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and systemic hemodynamics 
during cardiopulmonary resuscitation: 
metabolic changes may limit the persistence 
of the effect
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To the Editor,

Mavroudis et  al. [1] recently reported that, in a swine 
model of pediatric in-hospital cardiac arrest, epineph-
rine increases cerebral blood flow (CBF) and cerebral 
tissue oxygenation, its effects waning after the third epi-
nephrine dose. The authors should be congratulated for 
this study concerning one of the main medications used 
for cardiopulmonary resuscitation (CPR) whose safety 
and efficacy remain under debate [2, 3]. Nevertheless, 
we believed that some points of their study should be 
pointed out. First, it seems surprising to use epinephrine 
as a first-line treatment for a shockable cardiac arrest, for 
which defibrillation is the recommended first-line treat-
ment [2]. Second, the animal model used, i.e., a swine 
model of asphyxia associated cardiac arrest, resulting in 
acidosis and hypoxemia, may partly explain the lack of 
epinephrine efficacy on CBF and cerebral tissue oxygena-
tion observed after the third dose (see additional File 2) 
because of the negative effects of hypoxemia and acidosis 
to the response to sympathomimetic agents [4]. Acidosis 

and hypoxemia impair the vascular alpha-1-sympathom-
imetic receptor response and limit the epinephrine effi-
cacy on blood pressure and coronary perfusion increases 
[4]. Mavroudis et al. [1] results suggest that the previously 
reported deleterious effects of cumulative epinephrine 
doses [2, 3] are probably not related to epinephrine itself 
but to its lack of efficacy due to the underlying metabolic 
alterations.

In conclusion, we fully agree with Mavroudis et  al. 
[1], that, despite the exact mechanisms of epinephrine’s 
effects on CBF and cerebral oxygenation, CPR methods, 
including epinephrine administration, aim to maintain 
CBF in order to limit cerebral hypoperfusion and neu-
rologic injury. Moreover, even if CPR methods allow to 
maintain CBF, pending cardiac arrest etiological treat-
ment, short and long-term survival increase requires a 
true bundle of care, including, CPR methods and cerebral 
protection, implemented complementarily to the chain of 
survival [5].
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Our study utilized an asphyxia-associated model of car-
diac arrest because a substantial proportion of in-hospital 
cardiac arrests in children and adults occur in the setting 
of respiratory failure. After seven minutes of asphyxia, 
ventricular fibrillation (VF) was electrically induced. This 
was done principally for the purpose of ensuring a con-
sistent minimum duration of cardiac arrest in which to 
study intra-arrest physiology (i.e., animals do not regain 
spontaneous circulation until defibrillation is provided 
at a set timepoint). In some laboratory models, CPR is 
provided to animals with asphyxia-associated pulseless 
electrical activity (PEA) or asystole. This offers clinical 
relevance but is frequently followed by prompt ROSC, 
which precludes extensive study of intra-arrest physiol-
ogy. Drs. Jouffroy and Vivien are correct in their asser-
tion that timely defibrillation is of paramount importance 
during a VF arrest and should not be delayed in order 
to administer epinephrine. However, in this estab-
lished model of cardiac arrest, allowing VF to continue 
untreated for ten minutes prevented changes in underly-
ing rhythm and spontaneous circulation, thus reducing 
confounding in our analysis of the effects of epinephrine 
on cerebral hemodynamics.

We agree with the hypothesis that metabolic derange-
ments during cardiac arrest likely play an important role 
in the observation that epinephrine’s cerebral hemody-
namic effects diminish later in the course of CPR. The 
effects of acidosis on the efficacy of vasopressors and ino-
tropes, especially at the extremes of cardiovascular physi-
ology, is an area of ongoing research. In a 2013 study by 
Vidal et al, the vasoactive effects of epinephrine and nor-
epinephrine were not negatively affected after exposing 
ex  vivo human mammary artery to moderate (pH 7.2) 
and even severe (pH 6.8–7.0) acidosis [6]. The deleterious 
cardiac effects of severe acidosis are well known, and the 
potential for superimposed acquired pulmonary hyper-
tension and right heart failure during prolonged periods 
of acidosis and cardiopulmonary resuscitation may cer-
tainly confound any potential benefit that epinephrine 
could have during prolonged resuscitation. The further 
effects that the myriad physiologic perturbations asso-
ciated with cardiac arrest and subsequent resuscitation 
might have on the incompletely developed (and poorly 
understood) cerebral autoregulatory mechanisms in juve-
nile animals and humans are an important additional 
concern, and require further research.

It is important to note that while the asphyxial model 
studied does in fact lead to acidosis and severe hypox-
emia, our previous work with this model demonstrated 
that after six minutes of CPR, hypoxemia was resolved, 
PaCO2 was nearly normalized, and pH was higher 
than at CPR onset [7]. Thus, we are not convinced that 

epinephrine’s ineffectiveness later in CPR was a function 
of our asphyxial model, but rather that it may be indica-
tive of metabolic and physiologic changes that occur with 
prolonged CPR in general. Further dedicated study to 
elucidate these mechanisms may allow us to target them 
and optimize cerebral hemodynamics even during pro-
longed resuscitation.
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