized
central dispatch system and ambulance automated external
defibrillators. All watches and automared external defibrillators

were synchronized with the central dispatch clock at the
beginning of each shift. Institutional review board approval was
obtained from all participating institutions.

Outcome Measures

The primary outcome measure for the study was survival to
hospital discharge, which was defined as the patient leaving the
hospital alive or survival to 30 days post—cardiac arrest,
whichever came first. Outcomes were obtained by hospital
medical record review or patient assessment by physicians in the
study ream. Functional assessment of survivors was performed
by reviewing physicians using standardized cerebral performance
category and overall performance category scores according to
Utstein guidelines.

Primary Data Analysis

For sample size, it was anticipated that the introduction of
epinephrine would improve the primary outcome variable
“survival to discharge” from the hospital from 1% to 5%. Using
a 2-sided test size of 5% and a power of 90% suggested that
approximately 450 patients would be needed in each arm. It was
anticipated that within the practical contingencies of the design,
the 1-year trial period without and 1-year period with
epinephrine would allow this number of patients to be
recruited.

Data management was carried out with the Clintrial
application software, version 4.2. All data analyses were
performed using SPSS version 15.0 (SPSS, Inc., Chicago, IL),
presenting descriptive statistics and frequencies. The
comparison between mean scene times for the 2 periods was
made with a # test. The comparison between the 2 intervention
groups for the binary variable “survival to discharge from
hospital” was made with logistic regression and expressed in
terms of the odds ratio (OR) and the corresponding 95%
confidence interval (Cl), an OR greater than 1 indicating an
advantage to the epinephrine group. In view of the low
prevalence of the outcome, this analysis was adjusted by a single
covariate (each in turn) from 4 of those suggested by Stiell
et al,?* that is, patient age, bystander witness arrest, bystander
CPR, response time, and presenting rhythm. In any event,
adjustment for thythm had the largest influence, and so this was
also used for comparisons between groups according to the
secondary endpoints of “survival to hospital” and “return of
spontaneous circulation.”

RESULTS
Characteristics of Study Subjects

From October 1, 2002, to October 14, 2004, 1,296 patients
were enrolled into the study, with 615 in the pre-epinephrine
and 681 in the epinephrine phase (Figure). One hundred
seventeen patients in both phases had trauma arrests, and these
were excluded.

Table 1 shows the characteristics of patients in pre-
epinephrine and epinephrine phases. Characteristics such as age,
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Eligibility criteria

attempted (n= 1413)

All patients
(n=1592)

>8 yrs
(n=1552)

SCDF
(n=1414)

Resuscitation

Non-trauma
(n= 1296)

Pre-epinephrine

= 615)

Allocation

Epinephrine
(n= 681)

:

:

!

Not Received Received
Epinephrine Epinephrine
(o= 37X) ,{n=303)
Rhythm Rhythm Rhythm
« VENVT (n=137) « VFAT (n=58) * VENT (n=67)
* Asystole (n=305) + Asystole (n=188) * Asystole (n=157)
» PEA {n=156) * PEA (n=121) * PEA (n=72)

!

!

Primary Outcome

« Survival 10 Discharge
(n=6)

Secondary Qutcomes

* Survival to Hospital
Admission (n=46}

« ROSC (n=110)

Outcomes

Primary Qutcome
* Survival lo Discharge
(n=10)

Primary Outcome
+ Survival to Discharge
(n=1)

td
« Survival to Hospital
Admission (n=28)
+ ROSC (n=62)

v O
« Survival to Hospital
Admission (n=23)

» ROSC (n=45)

l

Primary Outcome

* Survival to Discharge
n=11)

Secondary Outcomes

» Survival to Hospital
Admission (n=51)

+ ROSC (n=107)

Figure. Trial profile. SCDF, Singapore Civil Defence Force;
VF, ventricular fibrillation; VT, ventricular tachycardia; PEA,
pulseless electrical activity; ROSC, return of spontaneous
circulation.

race, witnessed by bystander, bystander CPR, initial rhythm,
EMS response times, and out-of-hospital defibrillation were
similar in both groups. There was a slightly higher incidence of
hypertension and “other” medical history in the epinephrine
group compared with the pre-epinephrine group. There was 2
minimal increase in scene time in the epinephrine phase (10.3
minutes versus 10.7 minutes; 95% CI of difference 0.02 to

0.94; P=.04).

Main Results

Table 2 shows the subgroup analysis for study outcomes
stratified by presenting rhythm, witnessed, bystander CPR, and
response time. Table 3 shows the functional status of survivors
in both phases.

Table 4 shows the comparison of outcomes in the pre-
epinephrine and epinephrine phases. There was no significant
difference in survival to discharge (pre-epinephrine 1.0%;

Table 1. Characteristics of patients in the pre-epinephrine and
epinephrine phases.

Pre-epinephrine  Epinephrine

Characteristics (N=615) (N=681)
Mean age, y (SD) 63.3 (15.5) 63.7 (15.5)
Male (%) 435(70.7) 456 (67.0)
Race
Chinese 421 (68.5) 483 (70.9)
Malay 97 (15.8) 101 (14.8)
Indian 73(11.9) 75 (11.0)
Others 24 (3.9) 22 (3.2)
Arrest location (%)
Residence 383(62.3) 431 (63.3)
Other 232 (37.7y 250 (36.7)
Collapse witness
By bystander (%) 350 ({57.0) 390 (57.3)
EMS witnessed (%) 59(9.6) 72 (10.6)
Not witnessed (%) 205 (33.4) 219(32.2)
Bystander CPR (%) 120 (21.6) 131(21.5)
Initial rhythm
Ventricular fibrillation (%) 134 (22.0) 120 (17.8)
Ventricular tachycardia (%) 3(0.5) 6(0.9)
Asystole (%) 305 (50.4) 345 (51.0)
Pulseless electrical activity (%) 156 (25.6) 193 (28.6)
Defibrillated (%) 156 (25.4) 162 (23.8)
Call receipt to vehicle stops, min (SD) 9.2(3.5) 9.1(4.3)
Call receipt to arrival at patient’s 11.6(3.8) 11.4 (4.7)
side, min (SD)
Vehicle arrival at patient’s side to 10.3 (4.00) 10.7 (4.4)
leaving location, min (SD)
Vehicle leaving location to arriving at 11.4(7.4) 11.4 (5.9)
hospital, min (SD)
Medical history
Heart disease 214 (42.4) 258 (44.8)
Diabetes 160 (31.5) 179(31.1)
Hypertension 184 (36.2) 257 (44.6)
Stroke 38(7.5) 46 (8.0)
Cancer 44 (8.7) 57 (9.9)
Others 73(14.4) 125 (24.7)
% actually received 1V epinephrine 0(0) 301 (44.2)

epinephrine 1.6%; OR 1.7 [95% CI 0.6 to 4.5], adjusted for
rhythm OR 2.0 [95% CI 0.7 o 5.5]). There was no significant
improvement in return of circulation (pre-epinephrine 17.9%;
epinephrine 15.7%; OR 0.9 [95% CI 0.6 to 1.2]) or survival to
admission (pre-epinephrine 7.5%; epinephrine 7.5%; OR 1.0
[95% CI 0.7 to 1.5}). Analysis of survival to discharge, adjusted
by a single covariate (each in turn), namely, by patient age,
bystander witness arrest, and response time, did not greatly
change the results. The 2 covariates that had the greatest effect
on the ORs (rthythm and bystander CPR) are shown in Table 4.

LIMITATIONS

Limitations of this study include that it was a before-after
clinical study and not a placebo-controlled, randomized study,
and thus results may be affected by secular trends. Variations in
postresuscitation care can affect survival to discharge status, and
variations between institutions or individual hospital providers
are difficult to account for. During this period, we were
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Table 2. Subgroup analysis for study outcomes.
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Table 3. Cerebral performance category/overall performance
category of survivors at 30 days in the pre-epinephrine and
epinephrine phases.

Pre-epinephrine Epinephrine

Petformance Categories (%) (n=8)* (n=11)
CPC 1 3(60.0) 8(72.7)
CPC 2 1(20.0) 1(9.9)
CPC 3 0 190
CPC 4 1(20.0) 0
CPC 5 0 1(9.4)
OPC 1 2 (40.0) 6 (54.5)
OPC 2 2(40.0) 3(27.3)
OPC 3 0 1(9.1)
OPC 4 1(20.0) 0
OPC 5 0 1(9.1)

CPC, Cerebral performance category; OPC, overall performance category.
*0One patient’s CPC and OPC are unknown.

unaware of any major change in ED protocols or in ICU
treatment. Nevertheless, it is possible that variations in
individual and hospital practice could affect the study results in
ways that are difficult to determine.

This study was performed in an EMS system that previously
did not use intravenous drugs and endotracheal intubation,
which differs greatly from the practice, for example, in North
American EMS systems. Thus, care should be taken when the
results are extrapolated to other EMS systems.

A related limitation is the relatively low rate of successful
intravenous drug delivery”™ during the epinephrine phase,
which may have been due to a variety of reasons. Intravenous
placement may not have been successful, because of ambulance
crew inexperience and our insistence on not delaying transport
for more than 2 minutes or 2 attempts at intravenous insertion,
after which “load and go” would be initiated. This practice was
reflected in that the scene time increased by only half a minute
during the 2 phases. However, nondelivery may also have been
due to the patient’s recovering a pulse after initial CPR and
defibrillation. Our protocols would not have allowed delivery of
intravenous epinephrine in those circumstances. Finally,
nondelivery may have also been due to noncompliance with
protocol, although we were unable to detect many instances of
this. '

Also, this study examined only the effect of a single dose of
epinephrine. No repeated dosing of epinephrine was allowed
according to protocols until after arrival at the ED. Also, no
other drugs usually given in ACLS, such as atropine,
amiodarone, or lidocaine, were given out-of-hospital in this
study, which differs from current EMS practice, for example, in
North America.

DISCUSSION

Epinephrine has been standard of ACLS care since its
inception. Before this study, there were few formal evaluations,
and there have not been any large-scale clinical studies that have
been able to demonstrate a survival benefit associated with the
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Table 4. Comparison of outcomes in the pre-epinephrine and epinephrine phases.

Adjusted for

Phase Unadjusted Adjusted for Rhythm Bystander CPR
Pre-epinephrine  Epinephrine
Outcomes (n=615) {n=681) OR 95% Cl OR 95% CI OR 95% CI
Survival to discharge/at 30 days 6(1.0) 11 (1.6) 1.666 (0.61-4.53) 1.975 (0.72-5.46) 1.843 (0.46-7.43)
postarrest (%)
Survival to hospital admission (%) 46 (7.5) 51(7.5) 1.001 (0.66-1.52) 0.983 (0.65-1.49) 0.991 (0.62-1.59)
Return of spontaneous circulation (%) 110(17.9) 107 (45.7) 0.856 (0.64-1.18) 0.810 (0.60-1.09) 0.739 (0.53-1.03)

use of epinephrine in cardiac arrest.”> This deficit may have be
due to the early, widespread adoption of intravenous
epinephrine as the standard of care for cardiac arrest in EMS.
Thus, it has been ethically difficult to justify any randomized
controlled trials comparing epinephrine and placebo in cardiac
arrest. A formal evaluation today would be impossible because it
is seen as standard of care and is ingrained in practice. Our
effort is notable in that it examines the effect of individual
interventions in a setting untainted by customary pracrice.

In Singapore, ambulance crews were not previously using
intravenous epinephrine in cardiac arrest, which gave us a
unique opportunity to obsetve any effect that introduction of
intravenous epinephrine in cardiac arrest protocols would have
on survival outcomes. In current clinical practice, such a study
would be possible only outside North America or Europe. In
this study, we were unable to show a significant survival benefit
with the introduction of intravenous epinephrine to an EMS
system. The limitation of this study is its setting in Singapore,
with relatively inexperienced rescuers.

Epinephrine is thought to aid resuscitation, mainly by its
a-adrenergic effects.***® However, the potential adverse effects
of epinephrine include decreased total forward cardiac output,
increased myocardial oxygen consumption, myocardial
dysfunction postresuscitation,”®>? and increased
intrapulmonary shunting.>>*3-> Postresuscitation, patients who
received greater than 15-mg cumulative dose had significantly
lower cardiac index, lower systemic oxygen consumption, lower
systemic oxygen delivery, and significantly higher systemic
vascular resistance index, higher lactic acid, and lower 24-hour
survival.?® Two studies, by van Walraven et al® and Roberts
et al,” have suggested that use of epinephrine is a strong early
predictor of mortality in cardiac arrest. However, these were
both retrospective, noninterventional studies. Weaver et al®
studied 199 patients in persistent ventricular fibrillation who
were given epinephrine or lignocaine and compared them with
historical controls given bicarbonate (not placebo). They found
no difference in the proportion of patients resuscitated with
either epinephrine or lignocaine and lower survival in both
groups compared to bicarbonate. Woodhouse et al” compared
high-dose epinephrine (10 mg), standard-dose epinephrine, and
placebo in cardiac arrest. This study showed no significant
difference in survival with high-dose or standard-dose
epinephrine or placebo.

In our study, we believe that care should be taken when
comparing outcomes according to whether epinephrine was
actually given or not (see the Figure) because intravenous
epinephrine may not have been given for a variety of reasons
during the epinephrine phase, as elaborated previously. In the
instance in which patients did not receive epinephrine because
of early return of spontancous circulation (and this group tends
to have better survival), this may give a “survival bias” to the
no-epinephrine group compared to the epinephrine group.
Thus, we advocate an intention-to-treat approach to avoid the
Van de Werf effect.?” Perhaps the survivors who actually
received intravenous epinephrine might be thought of as the
additional responders to those who would not have return of
spontaneous circulation after initial CPR and defibrillation
(Figure).

There was also a trend in the subgroup analysis (Table 2) to
suggest that the effect of epinephrine on survival might have
been greater in those with response times less than or equal to 8
minutes and those presenting with ventricular fibrillation,
although these were not statistically significant, because of
sample size. We believe that there is some evidence to suggest
that the effectiveness of any intervention in cardiac arrest is
closely linked to response times and presenting rhythm 323844
If EMS response times are long, it is unlikely that any
intervention will be able to show a difference in outcomes.

In conclusion, we were unable to establish a survival benefit
with the introduction of intravenous epinephrine to an EMS
system that previously did not use intravenous medications.
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Abstract

Epmephrme (adrenalme) and vasopressm have been by far the most commonly studled vasopressors m expenmental cardiac arrest Desplte
animal expenmental studies suggestmg 1mproved otcomes in expenmental cardiac arrést, clinical trials of pressor agents have failed to show
clear cut benefit from either vasopressit or epmephrme, although'few, if any, trials oompared pressor agents to'a placebo.

The action of vasopressors in the heart, partlcularly Bi-Adrénergic stiriulatiori; is associated with adverse’Cardiac effects ificluding post-
resuscitation myocardial dysfuriction, Worsening ventricular arthythmias, 4nd increasing myocardial oxygen consumption. ap-Adrenergic
agonists;‘in &xperimental studies, show great promise in'improving outcomes in experimental cardiac arrest, but have not beén studied in
humans. The combination of epinephrine and'vasopressin may be effective; but has been mcompletely stidied. Clinical trials of vasopressor

agents, which minimize direct:myocardial effects are needed.
©.2005 Elsevier Ireland Ltd., All rights reserved.
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1 Introductlon

Cardlac arrest remains a major health problem in West—
ern countries. There are an estimated 300,000 cardiac arrests
yearly in'the USA and Canada [1], and more and more

T A Spanish translated version of the Abstract and Keywords of this article
appears as an Appendix at 10.1016/j.resuscitation.2005.02.014.
* Corresponding author. Tel.: +1 416 864 5104; fax: +1 416 864 5104
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patients die of cardiac arrest in developing countries such
as China. The sine qua non. of successful.resuscitation is
prompt restoration of effective blood flow to-the meost vul-
nerable organs, the brain and the heart. Most out-of-hospital
cardiac arrests are caused- initially by ventricular fibrillation
(VF) [2], but the initial thythm found by EMS responders is
increasingly frequently asystole or pulseless electrical-activ-
ity (PEA) [3]. Limitations of current advanced cardiac life
support (ACLS) techniques include relatively low cardiac
output despite standard CPR [4,5], frequent shock resistant
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VF and “re-fibrillation” [6], and poor myocardial function
following.defibrillation or resuscitation, as a consequence of

cellular ischemia and acidosis during cardiac arrest. The lack . .

of rehable and SImple monitoring. tools for the efficacy of
continuous CPR partly constrains resuscitation strategy.

Vasopressors are believed to improve the outcome of <= 7.
 therapy and residual left ventricular function, organ damage
' as a tonsequence of the cardiac arrest, and drug effects or the

patients with cardiac arrest by i nnprovmg cardiac and brain

blood flow during CPR [7,8], increasing the abilify to restore

spontaneous circulation (ROSC), and increasing sponta-

neous organ perfusion post-resuscitation [9-<15].'Although' .

epinephrine has been used as a standard first-line drug in

cardiac arrest for several decades, it has not been shown to .
be superior to placebo in any chmcal tnal and has potentlal

adverse effects [4,5].

Vasopressin is an alternative vasopressor that has been
tested clinically and experimentally in cardiac arrest.
Interpreting the data regarding the effectiveness and relative
efficacy of epinephrine and vasopressin is complicated by

differences in the expenmental models, study des1gns, drug .

doses, clinical settings, and adjunctive theraples (16, 171,

especially in the different situations of the three main ,
categories of adult cardiac arrest (persistent VF, PEA and.,

asystole). There are no convincing. data that vasopressin is
superior to epinephrine in VF; however, other vasopressors,
not yet tested in humans, offer substantial promise. We
attempt to review the available data on vasopressors to place

into perspective their risks, benefits, and potential clxmcal ’

usefulness.

Understanding the potential roles of vasopressors also
requires a consideration of the specific role of pharmacologic
agents that act on vasoactive receptors. During experimental
and clinical cardiac arrest, endogenous catecholamine con-
centrations are extremely high; for example, in an animal
model of VF, interstitial fluid epinephrine concentrations are

increased to levels 170 times baseline pre VF levels [18]. Car-

diac B;-receptors, in particular, may be already maximally
stimulated by the time exogenous agents are administered,
usually after more that 10-15 min of no spontaneous circu-
lation in most EMS settings.

Vasopressors can lead to increased coronary perfus1on
pressure (CPP) during CPR by increasing coronary arte-
rial resistance and increasing the “diastolic” (during decom-
pression) pressure gradient between the epicardial coro-
nary arteries ‘and the right atrium. Increases in perfusion
pressure are presumably associated with increases in flow,
although pressure—flow relationships in this setting have not
been well studied. Improving cardiac blood supply not only
protects the myocardium from ischemic -damage but: also
may indirectly lower energy requirements for defibrillation
or-make refibrillation less likely. On:the other hand; the
direct action of $i=stimulation is to increase defibrillation
energy requirements [19-21]. In the case of PEA orasystole,
adrenergic stimulation can also increase impulse formation
directly.

Since the rhythm is frequently in transition from VF to
asystole/PEA and vice versa in many patients in cardiac

arrest, and VF reoccurs (“refibrillation”) in more than 50%
of episodes [6], the multiple effects of adrenergic stlmulatlon

-can be helpful in some states but not in others. For example,

it is likely that Bj-adrenergic stimulation promotes refibril-
lation in ischemic myocardium.
Long-term survival will depend on the interplay between

mediation of cell injury and death that become pertinent in

“+‘the “third phase” of cardiac arrest [22].

2. Epinephrine

'2.1. Epinephrine in experimental studies

Epinephrine is a mixed adrenergic agonist, ac'ting"'en

a- (oq and o) and B- (B1 and PBy) adrenergic Teceptors.
'The important actions of epi R
) medlated by the a—adrenerglc propertles Epmephnne
_increases . CPP, via, systemic _arteriolar. vasoconstriction,

inephrine for YOSC are mostly

which  maintains - peripheral vascular .tone and . prevents

-arteriolar collapse. Aortic diastolic pressure can be.increased

by any potent a-adtenergic agonist [23]. = e

If initial ‘defibrillation has failed, the* ACLS and ALS
guidelines for ‘CPR' recommend - pefiodic ‘intravenous
administration of epmephrme [4,5]. Durmg prolonged
cardiac arrest, CPP ‘and forward blood flow aré the major

- determinants- of successful resuscitation. When CPP is too

low, successful resuscitation is unlikely. When the CPP
is marginal, resuscitation may be possible; however, 24 h
survival is unlikely [24]. When CPR is able t& generate CPP
above 30 mmHg, as reflected in an adequate end-tldal CO3,
the 24 h survival rate is greatly 1mproved [24]. .

In contrast to the a-receptor effects, B-receptor stim-~
ulation may haye a.deleterious effect [25]; B-adrenergic
stimulation increases the oxygen consumption. of the fibril-

. lating myocardium, reduces: subendocardial perfusion [20],

and is associated with poorer post—resusc1tat10n myocardlal
function [26].

The (-antagonist esmolol admmlstered 1mmed1ate1y
following defibrillation, but before CPR, improved ROSC
and 4h survival after prolonged VF in pigs. Esmolol
may protect from cardiac cytotoxicity caused by.:Bi- and
Bo-stimulation in the setting of the high catecholamine
concentrationsseen during cardiac arrest [18]. Ditchey et
al. [27] found Bj-blockade may result in increases in CPP
during experimental cardiac arrest. However, Hilwig et
al. [28] investigated the effect of intravenous P-blockers
given during CPR after 1 min of untreated VF, followed by
6 min of basic life support, in combination with g variety
of adrenergic agonists including standard dose epinephrine,
high dose epinephrine, and phenylephrine, for their effects on
long-term survival in pigs. There was no survival advantage
to adding: B-blockade during the performance of CPR to
treatment with a variety of vasopressors.
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Both aj- and B-adrenergic ‘agonists increase the severity
of global myocardial ischemic injury; «j-agonists increase
myocardial oxygen demands [29] and therefore may increase
the severity of post-resuscitation myocardial dysfunction.
aj-Adrenergic agonists may have other.deleterious: effects,
causing intramyocardial coronary arteriolar vasoconstriction
with the potential of further reductions in.myocardial bleod
flow. The effects of .-adrenergic stimulation in; clinical
cardiac arrest are not clear. Pearson and. Reddmg and
Roberts et al. compared the effects of :epinephrine with
those of a selective oj-agonist, methoxamine, in the setting
of VF in dogs [30,31]..In contrast to the hypothesis. of
potential harm from «aj-adrenergic stimulation, they found
that. methoxamine significantly increased .myocardial and
cerebral blood flow during: CER compared to epinephrine,
and was associated with significantly improved . post-
resuscitation cardiac output and syrvival when compared with
epinephrine.

In contrast to o;-adrenergic receptors, no az-adrenergxc
receptors have been identified in the myocardium [32]
Pellis et al. [33] hypothesized. that combined - and -
adrenergic blockade would improve initial resuscitation and
post-resuscitation myocardial and neurclogical functions.
They randomized pigs toreceive central venous injections of
equipotent pressor doses of (1) epinephrine; (2) epinephrine
in- which both ai- and B-adrenergic effects were blocked
by previous administration -of prazosin-and  propranolol;
and (3) vasopressin, during CPR:: Following epinephrine,
significantly better cardiac output and neurological function
was observed after defibrillation in the a;- and B-adrenergic
blockade group. They -concluded that “equipotent pressor
doses of epinephrine, epinephrine combined with «- and B-
adrenergic blockade, and vasopressin were equally effective
in achieving ROSC after prolonged VF. However, combined
oy~ and B-adrenergic. blockade, which would result:in a
predominantly selective . az-vasopressor .effect, . resulted
in improved post-resuscitation cardiac and ‘neurological
recovery” [33]. Another animal experimental study using
a-methylnorepinephrine, a:selective o-adrenergic agonist,
showed significantly: fewer post-resuscitation :ventricular
arrhythmias and better post-resuscitation myocardial -func-
tion than after epinephrine [34]. When the ay-actions of
epinephrine were blocked with yohimbine, the therapeutic
benefits of epinephrine were diminished [34].

Post-resuscitation myocardial function after epinephrine
and a-methylnorepinephrine were compared in a
swine model of cardiac arrest due to VF [20].: Either
a-methylnorepinephrine (100 wg/kg) or  epinephrine
(20 pg/kg) was administered as. a bolus after 7min of
untreated VF and 2 min of CPR. After an additional 4 min
of precordial compression, defibrillation was attempted.
All animals were successfully resuscitated; epinephrine
and a-methylnorepinephrine were equally effective in
achieving ROSC. However, ejection fraction was reduced
by 35% by epinephrine from baseline and only 14% by
o-methylnorepinephrine (P < 0.01).

These experimental observations have not been validated
in humans, and epinephrine remains as the adrenergic agent of
first choice in the international ACLS guidelines [4 516,177

2.2, Clmzcal studzes uszng epmephrme

Although epmephrme has been used asa standard ﬁrst-hne
drug in cardiac arrest for several decades.[4,5,16,17], there is
no'good evidence to show that it improves outcome in humans
[4,5]. Furthermore, the optimal dose (assuming any; dose is
beneficial) of epinephrine for the three main categories of
adult cardiac arrest (persistent. VF, PEA and asystole), has
also not yet.been definitely determined. . .

No randomized clinical studies. have compared standard
dose epinephrine to placebo in cardiac arrest. In a small ran-
domized trial, high dose (10 mg) epinephrine was not superior
to placebo (immediate. survival of 29% with epmephrme

42% with placebo, P=NS), although more patients: con-
verted to sinus rhythm or ventricular tachycardia (VT) with
epinephrine (26%. versus.12%, P=0,01). [35]. In the same
study, a historical control group treated with 1 mg epinephrine
had “immediate survival” of 50%, not different from placebo
[35).

In a. randomized but not blmded comparison of
epinephrine (0.5mg) to lidocaine (100 mg) in 199 patients
with pre-hospital VF [36], the outcomes were similar with
respect ; to survival, although- significantly more patients
treated with lidocaine developed asystole (25% versus 7%,
lidocaine and epinephrine, respectively, P < 0.02).. Resusci-
tation success, but not survival rates, were higher during the
prior 2-year period when sodium bicarbonate or no.drug ther-
apy was administered after failed defibrillation. The authors
concluded that “currently recommended doses of epinephrine
and lidocaine are not useful for improving outcome in patients
who persist in VF” [36].

Herlitz et al. [37] compared outcomes.in 417 patients
with out-of-hospital VF who received epinephrine to 786
patients who received no.epinephrine (the EMS personnel in
attendance were not authorized to administer epinephrine).
Among those successfully defibriliated, admission to hospital
alive was the same in the epinephrine treated patients ver-
sus controls (36%. versus 36%), but hospital discharge rates
were higher in the no epinephrine group (12% versus 19%,
respectively). Using a different study design, van Walraven et
al. [38] performed multivariate analysis on factors associated
with improved or worse outcome after:in-hospital cardiac
arrest in 773 patients. After controlling for patient variables
(etiology, rhythm) and other treatment factors, epinephrine
administration (compared to no epinephrine) was still asso-
ciated with a lower probability of successful resuscitation.

A Swedish study related out-of-hospital cardiac arrest
results to whether epinephrine was given and whether
patients were intubated {39]; 10,966 patients with cardiac
arrest receiving CPR were included. Survival was defined
as survival 1 month after cardiac arrest. Epinephrine was
given in 42.4% and 47.5% were intubated. Treatment with
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epinephrine and intubation were associated with a lower sur-
vival when all patients were evaluated. Among patierits with
bystander witnessed cardiac arrest found in VF and requir-
ing more than three defibrillatory shocks, neither treatment
with epinephrine nor intubation was associated with higher
survival rates. Among patients with a non-shockable rhythm,
treatment with epinephrine was a significantindependentpre-
dictor for lower survival (OR 0.30, CI 0.07-0.82). Neitherin
the total nor in any subgroup did they find results indicating
beneficial effects of either of these two interventions [39].

A meta-analysis of studies comparing standard (1 mg or
0.02 mg/kg) versus high dose-(5—~15 mg) epinephrine (3199
patients received high dose and 3140 patients received stan-
dard dose), failed to demonstrate a significant beneficial effect
of high and/or escalating dose of epinephrine for hospital
discharge [40]. Although ROSC tended to:be: higher after
the high dose, there was a tendency -for greater in-hospital
attrition- after the higher dose [40]. These trials likely suf-
fer from bias in that patients with longer arrest duration and
poorer prognosis -aré almost certainly more likely to receive
epinephrine. However, the accumulated evidence does not
suggest (although does not rule out) that epinephrine is likely
to be beneficial in out-of-hospital cardiac arrest in patients. -

Babbs et al. [41], considering the evidence detailed above,
concluded that a high initial intravascular dose of epinephrine
in victims of cardiac arrest may increase CPP and: ROSC,
but'may also exacerbate post-resuscitation myocardial dys-
function.- They suggested that high doses of'epinephrine do
not improve long-term survival and neurological outcome,
and may:cause harm, and that routine use ‘of high doses of
epmephnne is not recommended [41]

3. Vasopressin
3.1. Vasopressin in experimental studies -

Vasopressin is an endogenous pressor peptide, which has
pharmacologic properties that seem well suited to use as an
adjunct to resuscitation. Theoretically vasopressin is a desir-
able vasopressor foruse in cardiac arrest and CPR, producing
selective vasoconstriction of resistance vessels in non-vital
tissues whilst preserving blood flow to vital organs mcludmg
heart and brain [42].

‘Endogenous vasopressin levels wete found to be higher
in survivors of cardiac arrest than in patients who died,
suggesting that vasopressin could be beneficial in cardiac
arrest [44,45]. The effect of vasopressin on cardiac arrest
and CPR in animal models has been extensively investigated
[11-15,43]. In a porcine open-chest CPR model, blocking
endogenous vasoptessin resulted in poor CPP and left ventric-
ular myocardial blood flow. In comparison, pigs with effec-
tive endogenous vasopressin and additional exogenous vaso-
pressin had good left ventricular myocardial blood flow and
survived the 1h post-resuscitation phase [11]. In adult pigs
with VF or post-countershock PEA, vasopressin improved

left ventricular myocardial blood flow, cercbral blood flow
and resuscitability, and neurologmal recovery better than
epinephrine [9-15].

In a* meta-ana1y51s [46] of human and ammal trials
comparing’ vasopressin with epinephrine or placebo in
the managemient of cardiac arrest, 33 animal experimhents
(totaling 669 animals)- were examined. Intravenous vaso-
pressin dosage was 0.2-0.8 U/kg, epinephrine dosage was
0.03-0.2mg/kg. In animals with VF, vasopressin appeared
superior to both placebo and epinephrine in achieving ROSC
(P <0.001). Subgroup-analysis showed vasopressin was asso-
ciated with significantly higher rate of ROSC in comparison
to: epmephrme (ROSC;:P<0.001), but was not significantly
superior to epinephrine iri the subgroup of non-VF cardiac
arrest (P=0.16). In a pediatric porcine model of asphyxial
cardiac arrest, epinéphrine was superior to vasopressin with
réspect to left veniricular myocardial blood flow and ROSC
[47] Co
Cardiovascular . adverse effects of vasopressin in humans
were first reported in 1947 [48). Other adverse éffects
reported include transient. ischemia, transmural myocardial
injury without infarction;  acute myocardial infarction and
ventricular ‘aithythmias including VF [49]. In’ contrast to
epinephrine, which induces potent platelet aggregation, espe-
cially in‘high doses [50], vasopressin has no effect onplatelet
aggregation ' [50], althoughthere are conflicting studies
[51;52]. However, vasopressin and 'its:analogue desmo-
pressin induce ‘coaghldtory activity in healthy individuals,
in patients with haemophilia [51], renal and hepatic disease
[54], and after cardiac. surgery [53]; Whethier vasopressin
promotes clinically relevarnt. procoagulant effects” during
cardiac arrest is currently unknown and must be examined in
future studies, especially since thrombolysis in-cardiac arrést
appears to increase the rate of ROSC [52]. Persistent vasocon-
striction resulting in an increased systemic resistance in the
post-resuscitation period could be detrimental. In a pig model
of prolonged VF, vasopressin use during CPR:resulted in
worse post-resuseitation left ventricular function compared
to epinephrine; although it did not compromise 24 h outcome
[55]. The morbidity associated with vasopressin has led to the
investigation of synthetic analogues, such as terlipressin [56]:
Vasopressin has a longer half-life than epinephrine (1020
min versus 4 min) and rémains effective during acidosis.

3.2.: Clinical studies with vasopressin

ACLS guidelines recommend vasopressin as a “class IIb
intervention” (acceptable, not harmful, supported by fair evi-
dencg); in the treatment of VF or pulseless VT refractory to
defibrillation [4,5]. The initial recommended dose is 40 TU
intravenously.

A small out-of-hospital trial [56] of 40 patients showed
that vasopressin was superior to epinephrine, but a larger
in-hospital trial of 104 patients failed to show any signifi-
cant difference in clinical outcomes between vasopressm and
epinephrine [57,46]. :
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In a more recent multicenter trial, 1186 adult patients,
with out-of-hospital cardiac arrest due to VF, PEA, or asys-~
tole requiring CPR ‘and vasopressor therapy were randomly
assigned to receive either intravenous vasopressin (n7=589)
or epmephrme (n=1597) [7]. Open label epinephrine was
used, after study drug, if deemed necessary..The effects of
vasopressin were similar to those of epinephrine in the man-
agement of VF dnd PEA, but vasopressin was superior to
ep1nephr1ne inasystolé (29.0% hospltal admission with vaso-
pressin, versus 20.3% with w1th epmephrme, P=0.02. and
4.7% hospital discharge with vasopressin, versus 1. 5% with
epinephrine, P=0.04). Thus; vasopressin may be a better
option than epinéphrine for patlents with asystole, who nor-
mally have the worst chance of surv1val of alt patients ‘with
cardiac arrest.

.. Aung and Htay [58] performed a meta-analysis of vaso-
pressin trials in cardiac arrest:: They concluded that ‘there
is no clear advantage of vasopressm over epmephrme in the
treatment of cardiac atrest’, Unfortunately, such an analys1s
does not answer the question whether either drug 1s superior
to placebo, or if there are subgroups (for example, asystole)
for which vasopressin may be superior. -

3.3. Epinephrine combined with vasopressin

In experimental models of 'VF, epinephrine combined
with vasopressin resulted in a moré rapid rise in CPP {59],
higher levels of left ventricular myocardial blood flow
during CPR [60], and h1gher resuscitation Tates, compated to
epinephrine or vasopressin alone [60,61], However, cerebral
blood flow was decreased significantly by the combination
compared to vasopressin-alone in -adult pigs [62]. In piglets,
both vasopressin alone and the combination of epinephrine
with vasopressin, but not epmephrme alone Jimproved
cerebral biood flow durmg CPR [63].

In a clinical retrospective -out-of- hosp1ta1 cardlac arrest
stiudy, 231 patients received epinephrine only and 37 patlents
received a combination of epinephrine with Vasopressm [81.
When asystole was the initial rhythm ROSC was more com-
mon for the combination group (6/15, 40%) than for subjects
in the epinephrine-only group (17/127, 13%), whereas ROSC
did not differ between groups when VF or PEA' was the
initial thythm [8]. In a secondary analysis 'of the study by
Wengzel et al. [7], a rhinority of the patients received two
doses of initial study drug (vasopressin or epmephnne) and
open label (additional) epinephrine. ROSC was more com-
mon for the group randomized to vasopressin and receiving
subsequent epinephrine (137/373,36.7%) than for subjects in
the epinephrine-only group (random1zed to epinephrine and
receiving further epinephrine) (93/359, 25.9%; P=0.002);
the rates of survival to hespital discharge were significantly
higher among patients who were treated with vasopressin and
epinephrine, than among those who were treated only with
epinephrine (23/369, 6.2% versus 6/355,1,7%; P= 0.002).

Vasopressin has greater activity than epmephrme underthe -

hypoxic and acidic conditions of a prolonged cardiac arrest

[15]and the V; receptormediated vasodilatory effect of vaso-
pressin may improve the end-organ hypoperfusion that results
from multiple doses of epinephrine. The combination of the
two agents may limit the -dose of either agent and reduce
the risk of unwanted end-organ hypoperfusion and dysrhyth-
mia [8], Vasopressin decreases endogenous catecholamine
plasma concentrations, possibly:contributing to the apparent
usefulness of the combination of epinephrine and vasopressm
during asystole [64].

Applying the above ﬁndmgs, Krtsmer etal. [65] suggest a
pressor regimen of 1mg of epinephrine first, followed by 40
U of vasopressin alternating with 1 mg of epinephrine every
3 min, regardless of the initial electrocardiographic rhythm.

4. Summary

Thé " vast litérature’ accurnulated ‘'on’ vasopressors  in
cardiac arrest is difficult to interpret. This is in part becausé
of the large variety of animal models of cardiac arrest; the
differences between the pathophysiological mechanisms of
cardiac arrest in animal experiments and in humans, and the
complexity of the “trajectories” of cardiac arrest in humans
(involving multiple transitions.between VF, asystole, and
PEA), a situation unlike that in the typical animal studxes [6].
As there are multiple mechanisms for cardiac arrest; expect-
ing one drug to be-suitable for all cardxac arrests may not be

approprlate

One other important reason for the potentlal lack of apph-
oab111ty of many animal expenmental studies to the clinical
setting of out-of-hospital cardiac arrest isthat CPR, .in
humans, is often not performed or poorly performed. Recent
clinical studies have highlighted the ificonsistent, and gen-
erally poor performance of CPR in out-of- hospltal cardiac
arrest, even when performed by expert personnel [66]. Drugs
such as epmephnne and vasopressin, for which benefits, in
experimental models, are largely due to improved coronary
blood flow during CPR, may apply 1mperfectly to the typical
chmcal setting of bas1c and advanced cardiac life support.

Perhaps because ofthese factors, decades of research using
epinephrine have been unable to demonstrate a clinical bene-
fit, and have indeed suggested harm, at least at higher doses.
To the extent that epinephrine is beneficial, it appears to
be largely due to its aj-agonist actions, with the B1-actions
likely to be harmful. ‘

- Vasopressin, for its part, although theoretically and. exper—
imentally attractive as a vasopressor; has not been validated
as an effective vasoptessor in clinical trials:

Given the poor correlation between animal experlmental
and human clinical trials with vasopressors, it is imperative
that large scale randomized controlled clinical trials of vaso-
pressors be undertaken. Alternative vasopressors or combina-
tions of drugs are clearly needed. New vasopressot agents or
combinations are likely to show optimal efficacy if, and only
if, CPR is optimized by minimizing “no compression time”
[66] and by preventing excessive ventilations [67], which
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diminish effective coronary and brain blood flow during CPR.
A clinical trial of effective az-agonists, or “broad spectrum”
adrenergic agonists combined with beta blockers and alpha
agonists; or a combination of relatively Tow dose epinephrine
and vasopressin (such a trial is currently underway) seem
to be a good beginning for controlled trials of vasopressors
in human out-of-hospital cardiac arrest. Collaborative group
efforts, such as made possiblé by the Resuscitation Outcomes
Consortium [68] seem the ideal research’ environment: for
such trials to be conducted. Despite: decades of disappoint-
ment, it is premature to dlspense with vasopressors in cardlac
arrest. - : » :
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Vasopressin versus epinephrine for inhospital cardiac arrest:

a randomised controlled trial

BT R

lan G Stiell, Paul C Hébert, George A Wells, Katheririe L Vandemheen, Anthony S L Tang, Lyall A'J Higginson,

Jonathan F Dreyer, Catherine Clement Erica Battram, Irene Watpool Sharon Mason Terly Klassen, Brian N Wertzmén

5ummary

Backgmund Survival rates for cérdiac:arrest pati,éht‘s,i _bdth. m '

and out of hospital, are poor. Results of a previous :study
suggest better outcomes for patlents Areated with vasopressm
Our aim was to compare the effectlveness and safe{)\/‘ of these
drugs.for the treatment of in-patient cardiac arrest.. ..

Methods We did a tripleblind . randomised, trial ..in  the
emergency. departments, critical care units, and wards. of three
Canadian teaching hospitals. We. assigned adults who  had
cardiac arrest and required drug therapy to receive one dose.of
vasopressin 40 U or epinephrine 1 mg intravenously, as the
initial vasopressor. Patients who failed to respond to:the. study
intervention were given epinephrine as .a.rescue medication.
The primary outcomes - were .survival. to hospital. discharge,

survival to 1 h, and neurological function. Preplanned subgroup ...

assessments included, patients with myocardial ischaemia or
infarction, initial cardiac rhythm and age

Fndmgs We aSS|gned 104 patlents to vasopressin and 96 to

epinephrine. For patients. receiving vasopressin or epinephrine
survival did not differ for hospital discharge .(12.[12%] vs 13
[14%], respectively; p=0-67;.95% Cl for absolute increase in
survival ~11-8% to.7-8%)-or for 4 h survival (40 [39%] vs 34
[35%]; p=0:66; —10-9% to 17-0%); survivors: had. closely
similar median mini-mental state examination -scores (36
[range 19-38] vs 35 [20-40]; p=0-75) and median.cerebral
performance category scores (1 vs 1).

Interpretation We failed to detect any survival zadvéntajge for .

vasopressin over - epinephrine. We cannot recommend  the
routine - use of " vasopressin for. .inhospital . cardiac - arrest
patients, and disagree with -American Heart: Association
guidelines, which recommend vasopressin as alternative
therapy for cardiac arrest.

Lancet 2001; 358: 105-09
See. Commentary page 85
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Introduction ..

- There are an estlmated 300 000 cardlac an'ests yearly in

patients in hospital throughout Canada and USA.' We have

previously recorded® that the survival rate of hospital .-

patients who required epinephrine was only 6%. Results of
clinical trials have failed, to, show_improved survival with
high doses of epinephrine -and other. adrenergic .agents

. (phenylephrine and- methoxamine). Because of the high

drug.concentrations required and the potential side-effects
of adrenergic agents, non-adrenergic vasoactive drugs arte
sought to maintain vascular tone and blood ﬂow during
cardiac arrest..

Several laboratory and chmcal studles have documented
high concentrations.. of endogenous ' vasopressin, ,Adunng
cardiac arrest.** Additionally, Lindner and colleagues’®
showed that argining: vasopressin. increased arterial and
coronary pressures as well as myocardial and cerebral blood
flows. compared with standard doses of epinephrine in..
experimental models .of cardiac arrest. In two small case
series,® patients. failed standard epinephrine therapy but
survived.. after. receiving vasopressin., In one randomised
controlled clinical trial,*the investigators compared the effect
of 40 U vasopressin with 1 mg epinephrine in 40 prehospital

patients who _had not responded to three countershocks. - .
Compared with epinephrine, the group - that received ..

vasopressin had a 50% increase in the number of admitted
patients and a 66% increase in patients alive at24h. . .

The American. Heart Association (AHA) Advanced
Cardiac Life Support (ACLS) guidelines’ recommend
vasopressin -as an alternative to epinephrine for treatment .
of cardiac arrest. This recommendation could lead to use;
of vasopressin. for millions of cardiac arrests. worldwide.
We did a randomised controlled clinical trial of vasopressin
or epinephrine as the initial vasopressor, to compare
survival outcomes and safety for patients who had cardiac
arrest in hospital. . .

Methods

Patients

We did .our study in the emergency departments, cntlcal
care units, and general wards of two tertiary-care hospitals
affiliated with the University of Ottawa, Ottawa, Canada,
and with one tertary hospital affiliated with the University ..
of Western Ontario in London. Patients were eligible if they
were admitted to hospital, had a cardiac arrest, and required
epinephrine according to AHA ACLS protocols for asystole, . .
pulseless electrical activity, or refractory ventricular
fibrillation. We excluded patients who: were younger than .

- 16 years; had a documented terminal illness (life expectancy

<6 weeks) or do not resuscitate status; were admitted to
hospital less than 24 h after traumatic injury; had a cardiac
arrest secondary to obvious exsanguination such as ruptured
aortic aneurysm and massive gastrointestinal bleeding; had a
cardiac arrest before arrival at hospital; had been previously
entered into the study; or had a cardiac arrest in the
operating, recovery, ot delivery rooms. Informed consent
was not obtained because the experimental treatment had
to be given urgently. The research ethics committees of the
participating hospitals approved the study.
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Study protocof

We did a'tnp e-blmd randormsed controlled jrial in wh1ch‘
patients-who had-a cardiac ‘arrest-received one dose of -
vasopressin or epinephrine, which was given at thé outset of * '

resuscitation. All patients- who- failed to respond to initial

drug administrationi received, as téscue therapy, standard -

doses of epinephrine every 3-5 min. Study drugs were
randomly distributed to-all cardiac arrest carts in all
designated study areas. The distribution of study drugs on
the cardidc arrest-carts was done by consecutive allocation
from a computer-generated random listing stratified” by
centre and prepared by the data coordinating centre.

A patient was judged as randomly as51gned after the study-
¢ cardidc arrest

packagé Was opened. Once opened
box was returned to the hospltal pharmacy and ‘another

study box was . released in  the -appropriate sequence -

according to .the ‘randomisation schedule. Allocation, of
patients was therefore based on the random occurrence: of
cardiac arrests in specific locations and on the random

allocation.of study drugs. We successfully used this progess .

in previous clinical trials,>"

We treated all patients, accordmg to' the' ACLS protocols
recommended by the AHA,".and the study was supervised
by senior medical residents on the wards.and critical-care

units and staff physicians in the emergency departments.
We gave. patients one ‘intravenous :dose of vasopressin

(40 U) or- epinephrine (1. mg) at-the. point in standard , :

ACLS protocols at which.epinephrine was.first indicated. If
there was no-return of pulse after this initial dose, panen_ts

in both groups received intravenous epinephrine 1 mg every . i
3-5 min, We did not give drugs via the endotracheal tube. ,

All drugs were prepared by the pharmacy.of the Ottawa
Hospital in :identical : preloaded 10 'mlL - syringes:
Concentrations- of vasopressin and epinephrine, measured

by high performance liquid chromatography, were at.least . »
98% of-original values dunng 2 months.of storage.at room -

temperature. . Study syringes .were .packaged in special

cardiac-arrest trays and boxes at- muIUple sites throughout_

the study hospitals.

Before the start of the. tnal we - 1nsuucted all nursing, W
d medical staff about the rauonale for - . ..
the study and the protocol, by a series of rounds and teaching .

respiratory therapy, an

sessions. All new.staff were instructed on study procedures.
Once enrolment was underway, the research nurses, at the

study institutions attended the arrests .or. contacted :the ..

physician in charge to assess compliance with protocols. ..

Our primary outcome was;the continuous presence ;0f a
measurable pulse and blood pressure for at least 1 h from . ..

the time resuscitation was discontinued, irrespective of the

need for vasopressor or antiartythmic treatments. Patients.

who arrested . again were not.randomised .a second time.
Ascertainment of survival at 1 h was done from the cardiac-.
arrest record by the research nurses, hospital investigators,

and the study co-ordinator who were unaware of treatiment .

allocation. . Secondary . outcomes . -included survival - to

hospital discharge, defined -as leaving the -acyte-care, .. .
.~.detect a 20% absolute difference i in survival -to 1 h. Our

institution: alive, and neurological function: measured with.
the modified mini-mental state examination (MMSE)"* and
a five-point scale “of" cerebral -performance’ assessed at

hospital” dlscharge We also ascertained the returni ‘of

spontaneous circulation, defined - as - the -documented-

presence of a measurable plilse and blood pressiire at any

time after administration of the study ‘drug, and the:

frequency of adverse events including tachyarrythmias,
uncontrolled hypertension, and mesenteric infarction.

Statistical analysis
Because the results. of the only other randomised trial of
vasopressin, which enrolled only. 40 . patients, were for

| Characteristic Eplniephrifie (n
Age (mean [SD]) (years . r04)

Sex i
Male 65 (63%) 61 (64%)
Female 39 (37%) 35 (36%)
Hospital
Ottawa Clvic - 81 (59%) 50 (52%)
Ottawa General 32 (31%) 34 (35%)
Victoria 11 (11%) 12 (13%)
Location of cardlac amest '
Emergency department: 17 (16%) 21 (22%)
Icu/ccy 17 (16%) - 26 (27%)

P ‘Ward 69 (66%) 46 (48%)

i Qther 1 (1%) 3(3%)
Witnessed cardiac antest .- s1(7s%) . .. 8tigaw
Initial thythm PRSI RN

«Ventricular fibrillation 21 (20%} 15 (16%)

“Ventriculartachycardia =3 (3%) o 3@% L
Pulseless electrical activity, - . .. 43.(41%) ..B2(54%) ..
Asystole o 35(34% T8 2mm
Cther Caw T b
‘Suspected causeofcardiac armt LT T i
Myocardlal Ischaemla or Infarctlon 32 (31%)° '33(34%) '

**Respiratory -- : 10 (10%) - 14 (14%) -

- Pulmonary embolism 5 (5%) 3(3%) ..

- Sepsis e .5.(5%)
Lethal arrhythmla T 2(2%)

" 'Metabotic 4(4%)

Congesttveheanfaimre < 3(3%)

- | Unknown [ 26 (27%) -
Other i v 19(18%) S 9(9%) ..
-:Current diagnoses® - - RIS
ischaemic heart disease 34 (33%) 33(34%).
Circulatory disease 35 (34%) . A4 (46%)
Postoperative event * 36 (35%) |21 (22%)
Respiratory disease '/ 13 (13%) */ 113 (14%)
Digestive disease:’ - i 14 (13%): o T (7%

_ Genitourinary disease . . 5(6% . 10 (10%)

. Neoplasm ) J15(14%) 12 (13%)

: Paetmedlcaldlagnoses* it L
Neoplasm 21 (20%) 18 (19%)
Diabetes mellitus 25 (24%) 24 (25%)

- ‘Hypertension 26 (25%) 32(33%)

:Ischaemic heart disease. ~52-(50%) . i 46(48%)

- Circulatory disease . 4B (46%) . ., - i52.(54%). ,
Respiratory diseése . 27 (26%) . 29 (30%) . .
Necropsy . o e i), 29(28%)., - 34(35%) .. .. .

;- *Patients mlght have had more Than one: dlagnosls ICU-lntensrve care unit,:
1 GCU=critical care unit. ., ., - . . ‘

Table 1: Baseline characterlstlcs

>l o

patients not admltted © hospltal our study was desxgned as

-a preliminary. assessment .of yasopressin for, survival. after;

inhospital: cardiac . arrest. As, such, our study.was:not

v‘:«‘,designed to have adequate power to detect clinically
meaningful absolute differences in sutvival in the range

1-5%. Based on the 1nhosp1tal results of a trial of high-dose
epmephrme and the Ontario- trial of active: compression-

.decompression,!® we estimated baseline survival at 1 h to be
-30%. Assuming a two-sided alpha of 0-05 and a power of

80%, a total safmple size of 200 patlents would allow us to

protocol had a carefully laid out q;sgxpuon of what results
would constitute an important trend favouring vasopressin

“and would therefore justify la{gexi and more expensive

clinical trials.

An adjudication committee, unaware of treatment ‘

allocation, assessed:pauents who were randomised but who -

did not meet the inclusion :criteria (eg, respiratory arrest
only or ventricular fibrillation not requiring epinephtine),
ot had clear exclusion criteria. Patients judged ineligible
were not included in the final analysis. Eligible patients not

randomised.and ineligible padents excluded post hoc.were.

compared with those included in the analysis. All survival
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chalacterlsﬂe .~ Vasojiressin (n=104)  Epinephri
Time to treatment (mean [snn (min) : ‘ ;
Collapse to CPR 1.9 (2:8) 14 (1 3)
CPR to ACLS 1.3 (2-3) 14 (2:0}
Duration of CPR 234 (18:9) 214 (19:2)
Duration of ACLS 221 (19:0) -20-3(19-3)
ACLS to study group 35 {46) 3.0 (4-2)
Drug administration | .
Additionat epinephrine 90 (87%) 79 (81%)
Atropine 87(84%) - 81 (85%)
Sodium bicarbonate 39 (38%) 33 (34%)
Calcium 26 (25%) 24 (25%)
Lidocaine , 23 (22%) 27 (28%)
Bretylium ) 8(8%) 4 (4%)
Procainamide o L1(1%) Lo A(a%) .
PR: diopul y itation, ACLS=ad! d cardiac life support.

Table 2: Treatment characteristlcs

rates including survival at 1 h, ‘survival to hospital
discharge, and the return of spontaneous circulation and
rates of adverse outcomes were compired by an unadjusted
x? test. Furthermore, 95% CI around-the- absolute increase

categories and the modified MMSE were compared with
the Wilcoxon rank-sum statistic.
Before the study, we decided to compare survival

outcomes in clinically important. subgroups, including

initial rhythm at time of advanced; life-support, age older
and younger than 70 years, and cause of cardiac arrest,
including myocardial ischaemia or infarction, respiratory,
&c. Two investigators (IGS, PCH) unaware of treatment
allocation, assessed all clinical * records including

electrocardiogram _ and necropsy reports to ascertain

whether the initiating cause of arrest could be attributed to
myocardial ischaemia or infarction. Fisher’s exact test was
used for all comparisons of subgroup survival rates.
Absolute p values and 95% CI are reported as appropnate
We made no corrections for multiple compansons

Resuits

From July 3, 1997, to Nov 30, 1998, we enrolled and
successfully followed up 200 patiehts (figure). During the
trial, a further 50 eligible patients were not entered into the

study by, attending clinicians because of the urgency and_

stress of treating an immediately life-threatening condition.
Clinical and demographic characteristics of these individuals
were closely similar to those of *the enrbled patights.
Furthermore, 74 ineligible panents received the study drug
and were excluded afterwatds for’ 'the: following predefined
exclusion ' criteria: - prehospltal cardlac arrest (n=50),

exsangumauon (exght), mcorrect use of study drug (31x), i

1§ 32453‘;@5;& B :

IR

[ 200m@nsomisea |

b}

(n'96) s

-~ Uncontrolled fiypertension ‘0

- — v 124 excluded .

: (neioaj

Outcome meas \ ssin Epinephrine p P Béolite

(n=9g) iifference (95% CI)’
Primarysumvalmeasum T T e e
1h ©T 0 40(39%) - 34(35%) 066

Hospltal discharge - .12(22%) . 13{14%) ~ 067 —20( 116to78)

. Other survival measures .~ )

- Any return of pulse 62(B0%)" 57 (59%) . (0:97 02 (~14-0t0 14-5)
Puise >20 min ¢ 45(43%)  38(40% 060, ‘37 (=106t017-9)
24n o 2T(26%) | 23(24%) 074 2:0(~10610 146

© 30 days ‘ 13(43%)  13(14%) " .

.Adverseoutcomes Co ' ‘,‘.'_' T T
Tachyarthythmias 10 {10%) j 075 13(-72t06.8)

e I

Mesenteric-infarction - 0

_7 “Table 3: Survival and adverse outcomes

' terminal illness' (four), acute trauma (four); and’ subsequent

cardxac -arrest iti patient previously rindomised (two).
* Table 1 shows demographic and-clinical characteristics
of study patients, and:- table: 2

'70 years, had a witnessed cardiac arest ii- 81% ‘of casesy

 of arrest in'35% of cases. On average, estimated times frotn
collapse to'tréatment -were rapid: 1-6 min' to cardio-

pulmonary' résuscitatiors, 2-8 thin' to° ACLS' measires; and - -

6-1 min to'administration o6f study driag! Thé demographic,
clinical, ‘and‘-cardiac arrest treatrmient’ charactenstxcs' were
closely similar for the'104 ‘patierits on vasopressin dnd ‘the
96 on epinephrine; although more individuals were glven
vasopressin on the wards than elsewhere. @ - !

In the vasopressin and epinephrine groups, outcomes did

- not differ for. survival to hospital discharge ‘or-for 1 h
- survival (table '3). Sitilarly, theré weré no differences:
" between study groups for any" of thé - secondary survival
‘ outcomes, including dny return of pulse, of survival-for 24¢h’ -

or for 30 days, or in adverse ‘cutcomes:’ The neurolog1ca1
state and -quality of life!"of ‘survivors” was: good 'in ‘both

groups. Scores for MMSE were high in both groups, and”
“ gver 80% of patients it the two groups'Wwere ifi the best « -

cerebral performance Categoty at discharge (table 4).

: We assessed 1 h and hospital discharge survival otitcomes: -
“for several predeﬁned subgroups; ‘and-identified°no benefit

of vasopressin, irrespective of initating: causey -initial

- thythm; or gge (table 5). In particular, when compating
vasopressin with: epinephtine for’ the ‘myocardial ischaemia-
and infarét cdses, survival ‘did dot differ for dlscharge

i (p=0-96; 95% CI for absolute increase in §urvival =~18-9%
10 19-9%) or for 1 h (p=0-48; —16-3% to 32:8%) survival.

“Finally; we detected i no difference- between - groups  for

““adverse outcomes including tachyartythmias, uncontrolled

) ‘hypertensmn, and mesentenc mfarcnon :

Discussion : s I
We failed to show any ifnprovement vmh vasopressm :

31(-105t0 473 -

shows treatimient -
- - characteristics: Overall, ‘enrolled patients had 4 miean age'of
in survival were calculated.”” The cerebsil pérformante .
... Were uncomiimonly' in ventriculdt fibrillation® (18%); and’ -

- had lethal atthythmia’ 6f myoeardial ischaemia’ ‘as'the cause + +

compared with-epinephtine for either short-term or long— Lo

-~ term survwal Furthermore, in several chmcally xmportant i

. Outcome measure Vasopressin _ Epinephdne:’
. N ) s I L
 Minkmental state examination score* (median (range]) 36 (19-38) 35 (2040)
Cerebral performance category score : Lo
1 e 10 (83%) 11.(85%)
2 o ‘ 0 - 2/(15%) -
3 207% © 0
4 0 0

LRI - S i : Ui
104 assigned ‘96 assigned. -
vasopressin epinephrine
104 analysed 96 analysed

Figure 1: Trial profile

*Maximum score=40.
Table 4{ Neurological otitcomes and quality of life of patlents
who survived to hospital discharge’

THE LANCET « Vol 358 « July 14, 2001

107




ARTICLES |

Subgroup "‘Number .- Pércentage sunivai Percentage survival to '
of todh i discharge’ Lo
‘patlonts Vasopressin Epinephiine - Vasopressin Epinephrine

Cause of cardlac arrest: - : - . ’

Myocardial ischaemia. . - 65 28 36 16 . 15

or infarction - : E

Respiratory depression 21 60 173 A0 -+ 18

Sepsis g 75 40 25 . 0

Pulmonary embolism 8 40 233 - ... 0 . 33

Metabolic . 6 . 50 . . 25 .0 . 25 .

Lethal arrhythmias ] 33 100 33 100 -

Congestive heart. . 4 0 20 =0 0

failure ’ L S

Unknown 54 39 127 A 4

Other 28 37 .. 56 1, 11,

Initiat rhythms - s

Pulseless electrical 95 33 29 - 9: . 10

activity . . R hoslo, e

Asystole o 61 - 37. . 31 -6 - 8

Ventricular fibrillation 42 54 61 25 . 33

or tachycardia . : s

Age (years) R ' .

<70 81 44 40 10 - 23

>70

119 ‘35 32 3 T

Table 5: Survival in clinically lmportaﬁt subgroups

subgroups, vasopressin was not associated with improved

outcomes. We recognise that, because of our small sample
size and the wide confidence intervals around the treatment

effect estimates, our results‘do not exclude the’ possxblhty of

a clinically important benefit for vasopressm Nevertheless,
we detected no trends favouring vasopressin and-suspect
that the magnitude of any potenual benefit: would be small
if present at all

Previous reports prowded ‘much ev1dence to support the'

hypothesis that vasopressin could improve. outcornes in

cardiac arrest. Endogenous argmme vasopressm is thought

of as a stress hormone in that it is released in responsé’ to
various stimuli including pam, syncope; surgery, and
shock.”  Arginine vasopressm causes penf)heral
vasaconstriction and maintains perfusmn pressures dunng
acute haemorrhage in animals.” Concentrations of arginine

vasopressin are raised 'in- people :who have myocardial

infarction and cardlogemc shock,'*"” and in people with
haemorrhag1c and sepnc shock. ' Paradis ‘and’ colleagues
showed, in a canine model of cardlac arrest, that arginine
vasopressin concentrations increased greatly during
resuscitation. In a study ‘of 34 cardiac -arrest patients;

Lindner and colleagues’ measured high concentrations of
vasopressin and noticed that ‘Conicentigtions ‘were ‘much
higher in patients who were successfully resuscrcated than

in those who were not. More recently, the same research
group showed that plasma concemradons ‘of-.endothelin,
catecholamines, - arginine vaSopressin, ‘and adreno-

corticotropin rose quickly in patients with cardiac arrest.,

Concentrations, of the last two hormones were much lower
in patients -who were not. successfully resuscitated. The
researchers speculated that arginine vasopressin and
adrenocomcotropm were essential for achieving adequate
cerebral and coronary perfusioni pressures in rhose patients
who were resuscitated.

The effects-of exogenously administered vasopressm in

animals in cardiac arrest have been described. In pigs,

Lindner and co-workers® noted that administration of

vasopressin during resuscitation increased. .iyocardial blood
flow. Compared with epinephrine, in pigs, vasopressin led
to higher arterial pressures and greater coronary perfusion
pressures, and had more longlasting effects than
epinephrine.®? Coronary perfusion pressure correlates
with return of spontaneous circulation in human cardiac
arrest.” Vasopressin administration increases cerebral blood

flow and exygenation and raises.blood flow to other vital,,
organs.” 7 Results. of one study suggest improved., sumval
in animals treated with vasopressin,”® The mechanisms by
which vasopressin might improve blood flow in vital organs
during cardiac arrest remain. unknown. The -drug. might
increase peripheral vasoconstricton directly . via, the V1
receptor or by potentiating the effects of endogenous cate-
cholamines.>**! Paradis, and: colleagues’ have:speculated

" that ideal vasomotor, therapy might involve. a.combination

of adrenergic and non-+adrenergic (1e,,_ vasopressin) .,
Vasomotor ., agents. . However, ; the combined effects of -
Previous human . :,expe_x'lence w1th
administered vasopressin-is limited. Morris and colleagues’-
compared. the haemodynamic; effects of -yasopressin -and
epinephrine in prehospital cardiac arrest patients who had
had long resuscitation and who were judged unsalvageable.

. Although no patent responded to epinephrine,. four, of ten
'showed a substantial zrise in coronary perfusion pressure

with a mean increase of 28 mm Hg. In a case serjes,’ eight .
patients who had cardiac arrest in hospital were given one
or more doses of vasopressin 40 U after they had failed to.
respond to standard: ACLS  therapy that included
countershocks' and ‘at:ledst one dose-of epinephrine. All
eight patients regained spontaneous ‘circulation ' dfter
vasopressin and three were later discharged from hospital
neurologically intact. The investigators. suggested - that
vasopressin might be more effective than epinephrine
because of a greater vasoconstrictor effect in the presence of
hypoxia and acidosis and because of longer lasting effects:
Furthermore, epingphrine, but not vasopressin, might’ have™
serious deléterious effects by increasing myocardlal oxygen
consumption during cardlac arrest.

Before our study; only one randomised tnal had assessed ;
the effect of vasopressin in human cardiac arrést, and this

was for out-of-hospital patients.® Lindner and co-workers’

compared 40 U vasopressin with 1 mg epinephrine in 40

pre-hospital patients who had not responded to three.. ..

countershocks. In the vasopressin group many  more.

patients were admitted to hospital than-the. epinephrine: .-

group (70% o5 35%, p<0-05); more patients were alive -
after 24 h (60% 5 20%, p<<0-05), and there was‘a trend
towards more _patients alive to hospltal dJscharge (40% 25
15%, p=0- 08) No adverse eﬁ'ects were seen in the
vasopressin group. However,: this pilot study had too few
patients to show an improvement in long-term survival.

Our results for mhospltal patients differ greatly from -

“those of Lindner and colleagues for out-of- hospxtal patiénts,

even though the study drug protocols .and interventions
were identical: Clearly, our response times were much more

‘tapid than in Lindner and co-workers’ study and our

patients were different in that our case mix included those
with greater comorbldxty from various chromc diseases. In "~
only a third of our patients could cardiac arrests be clearly
attributed to myocardial ischaemia or infarction, and only a
fifth presented with ventricular fibrillation ‘or tachytardia.
We note discouraging similaritiés to the situation with high- -
dose epinephrine in the early 1990s, when large randomised
controlled trials failed to confirm the promise of earlier and
smaller studies.>”* Nevertheless, the value of vasopressin
might be different for inhospital and out-of-hospital patients.
With a planned sample size of 200 patients, our study
was deliberately under-powered to assess the outcome of
alive to hospital discharge, We estimated that a study
adequately powered to assess a 1% difference in hospital
discharge rates would require more than 50 000 patients,
and one powered to assess a 5% differefice in 1 h survival
would require more than 2000 patients. By contrast with
Lindner and colleagues’ wial, which only included
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40 pat1ents, we believed that the expense-of & large study
assessing a ‘non-pateni drug could not!be’ justified’ and -
would not be funded by any peer-feview agency at this
time. Nevertheless, our study enrolled five times more
patients than the only other ranidomised trial of vasopréssin.

We believe that out findings; although diSappointing; are
difficult to refute. We employed a strictly blinded and
rigorously  controlled -design “that- incorporated a typical
inhospital mix of cardiac arrést patiefits in three large
tertiary-care hospitals. We failed to detect even a modest
trend favouring vasopressin, even in the pure subgroups of
myocardial ischaemia or' infarction; -or ‘ventricular
fibrillation or tachycardia. We strongly disagtee with the
decision of the AHA to récomménd’ vasopiéssin as -an
alternative to epinephrine. Their ACLS:guidelines are used
worldwide and will affect the care of millions of - patierits
with cardiac arrest both inside and outside of hospital: We
believe that vasopressin ‘cannot' be- recommmeéndéd unless
further larger clinical trials show ewdence of unproved
survival to hospltal dJscharge i
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pronounced in these thirge. patients. The preservation of
the Piper-band sound during movement in some
parkinsonian patients is not surprising. In healthy subjects.
thé sound is usually louder during moveitieit’ fhan iy
sustained postures of the hand :

Disoussion , '
Piper-style rhythms are lost in untreated Pa‘kmson S
disease. They are replaced by a serxes of pulses with a
frequency of around 10 Hz. This is a familiar finding in
EMG records,™ but, owing to the partial fusiori of miiscle
activity at this frequency;:such parkinsonian action tremor
is not readily visible, and is usually chmcally detectable
only on auscultation. The sound heard is rather like that
picked up over the thigh muscles, in primary orthostancl
tremor,® in which  the sound may be diagnostic. In
Parkinson’s disecase, however, the pulsatile action tremor
does not appear nor, more significantly, does the Piper-
band sound:of normal muscle dlSCharge cease, unnl the
diagnosis is clinically apparent. -

Auscultation has shown that muscle’ d:scharge n the
Piper band is ‘diminished in Parkmsons dlsease, but may

return after doparmnerg:c treatment,, suggestmg that thxs?

mode of muscle activation is partly dependent on activity
within pallidal projections to the motor areas of the cortex.
Without: treatment, patients with Parkinson’s disease are
left with 2 10 Hz pulsatile mode of muscle discharge which
is not, by itself; pathological, but is' suboptimal when fast

or powerful contractions are necessary. Muscle driven at-

10 Hz is only partially fused and is also subject to the ramp

effect,-in  which. muscle tension increases slowly over
several seconds.”* The result is bradykmesxa, and low
ultimate strength.? - , .

I thank P: A Merton for his encouragement and helpful dlscusslons
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Randomised companson of epmephrme and vasopressin m
patlents with out-of-hospltal ventricular fibrillatlon

Karl H Lmdner, Burkhard Dlrks Hans—Ulr/ch Strohmenger Andreas w Prengel Ingnd M L/ndner, Ke/th G Lune

8ummary

Background Studies in animals have suggésted that
intravenous vasopressin is assoc:ated with better vital-
organ perfusion and resuscitation rates than is epmephnne
in the treatment of cardiac arrest. We did a randomised
comparison of vasopressin with epinephtine in patients
with ventricular ﬁbriua{jion in out-of-hospital cardiac arrest.

Methods 40 .patients in. ventricular fibrillation resistant to

electrical defibrillation were prospectively and randomly-

assigned epinephrine (1 mg intravenously; n=20) or
vasopressin (40U intfavénously; n=20) as primary drug
therapy for cardiac arrest. The endpoaints of this double-
blind study were successfui resuscitation (hospital
admission), survival for 24 h, survival to hospital discharge,
and neurological outcome (Glasgow coma ‘scale). Analyses
were by intention to treat.
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Flndlng‘s/Seven (35%) patle,,_nts in the epme,phnnevgrou_p, and
14 (70%) in-the vasopressin group.survived.to hospital:
admission (p=0-06). At 24 'h, four (20%) epinephrine-:
treated patients and 12 (60%) vaso‘pres’sih treated patients
were ahve (p=0-02). Three (15%) patrents in thev
epmephrine group and elght (40%) in the vasopressm
group. surwved to hospltal discharge (p=0- 16) Neurologwai
outcomes were similar {mean Glasgow coma score at
hospital discharge 10-7 {SE 3:8] vs 11-7 [1-6], p=0-78).

Interpretation ln this prehmmary study, a sngmﬁcantly
larger proportion of patients treated with vasopressin than
of those treated with epmephnne were resuscitated
successfully. from-out-of-hospital: ventricutar fibrilation and
survived for 24 h. Based upon these findings, larger
multicentre studies of vasopressin in the treatment of
cardiac arrest are needed. i

Lancet 1997; 349: 535-37

Introduction

Intravenous epmephrme is current]y the recommended
drug of choice for the treatment of ventricular fibrillation
when direct-current shock therapy is ineffective.”? Because
of the poor clinical outcome in patients in cardiac arrest
who require epinephrine treatmeént, other pharmacological
therapies have been examined. Interest in the possible
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value of vasopressin treatment during cardiopulmonary

résuscitation - arose¢  after-the observation that there ‘is a

large release of vasopressin immediately ‘after ‘a cardiac

arrest.” We have previously reported that the higher the
endogenous vasopressin concentration, the greater the
chances of restoration of spontaneous circulation. In
cardiac arrest of long duration associated with severe
hypozia. and acidosis, vasopressm seems to be miore
effective than. epinephrine in restoration of spontaneous
cardiovascular function.” These findings are consistent
with data from studiés in aniritals, demonstrating greater
efficacy of vasopressin than of optimum doses of
epinephrine in restoration of vital-organ blood flow.% In a
randomised, - double-blind study, we: have directly
compared vasopressin (40 U) with epinephrine (1 mg) as
the ifiitial intravenous drug therapy for treatment of out-
of- hospxtal ventricular fibrillation. . .

Methods
The study was approved by the Insututxonal Revxew Board of
Ulm. University. Waiver of informed consent was accepted under
the requirements of German law. Patients were: prospectively
enrolled in ‘the study if they were treated for out~of-hospital
cardiac arrest by the Emergency Rescue Team of Ulm University
‘and if they required epinephrine; dccording to standard treatrent
protocols, for advanced cardiac life support accordifig to the
guidelines of the Europcan Resusc:tanon Council and’ the
American Heart Association.?

Patients enrolled in this study lived in the greater metropohtan
area of Ulm (population 100.000). The study began in July,
1994, and ended in December, 1995.:The- ﬁrst reésponse team in
Ulm consists of a
paramedxcs and ap

gency care.

Cardiac arrest. wis defined as the absence of both spontaneous;

respiration and palpable carotid" pulse “Patients with
cardiopulmonary arrest were included in th _study if the
electrocardiogram showed ventricular ﬁbnllatxon, and the patient
remained in ventricular fibrillation despite repeated direct-current

shocks. Exclusion criteria were age under 18 years, cardiac arrest

associated_with traums or terminal xllness, pregnancy, and the
“endotracheal administration of epinephrine. After unsuccessful.

direct-current shocks ‘and ‘persistence of veritricular fibrillation;
the patients were randomly assigned-eithef epinephrine (1 mg
intravenously) or arginine vasopressin (40 U intravenously) by
means of numbered and coded syringes that had previoysly-been
placed in computer-generated random order. So that the rescue
team was not aware of the study drug, we prowded precoded,
prefilled 10 mL syringes that weré identical in appearance. The
study drug was admxmstered into a peripheral venous vein or into
the external jugular “vein, ‘followed by flishing with Ringer’s
lactate ‘sohition. ‘Further ditect-¢urrent shocks were adminstered
60-90 s after drug administration. If the study drug failed to

restore spontaneous c1rculanon, resuscitation’ was con[mued‘

according to the standard -ghidelines.'® Patients remaihing in
cardiac arrest after receiving the study drug followed by direct-
current countershocks then. continued to receive conventional

40 consecutive eligible

[ A

¢+ hospital discharge)™:
initial -

Characteristic -~ Epinophrine group - Vasopressin group

i . . (n=20) (n=20) - - . i
M/F (e i ol s e 14/6: ;-

Mean ($E) age in years Ty Ut Bag@) o
Number of patients with ce T :

Witnessed arrests 12 (60%) 13 (65%)

CPR instituted by bystander 5 (25%) 420%). o -0
Mean (SE) treatment times .. .. : : .

EMS response time (min) 6.1{0:7) 65 (0-7)

fFrom start of CPR to study drug (mm) 78108 8-6‘(1-0) :
From start of GPR.to-ROSC (min) . - - 14-5{1:5} 12:2:(1-5) . .0

CPR=cardiopulmonary résuscitation; ROSCrestoration of Sp

Table 1: Chara'cterlstics?bf‘s'tudy patiénts '

advanced cardisc life’ support (mcludmg epmephrme) A]l
patienits wére included in the outcome analyses

Outéome measurés and time intervals were recorded accordinig’
to the: guidelines for uniform reporting of data - froin  out-of-
hospital cardiac arrest recommeénded: by the Utstein conference.
report.®; A study protocol check, by means of -an.onset tape
recording of all resuscitation-related, ¢vents, was, made by .a
supplementary member of the rescue team. The call—response
interval is Lhe time from receipt of the call for help by the
dlspatcher to the moment when the emergency vehicle’ stops at
the “site of the accident. Tn witnéssed cardigc’ arr'ests, ‘the time
from’ collapse ‘to ‘start“‘'of cardiopulmonatry’ resuscitation” wis’
re¢orded. Restoration of spontaneous’ circulation was defined as
the return‘of a spontaneous palpable carotid pulse :(ie, a systolic
blood pressure of about 60 mm Hg for an undefined period at any
time after administration of the. study drug).  Successful
resuscitation was defined as a return of spontaneous circulation,
and on admission 10 hospltal sponta.ueous ctrculauon -and
measurable blood pressure’ with or withouf vasoactive drugs.

- Additional endpoints: were: survival at- 24 b -discharge from-thes

hospital, and neurolog:cal outcome (Glasgow coma score ar,

Fisher’s exact test was used for categoncal data and Student st
test for continiibusidara; THS primary endpoint of; the study Was:
successful resuscitation, defined as survival to intensive-care nnit
admission without the need for closed-chest cardiopulmonary
resuscitation after return of spontaneous circtilation. Before:the
study ‘we calculated the -sample -size required based on- the-
assumption that the study should be able to detect with 80%
probability, at a one-sided significance of 0-05, an increast in’
successful resuscitation rate from 30% with standard epinephrine,
Ireatment to 45%, the calculation indicated that 19 patients in
each group would be reqmred ’

Results

40 consecutive patients (29 mei, 11 women) w1th a mean
age of 65 (SE 4) years and our-of-hospital ventricular-
fibrillation cardiac arrest resistant to direct-current shocks
were enrolled into the investigation during an 18-month
period (figure). Table 1 shows the demographic
characteristics of the patients and. response times of the
emergency medical services system. Eight patients in the
epinephrine group and seven in the vasopressin group had
a history of myocardlal mfarcnon. Seven other patients in
each group had angina pectoris; in the remaining cases the

Vasopressin group  p

patients randomly assigned Endpoint Epinephtine group
treatment : {n=20) {n=20)
[ . Return of spontaneous 11 (55%) 16 (80%) , 018
r i circulation - i T :

: Successful resuscitation 7-(35%) 14-(70%) 008
. . EE oo . {to hospital admission) B . . .

.'?0 pat_:ents repelved ZQ pa’uepts rec:elved Sunvival =24 h 4.(20%) 12 (60%) 002

epinephrine and included vasopressin and included Sunvival to hospital discharge 3 (15%) 8 (40%) © 018
in analys:s in analysis Mean (SE) Glasgow coma 10-7 (3-8) 117 (1:6) 078 -

score at hospital discharge . )

Trial proﬁle Table 2: Outcome by treatment group
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medical history remained unclear. 63% of the arrests were
witnessed, but cardiopulmonary resuscitation was initiated
by a bystander at the site of the incident in only 23% of

cases, There were no significant differences in
demograp ic ¢ nsncs or times to treatment between
the groups (table 1)

Return of spontaneous c1rculat10n, for any length of
time, was;a hi ved in 11 patients in the epinephrine group
and in 16 patlents in the vasopressin group but the

difference-was ‘not significant (table 2). However; more™

patients in the vasopressin group than in the epinephrine
group were successfully resuscitated (to hospital
admission) and a significantly greater proportion survived

for at least 241 (table 2).: The proportions surviving 1o ' ::
mechamsms. 0

differences in neurologlcal outcome were apparent . vi”'_ o mpatlent Chmcal marlagement, ;for which we did not

hospital discharge did not differ sxgmﬁcantly No

After administration of the study drug alone (thhout
further advanced cardiac life support), there was a return
of spontaneous circulation and/successful:resuscitation. ifi
two (10%) epinephrine-treated and seven (35%)

vasopressin-treated patients (p<0-001):Iminediately after:

resuscitation and during the further clinical treatment, we

observed no side-effects: (such .as sustained 'splanchnic -

hypoperfusion) that could be attributed to vasopressin
administration. No patient required pacing for
bradycardia before reaching the hospital.

Discussion

Consistent yvxth previous studies in animals and in patients
w1th efractory \cardlac arrest, m thls study, among/

epmephrme is effecuve in ‘the treatment of patlents in’
10" dlrect‘—current .

countershock ‘Standard epmephnne treatment in humidn -
beings i cardiac arrest is*baséd ‘on data’from studies in'+
animals and from case reports.'? Large miilticentre clinical

ventricular = fibrilla on résistant

trials with various doses of epinephrine have shown no
significant advantage of high-dose epinephrine.'® Studies

of patients in cardiac arrest suggest that epinephrine may

have no benefit over placebo.'”? These findings, though
controversial, may be due to the well-known physiological
observations that epinephrine increases myocardxal oxygen
consumptxon, © ‘cardiac. 1schaerm N coronary
vasGconstriétion, and lactate producnon 'm the ﬁbnllatmg
myocardium, !> R

The' dose of vasopressin used in ‘this smdy (40 U) was
chosen, partly,  because of results from’ patients” with
refractory- cardidc atrest in whom vasopressin was given
when all other. resuscitation efforts  had failed.? In that
series of case reports, eight patients with: in-hospital
cardlac arrest had restoration of spontaneous circulation
after ‘recéiving 40 U vasopressin after arrest of long
duration resistant to standard doses of epinephrine.
Although the prognosis was poor in all cases and all
conventional measures had failed, return of spontaneous
circulation was achieved in all eight patients after
vasopressin; three patients survived to hospital discharge
with little or no neurological deficit.

ivestored . within 3 min of vasopressin

B mmal'study was limited
. fibrillation. The- effects of vasopressin in out-of-hospital

"'Referonces ot
SO0 European Resuscitation: CounicilAdult sdvanced cardiac life support:

cardlopuImonary resusmtatxon and advénced cardlac hfe ‘
support sumved for 24 h ) "

5 Lindner KH, Prengel AW, Brinkma

Our study had some limitations. Since no previous
investigation of vasopressin for resuscitation of the
fibrillating human heart was available, we used only one
dose of vasopressin in our algorithm. At present, nothing
is known- about the pharmacokinetics @ of repeated
vasopressin administration during ¢ D
resuscitation in human beings. Because 0
information, epinephrine was adm1mstered in the
vasopressin group when spontaneous cir

sion. Since
vasopressin has a longer duration of action than
epinephrine, the apparent efficacy of subsequent
epinephrine administration may be due, in fact, to the
combination. .of agents, ' which.. work by different

3

omes may also have been affected by

control in this study We were unable to look for potential
detrimental effects of vasopressin on the coronary and
splanchnic circulation. Th ;.populatton of patients in this
" those “in resistant ventricular

arrest with an initial rhythm of asystole or pulscless

_ elecmcal activity are not known.

A larger multiééntre comparison of vasopressin with
adrenaline therapy is needed before widespread use of
vasopressin can be recommended for treatment of patients
with ventricular fibrillation refractory. to direct-current
cardioversion. fepis
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Ahstnct

Thrs tnal compared blmded 10 mg ahquots of adrenaline with placebo in 194 eardlac arrest patrents treated m hospl- '
tal using American Heart Association guidelines. In-hospital and out-of hospltal arrests were included. Of the 339 ellgl-
ble panents a large proportion (145 (45%)) were. not randomised and received open 1 mg alxquots of adrenalme This
group is also analysed. Supervising physicians gave significant preferenee fo ‘n)ales, patxents with no pre ious cardlac' L
history and without multiplé organ disease to be given open 1 mg adrenahne Patients in asystole at the ime of con- o
sideration for entry were preferenually placed in the trial group (1 l4 (69%) vs 170 (88%)) and patlents iny .

" fibrillation. were. prefcrennally given open 1 mg adrenaline (31 (21%) vs. 24 (12%) P <0 03) The most beneficlal ’
rhythm changes which led to survival were sinus rhythm and ventricular tachycardia. Analysis of rhythm changes
resulung from the dosing showed a’ srgmﬁcant (P=0.01) change to a. beneﬁclal rhythm w1th 10 mg adrenallne butnot
for 1 mg adrenaline or placebo, This was not reflected by an improvement in 1mmedxate sumval No sngmﬁcant dxffer-. N
ences in lmmedlate survival (IS) or hospltal dlscharge (HD) exists between open 1 mg adrenalme (IS 14 . 7%), HD
3 (2%)) or the 10 mg adrenaline (IS 9 (9.6%), HD 0).vs. placebo (IS 7 (7%), HD 0) trlal arms. Panents reaclnng the
point of use of adrenaline have a uniformly poor immediate survival (8 .8%) and. hosprtal dlscharge rate, (0 9%) Dosrng :
with 10 mg or 1 mg adrenalme does not mﬂuence outcome compared with. placebo A U R

Keywordr Cardmc arrest, Adrenalme, Placebo controlled tnal

1. Introduction

Patients who remain in ventncular ﬁbnllatxon
(VF) after defibrillation or who are in asystole are
treated with adrenaline according to American
Heait Association (AHA) guidelines [1]. ‘

" * Corresponding autlior. Cardidc Research, Level 1, Mater

Private Hospital, 301 Vulture St., South Brisbane Q 4011,
Australia. :

Favourable data from canine and pxg models of "

. cardlac arrest [2,3] have been extrapolated to the

human without due consideration of the. differ- ..
ences particularly regarding weight [4]. Recently,
high dose (10-mg or more) of adrenaline has come
into vogue based on non-human [5-7) and human
haemodynamic studies [8,9]. This enthusiasm was
developed further by anecdotal case - reports
[10-13] and a large trial in pre-hospital arrest sug-

0300-9572/95/509.05 © 1995 Elsevier Science Ireland Ltd. All rights reserved
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gesting an advantage for high dose adrenaline over
standard 1 mg doses [14]. More recently three pre-
hospital arrest based trials have compared: the 10
mg dose with 1 mg doses and failed to show-any
advantage either in immediate survival or hospital
discharge for the | two dose regimes [15-17]. One of
these [17]. also had a noradrenaline arm which
again showed no benefit over low or high dose ad-
renaline. There are no trials dxrectly comparing : ad-
renaline in any dose with placebo [18]. We have
previously published data "obtainéd from our
database of prospectively collected data which
suggested that adrenaline at best produced no
benefit and at-worst. was detrimental [19]. .

Thrs -trial - was Justrfied o ‘basi of our
publlshed data and. was. desrgned to.; compare
placebo. with high. dose adrenalme (10, mg) in
human cardlac arrest End pomts used were imme-

favourable rhythm changes

2 Snbjectsnndmethods

The tnal had full etlucal approval from the hos-
pital . ethxcs comnuttee end extended from July
1989 until December 1992 The protocol followed
AHA. gurdelmes [1}: except that. two: (rnstead of
three) defibrillations preceded the use of adrena-
line for VF, but asystole was treated early wnth ad-
renalme 0ut~of-hosp1tal arrests reachmg the
hospxtal stxll in_ventricular. fibrillation or, in
asystole. were mcluded w1th arrests occurring in
.the hospltal CPR hy tramed personnel was main-
tained throughout conformmg with - AHA
,gmdelmes Patients in asystole were 1mmed1ately
randomised and those in VF were defibrillated
twice. If still in VF or defibrillated into asystole
they were randomised into the trial. Only primary
cardiac arrests were entered and patients were ex-
cluded if secondary causes were suspected as per
the Utstein style [20]. No patient received adrena-
line prior to randomisation. When the trial was
considered, a blinided randomised box containing
two 10-ml ampoules was opened. Both ampoules
contained either saline or 10 mg of adrenaline. For
ethical reasons, once both ampoules had been ad-
ministered, mean of 5 min (but up to 10 min)

apart, open 1 mg aliquots of adrenaline were
allowed as recommended by the AHA guidelines.
 recorded dunng the resuscitati
rhythm strips were taken from the monitors and
subsequently analysed and recorded Utste _ yle
data was also collected on tune delays Followmg

records and the medleel pracutloner was contaeted
lf data requrred further valxdatlou -Immediate. sur-

consclous state or need for ventrlatory support was

not consrdered for the deﬁmtton of an i 1mmedxate

trial once. To ensure no group , as dlmdvmwéed
ongoing: momtonng of results was. uudertaken by
the investigators and members of the ethics com-

_nu .while remaining blinded. Results were nal-
’ usmg chl-squares and analysns of variance

.(ANOVA)

3. 'Results '

Thcre were 406 cardxac arrest patxents treated
dunng the trial penod Fxfty-three (53) were ex-
cluded; 10 for protocol violations, 7 had inade-
quate records and 36 were terminated prematurely
(cancers, severe multiple organ disease, extreme
old age). The remaining 353 patients were eligible.
Fourteen patients with 16 episodes, although eligi-
ble, were not given open adrenaline or entered into
the trial. Six of these were in the emergency depart-
ment, 4 in wards and 4 m the coronary care unit.
There were 8 in. VF 10 eplsodes) with 9 initial sur-
vival -episodes and 5 dlscharged alive and ‘6 in
asystole with' 6 initial survivors and 3 patients
discharged alive. No clear reason could be found
either for not choosing adrenaline or for the good
outcome. This group was.not included in the anal-
ysis and so 339 patients remain. It is of note how-
ever that if these eligible patients were included
there was an immediate survival for VF of 17%
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with 14% dlscharged from hospxtal For dsystole
theinimediate survival was 12.4% and ‘hospital dis-
charge rate was 2.1%. For'all ehgxble_ patxents
cardiac arrests there were 47 (13%) initi
of whom 15 (4. 2%) were dxscharged ahve

This trial was undertaken in a general hospital
setting ahd cardiac arrests were § pervised by
numerous rmddle level medxcal staff who remalned

usmg the AHA guxdelmes There were
patients (45%) leavmg 194 to be randomlsed
_ )Of the ‘194 [ 'nents m the tnal 94 were ran-

ammmg the group who recewed ope 'l' mg adre-
nalme‘_ we analysed th1s group to show

There were no'significant differenc
arms of the trial but there were’ sxgmf' cant
préferences for males,’ patients’ thhout a‘ca 1ac
history and without multiple organ disease to be
given open adrenaline. The site of the arrest show-
ed no preference for patients entering the’ ‘trial or
given open adrenahne — 44% of trial patients and
46% of ¢ open, ‘T mg, adrenalme patlents were out-
of- hosprtal arrests (Table 2) The ﬁrst rhythm and

Table 1 B : :
Demographics of tnal arms and ehg:ble patrents who melved
.open :1 mg: aliquots of adrenaline... ; . .

“Trial 10 mg Trial

Standard _
adrenahnc adrenalirie placebo
Nuniber: of patients- l45 94 : 100
Age (years) - 68 % 13 o T0& 12, 67::; 14,
Sex (WF) 2.56° 16 . .18
Previous cardiac 456%“ o T0%*e
history” o !
Combined organ -~ 34%"' - 44% 0%
disedse S NI B
Initial thythm VF. . . 7% Yoy, 39%

*P = 0.004; **P = 0.007; ***P = 0.05,

#P = 0.01; **P =0.026.

Table2 " ) = ’
Site whiere arfest initiatod:: Companson of all patxents entered
jiito trial: and those: elrglble panents freated wsth 1:mg ahquots

adrenaline (1

the rhythm'on éniry are shown'in Table 3. Of the
patierits givén 1 mg’ adrenahne, 53: (37%) had VF
agtheinitial rhythm but kiy (21%) were inVF’ when
given‘the adrenaline. Of thosé patients'entering the
trial 76 (39%) hiad' VF as the initial thythmbut 2%
(12%) Were in'VF ofi’ éntiy it o'<fthe trial. Patxents
in asystole, no matter what the initial rhythm wete
preferentially entered into the trial and those still
in ventricular fibrillation were préferéntially given
open (1 mg) adrenaline (P < 0.03). The protocol
allowed ithe use’ of" standard dienaline after the
trial matenal and there was ‘no differerice between
the study arms for thxs (43% vs. "47%) or'the num-
ber of trial patlents where both ampoules were
used (70% vs. 71%). SRR

“Utstéin style documentatiofi [20] was collected
on all patlents Thlrty-nme % (57) of patxents given
open 1 mg - adrenaline  ‘received ‘‘immediate,

'bystander CPR compared thh 32% (30) in the 10-

mg group and 33% (33) in the placebo” group
(P= NS) CPR ‘delay ‘between1:and 5 mm* oc-
curred in 21% (31) of the‘1-mg group, 26% (24) of

Table 3 . T
Inmal rhythm and‘ rhythm of ellglble pau ts on tnal entry or
when gwen open I mg ahquots of adrenahne

Inmal rhythm Entry rhythm Standard ; Trial,{e_,

‘/ra}‘drenalme N
VEF: : Asyst'o‘lel 22 (15%)* - 552 (27%)*
VF CVF .. 31 12 . 24 (12%)**
Asystole  © . Asystole ... 118 (61%)

92 (64%)
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Table 4
‘Outcome. ~— immediate survival and, hospital discharge of all .

pat:ents by rhythm on trial entry end change of rhythm aﬂer L

receiving 10 mg adrenalme/placebo orl mg ahquots of adre-
naline roo Tanee . WIT:

Rhythm at trial entry Total  Immediate  Hospital

survival “dxscharge

Asystole (284) R

No change 156 1.9% —

EM.D. 43 C2a% —

V. fibb 34 6.0% —

Sinus rhythm 39 9% 8%

V. tachy B
Vent. fibb (55)

No change 21 — —

EM.D, i1 — -

Asystole 14 — —_—

Sinus rhythm 7 14% —

V. tachy. 2 50%

the. 10-mg group. and..17%-(17) -of the.placebo
group (P = NS)...The. percentages: of -patients. in
whom the delay. to defibrillation was less:than 10
min; in the ventricular fibrillation. group, in the 1-
mg, 10-mg and placebo groups were.67%;,64% and
58% respectively.; The: delay. to: defibrillation. was
greater than 30 min-in; only 4 patients;. Liin
placebo group and -3.in the . lO-mg adrenahne
group. . :

Rhythm changes occurred Wlth the use; of the
drugs.and placebo and: all..rhythm., changes were
analysed in order to determine rhythms which. had
significant impact on.immediate survival, We were
able to define. rhythm. changes following the trial
drugs, ‘however, it was not. possible. to: identify
changes after administering.- each- of the two.trial
ampoules. This is because the rhythm after the first
ampoule. and before the second. was.not always
recorded -and in some ‘cases defibrillation and
other. ‘drugs (particularly . atropme) ‘were . ad-
mlmstered at the same:time. It.is. shown in Table
4 that immediate sumval deﬁned as patient alive
and.in sinus.rhythm when the resuscitation team
left, occurred significantly more often, when the
rhythm changed to.either sinus rhythm or, ventnc-
ular- tachycardia .as Opposed to. other rhythms

(2.5% vs. 40% — P < 0.00001). Changes to these

- = rhythms were therefore analysed.(Table.5). Signifi-
+ cant 'rhythm- changes-‘occurred ibetwéen -the: two

tnal arms (P =0:01).~This increase in beneﬁctal
Y 10 mg ‘doses of adrénaline Wwas

. not seen w1th ‘the 1 mg doses as compared with

.-placebo. The-percentage of immediate survivors
‘from’ the converted rhythms seem to be reduced
‘when 10 mg doses, are used althotigh this trend did
not reach statxshcal significance,

The final results on immediate. survxva] and hos-
pital discharge are in Table 6;: analysed by inten-
tion to treat principles. There is' no significant
.‘difference between. the trial arms or those. patients
treated with standard dose, 1 mg -adrenaliii¢
(P = 0.30). This is true whether analysed by initial
rhythm or rhythm on entry to the trial, or, in the
open group, the rhythm when the adrenaline was
given.. Combining this data, therefore, provides an
immediate. survwgl rate of 8 8% and a hospltal dis-

4.m

We have shown prevno y [19], that 1n a large
group of  patients with; prospectxvely collected
data, the use of 1 .mg doses of adrenaline at worst
had an. advem effect;and at.best had,no effect. At
this, tlme it was, suggested that the. dosmg was in-
sufficient and 10 mg doses were consxdered This
was based on animal data and anecdotal ex-
periences with. thxs dose, [8- 13] It was-usingthis
and the pubhshed data that we felt. ethxcally

TableS Sen TR BN R I
Patictits converted 1o sinus rhythm orvéntricular : tachycalrdxa
arid outtome: Comparison of open 1 mg aliquots; of adrenaline
and blinded 10 mg adrcnahne or. phwebo e

A Standard o »Tnal 10 mg Trlal placebo
“Img "adrenalm
EEP “-adrenaling ¢: Vi
Group total 145 -~ 947 " 100 :
Converted ~  28(IT9%) 24 Q6%)°* - 12 (12%)* "
Immediate 12 (50%) 7(Q9%) - & S5(@2%)
survival. IR . .
Hospital 3 (13%) —_ —_
discharge
*P=001.
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Table'6

<247

Outcome - immiediate sumval and hospntal d:scharge based ‘on initial’ presentmg ‘thythm' and rhythm when ehglble for tnal entry

Companson of open:1 mg ahquots of adrenaline; blinded 10 mg adrenalme aﬁd plaeebo

Trial plaeebo Group total Immediate

lmual rhythm Entry thythm ;;Standard 1mg  Trial 10 mg ’
'adnenalme ) adtenalme -~ survivors
VF- 22(2—3) » (04;3) 23 (010) ‘- 74 (2'-;-’6) 8%
VF. . & NE. .. . . 3100 1001 14 (0-1) $5(0-2) %
Asystole . Asystole Lo 92(1=11) . 55 (0-5) 63 (0-6) 210 (1-22) 10.5%
T LolasT T 4 100 339 .

lmmedlate B 14 97%1 U9 (9.6%) 7 (1%)* 30. (s 8%)

sumva] R TSRNIN SIRMELT L 7L T

 Discharge: fiom 3(2%) PN — : 3(09%)

hospital - T : .

Brickets (numbers: of pauents dxscharged from hospntal ‘number of immediate survivors),

*P= 03(NS) b

Justlfied to develop the protocol for this’ study We
have subsequently shown’ that adequate levéls of
adrenaline are maintained in patients having good
CPR, although deficiencies in noradrenahne may
exist [24].

Recently, human trials using out-of-hospital ar-
rest patients ‘have' showii no"differences ‘between
dxffenng doses of adrenalme [15,16]. A direct cori-
parison‘of hlgh dose and standard dose adrenahne
with nor-adrenalme has sumlarly shown‘no: differ-
ence [14).'In’ this latter study there'was' a° sugges
tion that more patients regamed a pulse early with
thé high doses of adrenalme ‘but there were no ef-
fects on short and long-term outcome:’

" These trials differ*from’ this trial in the type of
patients entered but they will all have heterogene-
ity of patients. It is therefore not surprising_that
the outcomes of first and.second defibrillations are
similar to that we have recently detailed [25]. The
outcome from sibsequént ‘use of ‘adrenaline is
umformly poor. We have a group of patients who
did not receive adrenalme for reasons unknown,
who when included in the trial data give com-
parative sutvival and discharge rates to othér
published data. This important group is too small
for analysis but has a.large impact on survival rate
and would have been entered in the other pubhsh-
ed trials.

Trials during cardiac arrest comparing current
procedures with alternative ones have major pro-

blems. Once-a protocol is established-it is more
likely that paramedics will enter patients and com-
ply with requirements. In a hospital setting, medi-
cal practitioners, driven either by personal,
medico:legal, ‘or ethical considerations will select
patienits; based: on'current :opinion. This trial
shows this efféct and‘indeed indicates that current
selection bias may'not be valid. Patients in ventric:
ular fibtillation aftertwo defibrillatioiis seem fo do
worse than those in’ asystole. This effect remains
unexplained. ‘In-‘spite of these' biases: toward ‘pa-
tients' in ventricular:fibrillation; malesex, ‘lack of
previous cardiac disease or lack of previous multi:
ple organ' disease this group, selected ‘to’ receive
open “Iimg. adrenahne, did ‘no better than the
plaoebo ‘group'in' ‘thie ‘blinded trial:’ :
 The use’of adrenaline in‘¢ardiac arrest, based on
a"nim’al" studies, was-to ‘ificréase the-tate of slow
ventricular fibrillation to enhance the likelihood of
successful defibrillation [2-4) and to ‘maintain ef
fective cerebral and coronary ‘Blood flow [5=9}. In
this study we show that in'the human cardiac ar-
rest setting adrenaline in 10 mg doses can effective-
ly: change the rhythm to sinus “thythm or
ventricular ' tachycardia. These rhythm- changes
can, however, occur with time and good CPR as
shown in the blinded placebo group. During resus-
cntatlon these rhythm changes have- often been

therapy given. The trend in this study was, how-
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ever, to reduce the effective immediate survival
rate of patlents in whom rhythm changes were in-
duced: by high dose adrenaline.  The overall out-
come -therefore remained the same. Smular
findmgs have been suggested in several uncontroll-
ed studies [22,231.

In the high dose adrenaline. vs.. plaoebo trial
arms there was -no significant difference between
the baseline characteristics of either ariti, it cludmg
CPR and defibrillation delays. The imh
come survnval was no different betwee , the .arms
(9.6% vs, 7%) (P 0. 3) and none of these 16 imme-
diate survivors out of 194 initial patients were
discharged alive from hospital. It was not our in-
tention' to assess’ neurologxcal outcome or' long-
term survival and given the paucity of survivors no
statistically useful mformatlon could - be gamed
from:such analysis.. .

‘In  the group who’ reeelved open standard dose
adrenaline the 1mmed1ate survxval rate ©: 7%) was
no different from elther arm of the blinded trial
(P,= 0,3). Of the 145. patlents in this group there
were 14 immediate survivors and 3 pauents left
hospltal

The power of this study has been severely lim-
ited by the number of ehglble patients not entered.
In the initial calculations of numbers required,
based on previously- existing data, the expected
survival outcomes were too high. It is only after
careful stratification based on time, type of rhythm
and delays to both CPR and defibrillation that we
have reached the realisation that the groups enter-
ing adrenaline trials based on the AHA guidelines
have a uniformly poor outcome. It i¢ unlikely that
any agent currently in use will induce a large dif-
ference in outcome, and any trial looking for small
differences will require several thousand patients
entered. Of this whole group of 339 patients still in
cardiac arrest after two defibrillations for ventric-
ular fibrillation or in asystole and having adequate
CPR, there is an immediate survival rate of less
than 10% and a hospital discharge rate of less than
2%. The use of adrenaline in this group of patients
showed no clinically significant benefit and may
only interrupt the application of effective CPR
and repeated defibrillation of those patients still in
ventricular fibrillation. We believe that a large trial
to show small differences in this group is not a
valid option.

- The economics. of current drug dosing.in ‘hospi-
tal cardiac arrest are dubious, with less than 10%
immediate survivors and less than 2% of patients
leaving hospital. Any 1mprovement in iminediate
outcome must be reflected in an i iproved hospxtal
dxscharge Lra' ¢ in order to justify use of limited re-
sources. .It would seem that early CPR and
defibrillation must remain the best hope for im-
proved ' outcomes, ““and ' stratégies’ 'must be
developed to provide this. New CPR techmques
may also, provide for unproved outcomes poss1bly
in combjination with more widespread use of me-
chanical supports, pacing for asystole and:‘con-
tinued defibrillation for ‘ventricular' fibrillation
without the use of ‘adrenaline; unless’ specnfically
indicated because of slow rate. We belxeve that the
previous ethical requirement to use adrenalme will
now give way to-more controlled tnals usmg the
modalmes outlmed
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