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Cardiac arrest with pulseless electrical activity rhythm
in newborn infants: a case series
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ABSTRACT

The 2015 neonatal resuscitation guidelines added

ECG to assess an infant’s heart rate when determining
the need for resuscitation at birth. However, a recent
case report raised concerns about this technique in the
delivery room. We report four cases of pulseless electrical
activity during neonatal cardiopulmonary resuscitation

in levels II-IIl neonatal intensive care units in Canada
(Edmonton [n=3] and Winnipeg [n=1]).

Healthcare providers should be aware that pulseless
electrical activity can occur in newborn infants during
cardiopulmonary resuscitation. We propose an adapted
neonatal resuscitation algorithm to include pulseless
electrical activity. Furthermore, in compromised
newborns, heart rate should be assessed using a
combination of methods/techniques to ensure accurate
heart rate assessment. When ECG displays a heart rate
but the infant is unresponsive, pulseless electrical activity
should be suspected and chest compression should be
started.

INTRODUCTION
Heart rate (HR) is the most important clinical
sign to evaluate compromised newborn infants
and to guide resuscitation efforts in the delivery
room.! Increase in the newborn’s HR remains the
most reliable indicator of adequate ventilation.'
Until recentlyy, HR in newborn infants at birth
was assessed using: (1) palpation of the umbilical
cord, (2) auscultation of the precordium and/or (3)
pulse oximetry." In 2015, the neonatal resuscita-
tion guidelines changed their recommendation to
suggest using ECG to assess an infant’s HR immedi-
ately after birth.! > However, this weak recommen-
dation was based on low-quality evidence, that is,
observational data and small randomised trials.>”
A recent case report of a newborn infant with
hydrops fetalis raised concerns about the reliability
of ECG.® In addition, two case reports reported
pulseless electrical activity (PEA) in newborn
infants. One followed placement of a central
catheter resulting in cardiac tamponade” and the
second occurred during neonatal resuscitation.®
Furthermore, we have reported two animal studies
with cardiac arrest with PEA rhythm, where ECG
displayed an HR ranging between 15/min and 80/
min in 23/54° and 22/30'° asphyxiated piglets.
The occurrence of cardiac electrical activity with
no associated mechanical activity is called cardiac
arrest with PEA rhythm. Depending on the elec-
trical origin, PEA can be classified as sinus, atrial,
junctional or ventricular.!' Furthermore, PEA is
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What is already known on this topic?

» The 2015 neonatal resuscitation guidelines
recommended ECG as a method to assess an
infant’s heart rate when determining the need
for resuscitation at birth.

» A recent piglet study reported cardiac arrest
with pulseless electrical activity rhythm in 23/54
asphyxiated piglets raising concerns about the
reliability of ECG in newborn infants during
cardiopulmonary resuscitation.

> A case of pulseless electrical activity in a
newborn infant has been described after
placement of a central catheter resulting in
cardiac tamponade.

What this study adds?

» While ECG usually provides a rapid and
accurate display of the heart's electrical activity,
it does not prove the presence of effective
cardiac function.

» Pulseless electrical activity can occur during
neonatal resuscitation in the delivery room.

» During the management of the compromised
infant, healthcare providers should not rely
solely on ECG, and rather use a combination of
tools to assess heart rate.

categorised as narrow QRS complex (70% of cases)
or wide QRS complex."" Narrow QRS complex
PEA might be due to cardiac tamponade, pulmonary
embolism, tension pneumothorax or mechanical
lung hyperinflation,""™ while wide QRS complex
PEA is more likely due to electrolyte disturbances,
tachydysrhythmias, cardiomyopathy or cardiac isch-
aemia."'™" In adults, PEA occurs in approximately
35%-40% of in-hospital arrests and 22%-30% of
out-of-hospital cardiac arrests and is associated with
a 29—5% survival to discharge rate.'* Cardiac arrest
with PEA rhythm has not previously been reported
in newborn infants. However, since the 2015 guide-
lines changes, the authors of this case series have
witnessed several newborn infants presenting with
cardiac arrest with PEA rhythm.

CASE PRESENTATIONS

The authors have observed several cases at their
respective institutions (The Royal Alexandra
Hospital, Edmonton [n=3] and The Health
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Sciences Centre, Winnipeg [n=1]). The Royal Alexandra
Hospital, Edmonton, is a tertiary perinatal centre admit-
ting ~350 infants with a birth weight of <1500¢g annually and
The Health Sciences Centre, Winnipeg, is a tertiary perinatal
centre admitting ~320 infants with a birth weight of <1500¢g
annually. In these cases, the clinical team observed cardiac arrest
with PEA rhythm displayed on the monitor. Unfortunately, in
several cases initiation of cardiopulmonary resuscitation was
delayed because the clinical team relied on the displayed HR on
the monitor instead of using other methods (eg, auscultation) to
confirm the infant’s HR.

CASE 1

A term infant was thought to suffer a skull and cervical spine
injury following instrumental vaginal delivery. The infant was
initially bradycardic but displayed PEA within the first 5 min of
resuscitation. There was no detectable pulse, but an ECG HR of
60-75/min was observed. With chest compression and epineph-
rine administration, intermittent periods of return of sponta-
neous circulation (ROSC) occurred; however, they were followed
by cardiac arrest with PEA rhythm. This sequence of ROSC and
cardiac arrest with PEA rhythm occurred four times during the
50 min resuscitation. Placement of an umbilical arterial catheter
displayed a pressure waveform during chest compressions but a
flat line when chest compressions were stopped, despite pres-
ence of an electrical HR of 70/min. After 50 min of resuscitation,
a stable pulse was established, and the infant was transferred to
neonatal intensive care unit. Life support was discontinued after
imaging confirmed extensive brain injury.

CASE 2

An extremely low birthweight infant was born via emergency
caesarean section for antepartum haemorrhage. The infant’s
Apgar score remained at 1 at 1, 5 and 10min after birth. This
represented the presence of an HR on ECG of 80-90/min. Initial
mask ventilation, MR SOPA (M-mask adjustment, R-reposi-
tion airway, S—suction mouth and nose, O—open mouth, P—pres-
sure increase, and A-airway alternative) and intubation were
provided with no change in HR. After auscultation indicated
cardiac arrest with PEA rhythm chest compressions, four doses
of epinephrine and two boluses of 10 mL/kg of normal saline
were administered. However, this did not improve the infant’s
HR. During ongoing resuscitation, a chest X-ray revealed a large
left-sided pneumothorax. Despite draining the pneumothorax,
the HR remained unchanged. At 60min after birth an arterial
blood gas had a pH of 6.75, an arterial CO: of 119mm Hg, a
base excess of —18 and a lactate of 12.9 mmol/L. At that time,
a decision was made to discontinue resuscitation and the infant

died.
CASE 3

A very low birthweight infant was born via caesarean section for
fetal tachycardia. At the initial assessment, the infant’s HR on
the ECG was 70-80/min. However, auscultation detected an HR
of 10-30/min. This clinical picture indicated cardiac arrest with
PEA rhythm. The infant’s HR did not improve following mask
ventilation, MR SOPA and intubation. The ECG continued to
display a HR between 70/min and 80/min, while auscultation
measured a HR of 10-30/min. Despite chest compressions and
four doses of epinephrine, the infant’s HR did not improve and
care was withdrawn at approximately 30 min after birth.

CASE 4
A premature infant with a birth weight of 1045g was born
vaginally with history of premature rupture of membrane for

8 weeks. At the initial assessment after birth, the infant’s HR
on the ECG was 40-50/min. However, auscultation detected
no HR. This clinical picture indicated cardiac arrest with PEA
rhythm. After mask ventilation, MR. SOPA and intubation
the infant’s HR remained 0/min, while the ECG continued to
display 40-50/min. Despite chest compressions and two doses
of epinephrine, the infant’s HR did not improve, and care was
withdrawn at approximately 20 min after birth.

DISCUSSION

This case series describes four newborn infants presenting with
cardiac arrest associated with PEA on ECG. This is concerning
as initiation of chest compressions might be delayed if clini-
cians rely solely on ECG display of HR. In these cases, hypoxia/
asphyxia, hypovolaemia due to antepartum haemorrhage and
tension pneumothorax were the most likely causes for cardiac
arrest with PEA. These examples are consistent with reports
of cardiac arrest with PEA after hypoxia/asphyxia in newborn
piglets’ ' and in human neonates after placement of a central
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catheter resulting in cardiac tamponade’ and during neonatal
resuscitation.®

The neonatal resuscitation programme (NRP) algorithm was
developed for use in the delivery room to accommodate the
specific physiological events that take place during transition.
With the incorporation of ECG monitoring in the most recent
edition, palpation of the umbilical cord and auscultation of
the precordium may be overlooked.” ™ Due to the possibility
of cardiac arrest with PEA rhythm, relying solely on ECG is
problematic, and other methods of clinical assessment should
be implemented alongside ECG to ensure accurate assessment
of cardiac function. Therefore, the NRP algorithm should be
revised to distinguish between asystole, bradycardia and cardiac
arrest with PEA. We therefore propose this adapted algorithm:

Step 1: assess infant’s HR using auscultation or palpation

Immediately after birth, the infant’s HR should be assessed using
auscultation or palpation (figure 1). The neonatal resuscitation
guidelines state that ‘Auscultation is performed by placing a
stethoscope on the newborn’s chest, and palpation is done by
placing the umbilical cord between the thumb and the index
finger’. “The HR is assessed by listening or feeling the pulse for
6's then multiplying this value by 10 to obtain a HR in beats per
minute (beats min)’.! > We recognise that both methods have
their pitfalls and are less accurate compared with pulse oxim-
etry or ECG."* " Clinical assessment underestimates the true HR
with a mean difference (SD) between auscultation and palpation
and ECG HR of —14 (21) and —21 (21)/min™, respectively.’
Both techniques are faster in obtaining an initial HR compared
with pulse oximetry or ECG." '* Newer techniques including
Doppler ultrasound and digital stethoscopes might be useful;
however, neither has been examined in asphyxiated infants.' '¢

Step 2: attach pulse oximeter and ECG to continuously
monitor HR

The neonatal resuscitation guidelines state that ‘a pulse oxim-
eter should be attached to the right hand/wrist'” and ECG-leads
on clean areas of the skin on the chest’.! * Several studies have
demonstrated that ECG measures HR faster and more reliably
than pulse oximetry,** 131418

Step 3: assess HR prior to starting and during chest
compressions

Before starting, and periodically during ongoing resuscitation,
evaluation of the HR should include a combination of methods
(figure 1). If PEA is suspected, auscultation and/or palpation
should be the cornerstone of HR assessment as pulse oximetry
and ECG may be unreliable. In addition, point-of-care ultra-
sound to check for myocardial activity could aid in the diagnosis
of PEA.' If bradycardia is detected on clinical examination,
ECG may be used to monitor HR.

CONCLUSION

Neonatal resuscitation guidelines have changed to suggest the
use of ECG in the delivery room and in most cases ECG provides
a fast and accurate measurement of a newborn’s HR. However,
clinicians need to be aware of PEA, during which clinicians may
be falsely reassured that cardiac output is adequate. In general,
auscultation and palpation are not as accurate as ECG or pulse
oximetry, but they remain important clinical tools for HR

assessment during cardiopulmonary resuscitation of newborn
infants. We believe that each technique has a role and should be
combined to allow adequate assessment of an infant’s HR.
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