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Intra-aortic balloon pumping: seven years' experience
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ABSTRACT The indications for intra-aortic balloon pumping vary widely from country to country
and from one cardiac surgical unit to another. Its use in Glasgow from 1976 to 1983 in 63
patients has been reviewed. Six of the patients (9.5%) had the intra-aortic balloon inserted
before cardiac surgery, 43 (68.2%) at the time of surgery, and 14 (22.2%) in the postoperative
period. Of the 63 patients, 11 could not be weaned from cardiopulmonary bypass despite intra-
aortic balloon pumping, and died in the operating room. A further 35 patients had intra-aortic
balloon pumping but died in the immediate postoperative period. Seventeen patients (27%)
survived from six weeks to 3.3 years after receiving the support of intra-aortic balloon pumping.
There was major morbidity in 11 patients (17%), all of whom developed degrees of ischaemia
due to ileofemoral arterial obstruction in the leg in which the balloon was inserted. The conserva-
tive use of the method in this centre is reflected in the high mortality of these patients.

Intra-aortic balloon counterpulsation is a temporary
method of assisting cardiac output by producing
inflation and deflation of an elongated balloon in the
thoracic aorta. Precise timing produces sequential
inflation of the balloon with gas (30-40 ml of helium
or carbon dioxide) during diastole and active
deflation of the balloon during systole. This raises
mean aortic diastolic pressure and lowers the peak
aortic systolic pressure. Reduction of systolic pres-
sure lowers the resistance to left ventricular ejec-
tion, reducing left ventricular afterload and myocar-
dial consumption. In addition, raising the mean dias-
tolic pressure increases blood flow to the coronary
arteries.' This affects the diastolic pressure time
index/tension time index or endocardial viability
ratio' in a beneficial way and forms the physiological
basis for the clinical application of balloon pumping.

Intra-aortic balloon pumping is used most effec-
tively as an adjunct for weaning patients with left
ventricular dysfunction from cardiopulmonary
bypass and in the treatment of a low cardiac output
state and refractory hypotension after cardiac
surgery.' -5
There has been widespread use of intra-aortic bal-

loon pumping as a method of temporarily improving
the cardiac condition before surgery. The two main
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groups are: (1) Patients who have sustained an acute
myocardial infarction producing a mechanical
complication resulting in low cardiac output. The
two conditions commonly seen are (a) papillary
muscle rupture resulting in acute mitral regurgita-
tion and (b) ventricular septal defect with a large left
to right shunt.' 3-6 (2) Patients with unstable angina,
in whom increased coronary blood flow may be
sufficient to stabilise a patient with ischaemic
myocardium.' 5-8 In recent years, particularly in the
United States, intra-aortic balloon pumping has
been used electively in high risk patients undergoing
cardiac surgery. Balloon pumping is commenced
before induction of anaesthesia and continued into
the immediate postoperative period.59 10 Although
the early use of balloon pumping has been advo-
cated, the trend in Glasgow cardiac units has
remained conservative, early operation being pre-
ferred.

This paper reviews our experiences and assesses
the influence of balloon pumping on mortality and
morbidity when applied in a conservative way.

Patients and method

From January 1976 to April 1983 4098 adults
underwent cardiac surgery in Glasgow. During this
period 63 patients (42 of them men) required
intra-aortic balloon pumping. Ages ranged from 25
to 72 with a mean of 53 years (men 49 and women
55). Fifteen patients underwent emergency opera-
tion within a few hours of admission and 17 had
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urgent operations within a few days of admission.
Thirty one patients undergoing elective cardiac
operation required intra-aortic balloon pumping.
The Datascope System 80 or 82 was used in all
patients, usually with a double balloon catheter.

Results

Table 1 shows the clinical diagnoses for patients hav-
ing intra-aortic balloon pumping and table 2 the pat-
tern of usage of this technique in Glasgow.

PREOPERATIVE INTRA-AORTIC BALLOON
PUMPING
Six patients underwent preoperative intra-aortic bal-
loon pumping; five had cardiogenic shock due to
acute myocardial infarction with mechanical compli-
cations, four septal rupture, and one mitral regurgi-
tation. The sixth patient, who had left main stem
coronary disease, underwent intra-aortic balloon
pumping when he developed intractable angina sev-

eral hours before operation could be undertaken.
One patient had balloon pumping for 120 hours
before operation but died in the operating room.

The remaining patients had intra-aortic balloon
pumping before operation for an average of 6.6
hours and after operation for 44.6 hours. Only two
of the six were weaned successfully from balloon
support and one survived to be discharged from
hospital.

INTRAOPERATIVE INTRA-AORTIC BALLOON
PUMPING
Forty three patients had intra-aortic balloon pump-
ing instituted in the operating room-39 for
difficulty in weaning them off cardiopulmonary
bypass and four for uncontrollable arrhythmia. It
was used for an average of 19.3 hours. Eleven of the

Table 1 Surgical procedures carried out in the different
disease groups

Total Survival: No (%to)

Coronag artery disease (n = 42)
CAB 17 7 (41.2)
ANEU* 13 4 (30.7)
MR* 8 2 (28.5)
VSD* 4 0

Valve disease (n = 20)
MVR* 6 1(16.6)
AVR* 6 2 (33.3)
Double or triple valve* 8 1(12.5)

Congenital (n = 1)
Repeat repair of Fallot's
tetralogy 1 0

CABG-Coronary artery bypass grafts; VSD-Ventricular septal
defect; ANEU-Ventricular aneurysm; MVR-Mitral valve
replacement; MR-Acute mitral regurgitation; AVR-Aortic
valve replacement.
*With or without additional cardiac surgical procedures.
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43 patients (25%) could not be weaned from bypass
despite the use of all available measures, including
balloon pumping. Of the 32 patients who were
weaned from bypass, 24 (56% of the group of the 43
having intraoperative intra-aortic balloon pumping)
were weaned from balloon support and 14 (32.5%)
were long term survivors.

POSTOPERATIVE INTRA-AORTIC BALLOON
PUMPING
Fourteen patients underwent intra-aortic balloon
pumping in the early period after cardiac surgery-
11 for low cardiac output and three for uncontroll-
able ventricular arrhythmia. Balloon pumping was
used for an average of 45 hours. Ten patients (71 %)
were weaned from balloon support but there were
only two (14%) long term survivors.
There were 13 survivors (31%) among those with

coronary artery disease and four (20%) among
those with valve disease. This difference is not statis-
tically significant.
None of the four patients with postinfarction ven-

tricular septal rupture showed any appreciable
haemodynamic improvement with balloon counter-
pulsation and none survived despite surgical repair.

COMPLICATIONS
The Complications that occurred in this series are
summarised in table 3. The major problem was

Table 2 Trend in the use ofintra-aortic balloon pumping
(IABP)

Year CPB IABP No not Survival
No (%o) weaned (%o)

No Annual off
mortality
(0/0)

1976 296 (8.4) 6 (2.02) 2 16.6
1977 407 (9.8) 7 (1.71) 2 14.2
1978 451 (6.6) 7 (1.55) 0 42.8
1979 442 (4.9) 2 (0.45) 0 50.0
1980 638 (6.1) 7 (1.09) 1 57.1
1981 707 (6.6) 10 (1.41) 4 10.0
1982 827 (6.0) 19 (2.29) 2 26.3
1983

(to 31 Apr) 330 (4.7) 5 (1.51) 0 20.0

CPB-Cardiopulmonary bypass operations.

Table 3 Complications associated with intra-aortic
balloon pumping

No %

Ischaemia of the leg 11 17
Died 8
Observed 2
Fasciotomy 1
Embolectomy 3
Amputation 1

Wound infection 1 1.6
Chronic serous discharge 4 6.3
Failure to insert 2 3.2
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ischaemia of the leg due to the combination of rela-
tive obstruction of diseased ileofemoral arterial
segments by the balloon catheter and low cardiac
output. This occurred in 11 patients (17.5%), three
of whom survived. There was no direct relationship
between the duration of intra-aortic balloon pump-
ing and leg ischaemia. In the three survivors the
balloon was removed as soon as possible and clot
evacuated from the affected artery with embolec-
tomy catheters. In one patient restoration of an ade-
quate circulation to the foot could not be achieved
and amputation was eventually required. There was
one serious infection in the groin wound and four
cases of chronic serous discharge. There was no evi-
dence of embolisation to other organs, aortic dissec-
tion, or spinal cord ischaemia.

FOLLOW UP
The hospital survivors were followed up for six
weeks to three years and three months. There were
two known deaths, one at 10 weeks (unknown
cause) and the other at 11 months (due to cardiac
failure). Eleven patients were alive at six months,
and six for more than two years.

Discussion

There has been widespread interest in left ventricu-
lar assistance devices over the past decade. These
have included the implantable artificial heart, long
term support with membrane oxygenators ard par-
tial bypass, intra-aortic balloon counterpu.sation,
and "piggyback" transplantation.' Of these methods
intra-aortic balloon pumping is the most widely
available and easiest to apply and its value as a left
ventricular assist device has been well estab-
lished.' ' 1" The proportion of patients surviving
intra-aortic balloon pumping depends essentially on
the selection criteria applied, and these vary from
centre to centre. It has been our policy to offer early
or immediate surgery for patients with unstable
angina who cannot be controlled with maximal med-
ical treatment, and intra-aortic balloon pumping is
reserved for patients with acute left ventricular dys-
function during or after cardiac operation.
Nevertheless, 17 of the 63 patients who underwent
balloon pumping (27%) were long term survivors.

Besides variation in indications for the use of bal-
loon counterpulsation, there are other factors that
influence survival. Before 1978 myocaridal preser-
vation during cardiac surgery in most of our patients
was by coronary perfusion or hyperthermic arrest
with topical cooling. Since 1979, however, all
surgeons in Glasgow have been using moderate
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hypothermia and hypothermic cardioplegic
arrest.'2 3 A pulsatile system of cardiopulmonary
bypass perfusion has been used in our units for the
past three years and this has also influenced results,
probably by increasing myocardial blood flow during
the free perfusion stage.'4
Our policy has been to introduce the intra-aortic

balloon almost entirely as a means of assisting left
ventricular function while preparations are made for
surgery or to support patients with reversible left
ventricular dysfunction or arrhythmia after surgery.
Even patients with major mechanical complications
of myocardial infarction will usually have balloon
counterpulsation only if they develop cardiogenic
shock and do not respond to medical measures.
There are, of course, drawbacks to the more wide-

spread use of intra-aortic balloon pumping. Arterial
access may be a considerable problem in elderly
patients with tortuous atheromatous arteries and
this may completely preclude retrograde access
through the femoral artery. A transthoracic route
has been advocated to overcome this problem and
minimise limb ischaemia.3 '5 This technique requires
thoracotomies for insertion and removal of the bal-
loon and carries a potential risk of cerebral embol-
isation and infection of the mediastinum. Per-
cutaneous insertion of intra-aortic balloons has
become much more widely accepted over the last
few years; this greatly facilitates the speed and ease
of insertion of the balloon catheter but is not free of
complications.'6-'8 The economic aspect of balloon
pumping will be an important factor if widespread
elective use is contemplated in Britain. If the avail-
able resources are to be used effectively a conserva-
tive policy would be required. These factors are
reflected in the small proportion of patients having
balloon pumping in our unit.

During the period of study only some patients
with postinfarction ventricular septal defect
required balloon support. The fact that those who
required balloon support all died at operation
reflects the severity of myocardial damage in these
patients, the overall mortality for this condition in
the period of study being 56%. The annual mortality
rate for adult open heart surgery in our unit during
this period was 6.3%, and the incidence of major
complications of intra-aortic balloon pumping was
less than the incidence often reported elsewhere; we
therefore do not see any necessity to broaden the
indication for intra-aortic balloon pumping in our
unit.' 6 16- 1 Nonetheless, although only 1.5% of
4 090 patients in our series underwent balloon
pumping, 27% of these were long term survivors.
This salvage of life was obtained despite our con-
servative policy for using balloon pumping and
without increased operative or hospital mortality.
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