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Abstract

Aim: In this study, we examine the effect of a high-performance cardiopulmonary resuscitation (HP-CPR) protocol on patient outcomes following
out-of-hospital cardiac arrests (OHCA) witnessed by emergency medical services (EMS) personnel.

Methods: We performed a retrospective cohort study of adult, EMS witnessed OHCA patients of medical aetiology in Victoria, Australia. Patients
treated after the introduction of a HP-CPR protocol and training programme between February 2019 and January 2020 were compared to historical
controls between January 2015 and January 2019. The effect of a HP-CPR protocol on survival to hospital discharge was examined using logistic
regression models adjusted for arrest factors.

Results: A total of 1,561 and 420 EMS witnessed OHCA patients were treated in the control and intervention periods, respectively. Baseline char-
acteristics were mostly balanced across study periods, except for an initial arrest rhythm of asystole which was more frequent during the intervention
period (20.2% vs 15.9%; p-value = 0.04). Unadjusted survival to hospital discharge was similar across control and intervention periods for the overall
population (32.1% vs 29.4%, p-value = 0.27), but significantly higher during the intervention period for initial shockable arrests (76.9% vs 66.6%; p-
value = 0.03). After adjustment for confounders, cases in the intervention period were associated with an improvement in the adjusted odds of sur-
vival to hospital discharge for overall arrests (adjusted odds ratio [AOR] 1.37, 95% CI: 1.00-1.88) and initial shockable arrests (AOR 1.70, 95% CI:
1.03-2.82).

Conclusion: The implementation of a HP-CPR protocol was associated with a significant improvement in survival from EMS witnessed OHCA.
Efforts to improve CPR performance could yield further improvements in patient outcomes.
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(HP-CPR) practices have been implemented by a number of interna-
tional EMS systems,** and typically include the collective strategies
of team-based training, real-time feedback on CPR performance,
structured choreography and scene leadership, and post-event
debriefing. Although some reports have demonstrated significant

Introduction

Out-of-hospital cardiac arrest (OHCA) witnessed by emergency
medical service (EMS) providers is associated with higher rates of

survival and neurological recovery.' This may be due to the elimina-
tion of the EMS response interval and therefore, the immediate appli-
cation of life-saving measures. However, survival to hospital
discharge for this group remains disappointedly low with a pooled
global estimate of only 20%.?

Recently, there has been growing interest in the advantages of
high-quality prehospital resuscitative efforts to achieve optimal
OHCA outcomes.® High-performance cardiopulmonary resuscitation

improvements in patient outcomes, the majority are focussed on ini-
tial shockable arrests or non-EMS witnessed populations.** To date,
there are no reports that have examined the value of HP-CPR in
EMS witnessed OHCA populations.® As the majority of EMS wit-
nessed OHCA survivors achieve a return of spontaneous circulation
(ROSC) within the first cycle of CPR/defibrillation,’ the value of HP-
CPR in these populations is less certain.
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Our EMS system adopted HP-CPR in 2019, and showed a signif-
icant increase in the risk-adjusted odds of survival for OHCA patients
not witnessed by EMS personnel.® In this study, we examine the
effect of the HP-CPR protocol on patient outcomes following OHCA
witnessed by EMS personnel.

Methods

Study design

A retrospective cohort study was performed using data from the Vic-
torian Ambulance Cardiac Arrest Registry (VACAR). We included
adult (aged > 16 years) OHCA patients witnessed to arrest by
EMS personnel and who received an attempted resuscitation by
EMS between 1st January 2015 and 31th January 2020. We
excluded patients of traumatic aetiology. Ethical approval for this
study was obtained from the Monash University Human Research
Ethics Committee (#21046).

Setting & data sources

The study was conducted in Victoria, a state of Australia that had a
population of approximately 6.1 million people. Ambulance Victoria is
the sole provider of EMS in the state.® Data for this study were
extracted from the VACAR, which has been described in detail else-
where.” More than 150 data elements are collected by VACAR,
including the Utstein-style descriptors, prehospital treatment data,
hospital outcome data and in-field quality CPR data (since February
2019).°

Intervention

The implementation of HP-CPR in Victoria has been described in
detail elsewhere.® This study consisted of two periods, a control per-
iod (1st January 2015 to 31st January 2019) and an intervention per-
iod (1st February 2019 to 31st January 2020) which followed the
introduction of a HP-CPR protocol. During the intervention period,
the HP-CPR protocol resulted in 1) the introduction of a resuscitation
checklist and a designated team leader guiding the flow of the resus-
citation, 2) training in resuscitation choreography with designated
team roles, 3) the use of real-time CPR monitoring and feedback,
and 4) post-event team performance debrief reports. Paramedics
received a 4-hour training programme for HP-CPR undertaken over
a four-month period (October 2018 to January 2019) prior to its
launch, and ‘refresher’ education was again provided in the second
half of 2019.

Statistical analysis

All analyses were conducted using Stata 14 (StataCorp, USA)
and p-values less than 0.05 were considered statistically signifi-
cant. The primary study outcome was survival to hospital dis-
charge. Secondary outcomes included event survival (pulse
present on hospital arrival) and prehospital ROSC. Differences
in arrest characteristics, unadjusted outcomes, out-of-hospital
interventions, and CPR quality metrics were assessed using the
Chi-squared test, Fisher's exact test, and Mann-Whitney test, as
appropriate.

To examine the impact of the HP-CPR on survival outcomes, we
used multivariable logistic regression models adjusting for age in
years, male gender, arrest in a public location, arrest aetiology
(i.e., cardiac, respiratory, and other), initial arrest rhythm, metropoli-
tan region, and seasonality. We examined the presence of a tempo-

ral trend in the control period, and there were no temporal changes in
outcomes from medical OHCA,; therefore, we did not adjust for the
trends in our logistic regression models. The intervention effect
was assessed by including an indicator variable in the model denot-
ing the commencement of the intervention period (binary term). As
paramedics were being trained in the programme between October
2018 and January 2019, we censored these months from all models
to avoid early contamination of the intervention during the control
period. We also conducted subgroup analyses according to the initial
arrest rhythm (e.g. shockable and non-shockable arrests) to deter-
mine whether the changes in protocol might have had heteroge-
neous effects in these subgroups.

Results

A total of 25,415 non-traumatic OHCAs were attended by EMS dur-
ing the study period, of which 2,466 (9.7%) were EMS witnessed. Of
the attended EMS witnessed cases, 1,981 (80.3%) received an
EMS-attempted resuscitation [1,561 (78.8%) and 420 (21.2%)
occurred during the control and intervention periods, respectively]
(Figure S1).

Arrest characteristics

Baseline characteristics were mostly balanced across study periods,
except for an initial arrest rhythm of asystole which was more fre-
quent during the intervention period (20.2% vs 15.9%; p-
value = 0.04) (Table 1). Unadjusted survival to hospital discharge
was similar across the study periods for the overall population
(32.1% vs 29.4%, p-value = 0.27) and initial non-shockable arrests
(12.2% vs 10.7%; p-value = 0.46), but significantly higher during
the intervention period for initial shockable arrests (76.9% vs
66.6%; p-value = 0.03). There were no differences in the unadjusted
rate of event survival and prehospital ROSC across the intervention
and control periods in the overall population (49.1% vs 50.0%; p-
value = 0.74 and 57.1% vs 61.1%; p-value = 0.14, respectively), ini-
tial non-shockable arrests (33.8% vs 34.9%; p-value = 0.74 and
43.9% vs 48.9%; p-value = 0.14, respectively) and initial shockable
arrests (82.4% vs 78.8%; p-value = 0.38 and 86.6% vs 84.9%; p-
value = 0.66, respectively).

Resuscitation interventions & CPR quality

During the intervention period, patients were more likely to receive
laryngeal mask airway (62.1% vs 54.5%; p-value = 0.005) and were
less likely to receive crystalloid fluid (46.9% vs 61.6%; p-
value < 0.001) (Table 2). In the intervention period, the real-time
quality data were available in 174 (40.7%) cases. The median chest
compression fraction was 89.4% (interquartile ranges [IQR]: 80.4,
92.8), compression depth was 5.8 centimetres (IQR: 5.2, 6.5), and
the compression rate was 116 compression per minute (IQR: 111,
121).

Adjusted survival outcomes

The HP-CPR protocol was associated with higher survival to hospital
discharge in overall population (AOR 1.37, 95% CI: 1.00-1.88)
(Table 3) and in the subgroup with initial shockable rhythms (AOR
1.70, 95% CI: 1.03-2.82), but not for initial non-shockable rhythms
(AOR 1.19, 95% CI: 0.78-1.82) (Fig. 1). There were no significant
improvements in event survival or prehospital ROSC for overall pop-
ulation or by subgroups.
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Table 1 - Demographics of EMS-treated OHCA patients across the control and intervention periods.

Overall Control Intervention Differences P-value Missing
period period (95% CI)

n = 1,981 n = 1,561 n = 420
Age in years, median (IQR) 69.0 (56.0, 80.0) 69.0 (56.0, 80.0) 69.0 (57.0, 79.0) 0 (—2.81t02.8) 0.97 0
Male, n (%) 1,270 (64.2) 1,017 (65.2) 253 (60.5) —4.7 (-9.9 t0 0.6) 0.08 3(0.2)
Public location, n (%) 145 (7.3) 117 (7.5) 28 (6.7) —0.8 (—3.5t0 1.9) 0.56 0
Presumed cardiac aetiology, n (%) 1,567 (79.1) 1,235 (79.1) 332 (79.1) —0.1 (—4.5 10 4.3) 0.98 0
Initial arrets rhythm, n (%) 38 (1.9)
Shockable 637 (32.8) 518 (33.7) 119 (29.3) —4.4 (—9.4 t0 0.6) 0.09
Pulseless electrical activity 975 (50.2) 770 (50.1) 205 (50.5) 0.4 (-5.1t05.9) 0.89
Asystole 327 (16.8) 245 (15.9) 82 (20.2) 4.3 (—0.1 to 8.6) 0.04
Unknown, Non-shockable 4 (0.2) 4 (0.3) 0 —0.3 (-0.5t0 0) 0.59
Metropolitan, n (%) 1,330 (67.1) 1,042 (66.8) 288 (68.6) 1.8 (-3.2106.8) 0.48 0
Season, n (%) 0
Summer 497 (25.1) 393 (25.2) 104 (24.8) —0.4 (-5.1t04.2) 0.86
Autumn 480 (24.2) 364 (23.3) 116 (27.6) 4.3 (-0.5t09.1) 0.07
Winter 501 (25.3) 399 (25.6) 102 (24.3) —-1.3 (-5.9t0 3.4) 0.59
Spring 503 (25.4) 405 (25.9) 98 (23.3) —2.6 (—7.210 2.0) 0.28
Scene outcomes, n (%) 0
Died at scene or transit 791 (39.9) 613 (39.3) 178 (42.4) 3.1 (—2.2t0 8.4) 0.25
Transported with CPR 201 (10.2) 171 (11.0) 30 (7.1) -3.8(-6.7t0 —0.9) 0.02
Transported with ROSC 989 (49.9) 777 (49.8) 212 (50.5) 0.7 (—4.7 to 6.1) 0.80
Survival outcomes, n (%)
Pre-hospital ROSC 1,194 (60.3) 954 (61.1) 240 (57.1) —4.0 (—9.31t0 1.3) 0.14 0
Event survival 985 (49.8) 779 (50.0) 206 (49.1) —0.9 (—6.3 t0 4.5) 0.74 2 (0.1)
Discharged alive 586 (29.9) 452 (29.4) 134 (32.1) 2.8 (—2.21t07.8) 0.27 24 (1.2)

IQR stands for interquartile range; EMS, emergency medical services; and ROSC, return of spontaneous circulation.
Proportion excluded the missing value.

Table 2 - Resuscitation interventions in EMS-treated OHCA across the control and intervention periods.

Overall Control Intervention Differences P-value Missing
period period (95% ClI)

n = 1,981 n = 1,561 n =420
Interventions, n (%)
CPR 1,855 (93.6) 1,462 (93.7) 393 (93.6) —0.1 (—2.7 t0 2.6) 0.95 0
Defibrillation 849 (42.9) 666 (42.7) 183 (43.6) 0.9 (—4.4t06.2) 0.74 0
Intubation attempted 849 (42.9) 685 (43.9) 164 (39.1) —4.8 (—10.1t0 0.4) 0.08 0
Laryngeal mask airway attempted 1,111 (56.1) 850 (54.5) 261 (62.1) 7.7 (2.4 to 12.9) 0.005 0
Epinephrine 1,265 (63.9) 991 (63.5) 274 (65.2) 1.8 (—3.4 10 6.9) 0.51 0
Amiodarone 226 (11.4) 184 (11.8) 42 (10.0) —1.8 (—5.1to 1.5) 0.31 0
Crystalloid fluid 1,159 (58.5) 962 (61.6) 197 (46.9) —-14.7 (-20.1 to — 9.4) <0.001 0
Number of defibrillations,
median (IQR)?
Overall 1.0 (1.0-3.0) 1.0 (1.0-3.0) 1.0 (1.0-3.0) 0 (—0.4 to 0.4) 0.33 0
Initial shockable rhythms 1.0 (1.0-3.0) 1.0 (1.0-3.0) 1.0 (1.0-2.0) 0 (—0.4 to 0.4) 0.30 0
Initial non-shockable rhythms 1.0 (1.0-3.0) 2.0 (1.0-3.0) 1.0 (1.0-3.0) —1.0(-1.5t0 — 0.5) 0.66 0
Time intervals in minutes,
median (IQR)
EMS response time 10.3 (7.6, 145) 10.4 (7.6, 145) 9.9 (7.4, 14.6) —-0.4(-1.0t00.2) 0.42 1(0.1)
Call to first shock” 35.8 (23.6-51.2) 35.0 (23.6-50.6) 39.7 (23.9-51.6) 5.0 (—0.3 to 10.3) 0.47 21 (3.3)
Arrest to first shock” 0 (0, 1.0) 0 (0, 1.0) 1(0, 1.0) 1(0.6 TO 1.4) 040 21(3.3)
Arrest to intubation attempted® 18.0 (11.0, 28.0) 19.0 (11.0, 28.0) 16.5 (10.0, 26.0) —3.0 (—-5.51t0 — 0.5) 0.20 40 (4.7)
Resuscitation duration 16.0 (4.0-33.0) 16.0 (4.0-34.0) 16.5 (4.0-32.0) 1.0 (-3.2105.2) 0.63 4 (0.2)

IQR stands for interquartile range; and EMS, emergency medical services.
Proportion excluded the missing value.
2 In patients with a defibrillation attempt (n = 849).
® In patients with an initial shockable rhythm (n = 637).
¢ In patients with an intubation attempt (n = 849).
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Table 3 - The effect of the resuscitation quality improvement intervention on prehospital ROSC, event survival,
and discharged alive from hospital after adjustment for arrest characteristics.

Prehospital ROSC

AOR (95% Cl)

Event survival
AOR (95% CI)

Discharged alive
AOR (95% CI)

HP-CPR protocol
Age in years
Male

Public location
Metropolitan region
Arrest aetiology
Cardiac
Respiratory
Terminal illness
Other

Initial rhythm
Shockable

PEA

Asystole
Non-shockable
Season

Summer

Autumn

Winter

Spring

0.85 (0.67, 1.10)
0.99 (0.98, 0.99)
0.92 (0.74, 1.15)
1.06 (0.70, 1.60)
1.50 (1.20, 1.88)

Reference
1.52 (1.13, 2.06)
0.14 (0.06, 0.30)
2.28 (1.35, 3.85)

Reference
0.14 (0.11, 0.19)
0.14 (0.10, 0.20)

0.03 (0, 0.34)

Reference
0.87 (0.64, 1.17)
0.85 (0.64, 1.14)
0.96 (0.70, 1.32)

1.03 (0.80, 1.32)
0.99 (0.98, 0.99)
0.91 (0.72, 1.13)
1.35 (0.89, 2.03)
1.53 (1.22, 1.92)

Reference
1.38 (1.02, 1.88)
0.11 (0.04, 0.31)
3.03 (1.83, 5.04)

Reference
0.12 (0.09, 0.15)
0.13 (0.10, 0.19)

0.04 (0, 0.49)

Reference
1.10 (0.82, 1.49)
1.03 (0.77, 1.39)
1.32 (0.96, 1.80)

1.37 (1.00, 1.88)
0.97 (0.97, 0.98)
1.09 (0.82, 1.44)
1.32 (0.81, 2.14)
1.45 (1.09, 1.92)

Reference
1.08 (0.69, 1.70)

1.50 (0.79, 2.85)

Reference
0.05 (0.04, 0.07)
0.07 (0.05, 0.11)
0.10 (0.01, 1.02)

Reference
0.81 (0.57,1.17)
0.59 (0.41, 0.85)
0.87 (0.60, 1.27)

AOR stands for adjusted odds ratio; Cl, confidence interval; HP-CPR, high performance cardiopulmonary resuscitation; ROSC, return of spontaneous circulation;

and PEA, pulseless electrical activity.

Significant figures were bolded.

Initial shockable rhythm

Initial non-shockable rhythm

Pre-hospital ROSC

Event survival

Discharged alive

Pre-hospital ROSC

Event survival

Discharged alive

—@—11.12 (0.61, 2.08)

——@—1 1.19 (0.69, 2.04)

—@—11.70 (1.03, 2.82)

—@-H 0.81 (0.61,1.07)

—@—i 0.98 (0.73,1.31)

——@—i1.19 (0.78,1.82)

0.1

1.0 10.0

Adjusted odds ratios (95% CI)

Fig. 1 - Adjusted logistic regression analysis of the effect of a resuscitation quality improvement intervention on
outcomes in EMS-treated OHCA patients for initial shockable and non-shockable rhythms.
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Discussion

The findings of this study show that the implementation of a state-
wide HP-CPR protocol was associated with a significant increase
in survival from EMS witnessed OHCA of non-traumatic aetiology.
The multivariable models indicate that the intervention was associ-
ated with a 37% improvement in the risk-adjusted odds of survival
to hospital discharge for the overall population or a 70 % improve-
ment for initial shockable arrests.

Our results indicate that the relative benefit of HP-CPR on OHCA
survival was higher among EMS witnessed arrests compared to our
previous examination of non-EMS witnessed arrests,® with the great-
est improvement for cases with a shockable arrest. This could sug-
gest that patients with lower downtimes are more likely to benefit
from improvements in resuscitation quality. Interestingly, our
reported shockable arrests survival of ~77 % is higher than that
reported by all previous studies, according to a recent published sys-
tematic review of 66 studies.”

It is difficult to compare our findings with other regions because
the impact of HP-CPR protocol on EMS witnessed OHCA cases
have not been reported in the literature. A recent systematic review
that examined current evidence on HP-CPR implementation sup-
ports the application of such efforts to improve OHCA outcomes
such as prehospital ROSC, survival to hospital discharge, and sur-
vival with good neurological recovery.® Although our analysis did
not reveal a statistically significant increase in the rate of prehospital
ROSC or event survival with the new protocol, we did observe signif-
icant increases in survival to hospital discharge that could, partially,
be the result of improved resuscitation performance, including the
minimisation of interruptions.® Although we did not have CPR quality
data for EMS witnessed OHCA in the control period, our previous
analysis demonstrated significant improvements to CPR quality with
the implementation of HP-CPR, including an increase in chest com-
pression fraction from 84% to 92%.°

Skill decay from limited exposure to resuscitation is a known con-
tributing factor to poor survival outcomes following OHCA.®~'" Con-
tinuous training and education using various strategies, such as
simulation, and provide feedback and post-event debriefing to rein-
force the importance of skill retention are essential to improve CPR
performance and, subsequently, patient outcomes.'®'®

Limitation

Our study has a number of limitations. Like any retrospective study,
our results are subject to inherent errors in data collection and
methodological design. It is possible that we were underpowered
to show meaningful differences in patient outcomes in subgroup or
for the secondary outcomes. We were unable to show that improve-
ments in patient outcomes were associated with changes in CPR
quality as this data was not collected during the control period. Infor-
mation relating to the patient’s in-hospital treatments such as extra-
corporeal membrane oxygenation or percutaneous coronary
interventions were not collected. Therefore, we were unable to
examine if in-hospital practices contributed to the better survival rate.
Our findings are also limited by the absence of neurological out-
comes at hospital discharge, which may be a better measure of
patient outcome. Finally, we were unable to evaluate the impact of
the intervention beyond January 2020, as the COVID-19 pandemic
resulted in significant changes to systems-of-care for OHCA in
Victoria.™

Conclusion

The implementation of a HP-CPR quality improvement intervention
was associated with a significant improvement in survival from
EMS witnessed OHCA. Efforts to monitor and improve CPR perfor-
mance could yield further improvements in patient outcomes.
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