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This study is a retrospective analysis of the efficacy of percutaneous transluminal coronary angioplasty of the
ischaemia-related vessel in patients with unstable angina. Forty-three patients had multivessel disease with
dilatation of the ischaemia-related vessel only (group I, partial revascularization) while 111 patients had
single vessel disease only (group II; total revascularization). The initial success rate in both groups was
identical (88 versus 88% ). The need for emergency coronary artery bypass surgery was similar in the two
groups (group I 12% versus group 11 9%, NS). The total post PTCA myocardial infarction rate (despite
urgent CABG ) was also similar in the two groups (group I 9% versus group II 1070, NS).

The results of electrocardiographic exercise testing and Thallium-201 scintigraphy provide objective
evidence for incomplete revascularization in group I. The maximum workload achieved was lower, and the
frequency of exercise induced angina, ST-segment depression and reversible perfusion defect was higher than
in group I1. Moreover, at 6 months follow-up the recurrence rate of angina pectoris rate was higher in group I
than in group 11 (29% versus 16% P <0-05 ).

It is concluded that dilatation of the ischaemia related vessel only in patients with unstable angina and
multivessel disease is as effective in the management of the acute phase of unstable angina as is dilatation of the
ischaemia related vessel in patients with single vessel disease. However, due to only partial revascularization

the recurrence rate of angina pectoris is higher.

Percutaneous transluminal coronary angioplasty 1s
effective 1n the treatment of selected patients with
stable angina'!! and has been advocated in patients
with unstable angina'?~> particularly when
they are refractory to pharmacological therapy.
Although potentially hazardous because of coexis-
tent 1schaemia, the early results of percutaneous
transluminal coronary angioplasty indicate an
acceptable risk-benefit ratio!? 3. However, the
majority of patients with unstable angina have
multivessel disease'® and multiple dilatations dur-
Ing the same percutaneous transluminal coronary
angioplasty procedure carries an increased risk. It
is therefore, as yet, not widely practised!”). In this
retrospective study we contrast our experience with
dilatation of the 1schaemia related vessel only, 1n
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patients with multivessel disease and unstable
angina, 1.e. partial revascularization, with the
efficacy of total revascularization, 1.e. dilatation of
the affected vessel, in patients with single vessel dis-
ease only. Objective evidence of relief of overall
myocardial 1schaemia was sought by electro-

cardiographic exercise testing and Thallium-201
scintigraphy.

Patient selection

Between February 1983 and the end of
December 1984, percutaneous transluminal coron-
ary angioplasty was performed 1n a consecutive

series of 154 patients who satisfied the following
criteria:

(1) Chest pain at rest lasting for at least 15 min
accompanied by reversible electrocardiographic
ST-T changes, and no evidence of myocardial

infarction (CPK less than twice normal, no Q wave
development);
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(2) adequate left ventricular function (EF >0-45);
(3) potentially suitable for coronary artery bypass
SUrgery:

(4) an ischaemia-related vessel with a lesion suit-
able for percutaneous transluminal coronary
angioplasty.

These 154 patients were selected from a total of
2243 patients admitted to our CCU in 1983 and
1984. Three hundred and forty five patients of the
2243 (16%) had unstable angina. The extent of
coronary artery disease and the management of
these patients is shown in Table 1. All patients
were monitored in the coronary care unit.
Initial treatment included administration of
beta-adrenergic blockers, calcium-antagonists and
intravenous nitroglycerine. Sixty-nine patients
were stabilized and had elective angiography
followed by percutaneous transluminal coron-
ary angioplasty. Eighty-five patients remained
unstable and had emergency angiography with
percutaneous transluminal coronary angioplasty.
In patients with multivessel coronary artery dis-
ease, only the ischaemia-related vessel was dilated.
Thus two study groups were formed: group I — 43
patients with multivessel disease and dilatation of
the ischaemia related vessel, ‘partial revasculariza-
tion’ and group II: 111 patients with single vessel
disease and dilatation of that vessel ‘total revascu-
larization’. In patients with multivessel disease the
ischaemia related vessel was identified by the corre-
lation of the electrocardiographic changes during
the attack with the angiographic findings. Electro-
cardiographic changes in leads V,-V 5 were related
to coronary artery lesions of the left anterior de-
scending artery (LAD) while electrocardiographic

changes in leads V, I, aVL or 11, I1I, aVF reflected
either a lesion of the circumflex (CX) or of the right
coronary artery (RCA). The baseline clinical
characteristics of group I and II are shown in
Table 2. A history of previous myocardial infarction
was more frequent in group I than in group Il
(53% versus 35%:; P<0-0)).

Angiography was performed in multiple views
and included hemiaxial angulations. The angio-
grams were interpreted by at least two experienced
angiographers. A significant stenosis was defined
as one causing at least a 50% luminal diameter
narrowing. The angiographic characteristics of the
ischaemic related vessels in group I and Il were
comparable as shown in Table 3. The characteris-
tics of the non-dilated vessels and lesions are
shown in Table 4.

Percutaneous transluminal coronary angio-
plasty was performed with preformed guiding
catheters and Schneider or Meditech balloon
dilating catheters using the method described by
Griintzig!'!. Before the procedure 250 mg acetyl-
salicylic acid and 100 mg heparin i.v. were given:
during the procedure a continuous drip of
Rheomacrodex was given. To prevent or exclude
coronary spasm, nifedipine or nitroglycerin was
given into the coronary artery®. Initial balloon
inflation pressure was 2-0 atmospheres, with subse-
quent inflations ranging to 12 atmospheres. The
mean, transstenotic gradient was calculated on-
line before and after each dilatation, and divided
by the mean aortic pressure to give a gradient index.
Percutaneous transluminal coronary angioplasty
was considered successful if the luminal diameter
narrowing was reduced to less than 50% or the

Table 1  Selection of patients with unstable angina pectoris and dilatation of only the ischaemia-related vessel in multivessel or

single vessel disease ( total number of admissions to CCU, Thoraxcenter, from 1 Jan 1983 to 1 Jan 1985 was 2243 )
L
No. Extent of coronary artery disease
Unstable angina of
pts 0OV | V 2V W LM
Refractory to pharmacological treatment
emergency PTCA 85 — 63 |3 9 —
emergency CABG 67 — 3 14 33 17
[nitially stabilized with pharmacological treatment
elective PTCA 69 — 48 17 3 l
elective CABG 59 — l 14 38 6
pharmacological treatment 65 1 7 17 22 8
Total no of pts 345 | 1 122 75 105 32

e
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Table 2

Baseline clinical characteristics of patients with unstable angina and

dilatation of ischaemia-related vessel in multivessel or single vessel disease

Multivessel disease

Single vessel disease

(N=43) (N=111)

Mean age (years) 58-0 S

range (years) (39-72) (35-74)
Percent males 86 82
Prior myocardial

infarction 53% 35% (0-05)
History unstable angina:

Recent onset AP at rest 21% 15%

Worsening of pre-existing AP 39% 46%

Post MI (within 4 weeks) 39% 39%
[nitially stabilized with

pharmacological treatment 49% 43%

Table 3 Angiographic characteristics of patients with unstable angina and
dilatation of ischaemia-related vessel in multivessel or single vessel disease

M

Multivessel disease

Single vessel disease

(N =43) (N=111)

Ischaemia-related vessel

LAD 63% 68 %

RCA 12% 17%

EX 19% 15%

graft 5% —

left main stem 2% —
Left ventricular ejection

fraction, mean+SD 0:56+0-11 0:594+0-10

gradient index to <0-20, with stabilization or
abolition of angina and no progression to myo-
cardial infarction or death®. After the procedure,
all patients were monitored for 24 hours in the
coronary care unit where electrocardiograms and
enzyme levels were measured. The patients were
usually discharged 3 days after the procedure.
They were kept on treatment with nifedipine
40-60 mg daily and enterosarine 500 mg daily
during a period of 6 months.

During the procedure a surgical team was avail-
able to carry out CABG. A perioperative myocar-
dial infarction was diagnosed when a new Q-wave
developed in the 12-lead electrocardiogram.

Clinical follow-up information was obtained,
either from a visit to the outpatient clinic or by
information obtained from the referring physician.
Cardiac death, occurrence of myocardial infarc-
tion, and recurrence of angina pectoris were

Table 4 Characteristics of stenosis of non-dilated vessels in
43 patients with unstable angina, multivessel disease and
PTCA of ischaemia-related vessel only

Status of non-dilated vessels No. %
Total no. of vessels 56 100
Technically suitable for CABG 55 98
Technically suitable for PTCA 27 48
Non-dilated; LAD 6 11
Non-dilated: RCA 23 41
Non-dilated; CX 27 48
Non-dilated 1-vessel 30 54
Non-dilated 2-vessel [3 23
Total occlusion 15 28
Stenosis to infarcted myocardium 12 21
Distal stenosis [5 27
Non-severe stenosis 35 62
Filled by collaterals 23 4]
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tabulated. A symptom limited exercise test was
performed on a bicycle ergometer with stepwise
increments in loads of 20 W each minute. Heart
rate was measured at one and blood pressure at
2-min intervals with continuous electrocardio-
graphic monitoring with three orthogonal leads X,
Y. Z. An ischaemic response was defined as at least
| mm of ST-segment depression, 0-08 s after the J
point. The maximum workload achieved was
expressed as a percentage of the normal workload
predicted for age, sex and length.

For the exercise thallium 201 myocardial scinti-
graphy, 1'5m Ci of Thallium 201 was injected
intravenously approximately 1 min prior to maxi-
mum exercise. Sequential imaging was performed
immediately after exercise and again 4 h later in the
anterior, left anterior oblique 45°, and left anterior
oblique 65° views. A Searle Phogamma V camera
with a 25 cm field of view and a low energy, all pur-
pose, parallel hole collimator, interfaced to a DEC
Gamma || nuclear medicine computer system was
used for data collection and processing''®. Basi-
cally, early and late circumferential profiles were
computed within the automatically detected con-
tour of the left ventricle following background
subtraction From the early and late profiles a
washout circumferential profile was computed as
percent washout from the early post exercise pro-
file. Analysis of the Tl uptake, redistribution and
washout profiles was performed by comparison of
these data from a given patient with a set of normal
reference curves. These normal values were defined
by the upper and lower 10th percentile at each
point of the profile derived from normal subjects.
Defects with redistribution were considered to
represent exercise induced ischaemia. Persistent
defects without redistribution were considered as

scars. For prediction of the presence of significant
disease in the left anterior descending artery, the
anterolateral region in the anterior view, the sep-
tum in left anterior oblique 45° and the anterior
region in left anterior oblique 65° were studied.
Significant disease in the left circumflex artery
and/or right coronary artery was predicted when
the abnormal profile occurred in the postero septal
and inferior region of the anterior view, in the pos-
tero lateral region in left anterior oblique 45° or 1n
the inferior region left anterior 65°. If an abnormal
region was limited to the apex, no prediction of the
location of disease was made.

Repeat angiograms were obtained in multiple
views including hemiaxial angulation and were
interpreted by observers without knowledge of the
patient’s clinical status. Restenosis was defined as
an increase of the luminal diameter narrowing of
the dilated lesion to more than 50%.

Chi-square statistics were used to compare
proportions.

Results

The coronary angioplasty success rate was not
significantly different in multivessel disease versus
single vessel disease (Table 5). All 5 patients with
unsuccessful coronary angioplasty and multivessel
disease underwent emergency coronary bypass sur-
gery; nevertheless a myocardial infarction devel-
oped in 9% (4/43). Emergency bypass surgery was
necessary in 10 of the 13 patients with single vessel
disease and unsuccessful PTCA; nevertheless 8
patients developed a myocardial infarction. Three
other patients had a technically successful PTCA,
but developed a myocardial infarction nonetheless.

Table 5 Success rate PTCA of ischaemia-related vessel in patients with unstable

angina and single- or multi-vessel disease

Multivessel disease

Single vessel disease

Ischaemia related

vessel Total Success rate Total Success rate
No. ("/ﬂ) No. (“/ﬂ)
LMCA l 100 — —
LAD 27 03 75 90
LEX 8 75 17 94
RCA 5 80 19 79
Bypass 2 100 — —
Total 43 88% (38/43) 111 88% (98/111)

—_ﬂﬂ
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Table 6 Cardiac events after PTCA of ischaemia-related vessel in unstable angina with

single or multivessel disease

Multivessel disease

Single vessel disease

Successful PTCA

Follow-up period (months) 6 |2
No of pts followed-up 38 30
Death — I

Myocardial infarction — —
Angina pectoris

Re-PTCA 3 -
CABG 5* —
Pharm. treatment 37 —
Unsuccessful PTCA
Follow-up period months 6 12
No. of pts followed-up 5 4

Angina pectoris — | —
Pharm. treatment =] il

6 12
98 75
e 1
14 2
gt 2
3 ERE
3 =
6 12
13 10
-9 i
=9 B3

*In 2 patients CABG was performed due to undilated stenosis; Tall 3 patients suffered
from angina pectoris due to undilated stenosis; fin | patient redilatation was performed

due to progression of disease in another segment.

This latter was not caused by reocclusion or occlu-
sion of a side branch or prolonged angina during
the procedure; apparently the onset of infarction
was related to the attacks of chest pain immedi-
ately prior to the procedure. The reasons for
failure and complication in group I were total
occlusion of the vessel during attempts to cross in 2
patients and dissection with slow run off after dila-
tation in 3 patients. The reasons for failure and
complications in group II were total vessel occlu-
sion during the attempts to cross the lesion In
5 patients, dissection with slow run off after
dilatation 1n 5 patients and broken guide wire
embedded 1n a side branch in 1 patient.

Exercise electrocardiographic testing and thal-
lium 201 scintigraphy was performed 2:-6+2-3
months after a successful percutaneous translumi-
nal coronary angioplasty. Both tests were available
in 82% (31/38) of the patients with multivessel dis-
ease and 1n 89% (87/98) of the patients with single
vessel disease. The baseline clinical characteristics
of both groups with exercise testing were compar-
able. The maximum heart rate achieved was
138+ 22 beats min~ ! in multivessel disease and
144+ 22 beats min~ ' in single vessel disease (NS).
The number of patients who achieved 90% of the
maximum workload predicted for age, sex and
height was lower in patients with multivessel

disease than 1n single vessel disease (61% vs 75%:
NS) The frequency of exercise induced ischaemic
ST-segment depression (39% vs 15%: <0-09),
exercise induced angina pectoris (16% vs 7%:
<0:05) and of a reversible perfusion defect (33%
vs 23%: NS) was higher in multivessel disease than
in single vessel disease. The frequency of a revers-
Ible defect in the myocardial area perfused by the
dilated vessel was similar in both groups; in multi-
vessel disease 17% and 1n single vessel disease 23%
However, a reversible perfusion defect was also
present in a non-dilated area in 20% of the patients
with multivessel disease. The frequency of cardiac
events during follow-up after successful and
unsuccessful percutaneous transluminal coronary
angioplasty 1s shown 1n Table 6. All patients were
followed for at least 6 months; nearly all cardiac
events occurred within that period. Recurrence of
angina pectoris within 6 months after successful
percutaneous transluminal coronary angioplasty
was more frequent 1n multivessel disease (11
patients) than in single vessel disease (13 patients)
(29% vs 16%; P<0-05). In 5 patients with multi-
vessel disease angina pectoris was due to a remain-
ing undilated stenosis; in all other cases this was
due to restenosis. In all patients with single vessel
disease, recurrence of angina was due to restenosis
except in | patient (Table 6).
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Repeat angiography after successtul percu-
taneous transluminal coronary angioplasty in
multivessel disease was available in 84% (32/38)
and was performed at a mean of 3-1+2-5 months
after percutaneous transluminal coronary angio-
plasty; in single vessel disease this was available 1n
86% (84/98) and it was performed at a mean
27+ 1-8 months after percutaneous transluminal
coronary angioplasty. The angiographic restenosis
rate was not statistically different in multivessel
disease and single vessel disease (32% vs 24%; NS).

Discussion

Unstable angina pectoris, in this study defined as
transient ischaemic chest pain lasting at least
[Smin and accompanied by reversible ST-T
changes, requires aggressive management because
it carries an increased risk of myocardial infarction
or death!!! ~16] Percutaneous transluminal coron-
ary angioplasty as an alternative to bypass surgery
has been advocated in the treatment of unstable
angina initially stabilized with pharmacological
treatment and in patients in whom pharmacologi-
cal therapy proves insufficient!’ =%, PTCA com-
pares favourably with bypass surgery for therapy
of selected patients with unstable angina and single
vessel coronary artery disease!**. While the exact
percentage of patients with unstable angina and
single vessel disease suitable for percutaneous
transluminal coronary angioplasty is unknown, it
is presumably in the same range as for chronic
stable angina which is estimated to be between
5-10%(!'17). The majority of patients with unstable
angina however have multivessel disease!®*'®). Suc-
cessful multiple dilatations in one percutaneous
transluminal coronary angioplasty procedure have
been reported with acceptable complication rates,
in patients with chronic stable angina'”'. However,
this procedure is not yet widely practised and there
is even less acceptance of and experience with
multivessel dilatation in unstable angina, since the
risks inherent in single vessel dilatation might be
compounded by multiple vessel dilatation. Mini-
mizing these procedural risks by dilating only the
ischaemia related vessel was part of our initial
rationale for investigating this treatment 1n
patients with unstable angina and multivessel dis-
ease. This view is supported by the recent obser-
vation of Smith et a/.!*?) that major complications
are more likely to occur in patients with multivessel
disease requiring emergency operation after failed

coronary angioplasty than in patients with single
vessel disease and failed angioplasty.

That only partial revascularization might result
in an asymptomatic condition is inferred from the
fact that many patients with coronary artery
disease with or without myocardial infarction are
asymptomatic!'® =21,

Furthermore, a compromised left ventricular
function, partly or wholly resulting from rest
ischaemia may recover over a few days after res-
toration of adequate perfusion'?3!. In reversing
unstable angina to a more stable condition, single
vessel dilatation in multivessel disease may allow
this improvement in left ventricular function.

If angina recurs, further medical management
or repeat percutaneous transluminal coronary
angioplasty can then be performed at lesser risk. It
turned out that the success rate of percutaneous
transluminal coronary angioplasty of the ischae-
mia related vessel in multivessel disease and in
single vessel disease was identical at 88%. The
major complications, the occasional need for
urgent bypass surgery, and the post PTCA myo-
cardial infarction rate were also comparable. The
procedure-related major complication rate of
about 10% is in agreement with the rate observed
in the treatment of unstable angina with coronary
angioplasty reported from the NHBLI PTCA
Registry!*. This rate is substantially higher than
the 2-:6% rate reported for elective procedures!?*
which may be related to the unstable condition of
our patients. The clinical improvement after single
vessel dilatation in multivessel disease was substan-
tiated by evidence obtained from electrocardio-
graphic exercise testing and exercise thallium
scintigraphy. Sixty-one per cent of the patients with
successful dilatation achieved a workload of more
than 90% of the predicted workload on testing
at follow up. In the majority of these patients (80%)
thallium 201 scintigraphy showed no reversible
defects in the myocardial areas supplied by non-
dilated significantly stenotic vessels. A similar
incidence of reversible perfusion defects in the
myocardium supplied by dilated vessels was found
in multivessel disease and single vessel disease.
However, the maximum workload achieved was
lower and the frequency of exercise induced
angina, ST-segment depression and reversible per-
fusion defect was higher in patients with partial
revascularization than those with total revasculari-
zation. At 6 months follow-up after successful per-
cutaneous transluminal coronary angioplasty, the
incidence of angina pectoris in patients with
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multivessel disease was 29%, whereas this was
only 16% 1n single vessel disease. This could be
attributed to significant disease of non-dilated
vessels in patients with multivessel disease. Repeat
angiography revealed a comparable incidence of
restenosis of the dilated vessel. Since the emphasis
was on investigating the symptomatic patients, the
true incidence of restenosis 1s probably less than
our figures suggest.

In summary, the results of this study apply only
to a selected group of patients and certainly not to
all patients with unstable angina and multivessel
disease. In this study patients with multivessel dis-
ease were only selected 1f they had good left ventri-
cular function with suitable coronary anatomy for
percutaneous transluminal coronary angioplasty
and bypass surgery. In our experience (Table 1),
the majority of patients with unstable angina and
single vessel disease are suitable candidates for
PTCA. Approximately 20% of patients with multi-
vessel disease have an i1schemia related vessel suit-
able for PTCA. The results of the present study
indicate that dilatation of the ischemia related
vessel only, 1n a selected group of patients with
unstable angina and multivessel disease, 1s effective
in 88% of the patients in relieving acute ischaemic
symptoms. At 6 months follow-up angina pectoris
had recurred in 29%, a higher recurrence rate than
in single vessel disease. Thus the consequence of
partial revascularization in patients with multi-
vessel disease and dilatation of only the 1schaemia
related vessel manifests itself in the first 6 months
after the PTCA. Also the angina recurrence rate 1s
higher than would be expected following complete
revascularization with CABG. Yet, the ischaemia-
related vessel dilatation stabilized most patients
and the mortality and morbidity of major surgery
could be avoided, at least in the acute phase. We
now believe that PTCA of only the ischaemia
related vessel should be regarded as an initial
strategy which in most patients will have long-term
success but in some, further dilatations or even
CABG will be required. In these, the subsequent
interventions can be performed on a more elective
basis. This strategy of single vessel dilatation in
patients with multivessel disease warrants a
randomized controlled clinical investigation.

The authors acknowledge the expert assistance of Gusta
Koster in preparation of the manuscript.
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