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Abstract

Mechanical circulatory support (MCS) for saving infants with severe congenital heart dis-
ease who are receiving traditional cardio-pulmonary resuscitation has never been conducted
before. The selection of timing and indications of MCS is associated with clinical ethics, and
most of the doctors are more cautious in the application of extracorporeal membrane oxy-
genation (ECMO) for infants with severe disease undergoing cardio-pulmonary resuscita-
tion. ECMO was used for the treatment in 3 infants of complex congenital heart disease and
cardiac arrest from October 2012 to January 2013 in our hospital. Among these 3 patients,
ECMO was successfully evacuated in 2 cases. For infants with severe congenital heart dis-
ease who suffered from cardiac arrest, timely and quickly establishing a circulatory support
to correct further injury due to hypoxia and hypoperfusion, is an effective treatment method.
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Introduction

Mechanical circulatory support (MCS) mainly includes
cardiopulmonary bypass (CPB) and extracorporeal mem-
brane oxygenation (ECMO) which was developed from
CPB and is a life support technology that can replace par-
tially or completely cardio-pulmonary function within a
long period, maintain oxygen supply to various organs of
the body and perform a prolonged cardiopulmonary sup-
port for patients with serious cardiorespiratory failure. In
1971, Hill first adopted extracorporeal circulatory equip-
ment to successfully treat a 24-year-old patient with mul-
tiple organ damage combined with acute respiratory dis-
tress syndrome (ARDS) [1]. Through long-term unremitt-

ing efforts of clinical medical personnel, EMCO has got
considerable progress and achieved better clinical effect
with the development in equipment and management
technique. While in China, EMCO was applied and car-
ried out late, and only one study on ECMO for treatment
of severe disease in 12 infants from 2007 to 2011 was
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reported by Lin et al [2]. Mechanical circulatory support
for saving the infants with severe congenital heart disease
who are receiving traditional cardio-pulmonary resuscita-
tion has never been conducted before. The selection of
timing and indications of MCS is associated with clinical
ethics, and most of the doctors are more cautious in the
application of ECMO for infants with severe disease un-
dergoing cardio-pulmonary resuscitation. ECMO was
used for the treatment in 3 infants of complex congenital
heart disease and cardiac arrest from October 2012 to
January 2013 in our hospital, and the details were intro-
duced and analyzed as follows.

Case report

Case 1 (male, body weight of 3.3 kg, 13 days after birth)
was diagnosed as “transposition of great arteries/intact
ventricular septum/patent ductus arteriosus (TGA/IVS/-
PDA)”. Continuous intravenous prostaglandin E1 was
given immediately after admission due to severe hypoxe-
mia, but the symptom did not improve significantly and
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cardiac arrest happened. Cardio-pulmonary resuscitation
was started immediately and emergent cardio-pulmonary
bypass (CPB) was established, and then he underwent
“arteries switch operation (ASO)”. Low cardiac output
syndrome and pneumorrhagia was exhibited postopera-
tively when weaning from CPB, so CPB was switched to
ECMO support, and he was transferred to the intensive
care unit under ECMO support with delayed sternal
clousure.

Case 2 (female, body weight of 10 kg, 21 months) was
diagnosed as “residual shunt after repair of interventricu-
lar septal defect, severe pulmonary hypertension (pressure
gradient between left and right ventricle is 10 mmHg) and
left ventricular dysfunction (EF: 40%)”. She underwent
“residual ventricular septal defect repair” and experienced
post-operative pulmonary hypertensive crisis and severe
left ventricular dysfunction (EF dropped to 15-20%). The
patient suffered from cardiac arrest on the operative day
and then cardio-pulmonary resuscitation and emergency
ECMO installation at the bedside was carried out at the
same time.

Case 3 (male, body weight of 4 kg, 45 days after birth)
was diagnosed as “total anomalous pulmonary venous
connection (supracardiac), severe pulmonary hyperten-
sion”. On the operative day he had severe hypoxemia and
hypotension and experienced cardiac arrest twice. Cardio-
pulmonary resuscitation was started immediately after
cardiac arrest and the baby was transferred into emer-
gency operating room for establishing CPB and “TAPVC
correction surgery”. CPB was switched to ECMO support
for being hard to wean from machine, and then he was
transferred to the intensive care unit with delayed sternal
closure.

For cases 1 and 3, ECMO was established in the operating
room. At the end of surgery, after exclusion of residual
uncorrected cardiac malformations and three attempts to
wean the babies from CPB, ECMO installation was im-
mediately carried out for patients after obtaining the in-
formed consent of the parents.

The original superior vena cava cannula was kept in the

right atrium and the ascending aorta cannula was reserved.

The venous and aortic cannula was connected to ECMO
system and CPB was stopped and switched to ECMO
support. Heparin was half antagonized, maintaining ACT
between 150-200 seconds. The two babies were trans-
ferred to intensive care unit under ECMO assist and a
delayed sternal closure. Because case 2 exhibited a severe
low cardiac output syndrome and cardiac arrest on the
evening of the operative day, cardiopulmonary resuscita-
tion as well as bedside emergency ECMO installation was
given. A transverse skin incision 1cm above the right
clavicle was made on the neck to expose the right com-
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mon carotid artery and the right internal jugular vein. Af-
ter a dose of 0.5mg/kg heparin was given and ACT main-
tained above 150 seconds, right common carotid artery
and right internal jugular vein were cannulated with 14F
cannula respectively. The cannula tip was confirmed at
right position by bedside ECHO examination.

During ECMO support, blood flow and volume was ad-
justed according to blood pressure, central venous pres-
sure and other hemodynamic parameters. Meanwhile,
inotropics were reduced gradually and even stopped,
ECMO flow was maintained from 50 to 100ml-kg™-min™
with gas-blood ratio of 1:1 and a oxygen concentration of
0.5-0.6. Mixed venous oxygen saturation was monitored
continuously and kept at >75%, and HCT (hematokrit)
was maintained at about 35%; the arteriovenous pressure
of ECMO circulation was monitored, and the arterial and
venous pressure can be kept at <150mmHg and >-
100mmHg, respectively within the above flow range. Me-
chanical ventilation was maintained, and synchronized
intermittent mandatory ventilation (SIMV) mode was
adopted, and a high positive end expiratory pressure
(PEEP) (6~8cmH20), low frequency (20~25 per min),
low oxygen concentration (0.3~0.5) and longer inspira-
tory time mode (0.6~0.7 seconds) was kept to maintain
alveolar patency. Gas-blood ratio was monitored once
every 6 hours, and the homeostasis was maintained in
accordance with gas and blood condition. When apparent
water-sodium retention, reduced urine volume and renal
insufficiency, and even acute renal failure (BUN>-
28.56mmol-L™, Cr>530.4umol-L™ and serum potassium>
6.5mmol-L™) occurred, CRRT treatment was given in the
method of parallel connection with ECMO circuit with
blood flow of 5~ 10ml-kg™>-min™, displacement liquid
therapeutic dose of 15ml-kg™-min™ and ultrafiltration rate
of 2ml-kg™-min™ during the treatment which can be ad-
justed based on the hemodynamic parameters in infants in
the actual treatment process.

The recovery of the lung and heart function of infants was
evaluated everyday, based on bedside chest X-ray and
echocardiography. When improvement of the heart and
lung function was observed, blood flow of EMCO would
be gradually reduced, and the dose of vasoactive agents
would be gradually increased, and ACT time would be
prolonged appropriately. When the blood flow was re-
duced to 10% of the full flow for about 1 hour, and a good
arteriovenous gas-blood was reviewed. ECMO can be
considered to be removed. After removing the arterioven-
ous cannula, sternal closure or repair of arteria carotis
communis and jugular vein was performed.
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Table 1. Clinical data about 3 infants saved and treated with ECMO

Body Preop. Pupilla status Renal  re-
Number Gender  weight  Age Diagnosis ~ CPR(times) E;ttﬁbllshment :Z\itea}te Complications placement ECMO Prognosis
(ko) (mmol/L)
Diameter: 3mm, Due to plasma
Right  atrium- obtuse for light leakage,
Case 1 Male 33 13d TGA/IIVS 1 asgen ding aorta >15 reflex membrane oxy- Yes 96h Survived
g genator was
changed once.
Right internal sDeIr?smit?\t/ir: 3mfr(r)1 r
jugular venous- . .
Case 2 Female 10 19m VSD/PH 1 right  common 10.6 light reflex None No 83h Survived
carotid artery
Diameter: 4 Due to plasma
mm, obtuse for leakage,
Case3 Male 4 550  TAPVC 2 fight atrium- g light reflex membrane 0xy- e 118h Died
ascending aorta genator was
changed once.
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In these 3 infants, 2 cases survived, and 1 case (case 3)
died. Case 1 and 2 exhibited an immediate and rapid de-
crease in lactate level after the treatment with ECOM.
After they were assisted with ECMO for 93 hours and 83
hours, respectively, EMCO was evacuated. The survived
infants did not exhibit any short-term complications. Case
3 was assisted for a total of 118 hours and exhibited con-
tinuous hyperlactacidemia; meanwhile, he had irreform-
able acidosis and then exhibited multiple organ failure
(liver, kidney and heart), so the family gave up the treat-
ment, and he died after evacuation of ECMO. During
ECMO supporting, 3 infants all exhibited plasma leakage
of oxygenator in extracorporeal membrane oxygenation,
in which, membrane oxygenator was changed once in
case 1 and 3; when plasma leakage occurred in case 2,
ECMO was evacuated by considering that the heart func-
tion was basically recovered in this infant, and membrane
oxygenator was not changed. Case 1 and 3 both exhibited
reduced urine volume, increased creatinine and urea ni-
trogen and other clinical manifestations of renal failure at
day 3 after beginning ECMO for treatment and then were
given continuous CRRT.

Discussion

CPB technology has been well used in surgery for infants
with congenital heart disease for life support currently;
ECMO technology, as an effective life support mean in
patients with cardiorespiratory failure, has been well con-
ducted and applied in clinic in western developed coun-
tries, but its development is late in China. Based on the
data provided by extracorporeal life support organization
(ELSO), the survival rate of adults and infants with
ECMO circulation support is 32% and 45%, respectively
[3,4]. By 2010, in about 17 countries, 110 or more ad-
vanced life support technical medical centers with the
capability for conducting ECMO were established, and 35,
000 patients received ECMO treatment. At present, the
experts have a cautious attitude and more controversies in
ECMO treatment for the patients who undergoing cardio-
pulmonary resuscitation, because this involves in the ethi-
cal issues (e.g. how to evaluate the organ function of the
patients at the time). Meert el al [5] reported the study
data from many centers consisting of 15 hospitals, and in
353 patients who experienced cardiac arrest in the hospi-
tal and received ECMO support, 49% survived and left
the hospital. In China, carrying ECMO technology is late,
and is seriously lagging especially in the medical applica-
tion of the infants with severe diseases. It is more rarely
reported how to adopt CPB, ECMO and other mechanical
circulatory supports in saving the infants with severe con-
genital heart disease who underwent cardiac arrest.

In recent years, the clinical data shows that the application
of ECMO in saving and treating the children with respira-
tory failure is gradually reducing, while its proportion in

circulatory support of the children with heart failure is
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increasing steadily, especially in the heart failure after
heart surgery. According to the current reports, the sur-
vival rate of the infants with heart failure with ECMO for
circulatory support is about 45% >. For the infants with
severe diseases needing ECMO treatment for circulatory
support, it is a key for successfully treating such infants,
successfully establishment and right timely initiation of
ECMO. In the data about this group of cases, for case 1
and 3, we changed the atrial cannulation and ascending
aorta cannulation of CPB to ECMO circuit for support at
the end of heart surgery; for case 2, the emergency cannu-
lation was given at the bedside through right common
carotid artery and right internal jugular venous cannula-
tion to establish ECMO. Provided that the cannula models
and size are selected appropriately, ECMO can be estab-
lished quickly in the two methods above, and a satisfac-
tory blood flow can be reached within the acceptable cir-
cuit pressure range. In order to grasp optimal opportunity
of EMCO initiation, it is required to rapidly, fully and
accurately evaluate the function of all systems in infants.
Different from the application of ECMO support for res-
piratory failure, the current application of ECMO in the
infants with severe circulatory failure and especially those
undergoing cardio-pulmonary resuscitation has no gener-
ally accepted clear indications and contraindications, and
it is always required to evaluate continuously during
ECMO support process whether recoverability exists in
heart and lung function of the infants. It is very difficult to
determine whether recoverability exists in the heart and
lung function of the infants before deciding to adopt me-
chanical circulatory support; while for the evaluation of
neurologic function, we can perform a preliminary judge-
ment only by observing pupillary reflex and autonomous
respiration. The survival of case 1 and case 2 may be re-
lated to the effective cardio-pulmonary resuscitation and
timely establishment of circulatory support (Extracorpo-
real circulatory support for case 1, and cardio-pulmonary
resuscitation and starting circulatory support time < 1
hour); while for case 3 due to the factors of guardian, the
interval from the start of cardio-pulmonary resuscitation
to the establishment of circulatory support was longer
(about 3 hours), and the rapid establishment of the effec-
tive circulatory support failed. For the infants who un-
derwent cardiac surgery, the serum lactate levels can pre-
dict the prognosis of the infants with critical disease and
are closely related to the mortality of the infants with sev-
er diseases [6-9].

In 3 infants, the lactate level before the start of mechani-
cal circulatory support is more than 10mmol/L (in which,
>15 mmol/L in case 1 and 3); after obtaining effective
circulatory support, the lactate levels of the survived case
1 and 2 both reduced to < 5mmol/L; and during ECMO
support, the lactate level in case 3 is always >9mmol/L
without significant decrease even if SVO2 >75% is al-
ways kept, which may be associated with the preoperative
delay in the effective circulatory support, histanoxia and
serious damage, and oxygen utilization disorder occurred
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in the body in spite of the adequate oxygen supply after
ECMO support. Compared to the lactate level before the
mechanical circulatory support, the dynamic change in the
level after the establishment of the effective circulatory
support may be a more sensitive indicator indicating the
prognosis, but this still needs more case studies for sup-
port.

It is reported that bleeding and renal insufficiency is still
the most common complication during ECMO treatment
[10-12]. In case 1 and 3, postoperative delayed sternal
closure was given, CPB was stopped and changed to
ECMO support, and protamine (the ratio of protamine and
heparin of 1:1) was given at the same time for neutraliza-
tion; catheterization through the arteries or veins of the
neck was performed in case 2. ACT was adjusted as 150-
200s for all infants, and blood routine examination was
performed daily. Platelet level was kept at >50x10%/L.
During ECMO support, no obvious bleeding was ob-
served in 3 infants. In ECMO support process, 3 infants
all exhibited a certain degree of renal insufficiency, and
even case 1 and 3 had obvious oliguria and were given
CRRT by the parallel connection of Asahi Kasei iQ21 in
ECMO pipeline (blood flow velocity of 5-10ml-kg™*-min™,
and ultrafiltration flux rate of 2mg-kg™®-min™). In 2 in-
fants, the circulatory stability was maintained, and a satis-
fying renal replacement therapy effect was obtained.
Compared to the traditional connection with ultrafilter in
ECMO circuit alone for renal replacement therapy, the
parallel connection with CRRT in ECMO pipleline can
precisely control the blood flow velocity and ultrafiltra-
tion flux rate with renal replacement therapy to maintain
the infant capacity and circulatory stability, and is particu-
larly significant in the younger patients with low body
weight. According to the preliminary search, the parallel
application of ECMO and CRRT in ECMO treatment for
infants has not been reported. In the mechanical compli-
cations, 3 patients in this group show a plasma leakage of
membrane oxygenator and decline of oxygenation at
about 80 hours after ECMO treatment, which is mainly
associated with the quality of ECMO supplies. At present,
for ECMO in treating infants in our country, alternative
supplies are fewer and only Medtronic pediatric kit can be
selected. While the hollow-fiber membrane oxygenator of
Medtronic pediatric kit has a limited service life (plasma
leakage will occur at about 70 hours), so the prolonged
ECMO support (> 5 days) can be achieved only by chang-
ing membrane oxygenator. In order to improve the man-
agement level of the prolonged ECMO support in infants,
the appropriate silicone membrane oxygenator for infants
is still needed.

The medical experts who are specialized in critical dis-
eases at home and abroad hold a cautious attitude in rap-
idly establishing mechanical circulatory support to save
patients with critical diseases undergoing cardio-pulmo-
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nary resuscitation, which is associated with greater diffi-
culty in establishing circulatory support while giving car-
dio-pulmonary resuscitation at the same time and evaluat-
ing whether recoverability exists in heart, lung and nerv-
ous system function under emergency condition [13,14].
From the experience form our hospital, for infants under-
going cardiac arrest, timely and effective cardio-
pulmonary resuscitation and rapid establishment of circu-
latory support (including CPB and ECMO) under a full
and accurate assessment of the function of heart, lung and
nervous system to gain time for further treatment should
be able to improve the success rate in treating such infants.
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