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Abstract

Study Objective: The 2015 ILCOR Advanced Cardiovascular Life Support Guidelines recommend intravenous adrenaline (epinephrine) as a crucial
pharmacologic treatment during cardiac arrest resuscitation. Some recent observational studies and clinical trials have questioned the efficacy of its use
and suggested possible deleterious effects on overall survival and long-term outcomes. This study aimed to describe the association between time and
dose of adrenaline on return of spontaneous circulation (ROSC) and neurologic function.

Methods: We performed a retrospective analysis of the Penn Alliance for Therapeutic Hypothermia (PATH) data registry. The timing of the first dose of
adrenaline and the total dose of adrenaline during cardiac arrests was compared between survivors to discharge and non-survivors for arrests lasting
greater than 10 min.

Results: The registry contained 5594 patients. After excluding patients with an in-hospital cardiac arrest, a non-shockable rhythm, or no adrenaline
administration, 1826 were included in the final analysis. Survivors to discharge received adrenaline sooner (median 5.0 vs. 7.0 min, p=0.022) and
required a lower total dose than non-survivors (2.0 vs. 3.0 mg, p < 0.001). For survivors, there was no significant association between the time to first
adrenaline dose and favorable neurological outcome as measured by Cerebral Performance Category (CPC). Among survivors, those that received
less than 2 mg of adrenaline had a more favorable neurologic outcome than those administered > 3mg. (CPC 1-2 16.6% vs. 12.5%, p=0.004).
Conclusion: Early adrenaline administration is associated with a higher percentage of survival to discharge but not associated with favorable
neurological outcome. Those patients with a favorable neurologic outcome received a lower total adrenaline dose prior to ROSC.
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rhythm, survival and neurologic recovery were 33.6% and 30.1%,
respectively. '
Intravenous adrenaline (epinephrine) administration remains

Introduction

Over 350,000 people suffer an out-of-hospital cardiac arrest (OHCA)
in the United States each year. Emergency Medical Services (EMS)
personnel treated approximately 60% of these cases. In 2015, only
10.6% survived to hospital discharge and 8.56% survived with good
neurological function. For a withessed OHCA with an initial shockable

an integral part of the Advanced Cardiovascular Life Support
(ACLS) guidelines.? Recent studies have raised concerns about
the efficacy and possible deleterious effects of adrenaline on both
overall survival and long-term neurological outcome.®* Other
studies suggest that the timing of adrenaline administration may
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influence survival.® Results from the PARAMEDIC2 trial, a
randomized double-blind trial in the United Kingdom, showed
that adrenaline resulted in a significantly higher 30-day survival
compared to placebo but did not result in a favorable rate of
neurologic outcome.® Addressing these complex data, investi-
gators have suggested that the clinical effects of adrenaline likely
hinge on timing and dosing; limited work has been performed in the
US to assess these factors among OHCA patients. There is a need
to determine if there are a subset of patients who benefit from
adrenaline, as some patients do achieve return of spontaneous
circulation (ROSC) with adrenaline administration.” In this study,
we analyze the association between timing of adrenaline
administration as well as the total dose of adrenaline given on
survival and neurologic functional outcomes in a well-established
multicenter cohort of OHCA patients. We hypothesize that early
adrenaline administration in OHCA is associated with greater
survival and neurologic function.

Methods

We performed a retrospective observational study utilizing data
from the Penn Alliance for Therapeutic Hypothermia (PATH)
database, an internet-based cardiac arrest and post-arrest care
registry hosted at the University of Pennsylvania. The PATH
registry has previously been described and has been used for
analysis of OHCA outcomes.® Member hospitals submit case data
for all cardiac arrests events, both OHCA and IHCA, where
resuscitation was attempted by the hospital, including demo-
graphic, arrest event and outcome variables. To date,

34 institutions have submitted cardiac arrest cases to the registry.
All participating institutions contribute at minimum a data set
comprised of about 30 variables. A subset of institutions enters a
more extensive research data set comprised of 100 data points,
including detailed intervention data including intervention timing,
serial lab results, and post-arrest patient body temperatures. Due
to different participation levels, some data are not collected for all
patients. To ensure data quality, the PATH database manager
reviews a random sample of 15% of cases submitted from all
institutions. Periodic reviews of the reported case frequency are
conducted to identify possible gaps in reporting. Data quality
errors and reporting inconsistencies are flagged for review by the
submitting institution. The current analysis from the PATH registry
was approved by the University of Pennsylvania Institutional
Review Board and the Reading Hospital Institutional Review
Board.

We analyzed data on OHCA patients with at least 10min of
resuscitative efforts, defined by the interval from arrest onset to ROSC or
termination of resuscitation efforts. The rationale for this was that OHCA
with return of spontaneous circulation (ROSC) after shorter resuscitations
often have a shockable rhythm that responds to early defibrillation alone
without the establishment of intravenous access and adrenaline dosing,
which would skew the analysis. We used the arrest event duration of at
least 10min cutoff assuming these patients would have had the
opportunity to receive at least one dose of adrenaline. In addition to
analyzing the association between adrenaline timing and dosing on
survival, we also reviewed the association between timing and dosing on
neurologic function of survivors as defined by the Cerebral Performance
Category (CPC) of arrest events lasting at least 10 min. The timing
intervals were similar to those used in prior studies.®'°

Registry Count

n=5,594
Outside of In Hospital
Hospital or Missing
n = 3,444 n=2,150
Shock Eligible No Shock Status
n=3136 Reported
! n =308
Epi Status No Epi
Reported Reported
n = 2,066 n=1,070
Epi G Included patients
Administered NonEi) Izilt‘)len
n=1,826 i
Time of First Epi No Time
Dose Recorded
n=1268 i = 51 *variability in the required data provided by participating
facilities results in missing data and discrepancies in the
<10 min totals
n=743
| | 10-20 min
n=343
>20 min
n=182

Fig. 1 - Registry data and inclusion in final analysis. Study included only out-of-hospital cardiac arrest patients who

were shock eligible and had epinephrine administered.
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All statistical analysis was performed using standard software
(SPSS v25, IBM Corp, Armonk, New York, USA). Descriptive
statistics were reported as count and percent within category.
Continuous data were reported as mean + Standard Deviation
(SD), in addition where there were outliers in the data, the
median value was reported as well. Analysis of categorical
variables was performed by Chi-square test of association.
Continuous variables were analyzed by group t-test. A p-value of
0.05 (p < 0.05) was considered statistically significant. Due to the
exploratory nature of this study and to not miss individual
variable contribution to survival there were no corrections
applied to the data for multiple comparisons.

Results

The PATH registry at the time of the analysis contained arrest data from
5594 patients, of those 3136 were OHCA with a shockable rhythm;
1268 patients received intra-arrest adrenaline with timing documented
and were included in the final analysis (Fig. 1 Table 1). There were no
significant differences in the percentage of males and females (59.4%
vs 58.1% males and 40.6% vs 41.9% females P =0.757) that had no
adrenaline vs adrenaline administered (Table 2). The majority had
known coronary disease or risk factors for coronary disease. In addition,
64% of patients had a witnessed arrest and the overall survival rate for
the 1541 with complete data recorded was 17.5% (Table 3).

2066 patients received adrenaline during resuscitation efforts.
Data on the dose of adrenaline and the timing of first dose were only
available on 1826 and 1268 patients, respectively. We limited our
analysis to patients whose resuscitation lasted longer than 10 min.
Final analysis on the timing of first dose and total dose, therefore, was
performed on 431 and 538 patients, respectively (Fig. 1 and Table 5)

Duration of resuscitative efforts for non-survivors was significantly
longer than survivors (median time 27 min, SD 27.63 vs 20 min, SD
19.3, p < 0.001 IQR 24 vs 14) (Table 5). For those with resuscitations
efforts lasting at least 10 min, survivors requiring adrenaline received
the first dose significantly earlier than those that died (5min SD
10.06 vs 7min, SD 14.74, p<0.022, IQR 8.5 vs 12). Survivors also
received a significantly lower dose of adrenaline to achieve ROSC
than those that died (median 2.0, SD 1.65, vs 3.0, SD 2.40, p < 0.001,
IQR 2 vs 3) (Table 5).

In addition, for resuscitations lasting greater than 10 min, there
was no significant difference in neurologic outcome regardless of
time to first dose of adrenaline or the total dose administered.
However, for survivors, those that received less than 2mg of
adrenaline had a more favorable neurologic outcome than those
administered > 3mg. (CPC 1-2 16.6% vs. 12.5%, p=0.004).
(Table 6).

A greater percentage of those patients with ROSC that did not
require epinephrine received therapeutic hypothermia and PCl thanin
the Epinephrine cohort. However, few of the survivors had timing of
epinephrine recorded in the Registry limiting analysis on the influence
of post resuscitative care on outcome (Table 4).

Discussion

In this retrospective multicenter evaluation of OHCA events,
earlier administration of adrenaline was associated with ROSC for
those resuscitations lasting at least 10 min. This is consistent with

Table 1 - Demographics and comorbid counts for
Study eligible patient cohort (5286). Table does not

include counts for patients in the registry with

missing values so counts will not sum to 3255 for all

variables.
Variable Category Shock eligible
(n=3255)
Count Percent
Gender Female 1224 37.6
Male 2030 62.4
Race White 1804 55.5
Black 1014 31.2
Hispanic 82 25
Asian/Pacific Islander 29 0.9
Other 35 1.1
Unknown 289 8.9
None 2 0.01
Arrhythmia Atrial Fib/Flutter 160 87.0
Bradycardia 9 4.9
Supraventricular tack 6 3.3
Ventricular tach 9 4.9
Asthma No 3138 96.4
Yes 117 3.6
Prior CHF No 2933 90.1
Yes 322 9.9
Coronary srtery disease No 2877 88.4
Yes 378 11.6
Deep vein thrombosis No 3194 98.1
Yes 61 1.9
Diabetes mellitus No 2712 83.3
Yes 543 16.7
Hypertension No 2295 70.5
Yes 960 29.5
Implanted defibrillator No 3235 99.4
Yes 20 0.6
Vena cava filter No 3252 99.9
Yes 3 0.1
Morbid obesity No 3136 96.3
Yes 119 3.7
Myocardial ischemia priorto  No 3096 95.1
event Yes 159 4.9
Myocardial ischemia during No 3192 98.1
event Yes 63 1.9
Hypoventilation No 3247 99.8
Yes 8 0.2
Pacemaker No 3209 98.6
Yes 46 1.4
Peripheral vascular disease No 3157 97.0
Yes 98 3.0
Pulmonary embolism No 3224 99.0
Yes 31 1.0
Renal insufficiency No 3075 94.5
Yes 180 5.5
Respiratory insufficiency No 3230 99.2
Yes 25 0.8
Event witnessed No 1114 36.0
Yes 1981 64.0
Endotracheal trach tube No 7 5.1
Yes 131 94.9
PCI performed No 6 4.2
Yes 138 95.8
Recoded time to first <10min 405 449
epinephrine 10-20 min 323 35.8
>20min 174 19.3
Mortality Dead 2702 83.1
Alive 551 16.9




RESUSCITATION 139 (2019) 182-188 185

the suggestion by Hansen that the timing and dose of adrenaline
are important confounders of the survival benefit of adrenaline
during resuscitation."” However, timing of the first dose was not
associated with improved neurologic outcome, although those
survivors with favorable outcome received lower doses of
adrenaline.

Adrenaline’s role in improving ROSC may be in its alpha-agonist
effect by improving coronary perfusion and aortic diastolic pressures.
However, its beta-agonist effects of increasing myocardial work,
promoting dysrhythmias, as well as its effects on platelet activation
and clot formation, may have adverse effects on neurologic injury and
recovery. These conflicting alpha and beta agonist effects may
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Table 3 - Post resuscitation care of patient patients with ROSC on Emergency Department arrival.

Variable Category No-Epi administered Epi administered p-value
(n=165) (n=1376)
Count Percent Count Percent
Event witnessed No 26 16.5 561 42.9 <0.001
Yes 132 83.5 748 57.1
Endotracheal trach tube No 0 0 7 5.1 n/a
Yes 0 0 131 94.9
PCI performed No 1 5.3 2 4.7 0.918
Yes 18 94.7 41 95.3
Recoded time to first epinephrine <10min 405 44.9 n/a
10-20 min 323 35.8
>20min 174 19.3
Mortality Dead 59 35.8 1213 88.2 <0.001
Alive 106 64.2 163 11.8

Table 4 - Post resuscitative care for patients who
obtained ROSC and EPI times recorded. Note PCI
count for patients in the Epi cohort are different than
noted in Table 3 as timing of Epinephrine was not
recorded for all patients in the Registry.

Time Epi No Epi
interval
Cooling PCI count Cooling PCI count
count (%) (%) count (%) (%)
<10min 37 (45.7) 5 (55.6) 77 (66.4) 18 (100%)
10-20 min 34 (42.0) 3(33.3)
20+ min 10 (12.3) 1(11.1)

account for the initial improvement in ROSC but not the improvement
in hospital survival or neurologic function compared to those
resuscitations without adrenaline use.” For OHCA lasting greater
than 10min, adrenaline appears to have a survival benefit if
administered early during the resuscitation. Early administration
and dosing, however, does not appear to result in functional
improvement. There have been contradictory studies on the use of
pre-hospital adrenaline, even from studies that have analyzed the
same registries, secondary to different analytical methods. An initial
review of All-dJapan Registry of OHCA patients concluded that earlier
adrenaline administration may be associated with higher rates of all
survival and survival with favorable neurologic function.”> Hagihara
and Nakahara analyzed the same registry using different time periods.
Although the earlier study did not adjust for timing of adrenaline, both
demonstrated the increase in ROSC but not in long term survival or
functional outcome.'®'® These studies were also limited in not
accounting for post-resuscitative care that may have impacted

survival. A recent secondary analysis of OHCA from the Resuscitation
Outcomes Consortium (ROC) also found an association between
survival and the timing or adrenaline with those receiving the first dose
in less than 10 min having a higher rate of survival compared to those
receiving adrenaline after 10min."" This time dependent outcome to
survival was also observed in a review of OHCA in Arizona.' In
contrast to the SHARE data base review, the ROC analysis suggests
that earlier administration also improves neurologic outcome. A recent
retrospective study of the Get With The Guidelines-Resuscitation
registry showed that for in-hospital cardiac arrests, very early
administration of adrenaline was associated with a decreased odds
of ROSC, hospital discharge and good neurologic function.'® Early
administration was defined as within 2 min of the first defibrillation.
This time interval is rarely achieved from the start of resuscitative
efforts in OHCA. In addition, the time interval from arrest to first dose
can be difficult to calculate.

In addition, prospective randomized clinical trials have failed to
demonstrate a survival benefit. Olasveengen et al. demonstrated in
a trial of OHCA patients randomized to either Advanced Cardiac Life
Support with access to intravenous (IV) medications or ACLS
without intravenous medication that the IV access group did have a
statistical improvement in ROSC compared to those with no IV
access medication (40% vs 25%, OR, 1.99; 95% CI, 1.48-2.67;
P <.001). However there was no significant improvement in survival
to hospital discharge (10.5% vs 9.2%, OR, 1.16; 95% Cl, 0.74-1.82;
P =0.61) or neurological outcome (9.8% vs 8.1%, OR, 1.24; 95% Cl,
0.77-1.98; P =0.45)."® A post-hoc analysis of the data set for those
that actually received adrenaline compared to those that did not
again supported that adrenaline is associated with short term
survival but not with actual survival to hospital discharge and
survival with favorable neurologic outcomes.'” Jacobs et al.

Table 5 - Continuous analysis (Group t-test) Mortality against Time to first Epinephrine dose and total epinephrine

dose for resuscitations lasting > =10min.

Variable Dead Alive p-value
n Mean Median SD IQR n Mean Median SD IQR

Time to first Epi 313 10.79 7.0 14.7 12 118 7.92 5.0 10.06 8.5 0.022

Epi-dose 395 3.93 3.0 2.40 3 143 2.70 2.0 1.65 2 <0.001

Code duration 1135 33.60 27.0 27.63 24 328 24.73 20.0 19.30 14 <0.001
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Table 6 - Chi-square analysis in the recoded CPC
variable in the surviving patients for resuscitations
lasting > =10min.

Variable Category CPC 1-2 CPC 3-5 p-
value
Count % Count %
Recoded time to first <10 63 685 199 63.0 0.353
EPI 10-20 22 239 76 241
>20 7 7.6 41 13.0
Recoded Epi dose 12 59 16.6 146 12,5 0.004

38 10.7 135 115
7 2.0 73 6.2
252 70.8 817 69.8

*3t

demonstrated similar results in their double blind randomized
placebo-controlled trial of adrenaline in OHCA. The adrenaline
group had a significant increase in ROSC compared to the placebo
group (23.5% vs 8.4%, OR 3.4; 95% CI 2.0-5.6) but no significant
improvement in patients surviving to hospital discharge (4.0% vs
1.9%, OR 2.2; 95% Cl 0.7-6.3%).'® Although this was a well-
designed study, it was significantly underpowered based on their a
priori calculations because of patient recruitment complications.
Most recently, the PARAMEDIC2 investigation, a randomized,
controlled, double-blinded trial, demonstrated a significant higher
30-day survival with adrenaline use compared to placebo but no
benefit in survival to hospital discharge or neurological outcome.®
The percent of survivors receiving either adrenaline or placebo in
this study (3.2% and 2.4% respectively) was much lower than the
17.5% overall survival observed in our registry.

As predicted, those with ROSC had shorter duration of resuscita-
tion. The chance of ROSC decreases with duration of asystole,
pulseless electrical activity or pulseless ventricular rhythm. Those
OHCA due to ventricular fibrillation or pulseless ventricular tachycar-
dia might respond to early defibrillation and never have time for
adrenaline administration. Prolonged resuscitative efforts allow more
opportunities for repeat doses of adrenaline. The continued
administration of adrenaline does not improve either survival or
functional neurologic status.

This study has several limitations. This is a retrospective study
performed on registry data. Not all participants in the registry were
required to complete the same number of data elements so we did not
have complete information on all the patients entered into the registry
dataset. We are only able to comment on potential associations
between the timing and total dose of adrenaline and survival with
functional neurologic outcome, causation is not assumed, and it is
likely that other unstudied confounders may have impacted these
findings.

Conclusions

The role of adrenaline in cardiac arrest resuscitation care remains
complex. Our data support prior studies that suggest the benefit of
adrenaline is maximized if given early during resuscitation efforts.
Althoughitis associated with high rates of ROSC, in our data adrenaline
use was only associated with improved neurological outcome if the total
doserequiredis less than 2 mg. Further prospective studies are needed
to determine the exact timing and dose benefit of adrenaline.
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