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ABSTRACT
Objective: To describe the results of extracorporeal 
membrane oxygenation in patients undergoing 
heart surgery and analyze the risk factors for 
morbidity and mortality.
Methods: Retrospective study conducted in 
cardiac patients under circulatory support. 
Outcome measures, diagnosis, surgery, Risk 
Adjustment for Congenital Heart Surgery 
(RACHS) score, implantation time, cannulation, 
length of support during stay, complications, 
survival, and follow-up were recorded. Risks 
were analyzed in relation to age, weight, RACHS 
score, single-ventricle or biventricular disease, 
implantation time, length of support and stay, 
and complications. Descriptive statistical and 
logistic regression analyses for risk factors 
were done.
Results: Among 5295 hospitalizations, 72 patients 
required extracorporeal membrane oxygenation 
(1.37 %). Median age: 6.5 months (interquartile 
range [IQR]: 20 days-2 years); weight: 5.5 kg 
(IQR: 3.25-9.5); pump time: 188 min (IQR: 134-
246.5); clamp time: 92 min (65-117). Cannulation 
was done in the operating room in 34 cases 
(47 %). The median length of support was 
3 days (IQR: 2-5), and of stay, 20 days (IQR: 11-
32). Survival at discharge was 49 %; 8 patients 
died during follow-up. The most common 
complication was bleeding (57 %). Weight < 5 kg 
(p = 0.01) and vasopressor use during support 
(p = 0.012) were associated with a risk for 
mortality. The survival rate at 10 years was 77 %; 
84 % of patients corresponded to functional class 
1-2, and 37 % had some degree of developmental 
delay.
Conclusions: The most common complication 
was bleeding; weight and vasopressor use were 
associated with mortality.
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membrane oxygenation, risk factors.
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INTRODUCTION
E x t r a c o r p o r e a l  m e m b r a n e 

o x y g e n a t i o n  ( E C M O )  i s  a n 
extracorporeal vital support technique 
that provides total or partial heart 
and/or lung support to patients with 
cardiac and/or refractory respiratory 
failure as a transition while making 
a decision and towards recovery, 
surgery or transplant. It is one of 
the most complex and powerful 
technological devices in medicine 
today and is part of the standard 
perioperative care in critically-
ill children with congenital heart 
disease admitted to tertiary care 
facilities. There are different forms 
of mechanical circulatory support: 
some provide temporary heart and 
lung support, such as ECMO, while 
others only provide heart support, 
either to one or both ventricles 
(these are known as ventricular 
assist devices, VADs). ECMO is a 
short-term (< 30 days) mechanical 
circulatory support device that is most 
commonly used for perioperative 
care of children with congenital 
heart disease.1-3 The most frequent 
indication is unsuccessful treatment 
in heart failure and postoperative 
heart surgery.1-3 It has been estimated 
that 1-2 % of surgery patients require 
ECMO. Due to its complexity, highly 
specific knowledge and training are 
needed to achieve adequate results.4 
The Extracorporeal Life Support 
Organization (ELSO), an institute that 
keeps records of all member centers, 
has reported that survival at the time 
of discharge was 42 % for neonatal 
cardiac patients and 51 % for pediatric 
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cardiac patients.5 In our hospital, 600 patients 
with congenital heart disease are operated on 
every year, and their mortality rate is close to 
5 %. In 2006, we implemented an ECMO program 
for heart surgery.6-8 The objective of this study 
was to describe the results of ECMO support in 
patients undergoing heart surgery and analyze 
the risk factors for morbidity and mortality in our 
population.

PATIENTS AND METHODS
This was a retrospective data analysis of 

patients under ECMO at the Cardiovascular Care 
Unit of Hospital de Pediatría “Prof. Dr. Juan P. 
Garrahan,” in the 2006-2016 period. Data were 
obtained from the department’s database, which 
collected them prospectively for all surgery 
patients. The protocol was approved by the 
hospital’s Institutional Review Board. These are 
dissociated data, so no informed consent was 
requested. The following data were included: 
demographic characteristics, cardiac diagnosis 
and surgery done, pump and clamp time, surgery 
complexity based on the Risk Adjustment for 
Congenital Heart Surgery (RACHS) method,9 
ECMO initiation in the operating room or in 
the pediatric intensive care unit (PICU), central 
or peripheral cannulation, length of mechanical 
circulatory support in days, complications, 
survival upon decannulation, survival at the time 
of discharge, and long-term follow-up. Patients 
were divided into age groups: < 30 days old, 
1-12 months old, 1-18 years old, and adults. Due 
to the wide variability in terms of diagnosis, 
patients were divided into three groups for 
analysis: single-ventricle lesions, biventricular 
lesions, and myocardial disease (heart transplant 
and myocarditis).

Complications were categorized as per 
the ELSO’s criteria into mechanical (air in 
circuit, thrombi in circuit, oxygenator failure, 
cannula problems or any problem requiring 
circuit change), hemorrhagic (gastrointestinal 
hemorrhage, cannulation site bleeding, surgical 
site bleeding, hemolysis), neurologic (seizures, 
brain hemorrhage, cerebral infarction, brain 
death), renal (renal failure, dialysis), respiratory 
(pneumothorax, pulmonary hemorrhage), 
cardiopulmonary (arrhythmia, cardiac arrest, 
vasopressor use during support,  arterial 
hypertension requiring vasodilators, cardiac 
tamponade), and infectious (positive blood 
culture during support). During the 10-year 
clinical follow-up, neurologic status (motor and 

cognitive test, Clinical Adaptive Test/Clinical 
Linguistic and Auditory Milestone Scale [CAT/
CLAMS]) and functional capacity were assessed 
as per the American Society of Cardiology based 
on data from the medical records.

Definitions
ECMO survival: presence of native circulation 

24 h after decannulation. Survival at the time of 
discharge: patient who was alive at the time of 
discharge or transfer to another hospital.5

The following were analyzed as risk factors 
for mortality: age and weight, RACHS complexity 
score, single-ventricle or biventricular repair, 
implantation time, days of support and stay, and 
complications.

Statistical analysis: Continuous outcome 
measures were reported as mean and standard 
deviation or as median and interquartile range 
(IQR). Categorical outcome measures were 
described as absolute values and percentage; 
their association was assessed using the χ² test or 
Fisher’s exact test.

To identify risk factors for survival/mortality 
at the time of discharge, a bivariate analysis 
was performed in order to assess the relation 
between this and other independent outcome 
measures. Then, a multivariate logistic regression 
model was developed, which included outcome 
measures with a p value < 0.2 in association with 
the Wald test. After this, outcome measures which 
showed a statistically significant association with 
the Wald test of p < 0.05 were included. Effect 
sizes were reported as odds ratio (OR) with the 
corresponding 95 % confidence interval (CI). The 
statistical software package used was Stata 10.1.

RESULTS
During the study period, 5295 patients were 

operated on under extracorporeal circulation 
(ECC); of them, 72 required ECMO (1.37 %). In 
all cases, venoarterial ECMO was used. Table 1 
describes population data. Patients’ median 
age was 6.5 months (IQR: 20 days-2 years), 
and their weight was 5.5 kg (IQR: 3.25-9.5). 
Pump time was 188 min (IQR: 134-246.5); and 
clamp time was 92 min (IQR: 65-117). Table 2 
shows patient data grouped by age. A single-
ventricle repair (hypoplastic left heart syndrome) 
was performed in 12 % (n = 9). Besides, 72 % 
(n = 52) of patients required a RACHS-3 or -4 
surgery. In 34 patients (47 %), the ECMO was 
implanted in the operating room; it was used 
as preoperative stabilization only in 4 patients 
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other assessed outcome measures (p = 0.01), OR: 
0.28 (95 % CI: 0.10-0.74).

During the 10-year follow-up period, it was 
confirmed that 19 patients were alive at the time 
of this study, whereas 8 had died. Of them, 84 % 
(n = 16) corresponded to functional class 1-2. In 10 
patients (53 %), neurodevelopment was adequate 
for their age, while in 7 (37 %), varying degrees 
of developmental delay were observed; no data 
could be collected in 2 (10 %) (Figure 1).

DISCUSSION
In recent years, heart surgeries for congenital 

heart disease have become increasingly complex, 
and therefore it is necessary to offer techniques 
like ECMO, which provide time for myocardial 
function recovery.1,10 According to the ELSO, 
in January 2016, the survival rate with cardiac 
ECMO was 51 % in pediatric patients.5 Several 
articles have mentioned the importance of the 
association between the site’s volume and the 
improvement of survival among patients who 
require this treatment for heart indications; 
hence, it is very important that services be 
regionalized and centralized to provide such 
specific techniques.4,11 In our hospital, one of the 
main referral centers, 1.37 % of surgery patients 
required ECMO, and their survival at the time of 
discharge was 49 %. The most common indication 
was myocardial dysfunction during surgery 
(difficulty to remove ECC) or within 24 h after 
cardiotomy in the PICU.

Several studies have observed a higher 
mortality in patients who required ECMO in 
the operating room compared to the intensive 
care unit (ICU), whereas other have reported 
an increased mortality in patients who started 
ECMO early in the ICU after heart surgery.2,3,11,12 
Recently, in a retrospective study based on the 
analysis of multiple databases, no association 
was established between ECMO initiation time 
and mortality.13

(neonates with critical cyanosis) to allow for 
surgical repair in favorable conditions. Central 
cannulation was performed in 94.5 % of patients. 
The most common indications were myocardial 
dysfunction (69 %) and dysfunction associated 
with pulmonary hypertension (PHT) (11 %), 
followed by cyanosis (10 %), cardiorespiratory 
arrest (3 %), respiratory causes (3 %), sepsis (3 %), 
and arrhythmia (1 %).

The median length of support was 3 days 
(IQR: 1-12 days); 46 % of patients required 
hemofiltration or hemodiafiltration. Vasoactive 
drugs were needed during support in 12 %. 
Complications were observed in 72 % of 
patients; bleeding was the most common one 
(56.9 %). The median length of stay was 20 days 
(IQR: 1-34 days). Survival at the time of discharge 
was 49 % (n = 35) (Table 2).

Table 3 shows the detailed results of the 
bivariate analysis of risk factors for survival/
mortality. The multivariate model showed that all 
patients who required vasopressors under ECMO 
died (p = 0.012). Since this outcome measure was 
an accurate predictor of mortality, it was not 
included in the multivariate model; therefore, the 
OR and 95 % CI could not be estimated. In the 
multiple model, weight < 5 kg was an associated 
factor that acted as predictor of risk for survival/
mortality at the time of discharge, regardless of 

Table 1. Description of the population. N: 72

Outcome measure Median IQR
Age (months old) 6.5 (0.6-48)
Weight (kg) 5.5 (3.25-9.5)
ECC time (min) 188 (134-246.5)
Clamp time  (min) 92 (65-117)
Length of support (days)  3 (2-5)
Length of MV (days) 11 (6-20)
Length of stay (days)  20 (11-32)

IQR: interquartile range; ECC: extracorporeal circulation; 
MV: mechanical ventilation.
 

Table 2. Description of the population by age group

	 <	30	d.	 1	m.-≤	12	m.	 >	12	m.-18	a.	 >	18	a.
No. 18 28 24 2
Age (median and IQR) 11 d. (6-18) 4 m. (2.5-7.35) 3 a. (1.5-4) 22.8 a. (18-27)
Weight (kg) 3 (2.82-3.3) 4.95 (3.85-6) 10 (8.25-13) 67.5 (60-75)
Single-ventricle 4 (22 %) 5 (18 %) - -
RACHS ≥ 3          100 % 64 % 75 % 0 %
Length of support (days)  3 (3-4) 3.5 (2-6) 3 (2.5-4.5) 4.5 (1-8)
Length of stay (days) 20.5 (12-30) 15 (6-32) 26.5 (12-34) 25.5 (13-38)
Survival at the time of discharge  7 (39 %) 12 (43 %) 14 (58 %) 2 (100 %)

IQR: interquartile range; d.: days old; m.: months old; y.: years old; RACHS: Risk Adjustment for Congenital Heart Surgery.
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Table 3. Bivariate analysis of risk factors for survival at the time of discharge*

Outcome measure  % survival OR 95 % CI P 

Repair Single-ventricle 47.6 0.73 0.18-2.96 0.65
 Biventricular 55.6 
Cannulation  Central 46 0.43 0.098-1.86 0.24
 Peripheral 66.7 
RACHS-1 ≤ 2 63.5 0.44 0.11-1.69 0.22
 ≥ 3 43.5 
Bleeding Yes 45.2 0.67 0.26-1.73 0.41
 No 55.2 
Vasopressor use Yes 0 -- -- 0.012
 No 55.2 
Mechanical  Yes 28.6 0.33 0.09-1.19 0.08
complications  No 54.4 
Renal  Yes 50 1 0.13-7.53 0.95
complications No 50 
Weight < 5 kg Yes 32.3 0.28 0.10-0.74 0.009
 No 63.1 
Age < 1 month 38.9 0.52 0.18-1.53 0.34
 ≥ 1 month 51.8 

* χ² test.
IQR: interquartile range; OR: odds ratio; CI: confidence interval; RACHS: Risk Adjustment for Congenital Heart Surgery.

Figure 1. Clinical follow-up at 10 years

 ECMO: extracorporeal membrane oxygenation.

In our series, no significant differences were 
observed between both groups. One of the 
most important aspects in the indication of 
this procedure is the selection of the adequate 
time for support. Identifying such moment is 

critical because a late intervention would worsen 
outcomes. Different scores have been developed 
in this regard; however, most are targeted at 
adult patients and not easily adapted to our 
population.14 Most groups agree that the optimal 

72 patients  
under ECMO

No data: 8

Survival at the time  
of discharge: 35

In follow-up: 19Deceased during  
follow-up: 8

Deceased during 
hospitalization: 29

Deceased  
under ECMO: 8

Survival under  
ECMO: 64
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moment for ECMO initiation should be based on 
the clinical setting.13

An analysis by the ELSO of the factors 
associated with mortality in neonates requiring 
ECMO due to heart conditions mentions acidosis 
(arterial blood pH < 7.20), lactic acid > 5 mmol 
(as tissue perfusion markers), and the need for 
mechanical ventilation (MV) prior to ECMO 
initiation as the factors associated with an increase 
in mortality.12,13 These studies suggest that a 
timely indication of ECMO initiation is one of the 
most important prognostic factors, especially in 
the neonatal population.15

In our experience, the need for ECMO support 
is considered for patients in whom the bypass 
pump cannot be removed or who have a severely 
low postcardiotomy cardiac output, those who 
are refractory to standard treatment, based on 
objective parameters such as tissue hypoperfusion 
(metabolic acidosis [ph < 7.25] and lactic acidosis 
[lactate > 4 mmol and increasing]), venous oxygen 
saturation < 40 %, oligoanuria, and increasing 
inotrope doses (adrenaline > 0.15, noradrenaline 
> 0.15 and increasing, and vasopressin > 0.002).

Another risk factor for mortality recognized in 
most series is single-ventricle physiology.15-17 In 
our series, most patients had biventricular repairs; 
no significant differences were observed in terms 
of mortality between both groups.

I n  n u m e r o u s  s e r i e s ,  w e i g h t  <  4  k g , 
prematurity, length of support > 8 days, and 
inotrope and/or dialysis requirement under 
ECMO were other outcome measures associated 
with mortality.13,17

In  our series ,  only weight  < 5  kg and 
intravenous vasopressor need were significantly 
associated with mortality. The most common 
complication in our patients was bleeding 
(56.9 %).

Werho et al., conducted a retrospective 
analysis of ELSO data in pediatric cardiac patients 
under ECMO and concluded that bleeding was 
a complication in more than half of them, that 
mediastinal exploration prior to ECMO, a more 
complex surgery, cannulation during the early 
post-operative period, and a longer length of ECC 
were the factors associated with a hemorrhagic 
complication in these patients and a risk factor 
associated with morbidity and mortality.18

The implementation of an anticoagulation 
protocol by hematologists, including hemostatic 
supplementary tests, in our facility, has helped 
to reduce this complication, especially in the 
population of neonates, who are at a higher 

risk.19,20 In our series, 46 % of patients required 
hemofiltration and/or hemodiafiltration, but it 
was not associated with a greater mortality. In 
most cases, such dialysis measures were indicated 
due to excess fluids during the perioperative 
period and the need to achieve a negative balance 
and not to the presence of acute renal failure.21,22

ECMO is also associated with morbidity. 
The causes of this are multifactorial.  The 
severity of heart disease, non-cardiac anomalies, 
organ hypoperfusion during the critical phase 
of disease, and ECMO procedure itself may 
contribute to morbidity.2,10.23,24 Thus, in recent 
years, in addition to survival at the time of 
discharge, other outcomes have been assessed, 
such as neurodevelopment, quality of life, and 
late mortality.25-27 During the long-term follow-up, 
primary care facilities have concluded that most 
of these patients present a significant morbidity, 
a worse neurodevelopment, and a poorer quality 
of life than the normal population.28-30

In our series, 8 patients died during follow-up 
and only 19 completed subsequent clinical visits. 
Of them, 84 % (n: 16) corresponded to functional 
class 1-2, and 37 % (n: 7) had varying degrees of 
developmental delay. The introduction of these 
patients to the hospital’s follow-up program 
of patients with complex chronic conditions 
will provide a better future knowledge of our 
population’s neurodevelopment and quality of 
life.31

CONCLUSIONS
The survival rate at the time of discharge in the 

ECMO program for heart surgery of Hospital de 
Pediatría “Prof. Dr. Juan P. Garrahan” was 49 %. 
The factors associated with a higher risk for 
mortality were weight < 5 kg and vasopressor 
requirement during support. The most common 
complication was bleeding; however, it was not 
associated with a higher mortality. During the 
10-year follow-up, the survival rate was 77 %, 
and 84 % of patients remained in functional 
class 1-2, while 37 % showed varying degrees of 
developmental delay. n
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