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n Abstract Coronary artery ecta-
sia (CAE) is defined as a localized
or diffuse non-obstructive lesion
of the epicardial coronary arteries
with a luminal dilation exceeding
1.5-fold the diameter of the nor-
mal adjacent arterial segment.

The incidence of CAE has been
reported to range between 2%
and 4%, which might be an over-
estimation of the true frequency.
The coincidence of CAE with
other systemic vascular dilata-
tions has suggested that the
mechanism underlying CAE is
not only localized to coronary ar-
teries, but also to other vascular
compartments such as aorta or
peripheral veins. Although the
pathophysiology of CAE remains
largely unknown, it was supposed
to represent a variant of coronary
atherosclerosis. This review fo-
cuses on this controversy of
whether CAE and coronary artery
disease (CAD) are two manifesta-
tions of the same underlying pro-
cess. There are clear differences
between CAD and CAE with re-
spect to cardiovascular risk fac-
tors such as diabetes mellitus,
and pathogenic steps in disease
progress such as inflammation or
extracellular matrix remodeling.
As this review will underscore,
the current knowledge of the field

is insufficient to finally clarify the
causative interrelation between
CAE and CAD. The clinical
course and treatment of CAE
mainly depends on its coexistence
with CAD. When coexisting with
CAD, the prognosis and treatment
of CAE are the same as for CAD
alone. In isolated CAE, prognosis
is better and anti-platelet drugs
are the mainstay of treatment.
Surgical treatment can be consid-
ered in selected patients. For clar-
ifying the mechanism underlying
CAE, additional clinical, histo-
pathological and pathophysiologi-
cal investigations are required. In
fact, every patient with CAE
should be evaluated systematically
for pathological changes in other
vascular territories, both in the
arterial system as well as in the
venous system, which might oc-
cur in the disease process.
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Introduction
The clinical relevance and the pathophysiology of
coronary artery ectasia (CAE) have received increas-
ing attention in the last decades. The most com-
monly used angiographic definition of CAE is the
diameter of the ectatic segment measuring more

than 1.5 times the diameter of an adjacent healthy
reference segment (Fig. 1) [21, 82]. The main coro-
nary angiographic characteristics of CAE are im-
paired coronary blood flow, delayed antegrade coro-
nary dye filling, segmental back flow phenomenon
(milking phenomenon) and stasis with local deposi-
tion of dye in dilated coronary segments [48]. CAE



was classified into four distinct types by Markis et
al. [53]. These are in decreasing order of severity:
Type I, diffuse ectasia of two or three vessels; Type
II, diffuse disease in one vessel and localized disease
in another vessel; Type III, diffuse ectasia of one
vessel only; Type IV, localized or segmental ectasia.
Although the etiology of CAE is not fully under-
stood, it has been associated with a diverse spec-
trum of pathologies (Table 1).

The incidence of CAE ranges from 0.2% to 10%
[2, 10, 19, 26, 38, 65, 74, 81, 82, 86] with the largest
ante mortem series found in the Coronary Artery
Surgery Study (CASS) registry (4.9% of 20 087 pa-
tients referred for coronary angiography) [82]. The
incidence of CAE in an Indian patient cohort with
ischemic heart disease has been reported to exceed
10% [74]. It is reasonable to expect that the inci-
dence of CAE reported in the literature overestimates
the true frequency in the general population, since
the current gold standard for diagnosis of CAE is
coronary angiography, and patients referred to coro-
nary angiography are pre-selected.

Cardiovascular risk factors
and coronary artery ectasia

Several studies have evaluated the traditional cardio-
vascular risk factors in patients with CAE and com-
pared them in those with CAD. Giannoglu et al. [32]
have reported a male dominance in patients with
CAE. This gender difference has been reported pre-
viously [38, 81] and supposed due to the lower inci-
dence of CAD in women, although the relation be-
tween CAE and CAD is not fully understood [32].
Moreover, the higher likelihood of males having
CAE compared with women is generally consistent
with a study in Spain in which male gender was
demonstrated as an independent factor that in-
creased the hazard of CAE [11]. Age has been shown
to constitute a significant factor that is inversely as-
sociated with the presence of CAE [32]. A similar
finding of significantly younger age among patients
with CAE compared to those without CAE has pre-
viously been reported [11, 21, 82]. On the other
hand, Markis et al. [53] have reported comparable
sex and mean age in patients with CAE and patients
with CAD. Although contradictory results were re-
ported [21], hypertension and dyslipidemia were
also reported to be implicated in the pathogenesis of
CAE [10, 31, 53]. Smoking was found to be more
common in patients with CAE than in those with
CAD [11]. Cocain use was also found to be an inde-
pendent predictor of CAE in which smoking was ex-
cluded from the model [67].

Among cardiovascular risk factors, diabetes melli-
tus has taken our attention by independently and in-
versely associating with CAE. Diabetes mellitus is a
well known risk factor positively associated with
coronary atherosclerosis and its complications, i.e.
cardiovascular events [7, 29, 45]. Effects of diabetes
mellitus on progression of atherosclerosis have been
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Fig. 1 Coronary angiogram showing ectasia af-
fecting the proximal portion of the left anterior
descending coronary artery (a) and right coronary
artery (b) of the same patient

Table 1 Pathological entities associated with coronary artery ectasia

Coronary atherosclerosis [21, 53, 82]
Kawasaki disease [18, 39]
Congenital [16, 17, 71, 90, 100]
Familial hypercholesterolemia [80]
Infections [20, 36]
Collagen vascular disease

Ehler-Danlos syndrome [75]
Systemic Lupus erythematosus [54]
Polyarteritis Nodosa [83]
Sclerodema [15]
Juvenile idiopathic arthritis [12]
Takayasu’s disease [59]

Cardiac lymphoma [31]
Cocain use [67]



shown by the demonstration of increased carotid ar-
tery intima-media thickness [64, 95]. Androulakis et
al. [5] and Bermudez et al. [11] have reported signif-
icant independent and inverse association between
CAE and diabetes mellitus. Supporting this inverse
association, relative demographic data have already
been provided in many studies referring to patients
with CAE, in whom a low prevalence of diabetes was
noticed [81, 94]. Diabetes mellitus is known to pro-
mote negative remodeling in the arterial wall and
impairs compensatory arterial enlargement during
the course of the atherosclerotic process [47, 91]. It
is reasonable to expect such an inverse association
between diabetes mellitus and CAE. On the other
hand, this makes a contradictory situation being
positively associated with atherosclerosis and nega-
tively associated with CAE. This contradiction also
suggests that the pathogenesis underlying CAE is
not simply a variant of coronary atherosclerosis. In
accordance with these observations, increased preva-
lence of abdominal aortic aneurysm (AAA) has been
reported in patients without diabetes mellitus [13,
44]. Blanchard et al. [13] have reported that neither
clinical hypercholesterolemia nor serum levels of to-
tal cholesterol, low density lipoprotein cholesterol,
and high density lipoprotein cholesterol is associated
with AAA. However they have reported an inverse
association between diabetes mellitus and abdominal
aortic aneurysm. The results of this study suggest
that the risk factors for AAA may differ from those
for atherosclerosis and that atherosclerosis per se is
not an adequate explanation as the cause of AAA
[13].

A rare variant of CAE can be found as a congeni-
tal anomaly, independent of any cardiovascular risk
factor. Congenital CAE is frequently associated with
other cardiac anomalies such as bicuspid aortic
valve, aortic root dilatation, ventricular septal defect
or pulmonary stenosis [17, 90]. In addition, CAE
have been well documented in patients with cyanotic
congenital heart disease. These necropsy specimens
of dilated and tortuous coronary arteries showed
medial smooth muscle cell loss, increased medial
collagen and disrupted internal elastic lamina [17].

Comparison of angiographic findings
in CAE and CAD

CAE has a high coexistence with CAD. Approxi-
mately 85% of patients with CAE also have concomi-
tant stenosing CAD [21, 27, 77, 82]. In patients with
concomitant CAD, the right coronary artery is most
frequently involved in the ectatic process, followed
by the left anterior descending artery and the cir-

cumflex artery [21, 82]. The right coronary artery is
also the most commonly involved coronary artery in
patients with isolated CAE ranging from 45% to
75% [10, 14, 21, 50, 82].

However, with regard to CAD, the LAD is most
commonly affected, followed by the right coronary
and left circumflex artery [32]. Furthermore involve-
ment of the right coronary artery by the stenotic le-
sion is the least compared to left anterior descending
and left circumflex artery in Demopoulos’s report
[21]. In patients with CAD coexisting with CAE,
34% of the stenotic lesions were in the vessels af-
fected by the ectatic process, while 65% were in the
non-ectatic vessels [21].

It has also been demonstrated that total CAD se-
verity, expressed as the number of coronary stenotic
lesions per patient, is found to be equivalent in pa-
tients with CAD coexisting with and without CAE.
The two patient groups have a similar incidence of
one vessel, two vessel, and three vessel disease [21].
Patients with coronary ectasia and coronary obstruc-
tive disease are similar in any respect to those with
similar coronary obstructive disease, but without
ectasia [53]. On the other hand, Giannoglou et al.
found that patients with CAE exhibited higher rates
of CAD than those without CAE, a difference that
was statistically significant [32]. However, over the 9
year study period, burden of CAD increased mark-
edly in the same study in contrast to CAE whose
prevalence remained the same [32].

Underlying pathology of CAE in relation to CAD

The frequent coexistence of CAE with CAD and histo-
pathological findings resembling those of athero-
sclerosis have led to the conclusion that the mecha-
nism underlying the pathogenesis of CAE is a variant
of atherosclerosis. However, there are some differences
in the proven association with CAE compared to CAD.
These issues are summarized in Table 2.

Histological examination has been performed in
only a minority of studies [19, 53, 81, 94] typically re-
vealing marked destruction and reduction of the me-
dial elastic fibers with disruption of the internal and
external elastic laminae, usually out of proportion to
the degree of the intimal involvement. However, as
the histopathological characteristics are similar to
coronary atherosclerosis, there are obvious similari-
ties between the pathogenesis of CAE and CAD. On
the other hand, the loss of musculoelastic arterial wall
components in CAE was noticed to be unrelated to lo-
cal atheromatous burden [10, 94]. Nonatherosclerotic
forms of CEA have been described with an intact ves-
sel intima, but with extensive media degeneration
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(smooth muscle cell replacement by hyalinized col-
lagen) [55, 65]. Thus, a functional loss of the muscu-
loelastic components of the coronary artery media is
considered to be the predominant aspect in the patho-
genesis of CAE [10, 53, 81].

Celik et al. [14] have shown an association between
increased carotid intima-media-thickness and isolated
CAE, suggesting that atherosclerosis may be involved
in the pathogenesis of isolated CAE. However, they
did not study patients with concomitant CAE and
CAD. Another ultrasonographic study has shown that
patients with CAE coexisting with CAD have a signif-
icantly lower carotid intima-media thickness com-
pared those with CAD and without CAE indicating
that the mechanism underlying CAE might differ from
the ones observed in atherosclerosis [99]. Interest-
ingly, decreased endothelium-independent vasodilata-
tion has been shown in patients with CAE and CAD
compared to those with CAD alone [3].

Some authors have suggested NO to play a role in
the formation of CAE, which is distinct from athero-
genesis. England [24, 25] has reported an increased
frequency of CAE in individuals who had been ex-
posed to herbicide sprays. A herbicide containing
acetylcholinesterase inhibitor directly stimulates NO
production by increasing acetylcholine. It has been
proposed that chronic nitrite exposure may cause
hyaline degeneration of the coronary artery intima–
media resulting in abnormal coronary dilatation. Jo-
hanning et al. [43] and Fukuda et al. [30] have ex-
perimentally shown that NO production plays a ma-
jor role in inflammation and aneurysm pathogenesis.
The overexpression of iNOS has been shown in vari-
cose veins together with an increased expression of

TGF-�1 and the presence of macrophages [41]. It is
therefore interesting to note that the association of
peripheral varicose veins with CAE and varicocele
has been documented recently [46, 100].

NO production by iNOS occurs primarily by in-
flammatory cells resulting in high NO levels and
toxic products that degrade elastin and disrupt the
extracellular matrix [9, 60]. Inhibition of NO has
been shown to limit aneurysmal dilatation of the
aorta [43].

In accordance with these findings, Turhan et al.
have reported increased levels of C-reactive protein
and adhesion molecules indicating an increased in-
flammatory process in patients with isolated CAE
compared with both patients with and patients with-
out CAD [87, 88]. Furthermore, regarding the extra-
cellular matrix, Lamblin et al. [50] found that MMP-
3 5A/5A genotype was significantly more frequent in
patients with CAE than in the control group of CAD
patients. Increased MMP-3 activity is known to be
associated with structural alterations in the vessel
wall through the degradation of extracellular matrix
proteins such as proteoglycans, laminin, fibronectin
and collagen types III, IV, V and IX [23, 97]. Addi-
tionally, MMP-3 activity is increased in the wall of
aortic aneurysms [57, 100]. Finally, the recent obser-
vation that high circulating levels of MMP-3 are as-
sociated with coronary lesions in Kawasaki disease,
which is one of the underlying potential etiologies
of CAE [73], also supports an important role for
MMP-3 in the pathogenesis of CAE.

Arterial remodeling and CAE

Regarding the high coexistence of CAE and CAD,
positive remodeling described as enlargement of the
area within the external elastic membrane [34] may
play a role in the pathogenesis of CAE. Atheroscle-
rotic coronary arteries undergo expansive remodel-
ing to accommodate an increasing plaque burden,
especially during early stages of plaque accumulation
and following plaque rupture [34, 69]. One can re-
gard CAE as a consequence of extensive positive re-
modeling. However, this hypothesis remains to be
proven.

Systemic vascular involvement in patients
with CAE

Williams and Stewart [96] have suggested that, in
most patients, coronary ectasia is a diffuse disease
of the coronary arteries rather than a localized ab-
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Table 2 Differences between CAE and CAD with regard to disease charac-
teristics

Coronary
artery ectasia
CAE

Coronary
artery disease
CAD

Inversely associated risk factors
Diabetes mellitus
Age

+
+

–
–

More pronounced inflammatory parameters + –
Changes in extracellular matrix remodeling

MMP-3 5A polymorphism
Increased plasma levels of MMP-3

+
+

–
–

Involvement of coronary artery
Right coronary artery
Left anterior descending

+
–

–
+

Increased carotid intima-media thickness ± +
Decreased endothelium independent
dilatation

+ –

Possible association with vein involvement + ±
Possible hazardous effect of nitrate
treatment

+ –



normality of a single arterial segment. Increased
‘thrombolysis in myocardial infarction’ (TIMI) frame
count, which is an angiographic definition describ-
ing the number of cineangiographic frames from ini-
tial contrast opacification of the proximal coronary
artery segment to opacification of distal arterial
landmarks [33], has been shown in both ectatic and
nonectatic coronary arteries [62, 72]. A similar find-
ing has also been reported using magnetic resonance
flow velocity [56]. Angiographic signs of turbulent
and stagnant flow include delayed antegrade dye fill-
ing, a segmental back flow phenomenon and local
deposition of dye (stasis) in the dilated coronary
segment [48, 53]. Slow flow has also been demon-
strated in the non-ectatic vessels of the same pa-
tients with CAE. Additionally, Akyurek et al. [4]
have demonstrated lower resting blood flow velocity
and coronary flow reserve by using the Doppler wire
(Flowire) in patients with isolated CAE. Following
intracoronary administration of papaverine, a potent
hyperemic stimulus, the coronary flow reserve was
1.51 in CAE compared with 2.67 in control arteries
(p < 0.001), suggesting a combination of epicardial
flow disturbances and microvascular dysfunction as
the cause of myocardial ischaemia.

A generalized deficit of the wall of the entire arte-
rial system has already been assumed, as associa-
tions have been found between CAE and ectasias or
aneurysms in other parts of the arterial tree includ-
ing the abdominal aorta and peripheral arteries [51,
66, 76, 85]. Papadakis et al. [61] reported an associa-
tion between CAE and aneurysm of the ascending
aorta. They have found increased incidence of CAE
in patients with aneurysm of ascending aorta (26%)
compared to age-matched control group (5%). On
the contrary the incidence of CAD is significantly
lower in patients with aneurysm of ascending aorta
(26%) than in control group (73%). Additionally,
Stajduhar et al. [70] reported that all patients with
CAE and abdominal aneurysms had obstructive
CAD, whereas Papadakis et al. found this in only
38% of patients (8 out of 21) with CAE and ascend-
ing aortic aneurysms. A possible explanation for this
discrepancy may be that aneurysms of the ascending
aorta most often result from the process of cystic
medial degeneration, whereas atherosclerotic aneu-
rysms occur infrequently in this segment of the aor-
ta [61].

Coexistence of CAE with venous dilatation has
been described, including varicosities of the coro-
nary venous tree [10] and of the leg veins [85]. Re-
cently, increased prevalence of peripheral varicous
vein has been reported by Androulakis et al. [6] in
patients with CAE compared to those with CAD.
Histological examination of the varicosities usually
shows degeneration, fragmentation and loss of the

medial elastic tissue, fragmentation and reshape of
the collagen fiber network, accumulation of extracel-
lular matrix widely separating the hypertrophied
medial VSMC and thickening of the intima [58, 68,
84]. Recently, we have shown increased prevalence of
varicocele, which is pathologic dilatation of pampi-
niform plexus in patients with CAE compared to pa-
tients with CAD [99]. These findings have also sug-
gested that the mechanism underlying CAE might
affect not only the arterial system, but also the ve-
nous system in the body. Although some preexisting
intimal hyperplasia has been shown in the saphe-
nous veins of the patients who underwent coronary
bypass surgery [28], atherosclerosis is known to be a
disease of elastic arteries and medium and large size
muscular arteries [35]. The coexistence of CAE and
venous system dilatation raises the possibility that
there might be different pathogenic mechanism or
mechanisms between the pathogenesis of CAE and
atherosclerosis.

Clinical course and treatment of CAE

The clinical course of CAE mainly depends on
whether it is isolated or coexisted with CAD. No sig-
nificant differences existed between the patients with
CAD coexisting with CAE during a follow-up of 5
years [82]. Patients with coronary ectasia and coro-
nary obstructive disease are similar in every respect
to those with similar coronary obstructive disease
but without ectasia. Demopoulos et al. [21] have re-
ported comparable 2-year survival in patients with
and without CAE (96.7% vs 94.8%). Although there
is a measurable incidence of previous myocardial in-
farction, patients with pure ectasia have a good
prognosis [21].

Pure ectasia is not completely innocuous, since
there is an appreciable incidence of a previous myo-
cardial infarction and angina [21]. On the other
hand Baman et al. [8] used more stringent criteria
for identifying patients with CAE, reported a signifi-
cant adverse outcome among 276 patients they stud-
ied, with a 5-year survival of 71%.

Treatment modalities of CAE have been well re-
viewed by Manginas and Cokkinos [52]. Coronary
artery bypass grafting has been used for many years
for the treatment of significant CAD co-existing with
ectatic coronary segments. The presence of thrombus
within the CAE and the question of the necessity to
remove large aneurysms have led to the introduction
of a variety of operative procedures, including proxi-
mal and distal ligation, aneurysmorrhectomy and
even aneurysm resection [1, 92]. The post-operative
outcome, however, was uniformly good [37]. Autolo-
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gous venous graft-covered stent was applied in a pa-
tient with an aneurysm in the right coronary artery.
Although the immediate and long-term angiographic
evaluation after the covered stent implantation
showed complete sealing of the aneurysm without
restenosis [79], long-term benefits have not been
confirmed by trials.

Unlike the concomitant CAD and CAE, medical
treatment for isolated CAE is not readily described.
Since patients with isolated CAE or dilated coronaro-
pathy have considerable risk of myocardial infarction
due to microemboli and thrombotic occlusion [65],
the application of platelet inhibitors as prophylaxis
against ischemic syndromes is indispensable in all
forms of CEA [48, 89]. Although some authors pre-
viously suggested use of anticoagulant drugs in pa-
tients with CAE, there is no available data to date
[52]. Concerning the medical treatment of CAE, ni-
troglycerin should be discussed in details. In con-
trast to the NTG effect in stenotic CAD, where the
drug had been proven to restore myocardial isch-
emia in coronary sinus studies [78], nitroglycerin
can lead to aggravation of myocardial ischemia in
patients with CAE and without obstructive lesions
[48]. Kruger et al. demonstrated that nitroglycerin
(0.8 mg) provoked a further significant deterioration
of myocardial ischemia and a frank cardiac lactate
production. The results of their study strongly sug-
gest that nitroglycerin has no therapeutic benefit in
“dilated coronaropathy,” but it may lower the isch-
emic threshold [48]. Consequently, the administra-
tion of nitrates in “dilated coronaropathy” should be
avoided. Myocardial ischemia development in pa-
tients with isolated CAE has been shown to be de-
pended on heart rate; therefore, a reasonable thera-
peutic approach might be the administration of

beta-blockers due to their negative chronotropic ef-
fect and reduction of myocardial oxygen consump-
tion in the absence of vasodilation [40, 48].

Conclusion

Patients with CAE coexisting with CAD do not have
any known additional risk compared to those with
CAD only. However, even patients with isolated CAE
have an enhanced risk for cardiovascular events sec-
ondary to slow coronary blood flow, microemboli or
thrombosis. Based on the current knowledge on
CAE, it is not fully justified to conclude that CAE is
a definite variant of coronary atherosclerosis. Re-
garding the slow progression and complex manifes-
tation pattern of atherosclerosis, CAD at a certain
stage might result in aneurysmal dilatation, i.e. CAE
formation. This transition is unpredictable based on
our current knowledge. Alternatively, the atheroscle-
rotic process may be triggered at sites of CAE.

Because of the discrepancies between CAE and
CAD, and because of the association of CAE with
other dilating arterial and even venous vascular dis-
ease, we tend to regard CAE as a systemic vascular
wall abnormality rather then a simple variation of
atherosclerosis. In order to further clarify the mech-
anisms underlying the pathogenesis of CAE, more
clinical and histopathological studies are required.
In fact, every patient with CAE should be rigorously
evaluated for the involvement of other vascular terri-
tories in the dilating disease process, both in the ar-
terial as well as in the venous vascular system.
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