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Histologic Characteristics of Tissue Excised During Directional 
Coronary Atherectomy in Stable and Unstable Angina Pectoris 
Javier Escaned, MD, Robert J. van Suylen, MD, Donald C. MacLeod, MB, chB, MRCP, Victor A. W. M. Umans, MD, 
Marcel deJong, BEng, Fred T. Bosman, MD, PhD, Pim J de Feyter, MD, PhD, and Patrick W. Serruys, MD, PhD 

U nstable angina is an acute coronary syndrome associ- 
ated with substantial short- and medium-term mor- 

bidity and mortality.’ The understanding of the patho- 
genesis of this syndrome has been based largely on post- 
mortem studies of coronary arteries2 and supported by 
indirect evidence of coronary thrombosis in relation to 
the syndrome.3-5 Because directional coronary atherec- 
tomy is unique in extracting intact atheromatous tissue 
during coronary recanalization, it may facilitate the 
study of the processes taking place in the vessel in dif- 
ferent coronary syndromes. In the present study the 
histopathologic characteristics of atherectomy samples 
retrieved in 93 patients with stable or unstable angina 
pectoris were compared and related to different clinical 
variables. 

We studied 93 patients who underwent directional 
coronary atherectomy providing histologic material at 
the Thoraxcenter during the period from 1989 to 1992. 
After the coronary atherectomy protocol was approved 
by the Thoraxcenter Institutional Review Board, inform- 
ed consent was obtained in all patients before inter- 
vention. Directional coronary atherectomy was per$ormed 
using the femoral approach. An average of 6 -t 3 pass- 
es in multiple directions were peeormed across the 
stenosis. 

Clinical variables recorded included age, sex, previ- 
ous myocardial infarction, current stable or unstable 
angina pectoris, previous coronary intervention and risk 
factors for coronary artery disease (history of hypercho- 
lesterolemia, non-insulin-dependent diabetes mellitus, 
cigarette smoking, hypertension and coronary artery 
disease in the family). Primary unstable angina was de- 
ftned as continuous or intermittent chest pain at rest re- 
quiring hospitalization, associated with electrocardio- 
graphic evidence of myocardial ischemia but without 
associated increase in cardiac enzymes. The time inter- 
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val between the onset of chest pain and the atherecto- 
my procedure was 7 + 5 days. 

The obtained specimens were fixed in 10% forma- 
lin. Routine processing for light microscopy and 
hematoxylin-azophloxin and Verhoeff-van Giesson 
staining was pe$ormed. All specimens were reviewed 
by 2 independent observers who were unaware of the 
clinical data. The recommendations in the American 
Heart Association MedicallScientific Statement on the 
definition of the intima of human arteries and of its 
atherosclerosis-prone region& were followed in collect- 
ing information regarding intimal constituents. Medial 
tissue was identified on the basis of parallel arrange- 
ment of smooth muscle cells, embedded in collagen and 
frequently associated with a fragment of the internal or 
external elastic lamina. Adventitia was recognized by 
the presence of coarse bundles of dense collagen inter- 

TABLE I Characteristics of the Study Population 

Stable 

Clinical Variables 

Unstable p Value 

Age (years, mean f SD) 57.89 + 10.38 56.84 f 10.85 NS 
Previous myocardial 13/48 (27%) 21/45 (47%) 0.05 

infarction 
Male sex 39/48 (81%) 37/45 (82%) NS 

Serum cholesterol 3/48 (6%) 3145 (7%) NS 

r8 mmol/L 
Diabetes mellitus l/48 (2%) 
Systemic hypertension 12/48 (25%) lo/45 (22%) NS 
Cigarette smoking 18/48 (37%) 16/45 (36%) NS 

Family history of coro- 6/48 (12%) 9/45 (20%) NS 
nary disease 

Previous coronary inter- 13148 (27%) 1 l/45 (24%) NS 
vention 

Angina class (NYHA) 11:22, Ill:26 111:3, IV:42 

HistologicVariables 

Dense fibrous tissue 40/48 (83%) 39145 (86%) NS 

Loose fibrous tissue 12/48 (25%) 5/45 (11%) NS 
Neointimal hyperplasia 14/48 (29%) 17145 (38%) NS 

Cholesterol clefts 4148 (8%) 4145 (9%) NS 
Necrotic debris 3/48 (6%) 6145 (13%) NS 
Calcium deposits 9/48 (19%) 18145 (40%) 0.042 
Thrombus l/48 (2%) 10145 (22%) 0.007 
Macrophages 6/48 (12%) 9/45 (20%) NS 

NYHA = New York Heart Association. 

1442 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 71 JUNE 1591993 



mingled with elastin fibers, sometimes in association 
with fragments of the external elastic lamina and media. 
Fibrous tissue was classtjied as dense when composed 
of acellular or poorly cellular connective tissue formed 
pzdoxl:zazti?y $y &FiJe c.uiEugen, and ciasstfieu as 
loose when the tissue fragments showed a moderate cel- 
lularity and collagen bundles separated by accumula- 
tions of extracellular matrix. Neointimal hyperplasia 
was defined as fibrornuscular connective tissue showing 
a random orientation of spindle-shaped and stellate 
cells embedded in abundant extracellular matrix. 
Cholesterol crystal clefts, necrotic debris and calcium 
deposits were recorded independently. No special stain- 
ing was used to identify calcium. The presence of 
macrophages was recorded only when these formed 
clusters or when they were present in unusually high 
number Thrombus and intraplaque hemorrhage were 
identtjied as amorphous material, in close apposition 
with atheromatous material, frequently showing collec- 
tions of leukocytes between layers of,fibrin. Areas con- 
sisting mainly of fibrin and not clearly related to the 
plaque that could have formed during the procedure 

were not recorded. The Verhoef-van Giesson staining 
was used to discriminate between fibrin and dense col- 
lagen. Organization was judged when in>ltration by 
cellular elements, e.g., smooth muscle cells. tibroblasts 
and capillary sprouts, was observed, and graded j?om 
I to III on the basis of the number and characteristics 
of injiltrating cellular elements. 

In the 43 patients with unstable angina, lesion mor- 
phology was classtjied according to the criteria pro- 
posed by Ambrose et al7 by 2 independent cardiologists 
unaware of the result of the histopathologic studies. 
Complex lesion morphology was recorded when eccen- 
tric lesions with overhanging or ragged edges, or le- 
sions with multiple irregularies were noted. In case qf 
disagreement, the opinion of a third cardiologist was 
taken into account. 

Mean values f SD are presented for continuous 
variables. Comparison of mean values was per$ormed 
using 2-tailed unpaired t tests. Discrete variables were 
compared using chi-square tests, and Yates’ continuity 
correction was applied when indicated. Statistical sig- 
ntjicance was accepted at the 5% level. 

FlGURE 1. lluombotic material in atherectomy specimens from patients witn unstable angma snowing different stages of 
organixation. A, early organization 5 days after the onset of anghra at rest showing lacunar spaces (arrows) in the throm 
botic bulk that are partially covered by endothelial cells (confirmed by positive staining with l&in immunochemistry using 
Ulex europeus). B, large area of thrombus (T) (yeNow) 7 days after the onset of angina at rest in close association to 
newly formed Rbromuscular tissue (m) and showing partial infiltration by myofibroblasts. Fragments of external elastic lam- 
Ina (EEL) (arrow) and media are evident, indicating that deep vessel resection occurred during atherectomy. C and D, 
advanced thrombus organization by fibromuscular tissue 2 days after the onset of angIna at rest. Although virtual incorpo 
ration to the vessel wall has taken place, it is possible to identify strands of thrombotic material surrounded by connective 
tissue (D). A, C and L): hematoxylinazophloxin; l& Werhoeff-van Giesson (original magnification: A, X60; B and C, X30; and 

xl25 - redwed by 37%). 
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No sigmjicant dtrerences werefound in the clinical 
characteristics of both groups, with the exception of a 
higher prevalence of previous myocardial infarction in 
the unstable group (13 of48 [27%] and 21 of 45 [47%] 
in stable and unstable patients, respectively; p = 0.05) 
(Table I). Several associations between clinical vari- 

ables were observed in the patient population. The 
mean age of male patients was significantly lower than 
that of female patients (56 + 10 vs 64 + I1 years; 
p = 0.004). Patients with hypercholesterolemia fre- 
quently belonged to families with a history of coronary 
artery disease (67 vs 13% in other patients, p = 0.003). 

FIGURE 2. Complex angiographic morphology in 4 patients with unstable angina and histologic evidence of coronary throw 
bosis. A to D shows complex eccentric lesions with overhanging edges (arrows). 

A Organised Fresher 
fhrombus thrombus 

Lysed oreo of 
fresh thrombus 

C Fresh thrombus embolisation D Multiluminal Persistent complex 
by otherocatheter channels morphology 

FIGURE 3. Mural thrombosis in unstable an- 
gina, and histologic findings in atherectomy 
specimens. A, episodic thrombus growth has 
been proposed as a characteristic feature 
of unstable angina, yielding areas of diie 
ent degrees of organization. Fresher areas 
of tbrombus may have been missed in 
atherectomy specimens due to spontaneous 
iysis and concomitant treatment with intti 
venous heparin (B), or by dislodgement and 
emboiization of the more labile frectCon of 
thrombus by the atherocatheter (C). in some 
cases, complex angiographic morphology 
may have resulted from persisting irreguiari- 
ties or multiiuminai channels in relation to 
the recanaiization of prior episodes of 
plaque ulceration (D). 
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Twenty-four patients had a previous history of coronary 
intervention, including 14 balloon angioplasties, 6 stem 
implantations, 3 atherectomy procedures and 1 excimer 
laser angioplasty. The mean time interval between 
yfv~y-@~u~ $“*-- ,-M+;c*- .IIIIyv~~ C;d Gt:iC?:?i.Et,iurrLy WUJ i4i 2 ii% 

days. 

The most striking dtflerence between the syndromes 
was the presence of foci of thrombus or intraplaque 
hemorrhage in IO of 45 (22%) unstable and only in I 
of 48 (2%) stable patients (I? = 0.007). Only 1 of these 
patients had had a previous coronary intervention. All 
the samples showed some degree of cellular organiza- 
tion (including the presence of endothelial cells cover- 
ing newly formed channels or capillary vessels present 
in thrombotic mass originating ,from the surrounding 
tissue), the appearance of smooth muscle cells or my- 
ojibroblasts, and the presence of thrombotic material 
embedded in jibrocellular tissue, the latter characteris- 
tic suggesting that the masses ofjibrin and platelets de- 
rived jrom an episode of thrombosis or plaque hemor- 
rhage were being integrated in the atheromatous plaque 
(Figure 1, A to D). Thrombus was apposed to jibrous 
tissue in all cases, without endothelial cells in the in- 
ter$ace between both. A lack of relation between the 
time interval jrom the onset of angina at rest to atherec- 
tomy and the degree of thrombotic organization was ev- 
ident. Likewise, the relation between angiographic mor- 
phology and the presence of thrombus in the retrieved 
tissue did not reach statistical signtjicance. Complex an- 
giographic morphology was noted in I7 of 45 unstable 
patients (37%) (Figure 2). Thrombus or plaque hemor- 
rhage was present in 6 of these patients (35%) and in 
4 qf those with non-complex angiographic morphology 
(14%) (p = NS). 

Calcium deposits were also observed more fre- 
quently in patients with unstable (I8 of 45 samples, 
40%) than stable (9 of 48 samples, 19%) angina 
(p = 0.042). No sign@cant diferences were found with 
regard to the presence of ,jibrous tissue, cholesterol 
clefts, necrotic core or clusters of macrophages. In the 
overall population, complex atheromatous samples 
(containing dense jibrous tissue, calcium deposits and 
necrotic debris) were obtained in older patients (58 + 
10 vs 51 + 12 years, p ~0.031). Necrotic debris was 
observed in 7 of’ 34 cigarette smokers (21 To) versus 2 
of 59 nonsmokers (4%) (p = 0.019). Macrophages were 
identtjied in 4 of 15 (27%) and 5 ?f 78 (6%) samples 
with and without necrotic debris, respectively (p = 
0.05). 

Neointimal hyper$asia was observed in 17 of 24 
patients (71%) with previous coronary intervention and 
in I4 of 69 patients (20%) with primary lesions 
(p = 0.0001). Neointimal hyperplasia had identical 
characteristics in patients with previous balloon angio- 
plasty, stenting, atherectomy or laser angioplasty. Par- 
ticular attention was paid to the I4 patients with pri- 
mary lesions showing typical neointimal hyperplasia. 
When compared with other primary lesions, no relation 
to the type of coronary syndrome was observed: 6 pa- 
tients had stable and 8 unstable angina pectoris 
(p = NS). Likewise, no association with sex, coronary 
artery disease risk factors or previous myocardial in- 

jarction was found. However, the mean age qf patients 
with primary lesions showing neointimal hyperplasia 
was significantly lower than that of patients with pri- 
mary lesions and other histologic characteristics (51 + 
i3 vs 3Y + 10 years, p = O.OI7). 

The retrieval of atheromatous material during direc- 
tional coronary atherectomy has created new possibili- 
ties in the study of coronary syndromes. Although lim- 
ited by lesion selection and sampling characteristics,* the 
collection and analysis of the removed tissue has the 
considerable advantage of allowing the pathologic as- 
sessment of coronary artery disease “in-viva,” thus 
avoiding the selection bias inherent in postmortem stud- 
ies. To our knowledge, the present work represents the 
lirst comparative study of the histopathologic substrate 
of 2 different coronary syndromes using atherectomy re- 
trieved material. 

Primary unstable angina is considered to be an acute 
thrombotic syndrome2-5 occurring predominantly in pa- 
tients with widespread coronary artery disease.9 Coro- 
nary thrombosis does not result initially in transmural 
myocardial necrosis because of incomplete, episodic ves- 
sel obstruction, intermittent spontaneous vessel recanali- 
zation, or the presence of well-developed collateral anas- 
tomoses.3,4 Different observations suggest that the 
associated mural thrombus is very rich in platelet ag- 
gregates and has a layered appearance.2 

In the present study a higher prevalence of mural 
thrombus and plaque hemorrhage in unstable angina was 
also observed: thrombus was identified in atherectomy 
samples obtained from the ischemia-related coronary le- 
sion of 22% of unstable and in only 2% of stable pa- 
tients. This figure is lower than the prevalence of throm- 
bus suspected in angiographic studies3 but similar to that 
reported in a necropsy study of patients with unstable 
angina.9 It is remarkable that no statistical relation be- 
tween complex angiographic morphology and presence 
of thrombus in the tissue retrieved could be found, al- 
though several explanations can be given for this. The 
persistence of complex angiographic morphology in the 
long term has been reported in 57% of cases by Haft 
and Al-Zarka.l” A complex angiographic morphology 
may also result from multiluminal channels that are fre- 
quent in atheromatous plaques of unstable patients” 
(Figure 3D). Unstable angina may also result from 
changes in plaque geometry secondary to intraplaque 
hemorrhage, which may be diflicult to differentiate from 
mural thrombus during the study of isolated fragments 
of the arterial wall. 

An interesting tiuding is that all samples containing 
thrombus or intraplaque hemorrhage material showed 
different degrees of cellular organization that, on the 
grounds of the time scale of thrombus organization ob- 
served in experimental models,12 bore no relation to the 
time interval between the onset of chest pain and 
atherectomy. This may suggest that the onset of coro- 
nary thrombosis or plaque hemorrhage had preceded the 
development of angina at rest by several days or weeks 
The retrieved organizing thrombus may thus correspond 
to either an episode of plaque hemorrhage or to a first 
episode of subocclusive thrombosis that after episodic 
growth or rethrombosis led to the development of symp- 
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toms2 (Figure 3A). The absence of fresh thrombus in 
these samples could be due to spontaneous lysis and 
inhibition of further thrombosis by continued systemic 
heparinization (Figure 3B) or embolization of that labile 
fraction of thrombus during catheter manipulation (Fig- 
ure 3C). 

These observations may have implications for thera- 
peutic and diagnostic approaches in unstable patients. 
The low prevalence of observed thrombus and the de- 
gree of organization or embedded thrombus in the 
atheromatous plaque may explain the therapeutic failure 
of thrombolytic agents in primary unstable angina.13J4 
One should clarify whether some of the angioscopic 
characteristics of coronary thrombus observed in unsta- 
ble patients, such as the characteristic greyish appear- 
ance reported by Mizuno et al5 could be related not only 
to platelet-rich thrombus, but also to organizing charac- 
teristics of thrombus, since it is well known that the 
macroscopic appearance and color of thrombus shifts 
progressively toward a pale, whitish color as organiza- 
tion increases.15 

The cause of the initial event in the development of 
mural thrombosis, plaque rupture or fissuring, remains 
controversial. In this study, macrophages, which have 
been identified in areas of the fibrous cap that are prone 
to rupture,16 were not observed preferentially in unsta- 
ble plaques but preferentially in plaques with necrotic 
core. Only fibrous tissue was found in close association 
with thrombus, an observation that may be relevant to 
the kind of initiating thrombogenic stimuli. Although no 
endothelium could be identified in the area covered by 
thrombus, no firm conclusions can be drawn from this 
because experimental studies have shown that endothe- 
lial cells are rarely observed 3 days after being engulfed 
by mural thrombosis.12 

The higher prevalence of calcium deposits in unsta- 
ble plaques may be related to the frequent existence of 
severe and widespread coronary artery disease in unsta- 
ble patients. l1 A proportiona 1 relation between complex 
atheroma and age was also evident in the overall study 
population, in agreement with the current knowledge of 
the sequence of events leading to the progression of 
coronary artery disease.17 

Our results also support previous observations in 
coronary atherectomy specimens showing that neointi- 
ma1 hyperplasia constitutes the pathologic substrate of 
restenosis after coronary intervention,18 irrespective of 
the revascularization technique used previously. Typical 
atherosclerotic tissue was also retrieved in a substantial 
number of restenotic lesions, although this is probably 
due to the sampling characteristics of the device or in 
circumstances where restenosis was due to mechanisms 
other than neointimal hyperplasia.8 In accordance with 
a previous study,19 neointimal hyperplasia was also 
found in a substantial number of primary lesions. We 
noted that these patients were significantly younger than 
others with typical primary atherosclerotic lesions, a fact 
that may have particular relevance since fibromuscular 
neointirnal proliferation has been reported as the patho- 
logic substrate for coronary artery disease in the young, 
resulting in sudden death.2o The ultimate meaning of this 
observation as to the natural history of atherosclerosis 

remains unclear. Neointimal hyperplasia represents an 
unspecific vessel wall response to different kinds of in- 
jury that lead to accelerated forms of atherosclerosis. 
Whether the presence of this type of tissue in primary 
lesions of young, symptomatic patients is a reflection of 
less-known factors initiating the atherosclerotic process 
(e.g., viral endothelial injury, genetical predisposition) 
remains hypothetical. 

Histologic studies based on atherectomy specimens 
are biased by selective plaque sampling,8 although in the 
present study this limitation was partially overcome by 
routinely performing multiple cuts in different sectors of 
the vessel. Case selection may have occurred since only 
vessels judged suitable for the technique were treated 
(e.g., coronary atherectomy was performed in only 1 pa- 
tient with total occlusion). The differentiation between 
mural thrombosis and foci of plaque hemorrhage is 
strongly limited by the analysis of isolated fragments of 
atheroma. Atherectomy was performed in stenoses that 
were identified on the grounds of clinical, angiographic 
and electrocardiographic data as ischemia-related steno- 
ses. However, this “culprit lesion” approach may not 
have been free from a number of confounding factors, 
including the persistence of complex angiographic mor- 
phology from a previous eventlo (Figure 3D), and the 
development of myocardial ischemia “at a distance” by 
a different coronary narrowing. 

Despite these limitations, the results of the present 
study emphasize the use of directional coronary atherec- 
tomy as a means of investigation during its therapeutic 
use. The identification of such features as an increased 
prevalence of organized thrombus in patients presenting 
with unstable angina, and of neointimal hyperplasia in 
primary coronary lesions of younger patients contributes 
further to our knowledge of the processes that take place 
in the coronary arteries during the natural history of 
coronary syndromes. 
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Comparison of Patients with Single, Double and Triple Coronary 
Arterial Spasm 
Noboru Watanabe, MD, Minoru Hongo, MD, Shinichi Okubo, MD, Hiroyoshi Yamada, MD, Takuo Misawa, MD, 
Jun Kono, MD, Masao Tanaka, MD, Tatsuya Nakatsuka, MD, and Morie Sekiguchi, MD 

I t is generally accepted that coronary arterial spasm 
plays an important role in ischemic heart disease. 

Some investigators described a case report showing 
spontaneous 3-vessel coronary vasospasm. 1 The other 
pointed out that multivessel coronary vasospasm is not 
rare.2 The purpose of this report is to compare patients 
with l-, 2- and 3-vessel coronary arterial spasm without 
significant organic stenosis and to elucidate the clinical 
characteristics and risk factors of them. 

Thirty-jive patients with vasospastic angina (26 men 
and 9 women, mean age 57 years, range 40 to 70) were 
included in the present study. All patients were rejerred 
to our hospital for chest pain and suggested to have 
angina pectoris from their history. Coronary vasospasm 
and ischemic electrocardiographic changes or chest 
pain were demonstrated during coronary angiography 
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in these patients. However; no sign&ant jixed stenosis 
was found after administration of nitroglycerin to the 
patients. According to 3 main coronary arteries with 
vasospasm on coronary angiography, the patients were 
class$ied into I of the following 3 groups: group I con- 
sisted of 19 patients (54%) showing coronary va- 
sospasm of only I vessel; group 2 consisted of 7 pa- 
tients (20%) with coronary vasospasm of 2 vessels; 
group 3 consisted of 9 patients (26%) with coronary va- 
sospasm of 3 vessels. Each patient in the ,fasting state 
underwent coronary angiographic examination by the 
Judkins technique. Temporary ventricular pacing was 
ready to start at a rate of 40 beatslmin. During the stud- 
ies, arterial blood pressure and I2-lead electrocardio- 
gram were continuously monitored. For the provocation 
test for the coronary vasospasm, intracoronary injection 
of acetylcholine chloride was per$ormed according to 
the method by Yasue et aL3 Acetylcholine dissolved in 
warmed 0.9% saline solution was injected in incre- 
mental doses of 20, 50, 80 and 100 pg into the lep 

TABLE I Clinical Manifestations and Laboratory Findings 

Trait 

Group 1 
(rl = 19) 

No. (%) 

Group 2 Group 3 Total 
(n = 7) (n = 9) (n = 35) 

___ ____ 

No. (%I No. (%I No. (%) 

Male 
Type of angina pectorls 

At rest 
On effort 
Mixed 

Syncope 
Systemic hypertension 
Diabetes mellitus 
Cigarette smoking 
Obesity 

Platelet (x 104/mm3) 
Creatine kinase (U/L) 
Total cholesterol (mg/dl) 
Triglycerides (mg/dl) 
HDL cholesterol (mg/dl) 
Uric acid (mg/dl) 
Fasting glucose (mg/di) 
Potassium (mEq/L) 
Calcium (mEq/L) 

16 (84) 

13 (68) 
2 (11) 
4 (21) 
0 (0) 
7 (37) 
1 (6) 

14 (74) 
8 (42) 

28.8 I 2.4 
101 f 18 
157 & 6 
134 2 18 

41*3 
5.7 2 0.3 
89 f a 

4.1 rk 0.1 
9.1 zk 0.1 

4 (66) 
l(17) 
l(17) 
l(14) 
2 (28) 
0 (0) 
3 (50) 
2 (29) 

20.7 t 2.9 
111 r 30 
182 -t 12 
162 z. 33 

47 2 8 
5.8 k 0.8 
94 k 2 

4.4 T!z 0.1 
9.0 2 0.2 

4 (50) 
0 (0) 
4 (50) 
l(11) 
l(11) 
3 (33) 
5 (56) 
8 (89") 

25.8 2 3.3 
832 13 

182 -t 11 
171 i 42 

42 t- 7 
6.2 -c 0.5 
99 +- 5 

4.1 i- 0.1 
9.2 2 0.1 

26 (74) 

21 (64) 
3 (9) 
9 (27) 
2 (6) 

10 (29) 
4 (11) 

22 (65) 
18 (51) 

26.4 k 1.7 
99 r 12 

168 f 5 
149 2 16 

42 -t 3 
5.9 t 0.3 
96 2 2 

4.2 + 0.1 
9.1 f 0.1 

*p cO.05, group 1 versus 3. 
Values are expressed as mean -t SE. 
HDL = high-density lipoprotein 
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