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Abstract

Despite the widespread use of adrenaline in adult cardiopulmonary
resuscitation, the main concern in using this drug in neonates is the lack
of evidence. At present, there are very few reliable human and animal data
to justify the use of adrenaline in neonatal resuscitation and significant
knowledge gaps exist, which necessitate further research.
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Background

More than 400,000 infants born in the United
States annually need some assistance to begin
breathing at birth, while approximately 1% of
live births requires extensive resuscitation [1].
Despite the widespread use of drugs during adult
cardiopulmonary resuscitation (CPR), drugs are
rarely used in neonatal resuscitation. In neonates,
bradycardia is usually caused by inadequate lung
inflation or hypoxia and the use of adrenaline is
considered only if the heart rate remains less than
60 min'' despite adequate ventilation and initiation
of chest compressions [2].

The main concern in using adrenaline is the
lack of human data, as most evidence comes
from animal studies. Nevertheless, adrenaline is
the best established of the drugs used in neonatal
resuscitation and current guidelines recommend
a dose of 0.01-0.03 mg/kg as soon as possible
when optimal CPR fails to increase the heart rate.
Even though adrenaline has been used in neonatal
resuscitation for long, its dose, order and route of
administration have been issues of debate among
neonatologists and resuscitation experts [3].

Appropriate dose

Although more data now exist from animal and
human studies of hypoxic arrest, evidence for the
most appropriate dose to use is lacking for all age
groups [4]. Of note, the frequency of dosing has
been varying four-fold across different populations
[5-7], raising the possibility of adrenaline overdose
with serious potential side effects [8], However,
the most usually used dose in animals studies of
neonatal resuscitation is 0.1-0.3 mg/kg and has
been extrapolated as the currently recommended
range [2]. As a result, the appropriate dose of
adrenaline in human neonatal CPR remains
unknown and what needs further clarification is
whether the dose should be different in term and
preterm babies.

Administration route

Adrenaline is  preferably = administered
intravenously via an umbilical venous catheter.
The tracheal route is not recommended but if
it is used, increased doses of 50-100 pg kg' are
required. However, neither the safety nor the
efficacy of these higher tracheal doses has been
extensively studied. Several authors have shown
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that during cardiac arrest endotracheal adrenaline
is absorbed slowly and erratically, while it is not
as effective as when administered intravenously,
even in larger doses [8, 9-12]. In addition, tracheal
administration may result in low-quality CPR. In a
case report of a term infant requiring resuscitation,
there was a false-positive color change on the
colorimetric carbon dioxide device as a result of
administration of adrenaline via the endotracheal
tube [13]. Given the lack of supportive data for
endotracheal adrenaline, the IV route should be
used as soon as venous access is established.

Intraosseous access is another alternative, when
intravascular access is not possible. Although
intraosseous access is rarely needed in neonates
because of the possibility for intravenous catheter
placement, insertion of an intraosseous needle
has been described in neonates with encouraging
results. In a recent study, Rajani et al. compared
time to placement, errors in placement, and
perceived ease of use for umbilical venous
catheters and intraosseous needles in a simulated
delivery room and reported that intraosseous needle
placement can be performed more quickly without
any difference in technical error rate or perceived
ease of use [14]. Furthermore, the recently updated
American College of Critical Care Medicine
guidelines for the management of newborns and
children with septic shock emphasize the role of
intraosseous access in the management of neonatal
septic shock [15]. Intraosseous access is most
likely required in out-of-hospital settings and in
hospitalized infants without intravenous access
[16]. At present, the currently recommended
route for adrenaline administration is via an
umbilical venous catheter with the endotracheal
route recommended when there is no alternative.
Larger studies are needed to identify whether the
intraosseous access is as effective as the umbilical
vein in terms of skill, time and whether there is any
difference in retention of the 2 procedures. Even
if data, from pediatric and adult studies shows
that adrenaline dose is the same for intraosseous
and intravenous administration, these should be
confirmed in the neonatal population.

Post-resuscitation period and outcome

After return of spontaneous circulation, the
patients pass through the ‘Clashing Rocks’ of
post-cardiac arrest syndrome. Temperature control
and optimization of ventilation and hemodynamics
remain the gold-standards for increasing the
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possibilities for optimal development of the
resuscitated neonates [3].

During ischemia, energy stores of the brain are
depleted and lactate and hydrogen ion accumulate,
while upon reperfusion, injury is secondary to
excitotoxicity, calcium accumulation, protease
activation, and formation of reactive oxygen and
nitrogen species [17]. Although adrenaline induces
pulmonary ventilation/perfusion defects during
CPR, it also increases the myocardial lactate
content, and decreases the myocardial ATP content
in adult cardiac arrest victims [18], evidence on
neonatal post-resuscitation myocardial stunning is
lacking and further research is necessary.

Although a significant number of very-low-
birth-infants receiving adrenaline in the delivery
room survive [19-21], a study on the effect of
continuous adrenaline infusion in extremely low
birth weight infants, reported that all infants
which received adrenaline at a dose > 1.0 mcg/
kg/hour intravenously died; the authors concluded
that extreme caution should be taken when using
adrenaline infusion in these high-risk infants [22].
In addition, the requirement of adrenaline in the
delivery room during resuscitation may be associated
to worst outcomes and decreased survival without
severe brain injury [23]. A randomized, blinded
trial of high-dose versus standard dose adrenaline in
asphyxiated neonatal piglets reported no advantage
in terms of survival at 24 hours and was associated
with tachycardia and hypertension which increase
the risk of intraventricular hemorrhage in preterm
infants [11].

Furthermore, hypoxic brain injury during
neonatal development can lead to neuronal
damage and produce learning and cognitive
impairments. Anju et al. reported that the
administration of exogenous adrenaline in
hypoxic fetuses with increased levels of labor-
induced endogenous catecholamines can cause a
hyperactivity of excitatory stimulus, which may
affect the various neurotransmitter levels thereby
declining body’s adaptations to overcome hypoxia
[24]. Raveendran et al. recently reported that
resuscitation with adrenaline and 100% oxygen
resulted in increased apoptosis in the cerebral
cortex, cerebellum, brain stem, and striatum of
hypoxic neonatal rats and hypoxic rats, increasing
thus, the possibilities for spatial memory and
learning deficits during development [25]. Also, in
a recent study evaluating neonatal hypoxic insult
mediated cholinergic disturbances, adrenaline did
not show reversal in altered muscarinic receptors
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or enzymes in acetylcholine metabolic pathway.
In addition, it decreased the uptake of glutamate
in the brain causing persistent activation of
glutamate receptors, which is capable of causing
cholinergic dysfunction [26]. Even though
adrenaline is clinically administrated to enhance
the contractile state of the heart and to avoid
hypoxia mediated complications, its inefficiency
in balancing the homeostasis of cholinergic system
while encountering neonatal hypoxia limits its
therapeutic application. The effects of adrenaline
on post-cardiac arrest syndrome are unknown.
There is evidence that adrenaline adversely affects
all components of the syndrome, inhibiting post-
arrest neonatal development and decreasing the
survival rates of survivors. As a result, whether
adrenaline has detrimental effects in the ischemia/
reperfusion injury, in the post arrest myocardial
dysfunction and in the post-arrest brain syndrome,
are still a matter of debate.

Conclusions

At present, there are very few reliable human
and animal data to justify the use of adrenaline in
neonatal resuscitation. Significant knowledge gaps
exist which necessitate immediate research in the
field.
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