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Advances in technology and operator experience,
and increased use of angiography early after myo-
cardial infarction have led to greater use of percu-
taneous transluminal coronary angioplasty (PTCA)
for chronic, total coronary artery occlusions. To
better assess long-term outcome, 257 consecutive
patients with successful PTCA of a total occlusion
with late angiographic follow-up from 484 patients
(53%) with PTCA success were reviewed. The
mean =+ standard deviation patient age was 54 +
10 years, 79% were men, the duration of total oc-
clusion was 11 + 15 weeks and the post-PTCA di-
ameter stenosis was 24 + 12%. Eighty-two, 27
and 63% of patients received long-term aspirin, di-
pyridamole and warfarin therapy, respectively. An-
giography at 8 + 8 months demonstrated resteno-
sis (=50% diameter stenosis) in 41% of patients
restudied within 6 months and in 66% of patients
restudied within 12 months by life table analysis. In
multivariate regression analysis of 19 variables, 2
were independently correlated with the occurrence
of restenosis: post-PTCA diameter stenosis >30%
(p = 0.02) and coronary artery dilated (left anterior
descending and right coronary arteries greater
than the left circumflex coronary artery) (p = 0.05).
In log rank analysis that also considered the timing
of angiographic detection of restenosis, dilatation
of a proximal left anterior descending stenosis was
also a significant predictor of restenosis (p = 0.01),
and dilatation within 4 weeks of the presumed time
of occlusion was only weakly predictive (p = 0.11).
Thirty-five patients (27% of those with restenosis)
had reocclusion at the site of PTCA, but only 3 pa-
tients (2%) had an associated myocardial infarc-
tion. There was no relative beneficial effect of any
treatment on the risk of restenosis. Thus, (1) reste-
nosis after PTCA of chronic total occlusion is very
common; (2) restenosis is predicted by the angio-
plasty results and angioplasty site; (3) the clinical
detection of restenosis does not appear to plateau

at 6 months; (4) reocclusion is not uncommon, but
seldom results in myocardial infarction; and (5)
there was no apparent relative treatment effect of
aspirin, dipyridamole or warfarin.

(Am J Cardiol 1989;63:897-901)

(PTCA) of totally occluded coronary arteries, an

extension of the technique first applied to coro-
nary arteries by Gruentzig in 1977,! is recognized to
have a lower primary success rate?* and a higher reste-
nosis rate>? than PTCA of subtotally occluded arteries,
but may provide long-term relief from angina in some
patients. Advances in angioplasty technology and opera-
tor experience, as well as increasing performance of cor-
onary angiography early after myocardial infarction,
have led to an increased opportunity to dilate subacute
and chronically totally occluded coronary arteries. Such
occlusions account for about 10% of all PTCAs current-
ly undertaken.* Knowledge of the intermediate and
long-term angiographic results in such patients is de-
rived from analyses of few patients.>? This study ana-
lyzes the time course and correlates—including medical
therapy—of restenosis in a large cohort of patients.

Percutaneous transluminal coronary angioplasty

METHODS

Patients: Through December 1986, elective coro-
nary angioplasty was successfully performed (final di-
ameter stenosis <50%) in 484 patients with =1 chroni-
cally occluded coronary artery or arteries at 3 institu-
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TABLE | Characteristics of Patients With and Without Follow-
Up Angiograms
Follow-Up  No Follow-Up
Anglogram  Angiogram
Available Available
Characteristic (n=257) (n=227) p Value
Age (yrs) 54+ 10 56+ 11 NS
Male gender (%) 79 78 NS
Hypertension (%) 40 38 NS
Diabetes mellitus (%) 8 9 NS
Hypercholesterolemia (%) 26 17 0.001
Unstable angina (%) 20 25 NS
Vessel site dilated (%)
Proximal LAD 19 17 NS
Mid/distal LAD 27 25 NS
Proximal LCX 7 7 NS
Mid /distal LCX 15 12 NS
Proximal RCA 14 13 NS
Mid/distal RCA 18 26 NS
Bypass graft 0.4 0.9 NS
Associated regional wall 64 63 NS
motion abnormality (%)
Collaterals (%) 72 77 NS
Duration of total 9421 6+9 NS
occlusion (wks)
Post-PTCA stenosis (%) 24412 24412 NS
Post-PTCA gradient (mm Hg) 1248 10+7 NS
Uncomplicated intimal 26 22 NS
dissection (%)
Warfarin treatment (%) 63 60 NS
Aspirin treatment (%) 82 75 NS
Dipyridamole treatment (%) 29 38 NS
LAD = left antenor descending coronary artery; LCX = left arcumfiex coronary
artery; NS = not significant; RCA = nght coronary artery.

tions (Emory University Hospital, San Francisco Heart
Institute and University of Michigan) for whom follow-
up medical therapy was known. Patients were excluded
if the total occlusion was known or suspected to be <72
hours old, patients whose angioplasty was complicated
by myocardial infarction (creatine kinase >3 X normal
with a positive MB fraction), emergency bypass surgery
or death, and patients for whom the medical treatment
regimen after PTCA (aspirin, dipyridamole, coumadin)
was not known. Of these patients, angiographic follow-
up was available at =4 months or until the time of doc-
umented restenosis in 257 (53%), who form the study
population.

Definitions: Chronic total occlusion was defined as
an occlusion with TIMI O or 1 anterograde flow’ that,
on the basis of clinical information (date of myocardial
infarction or change in pattern of angina) or, failing
this, angiographic grounds (date of angiography at
which time the vessel was last known to be patent), was
felt to have been totally occluded for more than 3 days.

Intimal dissection was defined in accordance with
the National Heart, Lung, and Blood Institute PTCA
Registry definition.6

Regional wall motion in the area supplied by the to-
tally occluded artery was described as normally contrac-
tile, moderately hypocontractile, severely hypocontrac-
tile, or akinetic or dyskinetic as modified from the Coro-
nary Artery Surgery Study Scoring System.’

Restenosis was defined as residual diameter stenosis
250% at angiographic follow-up.® Although other defi-
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nitions have been advocated,®-!! this was chosen be-
cause it is used clinically most often, because its use
would allow direct comparison of results with similar
large studies® and because this information was avail-
able from each of the 3 institutions. Percent diameter
stenosis was expressed as the mean of measurements
made in at least 2 different angiographic projections.
Measurements were made using an electronic caliper
system (sites 1 and 2), previously validated against a
computer system based on an edge-detection algo-
rithm!? or by a validated computer-based edge-detec-
tion system!? (site 3).

Unstable angina pectoris was defined as worsening
of the severity of angina pattern within 2 months of
PTCA, as distinguished from stable angina (no change
in angina pattern within the last 2 months) or no angina
at a restricted level of activity after myocardial infarc-
tion.

Follow-up: Repeat angiography was recommended
at 6 months after PTCA or with the return of symp-
toms at sites 1 and 2, but was performed only as clini-
cally indicated at site 3. Angiograms performed at other
institutions were referred to the site that had performed
PTCA for angiographic analysis. When >1 follow-up
angiogram was available, that which allowed for the
longest follow-up without intervention was evaluated.

Statistical analysis: The clinical variables analyzed
as possible risk factors for restenosis were age, gender,
duration of total occlusion (to the nearest week), history
of hypertension, history of diabetes mellitus, history of
elevated cholesterol and unstable angina pectoris as an
indication for PTCA. The angiographic variables in-
cluded vessel site undergoing PTCA (proximal left an-
terior descending, mid or distal left anterior descending,
proximal left circumflex, mid or distal left circumflex,
proximal right coronary artery, mid or distal right coro-
nary artery, and bypass graft), collaterals beyond the
site dilated and regional wall motion in the area sup-
plied by the vessel dilated. The procedural variables
were post-PTCA percent diameter stenosis, post-PTCA
translesional gradient and presence of post-PTCA inti-
mal dissection. The 2 post-PTCA variables comprised
treatment medications (aspirin, dipyridamole, couma-
din) and the time from PTCA to angiographic restudy.

A chi-square test was used to assess differences in
the incidence of categorical variables between groups. A
Student ¢ test or 1-way analysis of variance was used to
assess differences in the distribution of continuous vari-
ables between groups. A 2-sided p value of <0.05 was
considered indicative of a significant difference, but val-
ues of 0.05 < p <0.15 are included in the text for com-
pleteness.!* Multivariate least square regression analysis
and log rank analyses were used to assess the effect of
variables on restenosis. Because of the intersite variation
in indications for angiographic restudy and significant
difference in restudy rates between hospitals, stratifica-
tion for the variable “hospital site” was always per-
formed before entering other variables. When the ef-
fects of post-PTCA medical therapy were assessed,
“hospital site” and the angiographic and clinical vari-
ables found to be independent correlates of restenosis by



multivariate analysis were stratified before entering the
post-PTCA medical treatment information. Multivari-
able results presented are from the multivariate regres-
sion analysis, unless otherwise stated.

In addition, the timing and likelihood of documented
restenosis after PTCA of total and subtotal occlusions
(pre-PTCA diameter stenosis <95%) were compared
directly by log rank analysis in patients having angio-
plasty of both types of stenoses on the same date. For
patients with >1 subtotal stenosis dilated, 1 site was
randomly chosen to be used in this analysis.

RESULTS

Patient characteristics and follow-up: The charac-
teristics of the 257 patients in the study population are
compared with those of the 227 patients without angio-
graphic follow-up in Table I. The groups differed (p
=<0.05) only in regard to incidence of hypercholesterol-
emia. The rate of angiographic follow-up was 59% at
site 1, 48% at site 2 and 24% at site 3 (p <0.001).

Restenosis: The true incidence of restenosis cannot
be determined without 100% angiographic follow-up.!3
However, among the patients with angiographic follow-
up, 41% had restenosis documented within 6 months,
66% had restenosis documented within 12 months and
77% had restenosis documented within 24 months (Fig-
ure 1A). Thirty-seven patients (29%) with restenosis
had a 50 to 69% stenosis at follow-up, 41 patients (32%)
had a 70 to 89% stenosis and 51 patients (39%) had a
90 to 100% stenosis, including 35 patients (27%) with
total occlusion at the site dilated. However, only 3 pa-
tients with restenosis had a late clinical event consistent
with a myocardial infarction.

Clinical and angiographic risk factors for resteno-
sis: In multivariate testing, a diameter stenosis >30%
after angioplasty (coefficient = 0.16, p = 0.022) and
dilatation of a left circumflex coronary stenosis (coeffi-
cient = —0.18, p = 0.025) independently predicted risk
of restenosis (constant = 0.52). In log rank analyses,
dilatation of a proximal left anterior descending stenosis
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FIGURE 1. Freedom from angiograph-
ic documentation of restenosis.

A, occurrence and timing of documen-
tation of restenosis in all patients with
angiographic follow-up. B, comparison
of occurrence and timing of document-
ed restenosis of chronic total and sub- B
total stenoses in 56 patients having an-
gioplasty of a subtotal occlusion on the
same date as the index angioplasty for
chronic total occlusion.
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was also a significant predictor of restenosis (p = 0.01),
whereas dilatation within 4 weeks of the presumed time
of occlusion was weakly predictive of restenosis (p =
0.11). Of note, of the 26 patients with myocardial in-
farction within 10 days of PTCA, 40% had restenosis
documented within 3 months, 50% had restenosis within
6 months and 71% had restenosis within 12 months by
life table analysis. No other variables predicted risk of
restenosis.

Restenosis after percutaneous transluminal coro-
nary angioplasty of chronic total versus subtotal occlu-
sions: Fifty-six patients had PTCA of both total and
subtotal occlusions. Their age was 55 + 10 years and
82% were men. The distribution of sites dilated differed
(p = 0.04), potentially biasing the subtotal group
toward an increased risk of restenosis due to the prepon-
derance of left anterior descending stenoses.® However,
results after PTCA were similar (difference not signifi-
cant) for the 2 groups: 39% left anterior descending,
25% left circumflex and 36% right coronary arteries in
the chronic total occlusion group, with a final percent
diameter stenosis of 25 £ 12%, and 59% left anterior
descending, 9% left circumflex and 32% right coronary
arteries in the subtotal occlusion group, with a final per-
cent diameter stenosis of 22 + 11%. As shown in Figure
1B, documented restenosis nonetheless occurred more
commonly at the sites of prior chronic total occlusion (p
= 0.01).

Treatment effect: After stratifying for hospital site,
post-PTCA diameter stenosis and site dilated, therapy
had no significant effect on the risk of restenosis (warfa-
rin coefficient = 0.10, p = 0.18; aspirin coefficient =
—0.05, p = 0.58; dipyridamole coefficient = 0.05, p =
0.50).

Repeat percutaneous transluminal coronary angio-
plasty: Angiographic follow-up after repeat PTCA for
restenosis after PTCA for chronic total occlusion is lim-
ited. Of 20 patients with successful PTCA of a subtotal-
ly occlusive restenosis, 15 (75%) had a documented re-
stenosis within 6 months. Of 8 patients with successful
PTCA of a repeat total occlusion, all had restenosis
within 6 months.

DISCUSSION

Reports from relatively small series of patients with
elective PTCA of total coronary occlusion suggest that
primary success is less than, and the restenosis rate is
higher than, PTCA for subtotal occlusion, but that it
can provide long-term relief from angina in some pa-
tients.2.3.16

In this study of 484 patients with successful PTCA
of chronic total occlusion, 257 (53%) had angiographic
follow-up. Of these patients, 41, 66 and 75% had docu-
mentation of restenosis within 6, 12 and 18 months by
actuarial methods. As with many other restenosis stud-
ies, a true restenosis rate cannot be determined because
of a lack of complete angiographic follow-up. Nonethe-
less, these results can be compared with results from
studies with similar follow-up rates. For instance, Leim-
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gruber et al® with an angiographic follow-up rate of
57% in patients with PTCA of subtotal stenoses, found
restenosis in 30% of patients, which would suggest that
PTCA of chronic total occlusions does have a much
higher incidence of restenosis than PTCA of subtotal
occlusions. In that series, the 33 patients with angio-
graphic follow-up of a dilated chronic total occlusion
who had a restenosis rate of 48% were excluded from
analysis. Kereiakes et al,® who found restenosis in 75%
of 12 patients restudied from 40 patients with successful
chronic angioplasty of a total occlusion, Serruys et al,2
who found restenosis in 40% of 20 patients restudied
from 28 patients and Clark et al,’” who found restenosis
in 56% of 45 patients from 97 patients, have reported
similarly high restenosis rates in this setting.

This study confirms the higher risk of restenosis af-
ter PTCA of chronic total occlusions and, contrary to
most reports reviewing patients with subtotal occlusion
and PTCA, shows that restenosis after PTCA for
chronic total occlusion commonly is discovered more
than 6 months after the index PTCA. Late 100% occlu-
sion was seen in 27% of patients with restenosis in this
series but, fortunately, associated infarction was rare
(2%). Both of these features of restenosis after dilation
of chronic total occlusion may be due to the ischemia-
sparing effect of ready collateral formation in such pa-
tients (present in 72% of them before PTCA in this se-
ries). Thus, the exact timing of the occurrence of reste-
nosis in these patients is problematic.

The risk factors for restenosis after PTCA for chron-
ic total occlusion appear to be similar to those for
PTCA for subtotal occlusions.®!! The relatively small
number of patients in this series limited the statistical
power for detecting risk factors for restenosis.

Finally, although this was not a randomized study,
there was no apparent differential effect on restenosis
with the use of aspirin, dipyridamole or warfarin. This
has also been shown to be the case after PTCA of sub-
total occlusions,'®1° but the expected high incidence of
thrombus associated with chronic total occlusions and
the probable relation of thrombus to late restenosis?%2!
led to hope that use of these agents might decrease the
risk of restenosis in this setting. Other mechanisms of
plaque removal or displacement, or pharmacologic inhi-
bition of neointimal regrowth in this setting, are needed.

Limitations: This study is limited by the relatively
low rate of angiographic restudy typical of clinical prac-
tice, by differences in the criteria for and rates of re-
study at the 3 angioplasty centers, by the relatively
small number of patients studied and by the nonrando-
mized allocation of medical treatment after PTCA. For
these reasons, a deliberate attempt was made to avoid
assessment of a true restenosis rate. In addition, com-
parisons with trials with greatly different rates of angio-
graphic restudy were avoided. Nevertheless, this is the
largest angiographic study of long-term results after
PTCA for chronic total occlusion, and the lack of even
an apparent trend toward a beneficial treatment effect
would suggest a modest true effect, if any.
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