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ABSTRACT 

Emergency cardiopulmonary support (CPS) systems for pediatric patients have not achieved 
widespread acceptance because they have been limited by extended setup times and large prim­
ing volumes requiring blood products. To address these limitations, we developed a miniatur­
ized CPS system which can be rapidly assembled with a small bloodless priming volume. This 
system was successfully utilized in two infants with congenital heart disease in whom emer­
gent cardiopulmonary support was instituted outside the operating room. The pediatric CPS 
system proved safe and effective in allowing the salvage of both patients. Further study of this 
system is warranted to evaluate potential future applications. 
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INTRODUCTION 

Emergency cardiopulmonary support 
(CPS) systems for adult patients have been 
utilized successfully for resuscitation dur­
ing acute cardiac and pulmonary failure 
(1,2,3). The priming volume of these sys­
tems (approximately 800 ml) has little 
hemodilutional effect on the average adult 
(4); therefore, adult CPS can be initiated 
without the use of blood products. In pe­
diatric patients, even a modest amount of 
crystalloid priming volume can cause ex­
treme hemodilution resulting in unaccept­
ably low hemoglobin levels and necessitat­
ing blood transfusion. 

Figure 1: 

Many pediatric centers currently use 
extracorporeal membrane oxygenation sys­
tems (ECMO) for emergency resuscitation 
(5,6). ECMO systems generally consist of 
a silicone membrane oxygenator, a bladder, 
and a roller pump. ECMO also requires a 
large priming volume. Furthermore, dur­
ing acute cardiac or pulmonary failure, 
speed is critical (4,7). Prolonged ECMO 
setup times are problematic. ECMO as­
sembly times are often prolonged by sev­
eral factors: debubbling the silicone mem­
brane oxygenator, using C0

2 
flushing, and 

The CPS system consists of a preassembled Carmeda coated circuit, a BP-50 Biomedicus 
cone, a Minimax plus oxygenator, a Biomedicus flow probe, and a CDI 100 hematocrit/ 
venous oxygen saturation monitor. A Biomedicus external drive unit and a Minimax oxy­
genator bracket are attached directly to the patient's bedside where the system can be as­
sembled and primed in under five minutes. The centrifugal head and membrane oxygen­
ator are attached both to the patient's bed and the mobile cart by a flexible arm coming off 
the cart and clamped on the bed. 

adding blood to the prime. Blood products also require the ad­
dition of bicarbonate and calcium to reverse the effect of citrate 
phosphate dextrose (CPD); these additives have been implicated 
in reperfusion injury (8). 

The use of conventional cardiopulmonary bypass (CPB) for 
emergent resuscitation outside the operating room is limited by 
the cumbersome size and weight of most bypass machines. We 
developed a mobile miniaturized CPS system to overcome the 
limitations of adult CPS systems, conventional ECMO systems, 
and standard CPB circuits. We now report our use of this sys-
tern in two infants. 

MATERIALS AND METHODS 

The CPS system (Figure 1) consists of a preassembled he­
parin-coated circuit with l/4 inch arterial and venous tubing", a 
BP-50 Biomedicus coneb, a Minimax plus oxygenator", a 
Biomedicus flow probeb, and a CDI 100 hematocrit/oxygen satu­
ration monitor. A Biomedicus external drive unit and a Mini-
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max oxygenator bracket are attached directly to the patient's 
bedside where the system can be assembled and primed in un­
der five minutes. The centrifugal head and membrane oxygen­
ator are attached both to the patient's bed and the mobile cart 
by a flexible arm coming off the cart and clamped on the bed. 
After assembly, the circuit is primed with a total volume of 250 
ml of Plasmalyte A solutionct and quickly debubbled. Both the 
arterial and venous lines include tubing spikes for rapid connec­
tion to the crystalloid bag. The flow probe transducer and venous 
saturation monitor are attached and calibrated. The gas line and 
temperature probe are then attached to the oxygenator. The ar­
terial and venous lines are clamped and transferred to the sterile 
field. A cut down is performed in the neck to isolate the com­
mon carotid artery and internal jugular vein. Prior to cannula­
tion, the patient is heparinized using l 00 IU/kg. The arterial 
and venous lines are then connected to the appropriate cannu­
lae. The bypass bridge is clamped, bypass is initiated, and the 
flow rate is slowly increased to 120 ml/kg/min. The activated 
clotting time (ACT) is measured as soon as possible and main­
tained between 180-220 seconds. Boluses of 5% albumin are 
administered to maintain the CVP above 5 mm Hg in order to 
prevent venous line cavitation. Pre-oxygenator pressures are 
continuously monitored with the pressure monitor built into the 
Biomedicus pump console. 
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CASE REPORTS 

CASE 1: 
A 7 week old, 4 kg male infant presented emergently with 

respiratory distress and profound cyanosis (oxygen saturation 
40-50% ). Echocardiography revealed pulmonary atresia, ven­
tricular septal defect, and double outlet right ventricle. In the 
intensive care unit, the infant became profoundly cyanotic with 
evidence of poor systemic cardiac output. Cardiopulmonary 
resuscitation was initiated. Resuscitation was ineffective and 
emergent CPS was initiated. The CPS system setup time was 5 
minutes, and cannulation was completed in 6 minutes. The 
patient's oxygen saturation improved immediately to 100%, and 
the hemodynamics stabilized on CPS. 

The patient was then transported to the operating room and 
converted to conventional CPB via median sternotomy. The 
right pulmonary artery stenosis was repaired with a pericardia! 
patch and a right modified Blalock-Taussig shunt was created 
using 3.5 mm graft. Following this procedure, the infant was 
successfully weaned from CPB (75 minutes on CPS, 110 min­
utes on CPB at 28'C) and returned to the intensive care unit. 
The postoperative course was uneventful. The infant maintained 
a saturation of 80% on room air, had a normal neurologic exam, 
and was discharged from the hospital 11 days postoperatively. 

CASE 2: 
A 4 week old, 4 kg male neonate with critical aortic steno­

sis and left ventricular dysfunction underwent attempted aortic 
balloon valvotomy in the catheterization laboratory. During the 
procedure, a guide wire perforated the aortic arch at the level of 
the ductus arteriosus resulting in cardiac arrest. Despite vigor­
ous resuscitation and inotropic support, the child remained hy­
potensive. Emergent CPS was initiated. The equipment setup 
time was 5 minutes, and cannulation was accomplished in 12 
minutes. 

The infant was transported to the operating room, where he 
was converted to conventional CPB. Open aortic valvotomy and 
suture repair of the aortic arch perforation were performed. The 
total CPS time was 80 minutes and the CPB time for the open 
repair was 108 minutes. The patient separated from CPB un­
eventfully and returned to the cardiac intensive care unit. He was 
discharged home on the twelfth postoperative day with a nor­
mal neurologic examination and no evidence of myocardial dys­
function by echocardiography. 

DISCUSSION 

ECMO has been the standard technique for resuscitating 
pediatric patients when conventional cardiopulmonary resusci­
tation is ineffective. This technique is limited by prolonged setup 
times (45 to 60 minutes) and the need for blood products to mini­
mize hemodilution. CPS systems for adult patients allow rapid 
resuscitation, but large priming volumes and excessive hemodi-
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lution limit their application in the pediatric patient (1 ,2,4,7 ,9). 
A miniaturized version of the adult CPS system has previously 
been described, but this system still requires the addition of blood 
to the system ( 1 0). We have further modified this system tore­
duce the priming volume, eliminate the need for blood priming 
(neither patient required blood for priming the CPS circuit), re­
duce transfusion related risk (8), and prevent the inherent delay 
required to obtain blood products. Neither case required addi­
tional blood products, in amounts greater than normal, during 
conversion from CPS to CPB. Furthermore, transporting patients 
from remote sites, such as the catheterization laboratory and in­
tensive care unit, to the operating room, is facilitated by the 
streamlined circuit. 

Our rapid CPS system presents two potential disadvantages 
when compared to conventional bypass or ECMO. The first dis­
advantage is the increased potential for air embolism secondary 
to possible venous line cavitation. Although the Biomedicus 
cone and the Minimax oxygenator will trap small amounts of 
air, they are not 100% effective. Extreme caution must be un­
dertaken at all times to prevent air entry into the circuit. The 
second shortcoming is limited durability. The hollow fiber oxy­
genators are not intended for long term use (>6 hours) due to 
plasma breakthrough and a loss of gas exchange efficiency; 
nevertheless, we have used this system for support times of 48 
to 72 hours without plasma breakthrough. Because of these two 
potential disadvantages, close continuous circuit monitoring by 
a perfusionist is employed. 

The most striking advantage of this CPS technique is speed. 
As described in this report, the CPS system can be assembled at 
the bedside in five minutes. The infants described in this report 
were successfully resuscitated within minutes of their hemody­
namic collapse. This speed will minimize end organ injury and 
preserve ventricular function. Moreover, by compressing the 
CPS system, remote transport of patients requiring cardiopul­
monary support may be possible. This might allow patients to 
be stabilized on site at outlying centers and transported to ter­
tiary facilities. 

A rapid and safe technique for emergent pediatric cardiop­
ulmonary support has been developed and successfully utilized 
in two infants. Further study of this system is warranted to evalu­
ate potential future applications. 
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