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Abstract Purpose: Survival out-
comes in children with heart disease
after use of either non-emergent
extracorporeal membrane oxygena-
tion (ECMO) or cardiopulmonary
resuscitation (CPR) onto ECMO
(ECPR) are comparable. Concerns
remain regarding the impact of CPR
duration on survival and neurological
outcome. Methods: Children with
cardiac disease requiring ECMO were
identified from our database. Demo-
graphic, operative and ECMO details
were evaluated with respect to sur-
vival. In addition, resuscitation details
were extracted for the recent sub-
group requiring ECPR; these details
were evaluated with respect to sur-
vival and neurological outcomes at
midterm follow-up by univariate
analysis and multivariable logistic
regression. Results: There were 126
ECMO runs in 116 children; 61
(53%) received ECPR. Forty-eight
(41%) children survived to discharge;
survival in the most recent era was
48%. Thirty-seven children under-
went ECPR in the most recent era
with 14 (38%) surviving to discharge.

Duration of cardiopulmonary resus-
citation differed significantly between
survivors and nonsurvivors (15 vs.
40 min, p = 0.009); children requir-
ing C30 min of CPR had 79%
reduced odds of hospital survival
(OR = 0.21, 95% CI = 0.05–0.96,
p = 0.04). Two children died after
hospital discharge; with 33% having
paediatric cerebral performance cate-
gory scores B2. Poor neurological
outcome was associated with longer
duration of CPR (32 vs. 17.5 min,
p = 0.03). Conclusions: Despite
comparable survival outcomes
between ECPR and non-emergent
ECMO in children with cardiac dis-
ease a significant association between
CPR duration and outcome (survival
and neurological) was noted in this
population.
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Introduction

Children after in-hospital cardiac arrest continue to have
significant morbidity and mortality [1]. Survival to hos-
pital discharge after in-hospital paediatric cardiac arrest is
reported to be between 13 and 27% [1–8] with conven-
tional resuscitation. A large study of cardiac arrest

involving 880 children from 156 institutions demon-
strated a 27% survival to discharge [1]. Requiring more
than 15 min of cardiopulmonary resuscitation (CPR) has
been associated with poor outcome [3, 8]. Numerous
studies have documented successful use of extracorporeal
membrane oxygenation (ECMO) during CPR (ECPR) [9,
10] in children with cardiac disease [11, 12]. Reported
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survival to discharge with ECPR ranges from 25 to 50%
[10, 12–14]; a recent study examining 695 ECPR episodes
from the Extracorporeal Life Support Organization
(ELSO) registry shows a 38% survival to discharge [12].
Despite laudable ECPR survival outcomes in children, the
potential burden of neurological morbidity is cause for
concern [15, 16] and is likely to be under-reported in
registry data [15].

We reviewed the outcomes of all children with cardiac
disease who required veno-arterial (VA) ECMO support
at our institution. Our rapid response ECMO program
began in 2002 and since then our use of ECPR has
increased in this population. Recognizing that these
children with cardiac disease may have the poorest neu-
rologic outcomes, we sought to describe these outcomes
with attention to predictive factors.

Methods

This study was approved by the Royal Children’s
Hospital (RCH) Ethics and Research Committee. We
performed a retrospective cohort study of all children with
cardiac disease who required ECMO from November
1990 to April 2006. We evaluated potential predictive
factors with respect to the primary outcome of interest—
survival to hospital discharge.

RCH is a tertiary paediatric hospital with 250 inpatient
beds, 20 paediatric intensive care unit (PICU) beds and a
cardiac surgical program that performs 400–500 open
surgical cases a year. RCH has a mechanical support
program performing 20–30 ECMO runs/year. All RCH
patients who require ECMO are managed in the PICU.
Potential patients were identified through a review of the
institutional ECMO database which was created in 1997
and has since been prospectively maintained. Data on
ECMO runs prior to 1997 were gathered through an
extensive chart review at database inception. We exclu-
ded all patients placed on veno-venous ECMO, all
patients placed on ECMO for primary respiratory or
septic indications and all patients with congenital dia-
phragmatic hernia. For patients requiring multiple ECMO
episodes during a single hospital admission, only the
initial ECMO episode was analysed with respect to the
outcomes of interest. Patients were assigned a risk score
for comparison using the risk adjustment for congenital
heart surgery 1 (RACHS-1) score [17].

Children were placed on VA ECMO for either non-
emergent or emergent indications. Non-emergent ECMO
indications were predominantly due to failure to separate
from cardiopulmonary bypass in the operating room.
Other urgent (but non-emergent) indications for cannu-
lation in the PICU included progressive low cardiac
output states or hypoxaemia related to shunt obstruction.
Emergent indications for ECMO (hereafter called ECPR)

consisted of ECMO deployed for refractory cardiac arrest
(in our institution, either 3 rounds of resuscitative drugs or
maximal duration of 5 min without return of spontaneous
circulation). Cardiac arrest was defined as any patient
requiring external or internal cardiac massage for 60 s or
greater because of a profound low output cardiac state,
consistent with the operational definition of cardiac arrest
from the American Heart Association National Registry
of CPR [18] and the revised Utstein [19] format. Patients
denoted as ECPR did not regain return of spontaneous
circulation at the terminal portion of the resuscitation,
thus requiring continuing CPR for ultimate cannulation on
to ECMO. Outcomes were reported as a function of the
number of patients (n = 116), not the number of events
(n = 126), as recommended by the Utstein reporting
template.

Circuit composition, cannulation and ECMO
management at RCH Melbourne

RCH uses a compact centrifugal impeller-driven pump-
head with minimal priming volumes for rapid
deployment. In January 2002, our institution changed the
standard ECMO circuit to a Rotaflow (Maquet, Jostra
Medizintechnik AG, Hirrlingen, Germany) pumphead and
Quadrox D membrane oxygenator (Maquet, Jostra Med-
izintechnik AG, Hirrlingen, Germany) so that a single
system could be utilized for all patients regardless of size
or indication. Since this time, one infant circuit (and
occasionally a second for patients [15 kg) is always
primed and easily accessible to the PICU. These circuits
can be quickly mobilized during a cardiac arrest and
ECPR initiated by an ECMO rapid response team (RRT)
(without the presence of a perfusionist). The circuits are
pre-primed with crystalloid (Plasmalyte A; Baxter); sur-
gical equipment and ECMO cannulae are available in an
ECMO cart that is always accessible in the PICU.
Transthoracic cannulation is preferred in those children
who are recently (B14 days) post cardiotomy; primary
neck cannulation is used for all other patients. Haemo-
concentration was achieved through pack cell transfusion
to target a haematocrit C30% and a mixed venous satu-
ration C70%; these were continuously monitored through
the inflow venous cannula.

ECMO flows are increased to a goal of 100–150 ml/
kg/min. Mechanical ventilation is adjusted to ‘‘rest’’ set-
tings when adequate flows are ensured. Sweep gas FiO2

is adjusted to an inspired oxygen concentration of
0.21 and sweep gas flow rates are adjusted to maintain
normocapnia. After ECPR, controlled hypothermia is
maintained at a core temperature of 33–34�C for 48 h at
which point slow rewarming occurs over an additional
24 h to 36–37�C. After an initial bolus of 100 U/kg of
heparin at cannulation, heparin infusion is titrated to
maintain an activated clotting time (ACT) of 180–220 s.
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Platelet counts are maintained about 100 9 109/L with
transfusions as necessary. Ongoing bleeding is managed
with adjustments of heparinization, local control and an-
tifibrinolytics unless surgical re-exploration was deemed
necessary.

Decisions regarding further evaluation (echocardiogra-
phy, cardiac catheterization) and/or reoperation were patient
specific and made by the multidisciplinary PICU and cardiac
surgery teams. Clinical evaluation and symptomatology
dictated the need for neurologic consultation and/or testing.
Routine head imaging or continuous electroencephalogra-
phy (EEG) while on ECMO was not the standard during the
study period.

Data collection and statistical analysis

Demographic, pre-ECMO, ECMO and outcomes were
compared for survivors and nonsurvivors; descriptive
statistics were generated for all variables in the dataset
with particular emphasis on survival outcomes. Outcomes
for the entire cohort were analysed. Comparisons were
made between ECMO patients during two eras: before
and after creation of the RRT. Outcomes were also
assessed for the recent ECPR subgroup for which com-
plete resuscitation and midterm outcome data were
available.

To assess global outcome we utilized the pediatric
cerebral performance category (PCPC) score [20]. Scores
were assigned prospectively to all survivors during fol-
low-up assessment.

For comparisons of continuous data, t tests or the
Wilcoxon rank-sum test were used. Comparisons of cat-
egorical data were performed with the v2 test; the Fisher’s
exact test was substituted when the expected cell counts
were B5. Predictors of survival to hospital discharge were
evaluated by univariate analysis. Candidate variables for
inclusion in a multivariable logistic regression model
were chosen from the initial univariate analysis with the
criteria of selection set at p B 0.1. Model validity was
evaluated using the Wald statistic for the overall model.
Restricted models with fewer parameters were compared
with full model initially using the likelihood and Wald
statistics and then more definitively using the likelihood
ratio test. The fit of the model was evaluated using the
Hosmer–Lemeshow statistic.

SAS Version 9.2 (Cary, NC, USA) was used for the
analysis. Continuous data are reported as median values
with interquartile range (IQR) with categorical data
reported as frequency (n) and percentage (%). Statistical
significance was set at a p value B0.05.

Results

Entire cohort

From 1990 to 2006, 116 children with cardiac disease
underwent 126 ECMO runs at our institution (Fig. 1).
Baseline characteristics of our ECMO inception cohorts
were compared before and after initiation of our ECMO

Fig. 1 Summary of clinical
outcomes. ECMO
extracorporeal membrane
oxygenation, ECPR ECMO
cardiopulmonary resuscitation,
NP number of patients,
NE number of events,
PCPC paediatric cerebral
performance category
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rapid response team (RRT) that occurred in 2002. Age at
cannulation was 1.7 (0.4, 15.5) months at a weight of 3.9
(3.0, 8.7) kg. Twenty-seven children (23%) had single-
ventricle congenital heart disease, 69 (60%) had two-
ventricle congenital heart disease and 20 (17%) had
primary myocardial disease (14 with myocarditis/
cardiomyopathy and 6 post heart transplant). ECPR was
used in 61 (52%) of the patients with more frequent usage
after creation of the RRT (40.7 vs. 62.9%, p = 0.01).
Patients resuscitated after creation of the RRT were
younger (0.8 vs. 3 months, p = 0.02) and had a higher
RACHS-1 score (4 vs. 3, p = 0.01). Patients requiring
ECPR had a higher peak lactate (13 vs. 4.8 mmol/L,
p \ 0.0001), lower nadir systolic blood pressure (40 vs.
50 mmHg, p = 0.01) and a lower arterial nadir pH (7.18
vs. 7.36, p = 0.001) when compared with non-emergent
ECMO patients. Timing of cannulation (during regular
hours vs. on-call hours; p = 0.79), arterial blood gas pH
prior to cannulation (p = 0.16) and duration of ECMO
support did not change significantly throughout the period
of study (p = 0.26). The distribution of RACHS-1 scores
in our cohort increased significantly to reflect a higher
risk category of patients in the most recent era (from a
median RACHS 3–4; p = 0.01) (Table 1). This is also
reflected by the fact that 20 of the 27 (74%) children with
single-ventricle congenital heart disease were supported
in the most recent era (since January 2002).

The overall survival to decannulation, PICU discharge
and hospital discharge for the entire cohort was 64 of 116
(55%), 48 of 116 (41%) and 48 of 116 (41%) respectively.
There were no significant predictors of survival to hos-
pital discharge. The overall survival to PICU and hospital

discharge improved after introduction of the RRT from
33.3 to 48.4%, although this did not achieve statistical
significance (p = 0.10). After initiation of the RRT, there
was significant improvement in survival to 24 h post
decannulation (42.6 to 66.1%, p = 0.01), survival to
7 days post decannulation (37.0 vs. 58.1%, p = 0.02) and
survival to 28 days post decannulation (31.5 vs. 51.6%,
p = 0.03). Baseline risk stratification (RACHS-1 score)
was not different between survivors (median 3, IQR 3–4)
and nonsurvivors (median 4, IQR 3–4; p = 0.30).

Recent cohort (2002–2006)

In our recent experience, ECPR was used in 37 children
with cardiac disease at an age of 22 (8, 150) days, weight
of 3.4 (2.8, 4.8) kg, peak lactate of 12.2 (5.5, 14.3) mmol/
L, nadir arterial pH of 7.14 (7.00, 7.36) and nadir pre-
ECMO systolic blood pressure of 41 (29, 50) mmHg.
Twenty patients (54%) were male. The duration of CPR
and time to establishment of ECMO flows were 30 (15,
50) and 60 (40, 95) min respectively. The duration of
ECMO support, PICU and hospital stay in this population
was 4.3 (2.9, 6.9), 9.6 (16, 33) and 11 (23, 46) days
respectively; 23 (62%) patients survived for at least 24 h
after decannulation with 14 (38%) patients surviving to
PICU and hospital discharge (Table 2). Two patients died
after hospital discharge at a mean time of 2.5 months
post hospital discharge; both had sudden cardiac arrests
precipitated by an aspiration event. The remaining 12
patients were reviewed at a post discharge follow-up of
2.1 (1.1, 4.0) years. Four patients had a good neurological

Table 1 Baseline demographics

Variable Standard ECMO team Rapid response ECMO program p value
(1990–2001; n = 54) (2002–2006; n = 62)

Age (months) 3.0 (1.0, 24.0) 0.8 (0.3, 8.0) 0.02
Weight (kg) 4.4 (3.1, 11.0) 3.6 (2.9, 8.5) 0.14
Male (%) 23 (43) 34 (55) 0.19
ECPR 22 (40.7) 39 (62.9) 0.01
Cannulated in 0.01
PICU 35 53
OR 19 9

ECMO timing 0.78
During regular hours 37 41
Off hours 17 21

RACHS-1 score 3 (3, 4) 4 (4, 6) 0.01
CPB time (min) 225 (156, 279) 196 (133, 240) 0.18
SBP (mmHg) 47 (37, 50) 41 (32, 54) 0.31
Lactate (mmoL/L) 10.7 (5.9, 18.8)a 6.8 (4.3, 13.0) 0.03
Arterial gas pH 7.31 (7.18, 7.40) 7.26 (7.05, 7.38) 0.12
ECMO duration (days) 3.3 (1.6, 5.6) 4.4 (2.6, 7.6) 0.03
Hospital survival 18 (33.3) 30 (48.4) 0.10

Continuous data are presented as median (IQR); categorical data as
n (%)
ECMO extracorporeal membranous oxygenation, ECPR ECMO
cardiopulmonary resuscitation, PICU pediatric intensive care unit,
OR operating room, RACHS-1 risk adjustment for congenital heart

surgery score, CPB cardiopulmonary bypass SBP systolic blood
pressure
a Missing lactate values in 30 patients prior to 1996 as lactate
testing was not routinely performed
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outcome as defined by a PCPC of B2. Of all risk factors
examined only a longer duration of CPR prior to suc-
cessful ECMO cannulation (Fig. 2) was significantly
associated with hospital mortality (40 vs. 15 min,
p = 0.009). This model was adjusted for RACHS-1
classification as a confounding variable. This model
likelihood ratio and Wald statistic were both statisti-
cally significant (v2 = 15.8, p = 0.001 and v2 = 7.9,
p = 0.04). The Hosmer–Lemeshow goodness of fit test
was consistent with an acceptable model (chi-squared
statistic 10.1, p = 0.38). After adjusting for RACHS-1
score, need for more than 30 min of CPR reduced the
odds of hospital survival by 79% (OR = 0.21, 95%
CI = 0.05–0.96, p = 0.04). Longer duration of CPR was
also associated with a lower likelihood of a good neuro-
logical outcome (32 vs. 17.5 min, p = 0.02; OR = 0.6,
95% CI = 0.36–1.05, p = 0.07 per 5-min increment of
CPR).

Interventions and complications during ECMO

The frequency and type of complications on ECMO are a
function of the circuit technology, patient population [21]
and perhaps duration of support [14]. Overall, the inci-
dence of ECMO complications in ECPR survivors
and nonsurvivors is shown in Table 3. The incidence
of circuit complications, re-exploration for bleeding,
blood product utilization and end-organ injury was com-
parable in both groups. There was a trend towards greater
reintervention on ECMO in survivors (10 of 14) com-
pared with nonsurvivors (7 of 23; p = 0.08) driven

predominantly by a greater frequency of shunt revisions
in survivors (5 vs. 1; p = 0.02). Survivors were more
likely to have recovery of cardiac function. Discontinua-
tion of extracorporeal support was more likely to be
prompted by poor prognostic factors (lack of cardiovas-
cular recovery, neurologic devastation or multiorgan
injury) in the nonsurvivors.

Discussion

The use of ECMO resulted in a 41% survival of children
with cardiac disease who may have otherwise died at our
institution; this survival rate increased to 48% in our
most recent experience. The use of ECPR has increased
in our institution with a survival rate in our recent cohort
of 38%. In contradistinction to other series [10, 13, 14],
we have demonstrated that duration of CPR prior to
ECMO may be a risk factor for hospital survival
and may potentially affect the quality of neurological
outcome.

Survival outcomes after ECMO may be influenced by
a number of issues including patient factors (genetic
predisposition, cardiac diagnosis), operative factors,
decision making while on ECMO and complications
related to the ECMO run. Noncardiac structural and
chromosomal anomalies increased the odds of ECPR
mortality by a factor of 3 in the multivariable model
generated by Kane et al. [14]. Technical issues related to
shunt and coronary artery anastomoses may predispose
certain groups to cardiac arrest [22]. ECPR combined

Table 2 Characteristics of ECPR survivors and nonsurvivors

Variable Hospital survivors Hospital nonsurvivors p value
(n = 14) (n = 23)

Age (months) 1.8 (0.6, 5.0) 0.6 (0.3, 3.0) 0.31
Weight (kg) 3.8 (2.9, 5.3) 3.2 (2.7, 4.8) 0.32
Male sex, n (%) 5 (38) 14 (60) 0.18
Duration of pre-ECMO PICU admission (h) 32 (18, 219) 80 (18, 156) 0.68
RACHS-1 score C4, n (%) 5 (36) 10 (43) 0.74
Lactate (mmol/L)ab 11.6 (4.4, 14.3) 12 (5.5, 13.6) 0.88
pHa 7.24 (7.00, 7.41) 7.12 (7.00, 7.33) 0.36
SBP (mmHg)ac 38 (32, 35) 41 (27, 46) 0.50
Minutes of pre-ECMO CPR 15 (5, 30) 40 (30, 60) 0.009
Dose of adrenaline (mcg/kg) 19.5 (9, 96) 37.5 (18, 127) 0.67
Minutes to cannulationd 65 (60, 95) 62 (42, 95) 0.86
Duration on ECMO (h) 97 (71, 186) 107 (73, 166) 0.91
Post-ECMO PICU time (days) 19 (12, 34) 8.9 (5.7, 24) 0.02
Post-ECMO hospital time (days) 40 (21.5, 124) 10.8 (6.2, 26.3) 0.001

Continuous data are presented as median (IQR)
ECMO extracorporeal membrane oxygenation, CPR cardiopulmo-
nary resuscitation, ECPR ECMO CPR, PICU paediatric intensive
care unit, RACHS-1 risk adjustment for congenital heart surgery
score, mcg micrograms
a Represents worst measure immediately prior to completion of
cannulation

b Missing (n = 4)
c Missing (n = 5)
d Represents time from page to ECMO team to establishment of
stable ECMO flows

857



with timely identification and elimination of residual
lesions can lead to superior survival and functional out-
comes in this patient group [22]. This was demonstrated

by our significant association between need for shunt
revision after ECPR and survival; this has been reported
by other groups [23, 24].

Fig. 2 Survival after ECPR
(2002–2006) to hospital
discharge by duration of CPR
prior to cannulation. CPR
cardiopulmonary resuscitation,
ECPR extracorporeal
membrane oxygenation CPR

Table 3 ECMO complications in ECPR survivors and nonsurvivors

Variable Hospital survivors Hospital nonsurvivors p value
(n = 14) (n = 23)

ECMO circuit complications, n (%) 10 (71) 13 (57) 0.49
Surgical re-exploration for bleeding, n (%) 7 (50) 11 (48) 1.00
Blood product utilization (mL/kg/day) 71 (67, 76) 78 (48, 111) 0.66
Red blood cells 35 (24, 49) 36 (28, 49) 0.61
Fresh frozen plasma 13 (7, 18) 13 (4, 23) 0.91
Platelets 20 (12, 32) 20 (13, 35) 0.83

Interventions on ECMO, n (%) 10 (70) 7 (30) 0.08
Shunt revisions 5 (36) 1 (4) 0.02

CNS injury, n (%) 2 (14) 9 (40) 0.14
Seizures 0 2 (9)
Infarction 2 (14) 5 (22)
Intracranial bleed 0 1 (4)
Brain death 0 3 (13)

Renal injury, n (%) 3 (21) 9 (40) 0.31
Creatinine [114 lmol/L 2 (14) 6 (26)
PD/CVVH 1 (7) 7 (30)

Plasma haemoglobin (g/dL) 0.58 (0.39, 0.93) 0.82 (0.39, 1.16) 0.34
Reason for decannulation, n (%)
Recovery of cardiac function 11 (79) 9 (39) 0.04
Bridge to transplant 3 (21) –
Poor prognosis 0 14 (61)
Neurologic – 7 (30)
Cardiac – 10 (43)
Multiorgan – 5 (22)

Continuous data are presented as median (IQR)
ECMO extracorporeal membrane oxygenation, ECPR ECMO cardiopulmonary resuscitation, CNS central nervous system, PD peritoneal
dialysis, CVVH continuous veno-venous hemofiltration
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Conventional resuscitative efforts are often limited to
15–20 min based on data showing poor outcome beyond this
threshold [1, 3, 8]. Recent findings from a large single insti-
tution experience of ECPR demonstrated no difference in
CPR duration between survivors and nonsurvivors [14].
These findings and the recognition that successful outcomes
with ECPR after long ([60 min) CPR duration can occur [25]
have tended to result in liberal use of ECMO in this scenario.
Our data demonstrate a survival after 30 min of CPR of less
than 25%. These data are sobering and reaffirm the need to
identify patients unlikely to benefit from ECPR. At this point
however, we believe that families of patients in whom ECPR
has been instituted after a long duration ([50–60 min) of
CPR should be given a guarded prognosis. In addition, if such
patients have persistent metabolic acidosis, slow lactate
clearance or development of multiorgan dysfunction during
ECMO, then the family should be advised that survival is
unlikely and potential morbidity is high.

Because of the organization at our particular institution,
the duration from when the ECMO call was initiated to when
flows were established was about 60 min; this did not differ
between ECPR survivors and nonsurvivors. In addition,
ECMO cannulation during regular hours or on-call hours did
not affect survival outcome. Our institutional organization
likely prompted early calls for the ECMO team prior to
cardiac arrest; however it is clear from the discrepancy
between the times to cannulation and the duration of CPR
that many of these deteriorated to ECPR cannulations.

Our data also demonstrated some late mortality and
significant morbidity in the hospital survivors of ECPR.
Two survivors died at a mean of 2.5 months after dis-
charge. Both children had primary aspiration events that
secondarily led to their terminal cardiac arrest. In addi-
tion, 8 of 12 (67%) of our late survivors had PCPC scores
B3 (with only 4 patients having PCPC scores of B2).
Good neurological outcome as defined by a PCPC score
B2 was significantly associated with a lower duration of
CPR prior to ECMO. This relationship between duration
of CPR and neurological outcome had been demonstrated

with conventional resuscitation by de Mos et al. [3].
Huang et al. [26] also showed this relationship with ECPR,
however with some important differences in study method-
ology. Huang assumed that CPR duration was equivalent to
the time from activation of ECPR to cannulation; such an
assumption may not be valid given that the median cannula-
tion time was more than twice the median CPR duration (65
vs. 30 min, p\0.0001) in our study. In addition, the median
age of 4 years in their study is not generalizable to most
paediatric cardiac ECPR programs [26]. The degree of neu-
rological injury in our survivors is different than that reported
by Kane et al. [14], where 79% had PCPC scores B2. This
difference may be explained by their group’s faster deploy-
ment by an in-house surgical team, shorter CPR times and
higher utilization of ECPR standby during catheterization
procedures. The neurological outcomes in our cohort are in
keeping with more detailed systematic developmental follow-
up reported by Lequier et al. [16] and other groups [15, 27].

Our study has a number of important limitations. Two
studies had previously demonstrated a significant association
between mortality and complications while on ECMO [12,
14]; specifically neurological and renal complications.
Although we found no such association, our low complica-
tion rates were likely driven by a small sample size and an
absence of systematic screening with head imaging and EEG
while on ECMO. In addition, decision making regarding
day-to-day management while on ECMO was difficult to
capture at the individual patient level; there was not a
systematic approach to timing of investigations (echocardi-
ography, catheterization) during the study period.

In conclusion, ECMO plays an important role in the
optimal management of critically ill children with heart
disease. In the current study, survival outcomes after ECPR
were comparable with non-emergent ECMO; this is in
keeping with other published data. However, we have noted
a significant association between duration of CPR and hos-
pital mortality. Despite a good neurological outcome in 33%
of survivors, longer duration of CPR in our population was
associated with poor neurological outcome.
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