
Chinese Medical Journal ¦ September 5, 2017 ¦ Volume 130 ¦ Issue 172112

Review Article

introDuCtion

Cardiac arrest is a substantial public health problem.[1] 
Data from previous studies suggest that >3 million sudden 
cardiac deaths occur worldwide every year, and survival 
is lower than 8%.[1] Overall, 544,000 sudden cardiac 
deaths occur in China each year with survival in <1% of 
cases (compared with 12% in the United States).[2,3] Survival 
from sudden cardiac arrest in China is much lower than 
in many countries. Many conditions may cause cardiac 
arrest, with coronary artery disease being one of the most 
common causes.

Epinephrine has been the cornerstone of cardiac resuscitation 
and advanced cardiac life support (ACLS) from the birth 

of modern cardiopulmonary resuscitation (CPR) in the 
early 1960s.[4] The provision of epinephrine is currently 
suggested by both the American Heart Association (AHA) 
and the European Resuscitation Council in both shockable 
and nonshockable rhythms.[5] Epinephrine is vital to 
improving the return of spontaneous circulation (ROSC). 
However, standard‑dose epinephrine does not increase and 
may actually reduce long‑term survival and neurological 
recovery after CPR.
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In this article, we systematically reviewed whether the use 
of intravenous adrenaline, according to current cardiac arrest 
guidelines, is helpful or harmful.

Current guiDelines

The administration of adrenaline has long been recommended 
for the use during ACLS, based predominantly on animal 
studies.[6] Epinephrine is an endogenous catecholamine with 
high affinity for α‑ and β‑adrenergic receptors present in 
cardiac and vascular smooth muscle.[7] β‑adrenergic effects 
are more pronounced at low doses while α‑adrenergic 
effects are more pronounced at higher doses.[7] Epinephrine 
has beneficial effects in patients during cardiac arrest, 
primarily because of its α‑adrenergic effects, resulting in 
improved coronary perfusion pressure which is associated 
with an increased probability of ROSC in animals and 
humans.[8,9] However, the effect on cerebral perfusion 
remains controversial.[5] A Class IIb recommendation from 
the 2015 updated AHA guidelines states that “standard‑dose 
epinephrine may be reasonable for patients with cardiac 
arrest,” with doses of 1 mg of 1:10,000 epinephrine 
administered intravenously every 3–5 min.[10] It may 
be reasonable to administer epinephrine as soon as 
feasible after the onset of cardiac arrest due to an initial 
nonshockable rhythm (Class IIb recommendation).[10] For 
initial shockable rhythms, such as pulseless ventricular 
tachycardia or ventricular fibrillation (VF), defibrillation 
is recommended as the first‑line treatment, with chest 
compressions. However, the optimal timing of epinephrine 
administration is unknown.[10] High‑dose epinephrine is not 
recommended (Class III recommendation).[10]

PotentiAl benefiCiAl AnD DetrimentAl effeCts 
of ePinePhrine

Beneficial effects of epinephrine
The findings from randomized trials and observational 
studies indicate that epinephrine increases coronary 
perfusion pressure and the likelihood of ROSC during 
CPR.[11] Administering epinephrine during CPR increases 
the probability of restoring cardiac activity with pulses, 
which is an essential intermediate step toward long‑term 
survival.[12] The potential beneficial effects are attributed 
to the stimulation of α‑receptors, which constrict the 
arterioles and increase aortic pressure during chest 
compressions.[13] When CPR fails to generate a coronary 
perfusion pressure >15–20 mmHg (1 mmHg = 0.133 kPa), 
return of cardiac mechanical activity rarely or never 
occurs.[14] Epinephrine, with its potent vasopressor and 
inotropic properties, can rapidly increase diastolic blood 
pressure to facilitate coronary perfusion and help restore 
organized myocardial contractility.[7] In a systematic review 
and meta‑analysis, investigators addressed an advantage of 
standard‑dose adrenaline (SDA) over placebo and high‑dose 
adrenaline (HDA) over SDA in overall survival to admission 
and ROSC, which is consistent with previous reviews.[15]

In the first and, to date, only randomized, double‑blind, 
placebo‑controlled trial of adrenaline in patients with 
out‑of‑hospital cardiac arrest (OHCA), Jacobs et al.[16] 
reported a significant increase in ROSC associated with 
epinephrine and a nonsignificant increase in survival to 
hospital discharge or worse neurological outcomes in 
patients administered epinephrine. Nakahara et al.[17] reported 
that patients receiving early (<10 min) adrenaline had 
significantly higher rates of neurologic intact survival and 
any survival than those who did not receive early adrenaline, 
after adjusting for potential confounders. Hayashi et al.[18] 
reported that the effectiveness of adrenaline in patients with 
OHCA depended on the time of its administration. When 
adrenaline was administered in the early phase, there was an 
improvement in neurologic outcome from OHCA secondary 
to VF. Atiksawedparit et al.[19] published a meta‑analysis 
reporting a higher rate of prehospital ROSC in the epinephrine 
group while no difference in survival to discharge was 
found. Studies in patients with cardiac arrest outside hospital 
have consistently found that epinephrine increases aortic 
relaxation pressure and increases coronary perfusion pressure, 
increasing the chances of achieving ROSC.

Detrimental effects of epinephrine
Epinephrine increases coronary perfusion pressure by 
decreasing blood flow to all other organs, an effect that 
may persist after the restoration of pulses.[12] On the 
basis of observational data and limited clinical trials, 
standard‑dose epinephrine does not increase and may 
actually reduce long‑term survival and neurological 
recovery after CPR.[11] Potentially harmful effects are 
α‑ and β‑receptor mediated and include reduced cerebral 
microvascular blood flow and exacerbation of neurological 
outcome. Cardiovascular instability, such as increased 
myocardial work and increased risk of tachydysrhythmia, 
promotes thrombogenesis and platelet activation after ROSC 
and adverse immunomodulatory and metabolic effects.
[10,12,20] Experimental studies have shown that β‑blocker 
treatment may mitigate some of these deleterious effects.[21] 
An animal study indicated that epinephrine reduced capillary 
blood flow in swine brain.[22] Epinephrine‑induced cerebral 
hypoperfusion persisted during CPR was attributable to the 
α‑1 agonist effects of reduced cerebral microcirculatory 
blood flow and increased cerebral ischemia, determined by 
decreased brain tissue pO2 and increased pCO2.

[4] Epinephrine 
also has adverse effects on myocardium mediated by 
β‑receptor stimulation.[4] Epinephrine impairs myocardial 
function despite increasing coronary perfusion pressure.[4] 
Epinephrine is known to increase the frequency of transitions 
from PEA to ROSC and extend the time window for the 
development of ROSC at a cost of greater cardiovascular 
instability after ROSC, with a higher rate of rearresting.[23] 
Similarly, the total dose of epinephrine is associated with 
impaired lactate clearance for hours and gastric mucosal 
perfusion after CPR in humans.[11,12]

Hagihara et al. conducted a prospective nonrandomized 
analysis of over 400,000 patients with OHCA in Japan, 
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finding an increase in ROSC with epinephrine, but no 
increase in survival or functional outcome. Greater ROSC 
occurred in the epinephrine group, although this was 
associated with lower survival at one month and worse 
neurologic outcome.[24] Dumas et al.[25] examined a cohort 
of patients who achieved ROSC and found that prehospital 
adrenaline was associated with a lower chance of survival. 
Investigators also reported that adrenaline administration was 
associated with worse survival and neurological outcome that 
was not improved by postresuscitation hypothermia.[25] In 
a trial post hoc analysis, Olasveengen et al.[26] found that 
“adrenaline was associated with short‑time survival but also 
with decreased survival to hospital discharge and survival 
with favorable neurological outcomes.” A study conducted 
by Sanghavi et al.[27] in 2015 reported that no evidence 
implies epinephrine associated with improved neurologic 
outcome, survival to discharge, and total survival. There is 
conflicting evidence on long‑term survival and functional 
recovery, particularly neurological outcomes, in patients 
with cardiac arrest outside hospital.

Effect of dosage, timing subgroups of patients
The total dose and timing of epinephrine affects patient 
outcome.[28] The current 1 mg bolus dose of adrenaline was 
derived from animal studies in the 1960s.[12] The optimal 
dose of epinephrine is not known, although increasing the 
cumulative dose may worsen survival and neurological 
outcome.[10] Lin et al.[15] compared SDA (1 mg every 
3–5 min) with placebo, SDA with HDA (>1 mg/dose), 
SDA with the combination of adrenaline and vasopressin, 
and SDA with vasopressin alone. There was no benefit 
of adrenaline in survival to discharge or neurological 
outcomes.[15] There were improved rates of survival to 
admission and ROSC in the SDA versus placebo and 
HDA versus SDA studies.[15] However, there are no studies 
examining smaller doses (e.g., 1 µg/kg) or infusions of 
adrenaline in clinical studies.[29] Some studies suggested 
that the earlier epinephrine is administered in cardiac 
arrest, particularly in nonshockable OHCA, the greater 
its effect.[30]

Several studies have identified different etiologies in 
subgroups with shockable and nonshockable rhythms, and 
it seems reasonable that there are differences in treatment 
strategies.[31] In the initial shockable rhythm cohort, the 
ratios of prehospital ROSC, 1‑month survival, and 1‑month 
favorable neurological outcomes in the nonepinephrine 
group were significantly higher than those in the epinephrine 
group.[32] However, in the initial nonshockable rhythm 
cohort, the ratios of prehospital ROSC and 1‑month 
survival in the epinephrine group were significantly higher 
than those in the nonepinephrine group, and there was 
no significant difference between the epinephrine and 
nonepinephrine groups for 1‑month favorable neurological 
outcomes.[32] Several studies have identified dissimilar 
etiologies in shockable and nonshockable subgroups and 
it seems reasonable to assume that differences in treatment 
strategies will emerge.[26]

Nevertheless, future studies should consider whether 
different effects of epinephrine are observed in clinically 
distinct subsets of patients, such as those with non‑VF 
cardiac arrest, or at distinct times after cardiac arrest.[11]

Summary of studies evaluating epinephrine is listed in 
Table 1.

PotentiAl future DireCtions of ePinePhrine

There is an urgent need for larger sample, high‑quality, 
double‑blind, randomized controlled trials and should 
include long‑term follow‑up in order to improve 
understanding and inform clinical practice. The evidence 
to date suggests that epinephrine may still have a role in 
resuscitation, possibly by continuous infusion rather than 
bolus administration, or in doses smaller than 1 mg or 
when delivered very early, or when combined with other 
therapies.[33]

Three phases of cardiac arrest can be considered: 
electrical, circulatory, and metabolic.[3] The use of 
epinephrine in cardiac arrest increases the chance of 
achieving ROSC. The circulatory phase targets perfusion 
and epinephrine could increase coronary blood flow 
and perfusion pressure through α‑adrenergic peripheral 
vasoconstriction. Epinephrine’s beta‑stimulation may have 
deleterious effects, resulting in postresuscitation cardiac 
dysfunction. Beta‑adrenoceptor blockade treatment may 
mitigate some of these harmful effects, maximizing 
the function of epinephrine. The use of beta‑blockade 
could reduce myocardial oxygen requirements, improve 
postresuscitation myocardial function, diminish arrhythmia 
recurrences, and prolong survival. Prearrest beta‑blockade 
seemed to yield better postresuscitation myocardial 
and neurologic function in addition to the increase in 
postresuscitation survival. Several studies illustrate 
that future research may focus on the promotion of 
microvascular flow rather than maximizing pressures in 
large arteries. Randomized controlled trials remain the 
gold standard and their use in comparing standard‑dose 
epinephrine (1 mg every 3–5 min) to placebo, no 
intravenous access to drug administration of existing and 
new drugs, appears justified.

ConClusions

Prehospital epinephrine administration may improve 
ROSC but does not improve survival to discharge or 
neurologic outcomes after OHCA. Although there is no 
clear evidence of long‑term benefits following the use of 
epinephrine in OHCA, there is insufficient evidence to 
support changing current guidelines which recommend its 
administration (1 mg every 3–5 min) during resuscitation. 
Therefore, there is a need for further clinical trials to examine 
whether lower doses or alternative regimes of epinephrine 
administration. Furthermore, the most important aspect of 
care in cardiac arrest is BLS measures, including adequate 
compressions and early defibrillation.



Chinese Medical Journal ¦ September 5, 2017 ¦ Volume 130 ¦ Issue 17 2115

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

referenCes
1. Chen M, Wang Y, Li X, Hou L, Wang Y, Liu J, et al. Public 

knowledge and attitudes towards bystander cardiopulmonary 
resuscitation in China. Biomed Res Int 2017;2017:1‑7. doi: 
10.1155/2017/3250485.

2. Xu F, Zhang Y, Chen Y. Cardiopulmonary resuscitation training in 
China: Current situation and future development. JAMA Cardiol 
2017;2:469‑70. doi: 10.1001/jamacardio.2017.0035.

3. Long B, Koyfman A. Emergency medicine myths: Epinephrine 
in cardiac arrest. J Emerg Med 2017;52:809‑14. doi: 10.1016/j.
jemermed.2016.12.020.

4. Nolan JP, Perkins GD. Is there a role for adrenaline during 
cardiopulmonary resuscitation? Curr Opin Crit Care 2013;19:169‑74. 
doi: 10.1097/MCC.0b013e328360ec51.

5. Andersen LW, Kurth T, Chase M, Berg KM, Cocchi MN, Callaway C, 
et al. Early administration of epinephrine (adrenaline) in patients with 
cardiac arrest with initial shockable rhythm in hospital: Propensity 
score matched analysis. BMJ 2016;353:i1577. doi: 10.1136/bmj.
i1577.

6. Ewy GA, Bobrow BJ, Chikani V, Sanders AB, Otto CW, Spaite DW, 
et al. The time dependent association of adrenaline administration 

and survival from out‑of‑hospital cardiac arrest. Resuscitation 
2015;96:180‑5. doi: 10.1016/j.resuscitation.2015.08.011.

7. Overgaard CB, Dzavík V. Inotropes and vasopressors: Review of 
physiology and clinical use in cardiovascular disease. Circulation 
2008;118:1047‑56. doi: 10.1161/CIRCULATIONAHA.107.728840.

8. Niemann JT, Criley JM, Rosborough JP, Niskanen RA, Alferness C. 
Predictive indices of successful cardiac resuscitation after prolonged 
arrest and experimental cardiopulmonary resuscitation. Ann Emerg 
Med 1985;14:521‑8. doi: 10.1016/S0196‑0644(85)80774‑5.

9. Michael JR, Guerci AD, Koehler RC, Shi AY, Tsitlik J, Chandra N, 
et al. Mechanisms by which epinephrine augments cerebral and 
myocardial perfusion during cardiopulmonary resuscitation in dogs. 
Circulation 1984;69:822‑35. doi: 10.1161/01.CIR.69.4.822.

10. Link MS, Berkow LC, Kudenchuk PJ, Halperin HR, Hess EP, 
Moitra VK, et al. Part 7: Adult advanced cardiovascular life 
support: 2015 American heart association guidelines update for 
cardiopulmonary resuscitation and emergency cardiovascular 
care. Circulation 2015;132 18 Suppl 2:S444‑64. doi: 10.1161/
CIR.0000000000000261.

11. Callaway CW. Epinephrine for cardiac arrest. Curr Opin Cardiol 
2013;28:36‑42. doi: 10.1097/HCO.0b013e32835b0979.

12. Callaway CW. Questioning the use of epinephrine to treat cardiac 
arrest. JAMA 2012;307:1198‑200. doi: 10.1001/jama.2012.313.

13. Paradis NA, Martin GB, Rosenberg J, Rivers EP, Goetting MG, 
Appleton TJ, et al. The effect of standard‑ and high‑dose epinephrine 
on coronary perfusion pressure during prolonged cardiopulmonary 
resuscitation. JAMA 1991;265:1139‑44. doi: 10.1001/
jama.1991.03460090087038.

14. Paradis NA, Martin GB, Rivers EP, Goetting MG, Appleton TJ, 

Table 1: Summary of studies evaluating the effects of epinephrine

Study Year Description Outcomes Findings
Sanghavi et al.[27] 2015 Retrospective cohort 

study
Survival to hospital discharge, to 

30 days, and to 90 days; neurological 
performance

No epinephrine associated with improved 
neurologic outcome, survival to discharge, 
and total survival

Lin et al.[15] 2014 Systematic review 
and meta‑analysis

Primary: Survival to hospital discharge
Secondary: ROSC, survival to hospital 

admission, and neurological outcome 
at hospital discharge

No benefit of epinephrine in survival to 
discharge or neurological outcomes. 
There were improved rates of survival 
to admission and ROSC with SDA over 
placebo and HDA over SDA

Atiksawedparit et al.[19] 2014 Meta‑analysis ROSC and survival to discharge A higher rate of prehospital ROSC in the 
epinephrine group while no difference in 
survival to discharge

Dumas et al.[25] 2014 Prospective cohort 
study

Survival to hospital admission, and 
neurological outcome at hospital 
discharge

Prehospital epinephrine was associated 
with a lower chance of survival and worse 
neurological outcomes

Nakahara et al.[17] 2013 Retrospective cohort 
study

Overall and neurologically intact 
survival at 1 month or at discharge

Significant increase in neurologic intact 
survival and survival at 1 month

Hayashi et al.[18] 2012 Prospective cohort 
study

neurological outcome at hospital 
discharge

When epinephrine was administered in the 
early phase, there was an improvement in 
neurologic outcome

Hagihara et al.[24] 2012 Prospective cohort 
study

ROSC, survival at 1 month, 1 month 
cerebral performance with CPC, and 
survival with no, mild, or moderate 
neurological disability with CPC

A positive association was detected 
between prehospital epinephrine use and 
ROSC before hospital arrival. A negative 
association was detected with respect 
to prehospital epinephrine use and both 
1‑month survival, and cerebral performance

Olasveengen et al.[26] 2012 Prospective cohort 
study

Primary: Survival to hospital discharge
Secondary: ROSC, survival to hospital 

admission, and neurological outcome 
at hospital discharge

Epinephrine associated with increased short 
term survival, but with decreased survival 
to hospital discharge, and decreased 
favorable neurological outcome

Jacobs et al.[16] 2011 Randomized, 
double‑blind, 
placebo‑controlled 
study

Primary: Survival to hospital discharge
Secondary: ROSC, cerebral 

performance at hospital discharge 
with CPC

Nonsignificant increase in survival to hospital 
discharge in epinephrine group. Significant 
increase in ROSC for epinephrine group. 
Nonsignificant worse neurological 
outcomes in epinephrine group

ROSC: Return of spontaneous circulation; SDA: Standard‑dose adrenaline; HDA: High‑dose adrenaline; CPC: Cerebral performance category.



Chinese Medical Journal ¦ September 5, 2017 ¦ Volume 130 ¦ Issue 172116

Feingold M, et al. Coronary perfusion pressure and the 
return of spontaneous circulation in human cardiopulmonary 
resuscitation. JAMA 1990;263:1106‑13. doi: 10.1001/
jama.1990.03440080084029.

15. Lin S, Callaway CW, Shah PS, Wagner JD, Beyene J, Ziegler CP, 
et al. Adrenaline for out‑of‑hospital cardiac arrest resuscitation: 
A systematic review and meta‑analysis of randomized 
controlled trials. Resuscitation 2014;85:732‑40. doi: 10.1016/j.
resuscitation.2014.03.008.

16. Jacobs IG, Finn JC, Jelinek GA, Oxer HF, Thompson PL. Effect of 
adrenaline on survival in out‑of‑hospital cardiac arrest: A randomised 
double‑blind placebo‑controlled trial. Resuscitation 2011;82:1138‑43. 
doi: 10.1016/j.resuscitation.2011.06.029.

17. Nakahara S, Tomio J, Takahashi H, Ichikawa M, Nishida M, 
Morimura N, et al. Evaluation of pre‑hospital administration of 
adrenaline (epinephrine) by emergency medical services for patients 
with out of hospital cardiac arrest in Japan: Controlled propensity 
matched retrospective cohort study. BMJ 2013;347:f6829. doi: 
10.1136/bmj.f6829.

18. Hayashi Y, Iwami T, Kitamura T, Nishiuchi T, Kajino K, Sakai T, et al. 
Impact of early intravenous epinephrine administration on outcomes 
following out‑of‑hospital cardiac arrest. Circ J 2012;76:1639‑45. doi: 
10.1253/circj.CJ‑11‑1433.

19. Atiksawedparit P, Rattanasiri S, McEvoy M, Graham CA, 
Sittichanbuncha Y, Thakkinstian A. Effects of prehospital adrenaline 
administration on out‑of‑hospital cardiac arrest outcomes: A 
systematic review and meta‑analysis. Crit Care 2014;18:463. doi: 
10.1186/s13054‑014‑0463‑7.

20. Perkins GD, Quinn T, Deakin CD, Nolan JP, Lall R, 
Slowther AM, et al. Pre‑hospital assessment of the role of 
adrenaline: Measuring the effectiveness of drug administration 
in cardiac arrest (PARAMEDIC‑2): Trial protocol. Resuscitation 
2016;108:75‑81. doi: 10.1016/j.resuscitation.2016.08.029.

21. de Oliveira FC, Feitosa‑Filho GS, Ritt LE. Use of beta‑blockers 
for the treatment of cardiac arrest due to ventricular fibrillation/
pulseless ventricular tachycardia: A systematic review. Resuscitation 
2012;83:674‑83. doi: 10.1016/j.resuscitation.2012.01.025.

22. Ristagno G, Tang W, Huang L, Fymat A, Chang YT, Sun S, et al. 
Epinephrine reduces cerebral perfusion during cardiopulmonary 
resuscitation. Crit Care Med 2009;37:1408‑15. doi: 10.1097/
CCM.0b013e31819cedc9.

23. Sun S, Tang W, Song F, Yu T, Ristagno G, Shan Y, et al. The effects 
of epinephrine on outcomes of normothermic and therapeutic 

hypothermic cardiopulmonary resuscitation. Crit Care Med 
2010;38:2175‑80. doi: 10.1097/CCM.0b013e3181eedad6.

24. Hagihara A, Hasegawa M, Abe T, Nagata T, Wakata Y, Miyazaki S. 
Prehospital epinephrine use and survival among patients with 
out‑of‑hospital cardiac arrest. JAMA 2012;307:1161‑8. doi: 10.1001/
jama.2012.294.

25. Dumas F, Bougouin W, Geri G, Lamhaut L, Bougle A, Daviaud F, 
et al. Is epinephrine during cardiac arrest associated with worse 
outcomes in resuscitated patients? J Am Coll Cardiol 2014;64:2360‑7. 
doi: 10.1016/j.jacc.2014.09.036.

26. Olasveengen TM, Wik L, Sunde K, Steen PA. Outcome when 
adrenaline (epinephrine) was actually given vs. not given – Post hoc 
analysis of a randomized clinical trial. Resuscitation 2012;83:327‑32. 
doi: 10.1016/j.resuscitation.2011.11.011.

27. Sanghavi P, Jena AB, Newhouse JP, Zaslavsky AM. Outcomes 
after out‑of‑hospital cardiac arrest treated by basic vs. advanced 
life support. JAMA Intern Med 2015;175:196‑204. doi: 10.1001/
jamainternmed.2014.5420.

28. Koscik C, Pinawin A, McGovern H, Allen D, Media DE, Ferguson T, 
et al. Rapid epinephrine administration improves early outcomes in 
out‑of‑hospital cardiac arrest. Resuscitation 2013;84:915‑20. doi: 
10.1016/j.resuscitation.2013.03.023.

29. Nordseth T, Olasveengen TM, Kvaløy JT, Wik L, Steen PA, Skogvoll E. 
Dynamic effects of adrenaline (epinephrine) in out‑of‑hospital cardiac 
arrest with initial pulseless electrical activity (PEA). Resuscitation 
2012;83:946‑52. doi: 10.1016/j.resuscitation.2012.02.031.

30. Fukuda T, Ohashi‑Fukuda N, Matsubara T, Gunshin M, Kondo Y, 
Yahagi N. Effect of prehospital epinephrine on out‑of‑hospital cardiac 
arrest: A report from the national out‑of‑hospital cardiac arrest data 
registry in Japan, 2011‑2012. Eur J Clin Pharmacol 2016;72:1255‑64. 
doi: 10.1007/s00228‑016‑2093‑2.

31. Machida M, Miura S, Matsuo K, Ishikura H, Saku K. Effect of 
intravenous adrenaline before arrival at the hospital in out‑of‑hospital 
cardiac arrest. J Cardiol 2012;60:503‑7. doi: 10.1016/j.
jjcc.2012.07.001.

32. Goto Y, Maeda T, Goto Y. Effects of prehospital epinephrine during 
out‑of‑hospital cardiac arrest with initial non‑shockable rhythm: An 
observational cohort study. Crit Care 2013;17:R188. doi: 10.1186/
cc12872.

33. Krishnamoorthy V, Vavilala MS, Fettiplace MR, Weinberg G. 
Epinephrine for cardiac arrest: Are we doing more harm 
than good? Anesthesiology 2014;120:792‑4. doi: 10.1097/
ALN.0000000000000032.


