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Abstract

Objective: To describe how administration of adrenaline is associated with return of spontaneous circulation (ROSC) and 30-day survival in patients
with in-hospital cardiac arrest (IHCA).

Design: Retrospective observational study.

Setting: Analysis of data extracted from a national cardiac arrest registry.

Study population: Patients >18 years old with IHCA from January 2015 up to June 2017.

Outcome measures: Primary outcomes were ROSC and 30-day survival. Secondary outcome was survival to hospital discharge with a good
neurologic outcome defined as cerebral performance category (CPC) score 1-2.

Results: Of 6033 patients eligible for inclusion, 4055 (67%) received at least one dose of adrenaline. The rate of ROSC was lower in the adrenaline
group (72 vs. 98% for shockable rhythm and 50% versus 65% for non-shockable rhythm; p < 0.0001 for both). Patients who had been treated with
adrenaline showed a lower rate of 30-day survival (30 vs. 85% for shockable rhythm and 12 vs. 48% for non-shockable rhythm; p < 0.0001 for both).
Survival to hospital discharge with a good neurological outcome was lower in the adrenaline group (22 vs. 80% for shockable rhythm and 8 vs. 41% for
non-shockable rhythm; p <0.0001 for both). There was a marked imbalance between the two groups in median duration of cardiopulmonary
resuscitation. Stratification by duration of cardiopulmonary resuscitation attenuated the differences in outcomes between treatment groups and in
patients with an initial non-shockable rhythm the association between adrenaline and ROSC was reversed to the benefit for adrenaline.
Conclusions: In our cohort of 6033 patients retrieved from a national cardiopulmonary resuscitation registry, administration of adrenaline during
resuscitation from IHCA was associated with a lower rate of ROSC and 30-day survival.
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shockable rhythm refractory to defibrillation.” Adrenaline recommen-

Introduction dations are mainly based on animal data and the association with

positive short-term effects on ROSC and survival to hospital
International guidelines for resuscitation from cardiac arrest include admission.” However, no sufficiently large clinical trial has established
administration of adrenaline for an initial non-shockable rhythm and a clear beneficial effect on neurologically favorable survival from the
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use of adrenaline for IHCA. Retrospective observation in patients with
out-of-hospital-cardiac-arrest (OHCA) suggest that the use of
adrenaline is associated with lower survival rates and worse
neurologic outcome.>*® The PARAMEDIC? trial in which patient with
OHCA were randomized to adrenaline or placebo, demonstrated
increased rates of ROSC and survival at 30 days with adrenaline but
neurologically favorable survival was not significantly different
between the groups.®

Extrapolating these findings to patients with IHCA is precarious as
the distribution of prognostic factors such as age, co-morbidities,
etiology and initial rhythm is different.” Importantly, time from collapse
to initiation of cardiopulmonary resuscitation (CPR), defibrillation and
drug administration are typically shorter for IHCA than for OHCA, afact
that could influence the effect of drugs administered during
resuscitation. Despite such differences, the majority of studies of
the use of adrenaline include only patients with OHCA. Because of the
lack of data in the in-hospital population, the aim of this study was to
describe the association between adrenaline administration and
ROSC as well as 30-day survival in patients with IHCA.

Methods
Study design

We conducted a retrospective observational study using data from the
Swedish Cardiopulmonary Resuscitation Registry. The study was
approved by the Regional Ethical Review Board in Gothenburg,
Sweden (Dnr: 667-16).

Registry data

The Swedish Cardiopulmonary Resuscitation Registry is a national
registry for in- and out of hospital cardiac arrest. Data on IHCA have
been collected since 2006 and currently 98% of Swedish hospitals
report to the registry. Patients are included if there is no breathing and
no sign of circulation and if CPR, defibrillation, or both are started.
Resuscitation data are collected by health care personnel in
accordance with the Utstein style.® The registry includes character-
istics such as age, sex, cardiovascular risk factors and comorbidities
(diabetes mellitus, heart failure, stroke, myocardial infarction,
estimated glomerular filtration rate <60 ml/min), location of arrest,
initiating event, time from collapse to cardiopulmonary resuscitation
(CPR), witnessed status, duration of CPR, initial cardiac rhythm
(ventricular fibrillation, ventricular tachycardia, pulseless electrical
activity or asystole). Data on interventions during CRP include type of
airway management, medications administered, use of mechanical
CPR and number of attempts with defibrillation. Hospital character-
istics include hospital size and number of arrests per year. Survival
status at 30 days was polled from the Swedish National Population
Registry. Neurological outcome at hospital discharge is reported as
CPC score. The CPC score is a 5-point scale depicting neurological
status (1=no major disability, 2=moderate disability, 3=severe
disability, 4 =coma or vegetative state, and 5 =death).’

Study population
The study period ranged from January 1, 2015 to June 30, 2017. In-

hospital cardiac arrest was defined as occurring in patients admitted to
the hospital (including the emergency department) and where

resuscitation was attempted. Eligible patients were those over
18 years of age with an IHCA. Since re-arrest is poorly defined in
the register and registration of re-arrests vary between hospitals, only
the first event was included for patients with multiple IHCAs during the
study period. Patients were included regardless of whether the initial
rhythm was known or not. Patients for whom adrenaline administration
status or outcome status could not be determined were excluded.

Study variables

Adrenaline treatment was defined as adrenaline administered via an
intravenous or intraosseous route during resuscitation. Data on timing
and cumulative dose of adrenaline are not available from the registry
data.

The primary outcomes were ROSC, defined as sustained
spontaneous circulation assessed by the resuscitation team and
registered during resuscitation, and survival at 30 days. The
secondary outcome was survival to hospital discharge with a good
neurologic outcome. A good neurologic outcome was defined as a
CPC score of 1-2.

Statistical analysis

Baseline characteristics are presented as number (percentage) for
proportions and median (10th, 90th percentile) for continuous
variables. Due to the large number of subjects in our study we used
the (absolute) standardized difference to assess the balance of
baseline characteristics between the two groups. This measure is, in
contrast to p-values and hypothesis testing, independent of sample
size and thus avoids detecting differences that are clinically
meaningless. Values of at least 0.10 were considered to indicate a
clinically relevant difference.

For comparison of outcome, though, we applied Fisher’s exact test
and p-values <0.05 (two-sided test) were considered statistically
significant.

In the analysis of ROSC and 30-day survival with patients stratified
by initial rhythm and CPR duration we used logistic regression
applying Firth’s penalized likelihood method to calculate odds ratios
with corresponding 95% confidence intervals for adrenaline adminis-
tration in relation to no adrenaline.

To assess whether each of the baseline characteristics altered the
association between adrenaline administration and outcome we used
logistic regression, comparing the unadjusted odds ratio for those with
non-missing of the specific variable with the odds ratio adjusted for the
variable.

All analysis was performed using SAS v9.4 for Windows software.

Results

During the study period, 6623 cases of IHCA with initiation of
resuscitation were recorded in the registry. Of these, 6033 could be
assessed for eligibility and met the inclusion criteria and thus
constituted our study population (Fig. 1).

Characteristics of the study population are listed in Table 1. The
patients had a median age of 74 years and 38% were women. The
arrest was witnessed in 81% of the patients and 23% had an identified
initial shockable rhythm. For the entire group, the rate of ROSC and
30-day survival were 63% and 30%, respectively. Sixty-seven percent
(4055 patients) received at least one dose of adrenaline. Patients in
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6623 in-hospital cardiac arrests between
january 2015 and june 2017

590 cases excluded

- 364 re-arrests =
- 62 < 18 years old
- 164 unknown adrenaline status

A\ 4

6033 patients included in analysis
- 4055 recieved adrenaline
- 1978 did not recieve adrenaline

Fig. 1 - Inclusion of study patients.
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the adrenaline group were less prone to have a primary arrhythmia as
the initiating event and were less monitored on telemetry. Delays from
collapse to start of CPR, to ECG recording and to first defibrillation
were short in both groups, although there was an imbalance between
the groups regarding the latter, with longer delay in the adrenaline
group. Defibrillation in patients with an initial rhythm of asystole or PEA
was significantly more common in the adrenaline group. The largest
imbalance between the two groups was found for duration of CPR
(Fig. 2), which was substantially longer in the adrenaline group, and for
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intubation treatment, which was much more common in the adrenaline
group.

Outcome variables are displayed in Table 2. The rate of ROSC and
30-day survival as well as discharge with a good neurological outcome
were all significantly lower in the adrenaline group, regardless of initial
rhythm. Among the patients who survived to discharge, a majority had
a good neurological outcome.

In the secondary analysis, adjusting for baseline characteristics
one at the time, only initial rhythm and CPR duration altered the

O Adrenaline

B No Adrenaline

CPR duration

Fig. 2 - Distribution of CPR duration in patients receiving adrenaline ([]) and not receiving adrenaline (H)-
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Table 2 - Primary and secondary outcomes in our cohort.

VF/VT Patients

PEA/asystole patients

Patients with unknown rhythm

Adrenaline Adrenaline Adrenaline
All Yes No p All Yes No p All Yes No p
(n=1356) (n=541) (n=815) (n=3410) (n=2792) (n=618) (n=1267) (n=722) (n=545)
ROSC any 87.6 72 97.8 <0.0001 52.7 50.0 64.7 <0.0001 65.2 59.47 72.8 <0.0001
time
Discharged 63.2" 29.8' 85.7'  <0.0001 17.6" 11.1 475"  <0.0001 28.5! 14.6" 471" <0.0001
alive
Discharged with CPC score 1-2
Of those 94.4° 86.6° 96.1°  0.0001 90.5° 86.4° 94.6°  0.003 85.5° 83.8* 86.1°  0.003
discharged
alive
Of all 56.2° 22.0% 80.1°®  <0.0001 13.2" 7.5 40.7°  <0.0001 20.6° 9.12 36.62  <0.0001
patients
30-day 63 30.5 84.7 <0.0001 18.1 11.6 47.8 <0.0001 28.9 15.1 474 <0.0001
survival

Results presented as percentage.
11-5% missing; 25-10% missing; 310-25% missing; *>25% missing.
" p-Value for difference between adrenaline and no adrenaline.

association between adrenaline treatment and the two primary
outcomes to more than a slight degree (Supplemental Table S1).

When grouping the patients according to initial rhythm and
intervals of CPR duration, we observed a lesser difference between
the treatment and non-treatment groups in almost all intervals for both
primary outcomes. For patients with initial asystole or PEA, the
relation between the groups was even reversed in all but one interval
and their weighted average showed a significant association between
adrenaline administration and a higher rate of ROSC (Fig. 3 and
Supplemental Table S2).

Discussion

In the present study, our principal finding was that administration of
adrenaline during resuscitation from IHCA was associated with a
lower rate of ROSC, 30-day survival and hospital discharge with good
neurological outcome defined as CPC 1-2. However, in a secondary
analysis with patients stratified according to CPR duration, adrenaline
administration was associated with a higher likelihood for ROSC in
patients with an initial non-shockable rhythm.

Earlier randomized clinical trials in OHCA patients,>'° have
demonstrated an association between adrenaline and a higher rate of
ROSC, especially for patients with a non-shockable rhythm. In our
cohort patients with an initial non-shockable rhythm, in whom
adrenaline was administered, were more likely to receive defibrilla-
tions, suggesting that they converted to a shockable rhythm during
resuscitation, and also had a higher rate of ROSC when stratified by
duration of CPR. Contrary to this, in patients with an initial shockable
rhythm, adrenaline was associated with lower rate of ROSC also when
we stratified patients by duration of CPR. This is of special concern
since these patients should have a good prognosis as delay to CPR
and defibrillation is short in the hospital setting. In line with these
findings is a recent study by Andersen et al. on IHCA patients
suggesting that early administration of adrenaline to patients with an
initial shockable rhythm was associated with worse outcome.'’ As
previously demonstrated, initial rhythm correlates with the etiology in
IHCA which could explain the interaction between adrenaline and

initial rhythm on ROSC in patients with IHCA."? Patients in our cohort
in whom adrenaline was administered had a lower 30-day survival,
regardless of initial rhythm. This is consistent with many, '*"'® although
not all,'® retrospective observational studies on adrenaline in OHCA.
However, the PARAMEDIC2 trial refuted the belief that adrenaline is
casually linked with lower survival in OHCA.® As with prior
observational trials, the negative association we found between
adrenaline and survival can be questioned as the propensity for
receiving adrenaline is difficult, if not impossible, to match between
groups. The administration of adrenaline is inherently linked with
longer duration of CPR, which is strongly associated with worse
outcomes.'”"'® Patients who do not get ROSC quickly will have
continued CPR and will be increasingly likely to receive adrenaline.
Furthermore, adrenaline could alter the duration of CPR as it could
increase (or decrease) the likelihood of achieving ROSC. This issue
with retrospective analysis of intra-cardiac arrest interventions has
been termed “resuscitation time bias” and is demonstrated in our
cohort where duration of CPR was the covariate with the largest effect
on the association between adrenaline exposure and outcome
(Supplementary Table S3)."°

Despite guideline recommendations, there is a scarcity of data on
adrenaline in patients with IHCA, particularly in prospective clinical
trials. Van Walraven et al. evaluated the association between
administration of adrenaline and short-term survival in patients with
IHCA, showing that adrenaline was associated with lower chance of
survival at one hour.?° More recently, observational studies have
evaluated timing of and dosing intervals of adrenaline administration
in adult and pediatric IHCA. For both adult and pediatric patients with
an initial non-shockable rhythm, shorter time to administration of
adrenaline has been associated with a higher probability of survival
with a favorable neurological outcome.?’?> Warren et al. found a
correlation between increasing interval between adrenaline dosing
and increased survival, raising the question of the most appropriate
interval and dosing of adrenaline during in-hospital resuscitation.>®

With PARAMEDIC2 there is now high quality data on the use of
adrenaline in OHCA. However, patients with IHCA constitute a more
heterogeneous group in terms of systemic iliness and etiology to the
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A. OR (95% CI) for ROSC in Adrenaline Group vs No- B- OR (95% CI) for ROSC in Adrenaline Group vs No-
Adrenalinein VT/VF group, stratified by CPR duration Adrenaline in PEA/asystole group, stratified by CPR duration
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Fig. 3 - Unadjusted odds ratio of major outcomes stratified by CPR duration. Return of spontaneous circulation in
adrenaline vs. no-adrenaline group in patients with (A) VT/VF and (B) PEA/Asystole. Survival at 30 days in patients with
(C) VT/VF and (D) PEA/Asystole.
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arrest.”'? Furthermore, both basic and advanced cardiac life support,
including defibrillation and drug administration, are provided more
rapidly in IHCA. Shorter time to drug administration could have
implications as animal data and observational studies suggest a time-
sensitive effect of adrenaline administration on survival.?'?2*
Intuitively, any intervention (even if beneficial) would be likely to fail
to improve outcome if the time from collapse to intervention is
sufficiently prolonged.?® In the PARAMEDIC2 trial, the median delay
from emergency call until treatment with adrenaline was 21.5 min.®
For comparison, the median duration of CPR in our study, among
patients in the adrenaline group, was 19min (Table 1). It is also
unclear whether long-term survival following IHCA depends on
neurological outcome to the same degree as it does in OHCA.2®

Limitations

Our data highlight the essential problem with observational studies in
patients with cardiac arrest, that of confounding by indication. Patients
in whom adrenaline is not administered are, at group level, clearly
different from patients that receive adrenaline and the propensity of
receiving adrenaline is difficult to match.

Furthermore, we did not have information on timing and
cumulative dosing of adrenaline, both of which have been previously
implicated as important for outcome in IHCA.""'227 We could not
determine the reason why some patients did not receive adrenaline
despite an assumed indication. Reasons for deviations from
guidelines include; inability to establish intravenous or intraosseous
access; ethical concerns or perceived futility of further advanced
cardiac life support by the resuscitation team. In a hospital setting a
deliberate decision not to administer adrenaline could be based on
the hemodynamic status of the patient as assessed by the presence
of invasive monitoring (e.g. arterial pressure or end-tidal carbon
dioxide measurement). However, overall poor adherence to guide-
lines has previously been found to be associated with worse
outcomes in patients with cardiac arrest.2®

Conclusion

In our cohort of 6033 patients retrieved from a national cardiopulmo-
nary resuscitation registry, administration of adrenaline during
resuscitation from IHCA was associated with a lower rate of ROSC
and 30-day survival. Given the inherent limitations of our and other
observational studies we believe that a prospective trial of adrenaline
in IHCA is warranted.
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