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Intravenous Adrenaline or Vasopressin in Sudden Cardiac Arrest:
A Literature Review
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Abstract

Introduction: The chain of survival concept impliesthat provision of early access, early advanced care, including early intravenous drugs
would improve survival in sudden cardiac arrest. | ntravenous adrenaline (epinephrine) has been used asthe drug of choice since 1906. What
istheevidencefor itseffectiveness? | svasopressin a better alternative? Methods: We performed a systematic literature search in order to answer
thesequestions. Evidencefromtheclinical trial sthat havebeen conducted on thissubject wasreviewed. Results: Experimental evidenceconfirms
the beneficial effect adrenalinehason coronary perfusion pressure. However, adrenaline has not been shown conclusively toimprove survival
inclinical trials. Extensivetrialshaveal sofailed to show any benefit of high-dose adrenaline over standard doses. Vasopressin seemstobemore
effectivethan adrenalinein animal studiesfor treatment of cardiacarrest duetoresistant ventricular fibrillation. However, it hasyet to be proven
tobesuperior toadrenalinein clinical trials. Conclusion: Moreresearch isneededintothisarea, especially randomised controlledtrialsstudying
theeffectivenessof vasopressin. Meanwhile, in order toimprovesurvival from sudden cardiacarrest, continuing effort should bemadetoachieve

early initiation of cardiopulmonary resuscitation, early defibrillation and early advanced care.
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I ntroduction

Of the approximately 15,000 deaths that occur in
Singapore every year, about 25% are from cardiac causes;*
of which, some 30% to 40% occur suddenly, outside of a
hospital. The mechanism of death is usualy a fatal
arrhythmia, most often ventricular tachycardia or
fibrillation.2 Similarly, in the USA, 300,000 people die
every year from sudden cardiac arrest,® about one third of
all cardiovascular deaths.

In the chain of survival concept,* provision of early
access, early cardiopulmonary resuscitation (CPR), early
defibrillationandearly advanced care, includingintravenous
drugs, should improve survival in sudden cardiac arrest.
Survival rates for pre-hospital cardiac arrest vary in
published reports from 2% to over 20%.5 Comparison of
data from various Emergency Medical Systems (EMYS)
seems to indicate that early provision of pre-hospital
advanced life support, including early intravenous drugs,
does improve survival .®

Intravenous medications, especially adrenaline
(epinephrine), have been used since 1906° to treat cardiac
arrest. However, in recent years, the effectiveness of
adrenaline in cardiac arrest has been greatly debated and
questioned. The International Liaison Committee On
Resuscitation (ILCOR) International Emergency Cardiac
Care(ECC) and CPR Guidelines 2000 (G2000)” emphasise
the importance of a rational, evidence-based approach in
selecting drugs for resuscitation. Adrenaline is currently
indicated for cardiac arrest from ventricular fibrillation,
pulseless ventricular tachycardia, asystole or pulseless
electrical activity. These guidelines also introduce a new
agent, vasopressin, as an aternative to adrenaline for
ventricular fibrillation. The Singapore National
Resuscitation Council 2001 guidelines® also list adrenaline
and vasopressin as acceptable alternatives for ventricular
fibrillation. What isthe evidence avail able regarding these
2 agents?

Currently in Singapore, nointravenousdrugsaregivento
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cardiac arrest patients pre-hospital. Unpublished data
estimate survival for pre-hospital cardiac arrest at between
2% and 3% for Singapore. Plans are underway to
incrementally introducepre-hospital advancedlifesupport,
including intravenous drugs in cardiac arrest. However,
the question remains, what should be the drug of choice—
adrenaline or vasopressin?

Methods

We performed a systematic literature search in order to
answer these questions. We conducted an on-line search
using PubM ed and Ovid search vehicleswith thefollowing
keywords: adrenaline (epinephrine), vasopressin, cardiac
arrest and ventricular fibrillation. Articles selected for
review includedall human randomi sed/pseudo-randomised
controlled trials, case-controlled studies and case series
(more than 5 patients). Other selection criteria were:
intravenous route of drug administration, adrenaline or
vasopressin was given, patients had to bein cardiac arrest
and arrest could be pre-hospital or in-hospital. Each of
thesetrialswas carefully studied to assessvalidity of study
results and conclusions.

Results

A total of 811 articleswerefound using the search words
“cardiac arrest/ventricular fibrillation” and “adrenaline/
epinephrine”; of these, only 22 fulfilled our selection
criteriaand were reviewed. These studies are summarised
inTablel.

For the search words “cardiac arrest/ventricular
fibrillation” and “vasopressin”, 63 articles were found. Of
these, only 5 fulfilled our selection criteria and were
reviewed (Table 1). However, relevant experimental
work on vasopressin has also been included in the
discussion below.

There were 10 studies comparing high-dose adrenaline
against standard dose adrenaline, involving atotal of 8467
patients in these studies. There were 4 trials comparing
vasopressin and adrenaline with atotal of 260 patients, 3
trials comparing methoxamine and adrenaline (327
patients), 1 trial comparing phenylephrine and adrenaline
(65 patients) and 1 trial comparinglignocaineand adrenaine
(199 patients). Therewas 1 study comparing noradrenaline,
standard dose adrenaline and high-dose adrenaline (816
patients) and 1 study comparing placebo, adrenaline and
high-dose adrenaline (194 patients). There were also 2
observational studies on adrenaline (1322 patients) and a
case series on vasopressin (8 patients). Further details of
these trials are discussed below.

Discussion
Adrenaline
Historically, intravenous adrenaline has been the

recommended drug of choicein cardiac arrest since 1906,
when Crileand Dolley® showedthat it restored spontaneous
circulation in canines having cardiac arrest induced by
anaesthetic drugs and hypoxia. In 1963, Redding and
Pearson® also found that 1 mg of adrenaline was effective
in resuscitating dogs weighing approximately 10 kg (dose
0.1 mg/kg). Intracardiac injection of adrenalinefor cardiac
arrest was introduced and widely practiced by 1979.%
However, concerns with inadvertent cardiac injury® from
thisprocedureled totheadoption of intravenousadrenaline
as the recommended treatment by 1986.%

Adrenaline is thought to aid resuscitation, mainly by its
alpha-adrenergiceffects. Thispeaks2to 3minutesfollowing
anintravenousbolusand returnsto baseline by 5 minutes.*
Several animal studieshaveshownthat adrenalineincreases
systemic arteriolar constriction, increases vascular tone,
improves coronary and cerebral perfusion pressure, and
shunting bloodtotheheart and brain.*“° Coronary perfusion
pressureisthought to be one of the best predictorsof return
of spontaneous circulation in animals*-#” and humans.*34°

However, the adverse effects of adrenaline include
decreased total forward cardiac output, increased
myocardial oxygen consumption and myocardial
dysfunction post-resuscitation.*®%° |ncreased intra-
pulmonary shunting® also contributes to the dose related
fall inend-tidal carbon dioxide concentration that has been
observed.®*5252 Prolonged muscular and mesenteric
vasoconstriction also leads to increased lactic acid
production and metabolic acidosis. Both the severity and
duration of these physiological impairments have been
found to correlate with the total cumulative dose of
adrenaline. Thishasespecially beenfound to betruewhere
high cumulative doses (>15 mg) of adrenaline have been
used.’® Post-resuscitation, compared to patients receiving
less than 15 mg adrenaline, those who received >15 mg
cumulative dose had significantly lower cardiac index,
lower systemic oxygen consumption, lower systemic
oxygendelivery (P <0.1) and significantly higher systemic
vascular resistance index, higher lactic acid
(P <0.03) and lower 24-hour survival (85% versus 41%,
P <0.002).

Regarding human clinical studies, we comment first on
2 observationa studies. Walraven et a® found in a
prospectiveobservational study of 773 patientswithcardiac
arrest that the use of adrenaline, atropine, bicarbonate,
calcium (al P <0.001) and lignocaine (P <0.1) was
associated with a decreased chance of successful
resuscitation. Controlling for significant patient factors
(age, previouscardiac diseaseetc) and arrest factors(initial
rhythm, causeof arrest etc), multivariatelogisticregression
showed asignificant association between use of adrenaline
and unsuccessful resuscitation (OR, 0.08; 95% ClI, 0.04-
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0.14). Based onthis, theauthorsquestionedtheeffectiveness
of adrenalineand other drugsin cardiac arrest. However, as
patients were not randomised, results could have been
confounded by several factors. One confounding factor
could be the varying severity and aetiology of cardiac
arrest. Patients who received multiple doses of adrenaline
could possibly have had a worse prognosis to begin with.
Patients who rapidly responded to CPR, defibrillation or a
single dose of drug would likely have subsequently good
outcomes, whereaspatientswho remained collapsed woul d
have had repeated doses of multipledrugsinavain attempt
toresuscitate, but still have poor outcomes. Theunderlying
patient and arrest factors would be more important in this
case than treatment factors.

Roberts et al,*® in a retrospective review of 310 cardiac
arrests, found use of adrenaline as a strong early predictor
of mortality in cardiac arrest (P = 0.0316) and suggested
that current widespread belief in the positive effect of
adrenaline should be reviewed. However, again, this
retrospectivestudy may havethesameconfoundingfactors
asthe previousone. Nevertheless, the fact remainsthat the
use of adrenaline in cardiac arrest had a disappointingly
low success rate overall.

Inthe only ‘before and after’ trial on adrenaline done so
far, Weaver et al*2 studied 199 patientswith out-of-hospital
cardiac arrest in persistent VF (ventricular fibrillation)
who were given adrenaline or lignocaine and compared
them with historical controls who were only given
bicarbonate. They found that therewasno differencein the
proportion of patientsresuscitated with either adrenalineor
lignocaine and lower survival in both groups compared to
controls. They concludedthat therewasnoclinical evidence
to support the efficacy of drug therapy in persistent VF and
recommended that drugsbewithheld until several repeated
shocks failed to restore circulation. They also suggested a
review of current guidelines regarding drug therapy.
However, we note that with a* before and after’ type study
design, many confounding factors can occur. Also,
comparison was not between adrenaline and no treatment,
rather with bicarbonate as the historical control.
Furthermore, theaveragetimetofirst defibrillation for this
study was 9 + 4 min. Drug therapy was only initiated after
thefirst defibrillation proved unsuccessful. We know that
for cardiacarrest patientsdefibrillated after 8min, prognosis
isdismal, no matter what subsequent therapy is given.

There has only been 1 placebo controlled trial on
adrenaline. Woodhouse et al?* compared high-dose
adrenaline (10 mg), standard dose adrenaline and placebo
in cardiac arrest. This study was originally designed to be
a randomised, controlled trial comparing high-dose (10
mg) adrenaline and placebo. However, alarge proportion
of theeligible study group (45%) were not randomised and
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received open 1 mg aliquots of adrenaline due to non-
compliance with protocol. This was apparently due to
physician reluctance to possibly administer aplacebo in a
cardiac arrest situation. Those given open, standard doses
of adrenaline were included in the final analysis, which
showed no significant difference in survival with high
dose, standard dose adrenaline or placebo. The patient
profile in each group was apparently similar. The authors
thus concluded that 1 mg or 10 mg adrenaline does not
influence outcomes compared with placebo. Once again,
we note that selection biasis likely to have been present,
especially for thestandard doseadrenalinegroup. Alsothis
wasanin-hospital study, patientswho arrested pre-hospital
only had interventions on arrival at the emergency
department. Treatment intervals are likely to have been
long although they were not reported. There have not been
any prospective randomised controlled trials comparing
standard dose adrenaline with placebo.

Initial studies comparing high-dose adrenaline (>5 mg
boluses) with standard-dose adrenaline (1 mg)**> showed
improved rates of return of spontaneouscirculation, and by
extrapolation, improved survival. However, extensive
clinical trials done since'®1820232528 haye now shown that
compared to standard dose adrenaline, there is no
improvement in survival. A meta-analysis done on the
high-dose versus standard-dose adrenaline trial s confirms
that there is no significant improvement in survival to
discharge with escalating doses of adrenaline.® Other
drugs that have been assessed include phenylephrine®
noradrenaline'® and methoxamine, 122 put these have not
been shown to be superior to adrenaline.

Why has the experimental evidence on the utility of
adrenaline in cardiac arrest not been repeated in aclinical
setting? There are two possible explanations. Firstly, it
could beduetothenatureof cardiac arrest trial sconducted.
Secondly, it could be due to the actual effect of the drug
itself. Aswe have mentioned before, thereare many factors
affecting outcome in cardiac arrest. These include patient
factors, disease factors and event factors such as presence
of bystander CPR, EMS response times, time to
defibrillation, etc. Furthermore, if timetointerventionsare
long (>8 min),* outcomes are uniformly poor, no matter
what interventionisgiven subsequently. Thus, theneed for
properly designed randomised controlled trials in this
field. However, ethical issues do arise regarding waiver of
consent in an emergency situation and the use of placebo
incardiacarresttrials. Thesecond possibility isthat athough
adrenaline may increase return of spontaneous circulation,
subsequent delayed effects may adversely affect final
outcome, as we have discussed above.

Adrenaline continues till today to be the mainstay
treatment in cardiac arrest, possibly due to a lack of
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aternatives. The ILCOR G2000 has given adrenaline a
Class IIb (possibly helpful) recommendation with an
indeterminate level of evidence. However, they have also
recommended anew alternative, vasopressin (ClasslIb), to
adrenaline.

Vasopressin

It wasinitialy observed that patients with cardiac arrest
had extremely high circulating levels of endogenous
vasopressin.>>>" Vasopressin is a naturally occurring
posterior pituitary hormone that acts directly on
V1 receptors on contractile elements. It aso has an
antidiuretic effect.

Subsequent animal studies confirmed that vasopressin
improved vital organ perfusion during cardiac arrest.%
Successful resuscitation with full neurological recovery
has been reported. Compared to the maximum effective
dose of 200 ug/kg adrenaline, a dose of 0.8 U/kg of
vasopressin achieved significantly higher coronary
perfusion pressure, myocardial blood flow and total
cerebral blood flow.*® Compared with adrenaline, vaso-
pressin was superior in improving ventricular fibrillation
mean frequency®! and cerebral oxygen delivery.®2 Pharma-
cological effects also lasted longer after vasopressin than
after adrenaline.®* Repeated doses of vasopressin have also
been found to maintain coronary perfusion pressure better
than adrenaline.’-® In arandomised swine outcome study
(n = 35), return of spontaneous circulation (ROSC) was
attained in 67% of vasopressin-treated pigs versus 47% of
epinephrine-treated pigs. Twenty-four hour survival with
normal neurological status occurred in 61% versus 41%,
respectively; however, this difference did not achieve
statistical significance (P = 0.24).%"

What about paediatric cardiac arrest? Voelckel et al®®
found that vasopressin waslesseffectivethan adrenalinein
the paediatric porcine model (piglets8to 11 kg) of cardiac
arrest. This observation has not yet been fully explained.
This study aso showed that a combination of vasopressin
and adrenaline was more effective in resuscitation than
adrenaline or vasopressin alone. This synergistic effect
wasfound possibly to apply to adult cardiac arrest aswel | .%°
V asopressin hasal so been shown experimentally toimprove
survival in cardiac arrest after hypovolaemic shock.™

In human studies of the use of vasopressin, Morriset al?®
measured coronary perfusion pressure (CPP) in 10 patients
with prolonged cardiac arrest. CPP was measured after a
dose of adrenaline and again after a dose of vasopressin.
They found significantly improved coronary perfusion
pressures in patients after vasopressin but not adrenaline.
Inacase seriesof 8 patientswith in-hospital cardiac arrest,
vasopressin was found to restore spontaneous circulation
inall patientsand 3 weredischarged alive.? Lindner et at,?”

in a randomised, double-blind clinical trial compared
intravenous vasopressin and adrenaline in refractory
ventricular fibrillation. Patientswith out-of -hospital cardiac
arrest were attended to by a pre-hospital team comprising
paramedicsand aphysician. If patientswerefoundto bein
ventricular fibrillation, not responsive to initial
defibrillation, 1 dose of study drug was given. Thiswasin
identical, precoded syringes and contained either 1 mg
adrenaline or 40 U vasopressin. They found asignificantly
larger proportion of patientswere successfully resuscitated
with vasopressin compared with adrenaline (40% vs 15%,
P =0.16). However, the samplesizewassmall (n=40) and
the authors concluded that more study was needed.

Subsequent results have been mixed. Stiell et al®
conducted a randomised trial comparing vasopressin and
adrenalineinin-hospital cardiac arrest. They recruited 200
patients who were given 1 dose of either vasopressin 40U
or adrenaline1 mg. Thelocation of arrest wasmainly inthe
wards(>50%) with othersfromthe Emergency Department
or the ICU/CCU. Initial rhythm was usually pulseless
electrical activity or asystole, with <20% in ventricular
fibrillation. Only about 30% of patients were thought to
have a cardiac cause of arrest, with many having non-
cardiac current diagnosis (postoperative event, 30%;
neoplasm, 14%; circulatory, 40%; respiratory, 14%;
digestive, 10%; genitourinary, 7%). They found no
significant difference in survival to discharge, 1-hour
survival and cerebral outcomes. The authors conclusion
was that they failed to detect any survival advantage for
vasopressin over adrenaline. Although there was no
statistical differencein outcomes, they added that they did
not recommend routine use of vasopressin for in-hospital
cardiac arrest, perhaps due to cost considerations. Lee et
al,* however, reported preliminary findings of higher
return of spontaneous circulation and better neurological
outcomes with vasopressin compared with adrenaline in
out-of-hospital cardiac arrest. However, the sample sizeis
small (n=10) and thistrial is still ongoing.

Atthispoint of time, thereisinsufficient clinical evidence
to show whether adrenaline or vasopressin is superior for
sudden cardiac arrest. Furthermore, the situation for in-
hospital arrest may be different from pre-hospital cardiac
arrest, asthe underlying aetiology, presenting rhythm and
subsequent response to treatment will differ. Vasopressin
is currently recommended for refractory ventricular
fibrillation, to be given as asingle intravenous bolus of 40
U that isnot repeated. 40 U of vasopressin costsabout S$42
compared to S$2.70 for adrenaline.

Conclusion

Although vasopressin has shown promise in animal
experimental work, it has yet to be proven in the clinical
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setting to be superior to adrenalinein sudden cardiac arrest.
Furthermore, there are many factors affecting outcomesin
cardiac arrest, and much more research is needed in this
critical area. In a review of current treatment of cardiac
arrest, Chugh et a™ issued an appeal for larger clinical
trials on cardiac arrest interventions. They argued that the
value of assessing vasopressin efficacy in awell-organised
clinical trial far outweighsthe potential for infringement of
patient rights implied in waiver of informed consent.
Meanwhile, in order to improve survival from sudden
cardiac arrest, continuing effort should be made to address
issues we know for certain affect survival: early initiation
of CPR, early defibrillation and early advanced care.
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