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Invited Editorial

A Multidisciplinary Approach to Expand the Use of
Pediatric ECLS Systems in Turkey

Extracorporeal life support (ECLS) systems were
initially used in children after open heart surgery in
1972 and in neonates after meconium aspiration in
1975 (1,2). During the following years, this technol-
ogy significantly improved, and the use of these
systems rapidly increased worldwide. Venoarterial
ECLS has been frequently used after open cardiac
surgery, whereas venovenous ECLS is widely used in
pediatric intensive care units (ICUs) (3). Less com-
monly, arteriovenous ECLS systems are used for the
clearance of carbon dioxide from blood, and their use
has been reported in Turkey (4). In the USA, it has
been suggested that 2800 newborn patients benefit
from ECLS systems in a year. Statistically, this rep-
resents 1/1309 of live births (5). The use of ECLS
systems requires a multidisciplinary team approach
with standard clinical programs to provide qualified
and satisfactory patient care, rather than an indi-
vidual effort (5,6).

Although pediatric ECLS technology has signifi-
cantly improved and the use of these systems is
rapidly increasing worldwide, similar improvements
in pediatric ECLS systems have been observed in
Turkey. The use of ECLS systems has significantly
increased in the pediatric ICUs along with the
number of pediatric cardiac ICUs to manage postop-
erative congenital heart surgeries. In addition to
these developments, the Sixth Istanbul Symposium
was organized at the Dr. Siyami Ersek Thoracic and
Cardiovascular Surgery Training and Research Hos-
pital on June 22, 2013, with significant multidisci-
plinary attendance from around the country. During
the past five Istanbul Symposiums, the main objec-
tive was to share the latest techniques and ECLS
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devices that were evaluated at the Penn State
Hershey Pediatric Cardiovascular Research Center
with pediatric heart surgeons and perfusionists. At
the Sixth Istanbul Symposium, pediatric intensivists
from all over Turkey also participated. In addition to
the neonatal and pediatric intensivists, pediatric
anesthesiologists, pediatric cardiac surgeons, pediat-
ric cardiologists, pediatric ICU nurses, perfusionists,
biomedical engineers, along with a pediatric perfu-
sionist from Germany and a scientist from the USA
were in attendance. In addition to lectures from
invited speakers, there was a discussion session by all
participants for establishing a plan for future devel-
opments in ECLS along with ECLS wet labs. The
most recent results regarding the ECLS outcomes
from pediatric cardiac centers and pediatric ICUs are
also included in this article. The objectives of this
editorial are: (i) to expand the use of ECLS systems
as rapidly as possible; and (ii) to make suggestions for
improving the outcomes after ECLS in the pediatric
population all around the country.

CURRENT STATUS

Across the globe, ECLS has been widely and suc-
cessfully performed by the use of well-described sys-
tems and protocols (7,8). The algorithm of the man-
agement of ECLS can be analyzed from two aspects.

Management and system protocols: Although these
protocols vary between ECLS centers, the general
principles are defined by Extra Corporeal Life
Support Organization (ELSO) and have been
accepted widely (5,6). The information is updated
and shared with regular symposiums, the ELSO
red book, and database entries from multiple
centers registered to ELSO (3). The ELSO data
have been accepted as a reference for clinical
investigations by the Food and Drug Administra-
tion in the USA. Therefore, a newly designed
ECLS instrument or protocol should make control
studies with respect to the ELSO database.

Artificial Organs 2015, 39(1). In press
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The choice of ECLS equipment: The instruments or
protocols for ECLS should be chosen according to
clinical experience of centers and with respect to
the current data of the research centers on ECLS.
The Penn State Hersey Pediatric Cardiovascular
Research Center provides a forum for testing all
cardiopulmonary support devices and equipment.
It is a leading research center and presents its
reports as “Translational Research” (9-11). An
important characteristic of this center is that more
than 600 staff members have been trained from the
USA (approximately 25 centers and more than 200
staff members) and from Turkey (approximately 40
centers and more than 400 staff members) by this
research center in terms of pediatric ECLS and
cardiopulmonary bypass (CPB) (7,12-15). The
selection of equipment should be chosen in accor-
dance with current scientific data (16-19). Other-
wise, it has been proven that increased expenses will
be lost from the economic sources of countries
(20,21).

THE USE OF ECLS SYSTEMS IN TURKEY

The outcomes of ECLS use in cardiac surgery
centers (Istanbul Mehmet Akif Ersoy Thoracic and
Cardiovascular Surgery Education and Training
Hospital; Kosuyolu Yuksek Ihtisas Kalp Hastanesi,
Istanbul; Ege University, Faculty of Medicine,
Department of Pediatric Cardiovascular Surgery,
Izmir; Dr.Siyami Ersek Cardiovascular Surgery Hos-
pital, Istanbul; Istanbul Medipol University, Istan-
bul) and ICUs (Ege University, Department of
Pediatric Intensive Care Unit, Izmir; Marmara Uni-
versity, Faculty of Medicine, Pendik Education and
Training Hospital, Department of Pediatric Intensive
Care Unit, Istanbul [22]; Bezmidlem Vakif Univer-
sity, Department of Pediatric Intensive Care Unit,
Istanbul; Cukurova Universitesi, Department of
Pediatric Intensive Care Unit, Adana; Dokuz Eyliil
University, Department of Pediatric Intensive Care
Unit, Izmir; Gazi University, Faculty of Medicine,
Department of Pediatric Intensive Care Unit,
Ankara) that made contributions to the Sixth Istan-
bul Symposium are presented in Tables 1 and 2. The
data including ECLS numbers, ECLS type, age of
patients, etiologies, ECLS durations, weaning rates,
and survival rates are presented.

ANTICOAGULATION

During ECLS, there is continuous contact between
circulating blood and the foreign surfaces of the
extracorporeal circuit. The risk of clot formation
within ECLS systems is increased when blood con-

Artif Organs, Vol. 39, No. 1, 2015

tacts the inner surfaces of cannulas, oxygenators, or
hemofilters, turbulence or stasis regions of blood in
the system, during low-flow periods such as weaning,
or when inadequate anticoagulation occurs. To avoid
clot formation in ECLS, biocompatible material
surfaces (bioactive and biopassive) mimicking a
bioactive endothelial surface have been developed.
These biocompatible surfaces have been adapted to
the system. Heparin, hirudin, and nitric oxide-
releasing bioactive circuits activate antithrombin 1T
to bind to the thrombin and inhibit thrombosis.
Biopassive circuits are coated with different agents
such as hydrophilic polymers, albumin- or
phospholipid-reducing thrombus formation by
reducing fibrinogen binding to surfaces, and platelet
adhesion and activation (23). Both types of these
circuits can be found in different brands. Proper
anticoagulation must strike a delicate balance for
patient well-being. On one hand, increased thrombin
production and decreased thrombin suppression in
an ECMO patient increases the tendency of clotting.
However, heparin administration, dilution or con-
sumption of coagulating factors, decrease of platelet
number and function may result in bleeding (24).

The most widely used antithrombotic therapy
in ECLS is unfractionated heparin (UNFH), of
which prolonged use reduces its own activity. UNFH
can also induce platelet dysfunction, generation
of heparin-PF4 antibodies, and heparin-induced
thrombocytopenia (25). Monitoring methods of
anticoagulation on ECMO include periodic assess-
ment of activated clotting time (ACT), anti-Xa levels,
activated partial thromboplastin time (aPTT),
heparin concentration, antithrombin (AT) level, and
thromboelastography (TEG) (26). Anti-Xa assay is
the “gold standard” measure of heparin anticoagu-
lation. aPTT is more reliable than ACT at delineating
low and moderate levels of anticoagulation on UNFH
(27). TEG monitoring is a sensitive technique for the
detection of hypercoagulability, but it is an expensive
method. UNFH monitoring criteria for the manage-
ment of anticoagulation during ECMO are summa-
rized in Table 3 (24).

SUGGESTIONS TO EXPAND THE USE OF
ECLS SYSTEMS IN OUR COUNTRY

The primary rationale for establishment and
expansion of the use of ECLS systems in Turkey
is to define necessary clinical guidelines and sup-
port programs. Guidelines address technology and
patient management during ECLS. In addition,
several important steps such as personnel, training,
credentialing, resources, follow-up, reporting, and
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TABLE 2. Outcomes of ECLS patients from pediatric intensive care centers in Turkey

Age Duration
Center N Type (years) Etiology (day) Weaning Survival
Ege University 6 c4VV 2 Sepsis, ARDS 124 33% (2/6) 16% (1/6)
1 VA 4 Dilated cardiomyopathy 1
1 ECCO, 14 ALL, sepsis, ARDS 15
(Novalung) 17 Hydrocarbon aspiration 12
5 ARDS 29
13 Lung transplantation, rejection 15
Marmara University 6 4VV 4/12 ARDS 14 50% (3/6) 16% (1/6)
2 VA 512 ARDS 7
4 IPEX syndrome, ARDS 15
1,5 ALL, ARDS, sepsis 18
4/12 Tetralogy of Fallot, LCO 19
5/365  Postcardiotomy LCO 1/24
Bezmialem University 2 VV 13/12 Acute hypoxic respiratory insufficiency 28 50% (1/2) -
2/365 14
Cukurova University 2 VA 16 Refractory hypotension 7 50% (1/12)  50% (1/2)
2 3
Dokuz Eyliill University 2 VA 10 Cardiomyopathy 7 - -
13 Myocarditis 13
Gazi University 2 VA 8 Septic shock 124 50% (1/2)  50% (1/2)
3 Cardiac surgery 7

ALL, acute lymphoblastic leukemia; ARDS, acute respiratory distress syndrome; ECCO,, extracorporeal CO; clearance; IPEX, immune
dysregulation, polyendocrinopathy, X-linked syndrome; LCO, low cardiac output; VA, venoarterial; VV, venovenous.

quality assurance are necessary (28). The main point
that all these steps show is EDUCATION. All
members of an ECLS team should have satisfactory
education in terms of theoretic background and clini-
cal experience.

In Turkey, previous educational activities and
courses for ECLS education are presented below:

e Since 2011, wet laboratory activities have been
organized regularly in Istanbul.

e The videos recorded for education of pediatric
intensive care nurses in the animal laboratory of
Penn State Hershey Medical Faculty during ECLS
seminars were delivered to all attendants of the
Sixth Istanbul Symposium.

e During the sixth symposium, one of the most recent
ECLS systems was presented and described by an
invited clinical pediatric perfusionist, and this was

TABLE 3. Anticoagulation Criteria for ECLS

Parameters Follow-up period (hour)  Target range
ACT 1-2 180-220 s
aPTT 6 50-80

Anti-Xa level 6-12 0.3-0.6 u/mL
AT level 24 >0.5 u/mL
Fibrinogen level 12-24 250-300 mg/dL
Htc 6-12 >35%

INR 6-12 <2
Thrombocyte count 6-12 >80 000

ACT, activated clotting time; aPTT, activated partial
thromboplastin time; AT, antithrombin level; Htc, hematocrit;
INR, international normalized ratio.

Artif Organs, Vol. 39, No. 1, 2015

recorded. This video was also presented to all par-
ticipants of the Seventh Istanbul Symposium.

e The collaboration of pediatric and neonatal inten-
sive care specialists has been aimed to increase the
use and efficacy of ECLS.

MULTIDISCIPLINARY APPROACH

The ECLS teams should have a multidisciplinary
approach, and each individual discipline should have
an experience in the clinical care of critical patients
(28,29). The clinical presentations and conditions of
patients who are admitted to the ICUs have become
more complex with multiple comorbidities. The pres-
ence of complex medical presentation requires clini-
cians to apply conventional or nonconventional
techniques of ventilation, indications for ECLS, and
a systematic approach to clinical conditions of critical
patients. In addition to ventilation, the management
of hemodynamics, systemic infections, pain, sedation,
anticoagulation, feeding and, if necessary, renal or
neurologic status requires considerable clinical expe-
rience and prompt decision making for treatment of
patients. Therefore, the care and follow-up of pedi-
atric patients in ECLS centers should be supervised
by pediatric or neonatal care specialists.

The ICU staff should have in-depth education and
experience about the outcomes of ECLS support.
They should believe that this treatment option may
have favorable results and may even be a life-saving
intervention in a considerable amount of patients.
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In high-risk patients, the best time to use ECLS
can be determined with collaboration of medical
specialists. In Turkey, ECLS systems are mostly
used following low cardiac output syndrome, cardio-
pulmonary arrest and resuscitation, failed weaning
from CPB following cardiac surgery, and hypoxemia
resistant to assisted ventilation. Each center should
provide information on patients including the
primary reason for ECLS, modality used, complica-
tions, and outcomes. All these experiences should
be shared between medical centers through a
computer-based database system and a national
databank. Because ECLS treatment is financially
supported by the government, we believe that it can
be beneficial if the government supports the centers
following the entry of medical information and out-
comes into the database system. Moreover, the cer-
tification of some centers may contribute to
qualifying other centers for ECLS. Regular semi-
nars and courses by such centers should be sup-
ported. In addition, we believe that the set-up of
animal laboratories can be beneficial to increase the
experience and information available on ECLS,
increasing quality of care.

The general consensus on complications of ECLS
and their management can be established using
standard protocols. The most important problem
following cardiotomy is bleeding. Anticoagulation is
most frequently followed using ACT levels and the
target levels of ACT can be reached by increasing
the dose of unfractioned heparin; this may increase
the risk of bleeding. Nevertheless, the level of
anticoagulation or coagulation activity is generally
affected by CPB and therefore follow-up of only
ACT levels may be inappropriate. In ECLS cases,
the management of anticoagulation should include
regular follow-up of aPTT, anti-Xa, AT-III, and
fibrinogen levels. Additionally, some procoagulant
agents such as factor VII, cryoprecipitate, or
apheresis thrombocyte should be available in ECLS
centers to decrease the bleeding risk if necessary.

In newer ECLS centers, perfusionists set up the
ECLS system, and intensive care nurses manage the
care of the patients and ECLS system with routine
clinical follow-up. This allows integration and
adaption of intensive care nurses to ECLS care and
potential complication of the system during mainte-
nance and weaning periods. In our country, the
number of experienced cardiac perfusionists in
ECLS is limited. Education of other perfusionists as
well as intensive care nurses allows more ECLS
centers to be qualified. Additionally, the number of
pediatric intensive care specialists is also inadequate.
Therefore, qualified nurses in the ICU play an

important role in staffing the maintenance and
follow-up of ECLS cases.

ECLS IN PEDIATRIC CARDIOLOGY AND
PEDIATRIC INTENSIVE CARE EDUCATION

Most pediatric cardiologists in our country do not
have a chance to experience the follow-up of patients
after cardiac surgery in the ICU. This also leads to
limited experience about the timing of ECLS in
postcardiotomy patients. Therefore, we suggest that
the education of pediatric cardiologists should be
developed in centers that have a cardiac surgery team
as well as pediatric cardiac surgery and pediatric car-
diology ICUs. Of those pediatric cardiologists who
were educated about ECLS, some may be specialized
in the ICU of pediatric cardiology. The government
should increase the number of those clinicians to
expand the use of ECLS in pediatric or neonatal
ICUs.

In pediatric cardiology, ECLS systems can be used
in high mortality interventions including neonatal
aortic stenosis, pulmonary hypertension, hybrid pro-
cedures for hypoplastic left heart syndrome, and per-
foration or reconstruction procedures. In such cases,
ECLS systems should be available and immediately
applied to patients in case of life-threatening events.
In addition, education on an advanced stage of car-
diopulmonary resuscitation under ECLS (ECLS-
CPR) should be provided, in order to establish
greater chance of survival for patients. ECLS can be
used in patients with congenital heart disease during
cardiac catheterization and interventions. In particu-
lar, for patients who develop pulmonary hyperten-
sive crisis in the catheter laboratory or ICU, the use
of ECLS will be lifesaving.

Similarly, ECLS education is provided during
the training of pediatricians in pediatric ICUs.
However, pediatric clinicians should play a more
active role on the management of ECLS in pediatric
cases with congenital heart anomalies as well as in
patients who develop low cardiac output due to
postcardiotomy syndrome. Pediatric intensivists
who are interested in cardiac anomalies and their
care can be encouraged to be educated on pediatric
cardiology.

FINANCIAL STATUS

In Turkey, necessary equipment for ECLS is avail-
able as an “ECMO set,” which includes an ECLS
oxygenator, a centrifugal pump, and a tubing set.
This set is provided primarily by two companies:
Magquet (Maquet Quadrox PLS, MAQUET Cardio-
pulmonary AG, Hirrlingen, Germany) and Medos

Artif Organs, Vol. 39, No. 1, 2015
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DP3 (Medos AG, Stolberg, Germany). The prices for
these disposable sets are very similar to each other,
about $6000 (USD). The government financially sup-
ports the cost of disposables for hospitals.

RECOMMENDATIONS

1 The general principles of ECLS can be found
in the web page of the ELSO registry. The
data after 40 years of experience should be
immediately translated to the Turkish language
from the Internet address, “http://www.elso.med
.umich.edu,” and this literature should be placed in
the web pages of national societies.

2 Collaboration in experience and information
should be increased to the highest level. The sym-
posiums that we organized in Istanbul after 2011
should be continued regularly within the next
several years. The latest technology and news thus
can be shared with our colleagues in Turkey. It is
an obligation to organize ECLS courses, in which
ECLS certifications will be given.

3 ECLS education videos can be inserted to the web
pages of related national societies.

4 As scen in Tables 1 and 2, the number of ECLS
centers are limited, as well as the number of ECLS
cases performed in these centers. Therefore, it is
very important to organize symposiums and asso-
ciated courses by these centers for education of
other centers in the future to share their experi-
ence and to expand the use of ECLS. Simulation
centers should be designed and opened.

5 The national database for ECLS cases should be
opened and the data of all cases should be shared
with active contribution of each ECLS center.

6 A mandatory ECLS registry should be organized
by the government.

7 Anticoagulation for ECLS should be managed
more precisely by increasing the number of
follow-up parameters. Special blood products such
as factor VII or cryoprecipitate should be available
in hospitals and immediately used, if necessary.
The price of these products should be regulated by
the government and medical centers.

8 To expand the use of ECLS, animal laboratories
should be opened. This increases the experience of
ECLS staff, quality of patient care and survival of
patients.

9 Each member of an ECLS team should be sup-
ported to follow every international congress or
symposium on ECLS and the newest technology.
The clinicians should follow and attend the offer-
ings of the leading ECLS centers in order to
increase their knowledge and experience.

Artif Organs, Vol. 39, No. 1, 2015

CONCLUSIONS

An increasing number of patients return to their
normal life by routine use of ECLS in developed
countries every year. Especially, ECLS systems have
been improved significantly, and the use of these
systems has been widely expanded and simplified
during the last few years, in comparison with previ-
ous life support systems (7-10,30-32). In Turkey, a
standard quality of ECLS is provided in a relatively
limited number of centers. Therefore, there is a need
for an urgent planning as rapidly as possible to
expand the use of ECLS systems and to give a satis-
factory education for all team members. The most
important principle that should be remembered for
the success of ECLS all around the country is the
collaboration of all related departments of special-
ized medicals centers, Ministry of Health, and for-
profit and nonprofit companies.
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Cost-effective usage of membrane
oxygenators in extracorporeal
membrane oxygenation in infants

A 6zyﬁksel, C Ersoy, A Akgevin, H Tiirkoglu, A E Cicek,
A Kahraman, B Kayhan and E Cantiirk

Abstract

Although the poly-methylpentene (PMP) oxygenators have significant advantages in ECMO implementation, their usage
may be limited in some situations, which may be related to economic constraints. In this report, we aimed to emphasize
our cost-effective usage of a membrane oxygenator at the ECMO setup. We implemented ECMO with eight Capiox®
FXO05 or Baby RX05 hollow-fiber membrane oxygenators in five neonatal patients. The average ECMO duration was
121 hours (ranging from 41 to 272 hours). Following the termination of the ECMO, the system was broken down into
its components for macroscopic analysis. Neither gross blood clots nor plasma leakage were observed in any of the
components. The integration of a centrifugal pump and a separate hollow-fiber oxygenator may provide a cost-effective
ECMO implementation setup with no adverse effects which may be an encouraging alternative for the low cost usage of
ECMO in neonates.

Keywords
extracorporeal membrane oxygenation; oxygenator; congenital heart defect; infant; centrifugal pump

Introduction

The number of clinical applications of extracorporeal
membrane oxygenation (ECMO) has progressively
increased, with a total of over 50,000 patients as of
January 2013, more than half of whom are neonates with
an overall mortality rate of over 50%.! Obviously, such
interventions are related to long hospitalization periods
with high costs. Although the poly-methylpentene
(PMP) oxygenators have significant advantages in
ECMO implementation, their usage may be limited in
some situations, which may be related to economic con-
straints or legal issues regarding to cessation of the
unprecedented PMP oxygenators in the market.!
Shipment of the Quadrox iD, (Maquet Cardiopulmonary
AG, Hirrlingen, Germany), which had been the only
available PMP oxygenator for ECMO implementation in
the U.S., had been blocked by FDA for several weeks for
safety concerns, which led the ECMO Centers to find a
rapid solution, such as using a hollow-fiber oxygenator
in the ECMO setup.

In this report, we aimed to share our initial clinical
experience about the mandatory usage of a hollow-fiber
membrane oxygenator, due to limited funds, in the

ECMO circuit, which provides a cost-effective solution
for the treatment of patients during the neonatal period.

Patients and Methods

A retrospective analysis of the cardiac surgery database
was performed in order to identify patients for whom the
ECMO intervention was performed between the years
2012 and 2013. The patient characteristics, indications for
the ECMO usage, perioperative course and details about
the system setup were obtained for this analysis. The
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Figure |. Schematic presentation of the extracorporeal membrane oxygenation system with separate membrane oxygenator.

ECMO system consisted of a centrifugal pump, RotaFlow’
(Maquet Cardiopulmonary AG, Hirrlingen, Germany)
and a hollow-fiber oxygenator, Capiox” FX05 or Capiox’
Baby RX05 (Terumo Corporation, Tokyo, Japan) (Figure
1). After the initial de-airing with the multiple electrolyte
solution Isolyte-S’, (Eczacibasi-Baxter, Istanbul, Turkey),
the ECMO system was primed with fresh frozen plasma
(FFP) and erythrocyte suspension (ES). Neither heparin
nor any other additive was used at the prime solution.
The total time needed for the priming of the system was 3
minutes. Mediastinal access was preferred for the venous
drainage and arterial return. The venous drainage was
performed by the DLP" Single Stage Venous Cannula
(Medtronic Inc., Minneapolis, MN) with the cannula
sizes between 12-20 French. The arterial return cannula,
DLP® Pediatric One Piece Arterial Cannula (Medtronic
Inc., Minneapolis, MN) at the sizes between 8-12 French
was inserted into the ascending aorta.

Results

A total of 5 patients (2 males, 3 females) had ECMO
implementation. The average age was 7 months (ranging
from 8 days to 12 months), the average weight was 6.240
grams (ranging from 2.400 grams to 10 kg) and the aver-
age body surface area was 0.31 m? (ranging from 0.17 m?
to 0.45 m?). The operative characteristics of the patients
are summarized in Table 1. The primary indication for

ECMO implementation was post-pericardiotomy low car-
diac output status and the associated respiratory compli-
cations. All implementations were performed with
sternotomy, followed by cannulation using the venoarte-
rial route; the venous cannula at the right atrium and the
arterial cannula at the ascending aorta. All of the ECMO
implementations were at the early postoperative period
except for patient no.5, who could not be weaned from
cardiopulmonary bypass (CPB) and, therefore, the ECMO
implementation had to start in the operating room. Two of
the ECMO implementations (patients no.l and 2) were
initiated following cardiopulmonary arrest. All the
patients received moderate doses of inotropic infusions
and peritoneal dialysis. Initial ECMO settings were aimed
to bypass >75% of the cardiac output, with maintenance of
adequate oxygenation, mean arterial pressure and acid-
base status. All the ECMO support was conducted under
normothermia. The patients who had cardiac arrest before
ECMO initiation were passively cooled down to a body
temperature of 34°C. Activated clotting time (ACT) count
and arterial blood gas analysis were performed at two
hour intervals unless more frequent studies were needed.
The goal was to achieve an ACT value between 150 and
200 seconds by means of continuous intravenous heparin
administration. Platelet, ES and FFP transfusions were
held on a routine basis in order to provide a hematocrit
level of 35% and platelet count of 100,000/mm?. The
mechanical ventilation support was set at 6-8 breaths/min,
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Table I. The operative characteristics of the patients.
Pt. No Age Body Weight (kg) BSA (m?) Primary Diagnosis Type of Operation
| 6 months 7 0.32 TA, VSD, RV hipoplasia Glenn Shunt
2 | month 24 0.17 truncus arteriosus Rastelli Procedure
3 8 days 2.8 0.19 TGA, VSD ASO
4 12 months 9 0.42 TOF Total repair
5 10 months 10 0.45 TOF Total repair
TA: Tricuspid atresia; VSD: Ventricular septal defect; RV: Right ventricle; TGA: Transposition of the great arteries; TOF: Tetralogy of Fallot; ASO:
Arterial switch operation.
Table 2. The analysis of the ECMO duration.
Pt. No ECMO ECMO Aortic Flow (Lt/ ECMO Mortality
implementation on CPR Cannula (Fr) min/m?) duration
time (hours)
| po. 5. day Yes 12 768 272 +
2 po. 6. day Yes 8 408 66 +
3 po. 3. day No 8 455 41 +
4 po.l2. hour No 12 1008 63 -
5 early after CPB No 12 1080 166 -

PO: Postoperative; CPB: Cardiopulmonary bypass; CPR: Cardiopulmonary resuscitation.

positive end expiratory pressure (PEEP) at 5-8 cmH,O
and FiO, at 0.50-0.60, respectively. The average ECMO
duration was 121 hours (ranging from 41 to 272 hours).

A total number of eight oxygenators (3 Capiox” Baby
RXO05, 5 Capiox’ FX05) were used in five patients. The
criteria to replace the membrane oxygenator during
ECMO implementation was a drop in partial blood oxy-
gen pressure below 70mmHg in arterial gas analysis.
The membrane oxygenator was replaced at the 92nd
hour, 173" hour (after 81 hours of usage) and 2727
hour (after 99 hours of usage) on patient no.1 and at the
90™ hour and 166™ hour (after 76 hours of usage) on
patient no.2 during the ECMO period, where the final
replacements indicate ECMO termination. The analysis
of the ECMO implementation is summarized in Table 2.
Following the termination of ECMO, the system was
broken down into its components for macroscopic anal-
ysis. Neither gross blood clots nor plasma leakage were
observed in any of the ECMO systems. Three patients
could not be weaned from the ECMO intervention. The
reasons for mortality in patients no.l, 2 and 3 were
necrotizing fulminant pneumonia, intracranial hemor-
rhage with disseminated intravascular coagulation and
sepsis with multiorgan failure, respectively. Patients
no.4 and no.5 were successfully weaned and discharged
without any complication at the 48 and 20% days after
the termination of ECMO, respectively.

Discussion

Many clinical indications leading to cardiac and/or
respiratory complications have been successfully treated
with ECMO implementation today. The usage of ECMO

represents a wide spectrum of patients, more than
13,000 of whom have been treated with survival to dis-
charge rates of 40%, 49% and 39% for neonates, pediat-
ric and adults, respectively.? As well as in primary
cardiac etiologies, initiation of a rapid ECMO therapy
before the circulatory collapse comes into consideration
and is an important strategy in such patients.>* Since the
primary purpose of the hollow-fiber oxygenator design
is to be used in a CPB setup, the data about its clinical
usage in ECMO systems is limited.> In our patients, we
observed that it provides a cost-effective alternative
without adverse effects when it has been integrated in
the ECMO system. The low prime volume and wide
blood flow range enables the safe clinical usage in
patients especially under the weight of 10 kg.

Plasma leakage, which seems to be a major problem
when a hollow-fiber oxygenator is used in a prolonged
implementation, was not encountered in our patients, but
could have necessitate the earlier replacement of the oxy-
genator than expected. We also did not encounter any
significant hemolysis over the physiological range of the
newborns. Routine blood parameters (direct-indirect
bilirubin, free plasma hemoglobin) for hemolysis were
continuously monitored in order to determine an early
finding of hemolysis at a level more than the physiologi-
cal jaundice of the newborn. Oxygenator types, mean
venous inlet pressure and mean pump speed are related
with the risk of hemolysis in ECMO.

We would like to clarify one important point about
our setup. The cost of one Capiox” series oxygenator is
about $500 (USD) whereas a typical ECMO oxygenator
is about $6000 (USD) in our country. We had to use a
cheaper CPB oxygenator instead of a routine use of PMP
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ECMO oxygenator because of limited funds and reim-
bursements. We do not recommend replacing the rou-
tine use of CPB oxygenators with PMP ECMO
oxygenators. When funds are limited, then we recom-
mend the use of hollow-fiber CPB oxygenators instead
of PMP ones in neonatal ECMO patients, in whom even
multiple replacements are more cost effective than using
PMP ECMO oxygenators.

Although this report includes a limited number of
patients, we wanted to share our experience with this
setup. The safe period of the membrane oxygenators is
obviously shorter than the spiral coil silicone mem-
branes and PMP oxygenators which were originally
invented for prolonged usages.” We do not find it neces-
sary to conduct a clinical trial in order to compare PMP
ECMO oxygenators with hollow-fiber CPB oxygenat-
ors, since our only thought was to create a solution in
patients in this limited number of our patients where the
funds were limited.

Conclusion

A centrifugal pump and a separate hollow-fiber oxy-
genator may provide a cost-effective ECMO setup
without plasma leakage, hemolysis and thromboem-
bolic complications. This simple and low cost setup
may encourage the usage of ECMO with extended indi-
cations in the neonatal period, in particular, when the
funds are limited.
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Yasam destek sistemlerinin Diinya'daki gelismeleri ve
Tiirkiye deki son durum

Updates on extracorporeal life support in the world and challenges in Turkey
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OZET

Ekstrakorporal yagam deste{i (ECLS) medikal tedaviye yanit vermeyen, yasamsal fonksiyonlarin zayifladigi durumda uygulanan bir tedavi yontemidir.
Geligmis iilkelerde uzun yillardir belli endikasyonlar igin kullaniimaktadir. Ulkemizde ise ¢ok yakin bir zamanda, bazi merkezlerde tarif edildigi sekilde
kullanilimaya baslanmistir. Ancak bu kullanimin biiyiik gogunlugu postkardiyotomi uygulamalaridir. Oysa ki bu tedavi seklinin ortaya ¢ikis sebebi de
dahil olmak iizere diinyadaki uygulama endikasyonlari daha genistir. Geligen teknoloji ile sistemin hemen tiim ekipmanlari degisime ugramaktadir. Bu
makaleyi yazmamizdaki amag, bu ileri tedavi ydntemine dikkat cekmek, ekipmanlari tanitmak, organizasyon ve sistem yonetimi hakkinda bilgiler
vererek bu tedavinin iilkemize dogru ve etkin sekilde girmesi igin 6nerilerde bulunmaktir. (Anadolu Kardiyol Derg 2013; 13: 580-8)

Anahtar kelimeler: Ekstrakorporeal yasam destegi, ekstrakorporeal membran oksijenasyonu, ekstrakorporeal yagsam destegi organizasyonu,
perfiizyon, cocuk kalp cerrahisi, ekstrakorporeal membran oksijenasyonu kaniilleri

ABSTRACT

Extracorporeal life support (ECLS) is instituted for the management of life threatening pulmonary or cardiac failure (or both), when no other form
of treatment has been or is likely to be successful. It has being used in developed countries for many years. ECLS has come into practice for a
while in Turkey, in order to ECLS recommendations. However, most of them are postcardiotomy cases. However, this therapeutic option has
more indications including its reason that brought it into practice. All equipment of the system has being changed with the developing technol-
ogy. The aim of this paper is to point out this modality, to introduce equipment, and to give information about organization and management to
bring this therapeutic option in Turkey in order. (Anadolu Kardiyol Derg 2013; 13: 580-8)

Key words: Extracorporeal life support, extracorporeal membrane oxygenation, extracorporeal life support organisation, perfusion, pediatric
cardiac surgery, extracorporeal membrane oxygenation cannulei

Girig ECLS deki son teknolojik gelismelerden dnce ECLS yénetimi-
nin son durumunu tespit etmek gereklidir. Extra Corporeal Life

Ekstrakorporal Yagsam Destegi (ECLS) ¢cocuklarda ilk kez 1972 Support Organisation (ELSO) bu durum tespitini yapmig ve herkes

yilhinda Biiylik Damar Transpozisyonu nedeni ile yapilan Mustard
Operasyonu sonrasi gelisen kalp yetersizligi i¢in ve yenidogan-
larda ilk kez 1975 yilinda mekonyum aspirasyonu nedeni ile geli-
sen pndmoni ve pulmoner hipertansiyon (PH) igin Dr. Robert H.
Bartlett tarafindan kullanilmigtir (1-3). Giinlimiizde, maksimum
tibbi tedaviye yanit vermeyen solunum ve/veya kalp yetmezligi
bulunan yenidogan, cocuk ve erigkin hastalarda kullanilan bir
tedavi yontemidir. Amerika'da yilda, 2800 yenidogan hastanin
ECLS'den fayda gordiigii tahmin edilmektedir ki, bu sayi 1/1309
canli doguma denk gelmektedir (4).

tarafindan kabul edilen ydnergeler yayinlamigtir (4). Ayrica ELSO
verileri Amerika’da Food and Drug Administration (FDA) tarafin-
dan klinik arastirmalar igin referans verileri olarak kabul edilmis-
tir. Yeni arastirilan bir ECLS aleti veya protokolii igin ELSO verileri
referans olarak kullanilabilir, kontrol grubuna ihtiyag yoktur.
Ulkemizde de ECLS kullanilmakta olup vakalarin biiyiik
cogunlugu post-kardiyotomi hastalandir. Bu uygulamalar da
tamamen kisisel tecriibelerle olup bir ECLS y6netimi tanimlan-
mamisti. ECLS'nin esas kullanim alani olan postkardiyotomi
disindaki hastalarda son zamanlardaki birka¢ miinferit vaka
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disinda kullanim yoktur. lleride de tarif edilecedi iizere bu yéne-
tim bir ekip isidir. Farkli disiplinlerin bir arada caligarak ortaya
koydugu bir tedavi seklidir. ECLS'nin kardiyopulmoner
baypass’tan farkh oldugunun bilinmesi gereklidir.

Bu yaziyi yazmamizdaki amag, yaklasik 40 yildir kullanilan ve
artik tiim geligmis iilkelerde bir tedavi metodu olarak kabul edi-
len, binlerce hastanin hayatlarinin kurtarildigi ve ana hatlari ile
detayl bir sekilde tamimlanmig olan ancak maalesef heniiz {ilke-
mizde neredeyse tanimlandigi sekilde kullanilmayan bu ileri
tedavi yontemine dikkat cekmek, mevcut tanimlardan yola ¢ika-
rak bu tedavinin {ilkemize dogru sekilde girmesi icin 6nerilerde
bulunmaktir.

ECLS, hastaligin kritik doneminde yasamsal fonksiyonlarin
devam ettirilemedigi durumda, uygun endikasyonlar altinda
uygulanan ve hastayi hayatta tutmayi saglayan bir tedavi yonte-
midir. Veno-arteryel (VA) ve veno-vendz (VV) olmak {izere 2
uygulama yontemi ile yapiimaktadir. Hastadan gelen sistemik
vendz kanin viicut digarisina alinarak yapay bir akciger olan
oksijenatdr vasitasi ile kandan karbondioksitin (CO,) uzaklastirl-
masi ve oksijenin (0,) verilmesi, yine yapay bir kalp gdrevi géren
pompa yolu ile de kanin viicuda gdnderilmesi prensibi ile ¢alisir.
Kalp ve akciger yetmezligi durumlarinda VA, sadece akciger
yetmezligi durumunda VV yontemi uygulanir (Sekil 1). Yenidogan,
cocuk ve erigkin hastalarda kullanim alanlan vardir. Kardiyak
veya non-kardiyak sebeplerle uygulanir. ECLS iilkemizde daha
siklikla kardiyotomi sonrasi gelisen akut kalp yetersizligi igin
kullanilmaktadir.

ECLS kullanim alanlan

Pediyatrik ECLS uygulamasi mekonyum aspirasyonu sonrasi
gelisen pnémoni ve PH sebebi ile pediyatrik kullanima girmis,
ardindan konjenital diyafram hernisi onarimi dncesi ve sonrasi
destek igin biiyiik bir basari ile kullanilmigtir. Bunu takiben post-
kardiyotomi de dahil olmak iizere kullanim alanlari genislemis ve
gliniimiizde daha yeni endikasyonlarla genis bir hasta kitlesinde
uygulanir hale gelmistir.

Sekil 1. Veno-arteryel (VA) ECLS semasi (A), Veno-vendz (VV) ECLS
semasi (B)
ECLS - ekstrakorporeal yasam destegi

Haydin ve ark.
Yasam destek sistemleri

581

ECLS ile tedavi edilebilen hastaliklar
Persistan Pulmoner Hipertansiyon (PPH)
Mekonyum Aspirasyon Sendromu (MAS)
Respiratuvar Distres Sendromu (RDS)
Konjenital Diyafragmatik Herni (KDH)
Pnoémoni
Post-operatif konjenital kalp hastaliklari/kalp transplantas-
yonu
Kardiyomiyopati/miyokardit/Kontrol edilemeyen aritmiler
Aspirasyon pnémonisi
Pulmoner embolizm

Bu hastaliklar arasinda ECLS tedavisi sonrasi ELSO verileri-
ne gore KDH'de %51, MAS'ta %94’e varan basari elde edilmek-
tedir. ECLS imkani olmayan bir iilkede 6zellikle KDH hayatta
kalim yiizdesi ¢ok diisiiktiir. Bu iki hastalik ile birlikte PPH yeni-
dogan ECLS uygulamalarinin %75'ini olusturmaktadir ve ne yazik
ki lilkemizde bu endikasyonlar ile ECLS uygulamasi yapilmis bir
hasta bildirilmemistir.

ECLS ile tedavi edilebilen hastaliklar-yeni yaklasimlar
Asagida siralananlar ECLS'nin yeni kullamim alanlari olup
giderek daha fazla hasta bu tedaviden yararlanmaktadir. Eski
kontrendikasyonlarin bir kismi giiniimiizde endikasyonlar igerisi-
ne girmistir.
Sepsis
Travma hastalarinin kurtariimasi: Savas durumunda, vb
Gebelik komplikasyonlarinda
Kardiyolojik girisimler esnasinda
Girisimsel akciger destegi ve koruyucu ventilasyon
Hastane igi/disi kardiyak arrest: E-CPR
Pre-operatif stabilizasyon
Trakeomalazi cerrahi tedavisi
Organ alinmasinda

Savas alaninda yaralanan gerek solunumsal yetmezlik
[yaniklar, eriskin respiratuvar distres sendromu (ARDS)] gerekse
kardiyak yetersizlik hastalarinda basar ile kullanim &rnekleri
vardir. Klinigimizde, Blalock-Taussing (BT) santi tikal bir halde
acil olarak kateterizasyon ile santin acildigi bir hastada islem
sirasinda basari ile kullanilmigtir. Solunum yetmezligi durumla-
rinda akcigerin fonksiyonunu yeniden kazanmasi igin gegen
siirede veno-vendz ECLS iyi bir destek saglamaktadir. Hastane
ici kardiyak arrestlerde CPR (kardiyopulmoner canlandirma)
yaniti alinamiyorsa ECLS tedavisi uygulanabilir. Hastane disl
kardiyak arrestlerde, cok yaygin kullanilmamakla birlikte, hastayi
arrest oldugu yerde ECLS’ye baglayarak merkeze tagima basari
ile uygulanmaktadir. Bu her iki durum E-CPR (Ekstrakorporeal-
CPR) adini almigtir. Hastanemizde de 6zellikle pediyatrik vakalar-
da E-CPR uygulamasi yapilmaktadir. Son zamanlarda bazi organ
transplantasyon merkezleri dondrleri ECLSye baglayarak organ
omriinii uzatmakta ve transplantasyon basarisini arttirmaktadir.
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ECLS yonetimine genel bakis ve ELSO

ELSO, ECLS tedavi yontemi hakkinda merkez standartlari,
fiziki sartlar ve techizat, hasta yonetimi, egitim ve takip i¢in her
tirli detayr tamimlamis, talimatnameleri yayinlamistir (4). Bu
talimatnamelerin bir kismi Ekstra Korporeal Yasam Destedi
(ECMO) merkezleri, bir kismi da ECMO merkezi olmayip ihtiyag
durumunda ECMO yapan merkezler igin tanimlanmistir. Cocuk ve
erigkin ECMO talimatnamelerinin bir ana hatlan ortiismekle
beraber 6zellikle merkez ve techizat bakimindan farkhhklar var-
dir. Tamimlamalarimiz gocuk vakalar agirlikh olacaktir.

ECMO merkezleri icin ELSO yonetmelikleri

ECMO tedavisinin tersiyer merkezlerde yapilabilecegi; bu
merkezlerde yenidogan ve ¢cocuk yogun bakim {initelerinin olma-
sI gerektigi, multi-disipliner ECMQ ekibinin varolmasi gerektigi
tanimlanmistir. Yillik vaka sayisi 6 veya lizerinde olmahdir.

ECMO ekibinin yonetim semasi

1. ECMO program yoneticisi: Neonatalog, yogun bakim uzma-
ni, pediyatrist, kardiyovaskiiler cerrah, travma cerrahi
olabilir. ECMO egitimli olmasi gerekmektedir.

2. ECMO koordinatdrii: Yenidogan veya pediyatrik yogun
bakim hemsiresi, solunum terapisti (yogun bakim tecriibeli)
veya klinik perfiizyonist (ECMO tecriibeli) olabilir.

3. ECMO doktoru: Neonatalog veya pediyatrist olabili. ECMO
egitimli olmasi gerekmektedir.

4. ECMO spesiyalisti: Hemsire, solunum terapisti, perfiizyo-
nist, biyomedikal teknisyeni veya saglk teknisyeni olabilir.
ECMO egitimli olmasi gerekmektedir.

ECMO merkezinde bulunmasi gereken disiplinler
Cocuk kardiyolojisi
Cocuk kalp damar cerrahisi
Genel cerrahi
Cocuk anesteziyolojisi
Cocuk beyin cerrahisi
Cocuk radyolojisi
Cocuk kardiyovaskiiler perfiizyon boliimii
Genetik
Solunum terapisi (yogun bakim tecriibeli)
Biyomedikal miihendisi
Cocuk norolojisi
Cocuk nefrolojisi
Fizik tedavi
Geligim ve rehabilitasyon uzmani

ECMO transport ekibi
Cocuk kalp damar cerrahi
Cocuk yogun bakimcisi
Perfiizyonist
2 Hemsire (ECMO egitimli, pediyatrik kardiyak yogun bakim
hemsiresi)

Bu ekip tam techizatl, egitimli ve 24/7 goreve hazir olmalidir.
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ECMO merkezinde fiziki sartlar ve techizatin saglanmasi
ECMO sistemi: Pompa (servo regiilatorlii)
Servoregiilatorii (pompada bu 6zellik yoksa): Santrifugal
pompanin hizini (RPM) (akimini) anlk kan basincina
gore diizenler.

Isitici-sogutucu

Antikoagiilasyon 6l¢iim cihazi (hasta basi)

Uygun aydinlatma (cerrahi prosediirler igin)

Cerrahi ekipman (kaniilasyon, revizyon)

Tiim ekipmanin yedegi

Tiim ECLS hastalan i¢in genel talimatnameler

ELSO'nun internet sitesinde (http://www.elso.med.umich.
edu/ ve http://www.elsonet.org), ve “ECMO-Extracorporeal
Cardiopulmonary Support in Critical Care, 4t Edition” isimli
ELSO yayininda detayl bir sekilde tanimlanmisgtir.

ECMO spesiyalistinin egitimi ve egitim devamlihg icin

ELSO talimatnameleri

“Her ECMO merkezinin personelinin egitimi, sertifikasyonu
ve re-sertifikasyonu igin iyi tanimlanmig bir programi olmahdir.”

“U¢ aydan daha uzun siire ECMO kullanmayan personelin
ECMO programinca tanimlanan re-sertifikasyon islemine tabi
tutulmasi gereklidir.”

Ayrica http://ecmojo.sourceforge.net/ isimli internet sitesin-
den de egitim alinabilir.

ECMO hastalarinin uzun donem takibi icin ELSO
talimatnameleri

Taburcu dncesi degerlendirme

4-6 aylk degerlendirme

1,2, 3, 5yillik degerlendirmeler

Perfiizyonistlerin ECMO programinda yerleri

Kuzey Amerika kitasi perfiizyonistleri arasinda yapilan 2005
survey sonuglarina gore perfiizyonistler ECMO program baslan-
gicinda yer almiyorlar (5). Postkardiyotomi ECMO’sunda katkilari
daha fazla. Geligmis iilkelerde perfiizyonistlere diigen gorev
devreyi kurmak ve hastayl stabilize etmektir. Bundan sonra,
hasta ECMO hemsiresine devredilir. Bu giiven, son yillarda non-
okliisif santrifugal pompalarin yaygin kullanimi sonucu ortaya
¢ikmistir. Hastanin ECLS ¢ikisinda perfiizyonistler yeniden gorev
alirlar. Hasta basinda 24/7 beklemek sorumluluklar degildir.
Ancak iilkemizde drneklerine rastlandigi gibi agik sistemle veya
prensiplerine uymadan yapilan ECLS benzeri uygulamalar sira-
sinda bir perfiizyonist hasta basinda bekletiimekte ve gereksiz
bir is kaybi ortaya ¢ikmaktadir.

Maalesef ki, iilkemizde de son Istanbul Sempozyumu'nda
sunulan bir anket ¢calismasina gore, ankete katilan perfiizyonist-
lerin %85'inin bugiine kadar ECLS uygulamasi yapmadigi goriil-
miistir (6).


http://www.elso.med.umich.edu/
http://www.elso.med.umich.edu/
http://ecmojo.sourceforge.net/

Anadolu Kardiyol Derg
2013; 13: 580-8

Tablo 1. ECLS igin kullanilan oksijenatorler
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Oksijenator | EurosetsEcmo | Novalung Sorin Dideco-Eos | Lilliput 2 ECMO Maquet-QuadroxD, ID | Medos Hilite LT
iLA activve, iLA Ecmo 7000, 2400, 1000
membrane ventilator

Ozellikler Erigkin Erigkin, cocuk Erigkin Erigkin Erigkin, cocuk, Erigkin, cocuk,
CO, uzaklastiriimasi yenidogan yenidogan

ECLS - ekstrakorporeal yasam destegi
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Sekil 2. Son teknoloji pompalar: Levitronix Centrimag (A), Levitronix Pedimag (B), Medos Deltastream DP3 (C), Maquet Rotaflow (D), Medtronic

Affinity CP (E)

ECMO sisteminin ekipmanlarinin tanitimi

Pompalar

Pompalar “roller” ve “santifugal” olmak lizere 2 cesittir.
Standart aligildik kardiyopulmoner baypasta roller pompalar daha
agirhkhdir ki uzun zamandir Kuzey Amerika Kitasi’'nda erigkin has-
talarda santrifugal pompalar kullanilimaktadir. Bu uygulama son
yillarda standart hale gelmistir. Cocuk hastalarda da santrifugal
pompalar giderek sik kullanilmaya baslanmistir. ECMO sistemleri
icin ise santrifugal pompalar standart hale gelmis gibidir.

Santrifugal pompalar 6n yiik bagimli olan, okliizif olmayan
pompalardir. Diigiik primer hacmi ile beraber temas yiizeyinin de
azalmasina sebep olurlar. Hastadaki basinca gére pompa ota-
matik olarak debisini indirebilir ve cikartabilir. Eger bir servo
regiilator ile beraber kullanilyor ise akim azalmasi da otomatik
olarak gerceklesir. Yiiksek basing gradyani miimkiin olmadig
icin 6nemli emboliye veya tiip yirtilmasina neden olmazlar.
Tasinmalari kolaydir.

Son jenerasyon santrifugal pompalar arasinda CentriMag
(Levitronix LLC, Waltham, MA, USA), PediMag (Levitronix LLC,
Waltham, MA, USA), Medos Deltastream DP3 (Medos AG,
Stolberg, Germany), MaquetRotaflow(MAQUET Cardiopulmonary
AG, Hirrlingen, Germany) ve Medtronic Affinity CP (Medtronic
Inc, Minneapolis, MN, USA) yer alir (Sekil 2). Levitronix FDA’dan
RVAD olarak 30 giine kadar kullanima onaylidir ancak ¢ok paha-
hdir. Ayrica bu pompadan elde edilen verimin ¢ok daha ucuz
pompalarla da elde edilebilecegi gosterilmistir (7).

Son olarak da Maquet Rotassist VAD 2,8'i iiretmistir. Entegre
basing sensorii vardir ve 30 giine kadar kullanima onayhdir.

Santrifugal pompa kafa fiyatlari Rotaflow’da oldugu gibi $400
ile Levitronix Centrimag'de oldugu gibi $9.000 arasinda degis-
mektedir.

Biomedicus sistemi uzun yillarca kullaniimis ve binlerce has-
tanin hayatlarinin kurtariimasini saglamistir. Fakat miihendislik
olarak yillarca pompada hig bir degisiklik yapiimamistir. Rotaflow
ve Medos DP3 gibi yeni pompalar Biomedicus pompasinin
(Medtronic Inc, Minneapolis, MN, USA) yerini almiglardir.

Bladder bag girig (inlet) emisini kontrol eden ve dlgen kollabe
olabilen bir tiip set parcasidir. Yiiksek emis giiciine sahip roller
pompalar ile beraber kullanimi da gerekmektedir. Santrifugal pompa
ile birlikte kullanimi da vardir ve klinigimizde uygulanmaktadir.

Oksijenatorler

ECMQO sisteminin en 6nemli pargasi olan oksijenatorler ilk
olarak Silikon Membran olarak iiretilmistir. Bir siire sonra yerle-
rini 2. jenerasyon olan Hollow Fiber (Heparine coated micropo-
reus polypropylene) oksijenatorlere birakmiglardir (Sekil 3A).
Ancak plazma sizintisi da bu oksijenatorlerin verimli kullanilma-
sina miisaade etmemis ve yerlerine 3. jenerasyon PMP (Poly
Methyl Penthene) kaph hollow fiber oksijenatdrler ¢ikmistir
(Sekil 3B). Halen verimli bir sekilde kullanilmaktadirlar. ECLS igin
kullanilan oksijenatdrler Tablo 1'de gdsterilmistir.

En bilinen ve sik kullanilan ECMO oksijenatdrleri Maquet-
Quadrox D, ID (MAQUET Cardiopulmonary AG, Hirrlingen,
Germany) ve Medos Hilite LT'dir (Medos AG, Stolberg, Germany)
(Sekil 4). Maquet-Quadrox ID yenidogan ve infant oksijenatdrii
“QUADROX PLS Oxygenator” (Permanent Life Support) HMOD
20000 adi altinda 14 giin kullanima CE onayh olarak kullanimda
bulunmaktadir. Hastanemizde de Medos Hilite 1000 ve 2400 oksi-
jenatdrleri ECMO icin tercih edilmektedir.

Kaniiller
Veno-arteryel ve veno-vendz ECMO igin farkli kaniilasyon
teknikleri oldugu gibi farkl tipte kaniiller de kullanilmaktadir.
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Arteriyo-ventz ECMO igin boyun (common carotis arter-internal
jugliler ven(agik/yari acik)), gogiis (aorta-sag atriyum) veya
femoral bolge (common femoral arter-femoral ven) tercih edile-
bilir. Maquet HLS (15-29 Fr) (MAQUET Cardiopulmonary AG,
Hirrlingen, Germany) ve Bio-Medicus (8-14Fr/pediyatrik, 15-29Fr/
erigkin) femoral arter ve ven kaniilleri (Medtronic Inc,
Minneapolis, MN, USA) en sik tercih edilenlerdir (Sekil 5).

Veno-vendz ECMO igin iki ayri kaniil kullanarak boyun-femo-
ral bolge veya sag-sol femoral bdlge secimi yapilabilecegi gibi,
¢cift limenli kaniil ile sag internal jiigiiler ven kaniilasyonu da
yapilabilir. Her iki secimde de resirkiilasyona dikkat edilmelidir.
Magquet HLS (8-16 Fr), Maquet ELS (12-15 Fr), MAQUET - Avalon
Elite Bi-Caval Catheter (13-31 Fr) (MAQUET Cardiopulmonary AG,
Hirrlingen, Germany/Avalon Laboratories, Rancho Dominguez,
Calif), OriGen Dual Lumen Catheter (12-18 Fr) (OriGen Biomedical
Inc., Austin, TX, USA), ve Novaport Twin (18-24 Fr) (Novalung
GmbH, Germany) en sik kullanilan ¢ift [imenli kaniil markalardir
(Sekil 6). Ulkemizde OriGen cift [imenli kaniil ile tecriibeler var-
dir. Bu kaniiliin fiyati yaklagik olarak $500°dir. Maquet Avalon ve
Novaport Twin iist diizey c¢ift liimenli kaniillerdir. Birincisinin
Kuzey Amerika Kitasi fiyati $1700, ikincisinin Avrupa Kitasi 5000
Euro civarindadir.

Ayrica damar igerisine sokuldugunda genisleyebilen ve daha
kiiciik damarlara girebilen self-expanding venéz kaniil de kulla-
nima sokulmustur ancak pahalidir.

Tiim ECMO sisteminde konnektdrler ile beraber kaniiller de
anti-trombojenik ylizeye sahip olmayan pargalardir ve trombus
geligtirme riskleri vardir. Buna karsilik i¢ yiizeyi kapl kaniiller de
iiretilmistir (Or: Carmeda® Bio-Active Coating, Medtronic Inc,
Minneapolis, MN, USA).

Ekokardiyografik inceleme altinda yapilan boyun kaniilasyo-
nu kandillerin ideal pozisyonu ve komplikasyon riskinin azalmasi
icin onemlidir.

Konsollar

En sik kullanilanlar Bio-Console® 560 Version 1, 1.5
(Medtronic Inc, Minneapolis, MN, USA), Rotaflow konsol
(MAQUET Cardiopulmonary AG, Hirrlingen, Germany), MEDOS
DELTASTREAM® DC ve MEDOS DELTASTREAM® MDC (Medos
AG, Stolberg, Germany) konsollaridir (Sekil 7). Konsollar tizerin-
den hiz (RPM-rate per minute), akim, basinglar ve isi takip edile-
bilmektedir.

(jlgiilen ve takip edilen basinglar P1, P2, P3 ve P4'tir
(Sekil 8). Ortak kullanima gdre P1 kafa Gncesi basing, P2 kafa ile
oksijenatdr arasi basing ve P3 de oksijenatdr sonrasi basingtir.
P4 istege gdre ilave bir basing él¢iimi igin kullanilabilinir. P1'in
pozitif degerde olmasi ki, genellikle +10 ideal bir degerdir, sant-
rifugal pompanin etkili caligabilmesiigin uygun bir preload dege-
ridir. P2 oksijenatdr 6ncesi basing oldugu icin oksijenatdrdeki
basing diisiisii sebebi (pressure drop) ile P3'ten 10-15 mmHg
daha yiiksektir. Bu farkin agiliyor olmasi oksijenatdr ile ilgili bir
problemin gostergesidir.

=
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Palymer Layer

Sekil 3. Hollow fiber (A) ve PMP oksijenatdrler (B). Her iki oksijenator
arasi farkin sematik goriiniimii(C)
PMP - poli-metil-penten
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Sekil 4. Maquet QuadroxID (A) ve Medos Hilite (B) oksijenatarler

o

#!"-

L

’/’/"// " Jromiac cansin =
- |

Sekil 5. Maquet HLS (A) ve Biomedicus (B) femoral kaniiller

Sekil 6. Origen (A), Avalon (B) ve Novaport twin (C) ¢ift liimenli veno-
vendz ECMO kaniilleri

ECMO - ekstrakorporeal membran oksijenasyonu

Sekil 7. Maquet rotaflow konsol (A), Medos MDC konsol (B)

On-line monitorizasyon

System M4 (Spectrum Medical, Fort Mill, SC, USA) ve CDI
500 (Terumo Corp., Tokyo, Japan) olmak iizere 2 sistem kullanil-
maktadir (Sekil 9). On-line monitgrizasyon ile ECMO sirasinda
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devamli olarak Sa0,, Sv0,, PO,, PCO,, FIO,, Het, Hb ve K 6l¢iim-
leri yapilabilmektedir.

Transport

ECMO sistemlerinin gelismesi ve ECMO hastalarina verilen
bakimin daha iyilesmesi ile beraber hasta bagi ECMO uygulama-
sinin yani sira ECMQ’nun hasta transferi sirasinda da kullanila-
bildigi goriilmiistiir. Merkeze belirli mesafede kardiyak arrest
gelisen bir hastanin olay mahallinde ECMQ’ya sokularak transfer
edilme iglemleri baslamistir. Bunun ileri bir agamasi olarak sehir-
ler hatta iilkeler arasinda ECMO’lu hastalarin transferleri yapil-
makta ve hastalar ECMO merkezlerine taginmaktadir. Bunun son
bir ornedi olarak yaralanan 2 NATO askeri Afganistan’'da
ECMO’ya konmus, yarali transportu igin diizenlenmis C-130 agir
nakliye ucagi ile dnce Avrupa’daki bir NATO 6n iissiine getirilmis
ardindan Almanya’daki ECMO merkezine ulastirilarak hayatta
kalmalari saglanmistir. Her iki asker de taburcu edilmistir (8).

Bu gelismeler 1s1ginda ECMO sistemlerinin de tasinabilir
olmasi gerekmektedir. Bu nedenle daha hafif sistemler gelistiril-
mistir. Son olarak Maquet “CARDIOHELPi"yi ¢ikartmistir (Sekil
10A). Agirhg 10 kg'den diisiiktiir. Uzerinde “HLS Module
Advanced 7,0” takilidir (Sekil 10B). lyi gelistirilmis hareketli bir
ECMO sistemidir. Fiyati konvensiyonel ECMO sitemlerine gore
daha fazladir. Yeni teknoloji olmasina ragmen standart hasta
basi kullamimi igin digerlerinden farkl degildir ve maliyeti arttiri-
cidir.

NIRS (Near infrared spectroscopy)

Ndromonitdrizasyon tekniklerinden birisi olan NIRS beyin
dokusu oksijenasyonunun takibinde kullanilan noninvazif, optik
bir yontemdir. Yogun bakim ve peroperatif birgok hasta grubunun
takibinde ¢ok 6nemli bir yer kazanan NIRS, ECMO hasta takibin-
de de hak ettigi yeri almigtir. Devamli serebral ve/veya somatik
oksijenasyon takibi ile ECMO ile ilgili olusabilecek problemlerde
anhk tani konup tadavi yapilabilmesine olanak tanir. Akim degi-
siklikleri, eritrosit replasmani, intravaskiiler dolgunluk ve dzellik-
le boyun kaniilasyonlarinda kaniillerin pozisyonunun verimliligi
hakkinda dnemli destek bilgisi saglar.

ideal pediyatrik ECLS ekipman konfigiirasyonu
Asagidaki siralama en basitten baslayarak en ideale dogru
pediyatrik ECMO ekipmanlarinin olmasi gereken konfigiirasyo-
nunun tanimlamaktadir.
Sentrifugal pompa+Pediyatrik ECMO oksijenatdrii+Kapli
Tubing set
Sentrifugal pompa+Pediyatrik ECMO oksijenatorii+Kapli
Tubing set+Bladder bag
Sentrifugal pompa+Pediyatrik ECMO oksijenatdrii+Kapli
Tubing set+Servo regiilator
Sentrifugal pompa+Pediyatrik ECMO oksijenatdrii+Kapli
Tubing set+Servo regiilator+Bladder bag
Sentrifugal pompa+Pediyatrik ECMO oksijenatdrii+Kapli
Tubing set+Entegre servo regiilatér+Bladder bag
+0n-line monitdrizasyon
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Sekil 8. Medos MDC konsol arayiizii

Sekil 9. Spectrum Medical® System M4 (A) ve Terumo CDI 500 (B)
cevrimici monitérizasyon cihazlan

Sekil 10. Maquet CARDIOHELPi konsolu (A), HLS Module Advanced 7.0 (B)

Servo regiilatoriine ilaveten bladder bag kullanimi kendi fikri-
miz olup vendz kompliyans olusturmasi ile dolagima ek bir
kazang saglayacagini diisiinmekteyiz.

En sik kullanilan ve verimli ECLS sistemleri
Bu sistemler gerek bizim gerekse diinyadaki hem kullanim
hem de transrasyonel arastirma tecriibelerine gore en verimli
ECLS sistemleridir (9-13).
Pediyatrik sistemler:  Maquet QUADROX PLS&ROTAFLOW
(Sekil 11)
Medos DP3
Maquet Cardiohelp&ROTASSIST
VAD 2.8
Medtronic Bio-Pump®BPX 80/50 II

Erigkin sistemler:
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Pediyatrik sistemler ayni zamanda eriskin icin de biiyiik bir
verimlilikle kullaniimaktadir.

Sol ventrikiil (LV) dekompresyonu
VA ECMO uygulamasi sirasinda ileri derecede LV yetmezligi
veya kardiyak arrest olan hastalarda inter atriyal baglanti da
yoksa sol atriyum gerilmesi ve akciger ddemi ile sonlanabilen sol
atriyum dilatasyonu bir ECMO komplikasyonudur. Bu durum igin
onerilen bazi yontemler de burada sunulmaktadir.
Damar i¢i hacmin azaltilmasi ve santral vendz basincin (CVP)
diisiiriilmesi.
ECMO akiminin azaltilmasi.
Atriyal septostomi
Sol atriyumun vent edilmesi
Perkiitendz, transeptal
Acik
Sol ventrikiil asist cihazi (LVAD) kullaniimasi

Heparinsiz ECMO (HECMO)

ECMO'nun en biiyiik komplikasyonu olan kanama durumla-
rinda, tiim sistemin kapli olmasi sarti ile, heparin infiizyonu bir
siire igin kesilebilir. Bir ile 28 saat arasinda heparinsiz ECMO
kullanimi bildirilmistir (14). Ayrica heparinin kesildigi durumlarda
sisteme Nitrik Oksit (NO) ve Prostasiklin verilmesi ile de trombo-
sit aktivasyon, adhezyon ve agregasyonunun engellenerek hepa-
rine bagh kanama durana kadar sistemi pihtidan korudugu da
gosterilmis ve klinikte uygulanmigtir (15). Japonya’da hig heparin
kullanmadan sistemi kaplayarak ECMQ’ya girme ve devam etme
lizerine de basarili galigmalar vardir (16). Aktif kanamali travma
hastalarinin da ECMOQ’ya girebilmesi igin bdylesi bir uygulamaya
da gereksinim vardir.

AutoPulse (Non-invazif kardiyak destek pompasi)

AutoPulse (Zoll Medical Corp., Chelmsford, MA, USA), hasta-
ne digi arrestlerde, ECMQO’da da oldugu gibi, standart CPR’ye
alternatif olarak kullanilan mekanik bir CPR cihazidir (Sekil 12).
insan tarafindan yapilan CPR'ye gére ¢ok daha fazla verimlidir.
Transportu kolaylastirmaktadir. Goglis kompresyonlarini tiim
gdgsiin gevresinden yapti§i icin dn basiya gore kardiyak debi
daha fazladir. Araliksiz ¢aligmaktadir. Otuz dakikalik pil dmrii
vardir ve yedekleri ile kolaylikla dedgistirilebilmektedir. Ayrica
kardiyak arrest olan transplant dondrlerinde de, ECMQ’da oldu-
gu gibi, kullanilimakta ve transplant basarisini arttirmaktadir.

Tartisilanlar ve Tiirkiye'deki durum
ECMO programi baglatmak icin kalp cerrahi ve perfiizyoniste
gerek var mi?

Biitiin gocuk kalp merkezlerinin 24/7 ECMO imkani olmal mi?
Non-kardiyak ECMO kardiyak merkezde yapilabilir mi?
Deger mi?

Sag kalim

Hayat kalitesi

Maliyet

Sekil 11. Maquet QUADROX PLS ve ROTAFLOW, Penn State ECMO sistemi

ECMO - extracorporeal ekstrakorporeal membran oksijenasyonu

ECMO - ekstrakorporeal membran oksijenasyonu, IMAEH - Istanbul Mehmet Akif Ersoy Gogiis
Kalp ve Damar Cerrahisi Egitim ve Arastirma Hastanesi

Tiirkiye icin ECMO merkezleri mi, ECMO yapan

merkezler mi?

Ulkemizdeki ECMO uygulamalarinin biiyiik cogunlugu kardi-
yak merkezlerde yapilan postkardiyotomi ECMO uygulamalaridir.
Yani, ECMO'nun esas uygulama alanlan iilkemizde neredeyse
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uygulama disidir. ECMO uygulamasi yapan merkezler de bir
ECMO merkezi olarak degil, ECMO imkani olup hastalarina bu
hizmeti sunabilen merkezlerdir. ECMO tedavisi bir sistem dahilin-
de degil, acil durumlarda bir son tedavi olarak uygulanmaktadir.
Bu uygulamalarin mortalite ve morbiditesi de bilinmemektedir.
Hangi endikasyon ile ECMO tedavisine baslandigi da belli degil-
dir. Geri doniisii olmayan bir sebeple gelisen kardiyak arrest
sonrasl uygulanan ECMO tedavisinin mortalitesi de %100 ola-
caktir. Hastanemiz agildigi giinden itibaren bu tedavi sekline
biiylik 6nem vermis, kendi ECMO sistemini kurmus (Sekil 13),
yogun bakim personeline ECMO egitimini vermis ve basarili
ECMO uygulamalar yapmistir. Bunun yani sira ECMO ile ilgili
uluslar arasi seminerler diizenlemis ve Tiirkiye'nin doért bir
yanindan perfiizyonist, hemgire ve ilgili klinisyenlerin egitilmesi
icin ugras vermistir ve vermeye de devam edecektir (17). Bu
gline kadar uyguladigi 25 pediyatrik ECMO sayisi ile 6nemli tec-
riibesi olan bir merkezdir.

Konunun bagindaki sorulara dondiigiimiiz zaman ECMO
programi baslatmak igin kalp cerrahi ve perfiizyoniste {ilkemizde
gerek vardir. Ciinkii zaten zor olan pediyatrik vakalarda ileri bir
tedavi yontemi olan ECMO uygulamalarinin hatasiz yapilabilmesi
icin cocuk kalp cerrahisi ameliyatlarinda benzer bir sistemi kul-
lanan egitimli ve tecriibeli bir personelle bu programin baglatil-
masi basariyr arttiracak ve hatayi azaltacaktir. Sonrasinda diger
personeller yeterli egitimi alinca cerrah ve perfiizyonist diginda-
ki ilgili klinisyen ve teknisyenler de ECMO uygulamasi yapabile-
cek hale gelecektir.

Cocuk kalp merkezi olarak ¢aligan bir hastanenin 24/7 ameli-
yathane ve yogun bakim hizmeti zaten var olmalidir. Buna ilave-
ten kendi hastalari i¢cin ECMO imkani olmasi merkezin kendi
tercihidir. Ancak ECMO merkezi olarak kardiyak digi hastalara
24/7 hizmet icin merkezler belirlenmesi ve bu yénde desteklen-
mesi uygun olacaktir.

Non-kardiyak ECMO kardiyak merkezde yapilabilir ancak
basli basina bir program gerektirir ve zaten yogun olan kardiyak
hasta programini etkilememesi gerekir. Yazinin basinda tarif edi-
len ECMO ekibi ve ilgili disiplinler esliginde kardiyak merkezlerde
de ba§imsiz bir {inite olarak bulunabilir. Ayrica bu merkezlerde
post kardiyotomi ECMO uygulamalari da bagimsiz ve profesyo-
nel bir ECMO ekibinin bulunmasi halinde daha basaril olabilir.

Deger mi? Tim bu verilerden sonra ECMO tedavisinin dnemi
ortadadir. Uygun sartlar altinda yapildiginda medikal tedavinin
yetersiz oldugu durumlarda 6nemi ortaya ¢ikmakta, diizelmesi
miimkiin bir hastalik halinde hastanin hayatta kalmasini sagla-
maktadir. Uygulamadaki zorluklar; mutlaka profesyonel bir ekip
tarafindan bir program dahilinde yapilmasi gerekliligi, yogun
emek harcanmasi ve maliyettir.

ECMO egitimi, programin baslatilmasi ve kalitenin

devamhiligi icin dneriler

ECMO merkezleri yogun bakim {initesi olan tersiyer merkez-
ler icerisinde olmalidir. Merkez igerisinde tek bir ECMO vyerles-
kesi olabilecegi gibi, tiim yogun bakim iiniteleri igerisinde de
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ECMO yapilabilir veya mevcut yogun bakim Gnitesinin bir bélimii
ECMO hastalari igin ayrilir. Acil durumlar igin gok iyi bir iletisim
sistemi olmaldir. Tiim ekipmanin olasi acil durumlar igin bir
yededi bulunmalidir. Ekipmanin, ireticinin 6nerdigi periyodik
bakimlari yapilmalidir. The Joint Commission (TJC) diizenlemele-
rine gore dokiimantasyon yapiimalidir. ECMO merkezinde bulun-
masi gereken disiplinler olmalidir. Hastane i¢i ve disi ECMO
transferlerinde belirlenmis kurallar izlenmelidir. ECMO’daki veya
ECMO’dan cikan hastalarin psikososyal durumlari mutlaka goz
oniinde bulundurulmali ve gereken tedbirler uygun branglar ile
birlikte alinmaldir. Yenidogan hastalar igin nérogelisimsel takip
programi olusturulmalidi. ECMO program yoneticisi, ECMO
koordinatdrii, ECMO doktoru ve ECMO spesiyalistinden olusan
ECMO ydnetim semasi saglanmali ve gérev tanimi yapilmalhdir.
Bu sistematik diginda yapilan ECMO uygulamalari bir program
degil, bireysel uygulamalar seklinde olacaktir. ECMO spesiyalis-
ti olan ECMO hemsiresinin en az bir yillik yenidogan, ¢ocuk,
kardiyak veya erigkin yogun bakim tecriibesi olmali, 1:1 veya 1:2
hasta bakimi vermesi saglanmalidir. ECMO programinin basarisi
ECMO spesiyalistinin basarisina baghdir. Tim takim elemanlari
birlik ve beraberlik icerisinde ¢aligmalidir.

ECMO edgitim konu bagliklari ve ECMO teknik uygulamalari
¢ok ayrintili bir sekilde tanimlanmigtir (18). Daha 6nce de belirtil-
digi gibi en az 1 yil yogun bakim tecriibesi olan aday bu temel
egitimi devamsizlik yapmadan tamamladiktan sonra yazili veya
sozlii sinava girerek yeterlilik kazanir. Calismaya basladiktan
sonra da yeterlilik kontrolli devam eder. Merkezin belirledigi
araliklarla kurslara katilir, s6zI{i veya yazili sinavlara tekrar girilir
ve belirlenmis bir siiredeki ECMO uygulama saati doldurulur.
Yillik 6 ECMO uygulamasindan az yapilirsa egitim siirecinin tek-
rarlanmasi gereklidir.

Programin sonuglar degerlendirilirken basan igin yalnizca
hayatta kalim dedgil, standart yontemlerle 6l¢iilen komplikasyon-
lar da dikkate alinmaldir.

Ulkemizde de ECLS egitimi ve siirekliligi hastanemiz 6nderli-
ginde ve Penn State Hershey Tip Fakiiltesi isbirligi ile 2011 yilin-
da “Istanbul Sempozyumlar” adi altinda baslatiimis ve bugiine
kadar 4.'sii yapilmistir (6, 17, 19). Sunumlar ve wet-lablar ile
tilkenin cesitli bdlgelerinden katilan perfiizyonistlere ECLS hak-
kinda giincel bilgiler verilmistir.

Simiilasyon ile egitim

Uzun yillardan beri 6zellikle askeriye ve hava tagimaciliginda
ucus editimleri igin rutin ve olasi acil durumlari taklit eden simu-
lasyon programlari kullanilmistir. Son yillarda cerrahi basta
olmak {izere tibbin degisik branglarinda da kullanilmaya baslan-
mistir. ECLS simulasyonlari da bu kullanim alanlari arasina gir-
mistir. Hem hasta hem de ECLS sistemi acisindan gergekgi bir
ortam olusturarak egitim verilmesi amaglanmaktadir. ECLS editi-
mindeki yerinin dnemi yapilan galigmalar ile gdésterilmistir (20,
21). Egitim sirasinda degisik senaryolar olusturarak her tirlii
olasi komplikasyona kargi dnceden hazirhk yapilmaktadir.
Hayvan laboratuvari ve wet-lab’a gbre avantaji vardir ¢iinkii
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egitime “hastanin” fizyolojik parametreleri de katiimaktadir.
ECMO merkezlerinin egitiminin énemli bir pargasi olmustur.

Sonug ve dneriler

Tiim bu aciklamalar sonucunda ECMO, diinyanin gelismis
lilkelerinde uygulanan, dliimciil bir hastalik durumunda tibbi
tedaviye yanit alinamayan durumlarda hayatta kalimi saglayan
bir tedavi seklidir. Yiiksek bir maliyeti olsa da akut, 6limciil bir
hastaliktan saglikh bir yasama dénmenin dlgiilebilir bir degeri
yoktur. Ulkemizde de yeni gelismeye baslayan bu ydntemin
temelleri saglam atilmali, tarif edilmis yonergelere uyulmaldr.
ECMO merkezleri mi, ECMO yapan merkezlere mi ihtiyacimiz
oldugu tespit edilmelidir. ECMO programinin mutlak sistematigi
iyi anlasiimali, yanlis yapilanmalardan kaginilmalidir. Belirtilen
talimatnamelere uyulmadan yapilan ECMO girigimlerinin sonug-
suz kalacag), harcanan paralarin bosa gidecegi unutulmamaldir.
ECMO programinin basarisindaki en énemli kisim olan egitim
tizerinde durulmali, yurt dig kurslarina katilmali, ELSO faaliyetle-
ri takip edilmeli ve ELSO iiyelikleri yapilmalidir. Ayrica ulusal bir
ECMO veri bankasi olusturulmali ve tim sonuglar, olumlu-olum-
suz, paylasilmahdir. Tiim diinyada halen biitiin ECMO komplikas-
yonlari ELSO catisi altinda paylasiimakta ve bunlardan gikarilan
dersler ile daha iyi ECMO uygulamalari yapilmaktadir. Alisila
geldik tedaviler ile kargilastinldiginda sag kalim olarak daha iyi
sonuglar elde edilmektedir (22). Aligila geldik tedaviler ile %50'nin
altinda yasam sansi olan hastalara %50-90 arasinda bir sans
saglamakta ve %5-15 hasara neden olmaktadir. Sonuglari bilim-
sel olarak kanitlanmig olan bu tedavi yéntemi igin dzellikle cocuk
hastalardaki faydasi goz ardi edilmemelidir. “Bir topluma verilen
deder, o toplumun karakteristiklerine baglidir”, Robert H. Bartlett.
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Invited Editorial

Choosing a Pump for Extracorporeal Membrane
Oxygenation in the USA

When choosing a pump for extracorporeal mem-
brane oxygenation (ECMO), there are many factors
to consider. One needs to carefully analyze the per-
formance of the pump especially in regard to the
creation of hemolysis, but there are other areas to
evaluate such as ease of set-up, pump safety, ease of
use, and cost.

Centrifugal blood pumps have become the pump of
choice for adult extracorporeal life support (ECLS)
due to their superior blood handling (1,2). Centrifugal
blood pump performance can significantly influence
blood damage due to differences in design. Significant
hemolysis has been reported during extended pump
operation (3,4). Centrifugal blood pumps can also
cause high negative pressure at high rotational speeds
and generate heat. Earlier designs incorporated
shafts, seals, and bearings that can result in significant
hemolysis due to shear stress and turbulent flow
(5-10). Newer designs utilize magnetic levitation to
suspend and spin the impeller. This reduces friction
by eliminating bearings that minimizes heat (11-14).
Two pumps designed to minimize the risk of
hemolysis and blood stasis—the CentriMag from
Levitronix (Levitronix LLC, Waltham, MA,
USA) and the ROTAFLOW from MAQUET
Cardiopulmonary (MAQUET Cardiopulmonary
AG, Hirrlingen, Germany)—are compared in Table 1.

Differences between the two pumps were demon-
strated in an in vitro evaluation (15), so we investi-
gated to determine if these differences were
translated clinically in our ECMO patients.

A retrospective analysis of consecutive patients
placed on ECMO at the Penn State Milton S.
Hershey Medical Center from June 2008 to May 2012
was conducted (16). The exclusion criteria for the
study required that the patients were on ECMO for
at least 3 days.

doi:10.1111/aor.12215

Presented in part at the 9th International Conference on Pedi-
atric Mechanical Circulatory Support and Pediatric Cardiopulmo-
nary Bypass held May 8-11, 2013 in Hershey, PA, USA.

The ECMO circuit was similar for all patients
being comprised of a Bioline coated Quadrox-D
membrane oxygenator (MAQUET), a centrifugal
pump (CentriMag or ROTAFLOW), and Bioline
coated 3/8” tygon tubing (MAQUET).

Forty patients were placed on ECMO incorporat-
ing a CentriMag, whereas 40 patients received a
ROTAFLOW. No significant differences were found
between the CentriMag and ROTAFLOW groups
when comparing the indicators for hemolysis includ-
ing mean plasma hemoglobin (pHb), lactate, and
lactate dehydrogenase (LDH) levels, as well as daily
pHb, lactate, and LDH levels for the first 10 days of
support (see Table 2).

There is no difference between the CentriMag and
the ROTAFLOW blood pumps in regard to the cre-
ation of hemolysis during ECLS. However, the cost of
the CentriMag pump head is 20-30 times higher than
the ROTAFLOW.

PUMP SAFETY

Some of the safety features of the different
pumps are summarized in Table 3. All of the sys-
tems have flow and power alarms and display the
status of the power supply. The ROTAFLOW and
CardioHelp (also from MAQUET) have hand
cranks, whereas the CentriMag does not. Once
alarms are silenced by the user, the CentriMag
and CardioHelp reactivate those alarms, the
ROTAFLOW does not. The CardioHelp allows you
to set interventions.

There are some potential problems with using the
ROTAFLOW pump that is a component of a heart-
lung machine. It was designed for use in the operating
room (OR) for open heart surgery, not ECLS. It is
very easy to depress the ON/OFF switch on the front
of the console when moving the pump. The knob
controlling revolutions per minute (RPM) can be
easily adjusted intentionally or accidentally. These
two issues were addressed in what is referred to as
the intensive care unit (ICU) package. There is a
plate over the ON/OFF switch, making it impossible
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TABLE 1. Pump characteristics

CentriMag ROTAFLOW
Magnetically
Magnetically stabilized rotor
Pump levitated impeller on a monopivot
Bearings None One-point sapphire
Shaft None None
Seals None None
Priming volume (mL) 31 32
Maximum RPMs 5500 5000
Maximum flow (L/min) 10 10

Back-up No hand crank  Has hand crank

to accidentally turn the unit off. The RPM control
knob has been altered so that the user must depress
the knob prior to adjusting the speed, otherwise
the knob will turn freely with no effect on the
RPMs.

Many of the potential safety issues of the ROTA-
FLOW have been addressed in the CardioHelp. It
has many additional features that make it a safer
unit including built-in pressure monitoring, bubble
detector, and the availability to set interventions.

EASE OF SET-UP AND EASE OF USE

All three systems are relatively easy to set up and
prime requiring only a few minutes from start to
finish. The CentriMag and ROTAFLOW are equally
easy to use. The CardioHelp requires more training
to familiarize the user with all of the features of
the device. The CardioHelp virtually primes itself if
the manufacturer’s instructions are followed. If the
CardioHelp is run in the OR mode with no interven-
tions set, it is very similar to using the CentriMag
and/or the ROTAFLOW. The complexity increases as
one adds more functions and interventions.

COST

The cost differences for the different devices and
components are listed in Table 4. The dollar amounts
are manufacturers’ list prices. Those prices are nego-
tiable depending on usage.

WHO SITS?

If a perfusionist is sitting at the bedside, any of the
pumps can be used (see Table 5). If it is an ECMO

TABLE 2. Comparison of CentriMag group and the ROTAFLOW group from the hemolysis study*

CentriMag Group ROTAFLOW Group P

n 40 40

Weight (kg) 88.2£25.0 86.5£26.3 0.76
Body surface area (m?) 2.03+0.36 1.96 £0.31 0.79
Age (years) 44.8+18.3 46.1+16.0 0.97
Female 42% 45% 0.72
Days on support 8.7+5.0 8.4+57 0.45
VA/VV support VA =78%;VV =22% VA =82%;VV =18% 0.66
Alive at discharge 68% 60% 0.46
Pre-ECMO HCT (%) 343+5.7 353+6.1 0.77
Pre-ECMO platelet count (K/uL) 178.4 £ 81.7 183.7£81.2 0.82
Pre-ECMO lactate levels (mmol/L) 49+43 55+39 0.73
Pre-ECMO LDH levels (units/L) 4004.0 +3583.2 3603.7 +3354.1 0.46
Pre-ECMO PTT (seconds) 425+17.3 44.1+17.0 0.40
Average daily lactate levels (mmol/L) 28+1.7 32+24 0.46
Average daily plasma hemoglobin levels (mg/dL) 5.7+3.6 5.7+42 0.54
Average LDH levels (units/L) 2656.3 £1606.8 2688.6 +1726.1 0.56
Average flows (L/min) 3.8+0.7 40+0.7 0.64
Average RPMs 3857.1+£570.1 3688.4 £422.7 0.66

* Reprinted with permission from Artificial Organs (16).

TABLE 3. Safety features

Pump CentriMag

ROTAFLOW

ROTAFLOW (ICU Package) CardioHelp

Flow alarms v
Power alarms v
Power supply status v

v

ANANANRN

Hand crank
Alarms reactivate
Interventions

AN NN
AN N NN N
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TABLE 4. Hardware and disposable costs

CentriMag ROTAFLOW ROTAFLOW (ICU Package) CardioHelp

Console & motor $43 360 Part of HLM $42 237 $110 250
Blood pump $12 000 $447 $447 $13 781
Tubing pack with Quadrox-D $2 000 $2000 $2 000
Cost per circuit* $14 000 $2447 $2 447 $13 781

* Manufacturers’ list price.

TABLE 5. Pump choice as a function of who monitors the ECMO circuit

Who sits? CentriMag ROTAFLOW ROTAFLOW (ICU Package) CardioHelp
Perfusionist v 4 v v
ECMO specialist v v v
Bedside nurse v v
Cost per circuit* $14 000 $2447 $2447 $13 781

* Manufacturers’ list price.
specialist with training, then the CentriMag, qualities that can change the way perfusion is pro-

ROTAFLOW with ICU package, or CardioHelp can
be employed. When the bedside nurse is also respon-
sible for monitoring the circuit, then the best
and safest systems to use are the CentriMag or
CardioHelp. Some of the decision also depends on

the projected volume of patients to be placed on
ECLS annually.

NEW PUMP

A new pump for ECLS that is not available for
clinical use in the USA is the Deltastream DP3
diagonal pump by Medos (Medos Medizintechnik
AG, Stolberg, Germany). This pump has a flow range
of 0-8 L/min with a speed of up to 10 000 revolutions
per minute. The priming volume is only 16 mL, and it
has the unique ability to provide pulsatile mode of
perfusion from 40-90 beats per minute.

Preliminary results from our research center dem-
onstrate that the DP3 can provide physiologic quality
pulsatile flow. Using the Medos DP3’s dual perfusion
mode capabilities, in vitro studies were done compar-
ing nonpulsatile and pulsatile modes. These studies
have shown important results. First, during pulsatile
mode, there was generation of a physiologic quality
pulsatile waveform. We have displayed this waveform
in various articles as listed in our references.
Next, the surplus hemodynamic energy and total
hemodynamic energy levels were found to be signifi-
cantly increased when pulsatile mode is employed
compared with nonpulsatile mode. There were
minimal pressure drops noted throughout various
flow rates that were tested and finally, pulsatile flow
was provided without any backflow (17-19).

These preliminary in vitro studies have shown that
the new Medos DP3 diagonal pump has various

vided to a patient in need of ECLS. It has the ability
to provide safe and efficient delivery of pulsatile flow
to a patient with significantly more hemodynamic
energy and minimal pressure drop when compared
with other pumps. The Medos DP3 also needs very
little priming volume, making it an ideal device for
not only adult patients but neonatal patients as well.
Once this pump and its pulsatile settings are opti-
mized, it has the potential to change the dismal mor-
bidity and mortality rates seen in patients in need
of ECLS.

CONCLUSION

The decision of which pump to use for
extracorporeal life support system comes down to
a financial investment in hardware ($43 000 vs.
$110 000), the cost of the disposables, and more
importantly who will be monitoring the ECLS circuit.
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