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Abstract

Background: Survival after paediatric in-hospital cardiac arrest is worse on nights and weekends
without demonstration of disparity in cardiopulmonary resuscitation quality. It is unknown
whether these findings differ in children with CHD. This study aimed to determine whether
cardiopulmonary resuscitation quality might explain the hypothesised worse outcomes of chil-
dren with CHD during nights and weekends. Methods: In-hospital cardiac arrest data collected
by the Pediatric Resuscitation Quality Collaborative for children with CHD. Chest compression
quality metrics and survival outcomes were compared between events that occurred during day
versus night, and during weekday versus weekend using multivariable logistic regression.
Results: We evaluated 3614 sixty-second epochs of chest compression data from 132 subjects
between 2015 and 2020. There was no difference in chest compression quality metrics during
day versus night or weekday versus weekend. Weekday versus weekend was associated with
improved survival to hospital discharge (adjusted odds ratio 4.56 [1.29,16.11]; p = 0.02] and
survival to hospital discharge with favourable neurological outcomes (adjusted odds ratio
6.35 [1.36,29.6]; p=0.02), but no difference with rate of return of spontaneous circulation
or return of circulation. There was no difference in outcomes for day versus night.
Conclusion: For children with CHD and in-hospital cardiac arrest, there was no difference
in chest compression quality metrics by time of day or day of week. Although there was no
difference in outcomes for events during days versus nights, there was improved survival to
hospital discharge and survival to hospital discharge with favourable neurological outcome
for events occurring on weekdays compared to weekends.

Cardiac arrest occurs in 2-6% of children admitted to a paediatric ICU which is approximately
100-fold higher than out-of-hospital cardiac arrest.!*** Survival to hospital discharge after
paediatric in-hospital cardiac arrest in the United States remains less than 45% despite
advances in resuscitation science over the last 20 years.!>® In a large registry study of paediatric
in-hospital cardiac arrest patients, risk-adjusted rates of 24-hour survival as well as survival to
hospital discharge were lower when cardiopulmonary resuscitation occurred at night, com-
pared to cardiopulmonary resuscitation events occurring during daytime or evening hours.®
The same study noted lower 24-hour survival for events that occurred during weekends com-
pared to days and weekdays.®’® These differences in outcomes have also been found in chil-
dren with out-of-hospital cardiac arrest and adults with in-hospital cardiac arrest and out-of-
hospital cardiac arrest.”!?!112 Additionally, a study of paediatric extracorporeal cardiopulmo-
nary resuscitation found worse neurologic injury when extracorporeal cardiopulmonary
resuscitation occurred at nights or on weekends.!? The reasons for this difference in outcomes
are unclear, however, prior studies have shown it is not secondary to disparities in cardiopul-
monary resuscitation quality.3!4

Hospitalized children with CHD have a ten-fold higher risk of cardiac arrest than children
without CHD.!® There have been no studies to date looking at whether children with CHD have
disparities in survival or cardiopulmonary resuscitation quality among those in-hospital cardiac
arrests that occur during nights or weekends compared to days and weekdays. If children with
CHD who suffer in-hospital cardiac arrest do have lower rates of survival during nights and
weekends like the general paediatric population, this could influence potential modifiable fac-
tors such as hospital staffing, which has been shown to be associated with outcomes after in-
hospital cardiac arrest in the paediatric cardiac intensive care unit.!® We hypothesise that
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children with CHD will have lower rates of survival for in-hospital
cardiac arrest occurring during nights and weekends, and that
those differences will not be explained by differences in cardiopul-
monary resuscitation quality.

Pediatric in-hospital cardiac arrest data was collected from the
Pediatric Resuscitation Quality (pediRES-Q) Collaborative
(ClinicalTrials.gov: NCT02708134), a large international multi-
centre network of children’s hospitals that collects data on paedi-
atric cardiac arrests and chest compression quality metrics
(Appendix 1). The study was approved by each hospital’s institu-
tional review or research ethics board. There was a waiver of con-
sent per United States Code of Federal Regulations 45 CFR
46.116(d) and 45 CFR 46.408(a). Data use agreements were
obtained for each institution and compliance with the Health
Insurance Portability and Accountability Act (HIPAA) was
maintained.

For each index in-hospital cardiac arrest event, we collected
data on prospectively selected pre-arrest, intra-arrest and post-
arrest factors. Pre-arrest characteristics included patient demo-
graphics, admission type (surgical versus medical), ventricle status
(single ventricle versus other) [single ventricle defined as lacking
two well developed ventricles at all stages of repair including pre-
operative, Stage 1, Stage 2, and Stage 3], cardiac arrest aetiology,
and interventions in place at the onset of in-hospital cardiac arrest.
Intra-arrest data included chest compression quality [chest com-
pression depth, chest compression rate and chest compression
fraction], timing of arrest, presence of invasive monitoring prior
to the onset of cardiac arrest (arterial line or end tidal carbon diox-
ide), initial rhythm, duration of chest compressions and use of
extracorporeal cardiopulmonary resuscitation. Post-arrest data
included arrest outcome, hospital survival outcomes and selected
post-resuscitation care variables. Chest compression quality metric
data were recorded using the ZOLL R-series monitor-defibrillator
(ZOLL Medical, Chelmsford, MA) and dual sensor defibrillator
pads, placed on the anterior (chest) and posterior (back) of the
patient. Accelerometer-based technology embedded in each pad
recorded chest compression rate, depth and fraction and mitigated
depth artefact caused by hospital mattress deflection during
compressions.!”

We included patients who had a diagnosis of CHD, < 18 years of
age at time of arrest, > 37 weeks gestational age, and had an index
in-hospital cardiac arrest with at least 5 minutes of monitor-defib-
rillator chest compression quality metric data recorded. We
excluded patients with out-of-hospital cardiac arrest, including
patients who arrived to the emergency department actively receiv-
ing cardiopulmonary resuscitation. Patients were excluded if they
were already on extracorporeal membrane oxygenation at the
beginning of the arrest, or if there were limitations to cardiopulmo-
nary resuscitation in place. In analysis of chest compression
epochs, we excluded events if only apical anterior placement defib-
rillator pads were used (e.g. surface deflection artefact potential) or
if accelerometer depths of < 1.5 cm or > 8 cm were recorded, as
this was likely artefact.
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Epochs were defined as 60 s increments of chest compression data.
We recorded compliance of each epoch with the American Heart
Association’s 2020 guidelines for basic life support with the prede-
fined targets of chest compression rate 100-120 per minute; chest
compression depth > 3.4 cm for < 1 year of age and > 4.4 cm for 1
to < 8 years of age, and 4.5-6.6 cm for 8 to < 18 years of age; and
chest compression fraction > 80%. Chest compression fraction
refers to the percentage of time during a cardiopulmonary resus-
citation event that chest compressions were performed without
interruption. Compliance for each event was defined as > 60%
of event epochs meeting these AHA guideline targets. We com-
pared chest compression quality metrics and outcomes of in-hos-
pital cardiac arrest between events that occurred during the day
versus night. We also compared the same for weekday versus week-
end events. We defined “day” as 07:00 to 22:59, and “night” as
23:00 to 06:59, “weekday” as Monday 07:00 to Friday 22:59, and
“weekend” as Friday 23:00 to Monday 06:59. For day versus night
events and weekday versus weekend events, we compared pre-
arrest characteristics within 2 hours of each event: lowest pH, high-
est lactate and highest vasoactive inotrope score (VIS), as well as
two elements of post cardiac arrest care within the first 6 hours
after each event: presence of fever (defined as temperature > 38°
Celsius) or hypotension (defined as systolic blood pressure < 5%
percentile for age).

Outcome measures evaluated included return of spontaneous cir-
culation, return of circulation with or without extracorporeal
membrane oxygenation, survival to hospital discharge and survival
to discharge with favourable neurological outcome. Return of
spontaneous circulation was defined if spontaneous circulation
was achieved for a period of at least 20 minutes. Return of circu-
lation was defined as either achieving return of spontaneous circu-
lation or successful cannulation for extracorporeal membrane
oxygenation during the cardiac arrest event. Survival with favour-
able neurological outcome was prospectively defined as a Pediatric
Cerebral Performance Category score of 1, 2 or 3 at the time of dis-
charge from the hospital, or no change from pre-arrest Pediatric
Cerebral Performance Category score.'® We also used an alternate
definition of survival with favourable neurologic outcome for a
sensitivity analysis of Pediatric Cerebral Performance Category
score of 1 or 2 at the time of discharge from the hospital, or no
change from pre-arrest Pediatric Cerebral Performance
Category score.

Demographic and clinical characteristics are presented as median/
IQR (interquartile range) for continuous variables and percentages
for categorical variables. For each event, we calculated chest com-
pression quality metrics of median chest compression rate and
chest compression depth, as well as the percent of epochs with
chest compression fraction > 80%. We then reported the overall
median chest compression rate, depth and fraction by character-
istics and outcomes. Associations between chest compression met-
rics and day/night, weekend/weekday, return of spontaneous
circulation, return of circulation, survival to hospital discharge
and survival to hospital discharge with favourable neurologic out-
come were analysed utilising Wilcoxon rank sum, Chi square and
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Total IHCA events

A 4

Excluded
Non-index events

(n=392)
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l

Index IHCA events

(n=1183)

Excluded (not mutually exclusive)
- Events without complete CPR
quality metric data elements
- Other missing data elements

(n=X)

l

Index CHD IHCA events
with = 5 epochs
(n=132)

Analyzable 60-sec epochs

Excluded (not mutually exclusive)
- No diagnosis CHD
- < 5 epochs for analysis

(n=X)

(n=3614)

l

ROSC (48/132) 36.4%
ROC (98/132) 74.2%
SHD 54/132) 40.9%

Excluded
No neurologic outcome data

(n=6)

l

SHD with favorable neurologic
Qutcome (43/126) 34.1%

Fisher’s exact tests. Analyses were stratified by age group, time of
day and day of week for outcomes. Multivariable logistic regression
models were used to assess the relationship between outcomes and
age category, time of day, day of week, initial rhythm, hospital site
and chest compression quality metric compliance, with odds ratios
and 95% confidence intervals presented. Age, duration of arrest,
illness category, presence of end tidal carbon dioxide or indwelling
arterial line monitoring, and initial cardiac rhythm were included
in the models as covariates. We also performed sensitivity analysis
with an alternate definition of “day” and “night”, with “day”
defined as 08:00 to 16:00, and “night” defined as 23:00 to 06:59.
We performed a sensitivity analysis with an alternate definition
of “weekday” and “weekend,” with “weekday” defined as
Monday through Friday 08:00 to 16:00 and “weekend” defined
as Saturday and Sunday 08:00 to 16:00. There were multiple rea-
sons for choosing a primary and secondary definition of day/night
and weekday/weekend for our analysis. The primary definition was
chosen for consistency since prior studies from the pediRES-Q col-
laborative have used this definition.3!” The alternate definitions
were chosen for a more precise differentiation between day/night
and weekday/weekend. The alternate definition of day/night was
chosen to be consistent with a prior study from the pediRES-Q col-
laborative.® The alternate definition of weekday/weekend was
chosen in order to better differentiate weekday days and weekend
days. Additionally, we performed a sensitivity analysis of
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Figure 1. Flow diagram for data analysis. IHCA:
In-hospital Cardiac Arrest; ROSC: return of spon-
taneous circulation; ROC: return of circulation;
SHD: survival to hospital discharge.

compliance using expanded limits of chest compression rate of
90-130 and chest compression depth (£10% for each age category).

There were 132 in-hospital cardiac arrest events in CHD patients
with five or more evaluable 60-sec epochs of chest compression
metrics and complete data included in this analysis from 21 par-
ticipating sites (1-38 events per site) from the pediRES-Q
Collaborative. Data was collected between October, 2015 and
July, 2020. From these 132 cardiac arrest events, there were
3614 epochs of chest compression data that were analysed
(Fig 1). Table 1 summarises the patient demographics and event
data studied by age category. Fifty percent of patients were categor-
ised as surgical cardiac. Thirty-six percent of patients had a diag-
nosis of single ventricle. The majority of patients had invasive
monitoring by end tidal carbon dioxide (83%)or indwelling arterial
catheter (55%) prior to the onset of the cardiac arrest. Surgical
patients compared to medical cardiac patients were more likely
to have an indwelling arterial catheter in place prior to the onset
of arrest (70% vs. 41%, p = 0.0015), but no differences in end tidal
carbon dioxide monitoring prior to the onset of arrest (86% vs.
79%, p = 0.36). Table 2 summarises the characteristics of the car-
diac arrest events. There were a higher percentage of extracorpo-
real cardiopulmonary resuscitation events during the weekday
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Table 1. Demographics and event epochs by age category

< 1year 1 year to < 8 years 8 years to < 18 years
n (%) 79 (60) 37 (28) 16 (12)
Median age, years (IQR) 0.3 (0.2,0.6) 3.4 (1.5, 4.4) 12.0 (9.0, 13.6)
Median weight, kg (IQR) 5.3 (3.3,7.0) 12.0 (9.2,14.2) 28.4 (22.1,50.0)
Illness category, n (%)
Medical cardiac 39 (49) 19 (510 8 (50)
Surgical cardiac 40 (51) 18 (49) 8 (50)
Single Ventricle, n (%)
Yes 22 (28) 15 (41) 2 (13)
No 57 (72) 22 (59) 14 (87)
Number of 60-sec epochs 2018 1011 585
Median epochs available for event (IQR) 21 (9,36) 21 (12,37) 34 (16,46)
IQR: interquartile range.
Table 2. Cardiac arrest event characteristics
All Day Night Weekday Weekend
n (%) n (%) n (%) p Value n (%) n (%) p Value

Location of arrest 0.65 0.98
Pediatric ICU 45 (34%) 28 (32%) 17 (39%) 31 (33%) 14 (37%)
Cardiac ICU 60 (45%) 40 (45%) 20 (45%) 44 (47%) 16 (42%)
Emergency department 7 (5%) 6 (7%) 1 (2%) 5 (5%) 2 (5%)
Ward, other inpatient area 16 (12%) 12 (14%) 4 (9%) 11 (12%) 5 (13%)
Neonatal ICU 4 (3%) 2 (2%) 2 (5%) 3 (3%) 1 (3%)
Immediate cause of arrest
Hypoxia/respiratory 53 (40%) 36 (41%) 17 (9%) 0.85 33 (35%) 20 (53%) 0.08
Hypotension 46 (35%) 26 (30%) 20 (45%) 0.08 35 (37%) 11 (29%) 0.42
Arrhythmia 32 (24%) 26 (30%) 6 (14%) 0.05 24 (26%) 8 (21%) 0.66
Initial rhythm
Pulseless 0.15 0.51
Yes 88 (67%) 56 (64%) 32 (73%) 60 (64%) 28 (74%)
No 37 (28%) 29 (33%) 8 (18%) 29 (31%) 8 (21%)
Unknown/missing 7 (5%) 3 (3%) 4 (9%) 5 (5%) 2 (5%)
Shockable rhythm (VF/VT) 0.16 0.44
Yes 14 (11%) 12 (14%) 2 (5%) 12 (13%) 2 (5%)
No 111 (84%) 73 (83%) 38 (86%) 77 (82%) 34 (89%)
Unknown/missing 7 (5%) 3 (3%) 4 (9%) 5 (5%) 2 (5%)
Interventions in place prior to arrest
Arterial catheter 73 (55%) 50 (57%) 23 (52%) 0.71 54 (57%) 19 (50%) 0.45
End-tidal CO, monitor 109 (83%) 73 (83%) 36 (82%) 1.00 78 (83%) 31 (82%) 1.00
CPR duration mins: median (IQR) 37.5 (16.0,51.5) 36.5 (15.5,49.5) 42.5 (16.5,58.0) 0.33 42.0 (16.0,54.0) 33.0 (12.0,51.0) 0.36
ECPR 53 (40%) 37 (42%) 16 (36%) 0.58 45 (48%) 8 (21%) 0.006

ICU, intensive care unit; VF, ventricular fibrillation; VT, ventricular tachycardia; CO2, carbon dioxide; CPR, cardiopulmonary resuscitation; ECPR, extracorporeal cardiopulmonary resuscitation.
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compared to the weekend. Supplemental Table 1 displays the
extracorporeal cardiopulmonary resuscitation events by age cat-
egory and time of day/day of week using the primary definitions
of day/night and weekday/weekend. Supplemental Table 2 displays
the extracorporeal cardiopulmonary resuscitation events by age
category and time of day/day of week using the alternate defini-
tions of day/night and weekday/weekend. Extracorporeal cardio-
pulmonary resuscitation events that occurred during the night
versus day had longer cardiopulmonary resuscitation duration
[59 minutes (49.5, 71.0) versus 47.5 minutes (40.0, 54.0); p
=0.026]. Extracorporeal cardiopulmonary resuscitation events
that occurred during the weekend versus weekday had no differ-
ence in cardiopulmonary resuscitation duration [55 minutes
(40.0, 64.5) vs. 48 minutes (43.0, 61.0); p = 0.74].

Table 3 summarises the chest compression quality metrics and
compliance for all patients by age category during the day com-
pared to night and weekday compared to weekend. There was
no significant difference in chest compression rate, depth or frac-
tion for events occurring during the day compared to night or
weekday compared to weekend. The only exception was for the
8 to < 18-year age group who had a higher chest compression frac-
tion at night compared to day (p = 0.04). Compliance with AHA
guidelines also did not differ by time of day or day of week in any
age category. When using the alternate definition of compliance,
there were similar results with no significant difference. Overall,
compliance was low in all age categories, mainly due to chest com-
pression depth not meeting the targets specified by the AHA guide-
lines. When determined for just chest compression rate and chest
compression fraction (not including chest compression depth),
compliance improved. Of note, when using the alternate definition
of day/night and weekday/weekend, there were similar results with
no significant difference noted (Supplemental Table 3).

Table 4 displays outcome by time of day and day of week. There
was no significant difference in return of spontaneous circulation
or return of circulation between days compared to nights or week-
days compared to weekends. There was a significant increase in
survival to hospital discharge for events occurring on weekdays
compared to weekends overall (47% versus 26%; p =0.03), but
no difference with events on days compared to nights. Survival
to hospital discharge with favourable neurological outcome (using
the primary and alternate definition) did not differ by time of the
day or day of week overall, or after controlling for age category.
Supplemental Table 4 displays outcomes using the alternate defi-
nition of day/night and weekday/weekend. There were similar
results in outcomes noted between days and nights. Comparing
weekdays and weekends, there was no difference in survival to hos-
pital discharge, but there was an increase in survival to hospital dis-
charge with favourable neurologic outcomes (using the alternate
definition).

We also performed a multivariable analysis that controlled for
potential confounding factors of time of day, day of week, age cat-
egory (compared to < 1 year of age), duration of event, illness cat-
egory (surgical cardiac versus medical cardiac), interventions in
place (end tidal carbon dioxide or indwelling arterial catheter)
and initial rhythm (Table 5). We did not include extracorporeal
membrane oxygenation in the multivariable model since extracor-
poreal membrane oxygenation was collinear with return of spon-
taneous circulation and return of circulation. Time of day and day
of week were not associated with any outcome. There was, how-
ever, a significant association between the age category < 1 year
compared to 8 to < 18 year and outcomes of return of spontaneous
circulation (odds ratio 0.05 [0,0.65]; p=0.02) and return of
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circulation  (odds ratio 027  (0.08,0.95); p=0.04).
Cardiopulmonary resuscitation duration was significantly associ-
ated with return of spontaneous circulation (odds ratio 0.91
(0.88,0.94); p=<0.001) but not any other outcome. Although sur-
gical cardiac patients were more likely to have an indwelling
arterial catheter prior to onset of cardiac arrest, multivariable
analysis showed surgical cardiac patients compared to medical car-
diac patients were found to have improved survival to hospital dis-
charge (odds ratio 4.22 (1.72,10.33); p=0.002) and survival to
hospital discharge with favourable neurologic outcome (using both
definitions). Supplemental Table 5 displays the multivariable
analysis of outcomes using the alternate definition of “day” and
“night”. We did not include the presence of end tidal carbon diox-
ide monitoring or indwelling arterial catheter in this analysis
because the sample size was too small (n = 88). When using the
alternate definition of “day” and “night”, there were significant
associations between day of week and survival to hospital discharge
and survival to hospital discharge with favourable neurological
outcome (alternate definition). Supplemental Table 6 displays
the multivariable analysis of outcomes using the alternate defini-
tions of “weekday” and “weekend.” When using the alternate def-
initions of “weekday” and “weekend,” there was higher survival to
hospital discharge with favourable neurologic outcome (alternate
definition) on weekdays compared to weekends, however no
differences in any other outcomes.

Three important pre-arrest factors that indicate severity of ill-
ness were analysed within 2 hours of the event: lowest pH, highest
lactate and vasoactive inotrope score. There was no significant dif-
ference between day and night or weekday and weekend with
respect to pre-arrest lowest pH or highest lactate. There was a sig-
nificant difference between pre-arrest vasoactive inotrope score:
night vasoactive inotrope score = 10.0 (6.0,15.0) and day vaso-
active inotrope score = 5.0 (2.0,7.0); p = 0.02. There was no differ-
ence with pre-arrest vasoactive inotrope score between weekday
and weekend cardiac arrest events.

Two important elements of post-cardiac arrest care were ana-
lysed, temperature and systolic blood pressure. We evaluated each
event for any documented systolic blood pressure measurement
less than the 5 percentile for age within the first 6 hours after
return of circulation, as well as any documented temperature
greater than 38 degrees Celsius within the first 6 hours after return
of circulation. There was no significant difference in the presence
of fever or hypotension in events occurring during the day com-
pared to night, or weekday compared to weeknight.

It has previously been shown that children who have in-hospital
cardiac arrest have improved survival to hospital discharge for
those events occurring during the day compared to night and
weekdays compared to weekends.”’”8 However, these differences
were not significantly associated with disparities in chest compres-
sion quality.®'* Whether using the primary or alternate definition
of day/night, on univariate analysis there were no differences in
outcomes between events during the day versus night (Table 4
and Supplementary Table 4). On multivariate analysis, using the
primary definition of day/night, there was increased survival to
hospital discharge on weekdays but no other differences in out-
comes (Table 5). However, on multivariable analysis using the
alternate definition of day/night (Supplemental Table 5), children
with CHD have improved survival to hospital discharge and sur-
vival to hospital discharge with favourable neurologic outcome for
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Table 3. Cardiopulmonary resuscitation metrics and percent compliance with American Heart Association 2020 basic life support guidelines
Day Night Weekday Weekend
(N=53) (N=21) p value (N =54) (N =20) p value
< 1 year N 53 21 54 20
Rate (cpm) (Median, IQR) 116 (111,120) 119.2 (109,129) 0.31 117.5 (111,124) 117.4 (108,120) 0.4
Depth (cm) (Median, IQR) 2.7 (2.2, 3.0) 2.5 (2.0, 2.9) 0.14 2.5 (2.1,2.9) 2.9 (2.3,3.0) 0.1
CCF (%) 81 (68, 89) 72.3 (58, 87) 0.29 76.9 (65,86) 84.7 (64,90) 0.45
Compliance (%) - all three metrics 0 0 N/A 0 0 N/A
Compliance (%) - 19 14 0.75 17 20 1.00
Rate/CCF only
1-< 8 years N 20 12 22 10
Rate (cpm) (median, IQR) 113.1 (109,120) 110.0 (105,114) 0.13 111.1 (108,115) 111.6 (110,122) 0.76
Depth (cm) (median, IQR) 3.5 (3.0,4.3) 3.4 (3.0,3.8) 0.5 3.5 (3.0,4.3) 3.2 (3.0,4.0) 0.61
CCF (%) 85.6 (71.6,90.0) 86.3 (79.4,92.5) 0.6 84.9 (72.3,92.8) 86.5 (80.6,88.3) 1.00
Compliance (%) - 5 0 1.00 5 0 1.00
all 3 metrics
Compliance (%) -Rate/CCF only 45 42 1.00 50 30 0.45
8-<18 years N 7 4 9 2
Rate (cpm) (median, IQR) 114.6 (112,124) 122.2 (114,125) 0.78 119.3 (112,122) 121.1 (115,128) N/A
Depth (cm) (median, IQR) 49 (4.2,6.7) 4.9 (3.6,5.8) 0.78 5.0 (4.2,6.5) 4.8 (4.7,4.9) N/A
CCF (%) 75.7 (66.3,80.9) 92.0 (86.4,95.5) 0.04 75.7 (75.2,84.2) 87.4 (80.9,93.9) N/A
Compliance (%) - 14 0 1.00 0 50 N/A
all 3 metrics
Compliance (%) -Rate/CCF only 43 25 1.00 33 50 N/A

*(N =117, 15 excluded for inappropriate sensor and placement).

cpm, compressions per minute; IQR, interquartile range; cm, centimeters; CCF, chest compression fraction.

index in-hospital cardiac arrest events occurring during weekdays
compared to weekends, even after accounting for potential con-
founding factors of pre-arrest severity of illness, age category, ini-
tial ECG rhythm, duration of cardiopulmonary resuscitation,
illness category (surgical cardiac versus medical cardiac), post-
arrest blood pressure and temperature. However, there was no
difference for events during day compared to night. Chest com-
pression quality metrics were not different between events on days
versus nights or weekdays versus weekends, and therefore would
not explain outcome differences.

Pre-arrest factors indicating severity of illness and post cardiac
arrest care were also not different between weekdays and week-
ends. When comparing event characteristics, the rate of extracor-
poreal cardiopulmonary resuscitation was more frequent during
weekdays (47%) compared to weekends (18%) in our cohort,
which could explain improved survival to hospital discharge and
survival to hospital discharge with favourable neurologic outcome.
The reasons for discrepancy in rates of extracorporeal cardiopul-
monary resuscitation on weekends compared to weekdays remain
unclear. Even though duration of cardiopulmonary resuscitation
prior to cannulation for events occurring during day was shorter
than at night, there was no significant differences in duration of
cardiopulmonary resuscitation prior to cannulation for events dur-
ing weekday compared to weekend. Although most hospitals have
around the clock on call extracorporeal membrane oxygenation
teams to emergently cannulate a patient, these teams are typically
not on site on weekends. Thus, it was a surprising finding that in
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this cohort, duration of cardiopulmonary resuscitation prior to
cannulation for events occurring during weekends and weekdays.
It is possible that those patients who received extracorporeal
cardiopulmonary resuscitation on weekends had similar duration
of cardiopulmonary resuscitation on weekdays because the extra-
corporeal membrane oxygenation teams had already been on site
at the start of the cardiac arrest and thus more prepared. Thus, if
extracorporeal membrane oxygenation team members are not on
site at the start of the cardiac arrest, this may influence the decision
to forgo the use of extracorporeal cardiopulmonary resuscitation
since there is a perception that delays to cannulation may ulti-
mately affect long term outcomes. Future studies should analyse
what factors lead to the decrease in the use of extracorporeal
cardiopulmonary resuscitation for cardiac arrests on weekends.
Prior studies have shown improved survival to hospital dis-
charge and better neurologic outcomes with the use of extracorpo-
real cardiopulmonary resuscitation compared to conventional
cardiopulmonary resuscitation in children and adults.'”*
However, prior studies in children and adults analysing the asso-
ciation between outcomes with extracorporeal cardiopulmonary
resuscitation and time of day and day of week have shown conflict-
ing results. A study by Lee et al analysed outcomes of adults in a
single centre undergoing extracorporeal cardiopulmonary resusci-
tation and found improved outcomes for those undergoing extra-
corporeal cardiopulmonary resuscitation during the weekday
compared to weekend.?! A study by Lunz et al. analysed outcomes
of adult patients who had extracorporeal cardiopulmonary
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Table 4. Outcomes by time of day and day of week

Day Night Weekday Weekend

n (%) n (%) p value n (%) n (%) p value
ROSC
<1 year 27 (48%) 8 (35%) 0.33 24 (43%) 11(48%) 0.80
1-<8 year 6 (24%) 6 (50%) 0.15 6 (23%) 6 (55%) 0.12
8-< 18 year 1 (14%) 0 (0%) 0.44 0 (0%) 1 (25%) N/A
Overall 34 (39%) 14 (32%) 0.45 30 (32%) 18 (47%) 0.11
ROC
<1 year 45 (80%) 19 (83%) 1.00 46 (82%) 18 (78%) 0.76
1 to <8 year 17 (68%) 8 (67%) 1.00 18 (69%) 7 (64%) 1.00
8 to < 18 year 6 (86%) 3 (33%) 0.06 8 (67%) 1 (25%) N/A
Overall 68 (77%) 30 (68%) 0.29 72 (77%) 26 (68%) 0.38
SHD
<1 year 27 (48%) 11 (48%) 1.00 30 (54%) 8 (35%) 0.15
1 to <8 year 10 (40%) 3 (25%) 0.48 11 (42%) 2 (18%) 0.26
8 to < 18 year 2 (29%) 1 (11%) 0.55 3 (25%) 0 (0%) N/A
Overall 39 (44%) 15 (34%) 0.27 44 (47%) 10 (26%) 0.03
SHD favourable neurologic outcome
<1 year 23 (43%) 8 (40%) 1.00 25 (48%) 6 (27%) 0.13
1 to <8 year 7 (29%) 3 (25%) 1.00 8 (32%) 2 (18%) 0.46
8 to < 18 year 2 (29%) 0 (0%) 0.18 2 (17%) 0 (0%) N/A
Overall 32 (38%) 11 (27%) 0.24 35 (39%) 8 (22%) 0.07
SHD favourable neurologic outcome (alternate)
<1 year 18 (33%) 8 (40%) 0.78 22 (42%) 4 (18%) 0.06
1 to <8 year 5 (21%) 2 (17%) 1 5 (20%) 2 (18%) 1
8 to < 18 year 2 (29%) 0 (0%) 0.18 2 (17%) 0 (0%) N/A
Overall 25 (29%) 10 (24%) 0.67 29 (33%) 6 (16%) 0.08

n represents the total of patients in each group, and % represents the percentage of the patients who had that outcome (ROSC, ROC, SHD, SHD favourable neurological outcome).

Table 5. Multivariable analysis of outcomes

Illness
Category
p p Age category p CPR dura- p (Cardiac P
Outcome Day value Weekday value (8 to < 18) value tion value Surgical) value
ROSC 1.28 0.69 0.31 0.06 0.05 0.02 0.91 <0.001 0.62 0.4
(0.37,4.39) (0.09,1.03) (0,0.65) (0.88,0.94) (0.2,1.89)
ROC 1.33 0.55 1.44 0.47 0.27 0.04 0.99 0.46 1.75 0.23
(0.5,3.47) (0.54,3.83) (0.08,0.95) (0.98,1.01) (0.69,4.42)
SHD 1.14 0.96 2.59 0.06 0.23 0.06 1 0.69 4.22 0.002
(0.44,2.96) (0.98,6.87) (0.05,1.04) (0.98,1.01) (1.72,10.33)
SHD with favourable neurologic 1.45 0.49 2.32 0.11 0.2 0.06 1 0.59 4.47 0.003
outcome (0.5,4.17) (0.82,6.6) (0.04,1.09) (0.98,1.01) (1.69,11.85)
SHD with favorable neurologic 0.85 0.78 3.02 0.06 0.25 0.11 0.99 0.36 4.76 0.003
outcome (alternate) (0.28,2.57) (0.96,9.44) (0.04,1.41) (0.97,1.01) (1.69,13.38)

N=125 (7 events dropped given initial cardiac rhythm unknown). All values written as OR (95%Cl)

resuscitation in a single centre, and found that although patients  survival.?> A study by Burke et al. analysed outcomes of children

with events occurring on weekends compared to weekdays did  in a single centre undergoing extracorporeal cardiopulmonary
not affect survival to hospital discharge, it did affect long-term  resuscitation and found that although events occurring on nights
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and weekends had higher rates of neurologic injury, there were no
differences in survival or neurologic outcome.!?

It is unclear why there was a lack of improved outcomes when
comparing day versus night in our study as seen in prior studies of
the general paediatric population with in-hospital cardiac arrest.
However, it may be related to the fact that there was a similar rates
of extracorporeal cardiopulmonary resuscitation use on days ver-
sus nights in our study. This is different than the study by Tonna
et al. which was an observational study of adult extracorporeal
cardiopulmonary resuscitation events using the American Heart
Association’s Get with the Guidelines-Resuscitation Registry and
showed a decreased use of extracorporeal cardiopulmonary resus-
citation after-hours and weekends.?®

It is also possible that the improved outcomes associated with
weekday events are not related to extracorporeal cardiopulmonary
resuscitation use, but rather other factors that we did not study,
such as unit staffing and provider experience. On weekends com-
pared to weekdays, hospitals usually have lower numbers of staff as
well as less experienced staff. It is possible that these staffing model
differences may affect multiple aspects of peri-arrest care which
can affect outcomes.'® In the pre-arrest phase, while a more expe-
rienced nurse may be able to detect subtle changes earlier and pre-
vent a cardiac arrest, there are some events that cannot be
prevented. For those events that are unpreventable, an experienced
nurse earlier detection of impending arrest may result in earlier
mobilisation of providers to prepare for the cardiac arrest leading
to a more successful resuscitation. A more experienced nurse and
provider may also deliver improved post-cardiac arrest care.
Although our study did not show any differences between events
occurring on weekends compared to weekdays in two important
elements of post cardiac arrest care: fever or hypotension, there
were many variables in post cardiac arrest care that were not evalu-
ated.?* Although our study did not analyse staffing models during
events, future studies should evaluate this important factor.
Although nursing experience may be one important factor, the
results of a study by Gaies et al showed that the “weekend effect”
may not be solely explained by nursing experience.'® Their study
showed that the odds of unsuccessful resuscitation from cardiac
arrest in a single centre paediatric cardiac intensive care unit
increased for those events occurring on weekends compared to
weekdays but not night compared to days. Multivariate analysis
showed that weekend and experience level of the nurse were inde-
pendent predictors of unsuccessful resuscitation. Although the
quantity of cardiac ICU staff is typically less on weekends,
differences in staffing models outside the ICU may also affect
the care of patients within the ICU. Compared to weekdays,
decreased staff on weekends may result in delays in diagnostic tests,
access to specialists and procedures which can ultimately affect
patient outcomes. Future studies should analyse the different fac-
tors inside and outside of the intensive care unit that result in worse
outcomes on weekends since this may improve outcomes.

In multivariable analysis using alternate definitions of day/
night (Supplemental Table 5), we also found a significant associ-
ation of age category < 1 year of age (compared to 8 to <18 years
of age) with return of spontaneous circulation, return of circula-
tion, survival to hospital discharge and survival to hospital dis-
charge with favourable neurologic outcome. Prior studies have
shown that among children who have in-hospital cardiac arrest,
infants < 1 year of age have improved outcomes compared to older
children.** It is unclear the reasons for improved outcomes in
younger children, but Meaney et al hypothesised that it could be
secondary to more compliant chest walls of younger children
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leading to better systemic perfusion during cardiopulmonary
resuscitation.”® While our study analysed chest compressions qual-
ity metrics, we did not analyse haemodynamics (arterial pressure,
end tidal carbon dioxide, etc.) during chest compressions.
Supplemental Tables 1 and 2 show that the percentage of events
requiring extracorporeal cardiopulmonary resuscitation in the <
1-year group is less than the 8 to < 18-year group, and thus
increased use of extracorporeal membrane oxygenation cannot
be the reason for improved outcomes.

We also found a significant association of patients with surgical
cardiac illness category compared to medical cardiac illness cat-
egory had improved survival to hospital discharge and survival
to hospital discharge with favourable neurological outcome,
whether we used the primary or alternate definition of day/night.
As mentioned before, surgical cardiac illness category compared to
medical cardiac illness category patients were more likely to have
end tidal carbon dioxide monitoring in place, which may explain
improved outcomes. However, multivariable analysis demon-
strated that even after controlling for the presence of invasive mon-
itoring before the onset of cardiac arrest, surgical cardiac illness
category was independently associated with improved outcomes
(Table 5). As discussed above, we were unable to control for the
confounder of extracorporeal membrane oxygenation use, and
we know that the incidence is higher in surgical compared to medi-
cal cardiac patients. Our findings are similar to multiple prior stud-
ies that have shown patients with a diagnosis of surgical heart
disease compared to medical heart disease have better outcomes
after in-hospital cardiac arrest.!>26-%7

There are some limitations to our study. The cardiac arrest events
in this report of the pediRes-Q Collaborative are ones of sufficient
duration that the team had time to place the defibrillator pads on
the patient. Short duration cardiac arrest events that achieved
return of spontaneous circulation before the pads could be placed
were not included. Thus, our data may be skewed toward events
that are longer in duration, and thus having worse outcomes. It
is possible that brief events that are rapidly recognised and with
immediate return of spontaneous circulation could be dispropor-
tionately distributed by time of day or day of week. Another limi-
tation is that while there were 21 hospitals contributing data to this
study, 45% of the cardiac arrest events were reported by two
centres. We acknowledge that hospitals who contribute to the col-
laborative may be a skewed representation of centres who are dedi-
cated to improving cardiopulmonary resuscitation quality in
children.

In a large multi-centre international paediatric resuscitation col-
laborative, children with CHD and in-hospital cardiac arrest of suf-
ficient duration to place defibrillator electrode pads to monitor
chest compression metrics, there was no significant difference in
chest compression quality metrics by time of day or day of week.
There was no significant difference in return of spontaneous cir-
culation or return of circulation by time of day or day of week;
however, there was improved survival to hospital discharge and
survival to hospital discharge with favourable neurological out-
come for events occurring on weekdays compared to weekends.
This difference may be related to the increased use of
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extracorporeal cardiopulmonary resuscitation on weekdays versus
weekends in this paediatric patient cardiac population.

For supplementary material accompanying this
paper visit https://doi.org/10.1017/51047951122000099
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