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ABSTRACT

Objectives Neonatal resuscitation guidelines
recommend 0.5—1mL saline flush following

0.01-0.03 mg/kg of epinephrine via low umbilical
venous catheter for persistent bradycardia despite
effective positive pressure ventilation (PPV) and chest
compressions (CC). We evaluated the effects of 1mL

vs 3mL/kg flush volumes and 0.01 vs 0.03 mg/kg

doses on return of spontaneous circulation (ROSC) and
epinephrine pharmacokinetics in lambs with cardiac
arrest.

Design Forty term lambs in cardiac arrest were
randomised to receive 0.01 or 0.03 mg/kg epinephrine
followed by 1 mL or 3 ml/kg flush after effective PPV
and CC. Epinephrine (with 1 mL flush) was repeated
every 3 min until ROSC or until 20 min. Haemodynamics,
blood gases and plasma epinephrine concentrations
were monitored.

Results Ten lambs had ROSC before epinephrine
administration and 2 died during instrumentation.
Among 28 lambs that received epinephrine, 2/6 in
0.01mg/kg-1 mL flush, 3/6 in 0.01 mg/kg-3 mL/kg flush,
5/7 in 0.03mg/kg-1 mL flush and 9/9 in 0.03 mg/kg-3
mL/kg flush achieved ROSC (p=0.02). ROSC was five
times faster with 0.03 mg/kg epinephrine compared with
0.01mg/kg (adjusted HR (95% Cl) 5.08 (1.7 to 15.25))
and three times faster with 3 mL/kg flush compared

with 1mL flush (3.5 (1.27 to 9.71)). Plasma epinephrine
concentrations were higher with 0.01 mg/kg-3 mL/kg
flush (adjusted geometric mean ratio 6.0 (1.4 to 25.7)),
0.03mg/kg-1 mL flush (11.3 (2.1 to 60.3)) and 0.03 mg/
kg-3 mL/kg flush (11.0 (2.2 to 55.3)) compared with
0.01mag/kg-1 mL flush.

Conclusions 0.03 mg/kg epinephrine dose with 3 mL/
kg flush volume is associated with the highest ROSC rate,
increases peak plasma epinephrine concentrations and
hastens time to ROSC. Clinical trials evaluating optimal
epinephrine dose and flush volume are warranted.

INTRODUCTION

Currently, epinephrine is the only medication
recommended in neonatal resuscitation' and is
indicated if the heart rate remains below 60 beats
per minute (bpm) despite effective positive pressure
ventilation (PPV) with 100% O, and chest compres-
sions (CC).2* Time to return of spontaneous circu-
lation (ROSC) is an important prognostic indicator
of outcome.” ROSC could potentially be expedited
by delivering an effective dose of epinephrine by

What is already known on this topic?

» Neonatal resuscitation guidelines recommend
epinephrine at a dose of 0.01-0.03 mg/kg via
low umbilical venous catheter for persistent
bradycardia despite positive pressure ventilation
and chest compressions.

» The recommended flush volume following
epinephrine administration is 0.5—1 mL.

What this study adds?

» First direct comparison of 0.01 and 0.03 mg/kg
epinephrine via low umbilical venous catheter
with different flush volumes in a transitioning
perinatal model of cardiac arrest.

» Use of 0.03 mg/kg epinephrine results in higher
odds of successful resuscitation and earlier
return of spontaneous circulation (ROSC).

» Larger flush volume (3 mL/kg) hastens ROSC.

an optimal route with high bioavailability. A three-
fold difference between the lower (0.01 mg/kg) and
upper (0.03 mg/kg) range of epinephrine doses with
no clear recommendations on the optimal initial
dose increases complexity and risk of error.’”
A recent retrospective study has shown that an
initial low umbilical venous catheter (UVC) dose
of 0.01 mg/kg necessitated repeated and escalating
doses of epinephrine to achieve ROSC, resulting in
high cumulative epinephrine doses (up to 0.13 mg/
kg).® We have, therefore, chosen to study the
lower-range and higher-range dose of epinephrine
as recommended by the Neonatal Resuscitation
Programme (NRP).

Intravenous administration through a low UVC
is the preferred route of epinephrine administra-
tion and is followed by a 0.5-1mL normal saline
flush. The current recommended flush volume only
clears the epinephrine past the 5 Fr UVC. This
flush might be adequate in the presence of sponta-
neous circulation. It remains unknown if this flush
volume is adequate to propel epinephrine from the
umbilical vein to the right atrium and general circu-
lation during CC in the setting of cardiac arrest.
Propelling epinephrine with a larger flush volume
may enhance the bioavailability by maintaining
patency of the ductus venosus, reduce the need for
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repeat doses and the cumulative dose of epinephrine required to
achieve ROSC.”"?

Our objectives were to study the joint and separate effects
of the experimental factors: epinephrine doses (0.01mg/kg
vs 0.03mg/kg) and flush volumes (low flush=1mL vs high
flush=3 mL/kg normal saline) on the incidence of ROSC in an
ovine model of perinatal asphyxial cardiac arrest. Secondary
outcomes included time to ROSC, cumulative dose of epineph-
rine required and plasma epinephrine concentrations.

METHODS
Animal preparation
Time-dated healthy pregnant ewes (142 days gestation; term
=145 days) were obtained from May Family Enterprises,
Buffalo Mills, Pennsylvania, USA." Following an overnight
fast, the ewes were medicated with intravenous diazepam and
ketamine, intubated and ventilated with 21% O, and 2% isoflu-
rane as previously described.’* Following a caesarean section,
term fetal lambs were partially exteriorised and intubated with
a 4.5mm endotracheal tube that was occluded to prevent air
entry. After injecting the incision sites with bupivacaine, cathe-
ters were inserted into the right carotid artery and jugular vein
of the lamb. Flow probes (Transonics, Ithaca, New York, USA)
were placed around the left carotid artery, left pulmonary artery
and ductus arteriosus to measure blood flows. The blood flows
and blood pressures were continuously recorded using BIOPAC
systems (Goleta, California, USA).

Inclusion criteria: term time-dated newborn lambs.

Exclusion criteria: excessive blood loss and cardiac arrest
during instrumentation.

Randomisation and masking

Lambs were randomised to four groups prior to delivery using
opaque envelopes: (1) 0.03 mg/kg epinephrine followed by 1 mL
saline flush, (2) 0.03 mg/kg epinephrine followed by 3 mL/kg
saline flush, (3) 0.01 mg/kg epinephrine followed by 1 mL saline
flush and (4) 0.01 mg/kg epinephrine followed by 3 mL/kg saline
flush. The veterinarian pharmacist prepared the doses based on
the lamb’s weight and did not participate in the resuscitation.

Cardiac arrest

The umbilical cord was occluded until the lamb’s heart rate was
0 bpm and the carotid arterial pressure and flow waveforms
were flat. The umbilical cord was then clamped and cut, and the
lamb was delivered to a warmer. A single lumen 5 Fr UVC was
placed in an umbilical vein and advanced to 2-3 cm below the
skin surface. Three electrocardiogram leads were placed. Five
minutes after cardiac arrest, PPV was initiated with 21% O, and
pressures of 35/5cm H,O with 40 breaths/min using a T-piece
resuscitator. One minute after onset of PPV, CC were provided
at 3:1 (CC:PPV) ratio and inspired O, was increased to 100%.

Resuscitation

CC were provided by one of two resuscitators for all studies. The
first dose of epinephrine (0.01 mg/kg or 0.03 mg/kg) was admin-
istered through the low UVC at 5 min after onset of resuscita-
tion.® ' This dose was followed by a normal saline flush of either
1mL (low flush) or 3 mL/kg (high flush), based on randomisa-
tion. ROSC was defined as sustained spontaneous heart rate of
>100bpm with a systolic blood pressure >40 mm Hg. Epineph-
rine at the same dose was repeated every 3 min until ROSC. The
flush volume for repeated epinephrine doses was kept constant
at 1mL to limit excess fluid burden. Ten lambs that achieved
ROSC before epinephrine administration were classified as
‘spontaneous ROSC’. If ROSC was not achieved with epineph-
rine (maximum four doses), PPV and CC were continued for a
total of 20 min. If ROSC was achieved, the lamb was observed
for 2hours and blood gases, blood pressures and haemody-
namics were monitored. Euthanasia was then performed using
intravenous pentobarbital (Fatal-Plus, Vortech Pharmaceuticals,
Dearborn, Michigan, USA).

Blood draws

Arterial blood samples were drawn at baseline prior to delivery,
at cardiac arrest, at onset of PPV and every min thereafter for
15 min during resuscitation for blood gas analysis and plasma
epinephrine concentrations. Plasma samples were frozen at
—80°C until analysis for epinephrine concentrations by ELISA
(Eagle Biosciences, New York, USA).

Table 1 Baseline characteristics, incidence and timing of ROSC in the study groups
0.01 mg/kg 0.01 mg/kg 0.03 mg/kg

Spontaneous ROSC epinephrine-low epinephrine-high 0.03 mg/kg epinephrine- epinephrine-high
Parameter (n=10) flush (n=6) flush (n=6) low flush (n=7) flush (n=9) P value
Weight (kg) 4.30 (0.86) 3.82 (0.49) 4.65 (1.74) 4.45 (1.33) 3.73 (0.94) 0.26
Sex (n) 4 females (40%) 3 females (50%) 3 females (50%) 4 females (57%) 5 females (56%) 0.12
Gestational age (day) 140.8 (0.8) 140.5 (1.1) 141 (1.1) 141.6 (1.8) 140.1 (0.8) 1.00
Multiplicity 4 singleton, 5 twins and 5 twins, 1 triplet 4 singleton, 2 twins 1 singleton, 5 twins and 3 singleton, 4 twins and  0.24

1 triplet 1 triplet 2 triplets
Time to cardiac arrest (min) 15.3(7.2) 13.8 (5.8) 13.9 (3.5) 14.7 (3.6) 11.4 (2.0) 0.22
ROSC achieved n (%) 10 2 (33.3%) 3 (50%) 5(71.4%) 9 (100%) 0.02
ROSC with first dose of epinephrine N/A 1(16.7%) 2 (33.3%) 3 (42.9%) 8 (88.9%) 0.04
n (%)
Median cumulative epinephrine dose N/A 0.04 (0.03-0.04) 0.03 (0.01-0.04) 0.045 (0.03-0.06) 0.03 (0.03-0.03) 0.19
(mg/kg)
Median time to ROSC from PPV (s) 210 (150-290) 698 (375-1020) 400 (395-530) 480 (375-600) 360 (339-420) 0.22
Median time to ROSC from epinephrine  N/A 128 (75-180) 40 (35-60) 95 (60-120) 39 (30-60) 0.10

and flush (s)

Low flush=1mL flush (~0.25-0.27 mL/kg), high flush=3 mL/kg (=10-12 mL) flush. P values for testing the null hypothesis that the four non-spontaneous ROSC study groups are equal, using

Fisher's exact test for the categorical variables and Kruskal-Wallis test for the continuous variables.

Continuous variables are summarised as mean (SD) or as median (IQR).
N/A, not available; PPV, positive pressure ventilation; ROSC, return of spontaneous circulation.
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Table 2 Comparison of incidence of and time to achieve return of
spontaneous circulation (ROSC), plasma epinephrine concentrations
and cumulative doses of epinephrine among the study groups

Incidence of ROSC

Compared groups AOR Lower CI  Upper CI P value
0.03 vs 0.01 mg/kg 11.43 1.16 112.25 0.04*
epinephrine dose
High flush versus low flush ~ 4.35 0.45 42.32 0.12
Incidence of ROSC after first dose of epinephrine

AOR Lower CI  Upper Cl P value
0.03 vs 0.01 mg/kg 8.28 0.82 83.58 0.07
epinephrine dose
High flush versus low flush ~ 5.84 0.62 55 0.12
Time to achieve ROSC from start of ventilation

AHR Lower CI  UpperCl P value
0.03 vs 0.01 mg/kg dose 5.08 1.7 15.25 0.005*
High flush versus low flush 3.5 1.27 9.71 0.02*
Plasma epinephrine concentrations at 1 min after epinephrine and flush
Compared groups AGMR Lower CI  Upper Cl P value
0.01 mg/kg dose: high flush ~ 6.05 1.43 25.7 0.02*
vs low flush
0.03mg/kg dose: high flush  0.98 0.21 4.5 0.97
vs low flush
Low flush: 0.01 mg/kg 11.34 2.13 60.31 0.006*
vs 0.03mg/kg dose of
epinephrine
High flush: 0.01 mg/kg 1.83 0.50 6.61 0.34
vs 0.03mg/kg dose of
epinephrine
0.03 mg/kg-high flush vs 11.04 2.20 55.27 0.005*
0.01 mg/kg-low flush
0.03 mg/kg-low flush vs 1.81 0.48 7.31 0.35
0.01 mg/kg-high flush
ROSC after first dose 0.47 0.18 1.20 0.1
of epinephrine vs no
ROSC after first dose of
epinephrine
Cumulative dose of epinephrine
Compared groups Effect size Lower CI  Upper Cl P value
High flush versus low flush ~ 0.98 0.96 1.0005  0.06
(AGMR)
0.03 vs 0.01 mg/kg 1.02 0.9993 1.03 0.06

epinephrine doses (AGMR)

Cumulative dose of epinephrine between lambs that achieved ROSC and those that did not
achieve ROSC

ROSC after epinephrine
doses versus no ROSC after
epinephrine doses mean
difference (Satterthwaite-
adjusted Student's t-test)

Low flush=1mL (~0.25-0.27 mL/kg), high flush=3 mL/kg=~10-12 mL.

*P<0.05.

AGMR, adjusted geometric mean ratio; AHR, adjusted HR; AOR, adjusted OR; ROSC, return of
spontaneous circulation.

0.02 0.0001 0.05 0.049*

Primary outcome
The primary outcome measure was incidence of ROSC.

Secondary outcomes

The secondary outcome measures were time to achieve ROSC,
the cumulative dose of epinephrine needed and the plasma
epinephrine concentrations.

Statistical analysis

To estimate the effects of each of the two factors in our exper-
iment (high flush vs low flush and high dose vs low dose), for
each outcome we specified both a ‘main-effects only’ model and

a ‘saturated’ model that added an interaction term and used the
Akaike Information Criterion to select the better of the fitted
models.'®

We used linear regression for natural log-transformed plasma
epinephrine concentrations at minute 6. To back-transform
results for log-transformed plasma epinephrine, we applied the
inverse natural log function to convert sample means and SD for
log-transformed data to geometric means (GM) and geometric
SDs (GSD), respectively, and to express adjusted mean differ-
ences as adjusted GM ratios. Logistic regression was used for
binary outcomes and Cox proportional hazards regression for
time to ROSC from ventilation, treating the event time as right-
censored at 30 min for those animals who did not achieve ROSC.

Longitudinally collected haemodynamic data were summarised
for each animal and time period using medians and then analysed
using mixed-effects models to account for within-animal correla-
tion. For blood flows, mean changes from fetal baseline to post-
ROSC time periods were compared among the five groups by
specifying separate mixed-effects models for each outcome with
random intercepts (to control for within-animal correlation) and
with fixed effects for each of the two binary experimental factors
(high vs low flush and 0.03 vs 0.01 mg/kg dose), a binary indi-
cator for the spontaneous ROSC group, a three-level timepoint
variable (baseline, 0-10 min post-ROSC and 20-120 min post-
ROSC) and the interactions of timepoint with each of the three
binary indicators, which permits estimating the effects of each
experimental factors as adjusted ‘within-factor mean differences
in post-ROSC timepoint differences from baseline’ (adjusted
mean differences in differences) and also permit contrasting the
spontaneous ROSC group to the ‘0.01 mg/kg dose-low flush’
group.

Robust SEs were used for all regression-based inferences,
to protect against mild departures from modelling assump-
tions. Unadjusted comparisons for descriptive statistics were
performed using standard methods noted in the tables. SAS soft-
ware V.9.4 (Raleigh, North Carolina, USA) was used for all anal-
yses. Sample size was calculated for the primary outcome (online
supplemental file).

RESULTS

Among 40 fetal lambs that were instrumented, two died during
instrumentation. Asphyxial arrest was induced in 38 lambs by
cord occlusion. Birth weight, gender, gestational age and multi-
plicity were not different between the study groups (table 1). Ten
lambs that achieved ROSC prior to epinephrine administration
(spontaneous ROSC) were not included in the analysis. The
remaining 28 lambs received epinephrine and the rate of ROSC
is shown in table 1.

Primary outcomes

Among the nine lambs (100%) that achieved ROSC in the 0.03
mg/kg dose-high flush group, eight (89%) did so with the first
dose of epinephrine (table 1). The better fitting regression
models for incidence and time to ROSC were the ‘main effects
only’ models.

Incidence of ROSC

For a given dose of epinephrine (either 0.01 or 0.03 mg/kg), use
of high flush did not have a significant effect on odds of ROSC
when compared with low flush (adjusted OR (AOR) 4.35 (95%
CI 0.45 to 42.32)), whereas for a given flush volume (1 mL or
3ml/kg), 0.03 mg/kg epinephrine resulted in an 11-fold higher
odds of ROSC compared with 0.01 mg/kg (AOR 11.43 (1.16 to
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Figure 1 Invasive haemodynamics during resuscitation and after
return of spontaneous circulation (ROSC) in the study groups. (A)
Change in left carotid arterial blood flow. (B) Change in pulmonary
arterial blood flow. (C) Change in ductal blood flow. Data presented
as mean=SEM. EPI, epinephrine. CC, chest compressions; PPV, positive
pressure ventilation.

112.25), p=0.04,). The effect of using high flush versus low flush
(AOR 5.84 (0.62 to 55), p=0.12) and 0.03 mg/kg vs 0.01 mg/
kg epinephrine (AOR 8.28 (0.82 to 83.58), p=0.07) were not
different on the odds of ROSC with first dose of epinephrine.

Secondary outcomes

The time to achieve ROSC from ventilation was five times shorter
with 0.03 mg/kg epinephrine dose compared with 0.01 mg/kg
(AHR 5.08 (95% CI 1.7 to 15.25), p=0.005) and was three
times shorter with high flush compared with low flush (AHR 3.5
(1.27 to 9.71), p=0.02) when adjusting for flush volume and
dose, respectively (table 2).

The cumulative dose of epinephrine needed was not different
among the four study groups (table 1). Cumulative epinephrine
dose was similar with 0.03 mg/kg compared with 0.01 mg/kg
epinephrine (AGMR=1.02 (95% CI 0.99 to 1.03)).

Plasma epinephrine concentrations

GM plasma epinephrine concentrations at 1 min after epineph-
rine administration (and 6min after ventilation onset) were
6-fold higher with high flush compared with low flush when
0.01 mg/kg epinephrine was used (GM=GSD, 521.3%+2.3 vs
86.2+3.3ng/mL, AGMR 6.05 (95% CI 1.43 to 25.7), p=0.02),
11-fold higher with 0.03 mg/kg epinephrine compared with
0.01 mg/kg when low flush was used (AGMR 11.34 (2.13 to
60.31), p<0.01) and were 11-fold higher with use of 0.03 mg/
kg epinephrine-high flush compared with use of 0.01 mg/kg-low
flush (AGMR 11.04 (2.20 to 55.27), p<0.01).

Haemodynamic parameters and gas exchange

There were no differences in left carotid, left pulmonary and
ductus arteriosus flows during the study period (figure 1), and
the mean blood pressures and heart rates following ROSC
(figure 2). The arterial pH and plasma lactate concentrations at
arrest and after ROSC were similar between the study groups

(table 3).

DISCUSSION

Four million newborn infants experience perinatal asphyxia
each year, accounting for an estimated 904000 deaths and 42
million disability-adjusted life years."” Neonatal cardiac arrest
and bradycardia in the delivery room contribute to this burden®
and rapid ROSC may improve outcomes. To our knowledge, this
is the first comparison of two doses of UVC epinephrine within
the range recommended by the American Academy of Pediat-
rics-NRP In the current study, we demonstrate that 0.03 mg/kg
of epinephrine is associated with earlier and higher incidence
of ROSC and higher plasma epinephrine concentrations (with
1mL flush) compared with the 0.01 mg/kg dose. Although a
0.03 mg/kg dose followed by high flush resulted in 100% ROSC,
the benefit appeared to be mostly due to the higher dose of
epinephrine than the increased volume of flush. Time to achieve
ROSC was faster with use of 0.03 mg/kg epinephrine compared
with 0.01 mg/kg and 3 mL/kg compared with 1 mL flush volume
following the dose. We also demonstrate that administration of
0.03 mg/kg of epinephrine followed by a 3 mL/kg flush increases
the incidence and hastens ROSC without higher heart rates or
blood pressures compared with 0.01 mg/kg dose.

The flush volume following UVC epinephrine of 0.5-1mL
per the current guidelines may clear the five Fr single lumen
UVC (internal volume of 0.55mL) and deposit epinephrine in
the umbilical vein.'® In the absence of umbilical blood flow (as
in cardiac arrest), the inlet of the ductus venosus offers higher

Mean Blood Pressure (mm Hg)

Heart Rate (beats per minute)

5 -©-0.01mg/kg EPI dose-Low flush
110 o ~6-0.01mg/kg EPI dose-High flush
o 3-0.03mg/kg EPI dose-Low flush

»
N

-8-0.03mg/kg EPI dose-High flush
-A-Spontaneous ROSC

RosC 1 2 3 a s 6 7 s H 10
8 Time from ROSC (minutes)

Figure 2 Mean blood pressures and heart rates after return of
spontaneous circulation (ROSC). (A) Change in mean blood pressure
after ROSC in the study groups. (B) Change in heart rates after ROSC in
the study groups. Data presented as mean+SEM. EPI, epinephrine.
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Table 3  Preductal right carotid arterial blood gas parameters in the study groups

0.01mg/kg 0.01mg/kg 0.03mg/kg 0.03mg/kg

Spontaneous ROSC epinephrine-low flush epinephrine-high flush epinephrine-low flush epinephrine-high flush
Parameter (n=10) (n=6) (n=6) (n=7) (n=9)
After arrest and prior to resuscitation
pH 6.86 (0.07) 6.89 (0.11) 6.85 (0.06) 6.88 (0.07) 6.86 (0.08)
PaCO, (mm Hg) 137 (16) 113 (6) 124 (22) 142 (16) 129 (24)
Pa0, (mm Hg) 6 (4) 74) 13(7) 6(3) 8(4)
Lactate (mmol/L) 10.5 (3.5) 11.4(2.9) 9.3(2.3) 10.1(1.3) 9.7 (2.4)
At ROSC n=10 n=2 n=2 n=5 n=9
pH 6.89 (0.09) 6.81(0.28) 6.86 (0.06) 6.98 (0.11) 6.83(0.10)
PaCO, (mm Hg) 103 (14) 78 (18) 81 (31) 75 (24) 97 (33)
Pa0, (mm Hg) 34 (10) 40 (2) 89 (110) 290 (232) 89 (85)
Fio, 0.93 (0.22) 1(0) 0.74 (0.46) 1(0) 1(0)
Lactate (mmol/L) 12.6 (3.6) 16.8 (4.5) 9.4 (2.8) 12.4(2.2) 11.0 (2.9)
1min after ROSC n=8 n=2 n=2 n=5 n=9
pH 6.89 (0.10) 6.86 (0.17) 6.85 (0.09) 7.04 (0.21) 6.84 (0.07)
PaCO, (mm Hg) 105 (21) 61(12) 87 (31) 66 (41) 105 (32)
Pa0, (mm Hg) 46 (47) 132 (65) 145 (135) 308 (224) 226 (184)
Fio, 0.55(0.33) 0.61 (0.56) 0.67 (0.41) 0.94 (0.09) 0.62 (0.39)
Lactate (mmol/L) 12 (3.8) 17.4 (5) 9.5(3.2) 12.7 (3) 11.8 (2.8)
5min after ROSC n=10 n=2 n=2 n=5 n=9
pH 6.95 (0.15) 6.93 (0.36) 6.85 (0.08) 7.15(0.22) 6.94 (0.13)
PaCO, (mm Hg) 88 (31) 55 (21) 85 (21) 53 (40) 83 (47)
Pa0, (mm Hg) 69 (55) 91 (61) 97 (69) 202 (140) 98 (62)
Fio, 0.59 (0.33) 0.26 (0.07) 0.44 (0.20) 0.58 (0.39) 0.33 (0.26)
Lactate (mmol/L) 11.7 (4.2) 16.2 (5.4) 9.5(3.3) 11.8(2) 10.9 (2.8)
10 min after ROSC n=10 n=2 n=2 n=5 n=8
pH 7.11 (0.16) 7.01 (0.33) 7.06 (0.04) 7.20 (0.20) 7.10 (0.19)
PaCO, (mm Hg) 54 (24) 43 (13) 45 (10) 44 (33) 63 (42)
Pao, (mm Hg) 126 (99) 101 (33) 100 (19) 117 (56) 102 (26)
Fio, 0.49 (0.31) 0.26 (0.64) 0.30(0.13) 0.45 (0.35) 0.33(0.25)
Lactate (mmol/L) 11.2 (4.4) 15.9 (5.8) 8.9 (3.4) 11.5(1.9) 10.4 (2.7)

Low flush=1mL flush (~0.25-0.27 mL/kg), high flush=3 mL/kg (=10-12 mL) flush.

The variables were not statistically differently distributed among the groups (Kruskal-Wallis).

Data are represented as mean (SD).
ROSC, return of spontaneous circulation.

resistance to flow.'® The terminal portion of the inferior vena
cava and ductus venosus do not have valves and pressure from
CC can potentially cause back-flow. Epinephrine increases
portal venous resistance promoting distribution within the liver.
Epinephrine delivery to the right atrium can potentially be
enhanced by a quick flush with a mini-bolus to maintain patency
of the ductus venosus and enhance delivery to the heart in the
absence of spontaneous circulation.'®

Recently, Songstad et al reported ROSC in 5/6 lambs with
0.05 mg dose of jugular venous epinephrine followed by a 5 mL
flush.” The duration of asphyxia in their study was short along
with a different approach which included 30s of sustained infla-
tion with 21% O, followed by PPV with 100% O, and uncoor-
dinated CC. After 60s, a fixed dose of intravenous epinephrine
(0.05 mg, ~0.01 mg/kg) was administered through a jugular
venous catheter followed by a 5 mL flush. In our study, the lambs
were resuscitated 5 min after cardiac arrest. We adhered to the
NRP guidelines and administered epinephrine after 4 min of CC
to mimic clinical situations (to account for time to place a low
UVC). The outcomes observed by Songstad et al were better"
compared with the ROSC outcomes with 0.01 mg/kg/dose in our
study possibly due to the shorter duration of asphyxia, jugular

venous route and earlier administration of epinephrine with
S mL flush.

We acknowledge several limitations in our study. Since rando-
misation was performed before delivery, there was a decrease
in sample size than was originally planned, due to 10 lambs
achieving ROSC with CC and PPV alone that was unanticipated.
There are applicable differences in lambs when compared with
humans. This being a term ovine model of cardiac arrest, the
response that is observed may be different in models of brady-
cardia (heart rate <60bpm), preterm models and humans.
Finally, although the lambs were randomised and the epinephrine
dose was masked, the initial flush volume was not masked. Flush
volume of 1mL was used following repeated epinephrine doses
which was different from the initial 3 mL/kg in high flush groups.
In clinical practice, two different flush volumes for initial and
subsequent doses adds complexity. We did not evaluate 0.02 mg/
kg dose of epinephrine. A strength of this study is its randomised
and masked design closely following current guidelines. Real-
time monitoring of physiological parameters were performed.

CONCLUSION
Use of 0.03 mg/kg of epinephrine followed by a 3 mL/kg normal
saline flush for the first dose of epinephrine resulted in high
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rates of ROSC (100%) and quicker ROSC compared with use
of 0.01 mg/kg of epinephrine with 1mL or 3 mL/kg of normal
saline flush. Further evaluation of optimal dose of epinephrine
and flush volume in a multicentre clinical trial is warranted.
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Sample size calculation:

Sample size calculation was performed prior to initiation of the study as part of the grant proposal. * We
have added the sample size calculation as a supplement. Sample size was calculated for the primary
outcome ofincidence of ROSC with two different flush volumes, assuming 2-sided testing with
alpha=5%. Assuming a 50% ROSC with 1 ml flush and 90% with 10 ml flush, we would be able to reject
the null hypothesis with a sample size of 20 lambs for each flush volume with a power of 0.813.

We subsequently checked the power for two other outcomes — time to ROSC and epinephrine
concentrations using this sample size (overall 40 lambs in the study).

Time to ROSC-flush volumes 1 ml vs. 3ml/kg: In a previously published study from our lab, the time to
ROSC within each group was normally distributed with a standard deviation of 66 seconds (Vali et al
JAHA 2017).2 With 10 lambs in each group, this sample size would detect a difference of 90 seconds in
time to ROSC with a power of 0.8 and a type | error probability of 0.05.

Epinephrine concentration: Inthe same studyfrom our lab, the epinephrine concentrations within the
0.03 mg/kg group were normally distributed with a standard deviation of 132 ng/ml (Vali et al JAHA
2017).2With 10 lambs eachin 0.03 mg/kg and 0.01 mg/kg groups (with different flush volumes), this
sample size would detect a difference of 180 ng/ml in epinephrine levels with a power of 0.82 and a
type | error probability of 0.05.

1. Dupont WD and Plummer WD, Jr. Power and sample size calculations for studies involving linear
regression. Controlled clinical trials. 1998;19:589-601.
2. Vali P, Chandrasekharan P, Rawat M, Gugino S, Koenigsknecht C, HelmanJ, Jusko WJ, Mathew B,

BerkelhamerS, NairJ, Wyckoff MH and Lakshminrusimha S. Evaluation of Timing and Route of
Epinephrine in a Neonatal Model of Asphyxial Arrest. Journal of the American Heart Association.
2017;6:e004402.
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