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Abstract

Introduction: Extracorporeal membrane oxygenation (ECMO) 
has become a standard technique over the past few decades in 
intensive care unit (ICU). 

Objective: A review of pediatric patients who received ECMO 
support in the pediatric cardiac ICU was conducted to determine 
the incidence, risk factors and causal organisms related to 
acquired infections and assess the survival rates of ECMO 
patients with nosocomial infections. 

Methods: Sixty-six patients who received ECMO support in 
the pediatric cardiac ICU between January 2011 and June 2014 
were included in the study. Demographic, echocardiographic, 
hemodynamic features and surgical procedures were reviewed. 

Results: Sixty-six patients received a total of 292.5 days of 

venoarterial ECMO support. Sixty were postoperative patients. 
Forty-five patients were weaned from ECMO support with an 
ECMO survival rate of 68.2%. The rate of infection was 116.2/1000 
ECMO days. Prolonged ICU stay, duration of ventilation and 
ECMO were found associated with development of nosocomial 
infection and only the duration of ECMO was an independent 
risk factor for nosocomial infections in ECMO patients. 

Conclusion: The correction of the underlying process leading 
to ECMO support and shortening the length of ECMO duration 
together with stricter application of ECMO indications would 
improve the infection incidence and hospital surveillance of the 
patient group.
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Abbreviations, acronyms & symbols

ACT
aPTT
BSI
BUN
CDC
CRP
ECMO
ELSO
ICU
RACHS-1
RTI
SWI
UTI
VA

 = Activated clotting time 
 = Activated partial thromboplastin time 
 = Blood stream infections 
 = Blood urea nitrogen 
 = Centers for Disease Control 
 = C-reactive protein 
 = Extracorporeal membrane oxygenation 
 = Extracorporeal Life Support Organization 
 = Intensive care unit 
 = Risk-Adjusted Congenital Heart Surgery 
 = Respiratory tract infection 
 = Sternal wound infections 
 = Urinary tract infection 
 = Venoarterial 

INTRODUCTION

The use of extracorporeal membrane oxygenation (ECMO) 
has become a standard technique to provide temporary 
respiratory and cardiovascular support to pediatric and adult 
patients over the past few decades[1]. Despite the efficacy, 
significant associated risks including infections are present[2]. The 
cannulation of major vessels provides entry for infectious agents 
along with additional invasive devices such as urinary catheters, 
endotracheal tubes, dialysis and central venous catheters, which 
further increase the risk of nosocomial infection in patients on 
ECMO[3,4]. 

ECMO support has been used in our pediatric cardiology 
and cardiovascular intensive care unit (ICU) and the patient 
records who have received ECMO were retrospectively collected.                                                                                                                                       
This study aims to determine the incidence, risk factors and 
causal organisms related to acquired infections in pediatric 
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patients who received ECMO and assess the survival rates of 
ECMO patients with nosocomial infections.

METHODS

The study was a retrospective cohort study and approved by 
the Institutional Review Board. Written consent was taken from 
the parents.

Sixty-six patients who received ECMO support in the pediatric 
cardiac ICU at the Mehmet Akif Ersoy Thoracic and Cardiovascular 
Surgery Center between January 2011 and June 2014 were 
included in this retrospective study. The medical records were 
retrospectively reviewed from database of the hospital and 
incomplete data was fulfilled from individual chart review; age, 
sex, underlying medical condition, length of stay in the pediatric 
ICU, length of hospitalization, duration of ventilation, indication 
for ECMO support, duration of ECMO support, duration of post 
ECMO ventilation, empiric antibiotics within first 24 hours of 
ECMO, ECMO-related infections, type of infection and causative 
agents, pH, C-reactive protein (CRP), blood urea nitrogen (BUN), 
lactate before ECMO support, and final outcome were recorded. 
During the study period, there was no defined protocol for 
antibiotic prophylaxis for ECMO in our clinic. 

A hospital-acquired infection was defined as an infection 
that was not present, nor an extension of an infection present, 
on admission to the hospital. All hospital-acquired infections 
including blood stream infections (BSI), respiratory tract infection 
(RTI), urinary tract infection (UTI) and sternal wound infections 
(SWI) of the patients were recorded and Centers for Disease 
Control and Prevention (CDC) criteria were used as standard 
definitions for ECMO related hospital-acquired infections[5]. 
Nosocomial infections that occurred 24 h after initiation and 48 
h after discontinuation of ECMO were defined as ECMO-related 
nosocomial infections[6]. The percentage of patients who survived 
after ECMO discontinuation to the total number of patients who 
received ECMO was defined as the ECMO survival rate, and the 
percentage of patients who survived to discharge from hospital 
to the total number of patients who received ECMO was defined 
as the overall survival rate[6]. 

All patients were intubated before ECMO. Since our patient 
population was mainly postoperative cardiac patients, they all 
underwent venoarterial (VA) cannulation. DLP (Medtronic®, Inc., 
Minneapolis, MN, USA) arterial and venous ECMO cannula were 
used for ECMO cannulation for all patients.

A central venous line and a nasogastric tube were placed 
before ECMO was initiated. Medos Deltastream® System 
has been in use for ECMO support in our ICU unit and after 
November 2012, Medos Deltastream® DC system with DP2 
pump head (MedosAG, Stolberg, Germany) was switched to 
the Medos Deltastream® MDC system with DP3 pump head 
(MedosAG, Stolberg, Germany). Continuous intravenous heparin 
infusion was started and titrated at a dosage adequate to keep 
activated clotting time (ACT) around 180-200 sec and activated 
partial thromboplastin time (aPTT) in a range of 60-80 sec. The 
ECMO pump flow started at a rate of 100 ml/kg/min but higher 
flow of 150-200 ml/kg/min was preferred in patients with single 
ventricle and after shunt operations with sternotomy. The flow 

rate was set again after the correction of end-organ perfusion, 
lactic acidosis, arterial blood gases and an increase in systemic 
venous oxygen saturation was established. Urine cultures were 
obtained weekly and when clinically indicated. Patients were 
removed from ECMO when their cardiac or pulmonary status 
improved or they were decannulated because of irreversible 
disease as severe neurologic injury[4].

Statistical Analysis

All analyses were performed using SPSS 15.0 for Windows 
(SPSS, Chicago, IL, USA). The statistical significance of continuous 
variables was determined using nonparametric tests (the Mann-
Whitney U-test), and categorical variables were analyzed with 
Fisher’s exact test. A value of P<0.05 was considered statistically 
significant. The median (maximum-minimum) of the variables 
was reported. After univariate analysis with selected variables, 
a logistic regression model was used for multivariate analysis to 
determine the independent predictive factors of ECMO-related 
infections.

RESULTS

A total of 66 patients received a total of 292.5 days of 
VA-ECMO support in the pediatric cardiac ICU. Sixty were 
postoperative patients, and six patients were internalized by 
different indications. The Risk-Adjusted Congenital Heart Surgery 
(RACHS-1) category of the operated patients were median 3 
(range 2-6) whereas the O`Brian classification of the operated 
patients were median 3 (range 1-5). Twenty-five patients were 
newborns (37.8%), 37 were infants (56%), three were children 
older than two years of age (4.5%) and one was an adolescent 
(1.5%). The indications for ECMO were cardiac arrest in 21 
patients, hypotension resistant to medication in 36 patients, 
failure to be separated from cardiopulmonary bypass in four 
patients, pulmonary hypertensive crisis in two patients, and 
other in three patients. 

Forty-five patients were weaned from ECMO support with an 
ECMO survival rate of 68.2%. The overall survival rate was 33.3%. 
All but two deaths occurred more than 48 h after separation 
from ECMO (Table 1). 

A total of 28 patients out of the 66 patients experienced 
34 infectious episodes during ECMO support. Culture-positive 
infections were detected at a single site in 22 patients, and 
multiple sites in six patients. There were 13 (37.2%) BSI, 10 (29.4%) 
RTI, 9 (25.7%) UTI, and 2 SWI (5.7%) (Table 2). The nosocomial 
infection rate was 116.2/1000 ECMO days.

Empiric cefazolin treatment was started in 41 patients and 
ampicillin-cefotaxime therapy in 14 patients. Ten patients received 
different combinations of antibiotics due to infections reported 
before ECMO support (four patients received vancomycin and 
meropenem, two patients received vancomycin and ceftriaxone, 
two patients received ceftriaxone, and two patients received 
sulbactam-ampicillin). One patient received no antibiotics before 
ECMO support.

Gram-negative bacteria accounted for 44.1% (15/34), Gram-
positive bacteria for 26.5% (9/34), and Candida 29.4% (10/34) 
of the total culture-positive pathogens. Candida was the most 
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common isolate (29.4%; 10/34) in the ECMO patient population 
followed by species of Coagulase-negative Staphylococci (17.6%; 
6/34), Klebsiella (14.7%; 5/34), Pseudomonas (8.8%; 3/34), 
Acinetobacter (8.8%; 3/34), Stenotrophomonas maltophilia (5.9%; 
2/34), Staphylococcus aureus (2.9%; 1/34), Micrococcus (2.9%; 
1/34), Corynebacterium bovis (2.9%; 1/34), Enterobacter cloaca 
(2.9%; 1/34), and Escherichia coli (2.9% (1/34). The subspecies 
were Candida Albicans in eight patients and Candida Parapsilosis 
in the remaining two patients.

ECMO cannulations were performed through the chest in 
60 patients, from the neck in four patients, and from the neck 
and groin in two patients. No statistically significant difference 
was found between the cannulation sites as means of infection 
(P=0.925) (Figure 1). 

The chest was left open in 61 patients, the skin was closed 
with silastic patch or primarily in 37 and 24 patients, respectively. 
Culture-positive infections were observed in 14 of the 24 skin 
primarily-closed patients (58.3%), but only in 11 of 37 skin patch-
closed patients (29.7%). The results of ECMO patients who had 
skin patch-closed and primarily closed were demonstrated in 
Table 3. The age and infection rates of the skin patch-closed 
patients were found significantly lower although the risk 
categories were significantly higher; the ECMO and mechanical 
ventilation durations and ICU stay were significantly prolonged 
in skin primarily-closed patients (P< 0.05).

Forty patients were re-operated for bleeding at least once 
and had been supported by excessive blood products during 
ECMO where 19 (47.5%) of them had culture-positive infections. 
In terms of infectious outcomes, no statistically significant 

difference of culture positivity rates was found between the 
patients with high rate of bleeding and others (P=0.322). 

In comparison with Medos Deltastream® DP2 and DP3 
systems (25 patient vs. 41 patients) in terms of infectious 
outcomes, no statistically significant difference of culture 
positivity rates was found (32%, DP2 vs. 41%, DP3, P>0.05).

Table 1. Comparison of patient characteristics with and without infectious complications.

Total
(n=66)

Non-infected (n=38)
Infected
(n=28)

P

Age (month) 4 (0.03-240) 5.2 (0.03-108) 1.5 (0.03-240) 0.256

Sex (male/female) 38/28 24/14 14/12 0.799

Postoperative ECMO (n) 60 35 25 0.693

Duration of ECMO (day) 4 (1-13) 3.5 (1-8) 4 (1-13) 0.030

pH 7.18 (6.9-7.5) 7.14 (6.9-7.5) 7.19 (6.9-7.43) 0.410

Lactate (mmol/L) 9.8(1.6-129) 10.4(1.6-129) 9 (3.3-17.6) 0.284

CRP (mg/dl) 17 (0.5-185) 19.4 (0.6-116) 17 (0.5-185) 0.870

BUN (mg/dl) 15(2-40) 15(2-38) 14.5(2-40) 0.732

Antibiotics on ECMO day 1 65 (98%) 37 (97,4%) 28 (100%) 0.287

Duration of ICU stay (day) 14.5 (2-114) 11.5 (2-114) 17 (7-81) 0.045

Duration of ventilation (day) 12 (1-114) 9 (1-114) 14.5 (3-66) 0.040

Outcome

ECMO survival 45 (68.2%) 24 (63.2%) 21 (75%) 0.424

Overall survival 22 (33.3%) 11 (28.9%) 11 (39.3%) 0.435

BUN=blood urea nitrogen; CRP=C-reactive protein; ICU=intensive care unit

Fig. 1 - The characteristics of cannulation sites of infected and non-
infected patients.
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Table 2. The characteristics of patients who had culture positive nosocomial infection. 

Patient 
nº

Age 
Number of sites 

of infection
Site of 

positivity
Microorganism

Days of
ECMO

Antibiotics at 
ECMO initiation

ECMO
survival

Result

1 4 months 1 BSI MRCNS 4 Cefazoline Exitus Exitus

2 10 months 1 UTI Candida 4 Cefazoline Survived Exitus

3 1 day 1 BSI MSSA 8
Ampicillin + 
Cefotaxime

Exitus Exitus

4 10 days 2 BSI, RTI Klebsiella 3
Ampicillin + 
Cefotaxime

Survived Exitus

5 18 days 2 BSI, RTI Acinetobacteria 8 Other Exitus Exitus

6 4 months 1 UTI Candida 7 Other Survived Exitus

7 24 days 1 RTI Pseudomonas 2 Cefazoline Survived Exitus

8 2 days 1 BSI MRCNS 2
Ampicillin + 
Cefotaxime

Survived Exitus

9 21 day 2
BSI
UTI

Micrococcus
Candida

13 Other Survived Discharged

10 20 years 1 BSI MSCNS 2 Other Survived Discharged

11 28 months 1 BSI
Corynebacterium 

bovis
2 Cefazoline Survived Discharged

12 16 days 1 BSI
Enterobacteria 

cloacae
3 Cefazoline Exitus Exitus

13 3 days 2
BSI

Tissue
MRCNS

Candida Alb
3,5 Other Survived Exitus

14 13 months 1 BSI MSCNS 5 Cefazoline Survived Exitus

15 1 month 1 BSI Stenotrophomonas 11 Cefazoline Exitus Exitus

16 14 days 1 RTI Pseudomonas 2 Cefazoline Survived Discharged

17 2 months 1 UTI Candida 7 Cefazoline Survived Exitus

18 11 months 1 RTI Klebsiella 4 Cefazoline Survived Discharged

19 11 days 2
BSI
UTI

Klebsiella
Candida

7
Ampicillin + 
Cefotaxime

Exitus Exitus

20 28 days 1 RTI Acinetobacteria 10
Ampicillin + 
cefotaxime

Survived Exitus

21 6 months 1 RTI Pseudomonas 1
Ampicillin + 
Cefotaxime

Survived Discharged

22 3 months 2
UTI

Tissue
Candida
MRCNS

4
Ampicillin + 
Cefotaxime

Survived Discharged

23 14 months 1 RTI E Coli 4 Cefazoline Survived Discharged

24 10 months 1 UTI Candida 8 Cefazoline Survived Exitus

25 4.5 months 1 UTI Candida 13
Ampicillin + 
Cefotaxime

Exitus Exitus

26 21 days 1 UTI Candida 8 Cefazoline Survived Discharged

27 7 months 1 RTI Stenotrophomonas 6 Cefazoline Survived Discharged

28 8 days 1 RTI Klebsiella 3
ampicillin + 
Cefotaxime

Survived Discharged

BSI=blood stream infection; RTI=respiratory tract infection; UTI=urinary tract infection; MRCNS=meticillin-resistant coagulase 
negative staphylococcus; MSCNS=meticillin-sensitive coagulase negative staphylococcus; MSSA=meticillin-sensitive staphylococcus 
aureus
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Table 3. Comparison of patient characteristics with skin patch-closed and primarily closed. 

Skin-patch closed (n=37) Skin-primarily closed (n=24) P

Overall survival 10 (27%) 11 (46%) 0.171

ECMO survival 23 (62%) 20 (83%) 0.090

Risk classification (O'Brian) 4 (1-5) 3 (1-5) 0.040

Infected/noninfected 26/11 14/10 0.025

AFR positive/negative 23/14 14/10 0.790

Multiple revisions 22 (59%) 16 (67%) 0.601

Peritoneal dialysis 8 (21%) 6 (25%) 0.765

Hemodialysis 13 (35%) 10 (42%) 0.787

Age (month) 1.5 (0.1-17) 7 (0.1-108) 0.030

Sex (male/female) 20/17 15/9 0.600

Postoperative ECMO (n) 36 (97%) 22 (92%) 0.556

Duration of ECMO (day) 3 (1-8) 4.5 (1-13) 0.040

pH 7.18 (6.9-7.4) 7.19 (6.7-7.5) 0.532

Lactate (mmol/L) 10 (1.6-24) 9.3 (2.2-29) 0.727

BUN (mg/dl) 16.5 (2-40) 14 (2-38) 0.372

Duration of ICU stay (day) 11 (2-114) 21 (4-90) 0.050

Duration of ventilation (day) 9 (1-114) 18.5 (4-66) 0.040

When the infected and non-infected patient groups were 
compared in univariate analysis, prolonged ICU stay, duration 
of ventilation, and duration of ECMO were associated with the 
development of nosocomial infection in patients who received 
ECMO support (P=0.045, P=0.030, P=0.040, respectively). 
However, multivariate logistic regression analysis revealed that 
only the duration of ECMO was an independent risk factor for 
nosocomial infections in patients who received ECMO support 
(odds ratio:1.318; 95% CI: 1.066-1.63; P=0.011). The ratio of 
patients who were successfully weaned and discharged were 
not different between infected and uninfected patients (P=0.424, 
P=0.435; respectively).

DISCUSSION

In this study, the characteristics and frequency of nosocomial 
infections associated with ECMO support in pediatric cardiac 
patients were described, who are mostly postoperative in a 
government hospital with a high surgical volume in a developing 
country. 

ECMO has been increasingly used in postoperative 
pediatric cardiac patients who have inability to wean from 
cardiopulmonary bypass and have certain risk factors such 
as infection/sepsis, bleeding, neurologic sequela, etc. The 
reported rate of infection in these patients varies between 3.5% 

and 45% in the literature, which might be due to different study 
designs[3-8]. 

In 2010, Extracorporeal Life Support Organization (ELSO)[9] 
reported that 18.7% of all pediatric respiratory ECMO cases were 
complicated by culture-proven infections whereas in 2011 ELSO 
Task Force on Infections and ECMO[2] reported a prevalence 
of 13.7% and a rate of 20.7/1000 ECMO days for culture-proven 
infections acquired during ECMO in the pediatric cardiac patient 
population. 

Around 42% (28/66) of our patients experienced at least one 
nosocomial infection during ECMO support with a nosocomial 
infection rate of 116.2/1000 ECMO days. As emphasized in many 
studies[3,4,10], the ECMO population in pre/postoperative cardiac 
failure or arrest, such as the patient population in our study, are 
among the most critically ill patients. 

These patients were also exposed to invasive procedures 
before and during ECMO, and thus, broad-spectrum antibiotics 
were frequently prescribed. In addition, the patients required 
prolonged use of endotracheal intubation tubes, central venous 
lines, urinary catheters along with the deleterious effects of 
cardiac surgery. Moreover, entry into the ECMO circuit for 
laboratory evaluations or for intravascular infusions increases 
the entry of colonized organisms in the bloodstream, which 
contributes to the high rate of infections in these patients.  
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The reported decrease in the number and function of white 
blood cells in ECMO patients with an altered immune response 
after cardiopulmonary bypass might also add to the increased 
susceptibility to infections[11-14].

Prolonged ECMO support, ECMO support for cardiac disease 
in particular apart from other reasons for ECMO, and requiring 
ECMO support with an open chest were reported as risk factors 
for the development of infection and especially closed versus 
open chest was reported to be protective in cardiac patients[3,4,7].

Since nearly all of our patients required ECMO with an 
open chest, we started to close the skin primarily of these 
patients during ECMO support in our clinic. However, when 
we evaluated the culture-positive infection difference between 
the skin-primarily closed and patch-closed patients, we found 
that the culture-positive infection rates were not lower in the 
skin primarily-closed group as expected. Higher operative risk 
categories and early death rates of skin patch-closed ECMO 
patients (73% of skin patch-closed vs. 54% of the skin primarily-
closed patients died) might lead to underestimation of the 
diagnosis of infection in these patients. Besides prolonged 
ICU, mechanical ventilation and ECMO durations along with 
although not significant higher revision rates in skin primarily-
closed patients might cause infection rates higher than reported 
rates previously. Finally as not only BSI or mediastinitis but all-
cause infection rates of ECMO patients were demonstrated here, 
it would not be wise to explain infection of other sites only with 
the type of skin closure.

A longer duration of post-ECMO ventilation support in 
patients with culture-proven infection is another finding in our 
study in accordance with Bizarro et al.[2] and Meyer et al.[15] which 
was also reported to be a predictor for mortality for patients on 
ECMO support[16].

Various reports have demonstrated different microorganisms 
cultured from patients on ECMO support[17,18]. Coagulase-negative 
Staphylococci, Candida spp., Pseudomonas Aeruginosa were three 
of the reported microorganisms responsible for the majority of 
positive cultures obtained from patients on ECMO support in the 
ELSO registry[2], and Candida spp. was the most common cause 
in pediatric and adult age groups and the second most common 
agent in neonates.

Candida spp., Coagulase-negative Staphylococci, Klebsiella, 
and Pseudomonas were the most common isolates in our study. 
Candida species reported to be responsible for the majority 
of cases in pediatric ECMO patients were the most common 
isolated agent in our study in accordance with most studies[2,4]. 
The high prevalence of fungemia in ECMO patients might 
be due to the high severity of illness and longstanding use of 
wide-spectrum antibiotics before and during ECMO support[19]. 
Urinary tract infections due to Candida should be noted as an 
important part of nosocomial infections on ECMO support that 
has been demonstrated by other authors and highlighted in 
this study[2,4,6,20]. Candida spp. should be considered during an 
antimicrobial regimen selection when an infection is suspected 
in a patient on ECMO support. 

A web-based survey[21] of ELSO responses from 132 ELSO centers 
demonstrated that most centers administer antibiotic prophylaxis 
(mostly antibacterial) and almost half have a standardized protocol. 

Our institution does not have a standardized protocol for antibiotic 
prophylaxis, and our high infection prevalence might be partly due 
to being a new center with limited but increasing experience and a 
lack of standardized protocols. 

In the pediatric population, ECMO has been widely used after 
cardiac surgery with an overall reported survival rate of 40-50% 
in different studies[22-26]. Although our ECMO survival was 68.2%, 
which is within the range reported by other studies[27,28], the 
overall survival rate was 33.3%. The overall survival rate improved 
when the ECMO patients were evaluated in the means of years. 
The 24% overall survival in 2011-2012 increased to 39% in 2013-
2014 following the switch to the DP3 system from the DP2 system 
after November 2012. Although improved, our overall survival 
rate was still lower than other reported rates[29]. No improvement 
in the culture positivity rates of ECMO patients was found 
between DP2 and DP3 systems. Several predictors of mortality 
were inconsistently identified from different studies, including 
cardiac arrest before ECMO, length of mechanical ventilation, 
infection/sepsis on ECMO, and duration of ECMO exceeding 
8-10 days[8,16,24,25,30]. Besides in a study of 56 ECMO patients with 
congenital heart disease from Brazil, Miana et al.[31] reported 
that after the ECMO program implementation with investment 
in training and equipment increased the probability of post-
cardiotomy ECMO weaning and survival. This low overall survival 
rate in our study might be due to induction of ECMO support 
for extended e-CPR or irreversible cardiac failure especially in the 
beginning period of ECMO support at our institution in 2011-
2012 and partly due to factors such as infection on ECMO and 
increased length of mechanical ventilation. 

Limitation

This study has some limitations. Firstly, it was limited by its 
retrospective nature, data were collected by chart review and some 
laboratory data such as lactate or CRP levels were not available for 
the entire cohort. Secondly, our center is a tertiary cardiac center 
with a wide referral base for complex cardiac surgeries and the 
evaluation of patients were from a single center.

CONCLUSION

In conclusion, ECMO is a life-saving modality in perioperative 
cardiac patients who have already increased risk for nosocomial 
infections. As a result, the only independent factor associated 
with nosocomial infection was prolonged ECMO support and 
although it was reported vice versa, the type of closure of skin 
did not have a substantial protective effect for infection in 
cardiac ECMO patients alone. The correction of the underlying 
process leading to ECMO support and shortening the length 
of ECMO duration together with stricter application of ECMO 
indications would be the best to prevent nosocomial infection 
in ECMO patients. 
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