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Abstract

Introduction and objective: Epinephrine is the most important and primary drug that resuscitation team
use to reverse cardiac arrest. The provision of epinephrine is currently suggested by both the American
Heart Association and the European Resuscitation Council. It is vital to improving the return of
spontaneous circulation (ROSC), however the evidence for the use of adrenaline in resuscitation is
inconclusive.

Materials and methods: The literature was reviewed in the Pubmed database, in the Via Medica
Journals database, and in the guidelines of the Polish Society of Anesthesiology, European
Resuscitation Council and the American Heart Association with the use of keywords.

State of knowledge: There is a clear evidence of an association between epinephrine and increased
return of spontaneous circulation (ROSC). Its action is based on stimulation of alpha- and beta-
adrenergic receptors. Epinephrine have a role in resuscitation, during CPR it increases the probability
of restoring cardiac activity with pulses, which is intermediate step toward long-term survival.
However, there are conflicting results regarding long-term survival and functional recovery,
particularly neurological outcome.

Conclusions: Research shows that epinephrine administration in patients with cardiac arrest increases
the chance of restoring spontaneous circulation and patient survival to hospital admission and
discharge. However, there are arguments questioning the validity of using epinephrine in resuscitation.
Publications show that the compound contributes to post-resuscitation syndrome, which reduces a
patient's chance of long-term survival. There are a number of conflicting studies that vary widely in
the results presented. The current evidence is insufficient to either confirm or exclude the efficacy of
epinephrine, which is why it is still recommended in the latest resuscitation guidelines by the
European Resuscitation Council (ERC 2021) and the American Heart Association (AHA 2020).

Keywords: adrenaline, cardiac arrest, resuscitation, rosc, epinephrine, cpr

1. Introduction

Epinephrine is the most important and primary drug that resuscitation team use to reverse
cardiac arrest. It 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. [1] 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.[2]

Cardiopulmonary resuscitation is a team activities performed by the affected person to sudden
cardiac arrest, one of the main ones causes of death in Europe. Correct resuscitation increases
the victim's chances of survival four times [3-8], which is why it is extremely important

adequate knowledge of the procedure and take action quickly. Medications during
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resuscitation are administered in accordance with the guidelines and depending from the
current heart rate.

Adrenaline is given in any case of cardiac arrest as a medicine first line. [9] It is an
endogenous catecholamine showing affinity for a-receptors and B-adrenergic, belonging to
sympathetic amines metrics - stimulating the sympathetic nervous system. [10] It is
commonly referred to as the fight and flight hormone. [11] It makes an impact for the
functioning of many organs. In layout breathing causes muscle relaxation of bronchial tree. In
the circulatory system, it accelerates heart function and improves the conduction of stimuli.
Administration of adrenaline during circulatory resuscitation respiratory system causes an
increase in flow blood through the coronary vessels by stimulation al receptors. 3-adrenergic
effects are more pronounced at low doses while a-adrenergic effects are more pronounced at
higher doses. [21] The factor determining the coronary flow is the perfusion pressure of the
heart muscle which is defined as the difference between the pressure aortic diastolic pressure
and diastolic pressure of right atrium. [12] Epinephrine has beneficial effects in patients
during cardiac arrest, primarily because of its a-adrenergic effects, resulting in improved
coronary perfusion pressure which is associated with an increased probability of ROSC in
animals and humans [22,23]. When it comes to circulatory arrest and cell hypoxia
myocardium (anaerobic metabolism is non- sufficient to cover the demand for ATP),
resistance vessels are maximally dilated, decreasing vascular resistance, which also causes a
drop in blood pressure diastolic aorta and lowering the pressure gradient between the aorta
and the right atrium, which is related is with reduced blood flow through the heart. During
cardiopulmonary resuscitation, the non-perfusion of the heart should take a higher value than
15-20 mmHg, because in the case of lower pressure values are rarely restored spontaneous
circulation. [13]

Many conditions may cause cardiac arrest. Myocardial ischemia resulting in ventricular
fibrillation is the most common cause of cardiac arrest. Cardiomyocytes have a high demand
for oxygen due to intensive ventricular work during fibrillation. There is an imbalance
between supply and demand for this compound, particularly in the subendocardium of the left
ventricle. In a study on a group of fourteen dogs with ventricular fibrillation conducted in Los
Angeles and published in 1978 in The Journal of Thoracic and Cardiovascular Surgery it was
shown that epinephrine, through an inotropic effect exacerbates fibrillation and contributes to
the increasing intraventricular pressure and increasing myocardial oxygen demand. [14,15]
However, at the same time, it impedes blood flow through coronary vessels of the left

ventricle especially through the subendocardial layer, greater distribution of blood flow
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toward the epicardium and a decrease in the endocardial/subendocardial blood flow ratio. [16]
Increased oxygen consumption in ventricular fibrillation under the influence of B1 receptor
stimulation was also noted in studies conducted on groups of dogs, which were published in
1960 in Circulation Research, and in 1990 in the Journal of the American College of
Cardiology. [17] The effect of epinephrine on Pl receptors is also responsible for
dysfunctional myocardial dysfunction, which can persist in the post-resuscitation period. In
1998, Ditchey and Lindenfeld conducted a study on a group of dogs with ventricular
fibrillation, in which they observed that epinephrine supply caused a significant reduction in
ATP stores and lactate accumulation in the myocardium heart. These effects were the result of
an increase in the demand for cardiomyocytes' need for oxygen under the influence of the
positive inotropic and chronotropic effects. [18,19] The described consequences of
stimulation of B-adrenergic receptors have important relevance to cardiac dysfunction.
Relating to cardiac dysfunction, as the decrease in cardiac ATP in the heart is correlated with
the intensity of damage to the myocardium. [20]

Epinephrine is vital to improving the return of spontaneous circulation (ROSC), however the
evidence for the use of adrenaline in out-of-hospital and in-hospital resuscitation is
inconclusive.

We conducted a systematic review on the clinical efficacy of adrenaline in adult OHCA
patients to evaluate whether epinephrine provides any overall benefit for patients. Some of the
articles and say that adrenaline may be harmful for prognosis of surviving the patient in health
good enough to be discharged from the hospital. However, standard-dose epinephrine does

not increase and may actually reduce long-term survival and neurological recovery after CPR.

2. The arguments for the use of epinephrine in cardiac arrest

Epinephrine increases the rate of Return of Spontaneous Circulation (ROSC). [24] This is
demonstrated by animal studies and many retrospective analyses. In a systematic review and
meta-analysis, researchers noted the superiority of standard-dose epinephrine (SDA) over
placebo and high-dose epinephrine (HDA) over SDA in overall survival to admission and
ROSC, which is consistent with previous reviews.[31] Administration of epinephrine during
CPR increases the likelihood of pulse-mediated restoration of cardiac function, a necessary
intermediate step toward long-term survival. [27] The beneficial effects of epinephrine are
attributed to stimulation of a-receptors, which are responsible for arteriolar constriction and

increase aortic pressure when the chest is compressed. [28] Epinephrine has strong
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vasopressor and inotropic properties, which can increase diastolic blood pressure to facilitate
coronary perfusion and help restore proper and coordinated cardiac function.[29] When
coronary perfusion pressures >15-20 mmHg (1 mmHg = 0. 133 kPa) are not achieved during
resuscitation efforts, the return of cardiac mechanical function occurs very rarely or not at all.
[30] In the first and, to date, only randomized, double-blind, placebo-controlled study of
epinephrine use in patients with out-of-hospital cardiac arrest (OHCA), Jacobs et al [25]
reported a significant increase in ROSC associated with epinephrine administration and a
nonsignificant increase in survival to hospital discharge or worse neurological outcomes in
patients who received epinephrine. Studies in patients with out-of-hospital cardiac arrest have
consistently found that epinephrine increases aortic relaxation pressure and raises coronary
perfusion pressure, increasing the chances of achieving ROSC. In December 2013, a study
was conducted in a porcine model comparing the effects of epinephrine, vasopressin and
placebo. [26] Resuscitative measures with the above-mentioned drugs were undertaken in the
animals studied in three groups with ventricular fibrillation. The results obtained were: 83%
of the pigs with epinephrine achieved ROSC and two-hour survival, 50% in the vasopressin
group and 25% in the placebo group. A decrease in the effect of epinephrine increase on
blood pressure increase was also observed after the third dose, while the increase in blood
pressure after vasopressin application was maintained after each of the six doses.

The use of epinephrine during OHCA has also been shown to increase survival to hospital
discharge. This conclusion was reached by researchers in a systematic review and meta-
analysis including 20716 patients published in 2019. [32] The survival rate to hospital
discharge is significantly higher with epinephrine compared to placebo. The positive effect of
high-dose epinephrine was also highlighted, where more frequent ROSCs and higher survival
to hospital discharge were achieved.

Some studies have indicated an appropriate time for epinephrine administration of up to 10
minutes [33], while others specify as up to 20 minutes [34] after cardiac arrest. Most
researchers, however, conclude that the timing of epinephrine administration is very important
and emphasize the importance of administering CPR as soon as possible and note the
increased ROSC rate with faster epinephrine administration. Reduced neurological loss with
earlier epinephrine administration is also indicated. In 2013, similar conclusions were reached
by Japanese researchers [35], where they found that with each minute elapsed between
cardiac arrest and epinephrine administration, the probability of a favorable neurological
outcome increases 1.1 times. A 2014 study [36] where patients with cardiac arrest in the

hospital in a non-defibrillation rhythm were put under the microscope, summarized that
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administration of epinephrine at 1 to 3 minutes led to a higher probability of leading to ROSC,
increased the survival rate to hospital discharge along with a good neurological picture of the
patient. Two, large randomized trials, PARAMEDIC2 [37] and PACA (Placebo-Controlled
Trial of Adrenaline in Cardiac Arrest), proved a higher rate of ROSC in patients with out-of-
hospital cardiac arrest. Epinephrine was shown to be more effective in non-defibrillable
rhythms (electrical activity without pulse - PEA and asystole), but its effect in defibrillable
rhythms (ventricular fibrillation - VF and ventricular tachycardia - pVT without pulse wave)

was also significant.

3. The arguments for not using epinephrine in cardiac arrest

Epinephrine increases coronary perfusion pressure, reducing blood flow to all other organs,
and this effect may persist after circulation is restored. [40] This may reduce long-term
survival and neurological recovery after cardiopulmonary resuscitation. [39] Standard-dose
epinephrine reduces cerebral microvascular blood flow by affecting a- and B-receptors. This
promotes an unfavorable prognosis for patient survival after successful resuscitation and
worsens neurological outcomes.

Studies conducted on pigs have shown a reduction in capillary blood flow through the brain.
[50] This effect is attributed to a-1 agonist effects resulting in decreased microvascular blood
flow in the brain, its increased ischemia. This was determined by decreased p02 flow in brain
tissue and increased pCO2. [32] Epinephrine impairs myocardial function despite increased
coronary perfusion pressure. [32]. This is an effect of B-receptor stimulation [32]. Epinephrine
also leads to increased myocardial work, increases the risk of tachyarrhythmias, which in turn
affects platelet activation and promotes thrombogenesis. It also leads to adverse
immunomodulatory and metabolic effects. [38,40,48]

Dumas et al [53] studied a cohort of patients who reached ROSC and found that prehospital
epinephrine was associated with a lower chance of survival. The researchers also reported that
epinephrine administration was associated with worse survival and neurological outcome,
which was not improved by post-resuscitation hypothermia.[53] Receiving epinephrine is also
associated with impaired lactate clearance for hours and gastric mucosal perfusion after CPR
in humans. [39,40]

Epinephrine increases the rate of transitions from PEA to ROSC and lengthens the time
window for the development of ROSC at the cost of greater cardiovascular instability after

ROSC, with higher rates of re-arrest. [51] Japanese researchers Haginafara et al. performed a
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prospective, non-randomized analysis of more than 400,000 patients with out-of-hospital
cardiac arrest. They observed 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 one-month survival and worse neurological outcome.[52] The
study by Sanghavi et al [53] in 2015 reported that no evidence suggests that epinephrine is
associated with better neurological outcome, survival to hospital discharge and overall
survival. There is conflicting evidence regarding long-term survival and return of blood
circulation.

In a post hoc analysis of the study, Olasveengen et al [54] found that "epinephrine was
associated with short-term survival, but also with reduced survival to hospital discharge and
survival with favorable neurological outcome." functional outcome, particularly neurological

outcome, in patients with out-of-hospital cardiac arrest.

4. Summa

Epinephrine, according to the 2021 European Resuscitation Council guidelines, is the drug of
choice for advanced resuscitation procedures. Its action is based on stimulation of alpha- and
beta-adrenergic receptors. Research shows that epinephrine administration in patients with
out-of-hospital cardiac arrest increases the chance of restoring spontaneous circulation and
patient survival to hospital admission and discharge. This is due to its effect on alpha
receptors, which is responsible for increasing myocardial perfusion through vasoconstriction
of peripheral vessels and increasing diastolic pressure. However, there are arguments
questioning the validity of using epinephrine in cardiopulmonary resuscitation. Scientific
publications show that the compound contributes to post-resuscitation syndrome, which
reduces a patient's chance of long-term survival. Its symptoms include brain damage caused
by microcirculatory disruption as a result of alpha receptor stimulation. Myocardial
dysfunction associated with beta receptors and organ ischemia caused by vasoconstriction of
peripheral vessels as a result of alpha receptor stimulation can also be observed. There are a
number of conflicting studies that vary widely in the results presented. Some of the studies
have been conducted on animals, which differ in structure and function from the human body,
so we have no confidence that the results obtained will be similar in humans. The current
evidence is insufficient to either confirm or exclude the efficacy of epinephrine, which is why

it is still recommended in the latest resuscitation guidelines by the European Resuscitation

74



Council (ERC 2021) [53] and the American Heart Association (AHA 2020) [54]. It is

advisable to continue to conduct reliable randomized trials involving large groups of patients.
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