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ABSTRACT

Objective: Extracorporeal membrane oxygenation (ECMO) is used to provide cardiorespiratory support during cardiopulmonary resuscitation
(extracorporeal cardiopulmonary resuscitation; ECPR) unresponsive to conventional methods. In this study, the results of ECPR in a cardiac ar-
rest setting after cardiac surgery in children were analyzed.

Methods: In this retrospective cohort study, between November 2010 and June 2014, 613 congenital heart operations were performed by the
same surgical team. Medical records of all the patients who experienced cardiac arrest and ECPR in an early postoperative period (n=25; 4%)
were analyzed. Their ages were between 2 days and 4.5 years (median: 3 months). Sixteen patients had palliative procedures. In 88% of the
patients, cardiac arrest episodes occurred in the first 24 h after operation. Mechanical support was provided by cardiopulmonary bypass only
(n=10) or by ECMO (n=15) during CPR.

Results: The CPR duration until commencing mechanical support was <20 min in two patients, 2040 min in 11 patients, and >40 min in 12 pa-
tients. Eleven patients (44%) were weaned successfully from ECMO and survived more than 7 days. Five of them (20%) could be discharged. The
CPR duration before ECMO (p=0.01) and hiventricular physiology (p=0.022) was the key factor affecting survival. The follow-up duration was a
mean of 15+11.9 months. While four patients were observed to have normal neuromotor development, one patient died of cerebral bleeding 6
months after discharge.

Conclusion: Postoperative cardiac arrest usually occurs in the first 24 h after operation. ECPR provides a second chance for survival in children
who have had cardiac arrest. Shortening the duration of CPR before ECMO might increase survival rates. (Anatol J Cardiol 2017; 17: 328-33)
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Introduction

Children undergoing congenital heart surgery usually expe-
rience a critical period of time in the intensive care unit until
hemodynamic stability can be achieved. Despite advances in
critical care and monitoring facilities, a considerable number of
patients may suffer from cardiac arrest during the postopera-
tive period. Although the prevention of cardiac arrestis the main
goal, it is not always possible. The prevalence of postoperative
cardiac arrest after congenital heart surgery varies between 1.5
and 6% (1, 2). The treatment of cardiac arrest is therefore of vi-
tal importance, but even in the best centers, survival rates are
around 10-20% by conventional cardiopulmonary resuscitation
(CPR) methods. In 1992, a report by del Nido et al. (3) showed
that extracorporeal membrane oxygenation (ECMO) support
could be utilized as a rescue therapy during CPR (extracorporeal

CPR; ECPR) in children with cardiac disease who had cardiopul-
monary arrest and who failed to respond to conventional CPR-
promoted survival. Recent reports have demonstrated that the
use of ECPR techniques may increase survival rates to 33-51%
in children (4, 5).

However, ECPR techniques are difficult to perform and re-
quire significant resources and an experienced team. Only a few
centers in Turkey have this facility (6). In this study, we reviewed
our 5 years’ experience of performing ECPR, according to the
protocol developed for this study.

Methods

In this cohort study the medical reports of pediatric patients
who received ECPR between November 2010 and June 2014
were retrospectively reviewed. Patients who underwent ECMO
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support due to a failure to wean them off from cardiopulmonary
bypass or low cardiac output and patients who had a long pe-
riod of conventional therapy, sepsis, and multiorgan failure were
excluded from the study. During this period, the total number
of congenital heart operations performed by our surgical team
was 613. Twenty-five of them (4%) underwent ECPR. Their ages
ranged from 2 days to 4.5 years old (median: 3 months). Ten pa-
tients were neonates, while 12 patients were infants. Eighteen of
them were boys and seven girls. Their operative data are sum-
marized in Table 1. Sixteen of the patients underwent palliative
procedures, while the remaining patients had corrective opera-
tions. The patients” Aristotle basic and comprehensive scores
ranged from 6 to 11 (mean: 7.4+1.7) and from 6 to 13.5 (mean:
8.7+2.2), respectively. During the study period, all the patients
who had cardiac arrest during early postoperative period were
treated according to the protocol summarized in Figure 1-3. A
flowchart showing the postoperative cardiac arrest protocol
was hung on the wall in the intensive care unit, and detailed
simulations were carried out several times to ensure everyone
knew the protocol and to prevent collisions between personnel
and an unnecessary waste of vital time.

All the cannulations were performed using the ascending
aorta and right atrium by reopening the sternal wound in the in-
tensive care unit. Standard cardiopulmonary bypass (CPB) can-
nulas (Medtronic Inc., Minneapolis, Minnesota, USA) were used
that were suitable for the patients’ body surface area to provide
full flow support. When ECMO was used, veno-arterial support
was accomplished in all the patients with the Medos ECMO sys-
tem (Medos GmbH, Heilbronn, Germany). Heparin infusion was
started after hemostasis was achieved. The ACT times were kept
between 180 and 220 s with the continuous infusion of heparin
during ECMO support, and then checked every 46 h. The ven-
tricular function was evaluated every day by transthoracic echo-
cardiography. When the ventricular function and hemodynamic
parameters improved, the ECMO flow was gradually decreased
to 50% and then 33% for several hours. Ventilation and inotropic
support was optimized before weaning the patient off support.
Successful weaning from ECPR was accepted after 1 week sur-
vival after weaning from support. All complications during and
after ECPR were recorded. A follow-up was carried out for all
the surviving patients. The patients’ families were informed as
soon as possible when ECMO was started for the patients. Po-
tential complications, expected survival, and expected ECMO
duration were told in detail, including the expected termination
time in case of severe complications and a failure to wean the
patient off support. The Institutional Ethics Committee approved
the study protocol.

Statistical analysis

Statistical analysis was performed using the SPSS version
11.5for Windows software program (SPSS Inc., Chicago, IL, USA).
All the data are given as the mean+standard deviation and me-
dian. The Mann—-Whitney U test was used to compare the mean

Table 1. Operative data of the patients
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Pathology/procedure Survival

Systemic-pulmonary shunt
Total repair of TOF (1 with absent PV)
Pulmonary banding (1 bilateral banding)

Norwood stage 1 procedure

Supravalvular aortic stenosis

Truncus arteriosus
AVSD + PS repair

Arterial switch + VSD + |AA repair 1
Others 4
Total 25

AVSD - atrioventricular septal defect; IAA - interrupted aortic arch; PS - pulmonary
stenosis; PV - pulmonary valve; TOF - tetralogy of Fallot; VSD - ventricular septal defect

mm | m a0
|

ACIBADEM ATAKENT HOSPITAL CARDIAC ICU

WHAT TO DO DURING CARDIAC ARREST

e Shout "CARDIAC ARREST" and ask for help!

¢ Bring the crash card beside to the patient

¢ |n case of asistole, connect pacemaker

¢ In case of VF, perform defibrillation

¢ Do not start external cardiac message immediately

¢ Do not be late more than 1 minute to start external cardiac
message while waiting pacemaker or defibrillator

¢ Start ambu ventilation, be sure for the proper ventilation
e Check femoral or carotid pulse
¢ Temporarily stop pacemaker to see the underlying heart rhythm

¢ Check the other pressure traces (pulse oximetry; central venous
pressure) in case of arrest everything goes flat

* Do not give adrenaline until doctor ordered

¢ Provide 50-60 mm Hg pressure trase during cardiac message
NOT MORE

e Prepare for resternotomy

* No pressure trace during external —> message immediate
resternotomy

Figure 1. What to do during cardiac arrest

values between the groups, while a chi-square and Fisher’s ex-
acttest were used to compare the rates between the groups. A p
value of <0.05 was considered to be statistically significant.

Results

Eleven patients (44%) were successfully weaned off ECPR,
and five of them (20%) were discharged. Twelve of the cardiac ar-
rest episodes (48%) occurred unexpectedly in patients who had
stable hemodynamic conditions before cardiac arrest, while the
others had already borderline hemodynamic conditions, such as
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Acibadem Atakent Hospital Cardiac ICU
Postoperative Cardiac Arrest Protocol
_} Call surgical team
CPR 10 min _} Prepare for resternotomy

Open sternum _} Returned own circulation

internal message

_} Weaning successful

Correct acidosis,

electrolyte imbalance;
hemofiltration

Weaning unsuccessful _} Continue with ECMO

Figure 2. Postoperative cardiac arrest protocol

elevated lactate levels, high inotropic doses, or malign dysrhyth-
mias. Most of the cardiac arrest episodes occurred in the first 24
h (22/25; 88%). Two patients had cardiac arrest at postoperative
day 2 and one patient at postoperative day 4. The timings of the
cardiac arrests and survival were not statistically significant.
According to our protocol, 10 of the patients (40%) underwent
CPB support only, for 2-6 h. Although four of them were success-
fully weaned off support (40%), none of them could be discharged
(0%). In 11 patients (44%), we performed CPB support first and
then mechanical support was continued with ECMO. Six of them
were weaned off support successfully (54.5%), and three patients
could be discharged (27.2%). For the remaining four patients
(16%), ECMO support was instituted immediately after arrest; two
of them were weaned off support successfully and both patients
could be discharged (50%). The duration of ECMO support was
between 36 h and 9 days (median: 3 days). The effect of the mode
of support on survival was not statistically significant (p=0.077).
The duration of CPR before mechanical support was <20 min
in two patients (both survived, 100%), 20—40 min in 11 patients
(two survived, 18%), and >40 min in 12 patients (one survived,
8%). The duration of CPR was statistically significant on sur-
vival (p=0.01). While four of the nine patients (44.4%) who had
corrective operations survived after ECPR, only one of the six-

ACIBADEM ATAKENT HOSPITAL CARDIAC ICU

CPR SCHEME

Drugs
g Monitor

" AT

Ventilator

oy

patient bed

Electro

Cotery Aspirator

Resternotomy
set

8
5: Nurse
6: Surgeon assistant

7: Scrub nurse
8: Personnel

1: Anesthesiology technician
2: Anesthesiologist

3: Perfusionist

4: Surgeon

Figure 3. Bed-site organization scheme during ECPR

teen patients (6.2%) who had palliative procedures survived
to discharge. The effect of corrective biventricular operation
on survival was statistically significant (p=0.022). According to
the blood gas analysis before cardiac arrest, serum lactate and
blood pH levels were not significantly different between surviv-
ing and non-surviving patients (mean 5.39+3.08 vs. 6.07+3.44 and
7.34+0.14 vs. 7.30+0.12, respectively).

Only one of the ten neonates survived after ECPR, while four
out of twelve infants survived (33.3%). None survived among the
three children who underwent ECPR (0%) (p=NS). All the statisti-
cal data are summarized in Table 2.

Severe bleeding and massive blood transfusion was nec-
essary in five of the patients. One patient had gastrointestinal
bleeding. None of the patients with bleeding complications sur-
vived. Renal dysfunction and renal replacement therapy were a
rule for all the non-surviving patients. Other complications are
shown in Table 3. Among the surviving patients, two had pneu-
monia, two had transient renal dysfunction, one had sepsis, and
two needed a long duration of mechanical ventilation (>7 days).
Two of the patients had mild neurologic dysfunction during dis-
charge because of hypoxic encephalopathy. The median dura-
tion in the intensive care unit (ICU) stay of the surviving patients
was 38 days (14-52 days). The median duration for hospital stay
was 43 days (16-65 days). Nevertheless, the median duration of
ICU stay of the non-surviving patients was 5 days (1-25 days).
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Table 2. Statistical data of the patients

Non-survived ‘ Survived ‘ P
Duration of CPR and mortality
<20 min - 2
20-40 min 9 2 0.01*
>40 min " 1
Mode of support and mortality
CPB only 10 -
CPB then ECMO 8 3 0.077*
ECMO 2 2
Surgical procedure
and mortality
Biventricular correction 5 4
Palliation 15 1 0.022*
Age and mortality
Neonate 9 1
Infant 8 4 NS*
Children 3 0
Timing of cardiac arrest
and mortality
Postoperative day 1 17 5
Postoperative day 2 2 -
Postoperative day 4 1 - NS*
pH before mechanical support 7.30£0.12 7.34£0.14 | NS¢
(meanxSD)
Lactate level before mechanical 6.07+3.44 5.39+3.08 | NS¢
support (mean+SD)
CPB - cardiopulmonary bypass; CPR - cardiopulmonary resuscitation; ECMO - extra-
corporeal membrane oxygenation; NS - not significant; SD - standard deviation.
Statistical method: *Chi-square test; ‘Mann -Whitney U test

Table 3. Complications after ECPR

n %
Renal dysfunction 22 88
Bleeding 5 20
Ventricular dysfunction 5 20
Sepsis, multiorgan failure 4 16
Low cardiac output 3 12
Severe neurologic impairment 2 8
Mediastinitis 1 4
Purpura fulminans 1 4

All surviving patients were followed up for a mean duration
of 15+11.9 months. One patient who had mild neurological defi-
cit died 6 months after discharge, because of cerebral bleeding.
Another patient with a mild neurologic deficit improved signifi-
cantly, and the others were well with normal neuromotor devel-
opment at the end of the follow-up period.

Discussion

In this retrospective cohort study, several important find-
ings are documented. Most cardiac arrest episodes occurred in
the period of the first 24 h after surgery. Some of them could be
prevented or anticipated. Early intervention by mechanical sup-
port, for instance, may positively affect the survival, albeit most
patients who need ECPR, usually need a few days of support for
hemodynamic stability to be achieved.

Over the past decade, the advantage of ECPR in children
having a cardiac arrest following the surgical correction of
congenital heart disease (CHD) has become well recognized
and its utilization has increased considerably (1-8). In 2010,
pediatric advanced life support guidelines accepted ECPR as
a class lla indication of children in cardiac arrest refractory to
standard resuscitation attempts, with a potentially reversible
cause of arrest (9). Undoubtedly, the deployment of ECPR re-
quires an enormous commitment and use of resources. After
modern ECMO systems became available in Turkey in 2010, their
usage has increased in congenital heart surgery centers thanks
to education programs and reimbursement facilities (10). De-
spite increased experience with ECPR, ideal patient candidates
have not been well identified owing to a multitude of factors
affecting their outcomes, in addition to institutional variations in
resources and management strategies.

One of the most important factors affecting survival is the
duration of CPR (11-13). Many strategies have been developed
to keep the duration of CPR as short as possible before com-
mencing ECMO. For instance, all equipment and staff should be
readily available in the intensive care unit at all times. A small
emergency resternotomy set should be available containing the
instruments necessary to perform the resternotomy. This should
include a disposable scalpel, an all-in-one drape, a wire cutter,
a heavy needle holder, and a single-piece sternal retractor (14).
Resternotomy is indicated for children in whom resuscitative ef-
forts are likely to last more than 5-10 min, in order to perform an
internal cardiac massage and a rapid institution of ECMO (14). In
modern high-volume cardiac centers, a pre-primed ECMO set
is always present in the intensive care unit to prevent an un-
necessary waste of time for the institution and for priming of the
ECMO circuit. In our clinic, we usually try to keep at least one
ECMO system in the ICU, but it is not always possible. There-
fore, an available pre-primed ECMO set is not always present,
due to the availability and cost. The cost of ECMO application
is approximately 10 times more expensive than a standard CPB
system. This is why we usually use CPB first, and then transfer
to the ECMO when available. A short duration of CPB (2-6 h) is
sometimes enough to provide stable hemodynamics after car-
diac arrest, but according to our results, although four out of the
ten patients were successfully weaned off CPB support, none of
them could be discharged. After these results, we changed our
protocol and now we start to perform ECMO support first when-
ever possible. We think that at least 2-3 days of mechanical
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support is usually necessary for recovery. Nevertheless, some
authors have reported better results (15, 16). In some patients
with borderline hemodynamics, we usually keep ready a crystal-
loid-primed CPB systemin advance, i.e., for the next day’s opera-
tions, and use it in case of cardiac arrest at night. This method
may significantly reduce the intervention time in a cardiac arrest
setting while also avoiding an unnecessary waste of resources.
In our series of tests, two patients with <20 min of CPR duration
before mechanical support survived to discharge without signifi-
cant sequela, while among another eleven patients who had >40
min of CPR duration, only one patient could be discharged.

The goal of reducing the ECMO initiation time for patients ex-
periencing cardiac arrest appears self-evident as the duration of
conventional CPR directly correlates with mortality and adverse
neurologic outcomes (17). In addition, a recent meta-analysis of
288 ECPR patients reported that a CPR duration >30 min was an
independent risk factor for mortality (4). In addition, an emphasis
on the performance of high-quality CPR is necessary, as some
studies have not shown a survival benefit from a reduced CPR
duration (18, 19), suggesting the quality of pre-ECMO CPR may
be as important as the duration of CPR (12).

Similar to our results, the Extracorporeal Life Support Organi-
zation (ELSO) study of pediatric cardiac patients requiring ECPR
found that single ventricle physiology, a history of Norwood
type palliation, and an arterial pH <7.01 were associated with
increased mortality (18). Although speculative, it appears that
patient selection for ECPR and the quality of CPR are more likely
to influence mortality than CPR duration.

Utilizing the Extracorporeal Life Support Organization reg-
istry, Barrett et al. (20) reported a 22% incidence of CNS injury
in ECPR patients. Patients with less severe metabolic acidosis
before ECMO and an uncomplicated ECMO course were more
likely to avoid neurological injury (18). Overall, the development
of any type of complications among patients who have experi-
enced ECPR is high (59%), with neurological complications being
the most commonly reported (27%). After survival, a neurological
complication would have the biggest impact on the quality of life
for patients discharged alive with it (21). In our study, two out of
the five surviving patients (40%) had a mild neurologic injury.

Other complications included renal injury, pulmonary hemor-
rhage, pneumothorax that required treatment, occurrence of ar-
rhythmias, need for CPR during ECMO support, gastrointestinal
hemorrhage, and hyperbilirubinemia. Of note, bloodstream infec-
tion, mechanical complications, thrombus in the ECMO circuit,
and surgical or cannula site bleeding are the other important
factors affecting survival (11). In our series, the most encoun-
tered complications were bleeding, renal dysfunction, and infec-
tious complications.

We always do transthoracic cannulation for ECPR among
patients after cardiac surgery. This is expected to be associated
with better survival rates because it allows for open cardiac
massage before cannulation and may allow more rapid ECMO
deployment. However, the downsides of this approach are possi-

bly a higher risk of bleeding and mediastinal infection after open
chest cannulation (22). We encountered severe bleeding in six
patients and mediastinitis in one patient, none of whom survived.

In this study, most of the cardiac arrest episodes occurred
in the period of the first 24 h after cardiac surgery which indi-
cated the importance of this period for hemodynamic stability
and close monitoring. Although almost half of our patients had
cardiac arrest unexpectedly, others had some clues for ap-
proaching cardiac arrest, such as elevated lactate levels, mild to
moderate acidosis, or a necessity for high inotropic doses. For
those patients with borderline hemodynamics, ECMO support
could be performed before developing cardiac arrest. Neverthe-
less, it is not an easy decision, considering the risks of ECMO
application. Delayed chest closure may be performed in patients
who have horderline hemodynamics to prevent tight mediasti-
nal syndrome or atypical tamponade. This may reduce the risk
of cardiac arrest and low cardiac output. We use this strategy
very liberally. In our recent study, we performed delayed chest
closure in 48.4% of the neonates and early infants after cardiac
surgery (23).

An institution-specific CPR protocol should be presentin ev-
ery cardiac ICU, because of the differences in staff and equip-
ment resources. Our CPR protocol is shown in Figure 1-3. Regu-
lar staff education and cardiac arrest simulations may facilitate
the intervention and prevent unnecessary collisions during CPR.

Information about the patients’ families is also very impor-
tant for assessing potential complications, expected survival,
and expected ECMO duration. The most difficult decision is
the termination of support in the case of neurologically intact
patients whose cardiac function is unexpected to recover. For
these patients, the further therapeutic step should be cardiac
transplantation or application of a long-term ventricular assist
device. Actually this is the only way to improve the survival in
patients who have undergone ECMO support (4, 11). In this study,
we did not have such a patient, but it is a possibility. Therefore,
some affiliations should be instituted for further therapies and
heart transplantation and long-term assistance device facilities
for children should be improved in our country.

Study limitations

This case series is subject to many limitations inherent in
all retrospective observational studies. The small cohort size,
the low number of events, and the multiple variables in this het-
erogeneous group of patients preclude sophisticated statistical
analyses and limit the power of the study to identify clinically
significant risk factors.

Conclusion

Our study demonstrates the importance of having a structured
institutional ECPR protocol in salvaging children having refractory
cardiac arrest following the surgical repair of CHD. The timely ap-
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plication of ECPR is essential to minimize organ injury and to en-
hance the chance of recovery. ECMO complications, particularly
bleeding, and neurologic, renal, and pulmonary complications are
frequent. ECPR has a potential to improve survival in children who
experience cardiac arrest after cardiac surgery and to give them
a second chance. Further studies should be planned for defining
patient selection criteria for ECPR application.
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