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ABSTRACT

Extracorporeal membrane oxygenation (ECMO) is used in pediatric patients with severe cardiopulmonary failure
who do not respond to conventional therapy; only a few studies have been conducted in Turkey. We present the
experience of pediatric ECMO with the aim of showing factors affecting mortality. We retrospectively reviewed
our ECMO database to identify patients who received ECMO from October 2015 to March 2018. Our population
comprised 30 pediatric patients. The mean patient age was 41.31+53.35 months and 17 (56.7%) patients were
male. The median duration of ECMO support was 8.9 (6.6-10.8) days. The rates of successful ECMO weaning and
survival to discharge were 70.0% (n=21) and 66.7% (n=20), respectively. Indications for ECMO were respiratory
failure (40.0%), cardiac failure (33.3%), and sepsis (26.7%). We found that pre-cannulation values of pH (p=0.034),
leukocytes (p=0.029), C-reactive protein (p=0.045), creatinine (p=0.047), chloride (p=0.001) and post-cannulation
pH (p=0.0001), bicarbonate (p=0.014), lactate (p=0.002), chloride (p=0.0001) were associated with mortality. The
results showed that preexisting sepsis and renal conditions contributed to poor outcomes. Indications, ECMO
onset time, and pre- and post-cannulation laboratory values such as leukocytes, CRP, creatinine, bicarbonate,
lactate, and chloride are factors that affect outcomes.
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Extracorporeal membrane oxygenation (ECMO)
is an effective treatment method performed in

In 1975, Bartlett et al? reported the first
successful use of ECMO in neonates with

patients with severe cardiopulmonary failure
who are resistant to medical treatment, and
provides temporary cardiopulmonary support.
This technique involves oxygenation of the
blood outside the body, thereby obviating the
need for gas exchange in the lungs, and it can
also aid cardiovascular circulation if necessary.

The first successful ECMO treatment was
performed in an infant with congenital heart
defects undergoing cardiac surgery in 1970 by
Baffes et al.!
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severe respiratory distress. Since then, ECMO
has increased gradually in pediatric cardiac-
respiratory support and showed certain
benefits. Currently, ECMO is one of the most
important treatment modalities worldwide for
cardiac and pulmonary failure in children.

In the present study, we studied children who
received venoarterial (VA) and venovenous
(VV) ECMO support in a pediatric intensive
care unit. We tried to describe the current
status of ECMO in children for both cardiac
and pulmonary support and the risk factors
associated with their outcomes.
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Material and Methods

Study population

All patients (n=30) aged younger than 18
years who received VV or VA-ECMO support
in the pediatric intensive care unit (PICU) of
Acibadem Mehmet Ali Aydinlar University
School of Medicine between October 2015 and
March 2018 were retrospectively evaluated.
Ethics board approval of Acibadem Mehmet Ali
Aydinlar University was granted (31.05.2018,
2018-8/8).

ECMO setting

Maquet or Medos ECMO systems were
used. Cannulation was performed through
cardiovascular surgery. The cannula size was
selected in accordance with the age, height, and
weight of the patient. The right internal jugular
vein-femoral vein was used in all patients who
had VV-ECMO support, and the right common
carotid artery-right internal jugular vein was
used in 18 patients who received VA-ECMO.
The right common carotid artery-left femoral
vein was used in 1 patient, and the femoral
artery-femoral vein was used in 5 patients.

A perfusionist is present 24 hours per day
in our hospital. Before cannulation, patients
received heparin at a loading dose of 50 U/kg.
During ECMO, heparin infusion continued by
following the activated clotting time (ACT). The
target was to keep ACT between 170-220 sec,
hemoglobin levels > 10 g/dl, and platelet count
>100.000/mm?

Adjunct flow volume was adjusted according to
the hemodynamic insides and was maintained
at 100-150 ml/kg/min to keep venous oxygen
saturation at >70% for patients with VA-
ECMO. Patients were evaluated through
daily echocardiographic and chest X-rays.
All  patients received pressure-controlled
synchronized intermittent mechanical
ventilation. Throughout ECMO, the following
parameters were kept between these values:
fractional inspired oxygen (FiO,) 30-45%,
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frequency 10-18/min, positive end-expiratory
pressure (PEEP) 8-12 cm H,O.

The indications were divided into three
groups as cardiac failure, respiratory failure,
and sepsis. Ten patients were diagnosed
as having cardiac failure [congenital heart
disease (CHD), myocarditis, cardiomyopathy
(CMP), or intractable arrhythmia], 12 patients
had hypoxemic respiratory failure (bacterial
pneumonia, pneumonia and acute respiratory
distress syndrome) and 8 patients had sepsis.

VA-ECMO indications for patients were
evidence of inadequate end organ perfusion
and oxygen delivery resulting from inadequate
systemic cardiac output;

¢ Hypotension despite maximum doses of
two inotropic or vasopressor medications,

* Low cardiac output with evidence of
end organ malperfusion despite medical
support as described above: persistent
oliguria, diminished peripheral pulses.

* Low cardiac output with mixed venous, or
superior caval central venous (for single
ventricle patients) oxygen saturation <50%
despite maximal medical support.

* Low cardiac output with persistent lactate
>4.0 mmol/L and persistent upward trend
despite optimization of volume status and
maximal medical management.

Patients who underwent ECMO for hypoxemic
respiratory failurehad an oxygenationindex (OI)
>16 or oxygenation saturation index (OSI) >12.3,
despite the use of lung protective mechanical
ventilation strategy, low tidal volume
ventilation (5-8 ml/kg), alveolar recruitment
maneuvers with high PEEP, prone positioning,
high-frequency oscillatory ventilation (HFOV)
and neuromuscular blockage agents.

Oxygenation index (OI) was defined as ([FiO, x
mean airway pressure (Paw) x 100]/PaO,) and
oxygenation saturation index (OSI) ([FiO, x Paw
x 100]/Sp0O,).
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Definitions for variables

Pre-cannulation, we recorded the following
information: age, sex, weight, pediatric risk
of mortality score (PRISM), pediatric logistic
organ dysfunction score (PELOD), time from
PICU admission to cannulation, the pre-ECMO
vasoactive-inotropic score (VIS). Inotropic
score (IS) = dopamine dose (mcg/kg/min) +
dobutamine dose (mcg/kg/min) + epinephrine
dose (mcg/kg/min) x 100. Vasoactive-inotropic
score (VIS) = 1S + 10 x milrinone dose (mcg/kg/
min) + 10,000 x vasopressin dose (units/kg/min)
+100 x norepinephrine dose (mcg/kg/min). The
pre- and post-cannulation heart rate, systolic
and diastolic pressure levels, and laboratory
variableswererecorded. Theroutinely measured
laboratory parameters were white blood cell
count, hemoglobin, platelets, prothrombin
time, activated partial thromboplastin time,
urea, creatinine, serum glutamic oxaloacetic
transaminase (SGOT), serum glutamic pyruvic
transaminase (SGPT), albumin, chloride, lactate
dehydrogenase (LDH), C-reactive protein
(CRP), pH, partial pressure of O, in the arterial
blood (paO,), partial pressure of CO, in the
arterial blood (pCO,), sodium bicarbonate
(HCQO,), and lactate.

Overall outcomes including the successful
weaning rate and the survival to discharge rate
were calculated.

Complications due to ECMO were grouped
according to the The Extracorporeal Life Support
Organization (ELSO) registry in the following
categories: 1) metabolic, 2) cardiovascular,
3) infectious, 4) renal, 5) hemorrhagic, 6)
neurologic, 7) pulmonary, and 8) mechanical.

Weaning

Cannula position, cardiac functions, effusions
and air leakage were evaluated through
daily bedside echocardiography and chest
radiography. The patients were prepared
for weaning when cardiac and pulmonary
function improved. During the weaning period,
patients required low-dose catecholamine and
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the mechanical ventilation parameters were
increased.

Statistical analysis

The statistical analysis was performed using the
Number Cruncher Statistical System (NCSS)
2007 Statistical Software package program
(Utah, USA). Independent t-test was used
in the comparison of paired variables with
normal distribution, and Mann-Whitney U test
was used in the comparison of paired groups
with variables with non-normal distribution.
Chi-square test was used in the comparison
of qualitative data in addition to descriptive
statistical methods (mean, standard deviation)
in the evaluation of the data. Logistic regression
analysis was used to identify factors that
affected patient loss. The results were evaluated
with a significance value of p<0.05.

Results

A total of 30 patients comprising 13 girls (43.3%)
and 17 boys (56.7%) were included in the study
between October 2015 and March 2018. The
demographic data of the patients are shown in
Table I and Table II.

The mean age was 41.31+53.35 months. The
mean weight of all patients was 11.96+8.97 kg;
12.65+9.92 kg in the survivors, and 10.55+7.01 kg
in the non-survivors. In addition, 80% (24 of 30)
of the patients were on VA-ECMO, whereas 20%
(6 of 30) were on VV-ECMO. Altogether, 70% (21
of 30) of the patients were successfully weaned
from ECMO and the survival to discharge rate
for all patients was 66.7% (20 of 30). The survival
rate in both groups receiving VA (16/24) and VV
(4/6) ECMO was 66.7%. Survival frequency was
not significantly affected by ECMO support
type, sex, and weight.

ECMO was performed due to cardiac causes in
10 patients, respiratory causes in 12 patients,
and catecholamine-resistant sepsis in 8
patients. The most common ECMO indication
was hypoxemic respiratory failure. The most
frequent cardiac cause was acute myocarditis.
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Table I. Demographic data of patients who received ECMO support.

Clinical and Laboratory Predictors for Pediatric ECMO

Features Survivors (n=20) Non-survivors (n=10) P

Age, months 38.17+46.64 47.61+67.53 0.757*
Weight, kg 12.65+9.92 10.55+7.01 0.816*
Timing of ECMO initiation, hours 3.85 (2.88-18.75) 31.3 (5.05-53.35) 0.012
Vasoactive inotropic score 61 (41.25-178.75) 157 (112.38-165.75) 0.115
CRP, mg/dl 4.13 (1.025-7.85) 7.73 (5.68-19.71) 0.045*
Procalcitonin, ng/ml 8.59 (2.163-24.275) 9.09 (2.515-102.85) 0.697
Albumin, g/dl 2.51+0.79 2.1+0.8 0.325*
Troponin-I, ng/ml 2.8 (0.3855-13.966) 3.65 (0.938-27.65) 0.739
Creatine kinase-MB, IU/ml 84 (48.5-236) 183.5 (82.33-533) 0.279
LVEF 27 (18.75-50) 47.5 (18-54.25) 0.441
PRISM score 23 (15-30) 24 (19-31) 0.689
PELOD score 21 (12-32) 21 (20-28.75) 0.851

*Independent t-test (mean+SD), fMann-Whitney U test (median, IQR), +Chi-square test
ECMO: extracorporeal membrane oxygenation, LVEF: left ventricular ejection fraction, PRISM: pediatric risk of mortality
score, PELOD: pediatric logistic organ dysfunction.

Table II. Outcomes of patients who received ECMO support.

All patients VA-ECMO VV-ECMO
Parameters
(n=30) (n=24) (n=6)
Median ECMO time, days 8.9 (6.6-10.8) 9.35 (6.8-12.2) 7.3 (6.1-9.4)
Weaning, n (%) 21 (70%) 17 (70.8%) 4 (66.7%)
Survivor, n (%) 20 (66.7%) 16 (66.7%) 4 (66.7%)
CPR before ECMO 8 (26.7%) 6 (25.0%) 2 (33.3%)

CPR: cardiopulmonary resuscitation, ECMO: extracorporeal membrane oxygenation, VA: venoarterial, VV: venovenous

Table III. Underlying diagnoses and outcomes of extracorporeal membrane oxygenation.

Diagnosis Total, n Survivors, n %
Cardiac reasons
Congenital heart disease 3 2 66.7
Acute myocarditis 5 4 80.0
Resistant Arrhythmia 1 1 100.0
Cardiomyopathy 1 1 100.0
Respiratory causes
Hypoxemic respiratory failure 12 10 83.3
Other
Sepsis 8 2 25.0

Three patients were diagnosed as having
congenital heart disease. The patient with
transposition of great diagnosis
underwent reconstruction of the arcus aorta
with arterial switch operation, due to arcus

arteries

aorta hypoplasia. 18 months after operation,
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venoarterial ECMO was performed with the
diagnosis of heart failure due to aortic re-
coarctation. The patient was operated under
ECMO support, underwent coarctation repair.
He weaned from ECMO successfully. The first
patient with total anomalous pulmonary venous
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drainage (TAPVD) diagnosis, pulmonary vein
stenosis and heart failure developed 6 months
after total correction. ECMO was the bridge
for transplantation, but he died due to multi-
organ failure during ECMO support. The
second patient with TAPVD diagnosis was
operated on 8 months ago. Venoarterial ECMO
was performed with the diagnosis of sepsis,
pulmonary hypertension and heart failure. She
weaned from ECMO after 8 days support.

Sepsis, eventually superimposed with cardiac
or respiratory conditions, was the indication for
ECMO in approximately 26.7% (n=8) of cases.
The highest mortality was detected in patients
who were performed ECMO due to sepsis;
6 patients died, and 5 patients in this group
were bone marrow transplant patients. The
indications of ECMO are shown in Table III.

The median ECMO period was 8.9 (6.6-10.8)
days; 9.35 (6.8-12.2) days for VA-ECMO and 7.3
(6.1-9.4) days for VV-ECMO. Cardiopulmonary
resuscitation (CPR) was performed for 8 patients
before starting ECMO. CPR was continued
during cannulation in 4 patients (E-CPR);
2 of these 4 patients survived, and 2 died.
Continuous renal replacement treatment was
performed over the ECMO set in 25 patients.

Hemorrhagic complications were detected in
5 (16.7%) patients, neurologic complications
were observed in 2 (6.7%) patients, and 3
(10.0%) patients had mechanical complications.
Hemorrhagic complications were surgical site
bleeding, nasopharyngeal bleeding, hematuria,
and hemothorax. Neurologic complications
(n=2) were intracranial bleeding and intracranial
infarct; decompressive bone surgery was
performed to the infarct due to secondary
bleeding and due to intracranial pressure
increase syndrome. The patient was discharged
with mild neurologic sequela after bone
correction surgery. Mechanical complications
were cannula perforation and position
disorder, which required decannulation and
recannulation. Recannulation was performed
with no need for the set to be changed in any
patients.
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Survivorandnon-survivorpatientsarecompared
in Table I. The vasoactive inotropic score was
157 in non-survivor patients at admission to the
PICU, and the vasoactive inotropic score was 61
in survivors; however, there was no statistical
difference in the comparison of vasoactive
VIS, left ventricular ejection fraction (LVEF),
PRISM, PELOD, procalcitonin, troponin I, and
creatine kinase-MB (CK-MB) values between
the two groups. CRP levels were found to be
higher in non-survivor patients (p=0.045). Early
ECMO initiation was associated with improved
survival when compared with late ECMO
(p=0.012).

Table IV shows the vital signs and laboratory
values for survivors and non-survivor patients
on ECMO pre-cannulation and one day after
cannulation. Our analysis shows no statistically
significant difference between two groups for
the following values at pre-cannulation: heart
rate, systolic and diastolic blood pressure,
arterial oxygen saturation, pCO,, paO,, sodium
bicarbonate, lactate, hemoglobin, platelet count,
urea, albumin, and LDH. On the other hand,
whiteblood cells (WBC) (p=0.029) and C-reactive
protein (CRP) (p=0.045) and laboratory values
associated with kidney function [pH (p=0.034),
creatinine (p=0.047), and chloride (p=0.001)]
were statistically significantly different between
both groups precannulation.

Furthermore, pH (p=0.001), pCO, (p=0.043),
HCO, (p=0.014), lactate (p=0.002), LDH
(p=0.039), and chloride (p=0.001) values were
statistically different between the survivors and
non-survivors on day-1 after cannulation.

In addition, the comparison of data of pre-
showed that the
improvement in heart rate beat (p=0.0001),
systolicblood pressure (p=0.013), diastolic blood
pressure (p=0.001), arterial oxygen saturation
(p=0.0001), pH (p=0.0001), pCO, (p=0.002),
paO, (p=0.0001), HCO, (p=0.007), and lactate
(p=0.002) levels were statistically significant in
the survivors compared with the non-survivor
patients.

cannulation and day-1
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Table IV. The vital signs and laboratory values for survivor and non-survivor patients on ECMO.

Parameters Survivors (n=20) Non-survivor (n=10) P

Heart rate Initial 166.71+37.45 163.25£33.91 0.827*
Day-1 121.53+19.52 129+32.2 0.477*
pt 0.0001 0.005

Systolic BP Initial 76.35+19.65 79.75+23.85 0.710*
Day-1 89.94+13.8 81.63+29.74 0.343*
pt 0.013 0.877

Diastolic BP Initial 43.18+10.82 50.63+18.17 0.210*
Day-1 55.53+8.78 50.63+22.78 0.440*
pt 0.001 0.999

Arterial Oxygen 1 .oy 71.71+18.26 81.38+11.25 0.183*

saturation
Day-1 92.94+2.93 95+3.85 0.157*
pt 0.0001 0.017

pH Initial 7.16+0.14 7.03+0.14 0.034*
Day-1 7.38+0.04 7.15+0.14 0.0001*
pt 0.0001 0.086

pCO, Initial 64.3+25.55 78.25+32.67 0.256*
Day-1 41.72+6.03 50.41+14.07 0.043*
pt 0.002 0.035

paO, Initial 32.78+19.32 46.23+16.96 0.106*
Day-1 99.31+32.07 85.6+32.47 0.336*
pt 0.0001 0.013

HCO, Initial 18.09+7.73 15.3+6.01 0.379*
Day-1 21.82+5.12 15.55+6.01 0.014*
pt 0.007 0.924

Base excess Initial -5.8 (-12-0.85) -8.65 (-12.33-3.85) 0.6621
Day-1 -2.4 (-6.25-2.175) -7.6 (-12.38-1.425) 0.158%
joxs 0.009 0.889

Lactate Initial 5.1 (2.13-6.85) 6.1 (3.9-10.5) 0.610%
Day-1 1.8 (1.3-2.25) 4.5 (2.93-9.6) 0.0021%
pt 0.002 0.441

WBC Initial 13,170 (5,480-16,480) 23,805 (14,387-52,440) 0.029%
Day-1 10,190 (6,030-10,190) 15,615 (8,197-38,587) 0.159%
P 0.033 0.077

Hemoglobin Initial 11+2.32 9.78+2.34 0.223*
Day-1 9.9+1.82 8.75+0.95 0.106*
pt 0.077 0.146

Platelet count  Initial 136,000 (57,000-294,000) 137,000 (74,500-386,000) 0.958%
Day-1 109,000 (90,000-176,000) 101,000 (61,500-195,575) 0.671%
pt 0.176 0.263

Urea Initial 35 (26.5-57.5) 36.5 (19.75-70.25) 0.838%
Day-1 32 (11-62.5) 26 (14-93.25) 0.8841
pt 0.420 0.999
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Table IV. Continue.
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Parameters Survivors (n=20) Non-survivor (n=10) P

Creatinine Initial 0.7 (0.38-0.86) 0.98 (0.72-1.20) 0.0471
Day-1 0.54 (0.40-0.78) 0.64 (0.55-1.04) 0.157%
pt 0.138 0.515

Albumin Initial 2.78+0.78 2.33+0.69 0.175*
Day-1 3.12+0.49 2.48+0.64 0.064*
pt 0.093 0.131

Chloride Initial 103.89+4.84 111.67+4.9 0.001*
Day-1 102.94+3.76 112.67+6.42 0.0001*
pt 0.148 0.412

LDH Initial 716.5 (462.75-2,293.75) 317 (201-3,979.5) 0.391%
Day-1 710 (413-1,797) 2,721 (1,448-7,593) 0.039%
pt 0.110 0.999

*Independent t-test (mean+SD), 1 Paired t-test, tMann-Whitney U test (median IQR), $Wilcoxon test

ECMO: extracorporeal membrane oxygenation, BP: blood pressure (mm/Hg);

pCO,;: partial pressure of CO, in the arterial blood (mm Hg); paO,: partial pressure of oxygen in the arterial blood, platelet
count (K/ul), HCO,: bicarbonate (mmol/L), lactate (mmol/L), WBC: white blood cell count (K/ul), hemoglobin (g/dl), platelet
count (K/ul); urea (mg/dl), creatinine (mg/dl), albumin (g/dl), chloride (meq/L), LDH: lactate dehydrogenase (U/L)

Discussion

Mechanical circulatory support has been widely
used in the treatment of cardiopulmonary
failure in pediatric patients, and many
recent studies have reported its outcomes.’*
However, many studies have been conducted to
determine the indications and factors affecting
mortality.” The aim of this study was to report
our experiences with pediatric critical patients
placed on non-postcardiotomy ECMO in the
PICU and to determine the variables associated
with hospital mortality. We achieved an overall
survival rate of 66.7% in our two and a half years’
experience, which is comparable with that of
the Extracorporeal Life Support Organization
(ELSO) registry.t

In hypoxemic respiratory failure, ventilation
with low tidal volume (5-8 ml/kg), alveolar
recruitment with high PEEP, prone positioning
and early initiation of neuromuscular blocking
agents are recommended. Also, HFOV should be
considered as an alternative ventilatory mode in
hypoxic respiratory failure in patients in whom
plateau airway pressures exceed 28 cm H,O in
the absence of clinical evidence of reduced chest
wall compliance. However, in patients who do
not benefit from these treatment approaches,
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hypoxemia may not improve and morbidity
and mortality increase. ECMO support therapy
is life-saving in patients with severe ARDS,
refractory hypoxemia or hypercapnia.

In our study, hypoxemic respiratory failure was
detected in 12 patients. The oxygenation index
(OI) was >16 or the oxygenation saturation
index (OSI) was >12.3 in all patients. High
PEEP, lung recruitment maneuvers, prone
position and neuromuscular blocking agent
were used in all of these patients. In patients
with pulmonary hypertension, inhaled nitric
oxide was given. HFOV was used in clinically
appropriate patients but ECMO supportive
treatment was performed because the expected
response could not be achieved and hypoxia
could not be corrected. VV-ECMO was
performed in 6 patients, and VA-ECMO was
performed in 6 patients due to accompanying
pulmonary HT, catecholamine need, and the
effect on cardiac function. The survival rate was
83.3% in 12 patients who received ECMO due to
hypoxemic respiratory failure. The survival rate
of VV-ECMO was 66%. Carpenter et al.” jointly
evaluated the pediatric and neonatal patients
in their study, and VV-ECMO was performed
for 83 patients, and 49 patients (59%) survived.
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The most frequent indication was detected
as pneumonia in patients who received VV-
ECMO in this study. Kim et al.® detected the
most frequent indication as pneumonia in their
study (57.1%), and VV-ECMO was performed
in 25 pediatric patients; the survival rate was
found as 52%.

Joffe et al’ performed a review of 1,755
children with VA-ECMO and found that the
cumulative survival after cardiac ECMO in
children was 788/1755 (45%). Thourani et al.!?
reported an in-hospital survival rate of 88%
in a group of cardiac ECMO patients with
cardiomyopathy-myocarditis-arrhythmia, not
related to congenital heart diseases (CHD). Kim
et al.® reported that the survival rate of patients
without CHD was 56.5%. Twenty-four patients
received VA-ECMO in our study. The survival
rate was 66.7%, and the most frequent diagnosis
was myocarditis in patients who had ECMO
support due to cardiac indications. Patients
with myocarditis had acute onset and short
time before pediatric intensive care admission.
Furthermore patients had no underlying
additional disease. All these factors affect the
prognosis positively. If we considered any
sign of a lack of response to medical treatment,
we decided to begin ECMO support. We
think that high survival rates in patients with
myocarditis are due to early ECMO indication
and the short duration between indication and
implementation of ECMO. CHD was detected
in only 3 patients. (TAPVD in two patients,
transposition of great arteries in one patient).
The low number of patients with CHD who
received ECMO was one of the factors that
improved the results.

Laboratory values consistent with impaired
kidney function are also common in patients
on ECMO. For instance, markers associated
with acute kidney injury such as pH, lactate,
creatinine levels are among parameters which
distinguish outcomes."** Our study has shown
that laboratory values of kidney function pre-
cannulation (pH, creatinine) and day-1 (pH,
bicarbonate) are associated with poor outcomes
similar to other studies.’® Moreover, our
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multivariate analysis indicated that pH was an
independent predictor of mortality. Chloride,
regulate the acid-base balance in the body, and
thebalance is organized by the kidneys. Chloride
is a strong anion that provides the negative load
in extracellular fluid and it has a significant
role in the acid-base balance. It decreases the
glomerular filtration rate and renin activity by
performing renal vasoconstriction in patients
with hyperchloremia. Hypo- and hyper-
chloremia were associated with poor results in
critical patients.'*® These results showed that
kidney dysfunction contributed to mortality in
critical pediatric patients.”

Urine output declines due to the renal perfusion
decrease in the presence of low cardiac flow.
The amount of extravascular and interstitial
fluid increases, tissue oxygenation, and oxygen
presentation to the lungs deteriorates. Blood
lactate levels increase as a consequence of
poor tissue perfusion in patients.”>* Thus,
the presence of low cardiac flow and kidney
dysfunction result with increased morbidity
and mortality.

In our study, metabolic acidosis before and
during ECMO was a risk factor of mortality.
Consistent with previous studies, pre-ECMO
arterial pH was related to survival.®?** Severe
metabolic acidosis and low arterial pH indicate
inadequate circulation, which could cause
critical complications and death.** Therefore,
it is necessary to closely monitor the acid-base
status of high-risk patients to decide upon early
mechanical circulatory support insertion before
irreversible organ damage occurs.

Sepsis remains a major cause of morbidity and
mortality in children. The use of predictive
and prognostic biomarkers has the potential
to improve early recognition and timely
intervention of patients with sepsis leading to
improved outcomes. We showed that CRP and
leucocyte were high in patients who were non-
survivors. Leukocytosis and CRP are traditional
inflammatory markers for the diagnosis of
infection.*” Leukocyte and CRP levels rise in
response to infection and high levels have been
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found to correlate with the severity of infection,
development of multiple organ dysfunction
syndrome (MODS), and worse outcome in
various studies.”?

We evaluated the trends and predictive value of
leukocytosis and CRP levels during treatment
of pediatric patients on ECMO. We showed that
leukocytosis and high CRP levels were effective
factors in mortality, similar to other pediatric
patient groups.

In addition, the patients who received ECMO
support due to sepsis had the lowest survival.
VA-ECMO was performed in 8 patients due
to sepsis, and 6 patients died. Three patients
who died as having bone marrow transplant,
and they were immunosuppressed patients.
Zabrocki et al.®* reported that children with
sepsis who were supported with ECMO had
a higher risk of mortality than those without
sepsis, and Skinner et al.?! reported that children
with sepsis who were on ECMO had an overall
survival rate of 68%. Also, immunosuppression
is an accepted risk factor for ECMO-associated
mortality. Grupta et al.** reported that survival
of immunocompromised children supported by
ECMO was 31%, which was significantly lower
than that of non-immuncompromised children
(57%).

The ideal timing of ECMO for pediatric patients
remains unclear. Steimer et al.*® reported that
adult patients with acute respiratory distress
syndrome (ARDS) who were cannulated within
48 hours of admission had an 80% survival
rate at 90 days. Liao et al.** showed that early
establishment of ECMO might improve
the prognosis for patients with refractory
cardiogenic shock. Our study has shown that
early ECMO initiation was associated with
improved survival when compared with late
ECMO.

In conclusion, this study’s collective review of
ECMO cases in our pediatric intensive care unit,
shows an increasing trend in pediatric ECMO
utilization. Although the number of patients
is low, we present an acceptable survival rate,
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low complication rates, and reasonable short-
term neurologic outcomes in pediatric ECMO
support. In addition, although early-initiated
ECMO was demonstrated to improve the
results, we argue that leukocytosis, low pH,
high CRP, high creatinine, and hyperchloremia
at admission are the factors that negatively
affect prognosis. Future studies are needed to
identify risk factors and strategies to improve
outcomes.

There were several limitations to this study.
First, patient selection was limited because our
study was a retrospective, observational, single-
center study. Second, it is limited by the detail
and completeness of the collected data. Thirdly,
postop cardiac patients were not included
in the study because they were followed up
in a different intensive care unit. Therefore,
the number of patients were limited with 30
patients.
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