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Abstract
Background: To assess the impact of diagnostic procedures in identifying residual lesions during extracorporeal membrane
oxygenation (ECMO) on survival after pediatric cardiac surgery. Methods: Between January 2012 and December 2017,
74 patients required postcardiotomy ECMO. Patients were retrospectively divided into 2 groups: Group I underwent only
echocardiography ([echo only] 46 patients, 62.2%) and group II (echoþ) underwent additional diagnostic tests (ie, computed
tomography [CT] or cardiac catheterization; 28 patients, 37.8%). Propensity score matching was used to balance the 2 groups by
baseline characteristics. Results: Two equal groups (28 patients in each group) were formed by propensity score matching.
Fourteen (50%) patients in the echo-only group and 20 (71%) patients in the echoþ group were successfully weaned from ECMO
(P ¼ .17). Four (14.3%) patients survived in the echo-only group and 15 (53.5%) patients survived in the echoþ group (P ¼ .004).
Patients in the echoþ group had a lower chance of dying compared to the echo-only group (odds ratio, 0.14.6; 95% CI, 0.039-0.52;
P ¼ .003). The residual lesions, which may have served as a mortality factor, were found by autopsy in 8 (40%) patients in the echoonly group, while none were found in the echoþ group (P ¼ .014). Conclusions: The autopsies of patients who died despite
postcardiotomy ECMO support showed that in 40% of cases that had been investigated by echo only, residual lesions that had not
been detected by echocardiography were present. The cardiac catheterization and CT during ECMO are effective and safe for
identifying residual lesions. Early detection and repair of residual lesions may increase the survival rate of pediatric cardiac patients
on ECMO.
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Introduction
Extracorporeal membrane oxygenation (ECMO) is a lifesaving
modality in postoperative cardiac surgery patients with acute
cardiac failure who are unresponsive to other therapies. The
rate of postcardiotomy venoarterial (VA) ECMO implementation varies between hospitals and patient populations and is
used in 0.5% to 8.8% of pediatric cardiac surgery cases.1-3 This
rate is currently increased as a result of the progress in ECMO
technology, improvement in technical facilities, anticoagulation, and management of patients; however, results remain suboptimal. The mortality in postcardiotomy ECMO is very high
(50%-60% of cases).2-5 Underdiagnoses of residual lesions and
defects of surgery could explain the high mortality observed
during postcardiotomy ECMO. It is generally accepted that
echocardiography is an effective and safe method that helps

to detect the causes of postcardiotomy syndrome and assists
with decisions relating to ECMO implementation. However,
Agarwal et al report that up to 80% of hemodynamically
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Abbreviations
CPB
CPR
CT
ECMO
ICU
LA
LOS
LV
OR
PA/VSD
RACHS
reVSD
ToF
TGA
VA
VSD

cardiopulmonary bypass
cardiopulmonary resuscitation
computed tomography
extracorporeal membrane oxygenation
intensive care unit
left atrium
low output syndrome
left ventricle
operating room
pulmonary atresia with VSD
Risk Adjustment in Congenital Heart Surgery
residual ventricle septal defect
tetralogy of Fallot
transposition of the great arteries
venoarterial
ventricular septal defect

significant residual lesions could be missed on echocardiography, leading to poor survival in patients.5 The rationale for this
study was the assessment of the association between the implemented diagnostic methods and survival during ECMO.

Materials and Methods
This single-institution retrospective study was undertaken at
the E. Meshalkin National Medical Research Center. Institutional Ethics Committee approval was obtained for the study.
All patients were <18 years old. The patient’s age, height,
weight, sex, body surface area, and type of surgery were
recorded (Figure 1). The Risk Adjustment in Congenital Heart
Surgery (RACHS)-1 scale was used to stratify patients according to surgical risk.6
The indications for the initiation of extracorporeal support
were as follows: failure to wean from cardiopulmonary bypass
(CPB), low output syndrome (LOS) despite optimal inotropic
support, pulmonary hypertension, cardiopulmonary resuscitation (CPR), and severe arrhythmias with inadequate cardiac
output.
Extracorporeal membrane oxygenation was used in the VA
modality in all patients. We used Lilliput-II ECMO (Sorin)
and BE-HMODE 3000 (Getinge) oxygenators in the majority
of cases, and PLS (Gettinge) in patients with a body mass
>25 kg. The centrifugal pumps, Revolution (Sorin) or RotaFlow (Gettinge), were used. In cases of failure to wean from
CPB in the operating room (OR), we used CPB cannulas for
ECMO initiation. When the left ventricle (LV) overload was
observed (high left atrium [LA] pressure, echo signs of overload), the LV vent was introduced through the right pulmonary vein and was connected with the venous line. In the
intensive care unit (ICU), ECMO cannulation was performed
via sternotomy during CPR. Other patients in the ICU with
LOS, who were in a relatively stable condition, were cannulated through the neck vessels. The femoral vessels were used
in patients with a body mass >25 kg and the opportunity of
femoral cannulation. In cases where the ECMO duration was

supposed to exceed 48 hours, patients with central cannulation were converted to neck cannulation with closure of the
chest. Heparin neutralization with protamine sulfate was performed in patients who were eventually switched from the
CPB circuit to the ECMO circuit. Further infusion of heparin
was started after 12 hours at a dose of 5 to 10 U/kg/h; in the
event of massive bleeding, heparin was delayed until the
hemorrhage was terminated. Prior to ECMO cannulation, ICU
patients received a 50 U/kg bolus of heparin followed by a
heparin infusion after the initiation of ECMO. The control of
the level of anticoagulation was performed using activated
clotting time (target value 160-180 seconds), anti-Xa activity
(0.3-0.7), and thromboelastography. After restoration of cardiac function, an ECMO trial off was performed; in cases
with stable hemodynamics and blood gases, with minimal
inotropic support during a 1-hour period, decannulation was
accomplished. If hemodynamics were unstable or required
high-dose inotropic support, VA ECMO was reinstituted and
the next trial off was scheduled after 24 hours. In all patients
with neck cannulation, the continuity of the neck vessels was
restored. Patients with an open chest received standard
analgesia and sedation, in cases of peripheral cannulation and
closed chest, sedation was prescribed individually. Transthoracic or (in cases of poor visualization and necessity of more
precise evaluation) transesophageal echocardiography
(GE Vivid 7, GE Medical) was performed in all patients.
In some cases, additional diagnostic tests, including cardiac
catheterization (18 patients) and/or contrast computed tomography (CT; 10 patients), were used to diagnose residual
lesions and undiagnosed anomalies of the heart and great vessels. Patients were retrospectively divided into 2 groups regarding diagnostic tools as follows: “Echo only” group, patients
who underwent only echocardiography (46 patients, 62.2%);
and “echoþ” group, patients with echocardiography and additional diagnostic tests (28 patients, 37.8%; echoþ). Additional
diagnostic tests were performed using CT (320 Aquilion One
Dynamic Volume CT; Toshiba Medical System) and Catheter
Laboratory X-ray system (Philips Allura Xper FD10-10
Biplane). Computed tomography was used in patients in whom
concomitant pathology was suspected; therefore, simultaneous
cardiac and brain or pulmonary CT were performed. Every
hemodynamically significant lesion of the heart, coronary
arteries, or great arteries that required surgery for weaning from
ECMO or was potentially life-threatening was defined as a
“residual lesion.”5 Residual lesions that were diagnosed during
the first 48 hours on ECMO were referred to the early diagnosis
group; if the lesion was diagnosed after 48 hours on ECMO, it
was referred to late diagnosis group.
To evaluate the cause of death, an autopsy was performed.
The autopsy findings by organ systems (gross and microscopic) were collected from detailed autopsy reports. The
review of the medical records to establish the principal diagnoses and the presumed cause of death for each patient, and
the autopsy findings, were independently reviewed by 2
different investigators.

Soynov et al

607

Figure 1. Flowchart of patients with tetralogy of Fallot for retrospective analysis.

Statistical Analysis
The Shapiro-Wilk test was used to check for normality of continuous variables. Continuous data are reported as median and
interquartile range, and categorical data are reported as rates
and percentages. The differences between groups were compared using Fisher test for categorical variables and the MannWhitney U test for continuous variables.
A propensity score analysis was used to reduce the effect of
selection bias and potential confounding. The propensity score

was estimated using a logistic regression model with the
following baseline variables: age, sex, weight, body surface
area, RACHS-1, and type of repair (biventricular or univentricular). Using multiple logistic regression analysis, a propensity
score was calculated for each patient, defined as the probability
that the patient received the VA ECMO. The baseline variables
included in the propensity score analysis are listed in Table 1.
The nearest neighbor approach with optimal matching and
0.2 caliper, without replacement, and utilizing 5-to-1 digit
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Table 1. Baseline Characteristics of the Cohort.a
Characteristics

Echo only (n ¼ 46)

Echoþ (n ¼ 28)

d

P

Age, years
Sex (male)
Height
Weight
Body surface area
RACHS-1

0.4 (0.2; 0.9)
56.5% (26)
64 (54; 74)
7.15 (3.9; 9.2)
0.35 (0.23; 0.47)
1. 4.35% (2)
2. 5.55% (3)
3. 47.8% (22)
4. 36.95% (17)
5. 0% (0)
6. 4.35% (2)
89.1% (41)
10.9% (5)

0.7 (0.3; 1.8)
50% (14)
66 (55.5; 80.5)
6.65 (4.5; 8.9)
0.34 (0.25; 0.43)
1. 0% (0)
2. 3.55% (1)
3. 46.45% (13)
4. 46.45% (13)
5. 0% (0)
6. 3.55% (1)
92.85% (26)
7.25% (2)

17.4
12.9

.45
.59
.21
.23
.26
.26
.59
>.99
.42
>.99
>.99
.43

Type of repair (biventricular/univentricular)

26.7
25.3
29.8
13.3
2.3
19
0
6.7
19.4

Abbreviations: d, standardized differences; P, P value <.05; RACHS-1, Risk Adjustment in Congenital Heart Surgery.
a
Median (25; 75 percentile) or Numeric Index (%).

matching was used to identify 1:1 matched patients. The balance between variables before and after matching was assessed
in terms of the percentage standardized bias (reported as a
percentage). Standardized differences (d) have been estimated
to evaluate the balance between variables before and after
matching. The McNemar test was used to compare categorical
variables, whereas the paired t test was used for continuous
variables. The predictor variables related to binary outcomes
were identified using univariable and multivariable logistic
regression analyses. A P value <.05 was considered as statistically significant.
Statistical analyses were performed using the Stata 13 software (StataCorp LP).

Results
During the 6-year study period (from January 2012 to December 2017), 7198 pediatric patients underwent cardiac surgery in
our institution. Seventy-four (1.03%) of the 7198 patients were
placed on VA ECMO for cardiac indications.

Results Before Propensity Score Matching
Baseline characteristics before propensity score matching are
formed Table 1 and Table S1. The reasons for ECMO initiation
were as follows: LOS with high inotropic score in 23 (50%)
patients in the echo-only group and 17 (60.7%) patients in the
echoþ group (P ¼ .47); failure to wean from CPB, 5 (10.8%)
and 5 (17.9%) patients (P ¼ .48), respectively; CPR, 18
(39.2%) and 7 (21.4%; P ¼ .31), respectively. Central cannulation was used for ECMO in 23 (50%) patients in the echo-only
group and in 14 (50%) patients in the echoþ group (P  .99).
Neck cannulation was performed in 20 (43.5%) patients in the
echo-only group and in 13 (46.4%) patients in the echoþ group
(P ¼ .81). Three (6.5%) patients in the echo-only group and 1
(3.55%) patient in the echoþ had femoral cannulation
(P ¼ .99). The overall ECMO duration was 243 (141; 489)

hours in the echo-only group and 316 (131; 563) hours in the
echoþ group (P ¼ .27).
Twenty (43.5%) patients in the echo-only group and
20 (71%) patients in the echoþ group were successfully
weaned from ECMO (P ¼ .03). Seven (15.2%) patients in the
echo-only group and 15 (53.5%) patients in the echoþ group
survived to hospital discharge (P  .001). The causes of mortality in the weaned patients were multiple organ failure syndrome and sepsis.

Results After Propensity Score Matching
Using the propensity score matching, 2 groups (28 patients in
each group), well balanced by baseline characteristics, were
formed. Baseline characteristics are detailed in Table 2 and
Table S2.
The reasons for ECMO initiation were as follows: LOS with
high inotropic score in 16 (57.1%) patients in the echo-only
group and 17 (60.7%) patients in the echoþ group (P ¼ .78);
failure to wean from CPB, 2 (7.1%) and 5 (17.9%) patients
(P ¼ .42), respectively; CPR, 10 (35.8%) and 7 (21.4%; P ¼
.56), respectively. Central cannulation was used for ECMO in
12 (42.9%) patients in the echo-only group and in 14 (50%)
patients in the echoþ group (P ¼ .78). Neck cannulation was
performed in 14 (50%) patients in the echo-only group and in
13 (46.4%) patients in the echoþ group (P ¼ .79). Two (7.1%)
patients in the echo-only group and 1 (3.55%) patient in the
echoþ had femoral cannulation (P ¼ .55). The overall ECMO
duration was 154 (117; 321) hours in the echo-only group and
316 (131; 563) hours in the echoþ group (P ¼ .09).
Fourteen (50%) patients in the echo-only group and
20 (71%) patients in the echoþ group were successfully
weaned from ECMO (P ¼ .17). Four (14.3%) patients in the
echo-only group and 15 (53.5%) patients in the echoþ group
survived to hospital discharge (P ¼ .004). Patients in the echoþ
group had a lower chance of dying compared to the echo-only
group (odds ratio, 0.146; 95% CI, 0.039-0.52; P ¼ .003).
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Table 2. Baseline Characteristics After Propensity Score Matching.a
Characteristics

Echo only (n ¼ 28)

Echoþ (n ¼ 28)

d

P

Age, years
Sex (male)
Height
Weight
Body surface area
RACHS-1

0.6 (0.1; 1.45)
53.55% (15)
65.5 (54; 72)
6.1 (4.1; 9.25)
0.32 (0.23; 0.4)
1. 0% (0)
2. 3.55% (1)
3. 50% (14)
4. 42.85% (12)
5. 0% (0)
6. 3.55% (1)
92.85% (26)
7.25% (2)

0.7 (0,3; 1.8)
50% (14)
66 (55.5; 80.5)
6.65 (4.5; 8.9)
0.34 (0.25; 0.43)
1. 0% (0)
2. 3.55% (1)
3. 46.45%% (13)
4. 46.45% (13)
5. 0% (0)
6. 3.55% (1)
92.85% (26)
7.25% (2)

0.8
7

.97
.79
.71
.71
.75
>.99
.79
.79
>.99
>.99
>.99

Type of repair (biventricular/univentricular)

9.8
8.5
0
7
7.1
0
0
0

Abbreviations: d, standardized differences; P, P value <.05; RACHS-1, Risk Adjustment in Congenital Heart Surgery.
a
Median (25; 75 percentile) or Numeric Index (%).

In the echo-only group, the findings according to echocardiography were as follows: severe pulmonary regurgitation
after tetralogy of Fallot (ToF) correction, thrombosis of the
LA in a patient with ventricular septal defect (VSD) and severe
mitral regurgitation, and left ventricular hypoplasia in a patient
with congenitally corrected transposition of the great arteries.
An additional finding in the echo-only group was left coronary
artery compression with thrombus in a patient with transposition of the great arteries (TGA), which was revealed during
surgical revision.
Repeat surgery due to residual lesions was performed in 4
(14.3%) cases in the echo-only group and in 9 (32.1%) cases in
the echoþ group (P ¼ .32; Table 3).

The Subgroup Analysis of the Echoþ Group
In the echoþ group, the ECMO duration prior to the additional
diagnostic procedure was 2 (1; 5) days. There were no complications when transporting patients from the ICU or OR to the
catheter laboratory or CT.
Patients who underwent additional diagnostics were
divided into two subgroups as follows: 18 (64.3%) patients
with early diagnosis group (<48 hours) and 10 (35.7%)
patients with late diagnosis group (>48 hours; Table 4). The
overall ECMO duration was 191 (69.5; 357) hours in early
diagnosis group (<48 hours) and 590 (356; 1203) hours in late
diagnosis group (>48 hours; P ¼ .002). Fifteen (83.3%)
patients in the early diagnosis group (<48 hours) and
5 (50%) patients in late diagnosis group (>48 hours) were
successfully weaned from ECMO (P ¼ .06). Thirteen
(72.2%) patients in in early diagnosis group (<48 hours) and
2 (20%) patients in late diagnosis group (>48 hours) survived
to hospital discharge (P ¼ .004).
In the echoþ group, complications relating to invasive procedures occurred in 6 (21.4%) patients: 1 (3.6%) patient had
ventricular tachycardia, and 5 (17.8%) patients had mild

hemorrhage from punctured vessels that resolved without surgery (by manual or bandage compression).
The median level of creatinine before the contrast injection
was 66.5 (55; 84) mmol/L, and that 24 hours after the injection
was 70 (54.5; 87.5) mmol/L (P ¼ .77). The distribution of
patients according to the Pediatric Risk, Injury, Failure, Loss,
End Stage Renal Disease (pRIFLE) scale is presented in Table S3.
In the echoþ group during cardiac catheterization diagnostic findings included residual stenosis of the main pulmonary
artery in patients with ToF, single coronary artery stenosis in a
patient with TGA, residual ventricle septal defect (reVSD)
after pulmonary atresia with VSD (PA/VSD) correction, multiple major aortopulmonary collateral arteries in a patient with
TGA/VSD, pulmonary arteries stenosis in 3 patients after
PA/VSD correction, and right ventricle hypoplasia in a patient
with an Ebstein anomaly. Computed tomography in the echoþ
group revealed left coronary artery compression by thrombus
in a patient with TGA.

Autopsy Results
An autopsy was performed in 33 (89.2%) of the 37 patients who
died—20 (83.3%) patients from the echo-only group and 13
(100%) patients from the echoþ group. Parents of 4 (16.7%)
patients in the echo-only group did not consent to autopsy for
religious reasons. Residual lesions that may have served as a
mortality factor were found in 8 (40%) patients in the echoonly group (dissection of the ascending aorta in a patient with
PA with VSD, residual aortic arch obstruction in a patient with
truncus arteriosus and aortic arch hypoplasia, deformation of
the left coronary artery in patients with TGA with VSD, a
reVSD in a patient with aortic arch hypoplasia with VSD, and
residual stenosis of the pulmonary arteries in patients with a
Taussig-Bing anomaly and TAPVC, PA with VSD, and two
patients with TGA with VSD and PS), while none were found
in the echoþ group (P ¼ .014).
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Table 3. Repeat Surgery Procedures.
Patient Group

Diagnosis

1

Echo only ToF

2

Echo only TGA

3
4

Echo only CCTGA
Echo only VSD þ MR III

5

Echoþ

TGA

6

Echoþ

ToF

7

Echoþ

PA with VSD

8

Echoþ

PA with VSD

9

Echoþ

PA with VSD

10

Echoþ

TGA

11

Echoþ

PA with VSD

12

Echoþ

13

Echoþ

First surgery procedure

Indication for reoperation

Repeat surgery procedure

Radical correction with transannular
plastic
Arterial switch

Pulmonary regurgitation III

Implantation Contegra № 12

Compression of the LCA

Removal of thrombotic mass
from LCA area
Glenn procedure
Removal of thrombotic mass
from LA
Stenting single coronary artery

Double arterial switch
Left ventricular hypoplasia
VSD closure þ plastic of the mitral valve Myocardial infarction and
thrombosis of LA
Arterial switch
Stenosis of a single coronary
artery
Radical correction with transannular
Stenosis of main pulmonary
plastic
artery
Stenosis of the LPA
Radical correction with implantation
Contegra № 12
Stenosis of the LPA and RPA
Radical correction with implantation
Contegra № 12
Radical correction with implantation
reVSD
Contegra № 12
Arterial switch
Compression of the LCA

Radical correction with implantation
Stenosis of the LPA
Contegra № 14
TGA with VSD Take down Glenn shunt, arterial switch MAPCA with pulmonary
with VSD closure
edema
Ebstein anomaly Cone reconstruction
Right ventricular hypoplasia

Implantation Contegra № 12
Stenting LPA
Balloon dilatation LPA and
RPA
Periventricular device closure
of VSD
Removal thrombotic mass
from LCA area
Stenting LPA
MAPCA embolization
Glenn procedure

Abbreviations: CCTGA, congenitally corrected transposition of the great arteries; LA, left atrium; LCA, left coronary artery; LPA, left pulmonary artery; MAPCA,
major aortopulmonary collateral arteries; MR, mitral regurgitation; PA with VSD, pulmonary atresia with ventricular septal defect; reVSD, residual ventricle septal
defect; RPA, right pulmonary artery; TGA, transposition of the great arteries; ToF, tetralogy of Fallot; VSD, ventricular septal defect.

Table 4. Comparison of Outcomes in Patients With Early and Late
Diagnosis.a
Characteristics
Duration ECMO
(hours)
Survived ECLS
Hospital discharged

Early diagnosis
Late diagnosis
(<48 hours) n ¼ 18 (>48 hours) n ¼ 10
191 (69.5; 357)
15 (83.3%)
13 (72.2%)

590 (356; 1203)
5 (50%)
2 (20%)

P
.002
.06
.01

Abbreviations: ECLS, extracorporeal life support; ECMO, extracorporeal
membrane oxygenation.
a
Median (25; 75 percentile) or Numeric Index (%).

Discussion
The first attempts of ECMO use in pediatric cardiac surgery
were made by Baffes et al in 1970 in infants undergoing palliative procedures.7 Afterward, ECMO was commonly used in
patients who had a high risk of an unfavorable outcome after
surgery.5 Following congenital heart surgery, ECMO is utilized
in 1% to 5% of operations.8 The total survival rate varies
between 30% and 73%, and most centers report between 40%
and 50%.2-5,9-12 According to the Extracorporeal Life Support
Organization (ELSO) registry, survival rate among neonatal
cardiac surgery patients in 2018 was 42%, among pediatric
cardiac surgery patients, it was 52%.13 The reason for this low
survival might be due to residual defects after cardiac

surgery.3,5,12 Our results show that the residual lesions were
identified in 40% of patients who did not have additional diagnostics besides echo. The additional diagnostic tests, including
cardiac catheterization and/or contrast CT, were safe. The early
detection of residual defects leads to better survival.
Although echocardiography is a good noninvasive diagnostic tool for the assessment of cardiac function during ECLS, but
it is limited in cases using a central cannulation approach and
diminished preload during ECLS.14,15 Moreover, it could be
difficult to interpret the hemodynamic characteristics in cases
with a low cardiac output and nonpulsatile flow.14 Agarwal
et al contributed that rate revealing of the residual lesions during echocardiography is far from 100%. 5 Ettedgui et al
described the successful application of cardiac catheterization
during ECMO; subsequently, Booth et al reported the safe use
of cardiac catheterization in pediatric patients.16,17 Cardiac
catheterization was then applied in patients on ECMO in order
to reveal the residual lesions to reduce diagnostic inaccuracy.18
However, many specialists decide against using invasive diagnostic methods during ECMO due to logistical difficulties, the
high risk of bleeding, arrhythmia, and renal injury, which are
all related to unfavorable outcome.19-22 Although CT angiography is an equally safe and precise diagnostic tool, it is not
possible to simultaneously perform an interventional procedure
when the residual lesion is revealed.23
The prevalence of residual defects in patients on ECMO
varies between 30% and 80%.3,5,12,14 In our study, we used
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both cardiac catheterization and CT angiography, the latter was
primarily performed in patients who were suspected of concomitant lung and\or brain injury. The application of CT and
cardiac catheterization during ECMO helped us to reveal residual lesions in 32.1% of patients. The most common defects
were stenosis of the coronary arteries and pulmonary arteries,
the majority of which were treated in the catheter laboratory.
The patients from the echoþ group had no residual defects, as
determined by autopsy, while 40% of the patients in the echoonly group showed undiagnosed lesions; this may go some way
to explain the reported association with unfavorable outcomes.
An autopsy has a significant role in revealing the reason for
death among patients on ECMO. Rastan et al showed that
75.6% of their adult postcardiotomy ECMO cohort had misdiagnosed complications.24 Similar results were shown by
Blanco et al, where 53.7% of the pediatric patients died as a
result of undiagnosed lesions.22 Authors noted that a more
aggressive diagnostic approach should be applied in patients
on ECMO.
Agarwal et al concluded that early invasive diagnosis,
mainly with cardiac catheterization, improves the outcomes
of patients on ECMO after cardiac surgery.5 The survival of
patients in the echoþ group was higher (53.5% vs 14.3%) than
patients in the echo-only group. Another study showed that
patients who underwent cardiac catheterization during the first
48 hours of ECLS had a lower rate of respiratory complications
and better outcomes.25 According to our results, early additional diagnostics in the echoþ group reduces the duration of
ECLS (191 vs 590 hours) and improves the survival in pediatric
patients (72.2% vs 20%). Burke et al showed similar results in a
recent paper.26 In a retrospective study by Callahan et al,
36 patients who underwent cardiac catheterization on the first
day of ECMO had a shorter ECMO duration than those who
underwent catheterization on the second day or later; however,
there was no significant difference in the mortality rate
between the groups.12 The risk factors of unfavorable outcome
on ECMO include renal complications, prolonged extracorporeal support, single ventricle physiology, patients with systemicto-pulmonary shunts, patients who require a high dosage of
inotropic support, and those with a high lactate level during
ECMO and after weaning.27-31 In our study, the only significant risk factor of mortality was the absence of diagnostics; it is
likely that the residual lesions contribute to an ineffective cardiac output, increase oxygen consumption, decrease myocardial tolerance, and have the potential to prolong ECMO,
thereby increasing the mortality.3 Howard et al considered that
any revealed residual lesion must be treated as soon as
possible.3
Despite these similarities, the ECMO duration in our study
was longer in patients in the echoþ group compared to the
echo-only group (316 vs 154 hour); we consider that is related
to the high prevalence of complications and mortality in
patients with late additional diagnostics and early mortality
patients in the echo-only group.
As in other studies, we found no complications during the
transport of patients from the ICU or OR to the catheter
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laboratory or CT, including those requiring surgical intervention.5,12,14,32,33 Some patients in our study had minor complications (21.4%); these included minor bleeding from the
puncture site (17.8%) and ventricular tachycardia in one
patient. The introduction of a contrast agent could be a risk
factor for renal injury, especially in patients with renal failure.34-36 Renal injury is associated with higher mortality during
ECMO.19,20 However, the modern contrast agents and low
dosage help to avoid severe renal injury.14,37 In our study,
contrast agent was administered at a dosage of 1 mL/kg and
was safe in all cases. After the invasive study, we found neither
a significant rise in creatinine blood level nor the development
of acute kidney injury (according to pRIFLE scale).
Echocardiography alone has a high incidence of missed
diagnosis and is never sufficient to evaluate the adequacy of
an operation from a comprehensive anatomical standpoint in
any patient who requires postcardiotomy ECMO. Every patient
should undergo a CT or cardiac catheterization study in addition to echocardiography or at the very least have a very good
explanation for not being subjected to the additional
investigation.

Limitations
This study had limitations based on its retrospective design.
Furthermore, the analysis was performed in a single center.
A small cohort could also compromise the results of the study.

Conclusion
The autopsies of patients who died despite postcardiotomy
ECMO support showed that in 40% of cases that had been
investigated by echo only, residual lesions that had not been
detected by echocardiography were present. Cardiac catheterization and CT during ECMO are effective and safe for identifying residual lesions. Early detection with additional tools and
repair of residual lesions increases the survival rate of pediatric
cardiac patients on ECMO.
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