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ABSTRACT 

One hundred four patients were placed emergently on the Bard CPS® portable femoro-femo­
ral bypass system over a 4 year period. Thirty-two patients (31%) were discharged from the 
hospital. Seventy-six of these patients (73%) required emergency bypass following cardiac ar­
rest, and twenty-eight patients (26%) were in cardiogenic shock or respiratory failure. In the 
arrest group, no one survived an unwitnessed arrest and those with cardiopulmonary resuscita­
tion times less than 30 minutes had a better survival rate. The highest survival rate was in those 
patients who did not arrest prior to bypass. Fifty-two percent of these patients were released. 

The 74 patients receiving interventional therapy on bypass had a higher survival rate than 
those unable to be treated. Of the thirty patients receiving no intervention, only three (1 0%) 
were eventually discharged. For the 19 patients receiving treatment only in the cardiovascular 
laboratory, the discharge rate was 26%. Of the 55 patients taken to the operating room for sur­
gical correction, 24 ( 44%) were discharged from the hospital. 

No patients placed on bypass at an outlying hospital or treated using CPS® within 72 hours 
of a previous open heart procedure survived. 
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INTRODUCTION 

The search for methods to support the acutely ill pa­
tient led to the development of easily inserted transport­
able cardiopulmonary bypass systems. As the availabil­
ity of these systems has expanded, questions have arisen 
regarding the appropriate application of this technology. 
By examining early experiences with the Bard CPS®" 
portable femoro-femoral cardiopulmonary bypass sys­
tem, patterns may emerge which contribute to improved 
success. 

Figure 1: Mortality by age group. 'Survived' includes all patients dis­
charged. 'Expired' includes all patients who failed to wean and all late 
deaths 
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Riverside Methodist Hospital, a large private insti­
tution in Columbus, Ohio, utilized the system in 104 pa­
tients from December 1987 through December 1992. 
Analysis of these patients revealed 31% were discharged 
following the placement on the CPS® system. There were 
no survivals of unwitnessed arrests. Interventional mea­
sures improved survival with surgical intervention pro­
ducing the best outcome. 

MATERIALS AND METHODS 

All patients in this study were managed on the Bard CPS® 
emergency cardiopulmonary bypass system. Patients were ini­
tially cannulated femorally, using either the Bard femoral can­
nula system (early in the study) or Biomedicusb femoral cannu­
lae (from January of 1990). A surgeon placed the cannulae in 
33% of cases and a cardiologist in 67%. Fifty percent of inser­
tions took place in the cardiovascular laboratory, 15% in the criti­
cal care units, II% in the emergency department, and 24% in 
other areas, including three at an outlying hospital. For all in­
sertions at Riverside, certified perfusionists set up and conducted 
CPS® under the supervision of a cardiologist or thoracic surgeon. 

At the initiation of our CPS® program, little was available 
regarding the appropriate clinical uses of the emergency bypass 
system. Therefore, the Riverside Technology Utilization Com­
mittee established a list of limitations for use. Absolute con­
traindications to the insertion of CPS® included aortic insuffi­
ciency and known brain death. The presence of irreversible or­
gan damage and diagnosed terminal illness also generally pre­
cluded placement. Additional factors considered were 
unwitnessed arrest, length of arrest, recent stroke, gastrointesti­
nal hemorrhage, presence of abdominal aortic aneurysm, and 
trauma. 

Data collected involved the retrospective analysis of I 04 
consecutive patients placed on CPS® from December 1987 
through December 1992. The standard data collection form 
showed demographics, diagnosis, procedure(s), CPS® initiation 
and conduct and patient outcome. Patients undergoing elective 
insertion for PTCA and placement solely for long term support 
were excluded from the study. Only those postoperative sequelae 
directly related to the bypass period were recorded. 

When analyzing outcome, patients were divided into three 
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categories. "Failure to wean" included all patients who expired 
within 12 hours of the termination of bypass. All patients who 
survived greater than 12 hours but expired without leaving the 
hospital fell into the second group, "late death," regardless of 
time elapsed following bypass. All patients listed in the "sur­
vival" group were successfully discharged from the hospital. 
Statistical analysis was performed using general linear models 
regression. 

RESULTS 

Emergency cardiopulmonary bypass was performed on 68 
male and 36 female patients. They ranged from 18 to 91 years 
of age, with an average age of 60 years. The overall survival 
rate was 31% (32 patients). Patients 70 to 79 years of age had 
the highest survival rate at 50% (Figure 1). Of the ten patients 
under the age of 40, only one survived. The one patient over 
the age of 90 years did survive. Although there was no signifi­
cant difference in average age by sex (the average age for fe­
males was 62 years, 59 years for males), the survival rate for 
females was higher (44%) than for males (23%) (p < .05). 

Indications for initiation of bypass fell into three catego­
ries: cardiopulmonary arrest, cardiogenic shock, and pulmonary 
insufficiency. The patient's status prior to CPS® placement did 
affect outcome (Figure 2). There were 76 patients requiring 
cardiopulmonary resuscitation (CPR) for cardiopulmonary ar­
rest. Six arrests (8%) were unwitnessed by medical personnel. 

a Bard Cardiopulmonary Division, Tewksbury, MA 
b Medtronic Biomedicus, Eden Prairie, MN 
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Figure 2: Patient survival versus pre-bypass condition 
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None of these patients was weaned from bypass. The average 
CPR time in this group was 50 minutes. 

Sixty-six patients had witnessed arrests. The average CPR 
time in this group was 26 minutes, with a minimum of 3 min­
utes and a maximum of 140 minutes. Twenty-nine patients were 
unable to be weaned from bypass, 20 expired more than 12 hours 
after being weaned, and 17 patients (24%) were discharged from 
the hospital. All but one of the patients in the survival group 
received CPR for thirty minutes or less. An additional four pa­
tients had arrests requiring CPR, but were eliminated from this 
analysis due to incomplete records. None of these patients sur­
vived. 

Patients placed on CPS® for cardiogenic shock or pulmo­
nary insufficiency without cardiac arrest had a significantly 
greater survival rate than those who arrested prior to placement 
(p < .02). Twenty-seven patients fell into 
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CPS®, eight expired in the hospital, and 
five (26%) were discharged. 

Fifty-five patients underwent a 
wide variety of surgical procedures. 
The surgical procedures performed in­
cluded coronary artery bypass grafting, 
valve replacement, pulmonary embolec­
tomy, ventricular septal defect repair, 
and repair of cardiac perforation and 
rupture. Sixteen patients were unable to 
be weaned, 15 expired later and 24 
(44%) were discharged from the hospi-
tal. Twelve patients were converted to 
standard cardiopulmonary bypass for 
surgical intervention while 43 patients 
were left on the CPS® system with mini­
mal adaptation for their procedures. For 
those patients requiring total bypass for 
open cardiac procedures, the venous 

cannula was retracted into the inferior vena cava. A superior 
vena caval cannula was placed and Y' d into the venous line as 
described by Jenkins and Holt ( 1 ). Those left on CPS had a 46% 
survival rate, while those converted to standard bypass had a 33% 
survival rate, not a statistically significant difference. 

DISCUSSION 

A multi-institutional report from the National Cardiopulmo­
nary Support Registry, published in 1992, reported a 21.4% 
greater than 30-day survival rate in 187 patients undergoing 
emergency cardiopulmonary bypass. Of these patients, 74.9% 
received diagnostic or therapeutic interventions while on bypass 
(2). 

From December of 1987 through December of 1992, 104 

this category. Fourteen ofthese patients 
(52%) were discharged from the hospi­
tal while only six were unable to be 
weaned from bypass. 

Figure 3: Patient survival versus treatment. CVL refers to those patients receiving PTCAs, 
stents, and/or thrombolytics while on CPS. 

Survival rate increased with the abil­
ity to intervene while on CPS® (Figure 
3). Thirty patients received no cardio­
logic or surgical intervention. Twenty­
one of these patients could not be weaned 
from bypass, six expired later in the hos­
pital stay, and only three patients (10%) 
were eventually discharged from the hos­
pital. 

Eighteen patients received percuta­
neous transluminal coronary angioplasty 
(PTCA) and/or thrombolytic therapy as 
the only treatment modality and one had 
an aortic valvuloplasty. Six of these pa­
tients were unable to be weaned from 
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patients were placed on the Bard CPS® system at Riverside Meth­
odist Hospital. Thirty-two of these patients (31%) were dis­
charged from the hospital, including 44% of all females. An 
additional four patients lived greater than 30 days following their 
bypass procedures, but expired without leaving the hospital. 
These patients were not included in the "survival" group. 

The majority of patients in this study were placed on emer­
gency cardiopulmonary bypass (ECPB) during CPR for cardiop­
ulmonary arrest. None of the six patients with unwitnessed ar­
rests was able to be weaned from bypass. This supports the pre­
vailing opinion of most authors that the application of emergency 
bypass is usually contraindicated in unwitnessed arrest (2-3) ex­
cept in the case of hypothermic arrest ( 4-7). 

Of the 66 witnessed cardiac arrest patients, 18 (25%) were 
eventually discharged. Thirteen patients received CPR for 
greater than 30 minutes. Only one patient in this group survived 
following 40 minutes of CPR. Two other patients receiving CPR 
for greater than 30 minutes were successfully weaned from by­
pass, but both expired due to severe hypoxic neurologic inju­
ries. These findings tend to support other studies which indi­
cate that CPR times in excess of 30 minutes greatly reduce the 
chance of survival (2, 8-10). However, if the patient remains 
neurologically intact and the potential for anatomic correction 
exists, placement on ECPB should be considered. 

The highest survival rate occurred in patients not requiring 
CPR at the time of insertion. Fifty-two percent (14) of these 
patients were discharged from the hospital. This may indicate 
that earlier initiation of emergency bypass may reduce the inci­
dence of cardiac arrest and its subsequent morbidity and mor­
tality. The primary cause of death in 41% of the patients receiv­
ing CPR was neurological death and an additional14% remained 
unresponsive following bypass. Only one patient not requiring 
CPR had major neurologic impairment. This further supports 
the contention that early introduction of bypass may improve 
outcome. 

Patients receiving no interventional therapy had only a 10% 
survival rate. Six of these patients were placed on ECPB within 
72 hours following open heart surgery with no long term sur­
vivals. Also included in this group were three hypothermic pa­
tients requiring ECPB for rewarming. All three patients were 
victims of trauma, one head injury of unknown cause, and two 
cold water drownings following automobile accidents. Only one 
of these three was successfully weaned and none survived. 

Seventy-four patients placed on ECPB (71%) underwent 
therapeutic intervention. This group had a 39% survival rate. 
Patients treated only in the catheterization lab by PTCA and/or 
thrombolytic therapy or valvuloplasty had a 26% survival rate. 

The 55 patients undergoing surgical intervention had a sur­
vival rate of 44%. Twelve of these patients were converted to 
standard bypass for their surgical procedures. The remainder 
were left on CPS®. Thus, the variety of procedures performed 
using the two bypass systems were similar. While the survival 
rate for those left on CPS at 46% was higher than those con­
verted to standard bypass (33% ), this difference was not statis-
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tically significant due to the relatively small converted popula­
tion. 

Examining the survival by age distribution produced some 
interesting results. The best survival rate occurred in patients 
between 70 and 79 years of age (50%). The poorest survival 
rate occurred in the ten patients under the age of 40 years ( 10% ). 
Examining those patients revealed that most had relative con­
traindications to CPS® insertion. Five patients received CPR for 
greater than 30 minutes, three had unwitnessed arrests, and three 
were placed on ECPB following multiple traumas. Only one 
patient had coronary artery bypass grafts while seven received 
no intervention. In most of these cases, the patients would not 
have been considered candidates were they older. Older patients, 
as those in the 70 to 79 year old group, were not placed on ECPB 
unless they met all other criteria for optimal outcomes. 

Two additional groups of patients merit special mention due 
to their poor outcomes. Three insertions were performed at an 
outlying institution by local staff, then transported for interven­
tion. All three patients expired. None of these patients had any 
demonstrable neurologic function following CPS® insertion. 
Patients placed on ECPB within 72 hours following open heart 
surgery also had poor outcomes. Of the six patients in this cat­
egory, three were unable to be weaned from ECPB and none 
was discharged. Two patients placed on ECPB for cardiopul­
monary arrests following open heart procedures did survive. 
Both were at least 10 days post-surgery. One of these two pa­
tients required a pulmonary embolectomy while the other expe­
rienced a severe bradyarrhythmia requiring pacemaker implan­
tation while on ECPB. 

In conclusion, emergency portable cardiopulmonary bypass 
is a viable method for dealing with acute cardiac or respiratory 
failure. In this study the survival rates improved when CPS® 
was placed prior to arrest. In patients who did arrest, CPR times 
of less than 30 minutes improved survival and no one survived 
an unwitnessed arrest. Intervention improved survival, with the 
best results occurring in patients receiving surgical correction. 
Improved success may depend upon earlier intervention and 
better screening of candidates prior to insertion. This requires 
better education of essential personnel and rapid activation of 
the team as well as reassessment of the bypass system as im­
provements become available. 

ACKNOWLEDGEMENTS 

We would like to express our thanks to Barbara Butcher, 
RN, CCRN and our statistician, Melinda Bennett, BS, MS, Clini­
cal Epidemiologist, QA/UR for their assistance. 

We would also like to acknowledge Bard Cardiopulmo­
nary's research grant which made the data collection possible. 

REFERENCES 

1. Jenkins E, Holt OW. Conversion of percutaneous cardio-

Volume 29, Number 2, June 1997 



THE JOURNAL OF EXTRA-CORPOREAL TECHNOLOGY 

pulmonary bypass to total cardiopulmonary bypass to re­
pair an acute ventricular septal defect. J Extra-Corpor 
Techno!. 1994; 26: 215-20. 

2. Hill JG, Bruhn PS, Cohen SE, eta!. Emergent applications 
of cardiopulmonary support: A multiinstitutional experi­
ence. Ann Thorac Surg. 1992;54: 699-704. 

3.. Hartz R, LoCicero J, Sanders JH, Frederiksen JW, Joob A W, 
Michaelis LL. Clinical experience with portable cardiopul­
monary bypass in cardiac arrest patients. Ann Thorac Surg. 
1990; 50: 437-41. 

4.. Letsou GV, Kopf GS, Elefteriades JA, Carter JE, Baldwin 
JC, Hammond GL. Is cardiopulmonary bypass effective for 
treatment of hypothermic arrest due to drowning or expo­
sure? Arch Surg. 1992;127: 525-28. 

5. Laub GW, Banazak D, Kupferschmid J, Magovern GJ, 
Young JC. Percutaneous cardiopulmonary bypass for the 
treatment of hypothermic circulatory collapse. Ann Thorac 
Surg. 1989;47: 608-11. 

6. Norberg WJ, Agnew RF, Brunsvold R Sivanna P, Browdie 
DA, Fisher D. Successful resuscitation of a cold water sub­
mersion victim with the use of cardiopulmonary bypass. 
Crit Care Med. 1992;20:1355-7. 

7.. Hauty MG, Esrig BC, Hill JG, Long WB. Prognostic fac­
tors in severe accidental hypothermia: Experience from the 
Mt. Hood tragedy. J Trauma. 1987;27: 1107-12. 

8. Reichman RT, Joyo CI, Dembitsky WP, eta!. Improved 
patient survival after cardiac arrest using a cardiopulmonary 
support system. Ann Thorac Surg. 1990;49:101-5. 

9. Overlie PA. Emergency use of portable cardiopulmonary 
bypass. Cathet Cardiovasc Diagn. 1990;20:27-31. 

10. Shawl FA Domanski MJ, Wish MH Davis M, Punja S, 
Hernandez TJ. Emergency cardiopulmonary bypass sup­
port in patients with cardiac arrest in the catheterization 
laboratory. Cathet Cardiovasc Diagn. 1990;19:8-12. 

Volume 29, Number 2, June 1997 77 


