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Extracorporeal membrane oxygenation (ECMO) has emerged as an effective mechan-
ical support device to support both respiratory and cardiac function following cardiac 
surgery. The use of ECMO is more common among children who undergo complex sur-
gical procedures. The objective of this study was to observe the outcomes of children 
subjected to central venoarterial (VA) ECMO after congenital cardiac surgery and iden-
tify the factors influencing survival in these children. Twenty children, below the age of 
1 year, who underwent corrective cardiac surgery and were placed on ECMO support 
within first 48 hours of biventricular repair, from July 2018 to June 2019, were included 
in this study. ECMO was initiated either in the operating room (either preoperative 
decision or unable to come off cardiopulmonary bypass [CPB]) or in the intensive care 
unit (low-cardiac output syndrome). The maintenance and weaning from ECMO was 
done as per institute protocol. At the initiation of ECMO, the flows were maintained 
between 100 and 150 mL/kg/min. The flows were decreased if it was possible to main-
tain normal perfusion with lesser flows. Out of 20 children, 12 children were less than 
or equal to 2 months of age. The 30-day survival was 45% and all the children were 
alive at 4 months after discharge from hospital. A negative cumulative fluid balance 
(CFB) of more than 50 mL/kg in the first 48 hours, decreasing lactate and inotropic 
score, and improving ventricular function in the first 3 days of ECMO were associated 
with improved survival. The following factors were correlated with decreased survival: 
aortic cross-clamp time (AOCX T) more than 106 minutes, higher initial ECMO flows 
(75 vs. 52%), ECMO duration more than 4 days, increased transfusion of blood and 
blood products, urine output < 1.06 ± 0.81/kg/h (in the first 48 h), and increasing 
trend of C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR).
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Introduction
Extracorporeal membrane oxygenation (ECMO) has emerged 
as an effective mechanical support device to support both 
respiratory and cardiac function following cardiac surgery.1 
Overall, only a small fraction of children are supported with 
ECMO following cardiac surgery. The use of ECMO is more 
common among children who undergo complex surgical 
procedures.2 ECMO is now considered a useful therapeutic 

modality in children developing postcardiotomy myocar-
dial dysfunction and low-cardiac output syndrome. Children 
who develop low-cardiac output syndrome in intensive care 
unit (ICU) and are unresponsive to conventional manage-
ment (optimizing preload, increased inotropic support and 
appropriate afterload manipulation) are suitable candidates 
for cardiac ECMO. Less commonly, ECMO is used as a sup-
port modality when it is difficult to wean children from car-
diopulmonary bypass after cardiac surgery. With an overall 
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increase in experience, the early institution of ECMO support 
has been correlated with improved survival, less end organ 
damage, and less morbidity. In small children, survival rates 
up to 50% have been achieved by instituting ECMO prior to 
the occurrence of multiple organ failure. The overall survival 
of patients on ECMO as a bridge to recovery and transplan-
tation is 54.5%.3 The primary objective of this study was to 
observe the survival of children subjected to central venoar-
terial (VA) ECMO after congenital cardiac surgery.

Materials and Methods
After obtaining ethical clearance from the institute eth-
ics committee and written informed consent from the 
parents (or guardians), 20 children were enrolled in this 
study. The reference number for ethical clearance is IECPG-
186/19.04.2018, RT-11/10.05.2018. This was a prospective 
observational study conducted over a period of one year  
(July 2018–2019).

The primary objective of this study was to observe the sur-
vival of children subjected to central VA ECMO after congeni-
tal cardiac surgery. The secondary objective was to determine 
whether the following factors affect the survival of children 
on ECMO: variation in heart rate, variation in blood pressure, 
cardiac function, serum lactate values, inotropic score, aor-
tic cross-clamp time (AOCX T), ECMO duration, urine output, 
cumulative fluid balance (CFB) (difference of measured total 
fluid intake and output), initial ECMO flow as percentage of 
total flows, sepsis, C-reactive protein (CRP), erythrocyte sedi-
mentation rate (ESR), platelet count, and transfusion of blood 
and blood products.

Children below the age of 1 year, who underwent cor-
rective cardiac surgery and were placed on ECMO support 
within first 48 hours of biventricular repair, were included 
in the study.

Children undergoing emergency surgery, eCPR (children 
who were not revived after cardiopulmonary resuscitation 
[CPR] and put on ECMO as extension of CPR) children with 
single ventricle physiology or diagnosed syndromes, and 
children in whom ECMO was instituted after 48 hours of cor-
rective cardiac surgery were excluded from this study.

The following subtypes of ECMO were included in this 
study:

1.	 ECMO integrated in the operating room–Complex congen-
ital cardiac surgery requiring postoperative support for 
heart (preoperative decision) or child unable to come off 
bypass and ECMO continued for hemodynamic support.

2.	 ECMO instituted in ICU within first 48 hours of surgery 
presenting with low-cardiac output syndrome (LCOS). 
LCOS was defined as follows: increased gradient between 
central and peripheral temperature of more than 10°C, 
urine output of less than 0.5 mL/hour, increased blood 
lactate levels of more than 10 mmol/L, pH < 7.2 at pCO2 − 
30 to 35 mm Hg, base deficit > 10 mmol/L, mean arterial 
pressure < 40 mm Hg, and inotrope support (four or more 
of the following): dopamine 10 µg/kg/min; dobutamine 

10 µg/kg/min; adrenaline 0.2 µg/kg/min; noradrenaline  
0.2 µg/kg/min; milrinone 0.5 µg/kg/min, ScVO2 less than 
60%, and/or PaO2/FiO2 < 100 with infiltrates in all quadrants.

Management of Children on ECMO
Ventilator Management
After initiation of ECMO, the children were ventilated with 
pressure regulated volume control (PRVC) mode, and other 
ventilatory parameters were maintained as follows: frac-
tional inspired oxygen concentration of 40%, tidal volume of 
6 to 8 mL/kg, respiratory rate of 20 per minute, and positive 
end expiratory pressure (PEEP) of 6 to 8 cm H2O. The ventila-
tor settings were changed on the basis of compliance of lungs 
and chest X-ray findings.

Coagulation Management
The following cutoff values were followed for coagulation 
parameters in nonbleeding patients: activated coagulation 
time of 180 to 240 seconds, activated partial thromboplastin 
time of 50 to 70 seconds, prothrombin time of 18 to 24 seconds,  
internationalized normal ratio (INR) of 1.5–2.0, and platelet 
count > 80,000/mL.

In children with significant bleeding, lower values of acti-
vated coagulation time (ACT) 160 to 180 seconds, INR 1.0 to 1.5,  
and aPTT 40 to 50 seconds were accepted till the bleeding 
subsided or ECMO was weaned off, whichever was earlier.

Nutrition
After 4 hours of institution of ECMO, enteral feeding (expressed 
breast milk and/or formula feed) through nasogastric tube at  
4 mL/kg (or less), was administered every 2 hours.

Inotropes—dopamine, dobutamine, milrinone, adrena-
line, noradrenaline, and vasopressin were used to maintain 
heart rate between 100 and 150 bpm (with or without pac-
ing); mean arterial pressure of 30 to 50 mm Hg, right atrial 
pressure of 8 to 10 mm Hg and urine output of 1 mL/kg/min 
(with/ without diuretics).

Hematocrit—Ultrafiltration was done with a hemofilter 
to maintain a hematocrit of 30 to 36%.

ECMO Flows–At the initiation of ECMO, the flows 
were maintained between 100 and 150 mL/kg/min.  
The flows were decreased if it was possible to establish nor-
mal perfusion with lesser flows. The arterial (aortic) line 
pressure of less than 200 mm Hg was accepted.

Sedation—An IV infusion of fentanyl at the rate of 2 to  
5 µg/kg/h was used to provide analgesia and sedation during 
ECMO. Children were paralyzed intermittently with intrave-
nous rocuronium at a dose of 0.5 mg/kg. Fentanyl dosing was 
increased with the duration of ECMO.

The rest of the clinical management was done as per ICU 
protocol. In case of oliguria, IV furosemide was given as bolus, 
followed by infusion up to a total dose of 3 to 4 mg/kg/day. 
Peritoneal dialysis was used in cases of anuria.

The different monitoring modalities used during ECMO 
are shown in ►Table 1.
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Weaning of Children from ECMO
Weaning was considered in children when following param-
eters were met: stable heart rate and rhythm, hemodynam-
ically stable on optimal inotropes (any four of the following: 
dopamine ≤ 5 µg/kg/min; dobutamine ≤ 5 µg/kg/min; adren-
aline ≤ 0.1 µg/kg/min; noradrenaline ≤ 0.1 µg/kg/min; milri-
none ≤ 0.375 µg/kg/min), no active bleeding, arterial blood 
gases within acceptable limits, lactate < 2.0 mmol/L, chest 
X-ray within normal limits, normal breath sounds with min-
imal added sounds, no evidence of lower respiratory tract 
infection, hematocrit between 30 to 35%, and no severe end 
organ dysfunction.

To begin weaning; ECMOs flows were decreased in  
50 mL quanta every 3 to 4 hours. The ventilatory parame-
ters were gradually increased in proportion to the decrease 
ECMO flows to maintain a pH of >7.30, PaO2 >100 mm Hg 
and PaCO2 < 40 mm Hg. Ultrafiltration was done at a rate  

of 1 to 2 mL/kg every 2 hours to maintain a hematocrit of  
30 to 36% while maintain a MAP of >35 mm Hg. Blood trans-
fusion was done if hematocrit was not achieved in the desired 
range. Anticoagulation was maintained as described.

The ECMO flows were gradually decreased till a mini-
mal of 50 to 100 mL/min flow was left, and then ECMO was 
stopped progressively over 1 to 2 hours. Serial arterial blood 
gas analyses and echocardiograms were done after weaning 
to assess the child repetitively.

Statistical Analysis
Data was analyzed using Statistical Package for Social 
Sciences (SPSS) version 21.0 (IBM Corporation, New York, 
USA). Categorical variables are presented in number and per-
centage (%) and continuous variables are presented as mean ±  
standard deviation (SD) and median. Normality of data was 
tested by Kolmogorov–Smirnov test. If the studied parame-
ter did not follow normal distribution, then nonparametric 
test was used. Quantitative variables like survival, heart rate, 
mean arterial pressure were compared using independent 
t-test/Mann–Whitney Test (when the datasets were not nor-
mally distributed) between the two groups. Qualitative vari-
ables were correlated using Chi-Square test/Fisher’s exact test.  
A P value of < 0.05 was considered statistically significant.

Mauchlys test of sphericity was prepared to check for the 
assumption, and Greenhouse Geisser value was obtained for 
determining significance in parametric tests like t-test for 
analyzing heart rate, mean arterial pressure, serum lactate, 
inotrope score, CRP, ESR, platelet count, hematocrit, and ini-
tial ECMO flow.

Similarly, for parameters, where normal distribution could 
not be demonstrated like AOCX T, urine output, CFB, sepsis, 
postoperative bleeding, transfusion of packed red blood cells 
(PRBC), transfusion of fresh frozen plasma (FFP), duration of 
ECMO, and transfusion of platelets, nonparametric Mann–
Whitney U test was applied.

For qualitative analysis, Fischer’s exact test was used for 
qualitative variables like cardiac function (categorized as 
mild, moderate and severe) and presence of sepsis.

Results
Out of 20 children, 8 were female. The children in our 
study had a median age and weight of 60 days and 3.4 kg, 
respectively. The most common diagnosis (17 children) was 
transposition of great arteries (TGA). Out of 20 children,  
17 underwent arterial switch operation, 1 truncus arterio-
sus repair, 1 atrioventricular canal defect (AVCD) repair, and 
1 anomalous left coronary artery from pulmonary artery 
(ALCAPA) repair.

Nine children were weaned off ECMO successfully and 
all of them were discharged from the hospital. The 30-day 
survival was 45% (9/20). All the surviving nine children 
were followed for a minimum duration of 4 months. The fol-
low-up was 100% complete and all the children were alive 
at 4 months after discharge from hospital. One child died 

Table 1   Monitoring used during ECMO

S. No Continuous monitoring

1 Electrocardiography–at least two leads for heart rate, 
rhythm, and abnormal changes

2 Invasive blood pressure and pulsatility of arterial trace 
(ejections)

3 Central venous pressure and/or left atrial pressure

4 Peripheral oxygen saturation

5 Core and peripheral temperatures

6 ECMO flows

7 Pre and postmembrane pressure of oxygenator

8 Line pressure of arterial (return)cannula

9 Ventilator–airway pressure, FiO2, tidal volume, 
auto-PEEP

Intermittent monitoring 3–4 hourly

10 Arterial blood gas monitoring–pH, PCO2, PaO2, BE ecf, 
HCO3, lactate, Hb, Hct, O2 Hb, HHb, Met Hb, COHb, 
Na+, K+, Ca2+, Mg++, Cl−, Ca++, blood sugar

11 Abdominal girth

12 Soakage of surgical dressing

Intermittent monitoring 12 hourly

13 Echocardiography–left and right ventricular function, 
valvular regurgitation, gradient across pulmonary and 
aortic valves, pulmonary artery systolic pressure and 
pericardial effusion

14 Chest X-ray

Intermittent monitoring 24 hourly

15 Ultrasonography of lungs

16 Complete blood count with ESR, CRP

17 Renal function tests; liver function tests

18 Prothrombin time, activate partial thromboplastin time, 
international normalized ratio

Abbreviations: BE, base excess; COHb, Carboxyhemoglobin; FiO2,  
inspiratory fraction of oxygen; Hb, hemoglobin; HCO3, bicarbonate ion;  
HHB, deoxygenated hemoglobin; Met Hb, Methemoglobin; O2Hb,  
oxygenated hemoglobin; PaCO2 partial pressure of carbon dioxide 
in arterial blood; PaO2, partial pressure of oxygen in arterial blood;  
pH, puissance hydrogen.
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within 24 hours of surgery and could not be included in sta-
tistical analysis for certain parameters.

The following factors were evaluated as determinants of 
survival in these children: variation in heart rate, variation 
in blood pressure, cardiac function, serum lactate values, 
inotropic score, AOCX T, ECMO duration, urine output, CFB 
(difference of measured total fluid intake and output), ini-
tial ECMO flow as percentage of total flows, sepsis, CRP, ESR, 
platelet count, and transfusion of blood and blood products.

The variation in heart rate (HR) and mean arterial pres-
sure (MAP) was analyzed in 19 children for the first 3 days on 
ECMO. There was a significant variation in HR over the first 
3 days in survivors (D1, D2, D3 146 ± 8, 149 ± 12, 125 ± 28 beats 
per minute [BPM]) compared with nonsurvivors (D1, D2, D3 
147 ± 12, 143 ± 17, 140 ± 30 BPM; p-value 0.001). However, 
this variation was not statistically significant (►Fig. 1). There 
was no significant variation in MAP in both survivors and 
nonsurvivors (D1, D2, D3 46.6 ±6.1, 44.14 ± 7.81, 45 ± 5 ver-
sus 42.3 ± 10, 43.54 ± 10.26, 37 ± 11 mm Hg). Left and right 
ventricular function was evaluated by echocardiography and 
statistically analyzed only for the first 3 days of ECMO. There 
was a strong correlation between improving cardiac function 
and survival on ECMO (p-value 0.001).

As 5 children did not survive for more than 3 days 
on ECMO, lactate values were studied in 15 children for 
the first 5 days. The decreasing values of serum lactate  
(p < 0.05) and inotropic score (p-value 0.003) significantly 
correlated with improved survival (►Figs. 2, 3). Increased 
AOCX T (106 ±31.49 vs. 88 ± 21.69 min; p = 0.025), longer 
ECMO duration (more than 4 d; p = 0.04) and lower urine 
output (1.06 ± 0.81 vs. 1.85 ± 0.91 mL/kg/h; p = 0.04) in the 
first 2 days on ECMO was significantly associated (p = 0.025) 
with decreased survival (►Figs. 4–6).

A negative CFB of − 58 mL/kg (median value) in the first 
48 hours on VA ECMO was found to be associated with 
increased survival (nonsurvivors, + 43 mL/kg; p = 0.00) 

(►Fig. 7). Initial ECMO flow, as percentage of total flows, was 
also analyzed for all 20 patients. There was a statistically sig-
nificant correlation between lower initial ECMO flows and 
survival (52.44 ± 8.48% vs. 75.09 ± 6.97%; p = 0.001) (►Fig. 8).

Platelet counts on day 1, 2 and 3 were analyzed for sig-
nificance with respect to survival, and it was found that 
decreasing trend of platelet count was associated with 
decreased survival (p-value 0.026). Increasing trend of CRP 
(survival vs. nonsurvival–D1:D2:D3–81.00 vs. 72.23: 64.40 vs. 
87.76:75.17 vs. 103.46) and ESR values (survival vs. nonsur-
vival–D1:D2:D3–18.5 vs. 21:14.55 vs. 25.5:17.55 vs. 27.6) was 
associated with decreased survival as well (►Figs. 9, 10, 11).

The postoperative bleeding in the first 5 days was sig-
nificantly higher in non survivors compared with survivors 
(137.0 ± 136.2 vs. 65.95 ± 37.97 mL/kg; p < 0.05). Similarly, 
for the first 5 days, there was increased transfusion of PRBC 

Fig. 1  Graph showing comparison of marginal means of heart rate 
between survivors and non survivors for first 3 days of ECMO sup-
port. Abbreviation: ECMO, extracorporeal membrane oxygenation.

Fig. 2  Showing widely divergent trend of increasing serum lactate in 
the nonsurvival group versus decreasing serum lactate in the survival 
group.

Fig. 3  Showing divergent trend of increasing need of inotrope sup-
port in the nonsurvival group from day 3 onward.
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(135.4 ± 46.4 vs. 47.85 ± 60 mL/kg; p = 0.004), FFP (36.5 ± 32.8 
vs. 15.16 ± 14.4 mL/kg; p = 0.03), and platelet concentrates 
(39.6 ± 19.31 vs. 18.56 ± 10.48 mL/kg; p = 0.016) in nonsurvi-
vors compared with survivors.

There was no statistically significant correlation between 
presence of sepsis and mortality.

Fig. 4  Showing AOCX T in minutes among survival and nonsurvival group. Abbreviation: AOCX T, aortic cross-clamp time.

Fig. 5  Showing duration of ECMO run in days amongst survival and 
nonsurvival group. Abbreviation: ECMO, extracorporeal membrane 
oxygenation.

Fig. 6  Showing average urine output in (mL/kg/day) among survival 
and nonsurvival group.

Fig. 7  Showing CFB of first two days on ECMO amongst survival and 
nonsurvival group. Abbreviations: CFB, cumulative fluid balance; 
ECMO, extracorporeal membrane oxygenation.

Fig. 8  showing initial ECMO flow (as % of total full flows) among 
survival and nonsurvival group. Abbreviation: ECMO, extracorporeal 
membrane oxygenation.
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Discussion
The use of cardiac ECMO in children has increased over the 
last few decades. A rise in the number of complex cardiac 
surgeries in children is the primary cause of increased usage 
of VA ECMO in children. In the era of personalized medicine, 
the decision to initiate postcardiac surgery ECMO is individu-
alized on case-to-case basis.

The survival after VA ECMO in children varies between  
36 to 48%.4-10 The children in our study had a median age and 
weight of 60 days and 3.4 kg, respectively. Eighty five percent 
of our study children underwent arterial switch operation 
(RACHS-4). All the children underwent central (ascending 
aorta–right atrial) cannulation in the operating room only. 
The decision to use ECMO was preoperative in 15% (3/20) 
children and postoperative in the rest of patients. In our  
prospective observational study, the 4-month survival was 
45% (9/20). After discharge from the hospital, all the chil-
dren were alive on the first, second and third follow-up of 15,  
30 and 120 days after discharge.

We had prospectively looked into detailed hourly and 
daily parameters while on ECMO flow which have not been 
studied previously. There was a significant difference of vari-
ation of HR on the days following institution of ECMO to the 
child, but there was no significant correlation of such varia-
tion with respect to survival. However, in survivors, HR sig-
nificantly decreased over the first 3 days of ECMO. Majority 
of our children (85%) underwent arterial switch operation. In 
TGA, after surgery, the left ventricle is exposed to increased 
afterload initially. The left ventricle (LV) compensates by 
mechanism of heterometric regulation. In heterometric reg-
ulation, because of LV dysfunction, initial end-diastolic and 
end-systolic volumes are increased with resultant decrease 
in stroke volume. Therefore, HR increases to compensate for 
decreased stroke volume and maintain cardiac output. The 
purpose of ECMO after arterial switch operation is to train 
the LV for the increased after load. Hearts which are not able 
to handle the increased afterloads are supported with ECMO. 
Slowly, the flows on ECMO are reduced, so that the heart is 
gradually exposed to the new afterload. Once the LV is accus-
tomed to the new afterload, the LV function increases and 
end-diastolic and end-systolic volume revert to earlier val-
ues. Because the myofibril length is the same as earlier, this 
compensation is known as homeometric regulation. Due to 
increase in LV function and stroke volume, the initial increase 
in heart rate settles to normal values.

Echocardiography is not only a method of need assessment 
for ECMO, but it also helps in choosing the appropriate mode 
of support. Echocardiography is a valuable tool for excluding 
complications like pericardial tamponade, aortic regurgita-
tion, cannula malposition, thrombus, and hypovolemia.11 It 
has a role in everyday assessment of heart to predict the need 
of further mechanical support or the possibility of successful 
weaning from ECMO. In our study, we did baseline echocar-
diography evaluation after initial ECMO setup, followed by 
serial evaluations of heart every 12 hours during ECMO run. 
We observed that an improvement in the echocardiographic 

Fig. 9  Graph showing comparison of mean platelet counts between 
survivors and nonsurvivors for first 3 days of ECMO support. 
Abbreviation: ECMO, extracorporeal membrane oxygenation.

Fig. 10  Showing rising trend of CRP values flow among nonsurvival 
group. Abbreviation: CRP, C-reactive protein.

Fig. 11  Showing rising trend of ESR values flow amongst nonsurvival 
group. Abbreviation: ESR, erythrocyte sedimentation rate.
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parameters in the first 72 hours, after commencement of 
ECMO, leads to successful weaning from ECMO and positive 
outcomes.

With improvement in cardiac function, the lactate  
levels tend to settle down. The decreasing trend of serum 
lactate was associated with survival in our study. In a study 
by Li et al, they observed that early change in lactate values  
(6 and 12 hour) following the initiation of ECMO support can 
predict in-hospital mortality in postcardiac surgery patients 
and successful weaning from ECMO as well.12 In a case report 
from our institute, we measured lactate level, calculated lac-
tate clearance at 6 and 18 hour after initiation of ECMO in a 
child who underwent arterial switch operation for TGA, and 
concluded that increased lactate clearance predicts success-
ful weaning from ECMO.13

A high-peak inotropic score predicted mechanical support 
in children requiring ECMO support, following fulminant 
myocarditis.14,15 In our study, we found that while on ECMO, 
decreasing trend of vasoactive inotropic score over the first 
5 days was associated with successful weaning and signifi-
cantly improved survival on VA-ECMO (p value 0.003).

The duration of CPB and AOCX T correlates with the need 
for VA ECMO and mortality. Cardiopulmonary bypass time of 
more than 400 minutes and AOCX T of more than 120 min-
utes were associated with decreased survival.9 In our study, 
even after excluding an exceptionally high-value for AOCX T  
in nonsurvival group, we found significant correlation 
between increased AOCX T and decreased survival (p < 0.05).

ECMO duration beyond 7 days in children increased the 
odds of mortality by 12% for every extra day on VA ECMO, 
with no survival benefit beyond 10 days.4,9 Hintz et al reported 
improved survival in neonates who underwent ECMO for 
less than 3 days.16 In our study, four children died within 
3 days of ECMO initiation. In the remaining 16 children,  
we found that increased duration of ECMO (more than 4 days) 
lead to decreased survival.

Khorsandi et al established that patients on ECMO who 
develop dialysis-dependent renal failure had higher mortal-
ity compared with patients who do not require renal replace-
ment therapy.9 Similarly, in another study from United 
Kingdom, patients requiring renal replacement therapy for 
renal failure were twice in the nonsurvivors group (20/24) 
versus the survivors group (10/24).8 In our study, out of  
11 children who died, 6 required ultrafiltration after 
24 hours of ECMO institution. Whereas in the survival group, 
there was a significant increase in the urine output over 24 to 
72 hours after ECMO initiation. We also found that there was 
a strong correlation between overall survival and ability to 
have a negative cumulative fluid balance (NCFB) within first 
48 hours of ECMO (− 58 mL/kg in the survival group versus 
+ 41 mL/kg in the nonsurvival group). The ability to gen-
erate a significant negative CFB will depend on an optimal 
cardiac output, fair renal function, and subsiding systemic 
inflammatory response to ECMO. Therefore, achievement of a  
50 mL/kg of negative CFB may indicate general well-being of 
the child.

In our study, the initial ECMO flow (as a percentage of 
total flow) correlated with survival. Lesser initial flows were 

associated with better survival. It is possible that children 
requiring higher initial flows were sicker and had higher 
degree of ventricular dysfunction to begin with.

The most recent Extracorporeal Life Support Organization 
(ELSO) registry report found that 7 to 26% of neonates placed 
on ECMO for respiratory and cardiac indications suffered 
surgical site bleeding. Bleeding complications may occur 
in up to one-third of children being managed on cardiac 
ECMO with adverse effect on survival.17 The adverse effect 
of postoperative bleeding on patient survival is evident in 
our study as well. There are many causes of thrombocyto-
penia in children supported on cardiac ECMO, for example, 
mechanical destruction of platelets, dilutional thrombocyto-
penia, inadequate production (due to extremely sick child), 
drug-induced thrombocytopenia, and sepsis. In our study, 
the thrombocytopenia correlated with development of sepsis 
in the nonsurviving (5/11) children. The optimal threshold 
for transfusion of PRBCs, platelet concentrates (PC), FFP, and 
cryoprecipitate are not clearly defined to guide clinical deci-
sion-making. Also, increased transfusion of blood and blood 
products is associated with increased mortality.17-20 In our 
study, increased transfusion of PRBCs, FFP, and PC was asso-
ciated with decreased survival as well.

ECMO induces a sustained systemic inflammatory 
response syndrome, which is due to exposure to nonphys-
iological surfaces, surgical trauma, and continuous nonpul-
satile flow.21 Neonates and young infants are at greater risk 
because of the disparity between the patient’s estimated 
blood volume (EBV) and the priming volume of the ECMO 
circuit (2–3 times of EBV of the child). The clinical similarities 
between systemic inflammatory response syndrome (SIRS) 
and sepsis make differentiation between them very difficult. 
Hence, early recognition of sepsis by using biomarkers is dif-
ficult, especially in children with ECMO. In our study, increas-
ing trends of both CRP and ESR correlated well with mortality 
in univariate analysis.

Limitations of the Study
The sample size of this study is small. The study enrolled 
both types of ECMO—one instituted in OT and other placed in 
ICU. Therefore, uniformity of the cohort was not maintained. 
We did not try to determine exact incidence of neurological 
deficits during ECMO or the neuropsychological behavior of 
children after discharge from hospital. We did not correlate 
the survival with established factors like age and body weight 
because of small sample size. We did not measure cardiac 
biomarkers to quantify the amount of myocardial damage.

Conclusion
A total of 45% children (9/20) postcorrective cardiac surgery 
supported with ECMO survived and were discharged from the 
hospital. All of them were alive at 4 months postdischarge. An 
increased survival was associated with improved ventricular 
function during the first 3 days of ECMO, decreased lactate 
levels and inotropic score, and a negative CFB of more than  
50 mL/kg in the first 48 hours. The following factors correlated 
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with decreased survival: AOCX T more than 106 minutes, 
initial ECMO flow more than 75% of total full flow, ECMO 
duration more than 4 days, urine output < 1.06 mL/kg/h  
(in the first 48 hours), increased transfusion of blood and 
blood products, and increasing trend of CRP and ESR.
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