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Epinephrine before defibrillation in patients with shockable
in-hospital cardiac arrest: propensity matched analysis
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ABSTRACT

OBJECTIVE

To determine the use of epinephrine (adrenaline)
before defibrillation for treatment of in-hospital
cardiac arrest due to a ventricular arrhythmia and
examine its association with patient survival.
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MAIN CUTCOME MEASURES

Survival to discharge; favorable neurological

survival, defined as survival to discharge with none,
mild, or moderate neurological disability measured
using cerebral performance category scores; and
survival after acute resuscitation (that is, return

of spontaneous circulation for »20 minutes). A

time dependent, propensity matched analysis was
performed to adjust for confounding due to indication
and evaluate the independent association of

RESULTS
Among 34820 patients with an initial shockable
rhythm, 9630 (27.6%) were treated with epinephrine

American Heart Association’s Get With The Guidelines-

epinephrine before defibritllation with study outcomes.

‘WHAT IS ALREADY KNOWN ON THIS TOPIC
Guideiines recommend prompt defibyillation for treatment of in-hospital cardiac arrest

due to an initial rhythm of ventricular fibrillation {or pulseless ventnculartachycardla)

before defibrillation, contrary te current guidelines.

In comparison with participants treated with
defibrillation first, participants receiving epinephrine
first were less likely to have a history of myocardial
infarction or heart failure, but more likely to have

renal failure, sepsis, pneumonia, and receive
mechanical ventilation before in-hospital cardiac
arrest (P<0.0001 for all). Treatment with epinephrine
befare defibrillation was strongly associated with
delayed defibrillation (median 3 minutes v 0 minutes).
tn propensity matched analysis (9011 matched pairs),
epinephrine before defibrillation was associated with
lower odds of survival to discharge (25.2% v 29.9%;
adjusted odds ratlo 0.81, 95% confidence interval
0.74 to 0.88; P<0.001), favorable neurological survival
(18.6% v 21.4%,; 0.85, 0.76 to 0.92; P<0.001), and
survival after acute resuscitation (64.4% v 69.4%;
0.76, 0.70 10 0.83; P<0.001). The above findings were
cansistent in a range of sensitivity analyses, including
matching according to defibrillation time.

CONCLUSIONS

Contrary to current guidelines that prioritize
immediate defibrillation for in-hospital cardiac

arrest due to a shockable rhythm, more than one in
four patients are treated with epinephrine before
defibrillation, which is associated with worse survivat.

Introduction

Nearly 300000 patients have an in-hospital cardiac
arrest in the United States each year” and about
259% survive to discharge.” In addition to prompt
cardiopulmonary  resuscitation, the immediate
treatment of in-hospital cardiac arrest is dictated by
the cardiac arrest rhythm.? In patients with a non-
shockable rhythm of asystole or pulseless electrical
activity, guidelines including adult cardiac life support
protocols recommend epinephrine (adrenaline) every
three to five minutes.” In contrast, for patients with a

_shockable rhythm of ventricular fibrillation or pulseless

~EpitTephrire-adrenatine) s TEEamMmended oy whern patents Tenfain i
refractory ventricular fibrittation or pulseless ventricular tachycardia after many
defibrillation attempts

WHAT THIS STUDY ADDS

Despite strong guideline recommendations, maore than one in four patients with
in-hospital cardiac arrest due to ventricular fibrillation or pulseless ventricular
tachycardia are treated with epinephrine before the first defibrillation

Use of epinephrine before defibrillation is associated with tower odds of survival
to discharge and of favorable neurclogical survival, probably due to lower odds
of achieving return of spontaneous circulation

The negative association of epinephrine with survival was not entirely explained by
delayed defibrillation in patients who received epinephrine before first defibrillation
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ventricular tachycardia, prompt defibrillation (within
two minutes) is recommended, with epinephrine
reserved for patients in whom ventricular fibrillation
or pulseless ventricular tachycardia persists after two
defibrillation attempts.® 7 Resuscitation guidelines
from the United Kingdom and Europe recommend
epinephrine only after three defibrillation attempts
have been unsuccessful.®®

Use of epinephrine for cardiac arrest remains
controversial,” 117 and it is not recommended as a first
line treatment for cardiac arrest due to a shockable
thythm because immediate defibrillation is highly

effective in achieving return of spontaneous circulation
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for most patients with veniricular fbrillation or
pulseless ventricular tachycardia.”*  Despite this, one
Get With The Guidelines-Resuscitation (GWTG-R) study
found that 51% of patientwith in-hospital cardiac arrest
with an initial shockable rhythm that was refractory to
first defibrillation within two minutes were treated with
epinephtine hefore the second defibrillation, contrary
to current guidelines. Treatment with epinephrine in
these patients was associated with 30% lower odds
of survival."® The extent to which use of epinephrine
occurs before a first defibrillation in patients with in-
hospital cardiac arrest due to a shockable rhythm and
the association of this approach with outcomes has not
yet been examined.

To deal with this gap in knowledge, we used data
from the GWTG-R registry, a large, multicenter registry
of in-hospital cardiac arrest in the US, to examine
the frequency of use of epinephrine before first
defibrillation in patients with a shockable in-hospital
cardiac arrest; and the association of epinephrine
before defibrillation with survival to discharge,
favorable neurclogical survival, and survival after
acute resuscitation.

Methods

Study design and setting

We used 2000-18 data from the American Heart
Association’s GWTG-R registry—a large, prospective,
multisite registry of in-hospital cardiac arrest in the
US. The design of this registry has been previously
described.” Hospitals participating in the registry
submit clinical information about the medical history,
hospital care, and outcomes of consecuiive patients
admitted to hospital for cardiac arrest using an online,
interactivecasereportformandpatientmanagementtool
{IQVIA, Parsippany, NJ). All patients with a confirmed
in-hospital cardiac arrest, defined as absence of a
palpable central pulse, apnea, and unresponsiveness
and without. do not resuscitate orders, are enrolled
by trained personnel at participating hospitals. Many
approaches to finding cases are used, including review
of a centralized collection of cardiac arrest flow sheets,
routine checks of code cards, pharmacy tracer drug
records, reviews of hospital paging system logs, and
hospital billing charges for resuscitation medication.
Hospital participation is voluntary, with data collected
using standardized “Utstein-style” definitions for all

patient_variahles and_ountcomes to facilitate. uniform.

initial rhythm of ventricular fibrillation or pulseless
ventricular tachycardia. We excluded 7249 patients
who had an in-hospital cardiac arrest in the emergency
department and outpatient areas to focus our study on
in-hospital arrests and avoid the inclusion of patients
with out-of-hospital cardiac arrest who might have
had a second arrest after arrival at the emergency
department. Patients were also excluded if they did not
receive any defibrillation (n=5432) or data were missing
on timing of defibrillation (1184) or epinephrine
{n=800), on comorbidities {n=65), or on survival
outcomes (n=960). Finally, we excluded 1047 patients
at 260 hospitals who had a case voiume of less than or
equal to 10 during the study period to ensure that our
findings were not due to the inclusion of hospitals with
very low volumes and limited experience in treating
shockable in-hospital cardiac arrest. Our final cohort
included 34 820 patients at 497 hospitals (fig 1).

Study variables and outcomes

The primary exposure was administration of
epinephrine before first defibrillation. For each
patient, we calculated the time intervals (in minutes)
from the onset of cardiac arrest to the administration of
epinephrine and first defibrillation, respectively, which
were used to determine whether patients were treated
with epinephrine first or defibrillation first. Patients
with identical administration times for epinephrine
and defibrillation were included in the defibrillation
first group in the primary analysis.

The primary outcome was survival to discharge.
Given that both epinephrine and defibrillation are
used for achieving return of spontaneous circulation,
we also examined survival after acute resuscitation,
defined as return of spontanesus circulation for at least
20 minutes. Finally, to determine whether difference in
survival was clinically important, we also examined
neurological disability using the cerebral performance
category scores™: a score of 1 denoting mild or no
neurclogical disability; 2, moderate neurological
disability; 3, severe neurclogical disability, 4, coma
or vegetative state; and 5, brain death. Faverable
neurological survival was defined as survival with
a cerebral performance cétegory score of 1 or 2.
Discharge scores were missing in 7.5% of patients,
and thus analyses after discharge were limited to
patients with available discharge cerebral performance
category scores
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reporting across hospitals.’® 2! To ensure accuracy
and completeness of the data, rigorous training and
certification of the medical staff at participating
hospitals is carried out, standardized software is used
with internal checks, and periodic re-abstractions and
audits of collected data are made. The study is reported
in accordance with the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
guidelines.??

Study cohort
We identified 51557 adult patients aged 18 or older
with an index in-hospital cardiac arrest due to an

Patient data from the GWTG-R registry included

demographic variables (age, sex, race), pre-existing
conditions (current or previous myocardial infarction,
current or previous heart failure, diabetes mellitus,
renal insufficiency, hepatic insufficiency, respiratory
insufficiency, prneumonia, sepsis, hypotension, acute
stroke, baseline central nervous system depression,
major trauma, metastatic or hematologic malignancy,
metabolic or electrolyte abnormalities), cardiac arrest
characteristics (initial rhythm (ventricular fibrillation
or pulseless ventricular tachycardia)), location of arrest
(intensive care ynit, operating room, procedural area,
telemetry unit, ward without telemetry), activation
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Fig 1| Study cohort. The flow chart shows the derivation of the study cohort after
applying the study’s inclusion and exclusion criteria, and the number of participants

excluded at each step

of a hospital-wide response, time of day (daytime:
7 am-11 pm, night-time: 11 pm-7 am), and calendar
year, and interventions in place immediately before
arrest (mechanical ventilation, antiarrhythmic drugs,
dialysis, and intravenous vasoactive drugs). Hospital
variables included total number of admissions, total
inpatient heds, geographic census region (North and
Mid-Atlantic, South Atlantic, North Central, Souih
Central, Mountain, and Pacific), ownership {military,
non-profit, government, private), and teaching status
(major teaching, minor teaching, non-teaching).
An “unknown” category was included for hospitals
with missing data. Timely defibrillation was defined
as defibrillation within two minutes of onset of in-
hospital cardiac arrest and was evaluated as a potential
explanatory variable in the association between early
epinephrine and survival.

Statistical analysis

Given the large sample size, we compared baseline
patient and hospital characteristics between our
exposure groups using standardized differences.
Next, we compared the unadjusted rates of study
outcomes in patients who did and did not receive
epinephrine before first defibrillation, and compared
the differences between the two groups using
Student’s t tests. To account for treatment selection
bias hetween patients who received epinephrine before

defibrillation and patients who_received defibrillation.. .

before defibrillation. All patient covariates listed in the
section “Study variables” were included in the model.

After estimation of propensity scores from the ahove
model, we conducted a 1:1 risk set matching on the
propensity score using nearest neighbor matching
algorithm with a caliper width of 20% of the standard
deviation of the logit of the propensity score. Patients
who received epinephrine during a given minute of
resuscitation after the onset of cardiac arrest (eg, 0,
1, 2) were propensity matched with a similar patient
who was “at risk” of receiving epinephrine during
the same minute (that is, no return of spontaneous
circulation and still undergoing resuscitation) and had
not yet received epinephrine. This approach ensured
that patients in the groups receiving epinephrine were
not inadvertentlty matched with patients who had
already achieved return of spontaneous circulation
and therefore “not at risk” of receiving epinephrine,
which would have biased our study towards finding
a negative association of epinephrine with survival
outcomes. Thus, our propensity mafched pairs
comprised a patient who had received epinephrine at
a given minute of resuscitation with a patient who had
not yet received epinephrine within that same minute
but had a similar probabhility of receiving it based on
measured variables and had also not achieved return
of spontaneous circulation (fig $2).

To evaluate the success of matching, we calculated
standardized differences between matched patients,
and considered a standardized difference of less than
10% as indicative of successful matching.®* Within
our matched sample, we used conditional logistic
regression to determine the association of epinephrine
before defibrillation with study outcomes. In these
analyses, we used clustered standard etrors to account
for correlation in the data if participants selected as
confrols were subsequently selected as patients if
they received epinephrine at a later minuie, Statistical
significance was set at «=0.05. All statistical analysis
was performed in SAS (version 9.4, SAS Institute,
Cary, NC}. The primary propensity matched analysis
included only patient variables. In a secondary
analysis, we also included hospital variables in the
propensity score estimation algorithm.

Sensitivity analysis
We conducted a range of sensitivity analyses to

evaluate the robustness of our findings. Firstly, we

as the first treatment of cardiac arrest, we conducted a
time dependent, propensity score matched analysis to
evaluate the independent association of epinephrine
before defibrillation with survival outcomes. This
approach has been used in previous studies of time
dependent cardiac interventions and is designed to
account for the fact that epinephrine would not be
given to patients in whom return of spontaneous
circulation had already occurred or resuscitation
had been terminated.’® 2* % Propensity scores were
estimated using a non-parsimonious multivariable
logistic regression model, where the dependent
variable was whether a patient received epinephrine
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repeated our primary analysis after excluding patients
who received epinephrine and defibrillation during
the same minute. Secondly, to determine whether
the association of epinephrine with swrvival was due
to a direct effect of epinephrine or due to a delay in
defibiillation, we repeated the primary analysis after
also matching patients according to defibrillation
time in addition to the propensity scores. Thirdly,
we conducted an additional analysis in which
participants matched as controls with a patient who
received epinephrine during a given minute were not
eligible to be selected as subsequent patients if they
received epinephrine during a later minute. Finally, we
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used inverse probability treatment weighting analyses
to ensure that the association of epinephrine before
defibrillation with study cutcomes was consistent.

Patient and public involvement

Since the study involved the use of deidentified data,
patients were not involved in the design or conduct of
the study.

Results
Of 34820 patients, a total of 9630 (27.7%) received
epinephrine hefore defibrillation. Tahle 1 compares
patient characteristics  stratified by whether
epinephrine was administered before defibrillation
or whether patients received defibrillation first. The
group who received epinephrine before defibrillation
were more likely to be black patients, have renal
insufficiency, respiratory insufficiency, or sepsis,
but less likely to have myocardial infarction during
the admission to hospital than patients treated
with defibrillation first. They were more likely to be
receiving mechanical ventilation but less likely to he
receiving intravenous antiarrhythmic drugs at the time
of arrest (absolute standardized differences >10% for
all). Most patients in both groups were in a monitored
location (intensive care unit or telemetry unit), with
only 11.4% located in a ward without telemetry.
Overall, the median time to defibrillation was 1
minute (interquartile range 0-3), which was longer in
the epinephrine first group than in the defibrillation
first group (median 3 minutes (1-7) v 0 minutes (0-
2); table 1 and fig 2). In our cohott, the proportion of
patients treated with epinephrine before defibrillation
increased over time, from 20.8% in 2000 to 29.8% in
2018 (P for trend <0.001; supplementary fig S1). The
differences in magnitude of hospital characteristics
hetween exposure groups were small (table 2).
Overall, 14520 (41.7%) patients survived to hospital
discharge, 11595 (33.3%) had favorable neurological
survival, and 26602 (76.4%) survived after acute
resuscitation. In unadjusted analysis, patients who
teceived epinephrine before defibrillation were less
likely to survive to hospital discharge (25.0% v 48.1%;
difference —23.1%, 95% confidence interval -24.1% to
-22.0%), have favorable neurological survival (18.4%
v 39.2%; difference -20.8%, -21.8% to —19.8%), or
survive after acute resuscitation (64.2% v 81.0%;
difference -16.9%, —18.0% to —15.8%) than patients

confidence interval 0.74 to 0.88), and survival after acute
resuscitation (0.76, 0.70 to 0.83; table 3). For analyses
of favorable neurological survival, a total of 17020
patients (8510 in each group) were propensity matched.
Epinephrine before defibrillation was associated with
decreased odds of favorable neurological survival {(odds
ratio 0.85, 95% confidence interval 0.76 to 0.92),
The negative association of epinephrine with study
outcomes was consistent in secondary analysis, which
also included hospital characteristics in the propensity
score model (table 3).

Sensitivity analyses
When the 472 (1.4%) patients receiving epinephrine
and defibrillation at the same time were excluded,
the assocfations between epinephrine and survival to
discharge {odds ratio 0.85, 95% confidence interval
0.7 8 to 0.92) and survival after acute resuscitation (0.83,
0.77 to 0.91) were similar to the main analysis (table S4).
Given that patients who received epinephrine before
defibrillation were also more likely to have delayed
defibrillation, we conducted additional analyses to
explore the extent to which the negative association
of epinephrine with survival was due to delays in
defibrillation. Stratified by each minute of defibrillation
time, unadjusted survival was consistently lower in
patients who teceived epinephrine before defibrillation
than in patients who received defibrillation without
prior epinephrine (fig 3). In propensity score analyses
in which we additionally matched patients according to
defibrillation time, the association of epinephrine with
lower survival to hospital discharge (odds ratio 0.84,
95% confidence interval 0.76 to 0.92) and survival after
acute resuscitation (0.81, 0.73 to 0.89) was consistent
with the main analysis {table S5). Study findings were
consistent when participants were not allowed to be
selected as both controls and cases (table $6}. Finally,
similar findings were noted when we evaluated the
association of epinephrine hefore defibrillation using
inverse probahility of treatment weighting (table $7).

Discussion

Principal findings

In this study of 34 820 patients with in-hospital cardiac
arrest due to an initial shockable rhythm, we found
that more than one in four patients receive epinephrine
before defibrillation, contrary to resuscitation

guidelines, which prioritize immediate defibrillation .

who were treated with defibrillation first.

To account for underlying differences in patients who
did and did not receive epinephrine hefore defibrillation,
we propensity matched a total of 18022 patients (9011
in each group) for analyses of survival to discharge and
survival after acute resuscitation. The distribution of
propensity scores in the two groups is shown in figure
52 and table S1. Matching was successful in achieving
covariate balance as shown by a standardized difference
of <10% for all variables (fig S3; tables $2 and S3). In time
dependent, propensity matched analysis, epinephrine
hefore defibriilation was assoclated with decreased odds
of survival to hospital discharge (odds ratio 0.81, 95%

as the first line treatment.* ® ® Epinephrine before
defibrillation was associated with lower odds of
survival to discharge, favorable neurological survival,
and survival after acute resuscitation in comparison
with patients who received defibrillation first. The
above associations were consistent across a range
of sensitivity analyses, including analyses in which
patients were matched according to defibrillation time,
which suggests that the association of epinephrine
before defibrillation with study outcomes was not
entirely explained by delayed defibiillation in patients
who were treated with epinephrine first, Several of our
findings merit further consideration.
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Tabie 1 | Baseline characteristics of study patients overall and stratified by patients receiving epinephrine (adrenaline)
first and defibrillation first

" Epinephrine fist  Defibrillation st~ Standardized

fova

CNS=central nervous system; IQR=interquartile range; SD=standard deviation.

Implications of study for in-hospital resuscitation care  defibrillation within two minutes of cardiac arrest,
For patients with in-hospital cardiac arrest due to a  Whereas epinephrine is recommended only if the
shockable rhythm, immediate defibrillation s highly patient remains refractory to at least two defibrillation
effective, and delays in defibrillation are associated attempts (three defibrillation attempts according to
with lower survival rates.”” 28 The American Heart UK and European guidefines).® ® Accordingly, the
Association recommends that patient with in-hospital GWTG-R registty has adopted time to defibrillation
cardlac arrest with an initial shockable rhythm receive  within two minutes in patients with a shockable in-

us)
=
<
E
| Vari rall (1=34820). (n=9630) . - 1 (1=25190) e
Personal characteristics: %
Age {years): =3
Niean (5D): 65.8 (14.4) 6556 (15.0) 65.9 (14.2) =Y g
Median (1QR) 67 (57-77) 67 (57-77) 67 (57-77) o
Sex: -0.8 -
Male 22039(63.3) 6124 (63.6) 15915 (63.2) S
Female 12781 (36.7) 3506 (36.4) 9275 (36.8) )
Race: @
White 26531 (76.2) 7023 (72.9) 19508 (77.4) -10.5 g
3
Black 4972 (14.3) 1674 (17.4) 1298 (13.1) 12.0 T
Cther 3317 (9.5) 933 (9.7) 2384 (9.5) 1.0 %
Hispanic ethnic origin . 1597 (4.6) 537 (5.6) 1060 (4.2) 6.3 -+
Pre-existing conditions: ) 2
Myacardial infarction, this admission 9725 (27.9) 2053 (21.3) 7672 (30.5) -21.0 g
Myocardial infarction, previous admission 7947 (22.8) 1964 (20.4) 5983 (23.8) -8.1 5;_’
Congestive heart failure, this admissicn 7642 (22.0) 1978 (20.5) 5664 (22.5) -4.7 o
Congestive heart failure, previous admission 9095 (26,1) 2473 (25.7) 6622 (26,3) -1.4 i
Diabetes meliitus 11432 (32.8) 3301 (34.3) 8131(32.3) 4.2 L=
Renal insufficiency 10753 (30.9) 3470 (36.0) 7283 (28.9) 15.3 P
Hepatic insufficiency 2055 {5.9) 661 (6.9) 1394 (5.5} 5.5 g
Respiratory insufficiency 12292 (35.3) 3899 (40.5) 8393 (33.3) 14,9 3
Pneumonia 3482 (10.0) 1125 (11.7) 2357 (9.4) 7.6 ccp-
Sepsis/septicetia 4021 (11.6) 1433 (14.9) 2588 (10.3) 139 ; .
Hypotension/hypoperfusion 7991 (23.0) 2477 (25.7) 5514 (21.9) 9.0 %
Acute stroke 1265 (3.6) 386 {4.0) 879 (3.5 2.7 -~
Acute CNS event, non-stroke 1865 (5.4) 556 {5.8) 1309 (5.2) 2.5 g I
Baseline CNS depression . 2742 (7.9) 790(8.2) 1952 (7.8) 1.7 =
Major trauma 885 (2.5} 351 (3.6) 535 (2.1) 9.1 %
Metastatic/hematolostc malignancy 2814 (8.1) 956 (9.9) 1858 (7.4) 2.1 g
Metabolic/electrolyte abnormalities 5428 (15.6) 1732 {18.0) . 3696 (14.7) 2.0 8
Cardfac arrest characteristics; = .
Initial cardiac rhythm ~4.2 S
Pulseless ventricular fibrillation 21539 (61.9) 5904 (61.3) 15635 (62.1) >
Pulseless ventricular tachycardia 13281 (38.1) 3726 (38.7) 9555 (37.9) %
Time to first defibrillation (min): : =
Cio<2 22288 (64.0) 3126 (32.5) 19162 (76.1) -97.4 é
3210 4 6042 (17.4) 2311 (24.0) 3731(14.8) -84.9 E
>4 6490 (18.6) 4193 (43.5) 2297 (9.1) 84.9 g
Location of arrest; : =
Intensive care unit 19094 (54.8) 5433 (56.4) 13661 (54.2) 4.4 8
Operating room/procedural area 4144 (11.9) 1042 (10.8) 3102 (12.3) -4.7 5_
Inpatient ward with telemetry 7121 (20.5) 1756 (18.2) 5365 (21.3) -7.7 g
Inpatient ward without telemetry 3969 (11.4) 1281 (13.3) 2688 (10.7) 8.1 N
Other 492 (1.4} 118(1.2) 374 (1.5} -2.2 w!
Activation of hospital-wide response 27283 (78.4) 7511 (78.0) 19772 (78.5) -1.2 g
Nighttime arrest (11 pm o 7 am) 10219 (29.4) 2960 (30.7) 7259 (25.8) 4.2 g
Interventions in place at the time of arrest: g
Assisted or mechanical ventilation 12727 (36.6) 4002 (41.6) 8725 (34.6) 14.3 ;
Antiarrhythmic agent 2771 (8.0) 511(5.3) 2260 (9.0) -14.3 %
Dialysis or extracorporeal treatments 1195 (3.4) 400 (4.2) 795 (3.2) 5.3 —
Vasoactive agent 9397 {27.0) 2800 {29.1) 6597 (26.2) 6.5 g
Calendar year of arrest: T Q@
2000-05 9871 (28.4) 2222 (23.1) 7649 (30.4) -16.5 []
2006-10 9009 (25.9) 2416 (25.1) 6593 (26.2) -2.5 EJ“
2011-15 9252 (26.6) 2892 (31.3) 6360 (25.3) 10.7 :‘U
2016-18 6688 (19.2) 2100 (21.8) 4588 (18.2) 9.0 %
Q
]
g
o
S
=
(=]
=
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Patients at each time interval (%)

[

m Defibrillation first
& Epinephrine first

Time to defibrillation {(minutes)

Fig 2 | Proportion of participants receiving epinephrine (adrenaline) first or
defibrillation first by time to defibrillation. The yellow bars represent the prepertion of
participants receiving epinephrine first and the purple bars represent the proportion of
participants receiving defibrillation first (that is, without prior epinephrine). The figure
shows that the proportion of patients receiving epinephrine first was associated with
increasing delay in time to defibrillation.

hospital cardiac arrest as a key hospital resuscitation
quality metric and has devoted considerable effort and
resources towards reducing delays in defibrillation in

patients with a shockable rhythm,

Table 2 | Hospital characteristics averall and stratified by patients receiving epinephrine
i ibrillation first

drenaline) fi

Total No of admissions:

100-2499 222(0.6) 64 {0.7) 158 (0.6) 1.2 tachycardia refractory to first defibrillation who were
2500-4999 453 (1.3) 119 (1.2) 334 (1.3) -0.9 treated with epinephrine before second defibrillation
508377499 E:S g'@ ;92 EM% ggj gg; ézdz (odds ratio 0.70; 959% confidence interval 0.59 Lo 0.82;
1(5) 00_329999 W 4? 0 59.]5,) 1; 673('193'2) 3450 (19.8) 18 P<0.001)."® Only patients who remained in ventricular
15000-19 999 6124 (17.6) 1754 (18.2) 4370 (17.4) 2.1 fibrillation after first shock were included in that
20006-29 999 7122 (20.5) 1889 (19.6) 5233 (20.8) -2.9 study, however. Such patients are a small proportion
30000-39 999 7345{21.1) 2014 (20.9) 5331 (21.2) 07 of patients with a shockable in-hospital cardiac arrest
240000 4360 (12.5) 1254 (13.0) 3106 (12.3) 21 and require entirely different care. Our study highlights
Unknown 1924 (5.5) £01(6.2) - 1323 6.3} 3.9 that the use of epinephrine before defibrillation is even
T‘T_E;;\l E{Ofmpa“em bEdS:s a3 (1' ) 194 (04 408 (18] 16 more pervasive than previously shown.
100-199 2318 (6.7) 603 (6.3) 1715 (6.8) 0 Epinephrine might be detrimental to patients
200-249 1914 (5.5) 486 (5.1) 1428 (5.7) 2.7 with a shockable cardiac arrest, which commeonly
250-299 2608 (7.5) 724 {7.5) 1884 (7.5) 0.0 has a primary cardiac cause (eg, acute myocardial
300-349 2822 (8.1) 779.(8.1) 2042 (8.1) 0.0 infarction). Use of epinephrine could lead to increased
350-499 7877 (22.6) 2156 (22.4) 5721 {22.7) 0.7 demand for myocardial oxygen owing to its positive
2500 14815 (42.6) 4147 (43.1) 10668 (42.4) 1.4 . . /
Unknowm 1525 5.5) 601 (6.2) 1323 (5.3) 30 inotropic and chronotropic effects, and reduced
Geographic census region: blood flow to other organs, which might be associated
North and Mid-Atlantic 4834 (13.9) 1429 (14.8) 3405 (13.5) 69 with worse outcomes in these patients.’>** Prompt
South Atlantic 8435 (24.2) 2332 [24.9) 6103 (24.2) 0.6 __defibrillation is an effective treatment _for ventricular ...
North Canfral 8036 (73.1) 1594 (30.7) 6042 (24.0) 7.5 fibrillation or pulseless ventricular tachycardia, but
e Ao It e o eonestine fst it e o el
Unknown 15304 4) 299 G2 1031(4. =3 in defibriliation. Indeed, we found that the median
Hospital ownersnip: _ time to defibrillation was three minutes in the group
Military 516 (1.5} 158 (L.6) 358 (1.4) 2.4 receiving epinephrine first compared with zero
Nen-profit 25369 (72.8) 6797 {70.6) 18572 (73.7) 2.7 minutes in the defibrillation group. Nevertheless, we
Government 2621 (7.5) 791 (8.2) 1830 (7.3) -2.3 found that the negative association of epinephrine
Private 3040 (8.7) 874 (0.1) 2166 (8.6) -19 with survival persisted even after matching according
A‘::jg;‘?":”trainm . ramBSzt:;‘f't‘) 1010{10.5) 2264 9.0) L4 to defibrillation time in sensitivity analyses.
Maiorteachingg i 11533 (33,1} 3452 (35.9) 8071 (32.0) 9.8 We found that several patient variables were
Minor teaching 17843 (51.2) 4717 (49.0} 13126 (52.1) 37 assoclated with the use of epinephrine before
Non-teaching 3888 (11.2) 945 (9.5) 293%{11.7) 9.1 defibrillation. In particular, we found that black
Unknown 1566 {4.5) 512 (5.3) 1054 (4.2) -4.0 and Hispanic patients were more likely to receive

Despite these efforts, it is noteworthy that 27% of
patients with in-hospital cardiac arrest with a shockable
thythm in GWTG-R were treated with epinephrine first
instead of defibrillation. Our study found this practice
was associated with worse survival to discharge and less
favorable neurological survival, largely owing to lower
odds of survival after acute resuscitation. Importantty,
use of epinephrine was also associated with substantial
delays in defibrillation, which is the primary treatment
for such patients. These fimdings are concerning because,
even though shockable rhythms comprise <20% of all
in-hospital cardiac arrests, the likelihood of survival in
patients with a shockable rhythm is three- to fourfold
higher than for patients with a non-shockable rhythm,
especially when defibrillation treatment can be provided
without delay.” *® Efforts that prioritize defibrillation
treatment and discourage epinephrine during the initial
resuscitation of a patient with a shockable in-hospital
caxdiac arrest are urgently needed.

Strengths and weaknesses in relation to other studies
To our knowledge, this is the first study to examine use
of epinephrine before first defibrillation in patients
with in-hospital cardiac asrest and adds to the growing
evidence of the potential harm of eariy epinephrine for
shockable in-hospital cardiac arrest. Our findings are
consistent with a previous GWIG-R study that found
worse sutvival in patient with in-hospital cardiac arrest
with ventricular fibrillation or pulseless veniricular
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Tqb!e 3 | Association of epinephrine (adrenaline_)_ before defibrillation with survival outcomes

" outeo . - “Epineplirine firs Defibriliation first. . - Adjusted OR(95%C1) .

'Wit'ﬁouthospltal characteristics (n=9011}: o T T o
Survival to hospital discharge 22751(25.2) 2690 (29.9) 0.81 (0.74 to 0.88)
Survival after acute resuscitation 5801 (64.4) 6255 (69.4) 0.76 (0.70 10 0.83})
Favorable neurclogical survival* 1586 (18.6) 1820(21.4} 0.85 {(0.76 to 0,92)

With hospital characteristics (n=8391):

Survival to hospital discharge 2124 (25.3) 2403 (28.6) 0.75 (0.69 to 0.81)
Survival after acute resuscitation 5399 (64.3) 5792 (69.0) 0.75 (0.69 to 0.81)
Favorable neurological survivatt 1487 (18.79) 1663 (21.0) 0.79 (0.72 t0 0.86)

OR=0dds ratic.
*Sample size for analysis was 17 020 (8510 matched pairs).
t5ample size for analysis was 15 870 (7935 matched pairs).

epinepprine before defibrillation than white patients,
which is consistent with previous reports that showed
an increased risk of poor quality resuscitation care
among racial and ethnic minority patients.® 3¢ Most
patients who received epinephrine before defibrillation
were located in a monitored setting (eg, intensive care
unit, a ward with telemetry, or a procedural area),
which suggests that the practice is widespread across
hospitals. We also found that use of epinephrine before
defibrillation was more common in sicker patients with
more comorbidities. Qur analytic approach considered
these baseline differences in patient characteristics,
and we achieved covariate balance using propensity
scores. A notable strength of our study was that we
used a time dependent, propensity score method to
match patients who received epinephrine with similar
patients who were still undergoing resuscitation and
in whom return of spontaneous circulation had not
yet been achieved. Thus our approach ensured that
our study was not inherently biased toward finding a
negative association of epinephrine with survival,

Possible explanations and future directions
Several factors could explain why patients with
ventricular fibrillation or pulseless veniricular

tachycardia might be receiving epinephrine before
defibrillation. Firstly, asystole and pulseless electrical
activity comprise >85% of all in-hospital cardiac
arrests in the US, for which early epinephrine is the
recommended treatment. Recently, epinephrine within
five minutes was adopted by GWTG-R as a quality
metric for in-hospital cardiac arrest due to a non-
shockable rhythm.'® * Possibly, the preponderance
of non-shockable rhythms among patients with in-
hospital cardiac arrest and the increased emphasis
on timely epinephrine in such patients might have
had a spiliover effect from management of in-hospital
cardiac arrest with a shockable rhythm. Secondly,
nurses are usually the first responders when patients
have a cardiac arrest. Although they are usually
skilled in initiating cardiopulmonary resuscitation
and administering drugs, they might be less inclined
to perform defibrillation independently. Epinephrine
might be given while waiting for the code team to
arrive and perform defibrillation. Understanding the
factors that explain the use of epinephrine before
defibrillation in patients in hospital who arrest is an
important next step, and will be crucial for designing
hospital interventions to ensure that patients with
shockable in-hospital cardiac arrest are treated with
timely defibrillation instead of epinephrine first.

Limitations

Our findings should also be interpreted considering
the following limitations. Firstly, the assignment of
epinephrine first or defibrillation first was not random
and there is potential for residual confounding from
unmeasured patient variables. Secondly, data on
time to epinephrine and time to defibrillation relied
on reported times of cardiac arrest, epinephrine, and
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Fig 3 | Rates of survival in patients receiving epinephrine (adrenaline) first versus
defibrillation first stratified according to the time to defibrillation. The yellow circles
represent survival in participants receiving epinephrine first and the purple squares
represent survival in participants who received defibrillation first. The pink dashed
line represents the overall survival rate in the entire cohort. The figure shows that
in comparison with survival in participants receiving defibrillation first, survival in
patients receiving epinephrine first was lower regardless of time to defibrillation.
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defibrillation, respectively, within hospital 1ecords.
Possibly, a lack of synchrenization between cardiac
monitors and defibrillators, and the generally chaotic
resuscitation environment, contributed to errors in
measurement, leading to potential misclassification
of exposure, Such misclassification is expected to be
non-differential, however, and would bias our findings
toward the null hypothesis as there is no reason to
believe that misclassification of time in the same
patient would be differential. Thirdly, our findings
cannot establish causation, and it is possible that the
use of epinephrine before defibrillation is a marker
of lower quality resuscitation care detivery (eg, lower
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quality chest compressions or guality and experience of
the first responders/code team), which is unmeasured.
No randomized controlled trials on this treatment
strategy are planned or ongoing, however, and such
a trial would not be ethically feasible given the strong
recommendation for immediate defibrillation in
patients with a shockable rhythm. Therefore, despite
owr study’s limitations, we believe these are the hest
data on this topic. Finally, hospitals participating in
the GWTG-R database represent <5% of all acute care
hospitals in the US, and therefore our findings might
not be generalizable to non-participating hospitals.
The GWTG-R registry represents hospitals that are
committed to quality improvement of resuscitation,
and use of epinephrine before defibrillation for
shockable in-hospital cardiac arrest might be even
more pervasive in non-participating hospitals.

Conclusion

Contraty to resuscitation guidelines and protocols for
adult cardiac life support, treatment with epinephrine
before defibrillation is common and is associated with
lower survival for in-hospital cardiac atrests due to a
shockable rhythm.
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