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Abstract

Objective: To quantify chest compression (CC) pauses during pediatric ECPR (CPR incorporating ECMO) and implement sus-
tainable quality improvement (QI) initiatives to reduce CC pauses during ECMO cannulation. Methods: We retrospectively
identified baseline CC pause characteristics during pediatric ECPR events (pre-intervention), deployed QI interventions to
reduce CC pause length, and then prospectively quantified CC pause metrics post-QIl interventions (post-intervention). Data
were gathered from a single center review of CC-pause characteristics in children less than 18 years old with a PICU ECPR
arrest. QI Interventions included: (I) sharing baseline CC data with ECPR stakeholders, (2) establishing consensus among pro-
viders regarding areas for improvement, and (3) creating a communication aid to encourage counting CC pauses out loud.
Multidisciplinary ECPR simulations allowed for practice of these skills. Using telemetry data, CC pause metrics were analyzed
in the medical (CPR before cannulation) and surgical (CPR during ECMO cannulation, demarcated by the sterile draping of
the patient) phases of ECPR, pre- and post-intervention. Results: Pre-intervention, || ECPR events (5 central cannulation, 6
peripheral cannulation) met inclusion criteria compared with 14 ECPR events (2 central, 12 peripheral) post-intervention.
Pre-intervention analysis identified longer CC pauses and lower chest compression fraction (CCF) during the surgical versus
medical phase of ECPR. Compared to pre-intervention data, CCF during the surgical phase of ECPR improved from 66% to
81% (73-85%) post-intervention (P=.02). Median CC pause length was significantly reduced from 20 s pre-intervention to
10.5 (9-13) seconds post-intervention (P=.01). There was no change in the surgical phase of ECPR duration (44 min pre- vs
4] min post-intervention, P=.8) or survival to hospital discharge (45% vs 21%, P=.4). Conclusion: Simple and feasible com-
munication interventions during ECPR can minimize CC pauses, increase CCF and improve CPR quality without prolonging
the time needed for ECMO cannulation.
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Background placement of cannulae into major blood vessels or the heart,
and therefore may necessitate long CC pauses during delicate
surgical portions of the procedure. Longer CC pauses have
been measured during segments of ECPR when compared to
conventional CPR.'>?* A simulation study using video
review demonstrated concern for extended CC pauses during
ECMO cannulation.”® Similarly, a recent pediatric study
found that longer interruptions in chest compressions during
pediatric ECPR were associated with worse survival.**
Emerging data, particularly in pediatric ECPR, highlights the

Each year in the United States, approximately 15 000 children
require cardiopulmonary resuscitation for in-hospital cardiac
arrest (IHCA)."? Survival ranges from 19%-54%"2"° and is
thought to be affected by multiple factors, including arrest eti-
ology, CPR duration, and CPR quality.™® International guide-
lines defining high quality CPR include minimizing chest
compression (CC) pauses and expert consensus has recom-
mended a chest compression fraction (CCF) greater than
80%.”'° Both adult and pediatric studies have associated
longer CC pauses with worse survival.''~'® Guidelines recom-
mend that no pauses should be longer than 10 s.
Extracorporeal membrane oxygenation (ECMO) has been
integrated into cardiac resuscitation algorithms as a surgical
adjunct to improve outcomes for refractory cardiac

arrest.*'*!"1® An international registry recently reported a
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need for fewer and shorter CC pauses during ECMO cannula-
tion. Characterization of these pauses is limited and methods
for reducing them remains unclear.

This study had two primary goals: quantify the number and
duration of CC pauses during the entirety of ECPR and imple-
ment quality improvement (QI) initiatives to reduce CC pauses
during ECMO cannulation (the surgical phase of ECPR). We
hypothesized that CC pauses were longer in the surgical
phase of ECPR compared with the medical phase and that QI
initiatives could improve CC metrics during the surgical
phase of ECPR.

Methods

Our two-part study included a retrospective evaluation of chest
compression pause metrics during pediatric ECPR followed by
a prospective assessment of the effect of quality improvement
interventions on CC pauses during ECPR. All children less
than 18 years old with a cardiac arrest and ECPR activation
in the PICU within a quaternary care, urban academic hospital
were screened. The hospital includes 41 PICU beds within two
general medical/surgical units and one cardiothoracic surgical
ICU. PICU arrest and ECMO databases maintained for
quality review identified ECPR events within the study period
spanning from April 2016 to August 2023. Exclusion criteria
included: ECPR telemetry data not collected, uninterpretable
telemetry data (due to significant artifact or disconnection
during the ECPR event), unknown timing of transition from
the medical to surgical phase of ECPR, cannulation outside of
the PICU. Events were included if cannulation was attempted
during CPR, telemetry data was obtained for the duration of
the ECPR event, and artifact did not inhibit the ability to
measure pauses throughout the entire event. Exclusion rationale
for specific ECPR events is detailed in Supplemental Figure 1.
Three ECPR events which occurred during the five-month long
QI implementation period were excluded to allow for a
wash-out period. This project received a ‘“Not Human
Subjects research” designation from the Columbia University
Institutional Review Board. The SQUIRE guidelines were fol-
lowed for reporting of this quality improvement research.?
Following an in hospital PICU cardiac arrest, printed Phillips
telemetry data are routinely collected and stored in a secured
location for internal resuscitation review and debriefing.
Invasive arterial blood pressure monitoring can be used as a sur-
rogate for CC quality,”**° providing time-series data that shows
when CC pauses are occurring and allows for quantification of
pauses and overall CCF during arrests. Telemetry data was
retrieved within seven days after ECPR, with minute-by-minute
arterial line, EKG, end-tidal carbon dioxide and respiratory pleth-
ysmography tracings. Each ECPR event was analyzed by a
primary author (EI) who calculated pause duration and fre-
quency. The first four events were reviewed together by two
authors (EI/AS) to establish consistent interpretation of chest
compression pauses. Twenty percent of the total events were ran-
domly selected and reviewed for accuracy between reviewers;
there was 100% concordance in the number of pauses, and

91.4% agreement between the duration of pauses. For the rare sit-
uations in subsequent events in which telemetry data was less
clear, two authors (EI/AS) reviewed the telemetry data together.
All pauses lasting longer than 3 seconds were included for anal-
ysis, as given the granularity of the telemetry printouts, pauses
3 seconds or greater were consistently identifiable. Telemetry
data were chosen to evaluate CC metrics over defibrillator CC
measurements, as defibrillator pads are often removed during
the surgical phase of ECPR. The primary outcome metric was
CCF, and secondary outcomes included individual longest
pause and median pause duration. Additional data collected
included patient demographic data, arrest location, outcome,
and total time for ECPR and ECMO cannulation. Total ECPR
duration, surgical phase of ECPR duration, survival to decannu-
lation and survival to hospital discharge were identified as bal-
ancing measures.

Total ECPR duration was the time from the initiation of
chest compressions to the end of the resuscitation designated
by either return of spontaneous circulation, death, or achieving
full support on ECMO. Death during cannulation attempt (or
termination of cannulation) may be the result of inability to
achieve a sufficient ECMO flow or persistently acidotic pH
despite the placement of cannulae. Each ECPR event was
split into two discreet portions: medical phase (the conventional
CPR period prior to beginning ECMO cannulation) and surgical
phase (during which ECMO cannulation occurred). The sterile
draping of the patient demarcated the surgical phase from
medical phase. Thus, the medical phase was defined as the
time chest compressions began to the time sterile draping was
placed on the patient. The surgical phase was the time period
from when the patient was sterilely draped to the end of the
resuscitation as identified above.

The pre-intervention period included a retrospective data
review of all ECPR events which met inclusion criteria
between April 2016 and July 2021. Peripheral and central
ECMO cannulations require different surgeons and techniques
so variability in CC pauses could be challenging to compare
between the two groups. However, pre-intervention data analy-
sis demonstrated similar CC pause metrics between peripheral
and central cannulations (Supplemental Figure 2) and after dis-
cussion with key ECPR stakeholders, it was identified that poor
communication during extended CC pauses existed in both can-
nulation strategies. As a result, QI initiatives established applied
to both central and peripheral ECMO cannulation and we ana-
lyzed central and peripheral ECPR events together.

From August 1, 2021 to December 31, 2021, QI initiatives
were implemented, allowing for a 5-month washout period.
The QI interventions included: (1) Sharing baseline CC pause
data with key stakeholders, including PICU and cardiology
attendings/fellows and pediatric and cardiothoracic surgeons,
(2) Discussion and obtaining buy-in with key stakeholders
regarding methods to reduce length of CC pauses during cannu-
lation and (3) Creation of an ECPR protocol to improve com-
munication and reduce CC pauses using expected verbal
prompts like counting pause time out loud (Figure 1).
Pre-intervention data demonstrating long CC pauses during
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MINIMIZING CC INTERRUPTIONS DURING ECMO CANNULATION

PERIPHERAL CANNULATION CENTRAL CANNULATION
4 Peds surgery attending arrival CT surgery fellow arrival
ECMO cannulation start time (scalpel to Chest opening*
NURSING skin)* ECMO cannulation start time (scalpel to vessel)*
DOCUMENTATION Arterial cannula placed* Aortic cannula placed*
OF TIMES Venous cannula placed* *Surgeon RA cannula placed*
\ ECMO starts flowing verbalizes ECMO starts flowing
(~ SURGERY i - i
VERBALIZING: Venotomy Placing aortic purse strings
CRITICAL Passing venous cannula Placing/securing aortic cannula
MOMENTS Arteriotomy Placing RA purse strings
(expect need for longer Passing arterial cannula Placing securing RA cannula
L CC pauses)
vg;:::gmg ECMO starts flowing ECMO starts flowing
s
CPR COACH 10 SECOND INCREMENTS (10s, 20s, 30s) 10 SECOND INCREMENTS (10s, 20s, 30s)
COUNTING CC FOR CRITICAL MOMENTS: FOR CRITICAL MOMENTS:
PAUSES Ask surgeon to resume CC after 20s \ Ask surgeon to resume CC after 60s
4
% = : >
THINGS TO " Goal pauses: Non-crltl.ca'l rpoments. <5 sec
REMEMBER: eep room volume low to minimize surgeon distraction .
Smaller babies need longer sewing times for central cannulation
\ Role of CPR Coach is to remind surgeon of length of CC pause, but surgeons may need additional time to accomplish task )

Figure |I. ECPR Communication Aid, with emphasis on spoken communication of CC pause duration between PICU and surgery.

the surgical phase of ECPR were presented to key stakeholders,
and we agreed as a team that the goal of reducing CC pauses
while not prolonging the surgical phase of ECPR was achiev-
able. Both the medical and surgical teams agreed to expect
verbal communication of CC pauses length at expected intervals
of every 10 seconds (s). Interdisciplinary ECPR simulations
(occurring every other month) reinforced this communication.
New surgical and pediatric critical care fellows were oriented
yearly to the communication device and the expectation of
audible counting of CC pause duration. The post-intervention
period included prospective ECPR data collection from January
2022 to August 2023.

Statistical Analysis

For this observational study with ECPR events collected both
retrospectively and prospectively, no power analysis was per-
formed. Patient demographics and event characteristics are
reported pre- and post-intervention. An analysis of the pre-
intervention cohort demonstrated no statistical difference
between central and peripheral cannulations regarding CC
pause metrics, thus both cannulation types were combined for
analysis throughout this paper (Supplemental Figure 2).
Categorical data were represented by counts and percentages,
and continuous data as mean and standard deviation (SD) or
median and interquartile range (IQR) depending on normality
of distribution. Pre- and post-intervention characteristics were
compared using Fisher exact, Wilcoxon rank sum, or indepen-
dent t-tests. A run chart evaluated trends in the primary

outcome, CCF during the surgical phase of ECPR, throughout
the study period.

CCF, median CC pause duration, and longest CC pause were
compared pre- and post-intervention via Wilcoxon rank sum
test. A significance level of 0.05 was used for all analyses.

Results

After meeting inclusion criteria, 11 ECPR events pre-
intervention were compared with 14 events post-intervention
(Supplemental Figure 1.) No significant differences in patient
or event characteristics were identified between the pre- and
post-intervention groups (Tables 1 and 2). Of note, one
patient had two distinct ECPR events during the post-
intervention period; thus Table 1 includes 13 patients while
Table 2 includes 14 events. Sixty-four percent of ECPR events
occurred at night (6pm — 6am) in the post-intervention group,
compared with 36% in the pre-intervention group (P=.2).
Forty-five percent of patients were cannulated centrally in the pre-
intervention group compared to 14% post-intervention (P =.2).
The Pediatric Logistic Organ Dysfunction Score (PELOD-2)
upon ICU admission was 4.7 for the post-intervention group com-
pared with 3.6 pre-intervention (P=4).>” The post-intervention
group included 3 ECPR events (divided between 2 patients,
both of whom ultimately died before PICU discharge) resulting
from pulmonary hypertensive crises, whereas pre-intervention
there were no patients with pulmonary hypertension.
Retrospective review of the 11 ECPR events meeting pre-
intervention inclusion criteria demonstrated inferior CC pause
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Table I. Patient Characteristics, pre- and post-Intervention.

Table 2. ECPR Event Characteristics, pre- and post-Intervention.

Variable Pre-Intervention Post-Intervention P  ECPR Event Characteristics
Total number of patients I 13 Pre-Intervention Post-Intervention
Median Age, years (IQR) 1.7 (0.5-7.6) 1.2 (0.6-2) .7 Variable (n=11) (n=14) P
Age, n (%) |
Neonate (0-28 days) 0 (0) 0 (0) Location, n (%)
Infant (29 days — 12 5 (45) 6 (46) Medical-Surgical ICU 3(27) 5(36) 7
months) Cardiac ICU 8 (73) 9 (64)
Child (1 year — 18 years) 6 (54) 7 (54) Time of Week, n (%)
Sex, n (%) 4 Weekday 8 (73) 9 (64)
Female 6 (54) 431) Weekend 3(27) 5(36)
Male 5 (45) 9 (69) Time of Day, n (%)
Race/Ethnicity, n (%) 6 Day (6a-6p) 7 (64) 5 (36) 2
Black 2 (18) 4 (31 Night (6p-6a) 4 (36) 9 (64)
White 8 (73) 6 (46) pH Prior to ECPR? mean  7.36 (0.1) 7.23 (0.2) .
Hispanic 1 (9) 3 (23) (SD)
lliness Category, n (%) 5 Invasive Mechanical 6 (54) 8 (57) I
Medical Non-cardiac 2(18) I (8) Ventilation
Medical Cardiac 5 (45) 6 (46) (pre-arrest), n (%)
Pulmonary HTN 0 (0) 2 (15) Initial Rhythm, n (%)
Surgical Non-cardiac 0 (0) I (8) PEA 6 (54) 7 (50) 2
Surgical Cardiac 4 (36) 3 (23) Bradycardia 3(27) 7 (50)
PELOD-2 at ICU 3.6 (1.9) 47 (3.9) 4 VTIVF 2(18) 0(0)
Admission, mean (SD) Cannulation Site, n (%)
Central 5 (45) 2 (14) 2
Peripheral 6 (55) 12 (86)
metrics (CC pause length, longest CC pause, and CCF) during | | lar/Carorid 4 ;
the surgical phase of ECPR when compared to the medical Fltri?:z,lljugu arft-arot N 5
phase, with P Valu§s ranging from .003 to .02. These mgtrics Immediate ECPR
included both peripheral and central ECMO cannulations. Outcome, n (%)
When comparing peripheral and central cannulation pre- Cannulation to ECMO 7 (64) 10 (71)
intervention CC pause metrics, no statistical difference Termination of 4 (36) 4 (29)
existed in either the medical or surgical phases of ECPR Cannulation
(Supplemental Figure 2). Survival to EC;M? . 7 (100) 7 (70) 2
When comparing pre- and post-intervention CC metrics S D?cannUIatlon. - (%)
. . .. . urvival to Hospital 5 (45) 3(21) 4
du'rlng the med}cal phase of ECPR,. no significant differences Discharge, n (%)
existed in median CC pause duration, longest CC pause or Total CC Duration, 72 (41) 69 (26) 9
CCF (Table 3). minutes, mean (SD)
During the surgical phase of ECPR, overall CCF improved Medical ECPR 28 (14) 28 (18) 7
post-intervention from a median of 66% (IQR 62-80) to 81% (Pre-Cannulation)
Surgical ECPR (During 44 (33) 41 (19) 8

(IQR 73-85) (P=.02). The run-chart in Figure 2 demonstrates
this higher median CCF during the surgical phase of ECPR in the
post-intervention period. When analyzing individual ECPR
events, 27% (3/11) of pre-intervention events achieved a CCF
during the surgical ECPR phase greater than 80%, compared with
58% (7/12) in the post-intervention group (P =.13). A statistically
significant reduction in median CC pause length from 20 s (IQR
12-24) pre-intervention to 10.5 s (IQR 9-13) post-intervention (P
=.01) was demonstrated during the surgical phase of ECPR
(Table 3). The median longest CC pause during the surgical
phase of ECPR was 60 s (IQR 55-180) pre-intervention compared
with 57 s (IQR 42-70) post-intervention (P = .2). During the surgi-
cal phase of ECPR, the individual longest CC pause pre-
intervention was 337 s compared with 120 s post-intervention.
Balancing measures, including total ECPR duration, dura-
tion of surgical phase of ECPR, survival to decannulation and
to hospital discharge were unchanged pre- and post-

Cannulation)

apH: Awvailable for all pre-intervention ECPR and | 1/14 post-intervention
b Survival to decannulation: Denominator used is number of successful ECMO
cannulations

intervention (Table 2). Of the patients successfully cannulated
to ECMO during ECPR, 100% pre-intervention versus 70%
post-intervention survived to decannulation (P =.2). Survival
to hospital discharge was 45% pre-intervention compared
with 21% post-intervention (P = .4).

Discussion

Implementation of simple QI initiatives improved CC metrics
during the surgical phase of ECPR. Initiatives included
sharing baseline CC pause data, discussions to obtain buy-in


https://journals.sagepub.com/doi/suppl/10.1177/08850666241301023

Insley et al

499

Table 3. Comparison of Chest Compression (CC) Pause Metrics pre- and post-intervention, during the Medical and Surgical Phase of ECPR
(Medical Phase of ECPR: CC pre-ECMO Cannulation; Surgical Phase of ECPR: CC During ECMO Cannulation).

Medical Phase of ECPR

Surgical Phase of ECPR

CPR Metric Pre-Intervention Post-Intervention P-value Pre-Intervention Post-Intervention P-value
CC Pause Length, seconds 10 (8-14) 9 (6-12) N 20 (12-24) 10.5 (9-13) .0l
Median (IQR)
Longest CC Pause, seconds 37 (22-49) 27 (20-36) 3 60 (55-180) 57 (42-70) 2
Median (IQR)
CCFE % 87 (85-89) 88 (87-92) N 66 (62-80) 81 (73-85) .02
Median (IQR)
ECPR Simulation
1.00 12/2/21
0.81
0.75
5
i 0.66
"
L
5 050
7} T
g E‘]Ezc‘;i‘?;/g)%r?mumcatmn Aid
a
5
O 025 Pre-inter\é%ngi'gnsg(l.(‘,edha;ﬁjggared with
- 9/8/21 - 10/7/21
10}
<
(@]
0.00
& %@%wwaw%@&&@@&@@&@@@@@*
SWN b&\ SR S RS RSN g\ NUR SA
ECPR Events

Figure 2. Run chart depicting CCF during the surgical phase of each ECPR event. Blue line indicates median CCF pre-intervention (66%, IQR
62-80) and post-intervention (81%, IQR 73-85). Study design, quality improvement interventions (pre-intervention CC data review with ECPR
stakeholders to obtain buy-in and distribution of a novel ECPR communication aid), and reinforcement of expected communication with
interdisciplinary simulations occurred between August and December 2021.

among key stakeholders, and creation of an ECPR communica-
tion tool (Figure 1). These interventions were designed to
improve communication during ECPR, when coordination
between specialties is the key to successful ECMO cannulation.
We demonstrated statistically significant improvements in
median CC pause length and CCF during the surgical phase
of ECPR. CCF during cannulation improved from 66% to
81%, achieving the expert recommended target of a CCF
greater than 80%.°

Video recordings of pediatric resuscitations suggest longer
pauses occur during pediatric ECPR than conventional CPR,*
with adult and pediatric studies demonstrating correlation

between prolonged pauses and decreased survival 5!'1:1%:16.24.27.28

A recent pediatric study found both that every 5-s increase in CC
pause duration during IHCAs was associated with lower chance
of survival with favorable neurologic outcome, and that the
number of long pauses was associated with lower probability
of return of spontaneous circulation.?’ In addition, the retro-
spective analysis of pediatric ECPR events by Han et al
showed that both patient survival and favorable neurologic
outcome were associated with shorter and less variable CC
pauses.”* While our data did not demonstrate a statistically sig-
nificant reduction in the longest ECPR pause post-intervention,
the range for median longest CC pause was narrower post-
intervention (IQR 42-70 s) compared with pre-intervention
(IQR 55-180s), suggesting that our QI interventions may
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have reduced some of the longest pauses measured in the pre-
intervention cohort. Similarly, the difference between the indi-
vidual longest CC pause pre- (337 s) and post-intervention
(120 s) during the surgical phase of ECPR could be clinically
significant. Based on earlier studies, even a 5 s reduction in
the longest pause may yield clinical significance, reinforcing
the potential importance of reduction in longest CC pause
length, 13:15:1629

Large CPR databases typically lack the granularity to deter-
mine precisely when transition from the medical to surgical
ECPR phase occurs, making interpretation of ECPR CC
pause metrics difficult. ECPR requires a sterile surgical field
and bulky monitoring devices are commonly removed,
making surgical phase CC pause metrics challenging to
analyze uniformly across multiple centers. Our collection of
telemetry data with arterial monitoring allowed for the quantifi-
cation of CC pause metrics throughout the entirety of ECPR,
adding to the growing body of work demonstrating the need
for improvement in CPR quality during the surgical portion
of ECPR. We offer QI interventions that address long CC
pauses reflected in both our data and recently published
work.>*2°

The American Heart Association guidelines for high-quality
CPR include the recommendation that CC pauses last no more
than 10 s.'12147162% [ onger pauses during key moments of
the surgical phase of ECPR (such as arteriotomy or venotomy)
might be impossible to eliminate. Disrupting cannulating sur-
geons’ focus and prolonging the surgical phase of ECPR
must be avoided with any ECPR intervention. CC pauses
during the surgical phase of ECPR in our post-intervention
group were shorter, while the total ECPR and surgical phase
durations were unchanged, demonstrating that simple QI inter-
ventions aimed at improving communication can minimize CC
pause lengths and improve CCF without sacrificing cannulation
speed.

The major QI interventions used in this study were neither
time consuming nor cost-intensive. Sharing baseline data
between the medical and surgical teams led to collaborative dis-
cussions and creation of a standardized protocol for communi-
cation during ECPR. Vocalizing CC pause duration and
ensuring all team members’ awareness of crucial moments in
both peripheral and central cannulation were identified as
opportunities for improvement during initial discussions.
While interdisciplinary ECPR simulations reinforced the main
QI interventions, it was standardizing vocal communication
that led to a shared mental model between the medical and sur-
gical teams: the surgical team understood the overall need for
shorter CC pauses and the medical team understood that
longer pauses were necessary surrounding key surgical steps.
After our interventions, there was a quantifiable improvement
in CC pause metrics by data measured and additionally, a
shared mental model for communication between the two
teams. The initiatives implemented in this study continue to
be routinely reviewed after ECPR events at our institution,
with the ongoing goal of maintaining a high standard of com-
munication between ECMO team members.

Establishing the expected norm that CC pauses would be
counted out loud was an iterative process, with allowances
for surgical preference. At our institution, two different surgical
teams (cardiothoracic and pediatric surgeons) cannulate during
ECPR, depending on patient factors. Both surgical teams were
integrally involved in this study, allowing for generalizability
across other hospital settings where one or both surgical spe-
cialties cannulate. For example, cardiothoracic surgeons
requested the allowance for longer pause duration during
central cannulation, before prompting the surgeons to resume
compressions (Figure 1). Some surgeons requested different
volume or interval levels for counting pauses out loud for a
given ECPR event, which was honored by the medical team
to facilitate a smoother cannulation. Individual ECPR events
were reviewed via debriefings to allow feedback for both the
surgical and medical teams. This formalized communication
during ECPR has led to improved awareness by both teams
of the length of CC pauses and improved responsiveness to
the need to resume compressions. Our experience suggests
that these QI interventions are applicable to both central and
peripheral cannulations and to teams with a variety of interdis-
ciplinary participants.

Although our interventions resulted in a significant improve-
ment in CPR metrics during the surgical phase of ECPR, mor-
tality was not improved in the post-intervention group. As
discussed previously, prior studies have demonstrated a correla-
tion between longer CC pauses and worse mortality, underscor-
ing the importance of reduction in CC pause
duration,'?!3-16242829 With the rarity of ECPR, this study
was not powered to show a difference in mortality.
Additionally, despite no statistically significant difference in
patient or event characteristics, even a few challenging cases
could skew mortality with such small patient numbers. For
example, our post-intervention cohort included 3 ECPR
events preceded by pulmonary hypertensive crises, a condition
which carries a particularly poor prognosis.*>' Similarly, the
post-intervention group trended toward a higher mean
PELOD-2 score on ICU admission compared to the pre-
intervention group. Finally, our ECMO surgical team is not in
house overnight, with more junior surgeons cannulating at
night. While the duration of cannulation did not vary signifi-
cantly pre- and post-intervention, suggesting the nighttime can-
nulations were not dramatically longer, other factors such as
bleeding during cannulation and effective cannula placement
may be impacted by surgeon experience and contribute to mor-
tality. Nearly twice as many events occurred at night post-
intervention compared to pre-intervention. These factors may
have affected mortality outcomes despite the measured
improved CPR quality.

Limitations

First, as pediatric ECPR is a rare event, this study’s sample size
was too small to determine an effect on mortality. While CC
pause duration was reduced and no identifiable balancing mea-
sures were affected by our interventions, a number of patient
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and event factors (severity of organ dysfunction, etiology of
arrest, and time of arrest) likely contributed to higher mortality
in the post-intervention group. Unfortunately, databases with
larger patient numbers lack the granularity to assess CC
pauses as we required. A deeper exploration into the correlation
of ECPR pauses and mortality via a multicenter effort would
result in more patient volume and allow changes in mortality
or neurologic outcome to be detected.

Second, the number of eligible events in the pre-intervention
period was low (20% of total ECPR events) because of chal-
lenges collecting thorough telemetry data retrospectively. Our
institution changed EMR platforms in February 2020 which
also restricted the data we could obtain for some events. In addi-
tion, this limited data collection on outcomes such as neurologic
status which would be important to explore further. Detailed
record keeping was essential to obtain the granularity needed
for this study, but limited events that we were able to analyze
retrospectively to those with complete data collected.

Finally, the ECPR events described in this study included
both central and peripheral cannulations, as well as cannulation
via neck and femoral vessels. The pre-intervention cohort dem-
onstrated no difference in CC pause metrics or total event dura-
tion when comparing peripheral and central cannulations.
While, different surgical approaches and patient populations
may ultimately require varying surgical strategies, our initial
data showed they were statistically similar for a combined anal-
ysis. Differences between the two approaches and the way each
strategy impacts CC pause metrics could be a source of further
exploration for future studies.

Conclusion

ECPR offers a potentially life-saving therapy to children who
experience a cardiac arrest. This study quantified ECPR CC
pause metrics and offered feasible interventions to minimize
CC pauses during the surgical phase of ECPR without prolong-
ing total ECPR duration. Future work is required to evaluate the
impact of these interventions on mortality and would benefit
from a multicenter initiative.
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