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Abstract
Aim: To evaluate associations between characteristics of simulated point-of-care cardiopulmonary resuscitation (CPR) training with simulated and

actual intensive care unit (ICU) CPR performance, and with outcomes of children after in-hospital cardiac arrest.

Methods: This is a pre-specified secondary analysis of the ICU-RESUScitation Project; a prospective, multicentre cluster randomized interventional trial

conducted in 18 ICUs from October 2016–March 2021. Point-of-care bedside simulations with real-time feedback to allow multidisciplinary ICU staff to

practice CPR on a portable manikin were performed and quality metrics (rate, depth, release velocity, chest compression fraction) were recorded. Actual

CPR performance was recorded for children 37 weeks post-conceptual age to 18 years who received chest compressions of any duration, and included

intra-arrest haemodynamics and CPR mechanics. Outcomes included survival to hospital discharge with favourable neurologic status.

Results: Overall, 18,912 point-of-care simulations were included. Simulation characteristics associated with both simulation and actual performance

included site, participant discipline, and timing of simulation training. Simulation characteristics were not associated with survival with favourable

neurologic outcome. However, participants in the top 3 sites for improvement in survival with favourable neurologic outcome were more likely to have

participated in a simulation in the past month, on a weekday day, to be nurses, and to achieve targeted depth of compression and chest compression

fraction goals during simulations than the bottom 3 sites.

Conclusions: Point-of-care simulation characteristics were associated with both simulated and actual CPR performance. More recent simulation,

increased nursing participation, and simulation training during daytime hours may improve CPR performance.

Keywords: Cardiopulmonary resuscitation, Cardiac arrest, Simulation, Neonate, Infant, Child
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Table 1 – Simulation program characteristics.

Overall

Characteristics by simulation 18,912

Intensive care unit

A 2612

(13.8%)

B 1284 (6.8%)

C 1309 (6.9%)

D 62 (0.3%)

E 1422 (7.5%)

F 1649 (8.7%)

G 361 (1.9%)

H 374 (2.0%)

I 1708 (9.0%)

J 1756 (9.3%)

K 571 (3.0%)

L 685 (3.6%)

M 2369

(12.5%)

N 2363

(12.5%)

O 387 (2.0%)

Time since participant’s last simulation

This is my first simulation 4063

(21.5%)

Earlier this month 2720

(14.4%)

Last month 5439

(28.8%)

2 months ago 3095

(16.4%)

3 or more months ago 3595

(19.0%)

Primary discipline of participant

Physician 3717

(19.7%)

Nurse 11,986

(63.4%)

Respiratory therapist 1852 (9.8%)

Other 1357 (7.2%)

Time of training1

Weekday day 14,446

(76.4%)

Weekday night 1620 (8.6%)

Weekend day 1675 (8.9%)

Weekend night 1171 (6.2%)

Type of manikin

Infant 12,070

(63.8%)

Large child 6842

(36.2%)

Characteristics by month 378

Number of days on which simulation training

was done2
4.0 [3.0,5.0]

1 Day is between 7:00 am and 11:00 pm. Weekday is Monday, starting

from 7:00 am until Friday 11:00 pm. Weekend is after Friday 11 pm until

Monday at 7:00 am.
2 For the most recent month prior to the current month in which a minimum

of 48 simulations were conducted in the unit.
Introduction

Cardiac arrest affects thousands of children annually.1,2 Most paedi-

atric in-hospital cardiac arrests (p-IHCA) occur in intensive care units

(ICU).3 While many children who receive cardiopulmonary resuscita-

tion (CPR) will survive the initial arrest, only about half of these chil-

dren will survive to hospital discharge.3–5 Of the survivors, many will

have significant morbidity, including neurologic sequelae.5 High-

quality CPR is associated with improved outcome.6–9 Unfortunately,

the quality of CPR is variable even in ICU settings.

Educational approaches to improve CPR quality have included

standard courses with modest time-limited improvement in out-

comes.10–12 Novel educational approaches include CPR real-time

feedback devices and structured post-resuscitation debriefings.

CPR real-time feedback devices provide quantitative CPR quality

data (compression rate, depth, and release velocity) and have been

associated with improved quality of CPR during actual cardiac arrest

but have not translated to improved clinical outcomes.13–15 Single-

centre data suggest that an educational bundle including point-of-

care bedside CPR training on manikins, and structured post-arrest

debriefings are associated with improved neurologic outcome in chil-

dren.16 The multicentre Improving Outcomes from Paediatric Car-

diac Arrest (ICU-RESUS) study assessed whether an educational

bundle of structured debriefings that emphasized physiologic resus-

citation targets, and point-of-care bedside education (simulated CPR

with real-time feedback on a manikin) improved the rate of survival to

hospital discharge with favourable neurologic outcome after p-

IHCA.17 Compared with usual care, the bundled intervention did

not significantly improve survival to hospital discharge with favour-

able neurologic outcome in that study.

The quality of both point-of-care simulated CPR and actual CPR

during p-IHCA are likely associated with characteristics of the simu-

lation training. Thus, the primary objective of the current study was to

assess the extent to which characteristics of point-of-care bedside

CPR simulation training are associated with simulated CPR perfor-

mance (assessed by chest compression mechanics), actual CPR

performance (assessed by intra-arrest haemodynamics and chest

compression mechanics), and survival to hospital discharge with

favourable neurologic outcome in children after p-IHCA.

Methods

This study is a pre-specified secondary analysis of the ICU-

RESUScitation Project.17 ICU-RESUS was a parallel, stepped-

wedge, hybrid cluster randomized interventional trial conducted in

18 paediatric ICUs at 10 sites in the US between October 2016

and March 2021. The University of Utah Institutional Review Board

(IRB) served as the central IRB and granted approval with waiver

of consent.

Details of the ICU-RESUS intervention have been published.17,18

In brief, the two-part on-going training intervention for multidisci-

plinary ICU staff included at least monthly 1-hour CPR debriefings

to review aspects of care with physiologic data from an actual CPR

event. The second part of this intervention included point-of-care

bedside simulation to allow ICU staff to practice CPR delivery on a

portable manikin. The manikins were equipped with a monitor to pro-
vide real-time feedback on the quality of delivery (i.e., rate, depth,

release velocity, chest compression fraction). Each ICU had a goal



Table 2 – Association between Simulation Characteristics and Simulation Performance.

Average rate of 90–130

compressions/minute

Average depth of

�40 mm for infant and

�50 mm for child

manikin

Chest compression

fraction �80%

Yes

(N = 18,697)

P-value Yes

(N = 17,474)

P-value Yes

(N = 18,812)

P-value

Intensive care unit <0.0011 <0.0011 <0.0011

A 99.3% 90.8% 99.8%

B 99.1% 95.4% 99.8%

C 98.9% 91.2% 99.5%

D 96.8% 90.3% 100.0%

E 99.2% 96.1% 99.9%

F 99.3% 93.9% 99.5%

G 98.9% 91.1% 100.0%

H 97.6% 89.0% 99.5%

I 97.9% 94.8% 98.3%

J 98.6% 94.7% 99.1%

K 96.5% 79.9% 98.2%

L 99.0% 83.9% 99.9%

M 99.4% 93.6% 99.5%

N 99.3% 93.1% 99.7%

P 97.4% 83.2% 100.0%

Time since participants last simulation <0.0012 <0.0012 0.0372

This is my first simulation 98.2% 86.9% 99.6%

Earlier this month 99.3% 95.1% 99.6%

Last month 99.4% 94.6% 99.7%

2 months ago 99.3% 94.5% 99.7%

3 or more months ago 98.1% 91.4% 98.7%

Primary discipline of participant 0.0021 <0.0011 0.0931

Physician 99.3% 93.9% 99.8%

Nurse 98.9% 92.5% 99.4%

Respiratory therapist 98.1% 89.9% 99.6%

Other 98.5% 90.6% 99.0%

Time of simulation3 0.0921 <0.0011 0.0271

Weekday day 98.9% 92.5% 99.4%

Weekday night 98.7% 90.1% 99.5%

Weekend day 98.9% 94.0% 99.9%

Weekend night 98.7% 91.8% 99.3%

Type of manikin 0.3411 <0.0011 0.0041

Infant 98.8% 95.6% 99.4%

Large child 99.0% 86.7% 99.5%

Number of days on which simulation training was

done4
4.0 [3.0,5.0] 0.9715 4.0 [3.0,5.0] <0.0015 4.0 [3.0,5.0] 0.6095

1 Fisher’s exact test.
2 Cochran-Armitage test for trend.
3 Day is between 7:00 am and 11:00 pm. Weekday is Monday, starting from 7:00 am until Friday 11:00 pm. Weekend is after Friday 11 pm until Monday at 7:00

am.
4 For the most recent month prior to the current month in which a minimum of 48 simulations were conducted in the unit.
5 Wilcoxon rank-sum test. Percentages are based on row totals.
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of at least 48 simulation trainings per month; each simulation was

one minute in duration.

Details of each point-of-care simulation were recorded and

included simulation characteristics and simulation performance. Sim-

ulation characteristics included site, time since participant’s last sim-

ulation, primary discipline of participant, time of simulation, and type

of manikin (i.e., infant, large child). The number of days on which

simulation training was done for the most recent month in which a

minimum of 48 simulations were completed was recorded. Simula-

tion performance indicators included average rate (target 90–130

compressions/minute), average depth (target �40 mm for infant
and �50 mm for child manikin), full release, and chest compression

fraction (target �80%).

Actual CPR performance was recorded for children 37 weeks

post-conceptual age to 18 years who received chest compressions

of any duration in an ICU. For this secondary analysis, only children

who had an arterial catheter or defibrillator waveforms available were

included. Children were excluded if, prior to arrest, they had (1) doc-

umented goals of care that limited aggressive ICU therapies; (2)

brain death; or (3) an out-of-hospital cardiac arrest associated with

the current hospitalization. For children with arterial waveforms,

haemodynamic data used to assess actual CPR performance



Table 3 – Resuscitation Performance in Actual CPR in Intensive Care Units.

Overall

Haemodynamic (arterial data; 198 children) 2309 epochs1

Average rate of 90–130 compressions/minute 74.6%

Average diastolic pressure �25 mmHg for age <1 year or �30 mmHg for age �1 year 85.5%

Average systolic pressure �60 mmHg for age <1 year or �80 mmHg for age �1 year 66.5%

Chest compression fraction �80% 87.1%

Target rate, systolic pressure, and chest compression fraction indicated by the parameters above 57.8%

Mechanics (defibrillator data; 115 children) 3452 epochs1

Average rate of 90–130 compressions/minute 90.6%

Mean compression depth (mm)

Age <1 year 26.5 [21.3,33.2]

Age �1 year 49.2 [36.2,61.3]

Average depth of �40 mm for age <1 year and �50 mm for age �1 year 36.4%

Average release velocity >300 mm/s 35.3%

Chest compression fraction �80% 70.4%

Target rate, depth, and chest compression fraction indicated by the parameters above 28.1%
1 The unit of observation for actual resuscitation in intensive care units is the individual 30-second epoch.

Table 4 – Summary of Simulation Characteristics by Improvement in Achieving High Quality CPR Intensive Care
Units.

Top 2 or Bottom 3 Units (Improvement in Achieving High

Quality CPR)1

Overall Top two Bottom Three P-value

Characteristics by simulation 6235 2593 3642

Time since participants last simulation <0.0012

This is my first simulation 19.4% 20.8% 18.4%

Earlier this month 18.6% 25.7% 13.5%

Last month 29.7% 32.7% 27.6%

2 months ago 11.9% 9.7% 13.5%

3 or more months ago 20.3% 11.1% 26.9%

Primary discipline of participant <0.0012

Physician 13.5% 13.1% 13.8%

Nurse 70.1% 76.4% 65.6%

Respiratory therapist 9.0% 3.2% 13.1%

Other 7.4% 7.3% 7.5%

Time of training3 <0.0012

Weekday day 77.0% 93.8% 65.0%

Weekday night 9.0% 2.4% 13.6%

Weekend day 9.1% 3.2% 13.2%

Weekend night 5.0% 0.5% 8.1%

Type of manikin <0.0012

Infant 53.9% 49.1% 57.3%

Large child 46.1% 50.9% 42.7%

Average rate of 90–130 compressions/minute 98.9% 99.0% 98.8% 0.5412

Average depth of �40 mm for infant and �50 mm for child manikin92.9% 93.3% 92.6% 0.2692

Percentage of compressions with full release 98.0 [91.0,100.0] 97.0 [88.0,100.0] 99.0 [93.0,100.0] <0.0014

Chest compression fraction �80% 99.5% 99.7% 99.4% 0.1252

Characteristics by month5 127 50 77

Number of days on which simulation training was done 4.0 [3.0,5.0] 4.0 [3.0,5.0] 4.0 [3.0,5.0] 0.0804

Study units with less than 10 events in the control or intervention period were excluded.
1 High quality CPR was based on arterial waveform data and defined as chest compression rate 90–130 compressions/minute, chest compression fraction

�80%, and diastolic pressure �25 mmHg for age <1 year or �30 mmHg for age �1 year.
2 Fisher’s exact test.
3 Day is between 7:00 am and11:00 pm. Weekday is Monday, starting from 7:00 am until Friday 11:00 pm. Weekend is after Friday 11 pm until Monday at 7:00

am.
4 Wilcoxon rank-sum test.
5 Characteristics by month are the number of months per unit of rolling refreshers.
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Table 5 – Summary of Simulation Characteristics and Improvement in Survival to Hospital Discharge with
Favourable Neurologic Outcome.

Top 3 or Bottom 3 Units

(Improvement in Survival with

Favourable Neurologic Outcome)1

Overall Top three Bottom Three P-value

Characteristics by simulation 6920 4015 2905

Time since participants last simulation <0.0012

This is my first simulation 20.9% 17.7% 25.3%

Earlier this month 17.2% 21.3% 11.4%

Last month 28.9% 32.4% 24.1%

2 months ago 12.8% 11.2% 15.0%

3 or more months ago 20.2% 17.4% 24.1%

Primary discipline of participant <0.0012

Physician 12.4% 9.9% 16.0%

Nurse 69.3% 74.6% 62.0%

Respiratory therapist 10.9% 6.9% 16.5%

Other 7.3% 8.6% 5.5%

Time of training3 <0.0012

Weekday day 78.3% 83.4% 71.1%

Weekday night 9.1% 6.8% 12.2%

Weekend day 8.2% 7.4% 9.2%

Weekend night 4.5% 2.3% 7.5%

Type of manikin <0.0012

Infant 53.8% 56.9% 49.4%

Large child 46.2% 43.1% 50.6%

Average rate of 90–130 compressions/minute 98.9% 99.0% 98.7% 0.1492

Average depth of �40 mm for infant and �50 mm for child manikin92.0% 94.3% 88.8% <0.0012

Percentage of compressions with full release 98.0 [90.0,100.0] 98.0 [90.0,100.0] 98.0 [90.0,100.0] 0.5514

Chest compression fraction >80% 99.6% 99.8% 99.3% 0.0062

Characteristics by month5 140 79 61

Number of days on which simulation training was done 4.0 [3.0,5.0] 4.0 [3.0,5.0] 3.0 [2.0,4.0] <0.0014

Study units with less than 10 events in the control or intervention period were excluded.
1 Favourable neurologic outcome is Paediatric Cerebral Performance Category of 1, 2, or 3, or no change from baseline.
2 Fisher’s exact test.
3 Day is between 7:00 am and 11:00 pm. Weekday is Monday, starting from 7:00 am until Friday 11:00 pm. Weekend is after Friday 11 pm until Monday at 7:00

am.
4 Wilcoxon rank-sum test.
5 Characteristics by month are the number of months per unit of rolling refreshers.
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included average rate (target 90–130 compressions/minute), aver-

age diastolic blood pressure (target �25 mmHg for age <1 year or

�30 mmHg for age �1 year), average systolic blood pressure (target

�60 mmHg for age <1 year or �80 mmHg for age �1 year), and

chest compression fraction (target �80%). For children with defibril-

lator data, mechanics used to assess actual CPR performance

included average rate (target 90–130 compressions/minute), aver-

age compression depth (target �40 mm for age <1 year or

�50 mm for age �1 year), average release velocity (target

>300 mm/s) and chest compression fraction (target �80%). Aver-

ages for haemodynamic and mechanics data were calculated for

each 30-second epoch of CPR; only data from the first 10 minutes

of CPR were collected.

The primary child outcome was survival to hospital discharge with

favourable neurologic outcome based on Paediatric Cerebral Perfor-

mance Category (PCPC) score.19 Favourable neurologic outcome

was defined as no more than moderate disability (PCPC of 1, 2 or

3) or no worse than baseline. Other child outcomes included sus-

tained return of spontaneous circulation (ROSC �20 minutes), sur-

vival to hospital discharge, and functional status at hospital

discharge. Functional status was based on the Functional Status
Scale (FSS)20 and assessed in survivors as absolute change from

baseline to hospital discharge. New morbidity was defined as wors-

ening from baseline FSS by 3 or more points.20

Statistical analysis

Characteristics of point-of-care simulations were summarized using

frequencies and percentages or medians and quartiles (Table 1).

Associations between simulation characteristics and simulation per-

formance indicators were assessed using Fisher’s exact test for

nominal variables, Cochran-Armitage test for trend for ordinal vari-

ables, and Wilcoxon rank-sum for continuous variables (Table 2).

Actual CPR performance measured by arterial catheter and

defibrillator waveforms was summarized using frequencies and per-

centages or medians and first and third quartiles (Table 3). Associa-

tions between simulation characteristics and actual CPR

performance indicators were assessed using logistic regression

models of epoch-level targets (Supplemental Materials 1 and 2).

To account for correlation between 30-second epochs within the

same resuscitation event, generalized estimating equations were

used with an autoregressive, AR (1), correlation structure to account

for a higher correlation between temporally close epochs within an



Fig. 1 – Simulated CPR Performance and Actual CPR Performance in Intensive Care Unit. Figure 1 is a bar chart

comparing resuscitation performance during simulated versus actual CPR in the intensive care unit (ICU). The unit

of observation is the simulation (<1 minute) or a 30-second epoch during an ICU resuscitation event. Bars show the

percentage of simulations or epochs achieving the specified target. For ICU performance, average chest

compression rate and chest compression fraction are obtained from arterial catheter waveforms, if available;

otherwise, they are obtained from defibrillator waveforms if available. Only subjects whose index event had arterial

catheter or defibrillator waveforms available are included. Average depth is only assessed for subjects whose index

event had defibrillator waveforms available. All simulations are included.
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event. For each CPR event, the characteristics of the most recent 48

simulations were used as predictors in the logistic regression. This

reflects the characteristics of simulations over approximately one

month immediately prior to the CPR event. Associations between

the presence of an arterial catheter and achievement of mechanical

targets from defibrillator data were similarly evaluated (Supplemental

Material 3).

Simulation characteristics were also compared between the top

two and bottom three sites with regard to improvement in achieving

high quality CPR during actual events using Fisher’s exact and Wil-

coxon rank-sum tests (Table 4). High quality CPR was based on

arterial waveforms and defined as chest compression rate 90–130

compressions/minute, chest compression fraction �80%, and dias-

tolic pressure �25 mmHg for age <1 year or �30 mmHg for age

�1 year. For each site, improvement in achieving high quality CPR

from the control period to the intervention period was assessed. Only

sites with �10 CPR events in both the control and intervention peri-

ods were included in this analysis. Sites that transitioned to the inter-

vention early or late in ICU-RESUS were therefore excluded. Six

sites had �10 CPR events in each period but one site had only a sin-

gle event in the intervention period with arterial waveform data, and

was excluded. Five sites remained. The top 2 sites were compared

to the bottom 3 sites.

Associations between simulation characteristics and child out-

comes were assessed using univariable Poisson regression with

robust error estimates (Supplemental Material 4). As above, simula-
tion characteristics were based on the site’s most recent 48 simula-

tions prior to the CPR event. This shows the estimated increase (or

decrease) in probability of each child outcome as a function of, for

example, how many of the most recent 48 simulations were per-

formed on a weekend night.

Simulation characteristics were also compared between the top

three and bottom three sites with regard to improvement in survival

to hospital discharge with favourable neurologic outcome (Table 5)

using Fisher’s exact and Wilcoxon rank-sum tests. For each site,

improvement in this outcome from the control period to the interven-

tion period was assessed. Only the six sites with �10 CPR events in

both periods were included in this analysis.

Associations between child outcomes and achievement of com-

pression depth targets during actual CPR were assessed using Fish-

er’s exact and Wilcoxon rank-sum tests (Supplemental Material 5).

All p-values were reported based on a 2-sided alternative and con-

sidered statistically significant when <0.05. Analyses were performed

using SAS 9.4 (SAS Institute, Cary, NC).

Results

Point-of-care simulation

Overall, 18,912 point-of-care simulations were included (Table 1).

More simulations were performed by nurses (63.4%) than physicians

(19.7%) and respiratory therapists (9.8%). Most simulations occurred
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during the day on weekdays (76.4%) using the infant manikin

(63.8%). Simulation characteristics including site, time since partici-

pant’s last simulation, discipline of participant, time of simulation,

type of manikin, and number of days per month in which simulation

training was done were each associated with one or more simulation

performance indicators (proportion achieving targeted rate, depth,

and chest compression fraction) (Table 2).

Actual CPR performance in ICU

Actual CPR performance data in the ICU is shown in Table 3 with

haemodynamic data presented for children with arterial waveforms

(n = 198; 2309 epochs) and mechanics data for children with defib-

rillator waveforms (n = 115; 3452 epochs). In children with haemody-

namic data, targeted rate of compressions was achieved in 74.6% of

epochs, targeted diastolic pressure in 85.5%, targeted systolic pres-

sure in 66.5% and targeted chest compression fraction in 87.1%. In

children with defibrillator data, targeted rate of compressions was

achieved in 90.6% of epochs, targeted compression depth in

36.4%, targeted release velocity in 35.3% and targeted chest com-

pression fraction in 70.4%.

Comparison of simulated CPR performance and actual CPR

performance

CPR performance in point-of-care simulation was better than actual

performance in terms of achieving targeted rate, depth and chest

compression fraction (Fig. 1).

Association between simulation characteristics and actual

CPR performance

Associations between simulation characteristics and resuscitation

haemodynamics during actual CPR events are presented in Supple-

mental Material 1. Site was associated with increased odds of

achieving targeted chest compression fraction during actual CPR

events. Physician participation was associated with increased odds

of achieving average diastolic blood pressure targets, and simulation

training during the day on weekends had increased odds of achiev-

ing average systolic blood pressure and chest compression fraction

targets.

Associations between simulation characteristics and resuscita-

tion mechanics during actual CPR events are presented in Supple-

mental Material 2. Nurse participants and simulation training during

the day on weekdays had increased odds of achieving average rate

of compressions in targeted range. The presence of an arterial

catheter was not associated with increased odds of achieving

mechanical targets during actual CPR (Supplemental Material 3).

Simulation characteristics summarized by top 2 and bottom 3

sites with respect to improvement in achieving high-quality CPR

are presented in Table 4. Participants from the top 2 sites were more

likely to have participated in a recent simulation (earlier the same

month or the previous month) than the bottom 3 sites. Nursing par-

ticipation was higher in the top 2 sites and simulations occurred more

often during a weekday day with the child manikin.

Associations between simulation characteristics and child

outcomes

Associations between simulation characteristics and child outcomes

are presented in Supplemental Material 4. Site was associated with

ROSC; however, no other simulation characteristics were associated

with outcomes.
Simulation characteristics summarized by top 3 and bottom 3

sites with respect to improvement in survival to hospital discharge

with favourable neurologic outcome are presented in Table 5. Partic-

ipants at top 3 sites were more likely to have participated in a recent

simulation and were more often nurses compared to the bottom 3

sites. Top 3 sites conducted simulations more often during weekday

days and with the infant manikin. Simulation performance was better

at top 3 sites with participants achieving targeted depth of compres-

sion and chest compression fraction goals more often than bottom 3

sites. Finally, simulations were performed on more days per month in

top 3 than bottom 3 sites. No associations were found between

achieving depth of compression targets during actual CPR and any

child outcomes (Supplemental Material 5).

Discussion

In this secondary analysis of the ICU-RESUS trial, we found that

point-of-care simulation characteristics were associated with both

simulated and actual performance in ICU CPR events. Simulation

characteristics associated with simulation performance included site,

time since last participation, participant discipline, time of simulation,

manikin type and number of days per month in which simulation

training was done. Simulation characteristics associated with actual

CPR performance included site, participant discipline, and time of

simulation training. Resuscitation performance in point-of-care simu-

lation was better than actual performance in ICU CPR events in

terms of achieving targeted rate, compression depth, and chest com-

pression fraction. Simulation characteristics were not associated with

survival to hospital discharge with favourable neurologic outcome.

However, simulation characteristics that were associated with being

among the top sites for improvement in achieving high-quality CPR

and/or improvement in survival to discharge with favourable neuro-

logic outcome included more recent participation in simulation, a

higher proportion of nurse participation, and simulations conducted

on weekday days. More days per month on which simulation training

was done and better simulated compression depth and chest com-

pression fraction were also more likely in the top sites for improve-

ment in survival with favourable neurological outcome than the

bottom sites.

Shorter time from last participation in a point-of-care simulation

was associated with improved simulation performance and greater

likelihood of being a top site for improvement in achieving high qual-

ity CPR and improvement in survival to discharge with favourable

neurologic outcome. Previous studies suggest that substantial decay

in resuscitation skills occurs within weeks to months after train-

ing.21,22 The American Heart Association (AHA) 2018 statement on

resuscitation education science details education strategies22;

strategies focused on mastery learning and deliberate practice

decrease the rate of decay of skills.23–25 However, mastery learning

and deliberate practice are time- and resource-intensive. Our inter-

vention was brief and targeted. More recent participation in simula-

tion training likely resulted in less decay in skills. This finding is

important especially in the current post-pandemic era of staffing

shortages where time for educational opportunities is often limited.

We found that a higher proportion of nursing participation in point-

of-care simulation was associated with improved actual CPR perfor-

mance and greater likelihood of being a top site for improvement in

achieving high quality CPR and improvement in survival to discharge
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with favourable neurologic outcome. Nurses are typically the first

responders during p-IHCA. Their recognition and timely initiation of

CPR during an actual resuscitation is key to improving outcomes.

A single centre study reported substantial variability in time to initiate

CPR in continuously monitored paediatric ICU patients.26 It is

unclear whether higher nursing participation in our simulations

resulted in better recognition of cardiac arrest, more timely initiation

of CPR, or improved quality of CPR during an actual resuscitation.

Another possibility is that this finding is unrelated to the educational

intervention itself but that increased nursing participation reflects

some unmeasured unit factor such as better staffing or more unit

engagement in nursing education.

CPR simulations conducted during the daytime hours were asso-

ciated with improved simulated and actual CPR performance com-

pared to simulations conducted at night. It is possible that

simulations conducted during the day results in better learning and

retention of psychomotor skills. Additionally, since most simulation

training was done during the day, it is possible that daytime staff

became better trained to conduct high quality CPR. Better trained

staff could account for the association observed between weekday

day simulation training and being a top site for improvement in sur-

vival with favourable neurological outcome in our study. Other stud-

ies have reported increased survival when p-IHCA occurs on

weekday days compared to nights and weekends despite no mea-

sureable difference in the quality of CPR between these time peri-

ods.27,28 These other studies suggest factors other than CPR

quality may account for the difference in outcomes.

Resuscitation performance in point-of-care simulation was better

than actual ICU performance, and actual performance assessed by

haemodynamic data from arterial waveforms was better overall than

actual performance assessed by mechanical defibrillator data. Clini-

cians conducting CPR on children with arterial catheters may have

used the arterial waveforms displayed on bedside monitors to gauge

the effectiveness of CPR and guide their actions. However, the pres-

ence of an arterial catheter did not improve the odds of achieving

mechanical targets in our study. Perhaps adequate arterial blood

pressures were achieved with less forceful compressions than

needed to reach depth targets. It is also possible that clinicians

focused more on physiologic targets than mechanical targets since

the bundle of structured debriefings and point-of-care simulations

emphasized that physiologic targets improve outcomes. Also consis-

tent with the focus on physiologic rather than mechanical targets, we

found no associations between achieving mechanical depth of com-

pression targets during actual CPR and child outcomes. Prior reports

from the ICU-RESUS dataset have shown association between

achieving physiologic targets during actual CPR (average diastolic

blood pressure �25 mmHg for age <1 year or �30 mmHg for age

�1 year) and increased ROSC and survival to hospital discharge.29

Strengths of this study include the multicentre design, prospec-

tive data collection, and the large number of simulated point-of-

care events recorded. Limitations include the fact that this study

was performed in academic ICUs with existing educational pro-

grams; therefore, it may not be generalizable to all paediatric ICUs.

Simulations trained participants to administer chest compressions

to a compression depth target whereas our definition of high quality

CPR was based on achieving a diastolic blood pressure target. Ide-

ally, targets used for training and evaluating quality of actual CPR

would be the same. Additionally, training performance for individual

participants could not be paired with their performance in actual

CPR. Importantly, this is an observational study and although asso-
ciations were identified, the study design precludes our ability to

determine causation.

Conclusions

Point-of-care simulation characteristics were associated with both

simulated and actual performance in paediatric ICU CPR events.

More recent simulation training, increased nursing participation,

and simulation training during daytime hours may improve CPR

performance.
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