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High-risk coronary angioplasty using percutaneous
cardiopulmonary bypass support
U. KAUL, M. SHARMA, V. K. BAHL, V. DEV, H. S. WASIR, P. VENUGOPAL

ABSTRACT
Background. Balloon angioplasty has a high success rate

but results in abrupt closure of the vessel in 2% to 6% of
patients. This can lead to haemodynamic collapse and death,
particularly if the patient has poor left ventricular function.
In the event of abrupt closure of the coronary vessels, such
patients may not survive long enough to undergo emergency
bypass surgery. The prophylactic use of cardiopulmonary .
bypass to support patients at high-risk for angioplasty has
been reported recently. We describe our initial experience
with this technique.

Methods. Eighteen high-risk patients with severe angina
were subjected to balloon angioplasty after instituting per-
cutaneous cardiopulmonary bypass support to enhance the
safety of high-risk elective coronary angioplasty. All patients
had a low ejection fraction, a large amount of viable
myocardium perfused by the targeted artery or both (left
ventricular ejection fraction <25% in 13 patients). Triple-
vessel disease was present in all of them. Angioplasty of the
only remaining vessel was done in 12 patients, 2 vessels in
5 patients and a sequential graft in 1 patient. Bypass flow
ranged from 2.8 to 4.5 litres and was discontinued after a
mean of 35 minutes. Haemostasis was achieved by external
clamp compression in 16 patients.

Results. The angioplasty was successfully performed in all
the patients and was well tolerated. During the bypass
period, the pulmonary artery diastolic pressure ranged from
o to 8 mmHg. There was no hospital death. Two patients
required surgical exploration of the femoral artery puncture
site-one because of poor distal perfusion and the other for
continued bleeding. During the follow up period of 1 to
10 months, 11 patients were free of angina and 1 had died.

Conclusion. Our experience confirms that percutaneous
bypass support in selected patients undergoing high-risk
coronaryangioplasty is safe and effective.
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INTRODUCTION
Interventional procedures have grown in number and
complexity since the first coronary angioplasty was per-
formed in 1977. Acute occlusionofthe dilated artery can be
catastrophic to patients in whom the target vessel supplies
most of the viable myocardium or who have poor left
ventricular function or both.' Even transient occlusion of the
vessel, during positioning and inflation of the balloon, may
cause haemodynamic imbalances.' Such high-risk patients
require support to their coronary and systemic circulations
when haemodynamic collapse occurs. Prophylactic coronary
support strategies include the use of a perfusion balloon
catheter.s oxygenated fluorocarbons" and coronary sinus
retroperfusion.:' The intra-aortic balloon pumps and per-
cutaneous cardiopulmonary bypass=? have been used to
support the systemic circulation during high-risk interventional
procedures. In this article we report our experience with
coronary angioplasty in high-risk patients using percutaneous
cardiopulmonary bypass support.

PATIENTS AND METHODS
Between 1988 and 1991, 850 coronary angioplasty pro-
cedures were performed in our centre. Eighteen (2%)
of these patients were considered to be high-risk for the
procedure because of the presence of severe or unstable
angina with poor left ventricular function (ejection fraction
<25% ) or because the target vessels supplied more than half
of the remaining viable myocardium or both. There were
17 males and 1 female whose ages ranged from 33 to 65 years
and who had coronary angioplasty using percutaneous
cardiopulmonary support (CPS) prophylactically. All the
patients had Class III or IV (New York Heart Association
classification) angina. Six of these patients were considered
unfit for surgery---4 because of very poor left ventricular
function and 2 because they had a large calcified left ventricular
thrombus. The clinical profile and angiographic findings are
summarized in Table I. The morphology ofthe target lesions
was carefully evaluated before offering supported angio-
plasty. Sixteen patients had discrete subtotal lesions (Type
A) and the remaining 2 had long (1.25 and 1.5 em) lesions
with eccentric stenosis (Type B). Thirteen patients had left
ventricular ejection fractions of less than 25%. Triple-vessel
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TABLEI. Clinical profile and angiographic findings

S. Age Sex PriorMI LVEF(%) Number of Infarct related Target
No. location diseased vessels vessel (% stenosis) vessel

33 M Anterior 16 3 LAD (100) CIRC
Inferior RCA(90)

2 60 M Anterior 25LVA 3 LAD (99) CIRC
3 62 M Inferior 57 3 RCA(I00) GRAFT (sequential)
4 42 M Anterior 22 3 LAD (95) RCA

Lateral CIRC(I00)
5 47 M Anterior 23LVA 3 LAD (95) CIRC
6 48 M Anterior 35 3 LAD (100) OM
7 50 M Anterior 35MR 3 LAD (100) RCA
8 62 M Inferior 25 3 CIRC(99) LAD

Lateral
9 55 F Anterior 20 3 LAD (95) CIRC,DIAG

10 33 M Anterior 25 3 LAD (100) CIRC,OMz
11 57 M Inferior 20 3 RCA(75) LAD

Lateral CIRC(I00)
12 56 M Anterior 16 3 LAD (100) CIRC (95) RCA
13 62 M Anterior 22MR 3 LAD (99) CIRC,OMz
14 48 M Inferior 22 3 RCA(I00) LAD

Lateral CIRC(75)
15 65 M Anterior 15 3 LAD (95) RCA
16 65 M Anterior 12 3 LAD (100) RCA,INT
17 54 M Inferior 30 3 RCA (95) CIRC (100) LAD
18 52 M Anterior 22 3 LAD (99) CIRC (75) RCA

LVA left ventricular aneurysm MR mitral regurgitation LAD left anterior descending RCA right coronary artery
CIRC circumflex OM obtuse marginal INT intermediate LVEF left ventricular ejection fraction
MI myocardial infarction

disease was present in all of them and 10 patients had features
of congestive heart failure despite treatment with vasodilators
and diuretics.

The CPS was initiated in the cardiac catheterization
laboratory using the percutaneous technique described by
Shawl et al.8 After angiographic assessment of the left
iliofemoral arterial system, access to the left femoral artery
was obtained and an 8F dilator passed over a 0.038 inch
diameter flexible guide wire. A stiff guide wire with a flexible
tip was then placed above the diaphragm. Heparin (275 units
per kg body weight) was administered intravenously to keep
the activated clotting time (ACT) at more than 400 seconds.
Successive dilatation of the femoral artery puncture site was
then done with 12F and 14F dilators. Finally, an 18F arterial
cannula along with a dilator (USCI-Bard, Shawl kit) was
advanced into the femoral artery with its tip positioned in the
descending aorta. The dilator and the guide wire were then
removed and the cannula clamped with a Roberts clamp. The
procedure was then repeated for venous cannulation using
the left femoral vein approach. The tip of the 18F venous
cannula was positioned beyond the junction of the inferior
vena cava and right atrium (Fig. 1).

A portable cardiopulmonary bypass machine (Sam's
percart with Delpbin centrifugal pump and Maxima membrane
oxygenator; Fig. 2) was used to support the circulation. An
experienced perfusionist primed the machine using 1.5 litres
of Ringer's lactate, and maintained and adjusted the flow
during the procedure. The centrifugal pump actively aspirates
blood from the venous cannula and pumps oxygenated blood
through the arterial cannula achieving a partial cardio-
pulmonary bypass. Flows ranging from 2.8 to 4.5 litres per
minute were used. The pulmonary arterial pressure was

Aorta
~r••••.•...r--- lnfertor vena cava

tl:.~+--- Venous cannula (18F)

9F long sheath
for PTCA

Venous sheath
for Swan-Ganz
catheter

FIG 1. Diagrammatic representation of the percutaneous
cardiopulmonary bypass support system during supported
coronary angioplasty

monitored using a Swan-Ganz catheter and the urine output
via an indwelling urinary catheter. The pulmonary arterial
diastolic pressure during the procedure was kept below
8 mmHg by adjusting the CPS flow rate (Table II). In
10 patients the venous pressure was low, therefore, large
volume transfusion (500 to 1000 ml) was given from the
reservoir to improve the venous return.

The angioplasty was performed by the standard percutan-
eous technique using over the wire or fixed wire balloons
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of the appropriate size. The details of the technique have
been described elsewhere. 10 After completing the procedure
the patients were weaned off the CPS over 3 to 5 minutes
by gradually decreasing the bypass rate. The cannulae were
disconnected from the machine and clamped. The patient
was then shifted to the coronary care unit for monitoring.
The cannulae were removed 3 to 5 hours later when the ACf
was less than 240 seconds. Manual compression was applied
for 15 to 20 minutes and then an external clamp with a
compressor disc (Instromedix, USA) was applied to exert
sufficient pressure to stop bleeding with the distal pulses
remaining palpable. This clamp was gradually released after
1 to 2 hours. Heparin (1000 units per hour) was then restarted
and administered for 24 hours.

".... b

_ ..•... ·c

RESULTS
Angioplasty was successfully performed in all the patients
and CPS was able to provide necessary support for prolonged
balloon inflations without haemodynamic compromise. The
pulmonary artery diastolic pressure could be kept below
8 mmHg during the procedure in 17 of the 18 cases despite
the presence of marked left Ventricular dysfunction in all
but one case (Table II, Fig. 3). The urine output during the
procedure (average time 35 minutes) ranged from 1.4 to
2.~ litres indicating good tissue perfusion during CPS. Seven
patients developed chest pain and ST segment changes
during prolonged balloon inflations but the 1 to 3-minute
inflations were generally well tolerated. Post-angioplasty
angiograms confirmed good results in all the cases (Figs. 4a
and 4b). No difficulty was experienced in weaning any ofthe
patients off bypass after the procedure.

FIG 2. Portable cardiopulmonary bypass machine.
A Oxygenator B Centrifugal pump
C Heat exchanger

Complications
These were related only to the insertion sites of the cannulae.
No patient required emergency bypass surgery and all
patients left the cardiac catheterization laboratory without

TABLE II. Pressures, flow rates and duration on cardiopulmonary bypass

S.No. Before bypass During bypass Duration of Max-flow After bypass
MBP PAP pew MBP PAP pew bypass (min) rate (Umin) MBP PAP pew

1 85 50/32 26 70 15/2 2 20 3.5 80 36120 15
2 75 35/18 16 75 1212 1 25 3.6 80 32116 12
3 90 25/10 8 70 4/0 0 35 3.0 102 20/12 10
4 70 50/36 28 65 610 0 37 3.5 75 36/20 18
5 75 36/20 18 70 410 0 40 3.0 90 25/18 16
6 90 35/20 18 70 10/4 2 25 3.5 90 20/12 10
7 75 50/25 20 65 410 0 35 4.2 75 30/12 10
8 90 38/22 20 70 612 1 40 4.5 80 26/14 12
9 85 55/40 30 70 16/4 2 45 3.5 80 40/22 18

10 75 40/25 20 65 16/4 4 40 3.5 ,90 30/18 16
11 90 50/25 22 60 5/2 2 45 2.8 85 36/18 15
12 85 55/40 30 70 610 P 90 4.5 75 35/14 12
13 90 50/32 26 75 1612 f- 25 3.0 90 25/18 16 MBP Mean blood pressure
14 75 35/20 16 70 810 :0 20 3.5 100 20/12 10
15 90 55/25 22 75 512 2 25 4.0 95 40/22 18 PAP Pulmonary artery

16 85 50/36 26 70 1214 2 20 3.5 90 36120 16
pressure

17 84 50/20 20 60 2218 7 25 4.0 85 36/16 15 PCW Pulmonary capillary

18 95 55/28 24 70 20/4 3 20 3.8 90 30/12 10
wedge pressure

All pressures are in mmHg
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Simultaneous aortic (Ao) and pulmonary arterial pressure
(PA) in a patient before instituting CPS. Ao pressure
115/62 mmHg, PA pressure 50/30 mmHg (paper speed
25 mmlsec)

Simultaneous Ao and PA pressure during PTCA at a flow
rate of 2 Uminute. Ao pressure 35/25 mmHg, PA pressure
35/22 mmHg (paper speed 25 mmlsec)

Simultaneous Ao and PA pressure with a flow of 2 Uminute
through the cardiopulmonary bypass. Ao pressure 80/50
mmHg, PA pressure 28/8 mmHg (paper speed 25 mmlsec)

Simultaneous Ao and PA pressure showing effect of
increasing the flow rate to 4 Uminute. Ao pressure
75/48 mmHg, PA pressure 25/6 mmHg (paper speed
10 mmlsec)

FIG 3. A typical record of the haemodynainic alterations during coronary angioplasty using percutaneous
cardiopulmonary bypass support

FIG 4a. Selective injection of the sequential graft supplying all
the major coronary arteries in the left anterior oblique view
showing discrete stenosis (arrow)

FIG 4b. Post-angioplasty appearance of the graft in the same
view showing relief of stenosis. The venous cannula is in
the right atrium (arrows)
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mechanical or inotropic support. Four patients required
blood transfusions. Two patients required surgical explora-
tion of the femoral artery puncture site because of poor distal
perfusion in one and continued bleeding in the other.

Follow up
During the follow up period ranging from 1 to 10 months
(mean: 5.2 months), 11 patients were free of angina and 5
had class II angina. One patient died suddenly 2 months after
the angioplasty. One patient who presented with restenosis
of a proximal circumflex artery lesion underwent a success-
ful coronary artery bypass grafting procedure.

DISCUSSION
Various techniques have been developed to provide
haemodynamic support during coronary angioplasty, in
high-risk patients who may not be able to tolerate even
transient coronary occlusion during balloon dilatation. If
such patients develop an acute coronary occlusion the out-
come may be catastrophic. i-io Our initial experience with the
use of percutaneous cardiopulmonary bypass support con-
firms that this technique is effective and safe in patients at
high-risk for coronary angioplasty.

The development of a compact centrifugal pump has led
to the availability of a portable cardiopulmonary bypass
which can be used in a cardiac catheterization laboratory.
Technical developments over the last 5 years have made
the percutaneous introduction of the venous and arterial
cannulae and the safe institution of the cardiopulmonary
bypass in emergency settings possible. The advantage of the
cardiopulmonary bypass as a haemodynamic support device
over the intra-aortic balloon pump is its efficacy in patients
with asystole or ventricular fibrillation and aortic regurgita-
tion, where the balloon pump is ineffective.l-S" Also, unlike
the autoperfusion balloon catheter, cardiopulmonary bypass
is effective at all levels of arterial pressure and may be life-
saving for patients in cardiogenic shock with serious
arrhythmias; situations where the intra-aortic balloon pump
or autoperfusion catheter would be ineffective. 9 This method
can also be used to support the circulation in patients who are
haemodynamically unstable after a failed angioplasty, prior
to their being taken up for emergency surgery. Institution
of percutaneous cardiopulmonary bypass has allowed safe
coronary angioplasty with prolonged balloon inflations even
in those patients where diagnostic coronary angiography may
have precipitated marked ischaemia and haemodynamic
collapse. A systematic step-wise approach as described by
Shawl et al. avoids minor mishaps which go a long way to
ensure a smooth and safe procedure. 8

The long term results of patients undergoing supported
angioplasty have revealed a cumulative survival of 80% at
2 years, with 90% having only NYHA Class I or II angina.'!
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The follow up data of our patients, over a considerably
shorter time, has also been gratifying.

However, supported angioplasty with percutaneous cardio-
pulmonary bypass has its limitations. There is incomplete left
ventricular unloading, particularly after prolonged cardiac
arrest and it does not effectively eliminate ischaemia distal to
the occlusion. In addition, it cannot be used in the presence
of severe iliofemoral disease. Post-intervention closure of
the dilated vessel resulting in collapse has been a major
problem in a few studies. Another limitation is the unproven
need for systemic circulatory support in all patients with poor
left ventricular function. In such cases standby instead of
supported angioplasty has been tried with good results. 12
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