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Summary

Aim—To describe our experience using extracorporeal cardiopulmonary resuscitation (ECPR) in
resuscitating children with refractory cardiac arrest in the intensive care unit (ICU) and to describe
hospital survival and neurologic outcomes after ECPR.

Methods—A retrospective chart review of a consecutive case series of patients requiring ECPR
from 2001-2006 at Arkansas Children’s Hospital. Data from medical records was abstracted and
reviewed. Primary study outcomes were survival to hospital discharge and neurological outcome at
hospital discharge.

Results—During the 6-year study period, ECPR was deployed 34 times in 32 patients. 24
deployments (73%) resulted in survival to hospital discharge. Twenty eight deployments (82%) were
for underlying cardiac disease, 3 for neonatal non cardiac (NICU) patients and 3 for pediatric non-
cardiac (PICU) patients. On multivariate logistic regression analysis, only serum ALT (p value =
0.043; OR-1.6; 95% confidence interval-1.014-2.527) was significantly associated with risk of death
prior to hospital discharge. Blood Lactate at 24 hours post ECPR showed a trend towards significance
(p value-0.059; OR-1.27; 95% confidence interval-0.991-1.627). The Hosmer-Lemeshow tests (p
value = 0.178) suggested a good fit for the model. Neurological evaluation of the survivors revealed
that there was no change in PCPC scores from a baseline of 1-2 in 18/24 (75%) survivors.
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Conclusions—ECPR can be used successfully to resuscitate children following refractory cardiac
arrest in the ICU, and grossly intact neurologic outcomes can be achieved in a majority of cases.

Keywords
cardiopulmonary resuscitation; ECMO; pediatric; outcomes

Introduction

Since closed-chest cardiac massage was introduced, cardiopulmonary resuscitation (CPR) has
been widely instituted for cardiac arrest (1,2). Several reports have demonstrated only a higher
rate (63% to 70%) of return of spontaneous circulation (ROSC) after CPR (3-5), with much
lower survival-to-discharge rates (10% to 27%) for cardiac arrests in children (1,3-5). More
recently, a four-year review of the National Registry of Cardiopulmonary Resuscitation
revealed a rate of survival-to-discharge of 27% for pediatric in-hospital cardiac arrest, with
65% of survivors having a good neurologic outcome (5). For those patients requiring prolonged
resuscitation the outcomes are even more dismal (1,6-8).

Due to the low survival rates after prolonged CPR, more aggressive methods have been
suggested to improve its success (9,10). Recently, institution of extracorporeal life support
(ECLS) has been proposed for selected cases of cardiac arrest when conventional CPR fails.
Case series from many institutions have reported reasonable success with extracorporeal CPR
(ECPR) in terms of both short-term survival and neurologic outcome (7,11-33). This study
represents our institutional experience with ECPR instituted during active chest compressions
following in-hospital pediatric cardiac arrest. We hypothesized that ECPR is effective in
resuscitating children with refractory cardiac arrests in the ICU and is often associated with
good neurologic outcomes.

Material and methods

A retrospective chart review, approved by the Institutional Review Board of University of
Arkansas for Medical Sciences was performed. The study population included all patients (0
to 20 years of age) admitted to Arkansas Children’s Hospital who were resuscitated from
cardiac arrest during active chest compressions by means of veno-arterial ECLS between
January 2001 and March 2006. Patients were identified through a review of the institutional
ECLS database and the institutional CPR database. This time period was chosen as it represents
the time period between the full implementation of the American Heart Association 2000 CPR
guidelines (9) to the full implementation of the American Heart Association 2005 CPR
guidelines (10) at our institution.

For this study, “cardiac arrest” was defined as any patient requiring external chest compressions
or internal cardiac massage for > 60 seconds because of a profound low cardiac output state,
which is consistent with the operational definition of cardiac arrest from the American Heart
Association National Registry of CPR (10). We included in the analysis only children who
underwent active chest compressions or internal cardiac massage at the time of ECLS
cannulation. Patients who were placed on ECLS after ROSC were excluded.

ECPR is initiated at our institution when the ECPR team is activated via STAT notification
process to initiate call for ECLS to aid CPR. The team consists of a cardiothoracic surgeon,
ECLS specialist/ perfusionist, intensive care specialist and nursing staff familiar with initiation
and management of a patient on ECLS. Conventional CPR was managed by fellow or faculty
neonatologists, intensivists, or cardiologists, depending on the location of the patient. During
the study period, an ECLS coordinator was in-house 24/7 if other patients were being supported
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with ECLS at the time. Otherwise, an ECLS coordinator was on-call 24/7 and immediately
available to return to the hospital. A pre-assembled and/or primed backup circuit was available
at all times. The surgical team was responsible for cannulation, while the nursing and medical
physician team were focused on conducting CPR and monitoring the patient during the
cannulation process. Cannulation sites utilized included thoracic (for cardiac patients with
recent sternotomy) or cervical/ groin cannulation. In patients with left ventricular dysfunction,
consideration was given after ECLS cannulation to early decompression of the left atrium and
ventricle which, if necessary, was accomplished by atrial septostomy or a transthoracic left
atrial cannula placement (15).

The management approach of these study patients once placed successfully on ECMO
remained uniform during the study period. It consisted of initiation of moderate hypothermia
(~34°C) for at least 24 hours. We maintain normal blood pressure for age by adjusting flow
on pump and minimizing inotrope/ vasopressor doses. Normal blood gas parameters are
maintained by adjusting sweep flow and FiO2 delivery via the oxygenator membrane. All
patients were placed on “rest” ventilatory support with a low rate (<10 breath/minute), high
PEEP (8-15 cmH>,0) and low inspired oxygen concentration (< 0.4). Blood gas parameters
were normalized by adjusting sweep flow and FiO, delivery via the ECMO membrane. Serum
glucose is maintained between 100-150 mg/dl by using insulin infusions judiciously.
Anticoagulation with unfractionated heparin is while on ECMO is titrated to maintain activated
clotting times between 160 to 220 seconds. Patients are adequately sedated once neurological
activity is detected using benzodiazepines and opioids. Steroids are not given routinely before
or after initiation of ECMO.

The medical record of each subject was reviewed for demographic information, medical
history, primary diagnosis, duration of mechanical ventilation prior to ECLS cannulation,
inotropes/ vasopressor prior to ECPR, duration of conventional CPR before ECLS, rhythm
prior to ECPR, need for defibrillation, duration of ECLS support, and survival to hospital
discharge. Additional clinical variables collected were highest serum lactate, serum lactate
level at 24 hours after initiation of ECLS, lowest arterial pH, renal function parameters (blood
urea nitrogen, creatinine, need for renal replacement therapy), evidence of hepatic injury
(aspartate aminotransferase (AST) and alanine aminotransferase (ALT), and hematological
parameters (WBC count) We treated each resuscitation event separately and included all ECPR
events in our analysis, except where otherwise noted.

We also reviewed medical records to ascertain whether the child had a meaningful neurologic
impairment at the time of hospital discharge and on subsequent follow-up. Admission and
discharge Pediatric Cerebral Performance Category and Pediatric Overall Performance
Category (16) were assigned in surviving children through retrospective chart review. Not
every patient had a formal pediatric neurology consultation during hospitalization.

The primary outcome measure, survival to hospital discharge, is reported as recommended by
the Utstein reporting template (10). One patient had two separate ECPR deployments in two
separate hospitalizations. For the purposes of the study these were counted as two separate
survivals to hospital discharge events thus giving us a denominator of 33 patients. Univariate
and multivariate logistic regression analysis was carried out to identify risk factors for death
prior to discharge.

Continuous variables are presented as median (range) whereas categorical variables are
presented as percentages. Statistical analysis was performed in three steps: univariate analysis
was first used to examine the relationship between the categorical and continuous variables
and the primary outcome variable using the Wald test. From the univariate analysis, all
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variables at a p value < 0.20 in the univariate analysis were entered for multivariate analysis.
Stepwise logistic regression with forward selection was used to build parsimonious models for
each outcome. Those variables that did not retain statistical significance on multivariate
analysis were removed from the model. When the final model was identified, several additional
analyses where performed wherein the factors that had not been retained in the model were
reevaluated for inclusion. Results are presented as odds ratios (OR) with 95% confidence
interval (Cl). Due to collinearity between age and weight only one of the variables (age) was
included in the multivariate analysis. The values for serum AST were log transformed to
stabilize variance and normalize the distribution. The model’s goodness-of-fit was evaluated
using the Hosmer-Lemeshow chi square test and the discrimination of the model was assessed
using the area under the receiver operating curve. A p value of < 0.05 was considered to be
statistically significant. All analyses were performed using Stata statistical software, version
10, (StataCorp LP, College Station, Texas).

During the 6-year study interval, 329 in-hospital cardiac arrests occurred at our institution.
Figure 1 shows the yearly distribution of ECPR events and survival to discharge over the study
period. Four additional patients required ECLS after an episode of CPR, with cannulation for
ECLS occurring after ROSC. These four patients were excluded from the study. None of these
four patients survived to hospital discharge.

During the study period 32 patients underwent 34 ECLS deployments. Surgical cannulation
occurred in these patients during active external chest compressions or internal cardiac
massage. One patient underwent two ECLS deployments for ECPR during the same
hospitalization but did not survive to hospital discharge. Another patient required ECPR twice
during two separate hospitalizations. This patient survived to hospital discharge from both
events. For analyzing the primary outcome data this patient was counted twice.

Twenty eight deployments (82%) were for underlying cardiac disease, 3 for neonatal non-
cardiac (Neonatal ICU) patients and 3 for pediatric non-cardiac (Pediatric ICU) patients (Table
1). Overall, 24 patients requiring 33 ECLS deployments (73%) survived to hospital discharge.

Among those with cardiac disease, 20 (71%) patients with cardiac disease survived to hospital
discharge (Table 1). Two of these cardiac patients required ECPR for intractable arrhythmia,
12 patients had cyanotic congenital heart disease and the rest had acyanotic heart disease.

A minority of the study patients had non-cardiac primary diagnoses. All 3 neonatal ICU patients
and 2/3 (67%) pediatric ICU patients requiring ECPR survived to hospital discharge. The
primary diagnoses of the three PICU patients were succinylcholine-related malignant
hyperthermia (survived), toxic shock syndrome (survived), and septic shock with underlying
developmental delay (died). Two of the 3 neonatal ICU survivors suffered cardiac arrest related
to septic shock, and 1 had meconium aspiration syndrome with persistent pulmonary
hypertension leading to cardiac arrest. Five out of 10 patients (50%) who received prolonged
chest compressions (> 60 minutes duration) prior to ECMO deployment survived to hospital
discharge.

Table 1 also shows the comparison between survivors (to hospital discharge) and non-survivors
of ECPR for other variables. Table 2 depicts the univariate analyses of variables impacting
death prior to hospital discharge for patients undergoing ECPR. All variables at a p value of <
0.2 on the univariate analysis (age in months, blood Lactate at 24 hours post ECPR, a pH of
<7.2, need for renal replacement therapy, duration of CPR for > 60 minutes, serum ALT) were
included in the stepwise multivariate logistic regression model.
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On multivariate logistic regression analysis, only serum ALT (p value = 0.043; OR- 1.6; 95%
confidence interval-1.014-2.527) was significantly associated with risk of death prior to
hospital discharge. Blood Lactate at 24 hours post ECPR showed a trend towards significance
(p value-0.059; OR-1.27; 95% confidence interval-0.991-1.627). A Hosmer-Lemeshow y2 p-
value of 0.178 suggested a good fit for the model.

The multivariate model showed a sensitivity of 66.7%, specificity of 100%, a positive
predictive value of 100% and a negative predictive value of 88.89%. The receiver-operating
curve a measure of discrimination of the model yielded an area under the curve of 0.81.

The Pediatric Cerebral Performance Score (PCPC) and the Pediatric Overall Performance
Score (POPC) were used to evaluate gross neurological outcomes in the survivors. 75% (18/24)
survivors had no change in PCPC and POPC scores from a baseline (1-2) at discharge. Of the
24 survivors, subsequent post-discharge follow-up was available for 19 patients (79%). Mean
duration of follow-up was 31.5 months (range 1-72 months). The PCPC and POPC scores
were unchanged from those at the time of discharge for the cohort where follow-up after
discharge was available.

Of the 32 patients in the study, 31 had imaging of the head (ultrasound in 25 patients, CT scan
in 10 patients, and MRI in 18 patients) performed during the hospitalization. Among the 9
patients who did not have either a head CT scan or MRI, 8 had a normal head ultrasound.
Among the 4 patients who had a head CT scan but no head MRI performed, 3 head CT scans
were normal and 1 showed evidence of brain uncal herniation. Among those who died, 1 had
no head imaging performed, 1 had diffuse cerebral edema, and 1 had brain uncal herniation on
head CT scan, and 6 had normal head imaging. Among the survivors, 7 had normal head
ultrasound and no other imaging studies, 5 had severe brain injury noted, and another 4 had
milder lesions (very small areas of infarction in the left frontal lobe in 2 patients, subdural fluid
collection, a 2-mm lacunar defect in the left globus pallidus) on head MRI’s.

Table 3 provides details of the patients who were found to have more than 2 points change in
POPC/ PCPC scores. Of the 5 children who received >60 minutes of chest compressions before
ECPR, 2 (40%) survived without gross neurologic injury.

Discussion

This series of patients resuscitated with ECPR both supports and complements prior single-
institution reports (7,11-13). Table 4 shows other published pediatric series of ECPR patients
(17) and their reported outcomes. As in previous studies, patients with cardiac disease were
more likely to survive to hospital discharge after ECPR deployment than patients with other
disease processes. Also similar to previous studies (7,13), survival to hospital discharge was
not significantly associated with duration of CPR prior to institution of ECMO support. The
primary difference between this case series and previous series lies in its higher-than-expected
survival rate. While some very small series of cardiac patients supported with ECPR have
demonstrated 80-100% survival 5,18), the larger and likely more representative series that
have been published have reported hospital survival outcomes in the range of 30 — 50%.

A recently published meta-analysis of extracorporeal membrane oxygenation use in children
after cardiac arrest examined 288 children supported with ECPR (included 98 previously
unpublished cases) (33). Overall survival to hospital discharge was 114/288 (39.6%).
Interestingly, this meta-analysis included some patients for whom ECLS was initiated after
ROSC and reported only 176/251 (70%) patients in whom ECLS was instituted concurrently
with CPR, as was the case for all of the patients in our current series. Outcome data for patients
cannulated for ECPR during active chest compressions is not separately reported in this meta-
analysis, and presumably the overall survival rate includes some patients who received ECLS
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after ROSC. Regardless, the rate of survival to hospital discharge in our series (73%) compares
favorably with the published literature.

Unfortunately, the factors behind such an encouraging survival rate are not clear from the
current data and remain somewhat speculative. In our report serum ALT was identified as the
only significant risk factor for death prior to hospital discharge. This likely simply represents
a greater degree of end-organ injury in the non-survivors. It stands to reason that more rapid
deployment of extracorporeal support during a cardiac arrest may be associated with improved
perfusion and better neurologic and survival outcomes. However, as previously noted, neither
this series nor others noted statistically different duration of CPR between survivors and non-
survivors. Additionally, the range of pre-ECLS CPR duration for patients in this series does
not differ appreciably from times reported in other series from other institutions.

All of the patients reported in this series suffered cardiac arrest in either the cardiovascular
ICU, pediatric ICU or the neonatal ICU of a major children’s hospital. The cardiac arrest was
managed by either a cardiac intensivist or a fellow or attending pediatric intensivist or
neonatologist who was immediately available. Pediatric cardiovascular surgeons were
available for cannulation for ECPR either immediately or within a very short time (< 30 minutes
in almost all cases). ECLS staff also was available to the patient in-house in almost all cases
reported. In 2007, after the current analysis, our institution adopted a standard of ECLS
coordinators being available in-house on a continuous basis. It is possible that all of these
factors contributed both to rapid provision of expert CPR and rapid provision of extracorporeal
support, both of which may have enhanced outcomes. However, it should be noted that these
circumstances do not differ appreciably from those reported by Alsoufi and colleagues from
Toronto (13), yet overall survival in his large series of predominantly cardiac patients was
34%.

As in other reported series (29), neurologic outcome in our series was quite encouraging,
particularly considering that the alternative neurologic outcome, were ECPR not provided, is
death. 18/24 (75%) of survivors had no change from baseline in PCPC or POPC scores.

Study Limitations

As a retrospective non-randomized study this analysis has limitations. Due to small sample
size the study is subject to selection or ascertainment bias despite having included consecutive
patients during the study period in the study with a definitive primary outcome. Despite our
multivariate analysis results, the factors behind such an encouraging survival rate in our study
cohort are not clear from the current data and remain speculative. Even though we have
neurological outcome data at the time of hospital discharge, unfortunately, detailed neurologic
examination, neurodevelopmental evaluation, and detailed neuro-imaging studies were not
uniformly available for reporting in our current series as has been the case in other series.
Despite the availability of ECPR in all areas within our institution, all ECPR events in this
occurred inthe ICU’s - a controlled and monitored set-up, and predominantly included patients
with cardiac pathology. This study is limited to answer if these superior outcomes can be
replicated in other in-patient areas of the hospital and in cohorts where patients without primary
cardiac disease make up the majority of the cohort. Such detailed evaluation is a goal of our
program and should be a focus on any multi-center evaluation of ECPR.

Conclusions

In conclusion, ECLS instituted for selected refractory pediatric in-hospital cardiac arrest
patients is feasible and effective. Based on our experience, we suggest that ECPR be more
widely considered as an emergency resuscitative tool. Many questions regarding this use of
ECLS technology remain to be answered, including the patient populations most likely to
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nefit, technical and system factors associated with best outcomes, and detailed
urodevelopmental follow-up. The recent meta-analysis published by Tajik suggests that

ECPR may have a “value added” for hospital survival of 12-23% (33). However, given that
ECPR is currently utilized for refractory cardiac arrest, it is not unreasonable to view each

su
Wi
ad

rvivor as a 100% improvement in outcome. It is our hope that experienced ECMO centers
Il more readily consider use of this technology and that multi-institutional studies will
dress the questions noted above.
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Figure 1.
Distribution of ECPR cases and survival by calendar year
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Table 2

Multivariate analysis of variables associated with death prior to hospital discharge in patients requiring ECPR

Variables Odds Ratio pvalue 95% Confidence Interval
Serum AST 1.60 0.043 1.015 2.527
Blood Lactate at 24 hours post-ECPR 1.27 0.059 0.991 1.627
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Table 4
Summary of previous studies on ECPR
Author, year Patient population Successful ~ Survival to  Duration of CPR in minutes
cannulation  discharge;  median (range)
(n) n (%) or mean +/— SD
Huang 200829 MixedT 27 11 (41) Survivors 45 (25-50); Non-survivors 60 (37— 81)
Chan 200831  Cardiac: ELSO Registry™ 492 208 (42)  Not reported
Thiagarajan 200712 ELSO Registry™ 695 261(38)  Not reported
Ghez 200730 Cardiac 14 8 (57) 44+/— 27 minutes (10-110 minutes)
Alsoufi 200713 MixedT 80 27 (34) Outcome: Favorable-46 (14-95);Unfavorable-41 (19-110)
MacLaren 200725 Septic shock 18 10 (55)  Not reported
Thourani 200628 Cardiac 15 11(73%) 54 (4-127)
Allan 200632 Cardiac 19 15(79)  29(20-57)
De Mos 200622 MixedT 5 2 (40) All: 31-77; Survivors: 35-48
Cengiz 200520 ELSO Registry” 161 64 (40)  Not reported
Shah 200527 Cardiac 27 9(33) Not reported
Morris 200426 MixedT 64 21(33) Survivors: 50 (5-105); Non-survivors: 46 (15-90)
Hamrick 200323 Cardiac? 12 1(8) Not reported
Aharon 200118 Cardiac? 10 8 (80) 42 (5-110)
Parra 2000° Cardiac 4 4(100) 16 (12-20)
Posner 200024 ER 2 1(50) 50,90
Duncan 199814 Cardiac 1 7(64) 55 (20-103)
del Nido 199621 Cardiac? 11 6(55)  65+-9
Dalton 199319 Cardiac 1 6(55) 42 (42-110)

#post—cardiotomy only
*
ELSO Registry

1. . . .
includes cardiac and non-cardiac patients
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