
Congenital Heart Disease Jolley et al

C
H
D

Extracorporeal membrane oxygenation in patients undergoing
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Objective: Patients who have undergone the superior cavopulmonary anastomosis (Glenn procedure) have
unique cardiopulmonary-cerebral physiology that may limit the success of cardiopulmonary resuscitation and
extracorporeal membrane oxygenation (ECMO). Limited data published to date suggest grim morbidity and
mortality when ECMO is used. We utilized the Extracorporeal Life Support Organization registry database to
more thoroughly assess outcomes in these patients.

Methods:Data from the Extracorporeal Life Support Organization registry from 1999 to 2012 for children with
Glenn physiology aged 3 months to 1 year were retrospectively analyzed. Demographics and ECMO character-
istics were compared between survivors and nonsurvivors. Factors associated with mortality were evaluated us-
ing multivariate logistic regression.

Results: Of 103 infants, 42 (41%) survived to hospital discharge. Neurologic complications (eg, seizure, hem-
orrhage, or embolic stroke) were documented in 23% of patients (24 of 103) and 14% of survivors (6 of 42). In
univariate analysis, inotropic requirement before ECMO, duration of ECMO, mechanical complications with
the ECMO circuit, renal failure, and pulmonary hemorrhage or pneumothorax were predictors of mortality.
In multivariate logistic regression, inotrope requirement (odds ratio [OR], 3.6; 95% confidence interval [CI],
1.3-9.8), longer duration of ECMO support (OR, 7.2; 95% CI, 1.8-28), combined cardiopulmonary indication
for ECMO (OR, 3.7; 95% CI, 1.4-9.7), and renal failure (OR, 4.2; 95% CI, 1.5-12) were associated with
mortality.

Conclusions: Mortality in infants with Glenn physiology supported with ECMO is lower than that previously
reported, but the incidence of neurologic injury is high. These data support use of ECMO in patients with Glenn
physiology with refractory cardiopulmonary failure. (J Thorac Cardiovasc Surg 2014;148:1512-8)
Extracorporeal membrane oxygenation (ECMO) is an
important tool with the potential to rescue patients from cir-
culatory and respiratory failure when medical management
is insufficient. ECMO has been used successfully to support
a broad range of pediatric patients with cardiac disease and/
or cardiopulmonary arrest; outcomes have varied with pa-
tient anatomy and indication.1-9 There is some variability
in surgical approach and therefore the nomenclature;
however, the physiology of the subtypes of superior
cavopulmonary connection is essentially the same. We
will refer to this group as patients with Glenn physiology.
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Installation of a superior cavopulmonary anastomosis
(Glenn procedure) is typically the second stage of a 3-part
surgical palliation strategy for a heterogeneous group of pa-
tients with single ventricle physiology. In this operation, the
superior vena cava (SVC) is divided from the right atrium
and sewn to the right pulmonary artery. SVC drainage re-
turns passively to a common atrium via the pulmonary
vascular bed, whereas the inferior vena cava (IVC) drains
directly to the common atrium. There is some variability
in surgical approach and therefore the nomenclature; how-
ever, the physiology of the subtypes of superior cavopulmo-
nary connection is essentially the same. This anatomic and
physiologic arrangement presents unique challenges for
cardiopulmonary resuscitation (CPR) and CPR with imme-
diate cannulation to ECMO (ECPR), particularly related to
cannulation strategy and adequate ECMO support.10-12

Surgical outcomes for patients who have undergone the
Glenn procedure are typically very good and ECMO use
in this population is relatively uncommon.13 As a conse-
quence, there are very few studies describing outcomes or
predictors of morbidity and mortality in this cohort. A
case report in 2002 described the successful peripheral ve-
noarterial (VA) ECMO support of an infant with respiratory
syncytial virus pneumonitis after a Glenn operation.10 The
gery c October 2014
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Abbreviations and Acronyms
CPR ¼ cardiopulmonary resuscitation
ECMO ¼ extracorporeal membrane oxygenation
ECPR ¼ Cardiopulmonary resuscitation with

immediate cannulation to extracorporeal
membrane oxygenation

ELSO ¼ Extra Corporeal Life Support
Organization

IVC ¼ inferior vena cava
SVC ¼ superior vena cava
VA ¼ venoarterial
VV ¼ venovenous
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largest study was published by Booth and colleagues11 in
2004 and described single-center outcomes in 6 patients.
Three patients were successfully decannulated, but all 3
had significant neurologic or other end organ injury. Two
of these 3 patients died before discharge, and the 1 patient
who did survive to discharge after heart transplant experi-
enced serious neurologic injury. Since 2004, there has
been 1 additional case report of successful use of venove-
nous (VV) ECMO in a severely hypoxemic patient
following palliation with the Glenn procedure12 and 1 pub-
lished series describing ECMO in 4 patients who have un-
dergone the Glenn procedure with no survivors.14

The Extracorporeal Life Support Organization (ELSO)
registry database has been used in the past to describe sur-
vival and predictors of survival of ECMO in the first and
third stages of palliation of single ventricle physiology.15,16

The ELSO registry is now used to describe the outcome and
predictors of morbidity and mortality in patients who have
undergone theGlenn procedurewho require ECMOsupport.
METHODS
Data Source and Study Population

We retrospectively analyzed data obtained from the ELSO registry from

the years 1999 to 2012 for infants who underwent a Glenn operation be-

tween ages 3 and 12 months. The registry collects data on ECMO use

from patients of all ages from 288 international centers. Participating cen-

ters voluntarily report data to the registry using a standardized data form.

The data reported include demographic, diagnostic, and procedural infor-

mation, pre-ECMO status, ECMO support details, complications, and out-

comes. The data are reported to ELSO after approval from each center’s

institutional review board. The data use agreement allows the release of

limited de-identified data to member centers for the purposes of research

and scientific publication without the need for additional institutional re-

view board approval.

All children reported to the ELSO registry with single ventricle congen-

ital heart disease whose procedure included a code for Glenn (ie, common

procedural terminology codes 33766 [Classic Glenn] and 33767 [Bidirec-

tional Glenn Shunt]; and ELSO registry procedure codes 2733 [Classic

Glenn] and 2734 [Bidirectional Glenn Shunt]) from 1999 until June 2012

were included. Patients with a common procedural terminology code for

Fontan were excluded. Cardiac addendum information was available for

all patients.
The Journal of Thoracic and Car
Data Categorization
The surgical approach to ECMO cannulation was variable. Arterial can-

nulation sites were categorized as aorta, right common carotid, left common

carotid, or other. Venous cannulation sites were grouped into right atrium or

right internal jugular vein. Cannulation via open chest was distinguished

from closed chest by cannulation site with presence of aortic, right atrium,

or pulmonary artery cannulation. The duration of mechanical ventilation

was cumulative from endotracheal intubation to ECMO deployment and

includedmechanical ventilator support in the pre- andpostoperative periods.

Statistical Analysis
Survival was defined as survival to hospital discharge to home or

another facility. The demographic, pre-ECMO, ECMO support, and

complication data were compared between survivors and nonsurvivors.

The Mann-Whitey U test was used to compare continuous data, and the

c2 test was used for categorical data. Fisher exact test was used when the

expected counts in more than 20% of cells was<5. The data are presented

as median with interquartile range (IQR) (25th-75th percentile) or fre-

quencies with percents, unless specified otherwise. For patients with mul-

tiple ECMO runs (n ¼ 4), only data from the first run were analyzed.

Multivariate logistic regressionmodelingwas used to explore the factors

associated with mortality. The candidate variables for inclusion were

selected from the bivariate analysis based on P values � .1, entered into

the regressionmodel using a stepwise selection process, and retained if their

adjustedP values were�.05. A continuous variable retained in amodel was

evaluated for a linear association with mortality and only retained as a

continuous variable if this assumption was satisfied. Variables not meeting

criteria for linearity were divided according to their distribution (eg, tricho-

tomized) and refitted into the model as categorical variables. The data were

analyzed with SAS version 9.3 (SAS Institute, Inc, Cary, NC).
RESULTS
Study Population: Demographic and Pre-ECMO
Data
A total of 103 infants who have undergone Glenn proce-

dure aged 3 to 12 months underwent 107 ECMO cannula-
tions. This represented 4.7% of total cardiac ECMO data
collected by ELSO for children of approximately similar
ages (1-12 months) over the same time period. The median
(IQR, 25th-75th percentile) age at cannulation was 158 days
(IQR, 124-214), and the median (IQR) weight was 5.6 kg
(IQR, 5.0-6.4). None of the patients had documented major
noncardiac anomalies. VA cannulation was used in the ma-
jority of patients (96%). Themajority of mutually exclusive
indications for ECMO reported in the primary ELSO data
set were cardiac (cardiac, n ¼ 90, 87%; ECPR, n ¼ 9,
9%; and pulmonary, n ¼ 4, 4%).
Sixty-eight patients (66%) were successfully decannu-

lated, ECMO was discontinued on family request in 4 pa-
tients (4%), 7 patients (7%) had a diagnosis incompatible
with life, and 24 patients (23%) had single or multiple or-
gan failure. Four patients (4%) required>1 ECMO run, 2
of whom survived. In Table 1 the duration of ECMO is
shown for survivors and nonsurvivors. Sixty-eight patients
(66%) survived to decannulation. Of these 68 patients, 42
(61%) survived to discharge. In patients who survived to
decannulation, the median (IQR) for ECMO duration was
97 hours (IQR, 65-148 hours). For patients who were both
diovascular Surgery c Volume 148, Number 4 1513



TABLE 1. Extracorporeal membrane oxygenation (ECMO) variables

and complications in survivors and nonsurvivors aged 3 to 12 months

Variable

Survivors

(n ¼ 42)

Nonsurvivors

(n ¼61)

P

value

Cannulation strategy .03

Venoarterial 38 (90) 61

Venovenous 4 (10) 0

General cannulation strategy .86

Transthoracic (aorta, pulmonary

artery, or right atrium)

36 (86) 53 (87)

Peripheral only 6 (14) 8 (13)

Arterial cannulation site

Aorta 33 (92) 52 (88) .58

Right common carotid artery 0 5 (8) .07

Venous cannulation site

Right atrium 35 (97) 47 (80) .008

Right internal jugular 2 (6) 7 (12) .30

Left internal jugular 0 0

Pulmonary artery 0 3 (5) .17

ECMO flow at 4 h, mL/kg/min 101 (87-125) 104 (89-124) .27

ECMO flow at 24 h, mL/kg/min 102 (86-125) 111 (92-136) .21

Ventilator breath ratey 10 (10-15) 12 (10-18) .45

Positive end expiratory pressure,

cm watery
5 (5-8) 6 (5-8) .21

Mean airway pressurey 8 (7-11) 9 (8-12) .27

Duration of ECMO duration, h 88 (48-132) 136 (73-267) .003

Multiple ECMO runs 2 (5) 2 (3) 1

Mechanical complications .03

Circuit complications 2 (5) 12 (20) .03

Air embolism 2 (5) 1 (2) .56

Circuit thrombosis 8 (19) 21 (34) .09

Surgical bleeding 17 (40) 31 (50) .30

Disseminated intravascular

coagulation

1 (3) 7 (12) .15

Hemorrhagic complication 7 (17) 16 (26) .25

Neurologic injury 6 (14) 18 (30) .07

Renal failure 8 (19) 26 (43) .01

Arterial blood pH<7.2 on ECMO 3 (8) 8 (13) .43

Need for inotropes on ECMO 22 (59) 41 (68) .38

Myocardial stun on ECMO 0 4 (7) .30

Arrhythmias on ECMO 7 (19) 15 (25) .48

Tamponade on ECMO 1 (2) 5 (8)

Pneumothorax or pulmonary

hemorrhage

0 12 (20) .002

Gastrointestinal hemorrhage 0 2 (3) .26

Hyperbilirubinemia* 1 (3) 6 (10) .25

Culture proven infection 2 (5) 10 (17) .12

Hypoglycemia (<40 mg/dL) 0 3 (5)

Hyperglycemia (>240 mg/dL) 6 (16) 13 (21) .60

Values are presented as median (interquartile range) for continuous data, and number

(%) for categorical data. ECMO, Extracorporeal membrane oxygenation. *Serum

bilirubin total>15mg/dL or direct>2mg/dL. yVentilator data obtained 24 hours after
cannulation.
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successfully decannulated and survived to discharge, the
median (IQR) for ECMO duration was 88 hours (IQR,
48-142 hours). For patients who did not survive to decannu-
lation the median (IQR) for ECMO duration was 180 hours
1514 The Journal of Thoracic and Cardiovascular Sur
(IQR, 69-366 hours). Four patients (4%) underwent ortho-
topic heart transplant with 2 survivors. Overall, 42 patients
(41%) survived to hospital discharge. For the purposes of
comparison, the trends in cardiac ECMO use and survival
for the years 1999 to 2012 are shown in Figure 1.

There are 2 variables in ELSO describing CPR and
ECPR. The first variable documents need for CPR during
the same admission as ECMO. It does not specify the timing
of CPR relative to timing of support with ECMO (ie, CPR
could have occurred before cannulation with recovery of
spontaneous circulation, immediately before ECMO as
part of ECPR, during the course of ECMO, or following
decannulation). We compared the group of patients who un-
derwent CPR during admission (n ¼ 39) with patients who
did not (n ¼ 64) for differences in survival and found no
association (P¼ .98). Eleven of 39 patients (28%) who un-
derwent CPR during their admission had subsequent neuro-
logic complications, whereas 13 of 64 patients (20%)
without CPR had neurologic complications (P ¼ .35).

The second variable represents the primary indication for
support: cardiac, pulmonary, or ECPR, as reported by a pa-
tient’s medical team. This is a mutually exclusive variable.
Four of 9 patients (45%) who underwent ECPR survived to
discharge, which is similar to the survival of 38 of 94 pa-
tients (41%) with cardiac or pulmonary indications for
ECMO (P ¼ .82). No neurologic complications were re-
ported in the ECPR group, whereas 24 of 94 patients
(26%) without ECPR had neurologic complications
(P ¼ .10). We assessed if a single left (n ¼ 9), single right
(n¼ 42), or 2 ventricles/unknown (n¼ 51) circulation influ-
enced survival, and did not find a statistically significant dif-
ference among groups. Although some patients in the
database did have echo data describing ventricular function
and valvular function before cannulation, these numbers
were small and not sufficient for analysis.

Although the ELSO registry records cannulation site, it
does not indicate sequence and therefore it could not be
analyzed. Central cannulation was more common than pe-
ripheral cannulation but we found no difference in survival
(P¼ .86). Themajority of patients were supported using VA
ECMO, with only 4 patients supported using VV ECMO.
All 4 patients who underwent VV ECMO survived, result-
ing in a statistical difference in survival between these 2
groups (P ¼ .03).

The demographic and pre-ECMO features of survivors
and nonsurvivors are listed in Table 2. In univariate anal-
ysis, inotrope requirement before ECMO was associated
with mortality.

Cardiac Addendum Variables
Cardiac addendum variables for survivors and nonsurvi-

vors are listed in Table 3. Combined cardiopulmonary indi-
cation for ECMO and longer aortic crossclamp time (when
a surgery was part of the admission) were both associated
gery c October 2014



FIGURE 1. Extracorporeal membrane oxygenation (ECMO) in patients with superior cavopulmonary anastomosis (Glenn physiology), by year, compared

with all cardiac patients undergoing ECMO aged 30 days to 1 year. ELSO, Extra Corporeal Life Support Organization.
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with mortality. ECMO indications (not mutually exclusive)
included low cardiac output syndrome (n ¼ 69; 67%), fail-
ure to wean from cardiopulmonary bypass (n ¼ 39; 38%),
combined cardiopulmonary failure (n ¼ 36; 35%), respira-
tory failure (n ¼ 11; 11%), and pulmonary hypertension
(n ¼ 8; 8%).

ECMO Complications
The ECMO variables and complications in survivors and

nonsurvivors are listed in Table 1. In univariate analysis
duration of ECMO, mechanical circuit complications (eg,
mechanical failure, air in circuit, and circuit clot), renal fail-
ure (ie, creatinine>1.5 mg/dL, dialysis, or continuous ve-
novenous hemofiltration), and pulmonary complications
(eg, pneumothorax or pulmonary hemorrhage) were associ-
ated with mortality.

Factors Associated With Mortality by Multivariate
Regression

Two multivariate regression models of factors associated
with mortality are listed in Table 4. Model 1 evaluated the
demographic, pre-ECMO, and ECMO variables associated
with mortality. Model 2 identified ECMO complications
and cardiac addendum variables associated with mortality.
Longer ECMO duration (Figure 2), renal complications,
and combined cardio-pulmonary indication for ECMO
were associated with increased odds of mortality in our
analysis. Survival was unlikely after 12 days of ECMO (1
of 14 survived).

DISCUSSION
Successful ECMO support in patients who have under-

gone the Glenn procedure remains challenging. Previously
published data have been limited, but suggest extremely
The Journal of Thoracic and Car
poor survival and significant neurologic morbidity.11,14

Using the ELSO registry database from 1999 to 2012, we
identified 103 infants who have undergone the Glenn
procedure aged 3 to 12 months who underwent 107
ECMO runs. This represents 4.7% of total cardiac ECMO
collected by ELSO for children aged 1 to 12 months
during the same time period. In this cohort, survival to
hospital discharge (41%) was lower when compared with
cardiac ECMO performed in all patients of approximately
similar ages (49%) (Figure 1). Survival was improved
compared with outcome data from similar ELSO registry
analyses following stage I palliation for hypoplastic left
heart syndrome (31%) and Fontan (35%).15,16 Neurologic
complications were similar in the Glenn group (23%) to
that of ECMO following stage I palliation (22%) and
Fontan (20%), and only slightly higher than ECMO for
all neonates younger than age 30 days (20%).9,15,16

The unique surgical anatomy and physiology present in
patients with Glenn physiology may explain the limited ef-
ficacy of standard medical management and resuscitation.
Significant atrioventricular valve regurgitation is common
in these patients, especially those with a single right
ventricle. Incompetent valve function jeopardizes effective
antegrade systemic blood flow and elevates common atrial
and pulmonary artery pressures. Acidosis and hypercarbia
increase pulmonary vascular resistance, which reduces pul-
monary blood flow and thus limits ventricular preload and
oxygen delivery to the systemic circulation. Mechanical
ventilation may mitigate some of these factors, but positive
pressure ventilation also decreases the SVC to pulmonary
artery anastomosis contribution to cardiac output and the
Glenn contribution to oxygenated pulmonary venous return.
Cerebral blood flow is compromised by both decreased car-
diac output and impaired drainage of the SVC.
diovascular Surgery c Volume 148, Number 4 1515



TABLE 2. Demographic features and features before extracorporeal membrane oxygenation (ECMO) of survivors and nonsurvivors aged 3 to 12

months

Variable Survivors (n ¼ 42) Nonsurvivors (n ¼ 61) P value

Age, d 152 (114-208) 162 (137-214) .08

Male gender 22 (52) 32 (52) .70

Weight, kg 5.7 (4.9-6.4) 5.5 (5.0-6.5) .76

Race .68

White 27 (64) 34 (55)

Black 1 (2) 5 (8)

Asian 2 (5) 5 (8)

Hispanic 9 (21) 13 (21)

Other 3 3

Noncardiac anomalies 0 0

Pre-ECMO arterial blood gas values*

pHy 7.27 (7.16-7.39) 7.20 (7.05-7.32) .06

Partial pressure of carbon dioxide, mm Hgy 47 (38-60) 56 (38-86) .08

Partial pressure of oxygen, mm Hgy 43 (25-56) 37 (26-48) .31

Standardized bicarbonate, mmol/L 24 (21-27) 23 (18-28) .60

Peripheral oxygen saturation, %y 43 (23-56) 59 (44-76) .24

Fraction of inspired oxygeny 100 (97-100) 100 (98-100) .96

Pre-ECMO status and support

Bicarbonate administration 5 (12) 16 (27) .07

Neuromuscular blockade 23 (56) 34 (58) .80

Inotrope requirement 26 (63) 49 (84) .02

Temporary pacemaker use 3 (7) 6 (10) .60

High frequency oscillatory ventilation 1 (2) 3 (5) .50

Inhaled nitric oxide 18 (44) 26 (45) .93

Arrest before ECMOz 16 (38) 23 (37) .98

Admit to time on ECMO, h 102 (28-242) 109 (25-361) .83

Intubation to time on ECMO, h 17 (10-63) 23 (11-112) .27

Year of ECMO .12

1998-2001 0 2

2002-2005 4 13

2006-2009 19 19

2010-2013 19 27

Heart transplantation 0 3 (5) .27

Systemic ventricle .96

Right only 17 (40) 26 (43)

Left only 4 (10) 5 (8)

Otherx 21 (50) 30 (49)

Indication for ECMO .90

Cardiac 36 (86) 54 (89)

ECPR 4 (10) 5 (8)

Pulmonary 2 (4) 2 (3)

Values are presented as median (interquartile range) for continuous data, and number (%) for categorical data. ECMO, Extracorporeal membrane oxygenation; ECPR, cardio-

pulmonary resuscitation with immediate cannulation to extracorporeal membrane oxygenation. *Blood gas values listed are the worst in the 6 hours before ECMO. yVariables
with>10%missing data. zArrest before ECMO during admission at which ECMO occurred, timing of cardiopulmonary resuscitation relative to ECMO not available. xIncludes
Ebstein, dextro-transposition of the great arteries/ventricular septal defect, complete atrioventricular canal defect, and others.
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In the generalized resuscitation literature, there is
increasing evidence regarding the importance of coronary
perfusion pressure and cerebral perfusion pressure in all pa-
tient outcomes following CPR.17,18 Patients who have
undergone the Glenn procedure have many potential
reasons for reduced coronary and cerebral blood flow even
before circulatory or respiratory arrest. In addition, there is
no chamber/valve combination between the SVC and the
pulmonary vascular bed, rendering the compression/
1516 The Journal of Thoracic and Cardiovascular Sur
release mechanism of CPR less effective. Despite the
pathophysiologic concerns of CPR in this patient
population, the limited data provided by our series did not
support an association between CPR or ECPR and
neurologic complications.

The approach to mechanical support in patients who have
undergone the Glenn procedure is unique. In these patients
there are 2 separated sources of venous return to the single
ventricle: the IVC carrying desaturated blood directly to the
gery c October 2014



TABLE 3. Cardiac addendum variables in survivors and

nonsurvivors

Variable

Survivors

(n ¼ 42)

Nonsurvivors

(n ¼ 61) P value

Indication for ECMO*

Low cardiac output 31 (74) 38 (62) .29

Failure to wean from

cardiopulmonary bypass

17 (40) 22 (36) .65

Respiratory failure 6 (14) 5 (8) .35

Pulmonary hypertension 3 (7) 5 (8) 1

Combined CP 9 (21) 27 (44) .02

Cardiopulmonary bypass

time, min

188 (132-234) 209 (115-330) .35

Aortic crossclamp time, miny 48 (16-79) 72 (44-106) .05

Values are presented as median (interquartile range) for continuous data, and number

(%) for categorical data. ECMO, Extracorporeal membrane oxygenation; CP, cardio-

pulmonary. *Categories are not mutually exclusive. yVariables with>10% missing

data.
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heart and the SVC, which indirectly returns oxygenated
blood, via the lungs, to the common atrium. An inability
to maintain adequate venous drainage and systemic perfu-
sion may contribute to worse outcomes. When dual venous
cannulae are placed (femoral/atrial and SVC) Booth et al11

recommends placing the SVC cannula first to address cere-
bral venous congestion. Given the number of potential vari-
ables (eg, indication for ECMO, single ventricle function,
presence of atrioventricular valve regurgitation, and eleva-
tion in pulmonary vascular resistance), we believe more
data are needed to draw significant conclusions regarding
VV ECMO support outcomes and optimal cannulation stra-
tegies in this group. VV ECMO would presumably only
be chosen for patients with respiratory indications in
whom cardiac function was sufficient, confounding any
TABLE 4. Multivariable regressionmodels: Predictors of mortality in

patients with superior cavopulmonary anastomosis aged 3 to 12

months requiring extracorporeal membrane oxygenation (ECMO)

Variable

Odds

ratio

95% Confidence

interval

P

value

Model 1: Demographic and ECMO

support

Partial pressure of carbon dioxide

>60

2.3 0.90-6.0 .08

Inotropes before ECMO 3.6 1.3-9.8 .01

Model 2: ECMO complications and

factors

ECMO duration, h

<66 1

66-103 2.6 0.76-8.9 .12

103-211 3.2 0.91-11 .07

>211 7.2 1.8-28 .004

Renal complication 4.2 1.5-12 .007

Combined cardiopulmonary

indication for ECMO

3.7 1.4-9.7 .009

ECMO, Extracorporeal membrane oxygenation.

The Journal of Thoracic and Car
meaningful comparison to VA ECMO despite the statistical
difference seen in our cohort.
In multivariate analysis, the need for inotropic support

before ECMO, longer duration of ECMO support, and
development of renal failure remained statistically signifi-
cant. This is consistent with prior studies based on the
ELSO registry, andmay argue for addressing any potentially
reversible causes for decompensation early in the ECMO
course and/or early consideration for heart transplanta-
tion.4,16 Combined cardiopulmonary indication for ECMO
was also statistically significant when analyzing for
mortality, suggesting that the combination of respiratory
and cardiac disease in this population may be particularly
difficult to treat. These indicators of poor prognosis could
aid in clinical management decisions regarding the utility
and/or timing of initiation of ECMO. Although 66% of
patients in our cohort were successfully decannulated,
only 41% survived to discharge. Further investigation is
necessary to determine which factors were most
responsible for the significant attrition and the role of
heart transplantation in these patients. When counseling
families, it may be important to consider these data.

Limitations
Ours is the largest study of patients who have undergone

the Glenn procedure supported with ECMO to date; howev-
er, our results are limited by the retrospective design and use
of a multicenter database. These data represent a number of
centers with a wide range of volume and practice variability.
The ELSO database does not specify if a patient was sup-
ported with ECMO during the surgical admission for Glenn
procedure or an unrelated medical or surgical admission.
Timing of ECMO relative to the timing of the Glenn proce-
dure surgery could provide substantial understanding of
outcomes. Factors such as duration of CPR, sequence of
cannulation, and specifics of dual venous cannulation (ie,
SVC and common atrium) could provide valuable insight.
The data reported to ELSO are not specific to patients
with a single ventricle. Certain relevant data (eg, atrioven-
tricular valve function) were not consistently available
and therefore limit our understanding of the contribution
of myocardial and valvular function to outcomes. We relied
on the ELSO diagnosis and common procedural terminol-
ogy codes for selecting patients who have undergone the
Glenn procedure. We recognize the possibility that we
have excluded patients with stage II circulation that were
not coded in this fashion.

CONCLUSIONS
Mortality in infants who have undergone the Glenn pro-

cedure supported with ECMO is greater than that in chil-
dren of similar age undergoing ECMO for all cardiac
causes. The incidence of neurologic morbidity in survivors
is high. However, the ELSO data indicate better ECMO
diovascular Surgery c Volume 148, Number 4 1517



FIGURE 2. Distribution of survivors and nonsurvivors in patients with superior cavopulmonary anastomosis, according to extracorporeal membrane

oxygenation (ECMO) duration stratified by days on ECMO.
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outcomes in this patient population than previously reported
in the literature. It is reasonable to consider ECMO
when standard medical management is insufficient. A thor-
ough understanding of the complex anatomy and
cardiopulmonary-cerebral physiology in this patient popu-
lation may help guide cannulation strategies and improve
survival and neurologic outcomes.
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