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Conferência

Percutaneous transluminal dilatation of
atherosclerotic obstructions in peripheral arteries was
first described by Dotter and Judkins in 1964 1 . In
the late 1970s, Gruentzig et al2 introduced the use of
percutaneous transluminal coronary balloon
angioplasty (PTCA) for the treatment of chronic
stable angina pectoris associated with severe single
vessel coronary artery disease3.

Since that time, the use of PTCA rapidly
expanded to other coronary anatomical as well as
clinical situations, such as in patients with stable an-
gina and multivessel coronary artery disease4,5, and
patients with unstable angina6,7 and acute ischemic
syndromes, including acute myocardial infarction8-10.
PTCA has also been successfully used for
recanalization of totally occluded vessels11-13.
Impaired or even severely depressed left ventricular
(LV) function no longer seems to be an impediment
to coronary angioplasty14-15. More recently, a variety
of alternative techniques to PTCA, such as laser
angioplasty16-17 and atherectomy18, have been
developed and successfully used in preliminary
clinical trials. Other techniques such as ultrasound
ablation of atherosclerotic lesions19 are still in the
developmental phase.

It has been well documented in experimental20

as well as in clinical studies21 22 that severe regional
LV dysfunction develops very rapidly following com-
plete interruption of coronary artery blood flow,
usually within the first 10 to 20 cardiac beats after
coronary artery occlusion in the absence of
significant collateral flow (fig. 1). Regardless of the
method used for coronary artery recanalization,
occlusion of a major coronary artery during
angioplasty may not be tolerated in a significant
proportion of cases, depending upon the extent and

severity of obstructive lesions in other coronary
arteries, collateral blood flow, the amount of
contracting myocardium supplied by the target vessel,
as well as the extent of baseline LV dysfunction.

Because coronary angioplasty has been
increasingly used in high-risk conditions14,15, and in
many cases is the only suitable revascularization
procedure to be offered, there has been great
interest in he use of circulatory supportive techniques
during angioplasty in such patients. Furthermore,
many of these techniques can be life saving in cases
of failed angioplasty, particularly after abrupt
coronary artery closure, which has been associated
with high morbidity and increased mortality rates23,24.

The dimension of the problem. In 1987,
approximately 200,000 PTCA procedures were
performed in this country and abrupt coronary artery
closure occurred in approximately 5% of these
patients, resulting in more than 1,000 deaths24-26.
Periprocedural occlusion occurs more frequently

Fig. 1—Beat-to-beat changes in myocardial contraction in the center of the
ischemic zone immediately prior to, during the first 60 beats, and 1 hour following
acute coronary artery occlusion (CAO) in 5 dogs with limited collateral blood
How (means ± standard error). Regional contraction was assessed by systolic
cavity area change (FAC, fractional area change) and transmural systolic wall
thickening (WTh) using two-dimensional echocardiography. Note absence of
WTh 10 beats after coronary occlusion while some endocardial inward motion
(FAC) was still present (from Haendchen et a/20, with permission).
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while the patient is still in the cardiac catheterization
laboratory, but 20 to 30% of occlusions take place
outside the catheterization laboratory after an initially
“successful” PTCA. It is estimated that in 1990
more than 350,000 intracoronary interventional
therapeutic procedures will be performed in the
United States alone. Because the indications and the
demand for balloon angioplasty and other
intracoronary interventions have consistently
increased over the last few years, it is likely that the
demand for supported angioplasty will also increase.
In fact, angioplasty has been performed not only in
a large percentage of patients with severe coronary
artery disease who would otherwise be candidates
for surgical revascularization, but many of these
techniques have been used in patients in whom
coronary artery surgery is either considered too risky
or is actually contraindicated15,27,

Although the vast majority of patients
undergoing angioplasty are considered low risk
candidates and most will do well without any support,
acute complications and catastrophic events are not
uncommon, and to some extent are unpredictable.
Therefore, it seems well justified to develop a
rational therapeutic approach to this problem, which
includes the use of circulatory assist devices either
prophylactically or as a standby procedure.

Whos is a high-risk candidate for
angioplasty? Although the criteria for high-risk
coronary angioplasty have not been clearly defined,
several groups of patients can be readily identified as
high-risk candidates for hemodynamic collapse,
pulmonary edema or ventricular fibrillation during
angioplasty one the basis of threatening coronary
anatomy and/or extensive LV dysfunction. Table I
summarizes such conditions.

Left main coronary artery dilatation has been
clearly associated with high morbidity and mortality
rates25, particularly in the absence of a patent bypass
to the left coronary system. Left main equivalent,
deemed as stenosis > 70% in both the left anterior
descending (LAD) artery before the first septal
branch an in the circumflex artery before any
branches in the absence of an intermediate branch,
is also a high-risk anatomy for angioplasty15 In many
occasions, particularly during angioplasty of the
proximal LAD or left circumflex artery, concomitant
occlusion of a major side branch can significantly
increase the procedural risk. These are anatomic
situations requiring transient interruption of blood
flow to large areas of myocardium and therefore
prone to induce rapid hemodynamic deterioration

and/or severe ventricular arrhytmias. Patients with
more than 40 to 50% of viable contracting
myocardium at risk for severe ischemia during the
procedure have also been identified as high-risk
candidates for angloplasty27. Other high-risk
situations include angioplasty of the only remaining
patent vessel, or a flow-limiting lesion in a major
non-target vessel, whose perfusion territory might
become severely ischemic if coronary perfusion
pressure is transiently reduced during angioplasty.

Severe baseline LV dysfunction is clearly a
situation that may require the use of supported or
assisted angioplasty. Hartzler and coworkers have
previously reported higher mortality rates in patients
with LV ejection fraction < 40% undergoing
PTCA15. Several investigators and angioplasters
have advocated the use of prophylactic supportive
techniques during angioplasty in patients with LV
ejection fraction below 30% 27, 29, Severe transient
reduction in ejection fraction in patients with normal
or near-normal baseline LV function may also
require temporary circulatory support. This most
often occurs in patients with one or more of the
conditions listed in Table I (A). Patients with acute
ischemic syndromes or other cardiac abnormalities
associated with elevated baseline LV end-diastolic
pressure which cannot be successfully reduced with
pharmacologic therapy should also be considered
high-risk candidates for angioplasty.

Other conditions associated with high
complications rates during angioplasty, particularly
abrupt coronary artery closure, are mostly related to
unfavorable location and/or adverse morphologic
features of the lesions to be angioplasted (Table II).
These include PTCA of ostial lesions, angled lesions
>90º, bifurcation lesions, lesion lenght > 20 mm,
exceedingly eccentric lesion morphology and
presence of thrombi30. Some clinical variables have
also been previously identified as high risk conditions
such as acute ischemic syndromes, “high” surgical
risk, combined diagnostic catheterization and
angioplasty for unstable angina, age > 70 years,
female gender and single session dilatation of 3 or
more vessels15 31.

Even though the conditions listed in Tables I and
II have been helpful in identifying high-risk
candidates for angioplasty, their predictive value have
not been stablished.

Techniques for supported angioplasty. The
concept of percutaneous or catheter-based circu
latory assist for temporary support of the failing heart
is not new31 32 These techniques can be subdivided
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TABLE I  Anatomic and physiologic conditions associated with
righ risk for hemodynamic collapse, pulmonary edema or ventricular

fibrillation during angioplasty.

   A.Coronary Anatomy:
   * left main as the target vessel
   * ≥ 50% viable contracting myocardium at risk
   * single remaining patent vessel
   * occlusion of major side branch during angioplasty
   * flow-limiting lesion in ≥ 1 major non-target vessel(s)

   B.Left ventricular function:
   * baseline EF < 40%
   * baseline LVEDP ≥ 20 mmHg
   * severe EF reduction during angioplasty

   EF = left ventricular ejection fraction; LVEDP = left venticular
   diastolic pressure.

TABLE II — Location and morphologic features of coronary arte-
ry lesions predictive of abrupt closure during angioplasty.

    * ostial lesions
    * angled (<90°) lesions
    * bifurcation lesions
    * thrombus
    * extreme lesion eccentricity
    * lesion lenght ≥ 20 mm

TABLE III — Myocardial circulatory support techniques for high-risk
coronary angioplasty.

    * Autoperfusion balloon catheter (Stack)
    * Non-phased antegrade active perfusion
    * Antegrade phased diastolic perfusion
    * Synchronized diastolic retroperfusion
    * Perfluorochemical perfusion (Fluosol DA 20%)

into two general categories: 1) techniques which
primarily provide myocardial blood flow, or “
myocardial circulatory assist”, and 2) techniques
which provide hemodynamic support and peripheral
organ perfusion, or “systemic circulatory assist”.

Myocardial circulatory assist (Table III).
Several techniques have been recently proposed to
temporarily provide adequate blood flow or blood
substitute to myocardial regions deprived of oxygen
during angioplasty.

The autoperfusion balloon catheter provides
distal coronary perfusion during angioplasty by
passive blood flow through proximal perfusion side
holes and holes distal to the dilating balloon33 34.
Radiopaque markers proximal and distal to the
perfusion holes as well as balloon markers facilitate
adequate catheter positioning35. This technique has
been tested in experimental models36 as well as in
variety of clinical situations33-35. Studies in the canine
have demonstrated adequate distal perfusion and
small infarcts during prolonged balloon occlusion of
the coronary artery with concurrent maintenance of

regional and global LV function36. More studies are
needed, however, to clarify pressure-flow
relationships with this catheter under variable
hemodynamic conditions.

There has been no systematic study or
controlled clinical trials on the efficacy of the
autoperfusion catheter in preventing abrupt closure or
as a stabilizing technique during high-risk angioplasty.
This catheter, however, has been used in the
catheterization laboratory not only to provide distal
myocardial perfusion during high-risk angioplasty, but
also to rescue patients with failed angioplasty and
abrupt coronary artery closure36. More recently, the
autoperfusion catheter has also been used to “seal”
coronary artery dissections following angioplasty
with prolonged balloon inflations38.

The major advantage of the autoperfusion
catheter is ease of implementation without the need
for extracorporeal circuits. The disadvantages in
some cases are inability to cross the lesion and
appropriately place the catheter especially following
abrupt coronary closure, lack of perfusion to
territories supplied by occluded side branches, as
well as inability to fully protect left main angioplasty.
Other potencial limitations include the need for an
adequate systolic blood pressure (> 80 mmHg) and
reduced flow due to intraluminar catheter fibrin
deposition and/or clotting of the side-holes distal to
the balloon, particularly under low driving pressure or
reduced cardiac output.

Perflurochemical perfusion with Fluosol
20% has been recently approved by the Food
and Drug Administration to be used as an
oxygen-transporting blood substitute during transient
ischemia induced by angioplasty39, including unstable
and high-risk patients40. Fluorochemicals and
particularly fluosol 20%, an emulsion mixture of
perfluorodecalin and perfluorotripropylamine, were
previously found to be safe in animal studies41,42

Although fluosol has been considered safe in limited
studies in the human43, a major concern has been the
hyperoxia required to enhance oxygen delivery to
tissues44, which can cause lung tissue damage45,46

Administration of fluosol has also caused
anaphylactoid reactions47,48 in humans, as well as
severe transient hemodynamic alterations in both
dogs49 and humans5 Transient elevations of
transaminases and persistently elevated SGOT
suggesting liver injury have also been reported in man
51.

The efficacy of oxygenated fluosol during
angioplasty in human subjects has been controversial.
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Reduction of ST segment elevations and
time-to-peak ST segment changes with fluosol
infusion during PTCA have been modest52, and other
studies have shown no significant improvements in
diastolic or systolic LV function53. In a recent study,
fluosol did not prevent an increase in pulmonary
capillary wedge pressure or reduction in cardiac
output usually seen in patients undergoing transient
coronary artery occlusions during angioplasty without
support, although there was some improvement in
global LV function40. Additional limitations for the
use of fluosol infusion during angioplasty include the
need to warm up the solution to 37°C, time to
oxygenate the solution to a PO

2
 greather than 600

mmHg, and ST segment elevation during the
infusion54, which can preclude adequate assessment
of ischemia during the procedure. Intravascular vo-
lume expansion may also be a limiting factor with the
recommended infusion rates of 60-0- ml/minute,
particularly in patients with high LV filling pressures.
Furthermore, it is known that fluosol has a long blood
and tissue half-life (13 hr and 8.9 days in rats,
respectively)55, and its long-term effects in humans
have not been carefully studied, particularly liver
toxicity. Perfluorochemicals are retained for long
periods in the liver, spleen and bone marrow, and tra-
ce amounts may be found in these organs for up to
7 months after a single dose of 10 ml/kg. Therefore,
repeated dosages should not be given at least during
the first 7 months following the initial dose.

Coronary venous retroperfusion has been
extensively investigated in animal models of acute
coronary artery ocolusion56-64. It has been repeatedly
demonstrated that synchronized diastolic
retroperfusion (SRP) improves regional LV function
and reduces infarct size in the canine59-62 and in
baboons65 66, The technique consists of an ECG-gated
pump connected to a triple-lumen balloon-tipped
coronary venous catheter. Besides the infusion
lumen, a second lumen is used for balloon inflation in
diastole with a fixed CO

2
 volume, and the third lumen

is for monitoring of coronary venous pressure. The
pump operates by piston displacement activated by
a stepper motor. In this manner, autologous arterial
blood (usually from the femoral artery) is pumped
retrogradely in diastole and balloon deflation in
systole allows normal coronary venous drainage.

Recent clinical studies in relatively low-risk
patients undergoing elective PTCA have
demonstrated that SRP is feasible and safe in human
subjects67. Although the protocol used in these studies

was not specifically designed to adequately test SRP
efficacy, in the majority of patients there was
moderate reduction in ST segment displacements and
improved regional and global LV function during
PTCA67. Berland and coworkers have also reported
on the use of SRP-supported angioplasty in a simi-
lar patient population68. In their study the coronary
sinus was successfully catheterized in 16 out of 17
patients within a mean of 140 seconds, and salutary
effects of SRP on indexes of ischemia during 90 to
120 second LAD coronary occlusion were observed
in the majority of patients. Constantini et al have
recently demonstrated significant improvements in
cardiac output, LV stroke work and ejection fraction
during SRP-supported angioplasty in patients with
acute ischemic syndromes69. Gore et al have
previously shown beneficial effects of SRP in
patients with rest angina refractory to maximal
pharmacologic therapy70.

SRP has been tested in only a few patients in
the presence of ischemia in the left circumflex or
right coronary artery perfusion territories69 72. It has
been suggested that selective placement of the
catheter in the regional coronary vein may enhance
the efficacy of SRP68, in which case improved
catheter technology and stability would be critical for
optimization of SRP, particularly for support of
ischemic regions other than those supplied by the
LAD coronary artery. If SRP efficacy can be
confirmed in well designed clinical studies, a major
advantage of this technique for temporary support of
ischemic myocardium is that it does not interfere
with the intracoronary artery interventional
procedure. Another potential advantage is the
possible concomitant use of coronary sinus pacing
and retrograde drug infusion72. Recente studies have
demonstrated pronounced accumulation of drugs in
the ischemic myocardium following coronary
occlusion and much higher tissue drug concentrations
compared to simultaneous systemic intravenous
infusions73. The disadvantages of SRP include
inability to catheterize the coronary sinus or to
appropriately position the catheter in the optimal
location for SRP, which may occur in 5 to 10% of
patients undergoing angioplasty, and unfavorable
coronary venous anatomy, which may be present in
as many as 5% of these patients. Therefore,
emergency use of this technique during routine
angioplasty may be difficult in some patients, unless
prophylactic placement of the coronary sinus
catheter is performed in anticipation of abrupt
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TABLE IV — Systemic circulatory assist techniques for suppor ted
coronary angioplasty.

    * Intra aortic balloon pumping
    * Femoro-femoral cardiopulmonary bypass (pump-oxygenator)
    * Transaortic turbine pumping (Hemopump)
    * Percutaneous left atrial-aortic bypass (roller pump)

coronary artery closure.

Antegradephased diastolic perfusion has
also been proposed to protect the myocardium during
angioplasty. This technique uses a principle similar
to synchronized retroperfusion but arterial blood is
pumped antegradely during diastole through the
lumen of low profile PTCA catheters. Preliminary
results in animal models and in humans74 suggest that
this technique might be an alternative to passive
antegrade perfusion. Potential limitations of this
approach are inability to cross the occlusion site,
absence of perfusion to occluded side branches and
possible damage to red cells or platelets due to high
driving pressures and high blood velocities through
the relatively small lumen of the angioplasty catheter.

Non-phasic antegrade perfusion  of
autologous arterial blood by infusion through the cen-
tral lumen of PTCA catheter has been also proposed
to mitigate ischemia during transient coronary artery
occlusion75. Blood infusion at a rate of 60 ml/minute
has been reported to be safe and effective in
reducing ischemia during coronary angioplasty.
Potential limitations of this technique are similar to the
ones mentioned above for antegrade phased active
perfusion.

Systemic circulatory assist (Table IV). Intra
aortic balloon pumping (IABP) has been
extensively investigated as an assist device for the
failing heart and was one of the first techniques used
for support of high-risk angioplasty76. Among is
advantages in the fact that IABP has been currently
used as a circulatory assist technique in a variety of
clinical situations and is an effective left ventricular
unloading device. A recent report indicates that it can
ben safely used in high-risk patients undergoing
coronary angioplasty with good maintenance of
hemodynamic status29. The major limitations of IABP
are the rate of vascular complications, reported to
range from 12 to 25% of patients77, modest
improvement in cardiac output, reduced efficacy
during certain types of cardiac arrhythmias and lack
of myocardial blood supply to the ischemic regions78.

Percutaneous femoro-femoral cardio-
pulmonary bypass (PCS) employing a system with
active blood aspiration and a pump oxygenator has
been recently investigated in high-risk patients
undergoing angioplasty79. The current system uses
size 18 to 20F arterial and venous cannulas and blood
flows through a centrifugal pump by active
aspiration. Output is independent of cardiac function
and ranges from 4 to 6 liters/minute. Peripheral
perfusion and mentation can be well maintained with
PCS even during ventricular fibrillation or asystole 80.

A recently published study from the national
registry on elective PCS-supported angioplasty
reported a 7.ó% average hospital mortality rate in a
very high-risk patient population. Mortality was 0%
in patients with LV ejection fraction of less than
20%, whereas inoperable patients or those with their
only remaining patent vessel had a hospital mortality
of 4 and 7%, respectively81. Although this technique
seemed to reliably provide systemic circulatory
support, the use of exceedingly large cannulas (18 to
20 French) in the femoral artery (and vein) was
associated with a prohibitive number of vascular
complications. Out of the 105 patients who entered
this multicenter study, 41 patients had significant
complications mostly associated with cannula
insertion or removal. In addition, 43% of the patients
required transfusion of a mean of nearly 4 units of
blood. In this series, 45% of the patients had PCS
established by percutaneous cannula insertion and
55% by cutdown. In another series, Shawl et a/27
reported somewhat lower complication rates in a
similarly high-risk group of 51 patients undergoing
PCS-supported angioplasty with percutaneously
inserted cannula.

In spite of effective peripheral organ perfusion
and ventricular unloading, there seems to be no
improvement in myocardial perfusion or function with
PCS82,83. One of the major advantages of this
technique is that it can maintain peripheral perfusion
and mentation for up to 2 hours in patients with
cardiac arrest72, 80. This, however, also raises some
ethical questions such as the decision to discontinue
perfusion in hopeless but conscious patients. It is
known that after prolonged arrest it is difficult to re-
sume spontaneous cardiac contractions even after
surgical revascularization, unless the ventricles are
vented early after arrest84.

Percutaneous left atrial-aortic bypass has
been proposed as s simpler alternative to the
femoro-femoral bypass and pump oxygenator. This
technique uses smaller (size 14 to 16.5 French)
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venous and arterial cannula and a roller pump85. The
system is capable of generating flow rates of 1.5 of
4.5 liters/minute, and significant reduction in preload
and increase in cardiac output have been reported in
a limited number of patients during angioplasty,
without significant complications85,86, Potential
shortcomings of this technique for support of
high-risk angioplasty include low flow rates, the need
for transseptal catheterization with large cannula as
well as prolonged time to implementation for rescue
of patients with failed angioplasty and hemodynamic
collapse. Also, there is no expected improvement in
myocardial perfusion distal to an occluded coronary
artery with this technique.

The hemopump, or trans-aortic turbine
pumping, is a 7 mm diameter ventricular assist
device which is introduced through a femoral artery
cutdown87. During pumping, blood is withdrawn from
the left ventricle and pumped into the aortic root using
an external motor connected to a drive shaft outside
the patient. This system is capable of generating up
to 3.5 liters/ minute of monpulsatile flow. Studies in
animals have shown that the system can increase
cardiac output and blood pressure as well as enhance
myocardial perfusion during acute coronary artery
occlusion87. Preliminary studies in humans have
demonstrated feasibility and some efficacy of the
hemopump during high-risk angioplasty 88.

Selection of technique for high-risk
angioplasty A previosly stated, the vast majority of
patients undergoing coronary angioplasty do not
require circulatory assist devices. However, if the
patient is indeed a high-risk candidate for angioplasty,
and circulatory assist is indicated, the most adequate
available technique should be selected and a decision
made as to whether the system should be used
prophylactically or as a standby procedure in case
severe complications do occur. At the present time
there are no specific guidelines as to which technique
is most appropriate for each particular circumstance.
What is clear is that high-risk candidates for
angioplasty should be thorougly discussed between
the cardiologist and the angioplaster prior to the
procedure. Prior cardiovascular surgical consultation
is also important, not only to aid in the selection of
the most appropriate supportive technique, but also to
develop an adequate strategy for a possible
emergency surgical intervention. Such strategy is
also critical when abrupt vessel closure occurs after
support has been terminated. Surgical standby is
certainly required for all these cases.

It is also important to recognize that myocardial

and systemic circulatory assist devices are not
necessarily mutually exclusive. For example,
systemic circulatory assist with intraaortic balloon
pumping or percutaneous cardiopulmonary bypass
can be complemented by a myocardial circulatory
assist such as anterograde active or passive perfusion
or retroperfusion, and vice-versa. Obviously potential
benefits of supported angioplasty must be weighted
against the possible complications associated with
such support measures.

On the other hand, realiance on support
techniques should not disencourage careful case
selection and appropriate referral to bypass surgery.
Furthermore, complex high-risk procedures should be
handled by the most experienced operator in indivi-
dual centers, all of which can minimize catastrophic
complications in these patients.
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