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Effect of continued rt-PA administration on the residual
stenosis after initially successful recanalization in
acute myocardial infarction — a quantitative coronary
angiography study of a randomized trial
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Quantitative angiography was performed in 68 out of 123 patients treated with intravenous rt-PA for
acute myocardial infarction. At 90 min angiography, the median minimal cross-sectional area was
[-11 mm* and the median percentage area stenosis was 80%. A percentage area stenosis greater than

70% was seen in 78% of the patients.

Patients with a patent infarct related artery at the first angiogram were randomized to receive
subsequent infusions either of rt-PA+ heparin or placebo+ heparin. There was a persistent trend of
improvement in minimal lumen diameter and percentage diameter stenosis of the residual stenosis in the
infarct related artery in both treatment groups when re-examined 624 hours later and at the time of
hospital discharge. A reduction in ‘plaque area’, the area between the detected and the reference contours
of the infarct related segment, was more frequently seen in patients receiving a second infusion of rt-PA
than in patients with no prolonged thrombolytic therapy (83% versus 57%, P <0-025, chi square ).

Introduction

[t has been suggested that both the early and
ate reocclusion rate following intravenous ad-
ministration of rt-PA!"*! may be higher than the
-eocclusion rate observed with intravenous or intra-
coronary streptokinase® ). The short half life of
rt-PA (g-11021) and the relatively minor systemic
fibrinolytic effect could lead to a high incidence ¢f
reocclusion as soon as the infusion of the drug 1s
terminated”. A trial was, therefore, performed
to determine the reocclusion rate after successful
recanalization by intravenous rt-PA, and to estab-
lish whether a continued infusion with rt-PA over
a 6 hour period after the initial recanalization
could influence the reocclusion rate. The quali-
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tatively assessed reocclusion rate, as has been
published separately!'!, was low at 6-24 hours
(7%, 95% confidence limits 2 to 15%) and at
predischarge (5%, 95% confidence limits 1 to 14%).
without differences between the 2 treatment groups.
Quantitative coronary angiography allows a
more detailed and objective analysis of any change,
however gradual, of the morphology of the coron-
ary stenosis which cannot accurately be obtained by
subjective assessment. We used 1t in the present
study to investigate whether a prolonged infusion
of rt-PA could achieve a further ‘clean-up’ of the
recanalized infarct related vessel in the first 6-24
hours following the initial recanalization obtained
after a 90 minutes infusion of rt-PA.
The specific objectives of this report are:
(1) to quantify the residual lesions after thrombo-
ysis following a 90 minute infusion of rt-PA,
(2) to determine their spontaneous evolution and
whether a prolonged infusion of rt-PA further
enhances lysis of the remaining intraluminal
thrombus,
(3) to 1dentify the lesions that are hable to
reocclude during hospital stay.

© 1987 The European Society of Cardiology
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Methods

PATIENTS

Among the 123 patients enrolled 1n a reocclusion
trial of the European Co-operative Study Group,
19 underwent coronary angiography 90 minutes
after the start of an infusion with 40 mg rt-PA and a
bolus of 5000 IU heparin''®. According to local
assessment, 86 patients had a patent infarct related
vessel and 33 patients were judged to have an
occluded infarct related vessel. Out of the 86
patients with a patent infarct related vessel, 42
patients were randomized to receive a second 1In-
fusion of 30 mg rt-PA over a time period of 6 hours
and heparin while 40 patients receirved placebo and
heparin (see Fig. 2).

Patients were excluded from analysis 1if either
mechanical recanalization or other pharmacologi-
cal agents such as streptokinase were applied. This
included patients who were recanalized during
angiography, probably under the influence of force-
ful manual injection of contrast medium into the
coronary artery, as this 1s basically a form of
mechanical recanalization.

ANALYTIC PROCEDURE

The coronary cineangiograms were analysed
by CAAS*, a computer-assisted Cardiovascular
Angiography Analysis System, described exten-
sively elsewhere!'” '’ Briefly, this system allows an
objective and reproducible quantification of coron-
ary stenosis. A 35 mm cineframe was selected and
digitized with a CCD-camera at very high resol-
ution (1330 x 1770 pixels) and electronically a
region of interest (512 x 512 pixels) encompassing
the arterial segment to be analysed was selected for
subsequent analysis by the computer.

Contours of the arterial segment were detected
automatically on the basis of first and second
derivative functions of the brightness profile, and
corrected for pincushion distortion from the image
intensifiers. A calibration factor was derived from a
computer processed segment of the angio catheters.
From the arterial contour data, a diameter-function
was computed. The minimal lumen diameter and a
reference diameter, computer-estimated by the
interpolated  diameter  technique!'” =", were
expressed in millimeters. On the basis of the proxi-
mal and distal centreline segments and the com-
puted reference diameter function, the reference
contours over the obstructed region were recon-
structed (Fig. 1). The extent of the obstruction was

*Pie Data Medical. Maastricht, The Netherlands.

determined from the diameter function on the basis
ol curvature analysis and expressed 1n milli-
meters'' .. The difference in area between the refer-
ence and the detected contours over the lesions
(‘plaque area’, in mm~?) is a measure for the athero-
sclerotic plaque'™, which in the setting of acute
myocardial infarction may include partially dis-
solved thrombus. In addition, this technique
allowed the assessment of the eccentricity of the
lesion for a given view. The symmetry index ranges
[rom 0 (totally assymmetric) to 1 (Ssymmetric).

The severity of the obstruction can also be
expressed as a percentage area stenosis: assuming
circular cross-sections at the obstruction and refer-
ence position, corresponding luminal areas (mm?)
were calculated by comparing the minimal area
value at the obstruction with the reference value
obtained following the interpolated diameter
technique.

ANGIOGRAPHIC PROTOCOL

Foreach series of angiograms following the initial
angiogram, the X-ray system was repositioned 1n
projections corresponding as closely as possible to
those obtained previously. Angiograms were
obtained in multiple views, including hemi-axial
views for the left coronary artery. The infarct
related segment was 1dentified for all films on the
basis of electrocardiographic and angiographic
evidence. In those patients in whom the site of
occlusion could not be established with certainty
because of multiple lesions, the segment with the
smallest minimal lumen diameter at the first film
was assumed to be infarct related (9 patients).
End-diastolic cineframes were selected to avoid the

blurring effect produced by the motion of the
coronary artery during ejection and to limit the

foreshortening often observed during systole!'’,
Only those projections which were reproduced
during sequential filming were selected and quanti-
tatively analysed. Average values of measurements
obtained in multiple angiographic projections were
determined for each segment. For the symmetry
index, results from different projections were not
averaged, but the lowest value was selected.

MEASUREMENT ERROR OF REPEATED ANGIOGRAPHY
AND QUANTITATIVE ANALYSIS

The accuracy of the quantification method has
been validated with plexiglass phantoms filled with
contrast medium (perspex models)!"®. The measure-
ment error of repeated coronary angiography and
quantitative analysis (2 standard deviations of
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the difference of duplicate measurements) in mini-
mal lumen diameter and interpolated reference
diameters have recently been described!"”. The
measurement error of the minimal lumen diameter
1s 0-72 mm, whereas the measurement error of the
‘plaque area’is 5-34 mm~. A change greater than the
measurement error was considered to be indicative
of substantial change in the residual stenosis.

STATISTICAL METHODS
Either the chi square test or analysis of variance
was performed where appropriate, under the ‘null

ZO0ve-4NEC™

(C)

Figure 1 Detected contours for a right coronary artery
stenosis superimposed on the original video image for sequen-
tial filming at 90 minutes (a), 624 hours (b) and predischarge
(¢). The diameter function is shown at the bottom. The cali-
brated diameter measurements in mm are plotted along the
ordinate, from the proximal to the distal part of the analysed
segment along the abcissa. The minimal luminal diameter 1s
represented by a thick vertical line, the imits of the lesions by
thin vertical lines. The normal size of the artery over the
obstruction has been estimated by the interpolated diameter
technique. The resulting reference contours are shown and
the difference in area between this boundary and the detected
contours 1s a measure ol the “plaque area’ (shaded area).

hypothesis’ that there was no difference in the
measured variables between the two treatment
groups. Double sided P-values are reported.

Results

Multiple matched angiographic projections were
obtained during serial cineangiography (at 90 min,
at 6-24 hours and predischarge angiography) 1n
55% of the patients (2 views in 42%, 3 views In
13%), while a single matched view was available in
the remaining 45% of patients.
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Figure 2 Survey of the study population.

Out of 119 cineangiograms performed 90 minutes
after the start of the first rt-PA infusion (see Fig. 2),
51 infarct related stenotic segments could not be
analysed because of total occlusion (N=32),
recording of the angiogram on video tape not suit-
able for quantitative analysis (N=7), inadequate
quality of the cineangiography (N =7), and because
of recanalization by forceful manual 1njection of
contrast medium (N=4) or by intracoronary
infusion of streptokinase (N=1).

At 6-24 hours after the start of the first rt-PA
infusion, angiography was performed in 79 out of
82 patients allocated to a second infusion of either
rt-PA or placebo. In 3 patients catheterization was
not performed for clinical reasons: coronary artery
bypass grafting (N=1), hypotension (N=1) and
impossibility to pass the aortic bifurcation (N=1).
Out of these 79 angiograms, 16 could not be quanti-
tatively analysed because of total occlusion (N = 3),
recording of the angiogram on video tape (N=)),
or inadequate quality (N =38).

At the time of hospital discharge, coronary
angiography was performed 1n 69 patients allocated
to a second infusion. This limited number was due
to patient refusal (N=6), coronary artery bypass
grafting (N=6), and death (N=1). Quantitative
analysis was not possible in another 18 angiograms

because of total occlusion (N = 3), recording of the
angiogram on video tape (N=15), 1nadequate
quality (N=7), or angioplasty during the hospital
stay (N =13).

RESIDUAL LESIONS AT 90 MINUTES AFTER START OF rt-PA
INFUSION

The quantitative angiographic parameters obtained
from the first film for all patients and regrouped
according to the treatment allocation are given In
Table 1. Individual data of the minimal cross-sectional
arca and the percentage area stenosis ol 68 stenotic
lesions at 90 min are presented 1in Fig. 3. The median
value for the minimal cross-sectional area was
|-11 mm~ and the values of the Sth and 95th centiles
were 0:60 mm?® and 2-64 mm- respectively. The
median value for the percentage area stenosis was 80%
while the 5th and 95th centiles were 53 and 91 %,
respectively.

A percentage area stenosis of less than 50% was seen
in only 3 out of 68 patients (4% ) and an area stenosis
greater than 70% was seen 1in 53 patients (78%).

EVOLUTION OF THE RESIDUAL LESION AFTER INITIAL
THROMBOLYSIS

The sequential changes in the anglographic
parameters (paired data) are shown 1n Table 2,
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Table 1 Parameters of quantitative coronary angiography of the first film of all patients analysed and of the first, second and third
films for those patients that received a second infusion, grouped by treatment allocation. Values are expressed as median and range

@

All Patients with rt-PA at second infusion  Patients with placebo at second infusion
patients .
first film first film second film third film first film second film third film
median median median median median median median
(range) (range) (range) (range) (range) (r:.—mge_) (range)
(N =68) (N=23)5) (Ni=35) (N=27) (N = 30) (N =28) (N = 24)
Min. lumen diameter [-19 [-19 [-36 [-40 1-25 140 l_*SS
(mm) (0-69-2-55) (0-79-1-83) (0-86-2-49) (0-88-2-58) (0-89-2-55) (0-92-2-36) (0-98-2-70)
Reference diameter 2-7] 2:66 2:96 2:81 2:92 2-90 2:92
(mm) (1-404-78) (2:03—4-78) (1:92-4-17) (2:05-3-69) (1-4-3-86) (1:67-5-77) (1:66-4-25)
Diameter stenosis (%) 55-7 58-1 54-1 52:6 53-4 50-4 44-3
(16:9-80-0) (16:9-73) (18:7-90-7) (15-:3-66-3) (24:3-69-2) (21-1-78:3) (21:6-73-9)
Min. cross-sectional
area (mm?) [-11 [-11 | -44 [-56 1-23 1-53 1-67
(0-38-5-12) (0-49-2-64) (0-58-4-9) (0-61-5-23) (0-63-5-12) (0-674-37) (0-76-5-73)
Reference area (mm?) 6-04 5-63 6-91 62 6:71 6-59 6:72
(1:54-17-94) (3-24-17-94) (2:91-13-63) (3:32-10-71) (1-54-11-70) (2-18-26-12) (2:17-14-17)
Area-stenosis (%) 80-3 82:2 786 756 78-2 795:3 _ 683
(31-:0-95-9) (31:0-92:7) (33-9-87-2) (27-4-88-5) (42:7-90-5) (37-7-953) (38:6-93-2)
‘Plaque area’ (mm?) 6:85 6-99 6-66 5-:04 6-73 6:81 5-78
(1-19-34-29) (2:25-18:42) (1-57-16:12) (1-18-17-25) (1:19-16-6) (1:26-19-57) (1-86-15-57)
Symmetry index 0-43 0-42 0-45 0-28 0-43 0-26 0-36
(0-01-0-93)  (0-01-0-93) (0-14-0-91) (0-:04-0-67) (0:09-0-85) (0-06-0-98) (0-05-0-95)

_—.—”—l——ﬂ

Table 2 Changes in parameters of quantitative coronary angiography between first and second film and first and third film,
respectively, in patients that received a second infusion, grouped by treatment allocation. Values are expressed as means + SD

%

rt-PA at second infusion

Placebo at second infusion

Difference

[st film —2nd film
(mean+SD; N=32) (mean

Difference
[st film —3rd film

Difference

[st film —2nd Alm
+SD; N=24) (mean+SD; N=26) (mean+SD; N=23)

Difference
[st film — 3rd film

Minimal lumen diameter (mm)

Reference diameter (mm)
Diameter stenosis (%)

. . >
Min. cross-sectional area (mm~)

Reference area (mm?)
Area-stenosis (%)
‘Plaque area’ (mm?)
Symmetry index

—0-21 +0-41 —026+0-51
—0:09 +0-27 0-05+0-36
42+ 143 8-4 4 17-0
—0-52+1-09 —0-70+ 1-36
—0-43+1-37 0-34+2:03
5-5+ 143 9-0+19-6
0-60 + 190 1-80 +2:57
—0-04+0-19 0-09 +0-25

—0-1140-25 —0-17+0-40
—0:07+0-51 —0:03+0-28
36491 65+ 126
—0-2440-59 —0:36+ 1-01
—0:57 4335 0-07 + 1-30
40+93 65+ 13-0
0-37 4221 1-1942:57
0-08 +0-24 0-01 +0-28

comparing the change from angiography at 90 min
to angiography at 6-24 hours and from the 90 min
angiogram to the predischarge film. The magnitude
of the residual lesion, as quantified by minimal
lumen diameter, percentage diameter stenosis as

well as ‘plaque area’ showed a decreasing trend at
the 6-24 hours and predischarge angiogram in both
treatment groups. This 1s illustrated in Figs 4 and 5,
where the minimal lumen diameter and the ‘plaque
area’ measured at predischarge are plotted against
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Figure 3 Plotof (a) minimal cross-sectional area, (b) percentage area stenosis, (¢) obstruction
length and (d) symmetry index at 90 min angiography of the patients with reocclusion during
follow-up angiography (3 left hand columns of each part) and of all other patients analysed
(P =placebo, O =others).

the measurements obtained from the 90 min angio measurement error of 0-72 mm. Of these 6 lesions, 4
with the measurement error bands imposed. belonged to the rt-PA group. Eighty-eight percent

On the predischarge film, 6 lesions exhibited an of the lesions (21 out of 24) in patients treated with a
increase in minimal lumen diameter exceeding the continued infusion of rt-PA were found to have a
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decrease in ‘plaque area” whereas only 57% of the
esions in the placebo group (13 out of 23) showed a
eduction in ‘plaque area’ (P<0-025, chi square
est).
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Figure 4  Scatterplot showing the miimal lumen diameter
at 90 min angiography (x-axis) and at predischarge angio-
graphy (y-axis). The 2 lines parallel to the identity line
indicate the measurement error band.
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Figure 5 Scatterplot showing the ‘plague area’ at 90 min
anglography (x-axis) and at predischarge (y-axis). The 2 lines
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band.

A selection bias may be introduced by the fact
that in I8 patients serial quantitative analysis at
90 min and at predischarge was not available:
because of bypass grafting or angioplasty in 5
batients in the group receiving rt-PA as second
infusion and in 2 patients in the placebo group:
because of occlusion in | patient in each group:
because of patient refusal in 3 patients in the rt-PA
as second infusion group and 1n 2 patients in the
placebo group: because of insufhcient quality in 2
patients in each group. Therefore, re-analysis of the
data was performed, assuming that patients 1n
whom no quantitative analysis at predischarge was
available had an increase in ‘plaque area’. Follow-
ing this assumption, 21 out of 35 patients (60%) in
the group receiving rt-PA as second infusion had a
decrease 1n ‘plaque area” and 13 out of 30 patients
(43%) 1n the group receiving placebo.

RESIDUAL LESIONS AT FOLLOW-UP ANGIOGRAPHY

The median of the percentage area stenosis of all
lesions analysed (N=63) at 6-24 hours was 77%
with Sth and 95th centiles of 38% and 87%.
respectively. A percentage area stenosis of less than
50% was seen in 7 out of 63 patients (11%), while a
percentage area stenosis greater than 70% was
present in 43 patients (68%).

The median percentage area stenosis of all lesions
analysed (N=1351) at predischarge was 71% (10th
and 90th centiles 39% and 85%, respectively). At
predischarge, 8 out of 51 patients (16%) had a
lesion with a percentage area stenosis of less than
50% and 28 patients (55%) had a lesion with a
percentage area stenosis greater than 70%.

LIABILITY FOR REOCCLUSION OF THE RESIDUAL
STENOSIS

Out of 68 angiograms quantitatively processed
after the first infusion of rt-PA, there were 3 early
and 3 late reocclusions as independently assessed by
the angiographic assessment committee.

Analysis of the individual morphological charac-
teristics (minimal cross-sectional area, percentage
area stenosis, length of obstruction and asymmetry)
of the residual lesions which reoccluded versus
those which remained patent revealed no systematic
pattern. No single parameter could be identified to
predict reocclusion (Fig. 3).

Discussion

In patients with transmural acute myocardial
infarction and coronary arterial thrombi, histologi-
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cal cross-sections of coronary arteries have been
shown to be narrowed by atherosclerotic plaque
alone to 33-98% (mean 81%) at the site of throm-
bosis'*'l. As shown by Fulton'** in his study on the
morphology of coronary thrombotic occlusions,
ater confirmed by Davies and Thomas'™ and
Falk"*®), atherosclerotic lesions are usually of a
complex nature. In two-thirds of Fulton’s cases, a
break or a tear in the luminal lining exposed
material underlying the lesion to flowing blood. He
postulated that this was the probable cause of plate-
let aggregation and fibrin deposition. In half of his
cases, a haemorrhagic dissection was found that
resulted in an apparent reduction of the lumen.

Successful thrombolysis could re-expose the
material of the atheromatous lesion to flowing
blood. Whether the thrombogenic activity of this
material would be as great as it was in the first
instance remains speculative, but 1t could be a
stimulus for secondary thrombus formation. There-
fore, there are theoretical arguments for continuing
administration of antithrombotic agents after
initial recanalization. Qualitative assessment of the
angiogram of the infarct related segment only
describes secondary thrombus formation 1n terms
of reocclusion, which is essentially an all or nothing
phenomenon. Quantitative assessment, however,
allows a more detailed and objective analysis of the
gradual change, 1f any, of the morphology of the
residual lesion which may partly consist of remnant
thrombi.

As the luminal cross-section at the coronary
obstruction 1s frequently irregular in shape, 1n par-
ticular in the setting of acute myocardial infarction,
the severity of the lesion should be quantified in as
many angiographic projections as possible when
the efficacy of the thrombolytic agent 1s to be
assessed by diameter measurements“"*"). One of the
limitations of the present study lies in the limited
number of matched angiographic projections avail-
able per patient (average 1-7). However, the use of
matched projections makes it possible to compare
pairs of observations.

[t could be argued that a selection bias 1s intro-
duced by the fact that in some cases serial quantitat-
1Ive analysis was not possible because of inadequate
quality, reocclusion or because recatheterization
was not performed for clinical reasons. The
assumption that all these patients have an increase
In ‘plaque area’, did not abolish the beneficial effect
of a second infusion of rt-PA on the residual
stenosis from 90 min to predischarge. Furthermore,
concerning the 6-24 hours angiogram, inadequate

quality and clinical reasons impeding recatheteriz-
ation were more common in the group receiving
placebo than in the group receiving rt-PA at second
infusion and reocclusion nearly equally frequent
(respectively 1 and 2 cases). This was also true for
the 90 min angiogram (insufficient quality in 2
patients receiving rt-PA and in 4 patients receiving
placebo at second infusion; recanalization after
contrast injection in respectively 1 and 3 patients).
This means that an important bias is not to be
expected.

RESIDUAL LESIONS AFTER THROMBOLYSIS

The values for minimal cross-sectional area and
percentage area stenosis in the present study are
similar to values obtained after thrombolysis
with intracoronary streptokinase”. Gold and
colleagues"” have reported a greater degree of
stenosis, but used a technique requiring visual
interpretation of the arterial contours which may
systematically overestimate the stenosis®®. An
additional explanation for this difference may be
the possibility that a proportion of vessels included
in our study were already patent before the infusion
of rt-PA was started”®*’). At the time of the 90 min
angiogram, 78% of the patients had a percentage
area stenosis greater than 70%, 18% between 50%
and 70%, and only 4% had a stenosis of less than
50%. A percentage area stenosis of greater than
70% 1s associated with a limited coronary flow
reserve”” ). To what extent this can be applied to
adequacy of perfusion in the post infarct situation
remains to be determined.

EVOLUTION OF RESIDUAL LESIONS

There was a consistent improvement in both the
group treated with rt-PA + heparin and in the group
treated with heparin alone between the first and
second and first and third angiograms for all
stenosis measurements except the symmetry index.
This tendency to mmprove with time has been
reported previously for both streptokinase induced
and spontaneous reperfusion!'=">*"* Tn contrast
with diameter measurements, the ‘plaque area’
which under these conditions 1s probably an index
of the thrombus associated with the stenosis,
showed a significant difference between heparin
alone and rt-PA + heparin groups. The ‘plaque
area’ measurement 1s based on a series of measure-
ments along the length of the stenosis, and may
therefore be more sensitive than measurement of
the minimal cross-sectional area. It could be argued
that rt-PA was helping to clear up thrombus both
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upstream and downstream to the site of obstruc-
tion, rather than affecting the stenotic lesion itself.

Even when the data are adjusted to account for
the possible selection bias introduced by the fact
that not in all patients serial quantitative angiogra-
phy was possible, there is still some evidence for a
beneficial effect of a second infusion of rt-PA on the
evolution of the residual lesion during hospital stay.
This beneficial effect has not been found in terms of
reocclusion rate!'® which is probably less sensitive
than the quantitative parameters.

In contrast to some other reports suggesting
frequent reocclusion following thrombolysis with
rt-PA, there were only three early (1 patient
receiving rt-PA at second infusion) and three late
reocclusions (2 patients receiving rt-PA at second
infusion) among the 68 patients whose films were
analysed after the first infusion. It was not possible
to relate the risk of reocclusion with any of the
angiographic measurements. This would suggest
that other factors unrelated to the shape and the size
of the residual lesion may be playing a major role.

In conclusion, the majority of patients after
thrombolysis 1s left with a considerable degree of
residual stenosis and may require some additional
therapeutic intervention to optimize myocardial
perfusion. It may not be possible to establish from
the morphology of the lesion which patient 1s at
oreatest risk for re-occlusion. Finally, this study
provides some evidence that prolonged infusion of
rt-PA may have a beneficial effect on the residual
lesion.
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