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Because of the unavoidable occurrence of vessel
disruption after successful coronary balloon angi-
oplasty, the reliability of quantitative angiograph-
ic analysis in that setling has been questioned.
For this reason and the suggested occurrence of
delayed elastic recoil, repeat angiography at 24
hours has been advocated in clinical intervention-
al trials. In this study, these issues are confronted
by performing comprehensive quantitative analy-
sis (Cardiovascular Angiographic Analysls System)
of coronary angiograms, acquired in multiple
identical projections immediately after and 24
hours after angioplasty, in 102 patients with 110
successfully dilated lesions. Vasomotion was con-
trolled by intracoronary nitrate before angiogra-
phy and all patients were fully anticoagulated (ac-
tivated partial thromboplastin time 85 to 120 sec-
onds) for >24 hours. Paired Student’s ftests
applied to angiographic measurements revealed
that there was no significant deterioration in mini-
mal luminal diameter or cross-sectional area from
immediately after angioplasty to 24 hours later. it
can thus be infermred that there is no phenomenon
of delayed elastic recoil, at least during this time
period. Measurement accuracy and precision of
the Cardiovascular Angiographic Analysis System
from the postangioplasty angiogram are highly
acceptable, at <0.01 and = 0.20 mm, respectively.
Therefore, it is concluded that routine repeat 24-
hour angiography is not indicated after success-
ful angioplasty. A highly significant increase (p
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<0.001) in reference diameter (+0.11 + 0.18 mm)
was responsible for the apparent increase in per-
cent diameteor stenosis (2.4 = 7%), a finding that
demonstrates the potential for error by selective
application of percent diameter stenosis measure-
ments alone. Preferential use of absolute luminal
measurements is thus strongly recommended for
clinical trials with angiographic monitoring.

(Am J Cardiol 1993;72:1341-1347)

have become the gold standard for measuring

coronary angiographic luminal dimensions, as
demonstrated in clinical studies of interventional devices
and pharmacologic agents aimed at ‘‘restenosis preven-
tion”’.!=> However, one of the main criticisms of quanti-
tative angiography has been the potential measurement
inaccuracy and imprecision immediately after apparent-
ly successful batloon angioplasty.® Disruptions of vessel
luminal contour almost always occur,’ although only
seen angiographically as ‘‘dissection’ in one third of
cases.!% Tt could thus be hypothesized that angiography
24 hours after intervention might provide a better sub-
strate for the measurement of luminal dimensions in
clinical studies.!! Moreover, because up to 50% of
achievable luminal increase may be lost immediately af-
ter balloon deflation, due to elastic recoil,!? it could be
suggested that repeat early angiography should be per-
formed to assess the probability of further delayed elas-
tic recoil. Such practice could lead to prolonged hospi-
talization and additional risk of morbidity, an increase in
the work load of the medical staff of catheterization lab-
oratories, and ultimately, increased health care costs.
Furthermore, routine angiography at 24 hours could re-
duce the likelihood of informed consent for percutane-
ous interventions, especially in clinical trials. This study
investigates the need for repeat angiography 24 hours
after successful balloon angioplasty and provides an op-
portunity to examine the postangioplasty measurement
variability of the Cardiovascular Angiographic Analysis
System, hitherto unpublished.

Computer—assisted quantitative analysis systems
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TABLE 1 Flow Chart from Randomization in the Safety Trial to | TABLE B Clinical Data and Target Lesion Distribution in 102
Suitability for This Quantitative Angiographic Ancillary Study Patients
Number of Age (years) 58 (35-74)
Patients Men (%) 83(78)
- - - Previous MI (%) 39(37)
Patient enrolled in randomized study 118 Diabetes mellitus (%) 5 (5)
Patients excluded after enroliment Hypertension (%) 32 (30)
No angioplasty performed Current smokers (%) 25(24)
Failure to cross lesion o 4 Angiographic coronary disease pattern
Previously unrecognized left main lesion 1 1-vessel disease (%) 87 (82)
Took heparin during previous 24 hours 3 2-vessel disease (%) 17 (16)
Randomized to receive heparin or hirudin 110 3-vessel disease (%) 2(2)
Failure to successfully dilate all target lesions 2 CCS functional classification
Major adverse cardiac events within 24 hours lor Il (%) 59 (56)
Death =~ 0 or IV (%) 47 (a4)
Myocardial infarction 1 Medication
Emergency bypass graft surgery 3 Long-acting nitrates (%) 51 (48)
Myocardial infarction + emergency surgery 1 B blockers (%) 80 (75)
Repeat angioplasty . 0 Calcium antagonist (%) 72 (68)
Complete (thrombotic) occlusion at 24 hours _1 Acetylsalicylic acid (%) 88 (83)
without major adverse e\{ent ) Angiographic lesion location of dilated segments
Successful angioplasty + satisfactory quantitative 102 Left anterior descending 40%
analysis postangioplasty + 24 hrs Circumflex 30%
Right coronary artery 29%
Left main stem 1%
ME"'IODS CCS = Canadian Cardiovascular Society; Ml = myocardial infarction.

Patients: The study population comprised 102 pa-
tients who underwent successful balloon angioplasty of
110 lesions and had quantitative coronary angiography
performed before, immediately after, and 24 hours after
angioplasty as part of a safety and efficacy trial of a new
anticoagulant preparation, details of which are published
elsewhere.!® The study was performed in full accor-
dance with the principles of the ‘‘Declaration of Helsin-
ki,” as well as specific local laws and regulations of
each participating center. Before randomization, each pa-
tient gave written informed consent according to the
requirements of the local institution.

Table I displays the source of the 102 patients as-
sessed in this study. The aim of this study was to focus
on luminal dimensional changes occurring during 24
hours, and assess the reliability of the angiogram imme-
diately after angioplasty for quantitative analysis. There-
fore, only patients with successfully dilated lesions and
quantitative angiographic analysis both immediately
after, and 24 hours after angioplasty were included in
the study. Successful angioplasty was defined according
to the conventionally applied method in clinical practice
and trials*® — a diameter stenosis <50% after angio-
plasty, as visually assessed by the interventionalist. Clin-
ical outcome of the remaining 16 patients in the safety
and efficacy trial, who were not included in this study,
has been described elsewhere.!?> The patient population
is, in general, demographically representative of modern
clinical experience with coronary balloon angioplasty*>
in patients with stable angina (Table IT). All patients had
symptomatic obstructive coronary artery disease of at
least 1 vessel, which was deemed suitable for treatment
by angioplasty. The angioplasty procedure itself was per-
formed according to the routine practice of the individ-
ual interventionalist.

Anticoagulation: Patients were randomly allocated
to receive intravenous heparin or recombinant hirudin at
doses sufficient to maintain activated partial thrombo-
plastin time (monitored before, after, and 6, 12 and 24
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Fhours after angioplasty) at 85 to 120 seconds for 24
hours. Dosage adjustments were made accordingly if
levels were outside this target therapeutic range. Assays
of prothrombin fragments F; and F,, fibrinopeptide A,
thrombin-antithrombin Il complexes, anti-factor IIa and
Xa activity, D-dimer, tissue-type plasminogen activator
and plasminogen activator inhibitor antigen were per-
formed. The collectively analyzed findings illustrated
that, in general, thrombin generation was effectively in-
hibited by both anticoagulants throughout the 24-hour
study period.’* Thus, it would appear that the antico-
agulant dosage regimens were adequate in each patient
group.

Coronary anglographic procedures to facilitate
quantitative analysis: Angiograms were carefully re-
corded according to the requirements of the computer-
assisted Cardiovascular Angiographic Analysis System:
(1) avoidance of projections in which the spine or other
structures, or closely parallel or overlapping side-branch-
es, obscure the vessel segment of interest; (2) filming of
the lesion and segment of interest as close to the field cen-
ter as possible, and in 22, preferably orthogonal, projec-
tions for the right coronary artery, and >3 projections
(separated by 230°) for the left coronary artery, ideally at
the end of a full inspiration; (3) vasomotion controlled by
intracoronary nitrate (isosorbide dinitrate 1 to 3 mg or
glycerol trinitrate 0.1 to 0.3 mg) before angiography,
and before, immediately after, and 24 hours after balloon
angioplasty; (4) to ensure exact comparability of angio-
graphic measurements, angiography was performed in
exactly similar projections (which are precisely recorded
at each catheterization session) using a fixed-table ap-
proach before, immediately after, and 24 hours after angio-
plasty; (5) coronary arteries were optimally opacified using
nonionic contrast which had been prewarmed to 37°C for
23 complete cardiac cycles; (6) guidewire and balloon
catheter were removed before the final postangioplasty
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TABLE Il Quantitative Angiographic Measurements Before, Immediately After and 24 Hours After Angiography Given as Means of the
Multiple Matched Projections + SD
Mean Diff. SD of Mean Diff. p Value of
Immediately 24 Hours After 24 Hours After Mean Diff.
Before After 24 Hours After (accuracy) {precision) (paired t test)
Minimal luminal diameter (mm) 1.03+x0.40 1.72+0.36 1.72 £ 0.39 0.007 +0.20 0.74
Minimal luminal cross-sectional area (mm2)  0.92 + 0.856 2.57 = 1.51 2.64 + 1.563 0.07 +0.85 0.42
% area stenosis (%) 849103 57.9+128 59.8 = 14.1 1.9 *14.1 0.17
Lesion length (mm) 591195 571+178 575+1.79 0.05 +1.3 0.72
Lesion symmetry (ratio) 0.57 £0.20 0.50 £0.20 0.49 = 0.18 -0.02 +0.20 0.37
Interpolated reference diameter (mm)* 2.67 064 272 +0.58 2.83 + 0.59 0.11 +0.18 <0.0001
% diameter stenosis (%) 606129 363+79 38.7+8.7 2.4 *7.0 0.0005
Reference area (mm?2) 595+ 3.02 6.10x2.73 6.61 +£2.93 0.51 +0.84 <0.0001
Plague area (mm?2) 640339 430x235 492+282 0.62 +1.48 <0.0001
*The interpolated reference diameter is the computer reconstruction of the original “disease-free” vessel dimensions over the analyzed segment. The actual diameter measurement
taken as the reference diameter, and thus as the “vessel size,” is the interpolated diametric measurement at the site of the most severe narrowing (minimal luminal diameter), thus
prtgii#inj glr‘\nr g?ejgtégve and user-independent estimation of the actual “normal” diameter at that site, in the absence of any disease.15-17

After Angioplasty and at 24 Hours

TABLE IV Quantitative Angiographic Measurements from a Total of 308 Individual Projections, Identically Reproduced (matched)

Mean Diff. p Value of

After 24 Hours After 24 Hours After Mean Diff.
Subsegmental tesion location (subsegment 1-6)* 244 + 1.1 243 +1.2 -0.01 +0.73 0.75
Minimal luminal diameter (mm) 1.70 £ 0.40 1.71 £ 0.41 0.0008 = 0.27 0.60
Minimal juminal cross-sectional area (mm?2) 2.45 = 1.63 2.50 £ 1.63 0.05+1.3 0.50
% area stenosis (%) 59.0 + 184 613+ 19.6 22212 0.07
Lesion length (mm) 5.72 + 2.35 5.81 + 2.42 0.09 = 2.07 0.45
Lesion symmetry (ratio) 0.50 = 0.27 0.49 x 0.26 0.01 £ 0.31 0.70

Interpolated reference diameter (mm) 2.70 £ 0.60 2.82 £ 0.59 0.12 £ 0.29 <0.0001

Reference area {mm2) 6.01 £ 2.81 6.55 + 2,95 0.54 = 1.35 <0.0001

% diameter stenosis (%) 36.5+104 39.0+11.0 2.5x 100 <0.0001

Plague area (mm?2) 4,29 + 2.92 491 = 3,55 0.62 = 2.49 <0.0001

Values are expressed as mean + SD.
Diff. = difference.

*The Cardiovascular Angiographic Analysis System approach automatically subdivides the arterial segment to be analyzed (defined from side branch to side branch) into 6
subsegments of equal length; a minimal, mean and maximal diameter are determined (as well as a range of additional parameters) for each subsegment. The subsegmental location of
the minimal luminal diameter within the arterial segment can thus be identified and compared over sequential analyses.

angiographic recordings; and (7) to enable accurate
calibration, the contrast-empty angiographic catheter'4
(at least 7Fr) was filmed before each contrast injection
and after the procedure, and the distal 20 cm of each
catheter used was enclosed with the angiogram for micro-
metfric measurement at the core laboratory.

Quantitative and qualltative anglographic analysis:
In the core laboratory, quantitative angiographic analysis
was performed by independent analysts without any
knowledge of clinical details, using the Cardiovascular
Angiographic Analysis System, which has been previ-
ously described in detail elsewhere.!>-17 To facilitate the
provision of objective, reliable and reproducible mea-
surements, end-diastolic cine-frames were selected for
analysis from non- or minimally foreshortened pro-jec-
tions by 2 experienced observers. To confirm that each
lesion was quantitatively analyzed in the same projec-
tions on the pre-, and post- and 24-hour angiograms, a
Polaroid® print was made of each analysis. Absolute lu-
minal measurements were obtained using the known di-
ameter of the angiographic catheter.!* Corrections were
automatically made for so-called pincushion distortion,
in nonisocentrically filmed catheter or target lesion posi-
tions. Comprehensive lesion measurements were provid-
ed, including minimal luminal diameter (MLD), inter-
polated reference diameter, lesion length, plaque area

and percent diameter stenosis derived as: [(1 — MLD)/
interpolated reference diameter] X 100%). In addition,
videodensitometric measurements of minimal luminal
cross-sectional area (MLCA), reference area and area
stenosis were produced. In this study, the averaged val-
ues separately presented for each measurement parame-
ter are means of the multiple projections filmed for each
lesion and of the individual projections.

Statistical analysis: Since the focus of the study is
on potential changes in lesion severity during the 24
hours after successful angioplasty, a lesion-specific ap-
proach was applied to evaluation of the results. Quanti-
tatively measured and derived values are given as mean
1 SD. Paired Student’s ¢ tests are used to compare an-
giographic measurements immediately after and 24
hours after angioplasty. Accuracy and precision of mea-
surements obtained from the immediate postangioplasty
angiogram are defined according to the method suggest-
ed by Bland and Altman,!8 ie., accuracy is the mean
difference between the measurement immediately after
and 24 hours after angioplasty, and the precision (or
measurement variability) is the standard deviation of this
mean difference using the 24-hour measurement as the
standard against which to compare the measurements
obtained immediately after angioplasty. Linear regres-
sion analysis and Pearson’s product moment correlation
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coeficient are used to further evaluate the relation be-
tween these measurements.

RESULTS

Angiographically visible dissection was present in
31% of lesions immediately after successful angioplas-
ty. Of these, 15% were type A, 9% type B and 7% type
C dissections.

Table IIT shows that no significant change was ob-
served in MLD or in MLCA immediately after or 24
hours after angioplasty. Because of the significant in-
crease in reference diameter, a significant increase was
also observed in percent diameter stenosis: from 36%
immediately after to 39% 24 hours after angioplasty

(p = 0.0005). Despite the significant increase in refer-
ence area, percent area stenosis did not change signifi-
cantly during the 24-hour period, although a trend
toward increase was observed. The increase in reference
diameter was also responsible for the observed signifi-
cant increase in plaque area, because the edge-detection
algorithm calculates plaque area automatically from the
reference diameter function and the actual detected ar-
terial contours. There was no significant change in le-
sion length or symmetry immediately after to 24 hours
after angioplasty.

The postangioplasty accuracy and precision of the
MLD measurement was found to be <0.01 and + 0.20
mm, respectively (Table III).
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FIGURE 1. Linear regression analysis (y = a + bx) of minimal luminal diameter (MLD) and minimal luminal cross-sectional

area (MLCA) after angiopiasty and at 24 hours. r is Pearson’s comelation coefficient. The identity line Is the dashed /ine and
the paralilel dotted lines above and below are + twice the measurement variabliity (l.e., 95% confidence limits for detecting
a real change in MLD or MLCA from postangiopiasty to 24 hours). The actual regression line Is represented by the bold line.

Excellent cormrelation between MLD and MLCA measurements from the postangioplasty and 24-hour

Is demon-

anglograms
strated. Only one clear “outiler’” can be considered to have undergone significant deterioration in MLD (2 in MLCA) during

the 24 hours.
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FIGURE 2. Linear regression analysis of reference diameter (Ref Diam) and area after angloplasty and at 24 hours. The for-
mat Is the same as in Figure 1. Again excellent correlation is observed between measurements from the postangloplasty
and 24-hour anglograms. However a systematic Increase in dimensions Is apparent from postangloplasty to 24 hours from
the almost paralle! course of the regression line above the identity line for both reference diameter and area.

1344 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 72 DECEMBER 15, 1993



Considering quantitative measurements obtained
from each individual projection immediately after and
24 hours after angioplasty separate measurements, there
were a total of 308 matched pairs of projections of the
110 lesions analyzed (Table IV), giving an average of 2.8
views per lesion. The subsegmental location of the MLD
of the lesion did not vary during this time. Similar to
the mean overall findings, there was no significant dif-
ference in MLD, MLCA, lesion length or symmetry
immediately after angioplasty to 24 hours after angiog-
raphy. A significant increase in reference diameter, ref-
erence area and percent diameter stenosis was observed,
as well as a trend toward an increase in area stenosis,
confirming the mean overall results.

The correlation between quantitative angiographic
measurements immediately after and 24 hours after an-
gioplasty was excellent for absolute luminal measure-
ments of MLD and cross-sectional area (Figure 1), ref-
erence diameter and reference area (Figure 2). However,
the correlation was not as good for the relative measure-
ments of percent diameter and area stenoses (Figure 3).

Although 4 lesions had detectable deterioration (a
statistically significant decrease from the time immedi-
ately after to 24 hours after angioplasty) in MLD (3 in
the cross-sectional area), only 1 lesion had a clear dete-
rioration in MLLD (Figure 1, left) and 2 in MLCA (Fig-
ure 1, right) (from postangioplasty to 24 hours). No suc-
cessfully dilated lesion was considered to require re-
dilatation during or after the 24 hours.

DISCUSSION

In this study we have addressed the issues of reliabil-
ity of the angiogram immediately after angioplasty for
quantitative analysis and the occurrence of delayed elas-
tic recoil in the first 24 hours after angioplasty by per-
forming repeat angiography immediately after and 24
hours after angioplasty. To maximize objectivity in the
evaluation of the occurrence of a real phenomenon, we

attempted to perform the study under ‘‘ideal’”’ angio-
graphic conditions. Thus, the angiographic table height
is kept constant at all stages and exactly the same angi-
ographic projections are repeated for each individual
patient at 24 hours as done immediately after angio-
plasty. In addition, to avoid the potentially confounding
influence of vasomotion and thrombosis, intracoronary
nitrate was administered before angiography, and all pa-
tients underwent complete anticoagulation for the 24-
hour period.

Whether the mean of the multiple matched projec-
tions was considered or each projection was considered
as a separate measurement, no change in MLD (mea-
sured by an edge detection approach) or in MLCA
(measured by videodensitometry) was detected from
immediately after to 24 hours after balloon angioplasty,
which leads to the following interpretative statements.

1. There is no need for routine 24-hour anglogra-
phy: After successful balloon angioplasty, immediate
angiography is just as reliable a substrate for quantita-
tive analysis as angiography at 24 hours. Thus, the pres-
ence of angiographically visible but nonocclusive dissec-
tion in 31% of lesions (similar to previous reports!®!1)
clearly does not unduly interfere with the quantitative
analysis. A recent study, examining reliability of post-
angioplasty angiography, stratified patients according to
whether or not angiographic complications after angio-
plasty occurred, and found a significant difference in
MLD (measured by a hand-tracing technique from mag-
nified angiographic images) between post- and 24-hour
angioplasty in the complicated versus uncomplicated
groups.!! Although apparently similar, that study and
this present study are in fact difficult to compare over-
all since our study was intended to answer the question
of whether routine repeat angiography is necessary at 24
hours in patients with successful balloon angioplasty,
and the previous study examined the effect of angio-
graphic complications on reliability of quantitative an-
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FIGURE 3. Linear regression analysis of percent diameter and area stenosis after angloplasty and at 24 hours. The format is
the same as In Figure 1. Note the much greater degree of scatter of individual data points for these relative measurements
compared with the absolute measurements shown in Figures 1 and 2. In addition, from the percent diameter stenosis dis-
play, it would appear that 6 lesions underwent significant early deterioration in lesion severity (“early restenosis’”). This
discrepancy with the absolute minimal luminal diameter measurements is due to the increase in reference diameter (Figure

2, left), as described in the text.
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giography. Patients in whom balloon angioplasty was
not satisfactorily successful, for whatever reason, need
to be managed differently (perhaps including repeat an-
giography), and is not an issue in this report. In lesions
without important angiographic complications, Preisack
et all! also found no significant change in absolute mini-
mal luminal dimensions during 24 hours, in general
agreement with our findings and a previous report from
Laarman et al.1®

Thus, it must be concluded that the additional risk of
patient morbidity (+ mortality) prolonged hospitaliza-
tion, as well as health care worker and specialist time,
labor and cost involved in carrying out routine repeat 24-
hour angiography would yield no extra information or
benefit and is clearly not warranted.

2. Postangioplasty measurement variability is high-
ly acceptable: The postballoon angioplasty lesion mea-
surement accuracy of the Cardiovascular Angiographic
Analysis System is <0.01 mm and the variability is + 0.2
mm, which in our estimation is eminently acceptable.
Twice this lesion measurement variability (+ 0.4 mm)
identifies (with 95% confidence) lesions in which a real,
detectable (‘‘significant’’) luminal decrease (or increase)
occurs over time. Three times the variability (£ 0.6 mm)
will provide 99% confidence for the detection of a real
change in luminal dimensions. Thus, in this study, 4
lesions showed a detectable deterioration during 24
hours (Figure 1, left). Although we do not advocate the
application of a categorical approach to evaluating long-
term angiographic outcome of interventions,? it may
occasionally be desirable to stratify patients or lesions
according to the degree of luminal change developing
over time. To this end, the application of lesion mea-
surement variability of the particular measurement sys-
tem involved is recommended as the stratification
method. Measurement variability may vary from system
to system, and is a vital piece of information necessary
for the purpose of objective comparison of the results of
intervention trials using different angiographic measure-
ment systems.

The measurement variability reported here is consid-
erably different from that previously reported in patients
undergoing diagnostic coronary angiography a mean of
90 days apart, without therapeutic intervention (0.72
mm).1® The reasons for this difference need to be high-
lighted: In the original study published in 1985, mean
vessel size was 3.7 mm, compared with 2.7 mm in this
study (which is representative of current experience*?).
The former study was performed under a self-pro-
claimed ‘‘worst-case scenario,”’ i.c., unmatched angi-
ographic projections, no particular care taken in record-
ing angiograms suitable for quantitative analysis, no
vasomotor control, and so forth, whereas the current
study was performed under ideal angiographic condi-
tions, as outlined previously. Because such procedures
are routinely performed in all important angiographic
studies,*> the lesion measurement variability previously
reported is no longer relevant. It is worth noting, how-
ever, that the medium term measurement variability
(obtained using vasomotion control and matched projec-
tions) previously reported was 0.20 mm,!6 exactly the
same as found in this study. Recent experimental inves-

tigations of the accuracy and precision of off-line and
on-line quantitative angiographic analysis (using digital
and cineangiographic recording of swine ‘‘phantom’
coronary stenoses of known dimensions) revealed a
measurement accuracy of —0.07 mm and a precision of
+ 0.2 mm (measured dimension of the phantom steno-
ses versus actual phantom dimension).2’ These findings
are collectively indicative of the high level of accuracy
and precision of the MLD measurement by the Cardio-
vascular Angiographic Analysis System, even in the af-
termath of balloon angioplasty.

3. There is no delayed elastic recoil after success-
ful angloplasty: Previous reports'>2! that elastic recoil
is an instantaneous phenomenon occurring immediately
after balloon deflation and that no additional recoil
occurs during the next 24 hours are confirmed. Nobu-
yoshi et al?? previously reported a 16% incidence of
““early restenosis’’ based on the measurement variabili-
ty of their quantitative angiographic measurement sys-
tem, in accordance with a significant decrease in MLD
during 24 hours after successful angioplasty. In our
patient group, only 4 lesions (3.6%) had a significant
luminal decrease from postangioplasty to 24 hours. The
reasons for this disagreement may lie in the method-
ologic and quantitative angiographic approaches. For
example, intracoronary nitrate may not have been con-
sistently administered before angiography by Nobuyoshi
et al, who also used only a videodensitometric approach
to estimate diameter, a method better suited to cross-sec-
tional area measurements.!”23 In addition, it is worth
noting the apparent increase in MLD between 1 day and
1 month (almost to the level of the postangioplasty
result), and the lack of correlation between the change
within 24 hours and the long-term change at 6 months,
which could not be explained. Either the reliability of
their 24-hour measurements must be questioned, or the
possibility of early mural thrombus formation with later
resolution (since their patients were not anticoagulated
for 24 hours) must also be considered as a possible
explanation for the early luminal deterioration and sub-
sequent improvement. According to biochemical and
angiographic evidence, with adequate anticoagulation
control in this study (having excluded patients with com-
plicated angioplasty or major adverse cardiac events),
there appeared to be no significant thrombus formation
during the first 24 hours after successful balloon angio-
plasty.

4. Percent diameter stenosis is an unreliable mea-
surement: The significant increase in interpolated refer-
ence diameter from postangioplasty to 24 hours is re-
sponsible for the observed increase in measured percent
diameter stenosis. This finding reiterates conclusions of
previous studies?*? regarding potential for misinforma-
tion by preferential use of percent diameter stenosis for
description of the severity of luminal obstructions. Fig-
ures 1 to 3 further illustrate the imprecision of percent
versus absolute measurement parameters.

The increase in reference vessel dimensions may be
due to greater effectiveness of intracoronary nitrate at 24
hours on the relatively disease-free vessel segment. The
vasoconstrictive stimulus of the dilatation procedure and
the release of vasoactive substances from the damaged
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endothelium and platelets may prevent immediate real-
ization of dimensional increase in the relatively undis-
eased vessel adjacent to the target lesion.

Study limitations: Patients with unstable angina re-
ceiving intravenous heparin were excluded. It could be
suggested that unstable lesions might ‘‘behave’” differ-
ently during the 24 hours after successful angioplasty,
since it is known that unstable angina predisposes to
periprocedural and in-hospital major adverse cardiac
events.20 This limitation would need to be addressed by
further study in ‘‘unstable’ patients.

Perhaps the ideal test of accuracy and precision of
quantitative angiography, according to current technol-
ogy, would involve comparison with intravascular ultra-
sound findings.”#27 However, it must be recognized that
intravascular ultrasound is itself fraught by considerable
limitations. It cannot be usefully applied to the evalua-
tion of severe stenoses or to extremely tortuous or small
vessels, which makes complete preinterventional assess-
ment impossible in a large proportion of lesions treated
in daily practice® (average MLD in recent ‘‘restenosis
prevention trials’” was approximately 1 mm®*3). Further-
more, ‘‘good”’ quality images may not be obtainable in
certain clinical situations, such as the presence of inti-
mal disruptions after angioplasty.”® Until the vessel wall
and lumen areas are more objectively and reproducibly
quantifiable by intravascular ultrasound, quantitative
angiography must still be considered as the *‘gold stan-
dard.”
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