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Therapeutic Dissection After Successful Coronary Balloon Angioplasty:
No Influence on Restenosis or on Clinical Outcome in 693 Patients

WALTER R. M. HERMANS, MD, BENNO J. RENSING, MD, DAVID P. FOLEY, MB MRCPI,*
JAAP W. DECKERS, MD, WOLFGANG RUTSCH, MD, HAKAN EMANUELSSON, MD,x
NICOLAS DANCHIN, MD.§ WILLIAM WIINS, MD,|| FRANCOIS CHAPPUIS, MD,§
PATRICK W. SERRUYS, MD. PuD, FACC, oN BEHALF OF THE MERCATOR StUuDY GROUP
(MULTICENTER EUROPEAN RESEARCH TRIAL WITH CILAZAPRIL AFTER ANGIOPLASTY TO PREVENT
TRANSLUMINAL CORONARY OBSTRUCTION AND RESTENOSIS)

Rotterdam, The Netherlands

Objectives. The objective of this study was to examine the
relation between an angiographically visible coronary dissection
immediately after successful coronary balloon angioplasty and a
subsequent restenosis and long-term clinical outcome.

Background. The study population comprised all 693 patients
who participated in the MERCATOR trial (randomized, double-
blind, placebo-controlled restenosis prevention trial of cilazapril,
5 mg two times a day).

Methods. Cineangiographic films were processed and analyzed
at a central angiographic core laboratory, without knowledge of
clinical data, with use of an automated interpolated edge detection
technique. Dissection was judged according to the National Heart,
Lung, and Blood Institute classification. Angiographic follow-up
was obtained in 94% of patients with 778 lesions. Two approaches
were used to assess the restenosis phenomenon: 1) categoric, using the
traditional cutoff criterion of >50% diameter stenosis at follow-up,
and 2) continuous, defined as absolute change in minimal lumen
diameter (mm) between the postcoronary angioplasty and follow-up,
adjusted for the vessel size (relative loss). Clinical outcome was
ranked according to the most serious adverse clinical event per
patient during the 6-month follow-up period, ranging from death,

Percutaneous transluminal coronary angioplasty 1s an ac-
cepted revascularization procedure for treatment of patients
with stable or unstable angina pectoris with single or multi-
vessel disease (1,2). Despite the therapeutic success of
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nonfatal myocardial infarction, coronary revascularization and re-
current angina requiring medical therapy to none of these.

Results. Dissection was present in 247 (32%) of the 778 dilated
lesions. The restenosis rate was 29% in lesions with and 30% in
lesions without dissection (relative risk 0.97; 95% confidence interval
0.77 to 1.23). The relative loss in both groups was (.10 (mean
difference 0; 95% confidence interval —0.03 to 0.03). Clinical
outcome ranged from death in 4 patients (0.9%) without dissection
and 1 patient (0.4%) with dissection; nonfatal myocardial infarction
in 4 (0.9%) without and 8 (3.2%) with dissection; coronary revas-
cularization in 73 (16.6%) without and 32 (12.7%) with dissection;
recurrent angina requiring medical therapy in 88 (20%) without and
47 (18.7%) with dissection to no serious adverse event in 272 (61.7 %)
without and 114 (65.1%) with dissection.

Conclusions. These data indicate that a successfully dilated coro-
nary lesion with an angiographically visible dissection is no more
likely to develop restenosis, and is not associated with a worse clinical
outcome, at 6-month follow-up than is a dilated lesion without visible

dissection on the post-balloon angioplasty angiogram.
(] Am Coll Cardiol 1992;20:767-80)

coronary angioplasty, the exact mechanism of dilation re-
mains speculative and apparently involves multiple pro-
cesses, including endothelial denudation, cracking and split-
ting or disruption of the intima and atherosclerotic plaque,
dehiscence of the intima and plaque from the underlying
media and stretching or tearing of the media with persistent
aneurysmal dilation of the media and adventitia (3-7). Irre-
spective of the mechanism, coronary angioplasty results In
an angiographically visible dissection in 20% to 45% of the
dilated lesions (Table 1) (8-20). This dissection 1) might
result in a complete or near complete total obstruction of the
dilated vessel, leading to an acute ischemic syndrome requir-
ing urgent treatment with a further coronary revasculariza-
tion procedure (the so-called unwanted type of dissection
[21,22]), or 2) might not compromise the lumen significantly,
so that neither reduction in blood flow nor impairment of
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Table 1. Studies in Which the Relation Between Lesions With or Without Dissection and Restenosis Was Examined

Angio
First Author Follow-Up Definition of Restenosis Dissection Restenosis
(reference no.)  Year Patients (%) Restenosis (%) (% of lesions) With/Without p Value
Holmes (8) 1984 665 84 NHLBI -1V 34 NR No difference
Leimgruber (9) 1985 1650 60 >50% DS 30 25 35% vs. 39% gradient >15 NS
19% vs. 28% gradient <15 <0.05
Guiteras Val (10) 1987 18] 98 T =30% DS 28 45 56% severe diss vs. 25% <0.02
mild diss vs. 21% no diss
Vandormael (11)* 1987 209 62 >50% DS 82 (symp) NR No difference
30 (no symp)
Matthews (12) |988 216 30 Loss >50% of gain or 21 30 18% vs. 23% NS
lack of symptoms
Black (13)7 1988 384 39 >50% DS ] b 34 29% vs. 32% NS
de Feyter (14)§ 1988 79 88 >50% DS 32 25 No difference
Fleck (15) 1988 10 86 AMLCA >1 mm’ 58 31 No difference
Quigley (16)7 1989 14 88 >50% DS 32 20 35% vs. 31% NS
Renkin (17)** 1990 278 47 >50% DS — 33 No difference
Rupprecht (18) 1990 676 70 >50% DS or loss 29 NR 24% vs. 30% NS
>50% of gain
Bourassa (19) 1991 307 80 >50% DS with 36 4] 33% vs. 36% NS
minimal 10% DS 1
Hirshfeld (20) 1991 694 73 >50% DS 40 39 40% vs. 39% NS

“Multivessel dilation. TFor restenosis; ¥Only the ones with follow-up angiography; §Unstable angina. |Excluded total occlusions: **Angiography + exercise
thallium scintigraphy. Angio Follow-Up = percent of patients with angiographic follow-up; AMLCA = change in minimal lumen cross-sectional area: Diss =
dissection; DS = diameter stenosis; NHLBI I=1V = change from National Heart, Lung, and Blood Institute category I to category IV; NR = not reported:

NS = not significant; Symp = symptoms; 1 = increase.

clinical performance occurs, and the patient leaves the
hospital as scheduled (the so-called therapeutic type of
dissection [9,12,23]).

It could be postulated that an angiographically visible
dissection occurs predominantly in lesions where more
injury 1s imparted to the vessel wall, triggering an excessive
proliferative response. Nobuyoshi et al. (24) have demon-
strated, using histopathologic examination, that deep arterial
Injury is associated with more extensive intimal prolifera-
tion. In addition, Schwartz et al. (25) showed in a porcine
model that the severity of vessel injury was strongly corre-
lated with neointimal thickness. In addition, the existence of
an intimal tear could predispose to greater platelet deposi-
tion, mural thrombus and growth factor release with a
consequently higher risk of restenosis. In contradistinction.
early angiographic reports (Table 1, 8-20,23) suggested that
the therapeutic type of dissection was associated with a
trend toward lower restenosis rates. Thus, conflicting data
have been reported. Most of these earlier studies had one or
more methodologic problems, including 1) retrospective
analysis of small patient groups, 2) incomplete angiographic
follow-up influenced by the recurrence of symptoms without
a predetermined time interval for restudy, 3) angiographic
assessment by visual estimation of stenosis, which is known
to have wide interobserver and intraobserver variability,
4) unknown or unreported interobserver and intraobserver
variability for the assessment of dissection. 5) failure to
assess data in blinded manner (26-29).

This study examined the relation of an angiographically

visible dissection, restenosis and long-term clinical outcome
with use of a validated automated edge detection technique
on prospectively collected data. The study group comprised
a large series of patients undergoing successful balloon
angioplasty with a high angiographic follow-up rate.

Methods

Study patients. The study group consisted of all random-
1zed patients enrolled in 26 centers for the MERCATOR
trial, which was carried out according to the declaration of
Helsinki (1963), revised in Venice (1983) (Appendix). The
results of the trial demonstrated that cilazapril, S mg twice a
day, had no effect on restenosis or clinical outcome in the 1st
6 months after angioplasty (30).

Subjects were eligible for study if they were symptomatic
or asymptomatic men (or women without childbearing po-
tential) with stable or unstable angina pectoris (defined as
characteristic pain at rest requiring intravenous nitrates),
were <75 years old, had proved angiographically significant
Narrowing in one or more major coronary arteries, and gave
written informed consent before the coronary angioplasty
procedure. Exclusion criteria were coronary angioplasty
performed for revascularization in a patient with acute
myocardial infarction, a history of sustained hypertension,
maintenance therapy with diuretic agents, a Q wave myo-
cardial infarction <4 weeks before study entry, previous or
falled coronary angioplasty at the same site, and coronary
angioplasty of a bypass graft. Patients were excluded from
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Table 2. Flowchart of the MERCATOR Study

Total patients group 735
No coronary angioplasty performed 4
Unsuccessful coronary angioplasty | ]
Unsatisfactory result 2
Complicated procedure 12
Exclusion criterion overlooked 10
No baseline quantitative coronary analysis possible 3

Patients randomized 693
Deaths 5
Adverse event 25
Follow-up angiography refused 7
No follow-up quantitative coronary analysis possible 3

Patients with follow-up angiogram 653

the trial if angioplasty was not performed (4 patients with a
change in lesion severity), was unsuccessful (11 patients
whose lesion could not be reached or crossed), unsatistac-
tory (2 patients with >50% diameter stenosis after coronary
angioplasty as assessed visually), or complicated by abrupt
closure during the procedure with subsequent emergency
bypass operation, or by periprocedural myocardial infarc-
tion with creatine kinase levels more than two times the
upper limit and MB fraction >6% (12 patients). Thirteen
patients were retrospectively excluded from the analysis, 10
because an exclusion criterion was overlooked and 3 be-
cause no baseline quantitative analysis was possible (Table
2).

Thus, 693 patients with successful coronary angioplasty,
defined by the operator as <50% diameter stenosis on visual
inspection of the postangioplasty angiogram, who met the
inclusion criteria and who had an angiogram suitable for
quantitative analysis were entered into the study and ran-
domized. Follow-up angiography was scheduled for 26 = 3
weeks after angioplasty, or earlier if warranted by symp-
toms. Of the 693 randomized patients, 653 (94%) had a
follow-up angiogram suitable for quantitative analysis. Of
the other 40 patients, 5 died before repeat angiography, 32
did not have a follow-up angiogram because of adverse
experience (n = 25) or refusal (n = 7) and 3 had a follow-up
angiogram that was unsuitable for quantitative analysis
(Table 2).

Angioplasty procedure, follow-up and quantitative angiog-
raphy. At the beginning of the procedure, all patients re-
ceived a bolus of 10,000 IU of intravenous heparin. For
prolonged procedures, an additional infusion of 5,000 IU/h
was administered after 2 h, until the end of the procedure.
Use of a calcium channel blocking agent was permitted for
48 h after coronary angioplasty. All patients received aspi-
rin, 160 to 250 mg/day, starting the day before coronary
angioplasty until 6 months of follow-up. Choice of the
guiding catheters, guide wires, balloon type, inflation dura-
tion and pressure were left to the discretion of the operator.

Three angiograms were carried out for each patient
immediately before coronary angioplasty, immediately after
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Figure 1. Example of quantitative coronary analysis of a lesion In
the proximal left anterior descending coronary artery in the |left
superior oblique projection before (A) and after (B) coronary anglo-
plasty. The diameter along the analyzed segment is represented 1n
the diameter function curve (upper curve). The minimal lumen
diameter is 0.90 mm before and 2.37 mm after angioplasty. The
length of the stenosis is determined by curvature analysis and 1S
depicted by two vertical lines. The reference diameter 1s determined
where the minimal lumen diameter crosses the interpolated refer-
ence diameter line. The white area represents the atherosclerotic
plaque and is defined as the difference between the detected and

reconstructed edges.

coronary angioplasty and at follow-up. The angiograms were
recorded so that they were suitable for quantitative analysis
by the Cardiovascular Angiography Analysis System
(CAAS). which has been validated and described in detail
elsewhere (27.31-33). An example of an analysis before and
after coronary angioplasty is shown in Figure 1. Postangio-
plasty values were obtained from the last anglogram re-
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corded after removal of the guide wire. The initial procedure
was considered complete when the guide catheter was
removed. If the clinical condition required repeat angio-
plasty, the angiogram immediately before the repeat proce-
dure was used to obtain follow-up values, irrespective of the
timing of the repeat procedure (hours, days or weeks). To
standardize the method of data acquisition and data analysis.
and to ensure exact reproducibility of angiograms obtained
betore and after angioplasty and follow-up angiograms,
special precautions were taken as described elsewhere

(27,31-33).

The absolute values of the stenosis diameter and the
reference diameter were measured by the computer using
the known contrast-empty guiding catheter diameter as a
scaling device. For that purpose, the catheter tips were
retained for accurate measurement by a micrometer. To
achieve maximal coronary vasodilation, intracoronary ad-
ministration of either nitroglycerin, 0.1 to 0.3 mg, or isosor-
bide dinitrate, 1 to 3 mg, was performed in each artery of
interest before and after angioplasty and at follow-up angi-
ography. All contour positions of the catheter and the
arterial segment were corrected for ‘‘pincushion distortion™
introduced by the image intensifiers. Because the algorithm
cannot measure total occlusions and lesions with Thrombol-
ysis in Myocardial Infarction (TIMI) grade 1 perfusion, a
value of 0 mm 1s substituted for the minimal lumen diameter
and 100% for the percent diameter stenosis. In these cases.
the postangioplasty reference diameter was substituted for
the reference diameter before angioplasty or at follow-up, or
both. For each dilated segment, the preangioplasty, post-
angioplasty and follow-up minimal lumen diameter and di-
ameter stenosis are derived as the mean value from multiple
matched projections.

Quantitative derived variables. The area (mm?®) between
the actual and reconstructed contours at the obstruction site
1s a measure of the amount of atherosclerotic plague (27).
The length of the obstruction (mm) is determined from the
diameter function on the basis of curvature analysis. Sym-
metry 1s defined as the coefficient of the left-hand distance
and the right-hand distance between the reconstructed inter-
polated reference diameter and actual vessel contours. at the
site of obstruction. In this equation, the largest distance
between actual and reconstructed contours becomes the
denominator, so that a perfectly symmetric lesion has a
value of | and a severely eccentric lesion has a value of 0. To
assess the extent of coronary bending, the curvature value at
the obstruction site is computed as the average value of all
the individual curvature values, along the centerline of the
coronary segment, with the curvature defined by the rate of
change of the angle through which the tangent to a curve
turns in moving along the curve, and which for a circle. is
equal to the reciprocal of the radius. The curvature value
was determined by using the least foreshortened projection
(in which the analyzed segment appeared longest between
two defined landmarks) (Fig. 2).

Balloonlartery ratio was defined as the ratio using

JACC Vol. 20, No. 4
October 1992:767-80

SSlte
AR

INTERPOLATED REFERENCE DIAMETER (RD)

N\
X\
DETERMINED BY

MLD CURVATURE ANALYSIS
RIS
' EXTENT OF OBSTRUCTION
DIAMETER FUNCTION

AREA PLAQUE, mm2

SYMMETRY= b/a

CURVATURE =
1/R

Figure 2. Top and bottom panels show the quantitative derived
variables: curvature, symmetry, area plaque, lesion length. See text
for definitions.

) nominal size according to manufacturer, or 2) the mea-
sured reference balloon size, divided by vessel size (34).
Relative gain was defined as the difference in minimal lumen
diameter before and after coronary angioplasty, normalized
tor vessel size (interpolated reference diameter). Stretch was
defined as the difference between the minimal balloon diam-
eter (of the largest balloon used, inflated to the highest
pressure applied) and minimal lumen diameter before coro-
nary angioplasty, normalized for vessel size (34-36). Elastic
recoil was defined as the difference between the minimal
balloon diameter and the minimal lumen diameter after
coronary angioplasty, normalized for vessel size (34-36).
The balloons used for dilation were composed of 1) noncom-
pliant material (polyethylene terephthalate or hydracross),
or 2) comphant material (polyethylene, polyvinylchloride or
polyolefin copolymer). Relative loss was defined as the
difference in minimal lumen diameter after coronary angio-
plasty and at follow-up, normalized for vessel size (37).

[n addition to quantitative measurements, qualitative
assessment of certain lesion characteristics (calcification.
presence of side branch in stenosis, location of stenosis in a
bend) was also performed (38).
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Definition of dissection. All postangioplasty angiograms
were examined for the presence or absence of dissection,
defined according to modified National Heart, Lung, and
Blood Institute criteria as the presence of angiographically
evident intimal or medial damage presenting either as a small
radiolucent area within the lumen of the vessel (tear or flap,
type A) or as an extravasation of nonpersisting or persisting
contrast medium (type B or C) (10,39). A dissection was
classified as type D in the presence of a spiral-shaped filling
defect with delayed distal flow and as type E if a persistent
lumen defect with delayed anterograde flow was seen on the
final postangioplasty angiogram. A filling defect accompa-
nied by a total coronary occlusion was classified as a type F
dissection (Fig. 3 to 6).

Assessment of dissection. Each investigator was asked to
assess and document the occurrence of dissection atter the
procedure. All films were reassessed by the angiographic
core laboratory, which was empowered by the MERCATOR
Angiographic Committee to revise the initial assessment of
the investigator. Inter- and intraobserver variability of the
two assessors (W.R.M.H., B.J.R.) for the assessment of
dissection was examined in the angiographic core laboratory
in an arbitrarily selected number of lesions. The coronary
angioplasty films of 138 patients with 151 lesions (consecu-
tive films reaching the core laboratory) were independently
assessed for dissection by each observer on two separate
occasions, 3 months apart, without knowledge of the results
of the earlier assessment. In 271 (89%, kappa 0.75) of the 302
lesions. there was agreement on the presence or absence of
dissection and 85% (kappa 0.66) agreement for the type of
dissection between the two assessors. The intraobserver
variability for the presence or absence and the type of
dissection were, respectively, 87% (kappa 0.60) and 80%
(kappa 0.48) for assessor 1 and 82% (kappa 0.58) and 76%
(kappa 0.51) for assessor 2 (40).

If dissection is evident on the postangioplasty angiogram,
the quantification of a coronary lesion can be hampered by
consequent indecision; that is, the analysts may decide to
include or exclude an extraluminal filling defect in the
analysis (Fig. 7). As advised to the MERCATOR Angio-
graphic Committee, the computer ‘‘decides’ whether the
extraluminal defect is included or excluded in the analysis,
thereby avoiding subjective bias. If there i1s no clear separa-
tion between the lumen and the extravasation (large commu-
nicating channel), the computer includes the dissection 1n
the analysis as the interpolated edge detection technique
(making use of the weighted sum of first- and second-
derivative difference functions applied to the brightness
information using minimal cost criteria) will defect a small
not significant difference in brightness. However, when the
extravasation is distinctly separate from the true vessel
lumen (small communicating channel), the computer ex-
cludes the dissection from the analysis as there will be a
steep difference in brightness between the extravasation and
the true lumen (Fig. 7).
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Figure 3. Stenosis in the proximal left anterior descending coronary
artery before (A) and after (B) angioplasty with a typical example of
a type A dissection. The arrows indicate the site of the lesion before
angioplasty (A) and the site of an intimal flap after angioplasty (B).

End points. Restenosis was defined per lesion. Two
different approaches were used to look at the restenosis
process. 1) In the categoric approach, restenosis was con-
sidered to be present when the diameter stenosis was >50%
at follow-up angiography because it is still common clinical
practice to assess lesion severity in this manner. 2) In the
continuous approach, which describes how the lesion **be-
haves'’ during follow-up, relative loss was defined as the
absolute change in minimal lumen diameter, adjusted for
vessel size, a procedure that allows comparison of vessels of
different sizes.

Clinical outcome was defined for each patient, who was
considered to have a dissection if dissection was visible on
the postangioplasty angiogram in any dilated segment Irre-
spective of procedural success. Full clinical follow-up was
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Figure 4. Stenosis in the mid right coronary artery before (A) and
after (B) angioplasty with a typical type B dissection. The arrows
indicate the site of the lesion before angioplasty (A) and the site of
the extravasation of contrast material after angioplasty (B).

obtained in all 693 randomized patients during a 6-month
follow-up period. Clinical status was ranked according to the
most serious adverse clinical event that occurred, ranging
from death (irrespective of cause), congestive heart failure
functional class (New York Heart Association class III or
IV), nonfatal myocardial infarction (defined as ECG
changes, creatine kinase enzymes more than twice the upper
limit of normal with MB fraction >6% of total creatine
Kinase, with or without symptoms), need for coronary re-
vascularization (coronary artery bypass grafting, repeat cor-
onary angioplasty, stent implantation or atherectomy at the
same site or other site), recurrent angina requiring initiation
of or an increase in medical therapy, or none of these (28).
Only revascularization procedures that were carried out
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before the study end point (6 months + 3 weeks) were
included as clinical events (30).

Data analysis. Data were analyzed with the BMDP sta-
tistical software package (University of California, Berke-
ley, California 1990). A chi-square test was used to assess
the differences in categoric variables. A one-way analysis of
variance or Student ¢ test was used to assess differences in
continuous variables between two or more groups. p values
< 0.05 were considered statistically significant. Patient,
lesion and procedural variables were assessed for their
relation to dissection. For that purpose, continuous varia-
bles were grouped into three equally sized subgroups (ter-
tiles) and relative risks were calculated by comparing the
subgroup with the highest percentage of dissection with the
other two groups combined (reference group) (41). The 95%
confidence levels were calculated to determine the precision
of these estimates. A statistically significant difference at the
5% level is present where the 95% confidence intervals do
not cross a value of 1. To rule out the influence on restenosis
of differences in baseline lesion characteristics between the
groups with or without dissection, a stepwise multivariate
linear (dependent variable, relative loss) and logistic (depen-
dent variable, >50% diameter stenosis) regression analysis
was performed.

Results

An angiographically visible dissection was identified in
247 (32%) of the 778 lesions that were successfully dilated
and had angiographic follow-up. In 242 lesions, the dissec-
tion was classified as type A(n = 82), B(n=132)orC (n =
28). In only five lesions, it was assessed as type D (n = 3) or
E (n = 2).

Patient-related variables and the risk of dissection. The
relation between risk of dissection and patient-related vari-
ables 1s described in Table 3. For example, as age is a
continuous variable, it was divided in tertiles with the
highest frequency of dissection—36%—in the age group =62
years. The other two tertiles combined consisted of 514
lesions; 1n 153 (30%) of these, a dissection was seen on the
postangioplasty angiogram. The relative risk of age =62
years for dissection was 1.19; that is, patients =62 years had
[.19 times the chance of having a dissection visible on the
postangioplasty angiogram after successful coronary angio-
plasty than did patients aged <62 years. The 95% confidence
interval of the relative risk for age =62 years was 0.97 to 1.48
(p = NJ).

Absence of unstable angina and serum cholesterol level
<5.7 mmol/liter at baseline were associated with a signifi-
cantly higher incidence of dissection.

Lesion and procedure-related variables and the risk for
dissection. The relation between risk of dissection and lesion
and procedural variables is described in Table 4.

The frequency of any dissection was significantly higher
with 1) a postangioplasty diameter stenosis >37%, 2) a lesion
of intermediate length (=5 to <6.7 mm), 3) an eccentric
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dilation indicated by the arrow in B.

lesion (symmetry <0.23), 4) a lesion located in a more
curved segment (curvature index =21), 5) a lesion located in
the right coronary artery, 6) thrombus observed on the
postangioplasty angiogram, 7) application of lower or higher
inflation pressure (<7 or >9 atm), 8) noncompliant balloon
material was used.

Multivariate logistic regression analysis was performed
for all patient-lesion-procedural variables significantly asso-
ciated with the occurrence of dissection in univariate analy-
sis (p < 0.05). Of these variables, 1) absence of unstable
angina pectoris, 2) more curved vessels, 3) eccentric lesion
location in the vessel, 4) intermediate lesion length, and 5)
noncompliant balloon material were retained in the model.

Dissection and restenosis (Table 5). When the restenosis
cutoff criterion of ‘‘>50% diameter stenosis at follow-up™
was used, then almost identical restenosis rates were seen
for lesions with dissection (29%: cilazapril 25%, placebo
33%) or without dissection (30%; cilazapril 32%, placebo

Figure 5. Stenosis in the left circumflex artery before angioplasty
(A). after balloon inflation (B) and after angioplasty (C). This figure 1s
a typical type C dissection with persistence of contrast in the area of
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C

29%). Similar rates were found if the type of dissection was
grouped according to the National Heart, Lung, and Blood
Institute classification with a restenosis rate of 33% for type
A, 27% for type B and 32% for type C.

When absolute change in minimal lumen diameter during
follow-up was used to define the restenosis process, the
“‘relative loss’’ in lesions with dissection was 0.10 = 0.22
(cilazapril 0.09 = 0.20, placebo 0.13 + 0.25) and in lesions
without dissection was 0.10 = 0.19 (cilazapril 0.10 £ 0.19,
placebo 0.11 = 0.19). If the type of dissection was subcate-
gorized the relative loss was 0.15 for type A, 0.08 for type B
and 0.10 for type C.

Multivariate linear and logistic analyses were performed
to determine whether the observed differences between the
groups with and without dissection with regard to baseline
lesion, patient and procedural variables influenced resteno-
sis according to the two approaches used. In both models,
the regression coefficient for dissection was not influenced
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Figure 6. Stenosis in the proximal and mid right coronary artery
before (A) and after (B) angioplasty with a typical type D spiral-
shaped dissection associated with decreased flow. The arrows
indicate the site of the lesions before angioplasty (A) and the site of

the spiral-shaped dissection with decreased flow after angioplasty
(B).

by the variables that were significantly associated with
restenosis. In the linear model, the regression coefficient for
the dissection variable was 0.02 at the start of the analysis
process and 0.01 after inclusion of the variables that added
significantly (relative gain, minimal lumen diameter after
angioplasty and vessel dilated (nonright coronary artery
vessel) to the fit of the model. In the logistic model, the
regression coefficient for the dissection variable was (.01 at
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Figure 7. Method of quantitative analysis used when a dissection is
not evident on the postangioplasty angiogram. Because a type A
dissection is intraluminal, it will be analyzed as seen in the left panel.
In contrast, type B to E dissections are extravasation outside the
contrast-filled lumen. In cases where the communicating channel
between the lumen and the extravasation is large (and of functional
importance)—as can be seen in the brightness of contrast medium in
the dissection—the computer will include the dissection in the
analysis (right panel) because only a small difference in brightness
will be detected. However, when this channel is small and not
functional, the computer will exclude the dissection from the
analysis because the difference in contrast density will be signifi-
cant.

the start of the analytic process and 0.08 after inclusion of
the variables that added significantly to the fit of the model
(minimal lumen diameter before angioplasty, relative gain,
vessel size and vessel patency).

Dissection and clinical outcome (Table 6). Clinical out-
come was determined in all 693 patients at 6-month fol-
low-up and was ranked according to the most serious ad-
verse clinical event ranging from death (n = 4 [0.9%)]
without, n = 1 [0.4%] with dissection), nonfatal myocardial
infarction (n = 4 [0.9%] without, n = 8 [3.2%] with dissec-
tion), coronary revascularization (n = 73 [16.6%] without,
n = 32 [12.7%] with dissection), recurrent angina requiring
medical therapy (n = 88 [20%] without, n = 47 [18.7%)] with
dissection) to none of these (n = 272 [61.7%] without, n =
164 [65.1%] with dissection). No significant differences in
clinical outcome between patients with or without dissection
was observed if clinical outcome was evaluated according to
the occurrence or nonoccurrence of either ‘‘hard events’’
(death, non-fatal myocardial infarction or coronary revascu-
larization) (with dissection: placebo 17%, cilazapril 16%:
without dissection: placebo 19%, cilazapril 18%) or *‘soft
events'' (recurrence of angina or no event) (p = 0.22).

Discussion

T'wo major problems arise in the exploration of a possible
relation between an angiographically visible dissection after
successful angioplasty and the long-term angiographic and
clinical sequelae: 1) definition and assessment of dissection,
and 2) definition and assessment of restenosis.
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Table 3. Patient-Related Variables and Risk for Dissection

HERMANS ET AL.
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Lesions Positive
for the Varniable:
Variable Dissection/Total (%)

Lesions Negative
for the Vanable:

Dissection/Total (%)

Relative Risk
(95% Cl)

Age (=62 yr) 94/264 (36)
Female 47/129 (36)
Presence of diabetes type Il 16/45 (36)
History of myocardial infarction 112/328 (34)
Never smoked 62/175 (35)
Not currently smoking 216/651 (33)
Single-vessel disease* 134/424 (32)
Single-site dilation 177/536 (33)
CCS class at baseline (I.1I)7 [34/411 (33)
No unstable angina 233/706 (33)
Duration of angina (=305 days)z 91/256 (36)
Cholesterol (<5.7 mmol/liter)§ 90/239 (38)

153/514 (30)
200/649 (30)
231/733 (32)
135/450 (30)
185/603 (31)
31/127 (24)
99/316 (31)
70/242 (29)
113/365 (31)
14/72 (19)
151/510 (30)
147/499 (30)

19 (0.97 to 1.48)
19 (0.92 to 1.53)

1.13 (0.75 to 1.70)

.14 (0.93 to 1.40)
[.15 (0.92 to 1.46)
1.36 (0.98 to 1.88)
01 (0.81 to 1.25)
.14 (0.91 to 1.44)
1.06 (0.86 to 1.30)
1.70 (1.05 to 2.75)
1.20 (0.98 to 1.48)
1.28 (1.03 to 1.58)

775

“Not available for 38 lesions. TNot available for two lesions. £Not available for 12 lesions. §Not available for 40
lesions. CCS = Canadian Cardiovascular Society angina classification: 95% Cl = 95% confidence intervals.

dissection and long-term follow-up, the assessment of dis-
section may well have been biased by knowledge of clinical
variables because patients were assessed in a clinical setting
by multiple assessors and inter- and intraobserver variability
were not reported. As part of a multicenter study, we

Definition and assessment of dissection. In the present
study, the well established National Heart, Lung, and Blood
[nstitute classification for the assessment of dissection was
used, as previously described by Guiteras Val and Dorros et
al. (10.39). In earlier reports (9,12,23) looking specifically at

Table 4. Lesion and Procedure-Related Variables and Risk for Dissection

Lesions Positive
for the Variable:
Variable Dissection/Total (%)

Lesions Negative
for the Variable: Relative Risk
Dissection/Total (%) (95% (1)

MLD pre-PTCA (mm) (<0.92)
MLD post-PTCA (mm) (<1.90)
Relative gain (=0.33)

DS pre-PTCA (%) (=64%)

DS post-PTCA (%) (=37%)
Vessel size (mm) (=2.35 to =2.80)
Length lesion (mm) (=5 to =6.7)*
Atherosclerotic plaque (mm-) (=7.3)*
Symmetry index (<0.23)*
Curvature index (=21)*

Totally occluded vessel pre-PTCA
RCA dilated

Proximal location in vessel
Calcified lesion

Side branch in stenosis

[esion at bend point

Balloon artery ratio =1.2

Balloon artery ratio =1.17
Noncompliant balloon matenal
Stretch =0.557

Elastic recoill =0.277

Thrombus post-PTCA

Maximal balloon pressure (<7 or >9 atm)

Total inflation time <145 s
Number of inflations =2 and =4

85/260 (33)
82/259 (32)
92/261 (35)
84/250 (34)
100/262 (38)
92/256 (36)
94/243 (38)
83/243 (34)
88/232 (38)
87/235 (37)

18/51 (35)
86/222 (39)
108/292 (37)

30/80 (38)
138/414 (33)

23/65 (35)
83/246 (34)
68/212 (32)
143/401 (36)
79/213 (37)
74/213 (35)

14/29 (49)
109/285 (38)
80/165 (32)
177/544 (33)

162/518 (31)
165/519 (32)
155/517 (30)
163/528 (31)
47/516 (28)
55/522 (29)
135/484 (28)
146/484 (30)
141/495 (29)
140/492 (28)
229/627 (32)
161/556 (29)
139/486 (29)
217/698 (31)
109/364 (30)
224/713 (31)
164/532 (31)
135/419 (32)
104/377 (28)
124/418 (30
129/418 (31
233/749 (31)
138/493 (28)
167/533 (31)
70/234 (30)

1.05 (0.84 to 1.30)
1.01 (0.81 to 1.25)
1.18 (0.95 to 1.45)
1.09 (0.88 to 1.3))
[.34 (1.09 to 1.6))
1.21 (0.98 to 1.49)
1.39 (1.12 to 1.72)
1.13 (0.91 to 1.41)
.33 (1.07 to 1.6))
1.31 (1.05 to 1.63)
1.12 (0.76 to 1.6))
1.34 (1.08 to 1.65)
1.21 (0.98 to 1.51)
1.21 (0.89 to 1.63)
1.12 (0.91 to 1.37)
1.13 (0.80 to 1.59)
.09 (0.88 to 1.36)
00 (0.78 to 1.27)
30 (1.05 to 1.60)
25 (0.99 to 1.51)
1.13 (0.89 to 1.42)
1.55 (1.05 to 2.30)
37 (1.11 to 1.68)

1.04 (0.84 to 1.30)
1.09 (0.86 to 1.37)

¥Not available in 51 lesions with a totally occluded vessel. TAvailable in 631 lesions with an analysis of the
inflated balloon at highest inflation pressure used. atm = atmospheres; MLD = minimal lumen diameter; PTCA =
percutaneous transluminal coronary angioplasty: RCA = right coronary artery: other abbreviations as in Tables I

and 3.
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Table 5. Dissection After Successful Coronary Angioplasty With Angiographic Follow-Up and the Occurrence of Restenosis per Lesion

Dilated: Categoric and Continuous Approach

Restenosis Dissection Type
None Any A B C D E
No. (n = 531) (n = 247) P (n = (n = 132) (n = 28) (n = 3) (n = 2)

Continuous

Loss (mm) 0.26 = 0.48 0.28 = 0.60 0.57 0.39 = (.65 0.23 + 0.54 0.25 £10.55 041 £ (.27 =011 %1050

R loss 0.10 £ 0.19 0.10 = (.22 0.88 0.15 = 0.24 0.08 = (.21 0.10 = 0.21 0.16 = 0.11 -0.04 = 0.16
Categoric

DS >50% 159 (30%) 72 (29%) 0.82 27 (33%) 36 (27%) 9 (32%) 0 0

DS = diameter stenosis at follow-up angiography; Loss = difference in minimal lumen diameter between postangioplasty and follow-up studies; R loss =

relative loss (loss normalized for the vessel size).

prospectively collected lesion, patient and procedural vari-
ables to analyze, as an ancillary study, the relation of an
anglographically visible dissection with restenosis and clin-
iIcal outcome in all randomized patients. All baseline and
follow-up films were screened, processed and analyzed at an
off-line angiographic core laboratory without knowledge of
clinical data. Interobserver and intraobserver variability for
dissection (irrespective of type) were defined for the two
assessors 1n the core laboratory (W.R.M.H., B.J.R.) with a
kappa of 0.60 for assessor 1, 0.58 for assessor 2 and 0.75
between the two assessors. These kappa values indicates a
satisfactory agreement between the two assessors and for
each accessor in time (40).

Definition .and assessment of restenosis. In virtually all
reported studies on the relation between dissection and
restenosis, visual estimation or hand-held caliper measure-
ments were used to assess restenosis (8-20). Both of these
methods are hampered by relatively wide interobserver and
Intraobserver variability (27-29). To avoid those pitfalls, in
this study we assessed restenosis by quantitative coronary
anglography using the CAAS-system, a well validated and
extensively described method of analysis (27.31-33). In
addition, previous reports represent, in most cases, the early
experience of an institution and describe the long-term
tollow-up of patients who were not angiographically restud-
led at a predetermined time. The majority of these studies

were retrospective analyses and involved a small number of
patients (26).

The best definition for restenosis has been the subject of
much debate (26). Of the different restenosis criteria pro-
posed, the “*50% diameter stenosis at follow-up angiogra-
phy" 1s the most frequently used to assess restenosis be-
cause physiologic measurements demonstrate that this is the
approximate value in animals with normal coronary arteries
at which blunting of the hyperemic response occurred (42).
This definition was applied to our data. Earlier studies (43)
have shown that the reference diameter of a coronary artery
1S frequently involved in the restenosis process so that the
use of percent diameter stenosis (whose calculation depends
on the assumption of a “‘normal’’ reference diameter seg-
ment) may underestimate the change in the severity of a
stenosis after coronary angioplasty. Furthermore, ‘‘the 50%
diameter stenosis at follow-up’’ criterion tells us nothing
about the behavior of the lesion after angioplasty. If this
criterion is applied, lesions with a suboptimal angioplasty
result will preferentially be identified as undergoing resten-
osis despite only a minor deterioration in lumen diameter.
Our group has previously demonstrated that a change of
=(0.72 mm 1n minimal lumen diameter is an appropriate,
objective method of assessing the degree of intimal hyper-
plasia during follow-up after coronary angioplasty
(27,31,32,44). However, this criterion was historically as-
sessed 1n vessels with an average reference diameter of
3.7 mm. Therefore it is best applied to vessels of comparable
reference diameter. It would be unlikely to observe a loss
=().72 mm 1n coronary segments with a reference diameter of

Table 6. Dissection After Coronary Angioplasty per Patient and Clinical Outcome at 6 Month Follow-Up

Clinical Event

Dissection Type

None Any A B C D E F

(n = 44]) (n = 252) (n = 76) (n = 136) (n = 33) 3 3 I

Death 4 (0.9%) | (0.4%) | (1.3%) 0 0 0 0 0
NYHA IIl/IV 0 0 0 0 0 0 0 0
Nonfatal MI 4 (0.9%) 8 (3.2%) 4 (5.3%) 4 (2.9%) 0 0 0 0
Revasc 73 (16.6%) 32 (12.7%) 12 (15.8%) 18 (13.2%) 2 (6.1%) 0 0 0
Recurrent angina 88 (20.0%) 47 (18.7%) 16 (21.1%) 23 (16.9%) 7 (21.2%) I 0 0
No event 272 (61.7%) 164 (65.1%) 43 (56.6%) 91 (66.9%) 24 (72.7%) 2 3 ]

MI = myocardial infarction; NYHA III/IV = New York Heart Association functional class III or IV for congestive heart failure; Revasc = coronary
revascularization procedure.
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2 mm and a minimal lumen diameter of 1.4 mm. In other
words. criteria based on the absolute change in minimal
lumen diameter are limited because they do not relate the
extent of the restenosis process to the size of the vessel. To
circumvent this limitation, we used the change in minimal
lumen diameter from after angioplasty to follow-up, normal-
ized for the reference diameter (relative loss) as earlier
reported by our group (37). This “‘sliding scale criterion,
which adjusts for vessel size, allows the accurate regional
assessment of the extent of the restenosis phenomenon in
the entire coronary tree and also its relation to dissection.

Differences between lesions with and without angiographi-
cally visible dissection. None of the patient-related variables
appear to be associated with the occurrence of dissection,
except for lower cholesterol levels before coronary angio-
plasty and absence of unstable angina. Perhaps the athero-
sclerotic plaques in patients with low cholesterol levels are
more fibrous and prone to tearing when stretched. It 1s
surprising that unstable angina (which is much more fre-
quently associated with acute complications, plaque rupture
and thrombus formation than is stable angina) was associ-
ated with a lower dissection rate in our study. The definition
of unstable angina used may describe a particular patient
group with recent increase in the rate of plaque develop-
ment, which is consequently ‘‘soft’” and therefore more
compliant, and less likely to tear than is atherosclerotic
plaque in patients with chronic stable angina (21,22). In
addition, because only successful dilations were included in
the parent study, our data have a potential bias because
patients in unstable condition have a higher acute complica-
tion rate.

Eccentric and more curved lesions are more prone (o
dissect during angioplasty than are other lesions. Balloon
inflation in this setting is probably associated with unequal
distribution of stretch and consequent shearing forces result-
ing in an intimal tear or dissection.

Intermediate length of the lesion was associated with
more dissection. It could well be that long lesions are treated
with more care (smaller balloon size, lower inflation pres-
sures), as several reports (11,19,20) have suggested higher
restenosis rates in long lesions. Because short lesions are
easily covered by the normal balloon length, it could be that
intermediate length lesions are intermediate and therefore
yield more dissections.

The right coronary artery was more prone to dissection
(especially the proximal part, with 41 dissections of &l
dilated lesions, as assessed with American Heart Associa-
tion definitions [45]), than was the left circumflex or left
anterior descending coronary artery. Lesions in the proximal
right coronary artery have higher curvature values (mean =
30 vs. 20 for all other segments); such values constitute an
independent risk factor for dissection and probably explain
this observation.

Greater postangioplasty diameter stenosis was assocl-
ated with more dissections. One explanation for this obser-
vation may be that an operator who detects a dissection
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during or after balloon inflation may terminate the angio-
plasty procedure to avoid further complications, believing
the result to be acceptable although suboptimal.

Earlier reports focused attention on the relation between
higher balloon/artery ratio and acute complications during
coronary angioplasty, without any influence on the resteno-
sis rates at 6 months (46,47). In the present study, no
influence of the balloon/artery ratio on the occurrence of
dissection was detected; the incidence of dissection was
similar for a low (<0.9) or high (>1.1) balloon/artery ratio
and irrespective of whether the balloon size stated by the
manufacturer or the measured (by quantitative analysis)
inflated balloon size was used. The balloon/artery ratio
describes the relation between the normal vessel wall and
inflated balloon. When the balloon/artery ratio 1s >1.3 the
risk for complications is increased because of possible
extensive injury to the normal vessel wall. However, 1n all
cases (average minimal lumen diameter 1.02 mm, average
balloon size 2.85 mm) the actual stenosis itself is 1 to 3 times
““overstretched,”’ with a consequent potential risk of dissec-
tion In every case.

The frequency of dissection was greater when a " "non-
compliant balloon™ was used. The operator could determine
the type of balloon used for dilation, it i1s impossible to say
whether this observation reflects a real difference between
the different balloon materials or that the decision of the
operator to use a particular balloon depended on the eccen-
tricity of the lesion, length of the lesion, clinical condition of
the patient, vessel calcification and the like.

Sarembock et al. (48) demonstrated in an animal model
that high balloon inflation pressures caused more mural
thrombus, dissection and medial necrosis than did low
inflation pressures. In our clinical study, low (<7 atm)
pressure inflations were also associated with a higher inci-
dence of dissection. Because there were no guidelines tfor
pressure inflations during angioplasty, and routine practice
varies center from center, it is not possible to draw a firm
conclusion from this observation.

Thrombus after coronary angioplasty was associated
with more dissection: however, the cause-effect relation 1s
impossible to decipher because thrombus formation devel-
ops as a consequence of a dissection that is partially ob-
structing blood flow.

Of these variables, the right coronary artery, more curved
vessels. eccentric location in the vessel, intermediate length
and noncompliant balloon material emerged as the most
important variables as they were retained in the multivarate
logistic regression analysis that was performed to identify
risk factors for dissection.

Dissection and restenosis. Multivariate linear and logistic
analyses were performed to determine whether the observed
differences between the groups with and without dissection
with regard to lesion, patient and procedural variables
influenced restenosis according to the two different ap-
proaches. As the regression coefficient for dissection was
not influenced by the variables that were significantly asso-
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ciated with restenosis in both models, it can be deduced that
these discrepancies had no influence on restenosis.

Dissection and clinical outcome. Intimal tear or dissection
has been reported to be an important predictor of ischemic
complications after coronary angioplasty, but only a minor-
ity of patients will develop an acute ischemic event (49).
Huber et al. (23) reported recently that patients with type B
dissection have low rates of complication similar to those of
patients without dissection. Patients with types C to F
dissection had a significant increase in in-hospital complica-
tions. The present study includes only patients with a
successful coronary angioplasty, defined as a <50% diame-
ter stenosis on the postangioplasty angiogram. If the clinical
condition required repeat coronary angioplasty, the angio-
gram immediately before the repeat intervention was used to
obtain follow-up values, irrespective of the timing of the
repeat intervention (hours, days or weeks). Although pa-
tients with dissection are considered to be at high risk for an
Ischemic complication during the in-hospital stay, similar or
even slightly better clinical outcome was observed for pa-
tients with type B to F dissections in this study. Only 9
patients (1.5%) with an initially successful coronary angio-
plasty, had a repeat intervention or emergency coronary
artery bypass grafting during the hospital stay. Five of these
patients had a dissection (type A in three patients, type B in
two) visible on the postangioplasty angiogram. Apart from
possible bias by participating centers in excluding patients
with severe diffuse disease or requiring emergency coronary
angioplasty or multisite dilation, we have no explanation for
this low in-hospital complication rate. Because type C to F
dissections were detected in only 40 patients, strong conclu-
sions regarding these types cannot be drawn in relation to
long-term clinical outcome.

Limitations of the study. By definition, the MERCATOR
trial included only patients with successful coronary angio-
plasty; thus no patient with important obstructive dissection
was included in our study. This factor could have influenced
our results. However, of the 42 patients who agreed to
participate in the Mercator trial but were excluded from the
analysis for the various reasons described under Methods.
12 patients had an “‘unwanted” type of dissection compli-
cated by a myocardial infarction or requiring emergency
bypass operation.

Coronary arteriography provides information on lumen
contour, but not on diffuse vessel wall disease or changes
that occur in the vessel wall due to coronary angioplasty.
Despite this limitation, it has been used for >30 years as the
ultimate diagnostic tool for coronary artery disease. Newer
techniques such as intravascular ultrasound imaging can
visualize the lumen and the vessel wall and thereby can
detect dissections not visible on the coronary angiogram
(50). Angioscopic devices demonstrate the lumen surface of
the vessel intima and have detected intimal dissections in
>90% of the cases after angioplasty whereas angiographic
results were normal in 66% of cases (51). Angiographically
visible dissections may be considered to be at the larger end
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of the dissection spectrum; although studies correlating
intravascular ultrasound and angioscopic findings with
anglographic results in large numbers of patients are still
awaited.

Conclusions. Small hemodynamically insignificant but
anglographically visible dissections are common after coro-
nary angioplasty, occurring in 32% of successfully dilated
lesions 1n this large series. No significant differences could
be detected with regard to restenosis or long-term clinical
outcome 6 months after successful coronary angioplasty
whether such so-called therapeutic dissections were de-
tected on the postangioplasty angiogram. New techniques.
such as intravascular ultrasound or angioscopy, should help
to improve understanding of the mechanism of dilation and
the true occurrence of dissection, its role in the initiation of
the healing process and its relation, if any, with the exces-
sive hyperplastic response that occurs in many lesions.

We gratefully acknowledge the statistical assistance of Jan Tijssen, PhD.

Appendix

Participants in the MERCATOR Study Group (Multicenter European
Research Trial With Cilazapril After Angioplasty to Prevent Transluminal
Coronary Obstruction and Restenosis)

Steering Committee

Patrick W. Serruys, MD (Chairman), Wolfgang Rutsch, MD, Nicolas
Danchin, MD. William Wijns, MD, Hakan Emanuelsson, MD, Francois
Chappuis, MD

MERCATOR Study Group: Participating Clinics and Investigators

The following institutions and investigators participated in MERCATOR.
The number of patients enrolled at each center are given in parentheses.

The London Chest Hospital, London, England (21): R. Balcon, MD.
Principal Investigator; J. Timmins, MD, D.C. Springings, MD, S.J.D.
Brecker, MD. S.W. Davies, MD. Hopital TIMONE, Marseille, France (14):
J.L. Bonnet, MD., Principal Investigator; F. d'Houdain, MD. University
Hospital Leiden. Leiden, The Netherlands (41): B. Buis, MD. Principal
[nvestigator: A.L.M. Bakx, MD, M.l. Sedney, MD. Ospidale Nuguarda
CA’Granda, Milan, Italy (12): L. Campolo, MD, Principal Investigator; G.B.
Danzi, MD, A.M. de Biase. MD. Hopital Cantonal, Geneva, Switzerland (20):
F. Chappuis. MD. Principal Investigator; W. Rutishauser, MD. P. Urban.
MD. B. Meier, MD. CHU Brabois, Vandoeuvre, France (40): N. Danchin, MD.
Principal Investigator: Y. Julliere, MD, V. Voilquin-Thomas, MD. University
of Goteborg, Goteborg, Sweden (44): H. Emanuelsson, MD, Principal Inves-
tigator: P. Albertsson. MD, K. Selin, MD, L. Ekstrom, MD. Medizinisch
Klinik, Miinchen, Germany (32): R. von Essen, MD, Principal Investigator; H.
Nebelsieck, MD, A. Uberreiter, MD, K. Igerl, MD. Onze Lieve Vrouw
Ziekenhuis, Aalst, Belgium (44): G.R. Heyndrickx, MD, Principal Investiga-
tor: P. Nellens, MD, B. de Bruyne, MD, M. Goethals, MD. Stadtisches
Krankenhaus Bogenhausen, Miinchen, Germany (23): T. Ischinger, MD,
Principal Investigator: M. Fischer, MD, K. Coppenrath, MD. Albert-Ludwigs-
Universitat, Freiburg, Germany (18): H.J. Just, MD, Principal Investigator; H.
Wollschlager, MD, H. Drexler, MD, G. Elias, MD. Medizinische Poliklinik,
Zurich, Switzerland (20): H.P. Krayenbiihl, MD, Principal Investigator: O.
Hess. MD, F.W. Amann, MD, R. Schlapfer, MD, M. Biichi, MD. Universit:it
Erlangen, Erlangen, Germany (28): B. Kunkel, MD, Principal Investigator; T.
Firste, MD. CHRU-Hopital Cardiologique, Lille, France (40): J.M. La-
blanche, MD, Principal Investigator: J.M. Joris, MD, T. Eeman. MD. M.
Henry, MD. Kantonsspital Basel, Basel, Switzerland (24): M. Pfisterer, MD.
Principal Investigator; F. Burkart, MD, W. Kiowski, MD. E. Straumann.
MD, R. Schifers, MD. Medizinische Hochschule, Hannover, Germany (24): W.
Rafflenbeul, MD, Principal Investigator; D. Gulba, MD. Hopital Trousseau,
Tours, France (12): P. Raynaud, MD, Principal Investigator; B. Desvaux,
MD, L. Quillet, MD. Freeman Hospital, Newcastle-upon-tyne, England (12):
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D.S. Reid, FRCP, Principal Investigator; M. Been, MD, T.K. Oliver, DCRR,
CHSM. Herzzentrum Hirslanden, Ziirich, Switzerland (8): M. Rothlin, MD,
Principal Investigator; R. Tartini, MD, U. Dirst, MD, H.O. Hirzel, MD.
Universitits Klinikum Virchow, Berlin, Germany (56): W. Rutsch, MD, H.
Schmutzler, MD, Principal Investigators; J. Bott, MD. Universititsklinik,
Kiel, Germany (32): R. Simon, MD, Principal Investigator; M. Hofig, MD, G.
Herrmann, MD. UCL Clinique de Mont-Godinne, Yvoir, Belgium (24): E.
Schroeder, MD, Principal Investigator; R. Krémer, MD, B. Marchandise,
MD. P. Chenu, MD. Thoraxcenter, Rotterdam, The Netherlands (56): P.W.
Serruys, MD, Principal Investigator; W.R.M. Hermans, MD, B.J. Rensing,
MD. Walsgrave Hospital, Coventry, England (15): M. Fai Shiu, MD, Principal
Investigator; J. Escaned, MD, R. Ahmed, MD. Medizinische Klinik I, Aachen,
Germany (40): R. Uebis, MD, Principal Investigator; J. vom Dahl, MD, C.
Stellbrink, MD, S. Nase-Hiippmeier, MD. St. Luc University Hospital, Brus-
sels, Belgium (35): W. Wijns, MD, Principal Investigator; J.M. Detry, MD, J.
Col, MD, J. Cosyns, MD, C. Hanet, MD, X. Michel, MD, J. Renkin, MD

Data Coordinating and Analysis
F. Hoffman-La Roche Ltd., Basel, Switzerland
SOCAR SA, Givrins, Switzerland

Angiographic Core Laboratory
Cardialysis/Thoraxcenter, Rotterdam, The Netherlands: P.W. Serruys,
MD, B.J. Rensing, MD, W.R.M. Hermans, MD, J. Pameyer

Angiographic Assessment Committee
P.W. Serruys, MD (Chairman), W.R.M. Hermans, MD, R. Balcon, MD,
R. Uebis, MD, J.M. LaBlanche, MD, W. Rafflenbeul, MD

Study Directors
T. Widmann, MD, F. Hoffmann-La Roche Ltd., Basel, Switzerland.
P.G. Hugenholtz, MD, Ferme Monte-de-Vaux, Echichens, Switzerland
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