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Angiographic Features at Ischemia-
or Infarct-Related Sites in Patients
With Acute Coronary Syndrome:
Morphology Changing in a
Relatively Short Time
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Objectives. Coronary cineangiography was reviewed in patients with acute coronary syndrome to inves-
tigate whether angiographic features at identifiable ischemia- or infarct-related lesions can change in terms
of luminal diameter and morphology in a short period after development, and whether the amount of
thrombus with/without underlying ruptured plaque is the major determinant.

Methods. The present study included 72 patients with unstable angina, 118 with acute myocardial
infarctioh] [l 1 month after onsetland 137 with old myocardial infarctioh] § 1 month after onsetl] The
coronary angiographic findings were compared with those from patients with stable effort angina. The
groups of patients were subdivided into two groups based on whether antiplatelet and/or anticoagulant
therapy, or fibrinolytic therapy with subsequent anticoagulant agents] antiplatelet and/or anticoagulant, or
fibrinolytic therapyOwere administered. The morphologies of the ischemia- or infarct-related lesions were
classified as totally occlusive, simple] Type U lesionLbr complex. Complex lesions were further subdivid-
ed into Type Ua lesions indicative of the presence of thrombus accumulation with/without an underlying
ruptured atheromatous plaque, e.g., narrowing with irregular, poorly defined or hazy borders, sharp leading
or trailing edges that overhang or are perpendicular to vessel walls, and globular endoluminal negative
images, Type [b lesions with two or more serial, closely spaced narrowings together with multiple irregu-
larities, and Type [lc lesions indicative of the presence of some parts of ruptured plaque with a smaller
amount of thrombus, e.g., luminal narrowing with extraluminal contrast pooling, single or paired short thin
linear radiolucencies with/without a variable degree of outpouching, and narrowing with definite outpouch-
ing with/without radiolucency, and Type [1d lesions showing narrowing with morphology not included in
Type UJallUc lesions. The coronary angiographic findings were related to the elapsed time before the coro-
nary angiographic study, and whether each patient underwent antiplatelet and/or anticoagulant, or fibri-
nolytic therapy.

Results. Ischemia- or infarct-related lesions were totally occlusive in 9.7% of patients with unstable
angina, 40.7% of those with acute myocardial infarction and 21.9% of those with old myocardial infarc-
tion. Total occlusion was significantly more prevalent in patients with acute myocardial infarction than in
those with stable effort angink] 23.9%, p 0 0.050] and total occlusion was more frequent in patients with-
out antiplatelet and/or anticoagulant, or fibrinolytic drughkl 50.6% vs 17.1%, pU] 0.010 The presence of
total occlusion decreased with time after development, and the decrease was more significant with the use
of antiplatelet and/or anticoagulant, or fibrinolytic drugs. Type Ja morphology was significantly prevalent
immediately after the initial episode, and Type a and [l c morphologies increased in the late period, and
were more frequent with the use of antiplatelet and/or anticoagulant, or fibrinolytic drugs.

Conclusions. The severity of the luminal diameter at ischemia- or infarct-related lesion sites can
progress or even regress in a relatively short period in patients with acute coronary syndrome, and the
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amount of accumulated thrombus with/without underlying ruptured plaque is a major determinant of lumi-

nal diameter narrowing and angiographic morphology.

Key Words
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» Myocardial infarction, pathophysiology

INTRODUCTION

Recently, coronary angiographic data was
reviewed from patients with ischemic heart disease,
and demonstrated that identifiable ischemia- or
infarct-related lesionkl IRLs(hre accompanied by
certain features specific to clinical settings'",
including the presence of accumulated thrombus
with/without underlying ruptured plaque, or rup-
tured plaque with/without overlying thrombus® '*".
Patency at the culprit sites also increased with time,
based on the morphological analyses of coronary
angiograms from patients with acute coronary syn-
drome sharing a common pathogenesis'". The coro-
nary angiographic features at the culprit sites in
acute coronary syndrome could result mainly from
the amount of accumulated thrombus with/without
underlying ruptured plaque, and that the grade of
luminal stenosis and morphology at the sites could
change in a relatively short period.

This study further evaluated the data to obtain
information on whether the amount of thrombus
with/without underlying ruptured plaque is a major
determinant of stenosis grade and morphology at
IRL sites in acute coronary syndrome, the effect of
elapsed time before the coronary angiographic
study, and the use of antiplatelet and/or anticoagu-
lant therapy, or fibrinolytic therapy with subsequent
anticoagulant agents] antiplatelet and/or anticoagu-
lant, or fibrinolytic therapy[lht or before the coro-
nary angiographic study.

PATIENTS AND METHODS

Patients

This study included 327 patients with acute coro-
nary syndrome who underwent a coronary angio-
graphic study for the first time and whose baseline
angiographic coronary morphology findings were
reviewed recently] Table 11" Seventy-two patients
had an association with unstable angina pectoris
0 UAPI™, 118 with acute myocardial infarction
J AMI, O 1 month after onset[] and 137 had old
myocardial infarction] OMI, i 1 month after

= Coronary artery disease
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= Thrombolysis
= Unstable angina

onset[] The variables from the patients were com-
pared with the control data from 71 patients with
stable effort angina pectoris] SAP[]

Coronary angiography

Baseline medical therapy was continued in most
patients. All coronary angiographic studies were
performed using Toshiba equipmerit] ANGIOREX-
C/Q , Toshiba Co.[&t a film speed of 50 frames/sec
using either Judkins'or Sone’s technique. The
effects of the coronary vasomotor tone on coronary
luminal diameter size were minimized by nitrate
administration. Coronary angiography analyses
were performed using cinefilm viewers] ELK CAP-
35B V, Nishimoto Sangyo, Co.lby three indepen-
dent observers.

An identifiable ischemia- or infarct-related coro-
nary artery was defined as the presence of at least
two of the following: a perfused area distal to the
lesion on a specific coronary artery compatible with
the distribution of transient or persistent ischemic
ST changes on 12-lead electrocardiography ; a tran-
sient or persistent asynergic area on two-dimen-
sional echocardiography and/or left ventriculogra-
phy; or an area accumulated by technetium-99 m
pyrophosphate or with a transient or persistent per-
fusion defect detected by thallium-201
scintigraphy'®". An identifiable IRL was defined as
complete occlusion, complex morphology, or the
most severe stenosis'*".

Intraluminal diameter stenosis was quantified in
orthogonal views with a digital analyzing system

0 CAM-1000, Nishimoto Sangyo, Co.[] Intraluminal
stenosis in lesions consisting of two or more close-
ly spaced serial narrowings and accompanied by
diffuse luminal irregularities or a ribbon lesion was
determined based upon the most severe site.

Angiographic coronary morphology at the sites
of identifiable ischemia- or infarct-related lesions

Angiographic morphology at the sites of IRLs
was classified as total occlusion or variable degrees
and forms of luminal narrowing based upon the
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Table 10J Patient characteristics

SAP groupd UAP groupd AMI groupOd OMI groupd

Oax07100 On07200 Or0O 1180 On0O 1370
Mean agél yr, range] O 62.1+ 9.0 330 7800 62.6+ 10.4 360 8300 59.8+ 11.21310 733 0O 59.0+ 9.0 310 7800 C
MaleOd 58176.1%0 0 60 83.3%0 0 102 86.5%0 00 10T 78.1%0 0
Antiplatelet and/or anticoagulant,0 Ug 99%00 361 50.0%F°0O 200 16.9%F°0O 361 26.3%(F"0O
O O or fibrinolytic agentsCd (U] & s.6%"0O 18 12.7%F°0 301 28.5%F°0O
Elapsed timé! days[] O 432.6x 702.6 35.1+ 26.0°° 8.7+ 12.1°° 84.8+ 204.6°°

Continuous values are meant SD."”p[ 0.05, ™" pJ 0.000 vs patients with stable effort angina pectorisC] O

Elapsed time : Time between the first ischemic episode or development of angina, or myocardial infarction and coronary angiography.
Fibrinolytic agent : Fibrinolytic and subsequent anticoagulant agents.]

SAP[ stable effort angina pectoris ; UAPL unstable angina pectoris; AMIO acute myocardial infarction; OMIO old myocardial
infarction. O

O Adapted with modifications from J Cardiol 2000 ; 36: 9101020 0

agreed interpretations of all observers. The mor- Total occlusion
phologies of the IRLs were classified as totally

occlusive, and simple] Type [] lesions[br complex.

Complex lesions were further subdivided into Type

Ua lesions showing narrowing with irregular, poor- Simple lesion (Type 1)

ly defined or hazy borders, sharp leading or trailing
edges that overhang or are perpendicular to vessel
walls, and globular endoluminal negative images,

Type b lesions with two or more serial, closely Complex lesion @ @ @
spaced narrowings together with multiple irregular-
ities, Type (¢ lesions showing luminal narrowing Type lla @ @ G)
with extraluminal contrast pooling, single or paired

short thin linear radiolucencies with/without a vari-

able degree of outpouching, and narrowing with
definite outpouching with/without radiolucencies, Type b
and Type [Jd lesions showing narrowing with mor-

phology not included in Type [Jall[Jc lesionk] Fig.

10 The definition of morphology was presented in

detail previously'". @ @ @
Type llc

Data analyses

Variables derived from coronary angiography

analyses were determined using either the unpaired
t-test or chi squared test. ANOVA was used to com- Type Iid
pare data between three or more groups.

Significance was defined as a p value below 0.05.
Values are expressed as mean+ SD.

Fig. 1 Schematic coronary morphology at the diseased

sites
RESULTS Morphology was classified as total occlusion, and sim-
plel Type O [br complexd Type O Oesions. Complex
The clinical profiles of the groups are summa- lesions were subdivided into Types a0 d lesions.
rized in Table 1. Patients were aged from 31 to 83 See text for details.

; .36 : ;g o
years, but there was no significant difference in 0 From J Cardiol 2000; 36: 910 102 with permission(1".

either age or sex between any of the groups. The
elapsed time between the first ischemic anginal
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episode, or development of coronary events, and
the coronary angiographic study was significantly
different between all groups.

Seven patients of the 71 with SAP] 9.9%vere
receiving antiplatelet therapy at the coronary angio-
graphic study; 361 50.0%[and 4 patients] 5.6%[of
the 72 with UAP had received antiplatelet and/or
anticoagulant or fibrinolytic therapy at or before the
coronary angiographic study, respectively ; 20

0 16.9%[hnd 15 patientk] 12.7%[bf the 118 with
AMI had received anticoagulant and/or antiplatelet
therapy or fibrinolytic therapy, respectively ; and 36

U 26.3%[hnd 39 patientk] 28.5%[0f the 137 with
OMI had received anticoagulant and/or antiplatelet
therapy or fibrinolytic therapy, respectiveli] Table
1, Figs. 1, 201 Antiplatelet and/or anticoagulant
therapy was administered to more patients with
UAP, AMI, and OMI than those with SAPI p[J
0.0100 Similarly, more patients with UAP, AMI,
and OMI had received fibrinolytic therapy than
those with SAP] p[J 0.0010

Antiplatelet therapy in patients with SAP includ-
ed aspirin or ticlopidine. Anticoagulation therapy
used bolus or continuous heparin administered sub-
cutaneously or intravenously with/without warfarin,
or oral warfarin with/without antiplatelet agents.
Fibrinolytic therapy was performed using continu-
ous infusion of urokinase or alteplase with/without
following heparin or warfarin. The antiplatelet
and/or anticoagulant, or fibrinolytic therapy was
transient, and the therapy appeared insufficient in
some patients. Based on whether the patients had
undergone antiplatelet and/or anticoagulant, or fib-
rinolytic therapy at or before the coronary angio-
graphic study, the groups were subdivided into 7
patients with SAP] [0 Cand 64 with SAP] [0 [J 40
with UAP] [0 Oand 32 with UAP] O [0 35 with
AMI [0 [Cand 83 with AMI [ [J and 75 with OMI

O O Cand 62 with OMID O O Table 2[]

Coronary angiographic findings

The coronary angiographic findings are summa-
rized in Tables 2, 3, and Fig. 2. In the patient
groups with SAP, UAP, AMI and OMI, 17, 7, 48
and 30 IRLs, respectively, were totally occulusive.
The incidence of total occlusion was 48 of 118
IRLE] 40.7%Un patients with AMI, and significant-
ly higher than 17 of 71 IRLK! 23.9%0n those with
SAPI p[0 0.050" In addition, total occlusion was
also more frequent in patients with AMI U [than
in those with AMII [0 O 42 of 83 IRLs, 50.6% vs 6

of 35 IRLs, 17.1%, p0 0.010
Mean luminal diameter narrowing in each subdi-
vided group at the sites of IRLs is shown in Table
2. The severity of the narrowing was not affected
by antiplatelet and/or anticoagulant, or fibrinolytic
therapy in the patients with SAP, UAP and OMI.
However, the narrowing was significantly less in
patients with AMII [J [B7.3% than in patients with
AMI 00 [ 95.6%; pU 0.05, Table 201
Morphological analyses showed TypeUa
0 47.2%[hnd 11 E] 18.1%esions were characteristic
in patients with UAP'", whereas Type [J a morphol-
ogy was more frequently shown in patients with
UAP] O Uthan in those with UAPI O O 19 of 32
IRLs, 37.5%, pU 0.050 and Type U ¢ morphology
was more frequent in patients with UAP] [J [than
in those with UAPI [0 O 11 of 40 IRLs, 27.5% vs 2
of 32 IRLs, 6.3%, p [ 0.050 Type Ul a morphology
U 32.2%0was noted in addition to total occlusion
00 40.7%0n patients with AMI'". However, no sig-
nificant difference was revealed between the pres-
ence in patients with AMI U [land in those with
AMI O O 12 of 35 IRLs, 34.3% vs 26 of 83 IRLs,
31.3%L1 Conversely, Type [l ¢ morphology frequen-
cy was similar in all patients with SAP and AMI 3
of 71 IRLs, 4.2% vs 7 of 118 IRLs, 5.9
%", but developed more frequently in patients
with AMI O [Cthan in ones with AMI U O 6 of 35
IRLs, 17.1% vs 1 of 83 IRLs, 1.2%, p 0.0101
Type L&l 28.5%Lhnd Uc morphologiek! 14.6%0U
were characteristic features in patients with OMI'".
However, no significant difference was shown in
the development of Type [Ja morphology between
patients with OMII O Cland those with OMI 0 [
0 20 of 75 IRLs, 26.7% vs 19 of 62 IRLs, 30.6%0
Type J ¢ morphology was significantly less fre-
quent in all patients with SAP compared to those
with OMI 3 of 71 IRLs, 4.2% vs 20 of 137 IRLs,
14.6%, p 0 0.050 and developed more frequently
in patients with OMD [J [than in those with OMI
00O 0O 18 of 75 IRLs, 24.0% vs 2 of 62 IRLs, 3.3%,
pl0.010
The coronary morphology of each patient is
demonstrated in Table 3 in the elapsed time
between the development of SAP, UAP, AMI and
OMI, and the coronary angiographic study. All
studies were performed on the day of AMI in
patients fulfilling our criteria for urgent revascular-
ization procedure within 6 hr after development®”.
In many patients with UAP, the coronary angio-
graphic studies were performed after stabilization
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O Total occlusion; [ _]O Typed morphology ; U Type Ua morphology ;
U Type b morphology ; 0 Type Uc morphology; [ Type [Jd morpholo-
gy. Type U and O all Jd morphology, see text for details.

Fig. 2 Numbers of patients in each group who underwent coronary angiographic study on the first

day, between the second[] 14th, 150 30th, 310 60th and 610 90th days, and after the 91st day
from the first ischemic episode or development of unstable angina, or myocardial infarction
Elasped time as in Table 1.
No of IRLs[J number of identifiable ischemia- or infarct-related lesions; SAPI [J Cor SAPI [J [IJ stable
effort angina pectoris with/without anticoagulant or fibrinolytic and subsequent anticoagulant therapy] anti-
coagulant or fibrinolytic therapyl UAP] J Uor UAPI O [TJ unstable angina pectoris with/without antico-
agulant or fibrinolytic therapy ; AMI O Cor AMI U [IJ old myocardial infarction with/without anticoagu-
lant or fibrinolytic therapy ; OMI O Cor OMI O [TJ old myocardial infarction with/without anticoagulant
or fibrinolytic therapy. Other abbreviations as in Table 1.
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Table 2[] Aligiographic findings at sites of identifiable ischemia- or infarct-related lesions in the patients with stable
effort angina, unstable angina pectoris, acute myocardial infarction and old myocardial infarction

SAP group UAP group AMI group OMI group
ooo ooo ooo ooo ooo ooo ooo ooo
n07 nl 64 nl 40 nl 32 nQ 35 nld 83 n 75 nd 62

Mean stenosisl] %0 0 85.0+ 10.60085.0+ 11.00 89.6+ 14.30 94.7+ 7.00 87.3+ 13.1095.6+ 9.2°M85.4+ 15.40089.7+ 12.700

OTotal occlusiond p28.600 1823500 o 5000 & 15600 & 17.100 42 50.604°0 12 16.000 18 29.000

OO0 0 Type OO B 429000 26140600 820000 8 9300 925700 & 9.60Y0O 10 14.600 10 16.100
OO0 O Type thO 0128500 100 15.600 1837500 195940 12134.300 26 31.300 20 26.700 19 30.600
00 O Type bO (Um| 812500 4@&10000 O 3.100 2 5700 8 3.600 1216000 1017.700
00 O Type CeO (Um| B 4700 1027500 00 6300 & 17.100 0O 120701824000 2 3.30°C
00 O Type td 0 o 3.10 0 o e300 0 g1 3.600 o 2700 21 3300

100 %.°p00.05, " p0 0.00 vs patients in each group with antiplatelet and/or anticoagulant, or fibrinolytic therapy] O

100 Use of antiplatelet and/or anticoagulant therapy, or fibrinolytic therapy with subsequent anticoagulant agent&] antiplatelet and/or
anticoagulant, or fibrinolytic therapyldOJ U [0 : No use of antiplatelet and/or anticoagulant, or fibrinolytic therapy. Type U and O alll d,
see text for details. O0
Abbreviations as in Table 1.

Table 3 Angiographic coronary morphology at the sites of ischemia- or infarct-related lesions and elapsed time after
the first ischemic episode or development of angina or myocardial infarction! days[]

Elapsed
time
days)
<1 2-14 15-30 31-60 61-90 91>
Morpholog
0000000000
SOOOOOOOOO
Total CO0000000C0 | co0e oceeUm 0000000000 | COOCAALA COOOOALLNL
occlusion QOLOO00CK0 e0000AA VaVaVaVAVAY §
0000000Ceeen
OCOOCC000ee R
om OOOOOOOVOOS | CoeemMANNAL | ®ALAALLLNL
Typel | TN eeo mmn csoeosemmasn 1Y POV
ADNNAA
0000000000 0000000000 | OOOOOOOOOD
0000000000 | oeenOmER | ODO0OOOEE |C66666eeee |OOCOSSTNUM | i eee AN
Typella | Cooonmm se000enD |HAA AAADNNDA
UOEEEEEA
ooe am oem [oozetoneretede 2 JNIToReR 2 JaVay
Typellb sses0coons SNeAs
0000000000
Typellc |® o0 COGRREREE | cecolmmmnm |**02 CO®nA
]
Type lld 00 oo [o2e2 2 JmVaN A

e or o : Acute myocardial infarction with/without antiplatelet and/or anticoagulant therapy, or fibrinolytic therapy with subsequent
anticoagulant agents] antiplatelet and/or anticoagulant, or fibrinolytic therapy[] = or o : Unstable angina pectoris with/without antico-
agulant, or fibrinolytic therapy. o or o : Old myocardial infarction with/without anticoagulant, or fibrinolytic therapy. a or 0 : Stable
effort angina pectoris with/without antiplatelet and/or anticoagulant therapy. Elaspsed time as in Table 1. Types [0 and a0 d mor-
phology, see text for details.
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of disease activity by medical treatment including
heparinization'". Comparison of the coronary mor-
phology at the sites of the IRLs in patients with
AMI who underwent the study on the day of devel-
opment with that in patients with OMI who under-
went the coronary angiographic study between 31
and 60 days after development showed that total
occlusion was less frequent in the patients with
OMI than in patients with AMI 21 IRLs of 99,
21.2% vs 40 IRLs of 73, 54.8%, p 1 0.01[] with an
increasing occurrence of Type [1J 16 IRLs of 99,
16.2% vs 3 IRLs of 73, 4.1%, pU 0.100 Type b
U 18 IRLs, 18.2% vs 3 IRLs, 4.1%, p U 0.05Chnd
Type O ¢ morphologied] 14 IRLs, 14.1% vs 1 IRL,
1.4%, p O 0.050 especially in patients who had
received antiplatelet and/or anticoagulant, or fibri-
nolytic therapy] Fig. 2, Table 3L] Therefore, shorter
elapsed time after the development of acute coro-
nary syndrome was associated with higher preva-
lence of total occlusion, and longer elapsed time
after development was associated with higher
prevalence of patency. Furthermore, frequency of
total occlusion decreased, and development of
Types U ,00b and c morphologies increased in
patients who underwent anticoagulant or fibrinolyt-
ic therapyl Tables 2, 3, Fig. 2]

DISCUSSION

Patients with UAP had characteristic TypesUa
and [J ¢ morphologies at the sites of IRLs, but Type
Ua morphologies were more frequently shown in
patients with UAP] U [J and more Type Uc mor-
phologies were found in patients with UAP] [J [J

(] Tables 2, 3, Fig. 2[1 Patients immediately after
developing myocardial infarction showed similar
incidences of total occlusion and Type [J a morphol-
ogy despite antiplatelet and/or anticoagulant thera-
py! Tables 2, 3, Fig. 2[1 In contrast, Type [Jc mor-
phology appeared at similar incidences in patients
with SAP and with AMI, but developed more fre-
quently in patients with AMI [J [than in ones with
AMI O O The frequency of total occlusion and
Type Ja morphology decreased in patients more
than one month after myocardial infarction, with no
significant difference between patients with OMI

0 O Uand those with OMII [ [ Type [J ¢ morpholo-
gy was more frequent in patients with OMI than in
those with AMI'", with a higher incidence in OMI

00 O Ckhan in AMII OO 0O Tables 2, 3, Fig. 201

Therefore, the morphology at the sites of IRLs in
acute coronary syndrome can change in a relatively
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short timel Tables 2, 3, Fig. 2[] with coronary mor-
phology and narrowing resulting mainly from the
amount of thrombus accumulated with/without
underlying ruptured atheromatous plaque or rup-
tured plaque with/without an overlying thrombus.
Subsequently, the patency and morphology at the
sites of IRLs are affected by the elapsed time after
the first development of symptoms, and whether
antiplatelet and/or anticoagulant, or fibrinolytic
therapy was administered.

Study limitations

There were some limitations to the present study.
First, the coronary angiographic study has method-
ological limitations specific to the approach, even if
recorded in enough projections for analysis'".
Second, the coronary angiography is a shadowgram
and provides only indirect estimates of the coronary
arteries, and the morphological features and severi-
ty of the diseased sites are never definite. Third, we
cannot correlate the coronary angiographic features
and histological findings'”. Type Ja complex
lesions are probably indicative of thrombus accu-
mulation with/without an underlying ruptured
atheromatous plaque’®**?'" although this has not
yet been clearly correlated with histological find-
ings. We do not have enough information about
what each morphology represents, except for the
histological findings from two patients®’", and
sequential coronary angiographic findings in
patients with AMI who underwent intracoronary
urokinase therapy. The development of Type[lc
morphology was demonstrated at severely or totally
occlusive sites at baseline on the sequential coro-
nary angiography during and after progressive
removal of the overlying thrombus and plaque con-
tent by intracoronary urokinase. A further reduction
in the grade of stenosis at the culprit sites was
shown 1 month after aggressive anticoagulation
therapy with heparin followed by warfarin®” The
severity of stenoses at culprit sites, with significant-
ly narrow and complex morphology but no myocar-
dial ischemia despite severe stress tests, was
reduced after 300 6 months of anticoagulation by
warfarin, and was not associated with symptoms of
myocardial ischemia®*". Thus, some Types Ja and
Uc lesions may be indicative of thrombus accumu-
lation with/without underlying ruptured atheroma-
tous plaque and of certain parts of ruptured
plaque*". Types b and (¢ lesions may also be
more frequently associated with a smaller amount
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of thrombus than Type[Ja lesions, and Type ¢
lesions may be more often accompanied by rup-
tured atheromatous plaque than TypesUa and b
lesions®'%%,

Another major limitation is that the antiplatelet
and/or anticoagulant, or fibrinolytic therapy was
transient and may have been insufficient in some
patients. The coronary angiographic findings could
be somewhat different from those in the presence
of adequate therap}] Tables 2, 3, Fig. 2[1 We do
not know the composition of accumulated thrombi.
The location of fissuring on the atheromatous
plaque, proximal or distal, determines whether
occlusive thrombi easily accumulate, resulting in
the development of different clinical manifesta-
tions, unstable angina or AMI**", This study shows
that later in vivo observations of patients with acute
coronary syndrome under antiplatelet and/or antico-
agulant, or fibrinolytic drugs may provide impor-
tant information on the composition of the accumu-
lated thrombus, shedding further light on the in vivo
sequence of the pathophysiology.

The elapsed time between the development of
UAP or myocardial infarction and coronary angio-
graphic study was widely distributed in each group
of patients] Tables 1, 3, Fig. 2[1 All patients with
AMI within 6 hr of development and fulfilling our
criteria for an urgent revascularization procedure®”
underwent immediate coronary angiographic stud-
ies, whereas the other patients not fulfilling the cri-
teria were usually studied 2 to 4 weeks after devel-
opment. Similarly, the coronary angiographic stud-
ies were performed in many patients with UAP
after stabilization by medical treatment including
heparinization'~. Subsequently, Types Ja and [ ¢
lesions were characteristic of the patients with
UAP, but if the patients had undergone coronary
angiography immediately after the initial episodes,
Type Ua lesions could have been more frequently
found as previously observed™®”. Thus, the wide
time distribution is another limitation, influencing
the results in the present analyses.

Clinical implications

The present analyses of coronary angiograms
demonstrated that the morphology and severity at
the sites of IRLs in acute coronary syndrome
change mainly by thrombus accumulation and

removal, resulting in stenosis progression, develop-
ment of total occlusion, and recanalization and/or
reduction in stenosis. The coronary angiographic
findings in acute coronary syndrome are occasion-
ally dynamic in nature and simply reflect the coro-
nary angiographic profiles of individuals at the time
point of each study, with the severity of the luminal
diameter progressing or regressing in a relatively
short period. Also, the morphological change in the
early phase mainly depends on whether the patients
were receiving antiplatelet and/or anticoagulant, or
fibrinolytic drugs, and on the time interval between
the onset of symptoms and the coronary angio-
graphic study in the late phase. Other factors may
also be critical to the morphological features,
including the duration of antiplatelet and/or antico-
agulant therapy, whether the patient is receiving
antiplatelet and/or anticoagulant agents at the time
of the coronary angiographic study, and the elapsed
time after the last ischemic episode at rest.

Diseased sites with a complex morphology are
prone to progress>* *"'% although there are excep-
tions'®'*#" It is more important to recognize that
the severity of the luminal diameter in relatively
substantial number of diseased sites could even
regress over a short period. Therefore, antiplatelet
and/or anticoagulant, or fibrinolytic therapy may be
beneficial in certain patients with acute coronary
syndrome, especially in those with recent onset and
spontaneous and/or prolonged anginal pain'®?'*"
who cannot undergo invasive procedures including
coronary angiographic study, although it has been
reported that fibrinolytic agents are not so effective
in patients with UAP.

At present, we can easily and widely perform
coronary angiographic studies, which provide in
vivo pathophysiological information on the coro-
nary circulation in individual patients. When we
establish what each morphology actually represents
by histological studies, how the morphology
changes over time, and how these changes are mod-
ified by pharmacological interventions, coronary
angiographic studies will improve our understand-
ing of the pathophysiology for individual patients,
and the natural history of* coronary artery
disease”, providing information for optimal thera-
peutic strategies'?*" -

J Cardiol 2001 Oct; 381 4+ 187196



Angiographic Morphology in Acute Coronary Syndrome

gooog

gbobooboobobbobooboooobooboooboobon

uoboooobobooobboooboooabbooan

cobO:000000oO000obbo0boo0o0obboO0obobo0ooOo0oobOboO0obOOoOoobOboOobboo
gobooooooooooocoOobOoOooOobcOoOoboOoOoOoOooOooooOoOoOoOoOboOoODOoboo

COO0:0000000000OvVAP 7200000000000 100000AMI 11800
gbooooooooomooiooooooMI™ 1370000000000 SAPO 710000
ooooboooboooboooboooooocobooobOoOobooobOOoOooOoOoOoooboboOoDono
ob0ooo0oomooobooobooobooobooobooobooobooooosAaApOoom
UVAPOD OO 0D AMI O OO0 MoocooMI D OO 0D M oOoooooooooooooon
UM Typed ODOODOO0OOMMTypeO D OO O Type O 0O OO DO O hazinessJ overhang U O O O
0000000000000 M00 Type Oalld multiple irregularity J O O O [ TypeObD O O O OO
O0DO00O00outpouching0 O OOO0OO0O0DOO0O0DOOODOOOO0ODOODOOO Typedcel O
UM Type UdOO0OO0OOODOODODODODOODOODOODOOOODOOOOOOOOODOOD
ooooooooboogono

Uo0:00000 SAPUDO 23.9%0 0 UAPO AMIO OMIO O 9.7%0 40.7%0 21.9% 0 0 0O 0O O
ooboooboooooAMIODOO AMD O 11 0 1 50.6% vs 17.1%1 O SAPI 0O O p0 0.0100 O
gobooooooooboooobodoobooooooooooooooooobooooonoag
UbobobodoOTypeOaODOOOOOOOOOOO0OO0O0OO0O0O0O0O0O00O0O0OT TypeObd Typelec
goboooooooooocoobooobooooboooOoobOoOooooOouboooo

gbobo:0000000000O000CO0O0O0C0O0O0bOb00OO0bObOOO0bOO0O0O0ODn
uoboooooooooOocOoOoboOoobooOoooooOoOoOOoOoOoOoOoOobOoOoooboooOoa
obooooooooobOocoOoboOoobooooooOooOoOoDOOoOoOoOboOoOobOoOoooboooOoa
gobooooooooooocooboono

J Cardiol 2001 Oct; 38 41 18701196

195

References

10 Nagoshi T, Koiwaya Y, Doi H, Eto T: Angiographic coro-
nary morphology in patients with ischemic heart disease. J
Cardiol 2000; 36: 910 102

2[J Rosch J, Antonovic R, Trenouth RS, Rahimtoola SH, Sim
DN, Dotter CT: The natural history of coronary artery
stenosis : A longitudinal angiographic assessment.
Radiology 1976; 119: 5130520

30 Levin DC, Fallon JT: Significance of the angiographic
morphology of localized coronary stenosis : Histopa-
thologic correlations. Circulation 1982 ; 66: 3160 320

40 Levin DC, Gardiner GA Jr: Complex and simple coronary
artery stenosis : A new way to interpret coronary
angiograms based on morphologic features of lesions.
Radiology 1987; 164: 6750 680

50 Ambrose JA, Winters SL, Arora RR, Haft JI, Goldstein J,
Rentrop KP, Gorlin R, Fuster V: Coronary angiographic
morphology in myocardial infarction: A link between the
pathogenesis of unstable angina and myocardial infarction.
J Am Coll Cardiol 1985; 6: 123301 1238

600 Ambrose JA, Israel DH: Angiography in unstable angina.
Am J Cardiol 1991 ; 68: 78Bl 84B

J Cardiol 2001 Oct; 38 4 187-196

70 Wilson RF, Holida MD, White CW : Quantitative angio-
graphic morphology of coronary stenoses leading to
myocardial infarction or unstable angina. Circulation 1986
73: 2860293

80 Nakagawa S, Hanada Y, Koiwaya Y, Tanaka K :
Angiographic features in the infarct-related artery after
intracoronary urokinase followed by prolonged anticoagu-
lation: Role of ruptured atheromatous plaque and adherent
thrombus in acute myocardial infarction in vivo.
Circulation 1988 ; 78: 13350 1344

90 Unoki T, Nakagawa S, Koiwaya Y, Tanaka K :
Extraluminal contrast pooling on coronary angiography as
an expression of ruptured atheromatous plaque. Am Heart J
1989; 117: 11590 1161

100 Hanada Y, Koiwaya Y, Tanaka K: Coronary angiographic
findings in infarct-related arteries following 1 month of
medical treatment. Cardiovasc Intervent Radiol 1994 ; 17:
870 94

110 Falk E, Shah PK, Fuster V: Coronary plaque disruption.
Circulation 1995; 92: 6570 671

1200 Falk E, Fuster V: Angina pectoris and disease progression.
Circulation 1995; 92: 20330 2035

1300 DeWood MA, Spores J, Notske R, Mouser LT, Burroughs



196 Koiwaya, Nagoshi, Doi et al

R, Golden MS, Lang HT: Prevalence of total coronary
occlusion during the early hours of transmural myocardial
infarction. N Engl J Med 1980; 303: 8970 902

1400 Capone G, Wolf NM, Meyer B, Meister SG: Frequency of
intracoronary filling defects by angiography in angina pec-
toris at rest. Am J Cardiol 1985; 56: 4030 406

150 Brown BG, Gallery CA, Badger RS, Kennedy JW, Mathey
D, Bolson EL, Dodge HT : Incomplete lysis of thrombus in
the moderate underlying atherosclerotic lesion during intra-
coronary infusion of streptokinase for acute myocardial
infarction : Quantitative angiographic observations.
Circulation 1986; 73: 6530 661

1600 de Zwaan C, Bar FW, Janssen JH, de Swart HB, Vermeer
F, Wellens HJ: Effects of thrombolytic therapy in unstable
angina: Clinical and angiographic results. ] Am Coll
Cardiol 1988; 12: 3010 309

170 Nomenclature and criteria for diagnosis of ischemic heart
disease : Report of the Joint International Society and
Federation of Cardiology/World Health Organization task
force on standardization of clinical nomenclature.
Circulation 1979; 59: 6070 609

180 Nagatomo Y, Nakagawa S, Koiwaya Y, Tanaka K :
Coronary angiographic ruptured atheromatous plaque as a
predictor of future progression of stenosis. Am Heart J
1990; 119: 124401253

190 Koiwaya Y, Unoki T, Hanada Y, Takenaga M, Ishikawa T,
Imamura T, Eto T: Anticoagulation in impending myocar-
dial infarction: Successful management by intravenous
heparin. Jpn J Interv Cardiol 1994; 9: 5450 5581 in Jpn
with Eng abstr[J

200 Burke AP, Farb A, Malcom GT, Liang YH, Smialek J,
Virmani R: Coronary risk factors and plaque morphology
in men with coronary disease who died suddenly. N Engl J
Med 1997; 336: 12760 1282

210 Arbustini E, Dal Bello B, Morbini P, Burke AP, Bocciarelli
M, Specchia G, Virmani R: Plaque erosion is a major sub-
strate for coronary thrombosis in acute myocardial infarc-
tion. Heart 1999 ; 82: 2690 272

2200 Doi H, Tsumori Y, Yamakawa H, Nagoshi T, Imamura T,
Koiwaya Y, Eto T: Conservative follow-up of 3 patients
with coronary angiographically significant stenosis at cul-
prit site accompanied by complex morphology but by no
myocardial ischemia: Successful management by war-
farinization. The 82nd Kyushu Regional Meeting, Japanese
Circulation Society, Fukuokhl Dec, 19970

230 Wilson RF, Holida MD, White CW : Quantitative angio-
graphic morphology of coronary stenoses leading to
myocardial infarction or unstable angina. Circulation
1986; 73: 2860293

240 Seiyama K, Mizuno K, Sakai S, Takano M, Yokoyama S,
Ooba T, Tomimura M, Uemura R : Characteristics of
plaque rupture site in acute coronary syndrome: A compar-
ison of acute myocardial infarction and unstable angina.
The 48th Annual Meeting, Japanese College of Cardiology,
Osakal Sept, 20000

250 Ellis S, Alderman EL, Cain K, Wright A, Bourassa M,
Fisher L: Morphology of left anterior descending coronary
territory lesions as a predictor of anterior myocardial
infarction: A CASS Registry Study. ] Am Coll Cardiol
1989; 13: 14810 1491

260 Rehr R, Disciasco G, Vertovec G, Cowley M : Angiographic
morphology of coronary artery stenoses in prolonged rest
angina: Evidence of intracoronary thrombosis. J Am Coll
Cardiol 1989; 14: 14290 1437

270 Chen L, Chester MR, Redwood S, Huang J, Leatham E,
Kaski JC: Angiographic stenosis progression and coronary
events in patients with' stabilized’ unstable angina.
Circulation 1995; 91: 23190 2324

280 Kaski JC, Chester MR, Chen L, Katritsis D: Rapid angio-
graphic progression of coronary artery disease in patients
with angina pectoris: The role of complex stenosis mor-
phology. Circulation 1995; 92: 20580 2065

2900 Chester MR, Chen L, Tousoulis D, Poloniecki J, Kaski JC:
Differential progression of complex and smooth stenoses
within the same coronary tree in men with stable coronary
artery disease. J Am Coll Cardiol 1995; 25: 8370 842

300 Cox ID, Schwartzman RA, Atienza F, Brown SJ, Kaski JC:
Angiographic progression in patients with angina pectoris
and normal or near normal coronary angiograms who are
restudied due to unstable symptoms. Eur Heart J 1998; 19:
10270 1033

310 Yokoya K, Takatsu H, Suzuki T, Hosokawa H, Ojio S,
Matsubara T, Tanaka T, Watanabe S, Morita N, Nishigaki
K, Takemura G, Noda T, Minatoguchi S, Fujiwara H:
Process of progression of coronary artery lesions from mild
or moderate stenosis to moderate or severe stenosis: A
study based on four serial coronary arteriograms per year.
Circulation 1999 ; 100: 9030 909

3200 Mishima K, Doi H, Koiwaya Y, Eto T: Serial observation
for 6 years of“ so-called” complex lesion in a patient with
mild coronary stenosis. J Cardiol 2000; 36: 3470 3491 in
Japanese[

330 Ross AM, Coyne KS, Reiner JS, Greenhouse SW, Fink C,
Frey A, Moreyra E, Traboulsi M, Racine N, Riba AL,
Thompson MA, Rohrbeck S, Lundergan CF, for the PACT
investigators : A randomized trial comparing primary
angioplasty with a strategy of short-acting thrombolysis
and immediate planned rescue angioplasty in acute myocar-
dial infarction: The PACT trial. ] Am Coll Cardiol 1999;
34: 19540 1962

3400 Koiwaya Y, Doi H, Nagoshi T, Eto T: Coronary angiogra-
phy provides considerable in vivo pathophysiological infor-
mation on coronary artery disease. J Cardiol 1998 ; 32:
1010 108] in Jpn with Eng abstr(J

350 RITA-2 trial participants: Coronary angioplasty versus
medical therapy for angina: The second Randomized
Intervention Treatment of Angin&] RITA-2[1rial. Lancet
1997; 350: 4610 468

360 Pitt B, Waters D, Brown WV, van Boven AJ, Schwartz L,
Title LM, Eisenberg D, Shurzinske L, McCormick LS, for
the Atorvastatin versus Revascularization Treatment
Investigators: Aggressive lipid-lowering therapy compared
with angioplasty in stable coronary artery disease. N Engl J
Med 1999; 341: 700 76

370 Lange RA, Hillis LD: Aggressive versus conservative ther-
apy in unstable angina. Cardiol Clin 1999; 17: 3870 399

3800 Ambrose JA, Dangas G: Unstable angina: Current con-
cepts of pathogenesis and treatment. Arch Intern Med
2000; 160: 25037

J Cardiol 2001 Oct; 381 4+ 187196



