
Virchows Archiv A Pathol Anat (1992) 421:277-290 
Virchows Archiv A 
Pathological Anatomy 
and Histopathology 
�9 Springer-Verlag 1992 

Review 

Composition and classification of human atherosclerotic lesions 
H.C. Stary 

Louisiana State University Medical Center, 1901 Perdido Street, New Orleans, LA 70112, USA 

Received May 20 / Accepted June 19, 1992 

Summary. Human atherosclerotic disease can be re- 
solved into eight types of lesion, each characterized by 
its composition and structure and the absence or degree 
of intimal injury. The eight types have been arranged 
in the sequence in which they may progress in complexity 
from the initial change in childhood or youth to the 
clinical endpoints in older persons. While lesions at first 
increase primarily by intra- and extracellular accumula- 
tion of lipid, this in itself rarely accounts for symptomat- 
ic obstruction. Lipidic lesions become symptomatic pri- 
marily by means of successively superimposed deposits 
of thrombotic material. Non-homogeneity of hemody- 
namic forces within the length of an artery account for 
local differences in intima thickness (adaptive intimal 
thickening) and, in persons with risk factors, differences 
in susceptibility to lesion formation. According to the 
degree to which they can accumulate or retain lipid and 
bring about secondary mechanisms, specific locations of 
the arterial tree have been designated as atherosclerosis- 
resistant, atherosclerosis-prone and progression-prone. 
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Introduction 

Various classifications have been used in pathological 
studies of atherosclerosis. Because of local tradition or 
habit, different terms are often used for lesions with 
identical morphologies. However, the same term is some- 
times used for lesions that look alike when viewed with 
the unaided eye or by conventional microscopy but 
which, with advanced techniques, have various identi- 
ties. For example, the term fibrous plaque, as it has been 
generally used, covers a range of specific atherosclerotic 
lesions and has also been employed for non-atheroscle- 
rotic intimal thickenings. An insufficient knowledge of 
arterial structure and of the composition and evolution- 
ary sequence of atherosclerotic lesions is the main cause 

of ambiguous terminology. Today, a term like fibrous 
plaque can perhaps be justified in macroscopic studies, 
but the term is inadequate when refined methods are 
available. Clearly, the term, as it has been used, fails 
to say much about composition, genesis, or prognosis. 
The lack of a uniform and biologically valid terminology 
and classification impedes communication between in- 
vestigators of atherosclerosis and leads to serious misun- 
derstandings when the data of different studies are com- 
pared. 

Recent autopsy studies employing new methods in 
tissue processing, new developments in microscopy, im- 
munology and microchemistry, and the availability of 
atherectomy specimens (Barbano et al. 1989; Dartsch 
et al. 1989; H6fling et al. 1989; Backa et al. 1991) have 
increased our understanding of the composition and 
structure of arteries and atherosclerotic lesions. With 
the new knowledge, atherosclerotic lesions can be de- 
fined, distinguished from adaptive (non-atherosclerotic) 
intimal thickening, and arranged into a developmental 
sequence. 

In clinical arteriography, terms unlike those of pa- 
thologists are used. Refinements in the angiographic re- 
solution of lesions allow recognition not only of the de- 
gree of arterial obstruction but also of specific morpho- 
logies. Characteristics being distinguished include con- 
centricity or eccentricity, eccentric smooth or eccentric 
irregular lesions, multiple irregularities (Ambrose et al. 
1986), sawtooth appearance (Ambrose 1989 b), rough le- 
sions, abrupt lesions (Ellis et al. 1989), and plaque fissure 
(Myler et al. 1990). Some authors have described the 
angiographic morphology of non-occlusive thrombi 
(Williams et al. 1988), although Ambrose (1989a) cau- 
tioned against attempts to distinguish intracoronary 
thrombus from complex plaques in a patent vessel. At- 
tempts at resolving the characteristics of lesions have 
also been made by sonography (Eckmann et al. 1990; 
Barnes 1991) and magnetic resonance imaging (Editorial 
1990). Some correlations between histological findings 
and the ultrasound images have been described (Goes 
et al. 1990). 
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These new clinical methods contribute to an under- 
standing of the progression of atherosclerotic lesions in 
symptomatic patients (Fuster et al. 1990; Ip et al. 1990) 
and to an understanding of the feasibility and rate of 
regression after dietary and drug interventions (Brown 
et al. 1990; Cashin-Hemphill et al. 1990; Kane et al. 
1990; Ornish et al. 1990). As better resolution of lesions 
is being achieved in living persons, it is imperative that 
a classification reflecting the biological composition and 
structure of lesions precisely, at all stages of development 
be provided. 

In this article I describe the composition of physiolog- 
ical (adaptive) increases in intimal thickness and of eight 
characteristic atherosclerotic lesion types from their ini- 
tial appearance to clinical endstages. The lesion types 
are arranged in a biological classification, taking into 
consideration the order of their development and the 
degree of their complexity. The data on which the classi- 
fication is largely based were obtained from studies of 
the coronary arteries and aortas of 1286 autopsied hu- 
man subjects. Since we could not examine an initial le- 
sion histologically and then follow its behavior over a 
lifetime, we studied instead the lesions of a large number 
of children and adults who died at different ages. Our 
approach was to characterize the initial changes in youth 
in precisely defined anatomical locations of coronary 
arteries and the aorta and then to study their progression 
in these same anatomical sites in adults. The sites chosen 
for study were those known for their predisposition to 
develop clinical lesions. Details of the methods whereby 
this material was studied are described elsewhere (Stary 
1989, 1990). 

To put the present work into perspective, classifica- 
tions established by other investigators are briefly re- 
viewed. For discussions of the various hypotheses of ath- 
erogenesis the reader is referred to other authors (Ross 
1986; Clarkson et al. 1987; Roessner et al. 1987; Ip et al. 
1990; Kovanen 1990; Steinberg and Witztum 1990; Fus- 
ter et al. 1991). The origins of the terms atherosclerosis 
and arteriosclerosis and the history of atherosclerotic 
disease in general have also been considered by other 
authors (Jores 1921; Aschoff 1933; Long 1933, 1967; 
Gotto 1985). 

Adaptive increases in intimal thickness: 
eccentric and diffuse intimal thickening 

The arteries of all human beings normally have regions 
in which the intima is thicker than elsewhere. The thick 
regions are present from infancy, develop apparently in 
the fetus, are self-limited in growth, and do not obstruct 
blood flow at any age (Stary et al. 19921). They are de- 
fined here to allow separation from atherosclerotic and 
other vascular disease. The thick regions represent physi- 
ological adaptations of the artery to local changes in 
blood flow or wall tension. In these locations either wall 
shear stress is reduced or wall tensile stress is elevated 
or both may be the case (Zarins et al. 1983; Caro et al. 
1985). Thus, intima thickens in response to reduced wall 
shear, reducing lumen diameter to elevate flow velocity 

and thereby restore wall shear to baseline values. In re- 
sponse to increased tensile stress, intimal thickening 
strengthens the arterial wall to maintain normal values 
of tensile stress. The terms eccentric and diffuse are used 
to differentiate between two patterns of adaptive intimal 
thickening, although the two patterns may be contiguous 
and then can not be clearly delineated from each other. 

Eccentric thickening is a focal increase in the thickness 
of the intima associated with branches and orifices. At 
an arterial bifurcation, the thickening involves about 
half the circumference (the outer wall, that opposite the 
flow divider) of the parent and daughter vessels and 
extends for a short distance along the length of a bifurca- 
tion. In a cross-section of an artery fixed under physio- 
logical pressure, eccentric thickening is a crescent-shaped 
increase in intimal thickness (Fig. 1). At the thickest 
point of the crescent, intima may be up to nearly twice 
the thickness of the media in coronary arteries of chil- 
dren, although considerable individual variation in de- 
gree has been found (Stary 1987a). Eccentric thickening 
has also been described in the aorta and in carotid, cere- 
bral, and renal arteries. Its three-dimensional extent and 
thickness were graphically outlined only in the coronary 
arteries (Stary 1989). 

Diffuse intimal thickening is a spread-out and often 
circumferential pattern of adaptive intimal thickening 
not clearly related to specific geometric configurations 
of arteries. In coronary arteries the degree of thickness 
is less than that of eccentric thickening, although more 
extensive. 

Adaptive intimal thickening is composed of two 
histologically distinct layers. The layers may not always 
be distinguishable when the thickening is minimal. The 
inner layer, subjacent to the lumen, has been called the 
proteoglycan laver because it contains an abundance of 
finely reticulated non-fibrous connective tissue identified 
as proteoglycan ground substance by electron microsco- 
py (Wight and Ross 1975; Richardson et al. 1988). Elas- 
tic fibers are scarce. Smooth muscle cells are both rough 
endoplasmic reticulum (RER)-rich and myofilament- 
rich phenotypes and occur as widely spaced single cells 
rather than in layers. The part of the proteoglycan layer 
near the endothelium contains isolated macrophages. 
The thicker layer underlying the proteoglycan layer (and 
adjacent to the media) has been called the musculoelastic 
layer because of the abundance of smooth muscle cells 
and elastic fibers. This layer also contains more collagen. 
Smooth muscle cells are of the myofilament-rich pheno- 
type and arranged in close layers. 

Adaptive intimal thickening was described in the fetal 
human aorta by Thoma (1883, 1920), who took it for 
a universal feature in human arterial development. 

Subsequently, many other authors described similar 
intimal thickening in human coronary arteries (Edholm 
1912; Wolkoff 1923, 1929; Bremer 1924; Ehrich et al. 
1931 ; Gross et al. 1934; Dock 1946; Fangman and Hell- 
wig 1947; Minkowski 1947: Schornagel 1956; Moon 
1957; Robertson 1960; Neufeld et al. 1962; Geer et al. 
1968; Velican and Velican 1977; Stary 1987a) and in 
the human aorta (Wilens 1951 ; Movat et al. 1958). 

Various terms have been used for intimal thickening 



of the eccentric pattern: intimal cushion (Dock 1946; 
Robertson 1960; Pflieger and Goerttler 1970), spindle- 
cell cushion (Stehbens 1960), intimal pad (Stehbens 
1960), musculoelastic plaque (in baboons) (McGill et al. 
1960), localized fibrous plaque (Moon 1957), mucoid 
fibromuscular plaque (McMillan 1965), normal intimal 
cell mass (in swine) (Kim et al. 1984; Imai et al. 1985), 
and focal intimal hyperplasia (Glagov and Zarins 1989). 
Another term for the diffuse pattern is diffuse intimal 
fibrosis (Moon 1957). Many authors have not distin- 
guished between the eccentric and diffuse patterns. Such 
general terms include musculoelastic intimal thickening 
(Geer et al. 1968), musculoelastic layering (Jaffe et al. 
1971), fibromuscular intimal thickening (McGill 1974), 
and intimal fibromuscular hypertrophy (Glagov and 
Zarins 1989). 

Although the terms attached to adaptive intimal 
thickening and the significance attributed to them have 
varied, the microscopic descriptions and illustrations 
published by these authors resemble each other closely 
and doubtless represent either one or the other, or both, 
of the patterns of adaptive intimal thickening. 

In laboratory animals, adaptive thickening differs 
functionally from adjacent regions without thickening. 
The turnover of endothelial cells (Wright 1968; Stary 
1974), smooth muscle cells (Stary 1974), and the concen- 
trations of lipoproteins (Schwenke and Carew 1989) and 
other plasma components are greater in adaptive thick- 
ening than in adjacent regions of intima without thicken- 
ing. The difference in lipoproteins has also been docu- 
mented in man (Spring and Hoff 1989). These increases 
should not be considered abnormal unless they enter 
a range associated with tissue damage. 

The relationship between adaptive intirnal thickening 
and atherosclerosis 

The necessity to distinguish adaptive intimal thickening 
from atherosclerotic disease can not be emphasized 
strongly enough. Focal accumulations of intimal smooth 
muscle cells identical to those constituting adaptive inti- 
real thickening have been designated as atherosclerotic 
by many authors. The fact that some of the smooth 
muscle cells are of the RER-rich phenotype has been 
taken as evidence in support of disease. Because they 
can impress by their thickness when viewed under the 
microscope and because they protrude into the arterial 
lumen when arteries are studied in their collapsed and 
contracted postmortem state, adaptive thickenings have 
been taken not only for initial lesions but misinterpreted 
as arterial stenoses or occlusions (Yater et al. 1948; Enos 
et al. 1953; Strasser 1980; Velican and Velican 1980). 

A wide range of artificial exogenous impulses, includ- 
ing endothelial denudation through mechanical injury 
of the arterial wall (Bj6rkerud 1969; Bj6rkerud and 
Bondjers 1973; Stemerman and Ross 1973) have been 
applied in laboratory animals and found to produce 
smooth muscle cell accumulations in arterial intima. 
However, the experimental lesions do not match the 
histological structure of adaptive intimal thickening de- 
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scribed in this article. Nor is there evidence that any 
of the injurious agents applied to laboratory animals 
are present in all human beings at birth. 

Nevertheless, there is a relationship between adaptive 
intimal thickening and atherosclerosis. When lipoprotein 
is excessive in the plasma it tends to accumulate above 
all in intima with adaptive thickening. Eventually, inti- 
real cell reactions evoked by excess lipid may modify 
adaptive thickening. In fact, specific adaptive thicken- 
ings tend to accumulate more lipid than others. Because 
these are first to turn into advanced lesions, the term 
progression-prone is applied to this subgroup (see section 
on the progression-prone type H lesion). 

The colocalization of adaptive thickening with more 
or less prominent lipid accumulation has supported the 
view that adaptive thickening is part of the atheroscle- 
rotic process. However, if adaptive thickening is ac- 
cepted as a self-limited physiological response to hemo- 
dynamic forces in specific artery locations, then the de- 
velopment of a lesion refers only to changes that are 
superimposed. The hemodynamic forces cause the thick- 
ening whether high concentrations of atherogenic lipo- 
proteins are present or not. When atherogenic plasma 
lipoproteins exceed critical levels, the same forces en- 
hance lipoprotein accumulation in the same locations. 

Atherosclerotie lesions: history of their classification 

At the beginning of the century, two types of intimal 
lesions were recognized and associated with atheroscle- 
rosis. They were called fatty streaks (thin lipidic lesions 
in children) and fibrous plaques (thick fibrolipidic lesions 
in adults). However, the two types of lesions were not 
universally accepted as the early and advanced expres- 
sions of a single disease. 

The Freiburg pathologist Ludwig Aschoffwas a main 
proponent among those who regarded the morphologi- 
cally different intimal lipid deposits of children and 
adults as early and late stages of one disease (Aschoff 
1924, 1930, 1933). Aschoff recognized two components 
of the disease. One was lipid, deposited in the intima 
from infancy and thereafter. Aschoff designated this 
stage as atherosis; in his American publication (1924) 
he used the term atheromatosis. The other was fibrosis 
(sclerosis, collagenization, scar formation), added to the 
lipid in adults. Only the fibrolipidic stage was designated 
as atherosclerosis. Aschoff subdivided pre-adult athero- 
sis into an infant and a pubertal phase so that in fact 
he spoke of three developmental stages: atherosis of in- 
fants, atherosis at puberty, and atherosclerosis in adults. 

Atherosis in infants was described as yellow dots, visi- 
ble with the naked eye at the root of the aorta. Atherosis 
at puberty consisted of more extensive yellow streaks 
in many parts of the aorta and in coronary arteries. 
Microscopically, infant and pubertal dots and streaks 
were similar, consisting of intracellular and extracellular 
lipid in the intima. Both differed from adult lesions in 
the absence of fibrosis. In adults, atherosis and fibrosis 
(now called atherosclerosis) formed fibrous plaques (the 
German term was fibr6se Platten). Why and how the 
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lipid deposits of  children transformed into the lesions 
of adults was not explained. Aschoff's sequence appears 
correct except that now, with more sensitive methods, 
intermediate stages that answer some questions about 
development and progression, and a range of  advanced 
stages that answer clinical questions, can be resolved. 

After Aschoff, structured classifications were devel- 
oped by pathologists for the purpose of estimating the 
prevalence of  individual lesion types in epidemiological 
studies. In these studies, lesions seen on the intimal sur- 
face of  arteries that had been opened longitudinally, flat- 
tened, and fixed in formalin were examined with the 
unaided eye. This method permitted the rapid estimation 
of the percentage of  atherosclerotic lesions covering the 
intimal surface of  an artery. The terms for lesions used 
in these studies were close to the terms used by Aschoff. 
A classification first described by Gore and Tejada 
(1957) and used on a large scale in the International 
Atherosclerosis Project (Guzman et al. 1968) consists of  

Fig. 1. A crescent-shaped (eccentric) adaptive intimal thickening 
in the left anterior descending coronary artery at the level of the 
main bifurction, pgc=proteoglycan intima layer, me=musculo- 
elastic intima layer, M =media, A=adventitia, lumen =lumen of 
the artery. From a 6-month-old boy. Homicide was the cause of 
death. Case no. 949 (P-1949). The artery was fixed by perfusion 
with glutaraldehyde under pressure, tissue was embedded in Mar- 
aglas, and the one-micron section was stained with toluidine blue 
and basic fuchsin. Magnification about • 90. 

Fig. 2. A type IIa (progression-prone fatty streak) lesion coloca- 
lized with an adaptive thickening in the proximal part of the left 
anterior descending coronary artery. Macrophage foam cells (fc) 
occupy the intima at the junction of the proteoglycan (pgc) and 
musculoelastic (me) intima layers, e = endothelial cells at the artery 
lumen, M =media, A = adventitia. From a 25-year-old woman. A 
traffic accident was the cause of death. Case no. 775 (P-1775). 
Fixation by pressure-perfusion with glutaraldehyde. Maraglas em- 
bedding. One-micron section stained with toluidine blue and basic 
fuchsin. About x 140. 

Fig. 3. A type III (preatheroma) lesion colocalized with an adaptive 
thickening in the left main coronary artery just proximal to the 
main bifurcation. Extracellular lipid (arrows) is pooled in the mus- 
culoelastic layer (me). Smooth muscle cells, normally closely 
packed, are separated, compressed, and attenuated by the extracel- 
lular lipid. Macrophage foam cells (fc) are some distance above 
the pooled extracellular lipid, e = endothelial cells at the artery lu- 
men, pgc = proteoglycan intima, M = media, A = adventitia. From 
a 25-year-old man who died in a traffic accident. Case no. 372 
(P-1372). The artery was fixed by perfusion with glutaraldehyde 
under pressure, tissue was embedded in Maraglas, and the one- 
micron thick section was stained with toluidine blue and basic 
fuchsin. About x 95. 

Fig. 4. A type IV (atheroma) lesion in the most proximal part of 
the left anterior descending coronary artery. In addition to all the 
changes seen in type IIa and III lesions a massive aggregate of 
extracellular lipid (lipid core) occupies the musculoelastic layer 
(me). Macrophage foam cells (fc) are above the lipid core. pgc = 
proteoglycan intima layer, M = media, A = adventitia. From a 23- 
year-old man. Homicide was the cause of death. Case no. 917 (P- 
1917). Fixation by pressure-perfusion with glutaraldehyde. Marag- 
las embedding. One-micron thick section was stained with toluidine 
blue and basic fuchsin. Magnification about x 40. 

281 

the sequence fato, streak, fibrous plaque, and complicated 
lesion. The latter term was used for fibrous plaques that 
had eroded or fissured and developed hemorrhage and 
thrombotic deposits. Duff  and McMillan (1951) had 
used the term complication in connection with thrombo- 
sis superimposed on advanced lesions. 

A classification by the World Health Organization 
(1958) includes, in addition to the three terms above, 
the term atheroma to distinguish advanced lesions with 
a predominantly lipid component  (atheroma) from those 
with a predominantly collagenous one (fibrous plaque). 

Where the terms fibrous plaque or atheroma are used 
in the above classifications, other authors substitute fi- 
broatheroma, atheromatous plaque, fibrolipid plaque, or 
fibrofatty plaque (Cotran et al. 1989). The term athero- 
ma used in the W H O  classification for a lesion t y p e  
has been used by some (Davies 1986) to designate the 
entire disease process, analogous to the term atheroscle- 
rosis. 

Haimovici (1977) arranged atherosclerotic disease 
into one preclinical, and two clinical stages. The first 
stage includes fatty streaks and unobstructive fibrous 
plaques; the second represents symptomatic atheroscle- 
rotic lesions; and the third includes evidence of  myocar- 
dial infarction, stroke, or gangrene. 

A classification based on the pathophysiology of  the 
presumed vascular injury has been proposed by Fuster 
and colleagues (1992). In this classification, type I injury 
consists of  functional change in endothelial cells, which 
is postulated as the cause of  the initial accumulation 
of lipids and monocytes in the intima. Type II injury 
includes loss of  endothelial cells, injury of  intimal struc- 
ture, adherence of  platelets, and moderate proliferation 
of  smooth muscle cells. In type III  injury, lesions are 
disrupted, thrombi form, and smooth muscle ceils prolif- 
erate markedly to incorporate the thrombus into the 
arterial wall and cause permanent and marked thicken- 
ing. 

Atherosclerotic lesions: definitions and an updated 
biological classification 

General comments 

In the following sections, the compositions of  eight mor- 
phologically characteristic types of  atherosclerotic le- 
sions are described in the sequence in which they may 
evolve in the course of  a life. In the first three decades, 
the composition of  the lesions is predominantly lipidic 
and relatively predictable. In the fourth decade, and sub- 
sequently, the composition of advanced lesions becomes 
unpredictable because some continue to increase by 
mechanisms additional to lipid deposition. 

Type I and II lesions, sometimes combined under the 
term early lesions, generally are the only ones that occur 
in infants and children, although they occur in adults 
also. Such lesions do not obstruct or modify blood flow. 
Type III  lesions may evolve soon after puberty and, in 
their composition, are intermediate between fatty streaks 
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Table 1; Classification of human atherosclerotic lesions 

Classification of atherosclerotic lesion types based on 
microscopic and chemical composition 

Recommended terms Description 

Conventional terms 
based on 
appearance with the 
unaided eye 

Comments 

Type I (initial lesion) 

Type II (fatty streak) 
IIa (progression-prone : 

colocalized with specific 
adaptive thickening) 

IIb (progression-resistant) 

Type III (preatheroma) 

Type IV (atheroma) 

Type V (fibroatheroma) 

Type VI (complicated fibroatheroma) 
Via (thrombo-hemorrhagic) 
VIb (thrombotic) 
VIc (hemorrhagic) 

Type VII (calcific lesion) 

Type VIII (fibrotic lesion) 

Lipoprotein accumulation in intima; lipid 
in macrophages; these changes 
discernible only microscopically or 
chemically; no tissue damage 

Lipoprotein accumulation in intima; lipid 
in macrophages and smooth muscle 
cells; quantities large enough to be 
visible to the unaided eye but still no 
tissue damage 

All type IIa changes plus multiple 
deposits of pooled extracellular lipid; 
microscopic evidence of tissue damage 
and disorder 

All type IIa changes plus confluent 
mass of extracellular lipid (lipid core) 
with massive structural damage to 
intima 

All type IV changes plus development 
of marked collagen and smooth muscle 
cell increase (cap) above lipid core 

All type V changes plus a thrombotic 
deposit, and/or hemorrhage, and/or 
erosion or fissure 

Any advanced lesion type composed 
predominantly of calcium; substantial 
structural deformity 

Any advanced lesion type composed 
predominantly of collagen; lipid may 
be absent 

None 

Fatty streak 

Types I and II 
are sometimes 
combined as 
"early lesions" 

None An "intermediate" 
or '" transitional" 
lesion had been 
suspected 

Fibrous plaque; Types IV to VIII 
fibrolipid plaque; are sometimes 
plaque combined as "ad- 

vanced lesions" 

Complicated plaque 

Calcified plaque 

Fibrous plaque 

(type II) and a theroma (type IV). In this classification, 
the term advanced lesion is used as an umbrella term 
for lesions beyond type III.  Advanced lesions of  type 
IV are frequent f rom the third decade and lesions more 
advanced (V-VIII )  f rom the fourth decade of life. De- 
struction and deformity of  a part  of  the intima is the 
biological measure we use to designate a lesion as ad- 
vanced. Advanced in this sense does not  necessarily indi- 
cate that a lesion is visible angiographically or that it 
is clinically overt. 

In type IV, destruction of  intimal structure is caused 
almost  solely by means of  a mass of  extracellular lipid 
localized in the deep intima (the lipid core). In type V, 
intima is replaced and thickened by a lipid core and 
a subsequently formed fibrous component .  Thrombot ic  
deposits and/or  hemorrhage  add damage and deformity 
and accelerate conversion f rom clinically silent to overt 
disease (type VI lesions). In this paper,  the term fibrotic 
lesion (type VIII)  is applied when predominant ly collage- 
nous scar tissue but little or no lipid is present. It must 
be remembered,  however, that  lesions that appear  com- 
pletely collagenous represent the scarred end result of  
earlier atherosclerotic lesion components.  The same is 

true for calc~'c (type VII)  lesions which consist largely 
of  calcium. 

In medium-sized arteries, type IV lesions are almost 
always only mildly obstructive and therefore clinically 
silent. Type VI are unstable and generally symptomatic  
in medium-sized arteries. Types V, VII  and VII I  may 
be silent or overt depending on the degree of  stenosis 
they cause. All advanced lesion types are larger in the 
aorta  than in arteries of  medium size but become symp- 
tomatic in the aorta  later and generally not because of  
stenosis. 

In Table 1, atherosclerotic lesions are listed in their 
developmental sequence and their typical features are 
summarized. Table 1 represents a biological classifica- 
tion of  the lesions f rom their inception to clinical end- 
stages. In Table 2, cellular and intercellular components  
and distinguishing characteristics are listed and com- 
pared in a semiquantitative manner.  

Type I lesion (#Titial lesion) 

Initial lesions represent the first, only microscopically 
and chemically perceivable, lipid deposits and accompa- 
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Table 2. Quantitation" of the components of adaptive thickening (AT) and of human atherosclerotic lesions type I to VIII 

AT I IIa iIb III IV V Via VIb VIc VII VIII 

Lipid deposition 
intracellular 0 1 2 2 3 3 3 3 3 3 2 1 
extracellular 0 0 1 1 3 5 5 5 5 5 3 1-2 

Lipid core 0 0 0 0 0 1 5 2 5 ~ 5  2 5 2-5 0-2 0-1 

SMC 
myofilament-rich 4 4 3 2 3 2 2 2 2 2 2 2 
RER-rich 1 1 2 1 2 2 3 4 4 2 2 3 
BM-rich 0 0 0 0 0 1 2 3 3 1 2 2 

SMC 
without lipid 5 1-5 2 1 2 2 3 4 4 3 3 5 
with lipid 0 0 3 2 3 3 4 4 4 3 3 2 

Macrophages 
without lipid 1 2 2 2 2 3 3 3 3 3 2 3 
with lipid 0 1 3 2 4 5 5 5 5 5 3 3 

Lymphocytes 0 0 2 1 2 3 3 3 3 3 ? ? 

Mast cells 1 1 2 1 2 2 2 2 2 2 ? ? 

Plasma cells 0 0 1 0 1 1 1 1 1 1 ? ? 

Tissue damage-deformity 0 0 0 0 1 3 3 5 4 4 5 4 

Neovascularization 0 0 0 0 0 1 1-3 2-4 2-4 2 4  1-3 1-3 

Collagenization 0 0 0 0 0 1 3 3 3 3 3 5 

Thrombotic deposit 0 0 0 0 0 0 0-1 2-5 2-5 0-1 0-1 0-1 

Hemorrhage 0 0 0 0 0 1 1 2-5 t 2 5 1 1 

Fissure-erosion 0 0 0 0 0 0 0 0 5 0-2 0-5 0-3 0-1 
Calcium deposition 0 0 0 0 0 0-3 0-3 0-3 0-3 0-3 5 0-3 

a The cellular and intercellular components and complications have been estimated semiquantitatively on a scale of 0-5 (0-5+) 
SMC, smooth muscle cells; RER, rough endoplasmic reticulum: BM, basement membrane 

nying cell reactions in the intima. Microscopical ly,  the 
histological change is minimal,  consisting o f  isolated 
groups  o f  macrophages  filled with lipid droplets  (macro-  
phage foam cells). Macrophages  wi thout  lipid droplet  
inclusions are twice the number  present in int ima nor-  
mally. Such minimal  accumula t ions  o f  macrophages  
with and wi thout  lipid droplets  were found  in the coro-  
nary  arteries o f  45% o f  infants in the first 8 mon ths  
o f  life (Stary 1987 a), but  some older children and adults 
also have only this minimal  degree o f  lipid and cell reac- 
tion. Initial lesions coinciding with adapt ive  intimal 
thickening o f  the eccentric pat tern  conta ined six times 
as m a n y  macrophages  and five times as m a n y  macro-  
phage foam cells as int ima outside eccentric thickening. 
Adapt ive  thickenings with the mos t  distinct type I lesions 
are those in which the type II lesions o f  older children 
are also mos t  prominent ,  and identical to the locations 
in which type III ,  IV and V lesions develop first in an 
adult  if advanced lesions develop at all. 

Accumula t ions  o f  macrophages  and mac rophage  
foam cells occur  in arterial int ima o f  l abora to ry  animals 
generally within days (Duf f  et al. 1957) or  a few weeks 
(Still and O 'Nea l  1962; Stary 1976; Joris e ta l .  1983; 
Simionescu et al. 1986) after having been made  hyper-  
cholesterolemic. Hypercholes terolemia causes increased 
adherence o f  monocy tes  to the endothel ium part icular ly 

over atherosclerot ic  lesions (Gerri ty 1981; Joris et al. 
1983; Faggiot to  et al. 1984; Lewis et al. 1985). The ini- 
tial intimal mac rophage  foam cells are a sequel and  a 
cellular marker  o f  unphysiological  increases in intimal 
l ipoproteins.  Rabbits  receiving a high-cholesterol  diet for  
4~16 days had  increased low-density l ipoproteins in 
thick int ima locations o f  the aor ta  before m a c r o p h a g e  
foam cells appeared  in the int ima (Schwenke and  Carew 
1989). Extracellular  lipid droplets were visible by elec- 
t ron mic roscopy  in the aort ic  int ima o f  rabbits  within 
2 weeks after receiving a high-cholesterol  diet while mac-  
rophages  and mac rophage  f o a m  cells were not iced after 
only 4 weeks (Simioneseu et al. 1986). The experimental-  
ly induced increases in l ipoproteins,  macrophages ,  and 
mac rophage  foam cells are mos t  marked  in regions with 
focal intimal thickening. Extracellular  lipid particles and 
debris o f  the type visible by electron mic roscopy  in and 
characterist ic o f  more  a d v a n c e d  lesions are no t  present  
in the initial lesions. 

Type H lesion (fatty streak) 

Type I I  lesions are composed  o f  more  lipid-laden cells 
than initial lesions. One or  more  layers o f  m a c r o p h a g e  
foam cells, frequently interdigitat ing by means  o f  their 
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microvilli, are present. The number of macrophages 
without droplet inclusions in coronary artery type II 
lesions is 1.7 times the number in normal intima at 10-19 
years and 1.5 times the number at 20-29 years. The 
number of macrophage foam cells in type II lesions ex- 
ceeds the number in type I lesions two- or threefold 
(Stary 1990). Isolated T-lymphocytes (Munro etal. 
1987; Katsuda et al. 1992), mast cells, and plasma cells 
may be present, but these are less numerous than macro- 
phages. 

Of the smooth muscle cells present in locations of 
intima in which type II lesions develop, a variable pro- 
portion also contains lipid droplet inclusions, although 
generally the number of lipid droplets per smooth muscle 
cell is smaller than the number per macrophage foam 
cell. In human subjects, the number of intimal smooth 
muscle cells in a fatty streak is similar to the number 
in the same intima region when a lesion is not present. 
An increase in the proportion of RER and smooth endo- 
plasmic reticulum, observed within some of both intimal 
smooth muscle cell phenotypes, may be a sign of degra- 
dation of intracellular lipid droplets. While most of the 
electron microscopically visible lipid is within cells, some 
smaller lipid particles are extracellular. Fatty streaks 
differ from more advanced lesions by the smaller amount 
of extracellular lipid particles and debris, and the ab- 
sence of visible damage of intimal structure, reparative 
tissue reaction, or deformity. 

Intimal macrophage foam cells accumulate in the 
deep part of the proteoglycan layer. In most arterial 
locations the proteoglycan layer is thin and a few layers 
of foam cells fill the layer to the level of the endothelial 
cells. The term fatty streak is derived from the layers 
of foam ceils visible with the unaided eye through the 
endothelial surface. However, macrophage foam cells ac- 
cumulating in eccentric intimal thickening (in which the 
proteoglycan layer is thick) may not be visible from the 
intima surface. 

Chemically, the lipid of fatty streaks is predominantly 
cholesterol and its esters. The predominant cholesterol 
ester is oleate (Geer and Malcom 1965; Smith and Smith 
1976). 

Progression-prone type H lesion 

The locations in the arterial tree in which type II lesions 
develop are relatively constant (Cornhill et al. 1990), and 
have been called atherosclerosis-prone (or lesion-prone) 
locations. However, of the many type II lesions generally 
present in a person with average levels of atherogenic 
lipoproteins only a subgroup will readily proceed to ad- 
vanced lesions if advanced lesions develop in a person 
at all. This subgroup is colocalized with specific adaptive 
intimal thickenings and may be called progression-prone 
or type IIa. The larger subgroup of type II lesions that 
do not progress, or only slowly, or only in persons with 
very high plasma levels of atherogenic lipoproteins, may 
be called progression-resistant or type IIb. 

Whether a type II lesion develops at all, and whether 
it is progression-prone or resistant, is determined in great 

part by the hemodynamic forces acting on a particular 
part of the vessel wall. The hemodynamic forces found 
in these locations cause adaptive thickening in all per- 
sons and increased focal lipid accumulation in those with 
high plasma levels of atherogenic lipoproteins. 

Morphologically, type IIa lesions differ from type IIb 
by the smooth muscle cells and abundant intercellular 
matrix of colocalized adaptive thickening, the larger ac- 
cumulation of lipoprotein, macrophages, macrophage 
foam cells and extracellular lipid debris, and by the deep 
intimal location of the foam cells and lipid debris 
(Fig. 2). While macrophages without fat are most nu- 
merous near the endothelial surface, macrophage foam 
cells which accumulate at the bottom of the proteogly- 
can layer can be relatively deep when colocalized with 
adaptive thickening. Although with time more macro- 
phage foam cells pile up they may not extend to the 
endothelial surface. The terms submerged fat O, streak 
and concealed fatty streak have been applied to this mor- 
phological picture. Because of the colocalized adaptive 
thickening, type IIa lesions have been misinterpreted as 
lesions advanced beyond type II. 

In human subjects with very high plasma levels of 
atherogenic lipoproteins, such as in familial hypercholes- 
terolemia homozygotes, type II lesions proceed to ad- 
vanced types rapidly also in arterial locations outside 
the progression-prone ones. Similarly, when serum cho- 
lesterol levels much higher than those usual in human 
populations are induced in laboratory animals there is 
wide dispersal of lesions. After early middle age, even 
persons with average plasma levels of atherogenic lipo- 
proteins may have advanced lesions outside the progres- 
sion-prone locations. Advanced lesions (type VI) may 
extend beyond progression-prone locations by incorpo- 
ration of adjoining thrombi. Such advanced lesions may 
also be concentric rather than eccentric. 

Type III lesion (preatheroma) 

The type III lesion is the connecting link between a pro- 
gression-prone type II lesion and the first type that can 
be considered as advanced: type IV (atheroma). The 
characteristic histological features are microscopically 
visible extracellular lipid and debris particles to the ex- 
tent that pools of this material form among the layers 
of smooth muscle cells of a colocalized adaptive intimal 
thickening (Fig. 3). The lipid pools are just below the 
layers of macrophage foam cells and replace intercellular 
matrix proteoglycans and fibers, and drive smooth mus- 
cle cells apart. Neither death nor proliferation of smooth 
muscle cells are evident at this stage of progression. Cho- 
lesterol crystals are rarely present. By this definition, 
multiple scattered pools of extracellular lipid, disrupting 
the coherence of some structural intimal smooth muscle 
cells, constitute progression beyond a type II lesion. A 
massive, confluent, accumulation of extracellular lipid 
(a lipid core) has not yet developed. The study of many 
cases indicates that a lipid core, and thus the advanced 
lesion we call atheroma, forms through the fusion of 
the separate small pools of extracellular lipid. 
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When human atherosclerotic lesions were studied by 
lipid physical biochemistry, a lesion connecting fatty 
streaks and atheroma also became apparent (Katz et al. 
1976; Small 1988). Lesions with this composition con- 
tained more free cholesterol, more fatty acid, sphin- 
gomyelin, lysolecithin and triglyceride than fatty streaks. 
The melting behavior of the cholesterol ester droplets 
was also between that of fatty streaks (higher) and ather- 
oma (lower). Small (1988) stated that histologically the 
lesions resemble the preatheroma described in the pre- 
ceding paragraphs. 

The term preatheroma has been applied to type III 
lesions because it heralds the formation of atheroma. 
This term may be more descriptive and chronologically 
correct than terms such as intermediate or transitional 
lesion. The latter terms could apply to any one of the 
lesions in the sequence between the beginning and the 
clinical endpoints of the disease. 

In the past, the belief that clinically significant athero- 
sclerotic lesions develop from some type II lesions of 
juveniles had been based, to a large degree, on evidence 
of progression of fatty streaks in hypercholesterolemic 
animals and in human cases of familial hypercholestero- 
lemia. Some authors who had opposed this belief 
thought of fatty streaks as self-limited lesions associated 
with the fatal infectious diseases that were so frequent 
in children. While this hypothesis was subsequently re- 
jected (Jores 1924; Schmidtmann 1925), the supposition 
that clinical lesions originate in fatty streaks had never- 
theless remained controversial (Mitchell and Schwartz 
1965; Smith and Smith 1976; Mauer 1986, 1987). 

Several reasons account for this skepticism. As fatty 
streak and advanced lesions had been traditionally 
viewed, they differed too sharply from each other. There 
was thought to be a lack of a precise topographical cor- 
respondence between the two lesion types (Mitchell and 
Schwartz 1965). Some persons with abundant fatty 
streaks were without advanced lesions while others with 
advanced lesions had few fatty streaks. By chemical anal- 
ysis, the cholesteryl esters of advanced human lesions 
contain a high proportion of linoleic acid and a low 
proportion of oleic acid (Smith and Smith 1976). In fatty 
streaks the reverse is true (Geer and Malcom 1965; 
Smith and Smith 1976). 

If advanced lesions develop from fatty streaks then 
a lesion type histologically and chemically intermediate 
between the two should exist. Although the existence 
of an intermediate (transitional) morphology has been 
suspected and discussed (McGill 1974; McMillan 1985; 
Steinberg and Witztum 1990) this type of lesion had 
not been defined and included in classifications of ath- 
erosclerosis until recently (Stary 1987b, 1989, 1990). 

The supposed morphological incompatibility between 
fatty streaks as they have been conventionally viewed 
in thin intima segments and atheroma is resolved by 
understanding that fatty streaks developing in youth in 
specific adaptive thickenings are rich in macrophage 
foam ceils and extracellular lipid and that, not much 
later in life, lesions of preatheroma or atheroma mor- 
phology are found in the same locations. The differences 
in fatty acids may be explained by the massive overall 

increase in lipids and the change from intra- to predomi- 
nantly extracellular storage. 

Type IV lesion (atheroma) 

Type IV lesions are characterized by a massive aggregate 
of extracellular lipid (a lipid core) (Fig. 4). Additional 
components such as a thick fibrotic (collagenous) cap, 
thrombosis, or hemorrhage are still absent. The classic 
picture of a lipid core is produced when sufficient extra- 
cellular lipid has accumulated at the depth of an adap- 
tive intimal thickening to displace pre-existing intimal 
smooth muscle cells. Lipid cores thicken the arterial wall 
and generally are large enough to be visible to the un- 
aided eye. Intimal smooth muscle cells within the region 
of the lipid core are dispersed and relatively or absolutely 
decreased. Remaining cells have attenuated and elongat- 
ed cell bodies and may have unusually thick basement 
membranes (BM-rich smooth muscle cells). The organ- 
elles of some smooth muscle cells may be calcified and 
calcium particles may be among the extracellular lipid 
of the core. The part of the adaptive thickening between 
the lipid core and the endothelial surface contains mac- 
rophages and smooth muscle cells with and without lipid 
droplet inclusions, T-lymphocytes (Jonasson et al. 1986), 
and mast cells. Granulation tissue with capillaries may 
border the lipid core at the lateral margin (shoulder) 
of the eccentric thickening. This is also the region in 
which most macrophages and macrophage foam cells 
are located. The part above a lipid core should not, 
at this point in atherogenesis, be considered as having 
been entirely formed by the atherosclerotic process. The 
lipid core of an atheroma precedes the smooth muscle 
cell proliferation and collagen deposition that eventually 
may thicken the region above the lipid core greatly, 
which then could be called the fibrotic cap of the lesion 
(see type VI fibroatheroma). In the atheroma stage, most 
of the tissue above the lipid core represents the upper 
(proteoglycan) part of the pre-existing adaptive thicken- 
ing. 

Although, by definition, complications such as 
thrombosis or hemorrhage are not part of atheroma, 
the risk for these, because of the destructive and deform- 
ing nature of the lipid core, is now present. For this 
reason atheroma is considered as the first advanced, or 
potentially clinical lesion type. 

Since it generally coincides with adaptive thickenings 
of the eccentric type, atheroma is an eccentric rather 
than concentric lesion. Measurements indicate that while 
the wall can be quite thick, arterial lumen is not much 
reduced. Some autopsy studies of coronary arteries 
(Yater et al. 1948; Enos et al. 1953; Strasser 1980; Veli- 
can and Velican 1980) overestimated the degree of steno- 
sis caused by atheroma because collapsed arteries were 
studied. Nevertheless, lesions of the atheroma type can 
become symptomatic in severe forms of familial hyper- 
cholesterolemia through their great lipid bulk. 
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Type V lesion (fibroatheroma) 

A type V lesion has formed when, in addition to the 
components of an atheroma, a thick layer composed 
of  newly formed layers of RER-rich smooth muscle cells 
and collagen (a fibrotic cap) thickens the region between 
the lipid core and the endothelial cell layer at the arterial 
lumen (Fig. 5). The new components replace the pro- 
teoglycan intima layer, sometimes add several fold more 
thickness to the arterial wall than the underlying lipid 
core, and they decrease lumen size. Granulation tissue 
and capillaries at the lateral and luminal margins of  the 
lipid core may be larger than in the atheroma stage and 
microhemorrhages may be present around the capillar- 
ies. Initially, granulation tissue and collagen formation 
are absent from the aspect of the lipid core facing the 
media. 

It is certain that the thickness of  some fibrotic caps 
is the result of, or has been enhanced by, periodic throm- 
botic deposits on the lesion surface, although by the 
time of  study these have been incorporated and replaced 
with smooth muscle and collagen. Such lesions are classi- 
fied as type V although they would be classified as type 
VI if ingredients of  a thrombus could be detected. When 
thrombotic deposits are not suspected (more often in 
young adults and in early middle age) a fibrotic cap 
of only modest thickness is present. In this case, smooth 
muscle cells and collagen formed gradually in response 
to injury and deformity caused by the increasing lipid 
core alone. Such uncomplicated fibroatheroma does not 
appear to obstruct blood flow much. 

Type VI lesions (complicated fibroatheroma) 

Lesions having visible thrombotic deposits and/or  
marked hemorrhage, in addition to lipid and collagen, 
are type VI (complicated fibroatheroma, or complicated 
lesions) (Fig. 6). Thrombosis and hemorrhage accelerate 
growth and complexity of the lesions. Type VI lesions 
may be subdivided to reflect the dominant  complicating 
factors: type Via to indicate both thrombus and hemor- 
rhage as important  components, type VIb thrombus 
without hemorrhage, and type VIc hemorrhage with- 
out thrombus. 

Thrombotic  deposits may be visible only with the 
microscope, or they may be large enough to be visible 
with the unaided eye. Clinically (angiographically), com- 
plicated lesions with an obstructive but labile thrombus 
are known as unstable lesions and are thought of  as the 
morphological counterpart  of  unstable angina (Fuster 
et al. 1992). Thrombotic  deposits set in motion mecha- 
nisms which accelerate lesion growth by stimulating inti- 
real smooth muscle proliferation and collagen produc- 
tion. In our studies, when platelets and fibrin were visible 
on the surface or within lesions then the number of 
smooth muscle cells as well as the amount  of  collagen 
and the thickness of  the lesions was more often greater 
than when such evidence was not present. 

The causes of hemorrhages and/or  thrombotic depos- 
its are multiple. Erosion or ulceration of the lesion sur- 

face have long been known to constitute one cause. Some 
authors published evidence that shearing tears (fissures) 
of  the lesion surface are a principal cause of massive 
hemorrhage into the lesion, thrombotic deposits, rapid 
lesion expansion, and symptomatic disease (Constantin- 
ides 1966, 1990; Davies and Thomas 1985; Richardson 
et al. 1989; Falk 199l). Although large hemorrhages ap- 
pear to be the consequence of  shearing tears or erosions 
of the surface, there is evidence that smaller hemorrhages 
within lesions are caused by breaks in newly formed 
capillaries (Barger et al. 1984; Beeuwkes et al. 1990). It 
has been proposed that these hemorrhages can rupture 
into the arterial lumen, thus precipitating thrombosis 
(Beeuwkes et al. 1990). Isolated, only microscopically 
visible hemorrhages occur in some type IV and V lesions 
in young people (Stary 1990). Such microhemorrhages 
are not associated with breaks in the lesion surface or 
with thrombosis and we do not classify such lesions as 
type VI. 

Thrombotic  deposits on lesions can form without a 
surface defect or hemorrhage. The causes may include 
changes in blood flow secondary to deformity of  the 
surface by the underlying lesion, facilitating platelet de- 
position in susceptible individuals. High plasma fibrino- 
gen levels have been found in persons with clinical 
ischemic episodes (Moller and Kristensen 1991; Yarnell 
et al. 1991). Functional impairment of  endothelial cells 
or loss of  small groups of  endothelial cells, impossible 
to detect even microscopically, might also facilitate 
thrombus formation. 

Most type VI lesions by far reach that stage after 
the third or fourth decade, after having passed through 
the atheroma stage first. However, fissures, massive 
hemorrhage, and thrombotic deposits have occasionally 
been observed in association with lesions of only the 
fatty streak type. Thus, the possibility of  unusual modes 
of  lesion progression must be kept in mind. 

> 

Fig. 5. A type V (fibroatheroma) lesion in the distal part of the 
abdominal aorta. The part of the lesion above the lipid core and 
above the layer of macrophage foam cells (fc) consists of dense 
bands of collagen and RER-rich smooth muscle cells, e = endotheli- 
al cells at the artery lumen, M = media, From a 40-year-old man 
who died suddenly and unexpectedly from myocardial infarction 
because of Type VI lesions in the coronary arteries. Case no. 1349 
(P-2349). The aorta had been opened and fixed flat by immersion 
in formalin, tissue was embedded in Maraglas, and the one-micron 
thick section was stained with toluidine blue and basic fuchsin. 
Magnification about x 140. 
Fig. 6. A type VI (complicated) lesion in the distal part of the ab- 
dominal aorta. A recent thrombotic deposit (th) is at the luminal 
surface of the lesion and a small hemorrhage (red blood cells = rb) 
is in the uppermost part of the lesion, core = lipid core of the lesion, 
M=media. From a 37-year-old woman who died of intracerebral 
hemorrhage. Case no. 1280 (P-2280). The aorta had been opened 
and fixed flat by immersion in fomalin, tissue was embedded in 
Maraglas, and the one-micron thick section was stained with tolui- 
dine blue and basic fuchsin. Magnification about x 140. 
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Type VII (calcifi'c) lesion 

Some a d v a n c e d  a the rosc le ro t i c  lesions,  pa r t i cu la r ly  af ter  
the fou r th  decade ,  are  largely  minera l ized .  The  te rm cal- 
cific lesion ( type VII )  m a y  be app l i ed  here. Ca lc ium de- 
posi ts  rep lace  the a c c u m u l a t e d  r emnan t s  o f  dead  cells 
and  ex t race l lu la r  l ipid.  R a t h e r  than  en la rg ing  lesions fur- 
ther ,  ca lc ium m a y  a d d  pe rmanence  to the deformi ty .  

Var iable  a m o u n t s  o f  ca lc ium are  presen t  in mos t  ad-  
vanced  lesions. W i t h  ref ined mic roscop ic  me thods ,  even 
the type  IV lesions o f  younge r  adu l t s  m a y  reveal  small  
aggrega tes  o f  crys ta l l ine  ca lc ium a m o n g  the l ip id  par t i -  
cles o f  l ip id  cores  and  wi th in  the c y t o p l a s m  of  s m o o t h  
muscle  cells t r a p p e d  and  in ju red  wi th in  l ipid cores  (Stary  
1990). Since m a n y ,  pe rhaps  most ,  a d v a n c e d  lesions con-  
ta in  some ca lc ium depos i t s  f rom their  onset ,  the type  
VII  c lass i f ica t ion is a p p r o p r i a t e  only  when minera l i za -  
t ion  d o m i n a t e s  the  pic ture .  However ,  it is u n d e r s t o o d  
tha t  lesion c o m p o n e n t s  such as l ip id  depos i t s  and  in- 
c reased  f ib rous  t issue m a y  also be present .  

Type VIII (fibrotic) lesion 

Some a therosc le ro t i c  lesions,  poss ib ly  more  of ten in ar-  
teries o f  lower  extremit ies ,  m a y  consis t  ent i rely or  a lmos t  
ent i re ly  o f  scar  col lagen.  The  l ipidic  c o m p o n e n t  here 
is m i n ima l  o r  absent .  L ip id  m a y  have regressed or  it  
m a y  never  have been p resen t  in a t h r o m b o t i c  (now col- 
l agenous)  p r o p a g a t i o n  o f  a l ip id  lesion.  Such lesions m a y  
obs t ruc t  the  lumen  o f  med ium-s i zed  ar ter ies  severely and  
m a y  even be occlusive.  The  te rm f ibro t ic  lesion is best  
reserved for  lesions wi th  this m o r p h o l o g y .  
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