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Abstract

Introduction: Phenylephrine is an alpha-agonist with vasoconstrictor effect. Systemic absorption or
adverse reaction can cause complications that can be lethal. In those cases of adverse drug reactions
with failure to conventional management, the use of ECMO has been reported as a treatment
modality.

Clinical case: We report the case of a 13 years old teenager, who presented acute pulmonary edema
and acute heart failure subsequent to the application of topical phenylephrine during the a rhino-
septoplasty procedure, and that warranted placement of ECMO due to failure of conventional
treatment.

Discussion: Venoarterial ECMO was placed by central cannulation, with ventilatory and
hemodynamic improvement, performing the explant successful 4th postoperative day.
Conclusions: ECMO as a "bridge to recovery" may be an alternative in those cases of pulmonary or
cardiac failure and refractory with a poor response to conventional treatment, as well as an option to
save the life of these patients.
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Introduction

Phenylephrine is a predominantly selective
alpha-1-adrenergic agonist, which in high doses
can cause the activation of beta receptors. His
topical presentation is used commonly in
ophthalmology and otolaryngology procedures.
Some reports suggest that significant systemic
absorption may cause adverse effects such as
hypertensive  crisis, tachycardia, reflex
bradycardia, ventricular arrhythmias,
myocardial ischemia and in some cases, death

[1].

In pediatric patients, adverse reactions and
secondary complications related to the use of
topical phenylephrine have been reported [1]
with a greater hemodynamic impact on this
group due to systemic absorption through the
highly vascularized nasal mucosa, lower body
mass and a relatively higher pharmacological
concentration during an extended period.
Absorption by this route is faster and avoid
"first step metabolism". On the other hand,
toxicity in children is composed of an altered
metabolic capacity as well as an immature
blood-brain barrier [2].

Globally, drug poisoning or drug overdose is a
problem that occurs in a variety of scenarios.
Typically, pharmacological management and
the administration of specific antidotes are
effective, but in cases of life-threatening
cardiovascular collapse may not be sufficient
[2]. Extracorporeal membrane oxygenation
(ECMO) has been successfully used in children
with heart or lung failure, and its use has
increased over the past decade. ECMO provides

cardiopulmonary support in cases where there
is no adequate response to conventional
management, or when the expected treatment
goals are not met despite optimal management.
It is considered a "bridge therapy", by
extending the time for a definitive treatment
option [2]. We present the case of a pediatric
patient who had acute pulmonary edema and
refractory cardiac  failure because of
phenylephrine overdose during septoplasty,
requiring ECMO.

Clinical Case

A 13-year-old male teenager with a history of
allergy to pollen and dust, and diagnosis of
septal deviation and cornet hypertrophy, who
underwent septoplasty and cauterization. The
procedure was performed under general
anesthesia and orotracheal intubation; as part of
the surgical technique, the region was
infiltrated with 2% lidocaine/epinephrine, and
subsequently gauzes with phenylephrine were
also placed. During transoperatory, the patient
presented 40 beats/minute sinus bradycardia,
requiring a single dose of 2 mg atropine,
continuing surgery. After this, patient presented
160 beats/minute tachycardia, with sustained
high blood pressure of 180/100mmHg, and pink
frothy exudate through the endotracheal tube;
as well as sudden hypotension and subsequently
pulseless electrical activity, requiring 2 CPR
cycles. 5 minutes later; patient again presented
pulseless electrical activity and 2 more
resuscitation cycles were given. Infusions with
norepinephrine and adrenaline were started
with partial response with hypotension and
sinus tachycardia of 130 beats/minute. A
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computerized tomography (CT) scan was
performed, documenting brain edema, as well
as suggestive images of pulmonary edema and
bilateral ~ pleural  effusion.  Also, an
echocardiogram was performed, which showed
biventricular ~ failure and infusions of
vasopressin and methylene blue were also
started with poor response to treatment and
refractory cardiogenic shock.

Due to poor cardiac output despite receiving
multiple vasopressors and clinical
deterioration, patient was cannulated for VA
ECMO. For this case, we used an EOS

ECMO™ device (LivaNova, Inc; MIL: SRN,
Italy). Because of to the lack of adequately
sized  peripheral cannulas, central-type
cannulation was chosen, using a 17 Fr BIO-
MEDICUS™ (Medtronic Inc., Minneapolis,
MN) femoral cannula, and 28 and 30 Fr venous
cannulas (Sorin Group, MO, lItaly) for venous
return (Figure 1). No significant bleeding was
observed and subsequently the chest was left
open, closing only the skin. ECMO parameters,
drugs used, laboratory tests and vital signs of
the patient are shown in Table 1.

Figure 1: Central cannulation of VA ECMO through median sternotomy. Note the arterial (white
arrow) and venous (grey arrows) cannulas, placed in the Ascending Aorta and both venae cavae.
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Table 1: Laboratory values, vital signs, drugs used and ECMO parameters.

Parameters Before ECMO | Day 1 Day 2 Day 3 Day 4
pH 7.2 7.42 7.4 7.46 7.5
pCO, (MmmHg) 27.9 20.5 43.8 42.3 35.6
pO, (MmHgQ) 211.6 126.7 94.1 96.8 83.7
Lactate(mmol/L) | 11.5 4.8 1 0.5 1
HCOs(mEq/L) 11 13.6 28 31.2 28.3
BE (mmol/L) -14.1 -8 3.4 7.3 5.7
pO2/FiO, 226.4 316.8 130.1 133.7 119.6
z‘le(;é‘jggtes 9.25 19.11 15.68 13.22 14,22
Hb (g/dL) 8.13 13.59 12.86 12.22 12.75
Hct (%) 24.36 40.06 37.81 36.22 37.28
Platelets (10%/ul) | 392 194 151 144 131
Gluc (mg/dL) 348 140 161 181 100
Urea (mg/dL) 134.82 38.52 36.38 36.38 32.1
Creat (mg/dL) 4.72 0.78 0.54 0.44 0.42
ECMO Flow
(Liters/Minute) 3 1.6-1.9 1.6-1.8 0.6-1.2
ECMO RPM
(Revolutions per 3500 1800-2200 1800-2100 1200-1500
minute)
ECMO FiO; (%) 100 75-90 70-80 75-80
Respiratory Rate
(breathes per | 30 28 18 14 14
minute)
HR  (beats per | g, 133 78 79 97
minute)
MAP (mmHg) 90/60 86/74 103/81 92/71 134/90

Adrenaline: Noradrenaline:

0.81 0.49

mcg/kg/min mcg/kg/min

Noradrenaline: Dobutamine: Noradrenaline: | Noradrenaline: | Noradrenaline:
Drugs 0.81 _ 8.1 meg/kg/min 0.07 0.04 0.014

mcg/kg/min ' mcg/kg/min mcg/kg/min mcg/kg/min

Methylene blue

Dobutamine: 12

mcg/kg/min

During the first 12 hours post-procedure was (Fi02 35%, PEEP 5, FR 14/min) were

achieved decrease of serum

lactate,

also

established, while ECMO parameters were

achieving weaning of dobutamine, adrenaline
and methylene blue, and maintaining
vasopressor support with norepinephrine at
0.005-0.003 mcg/kg/min. On the other hand,
baseline parameters of ventilatory support

maintained at 1800-2300 rpm, with flows
between 1.5-1.8 L/min. 48hr transthoracic
echocardiogram showed improvement in
ventricular function, and ECMO weaning
protocol was initiated. Levosimendan was
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initiated as inotropic support at 0.2 mcg/kg/
min, a new echocardiogram was repeated 24hr
later and the explant was successfully
performed on the 4th postoperative day.
Subsequent  evolution was  satisfactory,
achieving extubation and weaning vasopressor
and inotropic support 48 hours after explanting
the device. Patient was discharged on the 15
post operatory day. In the 30-day follow-up his
evolution remained without eventualities,
continuing to oversee the departments of
pediatrics and cardiovascular surgery.

Discussion

Phenylephrine is a sympathomimetic alpha-
agonist with a powerful vasoconstrictor effect
on veins and arteries. Hypertension caused by
alpha adrenergic stimulation can increase
peripheral vascular resistances, end diastolic
volumes, filling pressure, and post charge over
left ventricle. At the same time, cardiac output
can be severely decreased, causing acute heart
failure and acute pulmonary edema. Another
side effect related to phenylephrine are
arrhythmias, myocardial infarction and
subarachnoid hemorrhage. Management of
these complications is crucial, and it is
necessary to remember that the key point is the
capacity to increase heart rate and contractility
as compensatory mechanisms to preserve
cardiac output [1-4].

According to Schwalma et al, stimulation of
alpha receptors by systemic absorption of topic
vasopressors results in increased vascular
resistances. In these cases, compensatory
mechanisms required to prevent acute
pulmonary edema and ventricular dysfunction
include increased heart rate and myocardial
contractility. However, interaction with
different drugs alters this necessary response
[5] Moreover; in pediatric patients, topical
phenylephrine has greater effects due to its
increased systemic absorption and relative dose
in relation to body weight, and to the
pharmacological compartment where it has
effect [6]. Many systemic effects are dose

related, ophthalmic solution is available in
concentrations of 2.5% and 10%and the nasal
solution is  inpresent0.025%  and0.05%.
However, even when using low concentrations
of phenylephrine drops; care should be taken
during application due to the risk of an
unpredictable hypertensive response [1-2].

Usefulness of ECMO in overdose cases or drug
poisoning has been previously reported, and the
indication is pulmonary or cardiac failure that
do not respond to conventional management.
The use of ECMO should be considered if the
risk of mortality exceeds 51%, and the therapy
must be started immediately in those cases with
a mortality risk of more than 80%, especially if
we consider that this group of patients are
young and previously healthy; and if we keep in
mind that once the toxin or drug are removed
from the body their condition will improve [3].
In these patients, ECMO provides adequate
cardiac output and maintain tissue perfusion. In
addition, it improves the redistribution of
circulation and facilitates the metabolism and
excretion of the drug. There is no guide to the
appropriate time in which ECMO should be
initiated in severely poisoned patients, and their
timely installation depends on the clinical
criteria [3]. Length of ECMO therapy will
depend on several factors, including the
severity of poisoning, cardiac dysfunction
recovery, half-life of cardiac toxin and organic
dysfunction at the time of initiation of treatment
[3-7].

Current evidence of ECMO usefulness in
patients with severe drug poisoning and
refractory shock is limited to animal studies,
case reports, and small cohort studies [3].
Toxicology consultation reports show that
ECMO isstill rarely used in intoxicated patients
(10 /26,271 patients over a 3-year period) [8].
Human experience includes an observational
cohort study that shows better recovery in six
patients with severe poisoning and refractory
shock who received VA ECMO therapy
compared to using ECMO with other
indications[7-8] On this point, Megarbane et al
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published a cohort study of 17 patients where
ECMO was established in all patients with
refractory cardiac arrest. Survival was better in
shock patients due to poisoning than in the
group of patients with cardiogenic shock [9].
Also, Masson et al conducted a retrospective
analysis on 2 hospitals in France that involved
patients with intoxication and shock who were
crashed in to VA ECMO therapy; with better
results observed in those patients treated with
ECMO compared to conventional management
with liquids, vasopressors and other support
measures. However, due to the small number of
patients who were treated with ECMO-VA in
this cohort, these results should be carefully
interpreted [10].

In addition, there are several reports of
refractory shock secondary to drug intoxication
treated by ECMO, with reports of its usefulness
in the management of flecainid poisoning, beta
blockers, digoxin, calcium-antagonists,
tricyclic antidepressants, bupropion,
methamphetamines and mepivacaine, in adults
and pediatrics. In another retrospective study of
17 patients diagnosed with severe intoxication
with different cardiotoxic drugs, Daubin et al
reported a successful ECMO explant rate of
approximately 90%, and 76% of cases were
discharged without any significant cardiac or
neurological dysfunction; although
complications such as bleeding, hypotension,
thromboembolism, neurological events, limb
ischemia and thrombosis formation in situ were
reported [7-13].

In this case, absorption of topical phenylephrine
caused the hemodynamic  phenomena
mentioned above, and drug interaction with
atropine enhanced its toxicity and adverse
effects. Patient was in cardiogenic shock and
pulmonary edema refractory to
pharmacological management and
conventional measures, and we believe that he
would not have been able to survive without
ECMO support. Likewise, coordinating the
multidisciplinary team needed for this type of
treatment and determining the time to start

therapy was crucial to obtain good results.
During the days that extracorporeal circulatory
support was maintained, there were no
complications and no need for configuration
changes or replacement of ECMO circuit
components. Since the condition that led to
cardiopulmonary failure to our patient was
potentially reversible, indication of therapy was
"bridge to recovery", providing the necessary
hemodynamic and pulmonary support until
metabolism of drugs was completely possible.
Unfortunately, it was not possible to obtain
serum concentrations of the circulating drugs,
which would have supported the exact moment
to explant the device, however, the
echocardiographic controls performed, as well
as the clinical and radiological improvement
allowed us to determine the time of weaning.

Conclusions

The use of ECMO in patients with drug
poisoning and refractory cardiopulmonary
failure is becoming important as a therapeutic
option; however, it is still underutilized. This
condition has characteristics that make it
unique, considering the number of potentially
toxic substances, its pharmacokinetics and
pharmacodynamics, so ECMO is an alternative
in cases with poor response to conventional
treatment, that can save patients' lives. At the
best of our knowledge, this is the first
successful case in a pediatric patient reported in
our country. Current evidence is limited and
more studies are needed to determine situations
about the right time and circumstances to start
therapy and achieve the best outcomes,
although we consider it to be an area of
opportunity that should be taken into account.
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