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Background/aim: Extracorporeal membrane oxygenation (ECMO) is a unique life-support modality offered to patients unresponsive
to optimal medical therapy. The aim of this study was to evaluate early experiences with ECMO support in 2 tertiary Turkish pediatric
intensive care units (PICUs).

Materials and methods: We retrospectively evaluated a total of 10 ECMO-supported patients between March 2012 and March 2013 in
Marmara and Ege University Hospital PICUs. We reported data regarding demographics, laboratory and diagnostic information, and
the clinical course of the patients.

Results: The study consisted of 6 males and 4 females from 5 months to 14 years of age (mean age: 0.5 + 5.01 years) supported with
ECMO. Out of the 10 patients, 8 were on venovenous ECMO for respiratory failure and 2 received venoarterial ECMO for cardiac
failure. Mean ECMO and intensive care duration was 11.1 +7.3 days and 23.5 £17.8 days, respectively. Bleeding was the most common
complication (60%). Forty percent of the patients were weaned from ECMO, among which 50% were discharged in good health without
sequelae.

Conclusion: Initial experiences build the learning curve of institutions, and our early results are encouraging. Giving time to heal to the

right patient at the right time is the key to success.
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1. Introduction

Extracorporeal life support (ECLS) or extracorporeal
membrane oxygenation (ECMO) is a modified form
of cardiopulmonary bypass used to provide oxygen
delivery in patients with severe respiratory and/or cardiac
failure (1). This support is applied to patients with high
mortality risk who are unresponsive to optimal medical
therapy (2). Generally accepted indications for pediatric
respiratory ECMO are: potentially reversible respiratory
failure associated with high risk of death without
ECMO, acute hypoxemia unresponsive to maximum
medical therapy, oxygenation index (OI) of >40 for
greater than 2 h, hypercarbic respiratory failure with pH
of <7.2, and persistent air leaks on maximum support
(3). Cardiac ECMO is mostly used for preoperative
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stabilization and postcardiotomy support of critical
patients with congenital heart disease. Other uses are in
severe myocarditis and cardiomyopathies, intractable
arrhythmias with hemodynamic compromise, severe
pulmonary hypertension, and septic shock. If used during
cardiopulmonary resuscitation, this support is called
extracorporeal cardiopulmonary resuscitation.

During ECMO, anticoagulated blood drained from
the venous circulation is pumped through an artificial
lung (membrane oxygenator), where oxygen is added and
carbon dioxide is removed, and is returned back to the
patient’s circulation. If the oxygenated blood is returned
to the venous side, it is venovenous (VV), and this is
mainly for respiratory support. If it is returned to arterial
circulation, it is referred to as venoarterial (VA) support,
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and it can be used both for respiratory and cardiac failure.
The first successful use of ECMO was with an adult with
acute respiratory distress syndrome (ARDS) after trauma
in 1972 (4).

The Extracorporeal Life Support Organization (ELSO),
founded in 1989, maintains a registry of ECMO data
collected since 1976. According to the 2013 registry data,
there are over 200 centers that have cumulatively reported
over 55,000 ECMO cases across the globe. Among the
cases involving pediatric respiratory problems, 65% of
patients survive ECLS and 56% survive to discharge or
transfer. These rates for pediatric cardiac ECLS cases are
65% and 49%, respectively.

In Turkey, VA-ECMO experience for perioperative low
cardiac output syndrome is accumulating in congenital
heart surgery centers and there is a recent interest in
ECMO in some tertiary pediatric intensive care units
(PICUs) as well (5). As centers with ECMO services, we
(Marmara and Ege University Hospital PICUs) pooled
our ECMO records to evaluate demographic, technical,
laboratory, and outcome data.

2. Materials and methods

We evaluated a total of 10 ECMO-supported patients
between March 2012 and March 2013 in the Marmara and
Ege University Hospital PICUs and reported data regarding
demographics, laboratory and diagnostic information, and
clinical courses. We performed descriptive data analysis
on the data, using SPSS 16 for statistical calculations. We
report numerical values in the text as means and standard
deviations of the means. We analyzed nonparametric
data with Mann-Whitney tests and parametric data with
Pearson tests.

3. Results

Each institution had 5 patients supported with ECMO
(6 males and 4 females), with ages from 5 months to 14
years (mean: 4.5 = 5.01 years). Patient demographics
and medical descriptive data are given in Table 1. Most
patients were moribund before the initiation of ECMO,
with 1 patient being cannulated under active resuscitation.
Inotropic support was necessary in 90% of cases. Mean
doses of inotropes in ug kg™ min! before and after ECMO
were as follows: dopamine, 12.5 + 2.89 versus 13.75 + 4.79;
epinephrine, 1.15 + 1.20 versus 0.57 + 0.95; milrinone,
0.42 + 0.14 versus 0.41 * 0.14; norepinephrine, 0.17
£ 0.05 versus 0.15 + 0.04. Out of the patients, 60% had
comorbidities.

Eight patients were on VV-ECMO for respiratory
failure and 2 patients received VA-ECMO for cardiac
failure. Patients with respiratory failure had a mean OI of
44.4 £ 16.3 and a mean partial arterial oxygen pressure/
fractional inspired oxygen ratio (PaO,/FiO, ratio: P/F
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ratio) of 64.6 = 37.0. ECMO support was initiated within 48
h of PICU admission in 60% of cases. Ventilation methods
and parameters with arterial pH and lactate levels before
and after ECMO within 24 h are listed in Table 2. With
ECMO support, mean pH increased from 7.13 + 0.23 to
7.43 + 0.09 (P = 0.005), and mean lactate level decreased
from 5.76 + 4.55 mmol/L to 2.79 + 2.03 mmol/L, but this
decrease was not statistically significant (P > 0.05).

Technical ECMO data are given in Table 3. Patients
whose ventilator FiO, requirement decreased below 0.45
were able to be weaned from ECMO support (n = 4).
Half of the weaned patients (n = 2) were discharged in
good health without sequelae. One of the survivors was
discharged from the PICU, and the other from a regular
floor 10 days after transfer from the PICU. The remaining
half died due to sepsis and underlying comorbidities on
days 10 and 11 after the removal of ECMO support. None
of the cardiac ECMO patients were able to be weaned from
the support.

Bleeding was the most frequent complication
(60%). Although this was mostly (40%) observed at the
catheter insertion site, which was easy to control with
local pressure, 2 patients (20%) had major bleeding
necessitating cessation of heparin. Among patients, 30%
had their oxygenator changed. Renal replacement therapy
for acute kidney injury was performed in 30% of cases, and
1 of those patients had continuous VV hemodialysis for
severe hypernatremia. Plasma exchange was done due to
hemolysis in 1 patient (10%). Air leaks (pneumothorax,
pneumomediastinum, subcutaneous emphysema) were
present in 50% of the cases before initiation of ECMO.
Drainage of air was necessary for 2 patients (20%) with
pneumothorax and 1 with pneumoperitoneum during
ECMO support. After drainage of pneumothorax, 1
patient with immunodysregulation polyendocrinopathy
enteropathy X-linked syndrome (IPEX) developed a
massive hemothorax and a growing hematoma at risk for
compartment syndrome in the upper extremity brachial
region. After we discontinued heparin, we drained
the massive hematoma in the left hemithorax via a
minithoracotomy, and we successfully weaned the patient
from ECMO. The risk of compartment syndrome of the
upper arm was resolved with conventional measures.

4. Discussion
ECMO can be an aid to sustain life in refractory respiratory
and/or circulatory failure until the cause can be found and
treated. In newborns and adults its efficiency has been
shown in randomized controlled studies (6,7). Pediatric
evidence comes from a large multicenter study (8).

Our series included 8 patients who received VV support
for respiratory failure. Commonly used oxygenation
parameters for ECMO evaluation include P/F ratio and



OZTURK et al. / Turk ] Med Sci

*AYISIOATUN) 287 WIOIJ 9Te JOPUTRTUAI ) ANSIIATU) BIBWIRIA WOI) oXe sjuanjed ¢ [eniur ayJ, Kep 11e3s QINDH U0 JOTAd :x ‘UOLBIAID PIepue)s :(JS @uwoIpuds ndino serpres moy :s0DT Ayredofworpres :JIND Snaia [enkouss
Aroyertdsar :ASy 901[eg Jo A8o[en9) 11O L, “eruraynaf onsejqoydwAy anoe (1 Ty ‘erseidsAp Lreuouwrndoypuoiq :qdq ‘vonsungsiq ueSiQ onsi8o7 stneIpad :qOTAd KIeIIOI JO NSIY dL1IRIPad :INSTId AIeII0] JO Xapu] dSL1eIPad ‘NI

8L°LT 8G°€T 15 or ST € 85°0 ST1 0¢ LE 9T (43 skep NDId
VN VN QAT SIIXY SIIXY snyIxg SIIXyg SIIIXY SIIX SIIXY 2AIY SnyIxy snyeys adreydsi(q
VN VN Sax. ON OoN ON ON ON Sox. SIx. S OoN Surueam OINDT
€L 9€°CI I 6T ST I 700 ST1 81 ST L 4l (sdep) uonenp OINOH
8L 0T9 €1 01 1 [4 1 1 [ €1 1 81 (&ep) 1138 OINDT
0Tt €'eC 0T 1T (4t 1T 1€ ¥s 1C 1T (4t 0T x21038 AOTdd
'L LTl 9 1C 4t 9 91 0T 14 € 9 1T 91038 T INSTdd
S6'vC 19°1¢ 0¢'6 00°ST 00°0¢ 00°0S 0099 0L'6€ 09%L 088 Ter 09'8 (%) TINId
dIND eruadojfoued QwoIpuAs
VN VN VN VN TV VN J0L . VN adg sanIpIqIowos
parenigq TV XddI
spruownaud eruownaud stsdas sisdas jsarre
eruownaud
VN VN uornjendse | CRIAIN SOD1 “eruowmaud SAIV SOD1 “eruowmaud SAIV Areuowrndorpres uosear OINDHT
‘Sauv
u0qIed0IpAH ‘SAAV ‘Saav ASY ‘SaQUV ‘SYRI[ITE ‘SAUY
AN Jreuwray SN AN Jrewag SN Jrewrag SN Jreway S[eN Pl
6L'ST o761 I 0z 1s L1 <1 L 6 <1 8 L (3) 18oMm
10'S 197 00°€T 00'S 00%1 00% 00T 86°0 0S'1T 00% 170 850 (sxeak) a8y
as BN 01 258D 6 958D g ase) £ 3seD) 9 ase) G ase) § ase) ¢ ase) 7 ase) 1 9seD) Io)oureIe

“ejep 2A1dLIDSIp [eorpawr pue soryderdowop juaried *1 J[qel,

771



OZTURK et al. / Turk ] Med Sci

4 ¢ urgim 11oddns QINDF 1oye Hd pue a1ejoe] 3saq :g Hd pue g 2je1oe] ‘uoneniul QDT 21032q Hd pue jejoey ;1 Hd pue [ 2)e3oe] ‘UOIIR[UA
[edTURYDAW PI[[ONU0-UONE[UIA dInssaid aandepe AJND-AJV ‘UONE[NUIA [EITUBYDIW pafjonuod anssaxd AND-d ‘uonenuaa £ojefoso Aousnbaj-ySiy :AQJH @inssord Lemire ueswr :JyA
‘uadfxo pardsur [euonoesy ;g1 @anssaxd A1ojerdxs pua aanisod :ggad @inssaid Arorexidsur yead :q1d 4ousnbaiy : pa[jo1uos a1nssard UOB[NULA [EITUBYDIUI JUIIULISIUT PIZIUOIYIUAS ANIS-d

¥S'L SS°L 9L SS°L 0€'L veL %L YL €€’ €L zHd
YL 60°L LTL 8%'L €TL 98'9 80°Z 969 SL9 ST'L 1Hd
6T T'1 €T T S 9 91 4 4 9  (T/[owur) 7 3)e3de]
8¢ 80 =41 91 I's 01 I's L€ 1 T (7/10ww) T arepde
8¢ L1 € 8¢ |54 6¢°L1 TS9 L'y ¥'sh €89 10
95 PST LLE 0S i 6 T'8S L9 i (X34 1/d
0%°0 :7O™
S¥0 70 $8°0:Od S€°0 7O 0'T :TOH 0T :TON 0%°0 20N 12 VN 050 ‘2O ST0:70 09°0 :TOH
9:dd94d S :dd94d 9 :d94d 8 :dddd £:dd94d §'s :dadd . 8 :dddd 8 :dddd 0T :dddd
. . . . . . Se dINY . . . (4 ¥ 1819) OWOH
0¢ :dId 0% *dId ¥C:dld 0¢ :dId 0¢ *dId §ceidid . 12 :d1d ¥ dld 0¢ :dId
G¢ LI Surmp uone[uaA
014 014 014 i s 0T 4 i 04 01 :d 0T 4
AWD-d AND-AdV AND-AdV AND-d AWD-d ANIS-d AOAH AWIS-d ANIS-d ANIS-d
12:dVIN 9T :{dVIN 01 :dVIN 61 :dVIN 8T :dVIN 91 :{dVIN 8¢ :dVIN 8T :dVIN 0T :dVIN 0¢ {dVIN
0T :TOM 060 ‘COLI S%°0 ‘2O 0'T :TOt 0T :TON S0 :TOH 0'T :TOH 0'T :TON 0T :TON 0T :2OM
8 :J9dd 01 :d9dd S :dddd 4.8 :d9dd £:dd94d 9:dd4d S ANV ¥1:dddd 01 :dddd L1:d9dd OO
8¢ :dId S¥:dld 61 :dld 7€ dld 0¢ :dId Sz :dld S¢ i1l ¥¢ dld 0¢ :dId 8¢:dId  2I0J2q UOTIB[NUIA
v 0¢ J 91 0T :d st 094 L€ 44 0% :J 09 :d 094
AND-d AND-AdV AND-AdV AND-d AND-d ANIS-d AOJH ANIS-d ANIS-d ANIS-d
01 3seD 6 9seD g aseD) £ 9seD 9 aseD) G ase) ¥ aseD) ¢ ase) 7 9ase) 1 aseD Iajowered

"‘OINDT 1o)e pue a10§0q s1ajowered uoneusSAxo pue UOIE[NULA T J[qeL

772



OZTURK et al. / Turk ] Med Sci

Table 3. Technical ECMO data.

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10
ECMO
. Vv Vv Vv Vv VA \'A% Vv VA Vv Vv
modality
. RIJV + RIJV + RIJV + RIJV + RIJV + RIJV +
Cannula site RIJV RA-aorta LFV, RFA RIJV + RFV
RFV RFV LFV RFV RFV RFV
C la si
annua size 13dl+38 15dl 18dl+12 18dl+10 18+10 8+ 12 17 + 14 18 + 16 18dl+15 19+17
(French)
Maximum
100 106 100 140 142 107 47 88 50 78
blood flow*
Circuit
Yes No No Yes No No No Yes Yes No
change
Cannula OriGen OriGen OriGen MDLP Maquet
OriG M t vt t M t M t
brand MDLP rien MDLP MDLP Medtronic aque aque adue Novolung adue
ECMO Maquet
system™* Medos Magquet Magquet Maquet Maquet Maquet Medos Magquet Magquet

VV: Venovenous, VA: venoarterial, RIJV: right internal jugular vein, RFV: right femoral vein, RA: right atrium, LFV: left femoral vein, RFA: right femoral

artery, dl: double lumen catheter, MDLP: Medtronic DLP cannula, *: blood flow in mL kg™ min'. **: Maquet systems used Quadrox ID and Medos

systems used Medos Hilite oxygenators; integrated ECMO heat exchangers were used. Continuous renal replacement therapies in selected patients were

performed via Prismaflex system with appropriate hemofiltration filters.

OLI. Historically, an OI of >40 predicted a mortality rate of
80%, whereas 25 < OI < 40 predicted a 50%-80% mortality
rate (9). In pediatric respiratory failure with OI of >40,
even 6 h of ventilation was associated with a mortality rate
of 40% with increasing risk over time (10).

Our patients with respiratory failure had an average
OI of 44.3 £ 16.0 before initiation of VV-ECMO. Since
they had received the maximum available support before
ECMO, imminent death was expected. In particular, a
5-month-old with ARDS and massive air leaks was put
on ECMO support under active resuscitation; as far as
we know, this patient became the first infant survivor of
VV-ECMO for respiratory indication in a Turkish PICU.
Patients who were successfully weaned from ECMO had
significantly lower FiO, requirements from the ventilator
during ECMO support compared to those who failed
to wean (0.40 + 0.10 versus 0.86 + 0.19; P = 0.005). In
our series, 1 patient with dilated cardiomyopathy was
bridged to transplant. Unfortunately, the patient expired
before transplant. The most common complications
were bleeding (60%) and inadequate flow requiring
additional cannulation (50%). Bleeding was mostly at the
cannulation sites, which was easily controlled with local
pressure. Anticoagulation was discontinued in 2 patients
due to uncontrollable bleeding. According to the ELSO
2013 registry report, the most common complications

in respiratory ECMO are bleeding around the cannulae
(16.8%), cannulae problems (15%), bleeding at the surgical
site (13%), oxygenator problems (12.3%), and hemolysis
(9.8%); cardiac ECMO is associated mostly with persistent
need for inotropic support (59.5%), bleeding at the surgical
site (31.4%), and the need for hemofiltration (25.8%).

Protective lung ventilation decreases ventilator-
induced lung injury and hence improves the outcome
(11). The size and insertion site of cannulae is extremely
important for reaching adequate blood flows and to
provide adequate oxygenation so that the lungs can rest.
The initiation of ECMO was mostly under impending
arrest conditions in our patients. Therefore, cannulation
safety and pace was extremely important. All patients were
cannulated by a local cardiovascular surgery team at the
bedside. At Marmara University, the average time between
the decision and ECMO support was 2 h, whereas at Ege
University, this was around 6 h. The delay in obtaining
appropriately sized cannulae was the reason for later
initiation of ECMO at Ege University. We acknowledge
that this delay may have caused secondary myocardial
injury with poor outcomes as a result in 2 patients. Hence,
we want to emphasize the need for full equipment with
backups on standby for use in reference centers.

The cost of this potentially life-saving support therapy
is acceptable when compared with conventional therapy
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for the critically ill. A 5-month-old infant with ARDS
and massive air-leak syndrome was billed 46,000 Turkish
lira for a 27-day PICU stay. This patient has a full life
expectancy. In adult and neonatal respiratory failure, the
cost-effectiveness of ECMO compared to conventional
therapies is proven (7,12).

In our study, 4 out of 8 respiratory ECMO patients
(50%) were successfully weaned; 2 of them survived
without disability. To our knowledge, in addition to our
patients, a total of 8 other pediatric ECMO patients were
supported in 4 other Turkish university hospital PICUs
as of August 2013, mostly (75%) in VA mode. Of those
patients, cumulative weaning rate was 37% and survival
rate 25%. ELSO data on pediatric patients with respiratory
problems report a weaning success rate of 65% and
survival rate of 56%. Our early experiences with ECMO
have helped our learning curve and are encouraging with
regards to the feasibility and success of the procedure.
The Marmara University PICU became the first Turkish
medical center to join the ELSO in 2012. ELSO guidelines
and data-sharing helped us in organizing and preparing
our multidisciplinary teams and managing our patients.
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