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Background: Takayasu arteritis is associated with a low incidence of
coronary artery involvement, such as stenosis, obstruction, aneurysm, and
coronary steal syndrome, but coronary ischemia can be fatal.

Methods: Between 1972 and April 2001, 81 of 130 patients given a
diagnosis of Takayasu arteritis underwent selective coronary angiogra-
phy, and among them, 31 patients (4 male and 27 female patients; mean
age, 41.1 � 13.2 years) had abnormal coronary angiographic findings and
were recruited for this study.

Results: Abnormal coronary findings consisted of 24 coronary artery
stenoses of greater than 75%, 3 coronary artery–bronchial artery anas-
tomoses, 3 aneurysmal coronary ectasias, and 1 combined coronary
ectasia and anastomosis. Among 24 patients with coronary stenosis, the

ostium was most frequently involved (87.5%). Twenty-three of 24 patients with
coronary artery stenoses were treated surgically. The mean follow-up duration was
9.65 � 6.9 years, with a 100% follow-up rate. Four fistulas and 4 aneurysms in 7
patients were not treated surgically. Coronary steal phenomenon was always asso-
ciated with occluded pulmonary arteries and pulmonary hypertension. Aneurysmal
coronary ectasia was related to severe aortic hypertension with or without aortic
regurgitation and atypical coarctation. There were 2 (8.7%) in-hospital deaths and 3
(13%) late deaths. The actuarial survival rate, including in-hospital deaths, was
86.5% � 7.3% at 5 years and 81.4% � 8.4% at 10 years.

Conclusion: The incidence of coronary abnormalities is relatively low in patients
with Takayasu arteritis; however, surgical treatment is recommended for patients
with coronary ostial stenoses because coronary ischemia can be one of the major
causes of death.

I
n 1908, Takayasu1 reported a case of a peculiar wreath-like arteriovenous
anastomosis around the papillae of the ocular fundi in a young woman.
During the discussion of Dr Takayasu’s presentation, Drs Onishi and
Kagoshima presented their experience of 2 patients with similar ocular
fundus features, which showed the symptom of impalpable radial arteries.
Takayasu arteritis has since been found in young women of Asian extrac-

tion and is still recognized as a disease with an unknown cause associated with
arteritis predominantly at the aortic trunk, its major branches, and the pulmonary
arteries.2
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Coronary artery involvement in Takayasu arteritis was
first described by Frovig and Loken3 in 1951, and coronary
artery bypass grafting (CABG) was first performed by
Young and colleagues4 in 1973. The incidence of coronary
lesions complicating Takayasu arteritis has been reported as
10.5% in autopsy cases2 and 9% in patients receiving a
clinical diagnosis.5 Despite this incidence, coronary arterial
stenosis is not included in Ishikawa’s diagnostic criteria.6

The inflammatory process in the aorta has been implicated
as the cause of stenosis in the coronary ostium, with man-
ifestation of angina pectoris as the first symptom.7-10 We
report the abnormal coronary angiographic findings in pa-
tients with Takayasu arteritis and the coronary surgical
treatments for these patients.

Methods
Patients
From 1972 to April 2001, approximately 240,300 patients attended
the outpatient clinic at the Heart Institute of Japan, Tokyo Wom-
en’s Medical University. Among them, approximately 130
(0.05%) patients were given a diagnosis of Takayasu arteritis.
Eighty-one patients with Takayasu arteritis had selective coronary
angiography because of chest pain, ST-T–segment changes on
electrocardiography, cardiomegaly caused by atypical coarctation,
aortic regurgitation, severe stenosis of systemic arteritis, and re-
novascular hypertension. Thirty-one patients with abnormal coro-
nary findings on selective angiograms were recruited in the present
study, and the other 50 patients with angiographically normal
coronary arteries were excluded.

The subjects were all Japanese and consisted of 4 male and 27
female patients aged 11 to 63 years (mean age, 41.1 � 13.2 years).
Twenty-nine (93.5%) patients had onset of symptoms or clinical
findings at 40 years of age or younger, and 2 (6.5%) patients had
unstable angina as the first symptom at 40 years of age or older.
Twenty (64.5%) patients were diagnosed by using Ishikawa’s
definitive criteria. The remaining 11 (35.5%) patients showed no
“weakness of radial pulse,” but 9 met Ishikawa’s minor criteria,
and 2 did not meet either Ishikawa’s major or minor criteria. In the
last 2 patients, B52 or DQ-1 haplotypes were identified, and
stenosis in the left main coronary artery (LMCA) ostium and
abnormal wall thickening in the ascending aorta were observed at
coronary revascularization. These 2 patients were given a diagno-
sis of Takayasu arteritis on the basis of histologic findings of
surgical specimens and specific HLA haplotypes. One of these 2
patients (patient 10 in Table 1) showed “weakness of radial pulse”
at 19 years postoperatively. Haplotypes of HLA were determined
in 8 patients (Table 1).

Preoperative carotid evaluation in this study revealed stenosis
in the common carotid artery in 2 patients and in the distal
brachiocephalic artery in 2 patients.

Patients suspected of Bechet syndrome or Sjogren disease were
excluded in this study. All patients had negative serologic test
results for syphilis and rheumatoid factors. All had no history of
Kawasaki disease or clinical findings of pseudoxanthoma elasti-
cum.

Diagnostic Angiography
Abnormal coronary angiographic findings were defined as stenosis
of greater than 75%, coronary aneurysm, ectasia, and coronary
steal phenomenon. Abnormal coronary findings in the 31 patients
consisted of 24 stenoses of greater than 75%, 3 coronary artery–
bronchial artery anastomoses, 3 aneurysmal coronary ectasia, and
1 combined anastomosis and ectasia. The relationships between
the types of abnormal coronary angiographic findings and the
clinical signs were analyzed.

Preoperative and Postoperative Steroids
Preoperative steroids (30-40 mg/d prednisone) were used in 5
patients in the active stage of inflammation (defined as body
temperature �38°C, C-reactive protein level �5 mg/dL, and
erythrocyte sedimentation rate �50 mm/h). In these patients pred-
nisone was tapered to 10 mg/d until the chronic stage of inflam-
mation in 3 patients, and urgent coronary surgery was performed
in 2 patients because of unstable angina during the active stage.
Postoperative steroids were used in these 5 patients (5 mg/d
prednisone) and in another 3 patients during recrudescence of
inflammation.

Surgical Treatment of Coronary Artery
Twenty-three of 24 patients (5 male and 19 female patients, age
range, 11-63 years; mean age, 41.0 � 15.1 years) with coronary
artery stenosis underwent coronary surgery. Nine had conventional
CABG, 10 had CABG directly to the LMCA, 2 had transaortic
endarterectomy, 1 had hybrid CABG (off-pump CABG with stent
insertion), and 1 had ostial patch angioplasty. Four patients had
conventional CABG and concomitant surgeries, including 1 Ben-
tall operation, 1 aortic valve replacement, 1 extra-anatomic aortic
bypass, and 1 bypass from the subclavian artery to the common
carotid artery. The postoperative follow-up rate was 100%, and the
mean follow-up duration was 9.64 � 6.86 years. The long-term
actuarial survival rate was estimated by using the Kaplan-Meier
method. Fistulas and aneurysms were not treated surgically be-
cause patients with fistulas had no angina, and aneurysms were
diffuse.

During the operations, a piece of the ascending aortic wall near
the LMCA in 1 patient and a piece of a hyperplastic intima and
medium of coronary artery ostium in 2 patients were resected for
histology. These specimens demonstrated granulomatous panar-
teritis with identifiable giant cells and lymphoplasmacytic infiltra-
tion. On the other hand, specimens from the best part of the

TABLE 1. HLA haplotypes
Patient no. HLA haplotypes

10 A31, B46, B52 CW1, DR8, DR15, DQ6
11 A2, A24, B52, B56, CW4, -DQ1
19 A24, A31, B35, B52, CW3, DR8, DQ1
21 A2, A24, B15, B52, CW3, DR2, DR14, DQ1
22 A21, A33, B44, B61, CW3, DR14, DQ1
28 A24, A33, B44, B52, DR13, DR15, DQ6
29 A31, B39, B62, CW1, DR8, DQ1
30 A24, B46, B52, DR2, DR9, DQ1
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ascending aorta at the proximal anastomotic site for CABG in 5
patients were without specific changes.

Special Surgical Techniques Used
CABG directly to the LMCA was indicated in patients with left
main ostial stenosis without calcification and patients in whom an
internal thoracic artery (ITA) could not be used. A piece of
saphenous vein (SV) was harvested from the thigh. The best part
of the SV graft, that with large diameter and without a valve, was
used. Bypass was performed from the posterior right side of the
aorta to the LMCA through the transverse sinus.

Transaortic coronary ostial endarterectomy was indicated in
patients with localized lesions at the coronary ostium and was
performed according to our reported method.11 First, a percutane-
ous transluminal coronary angioplasty (PTCA) balloon catheter
was inserted into a coronary artery with stenosis, and the stenotic
portion was dilated and pulled out. Holding the stenotic portion
with a piece of thread, the thick intima was resected piecemeal
with a beaver knife. Finally, the remaining thick intima was
punched out with a 4-mm Aorta-Punch (Scanlan International, St
Paul, Minn).

Patch ostial angioplasty was indicated in patients without cal-
cification at the LMCA and was performed by using the proximal
portion of a free right ITA.

Hybrid CABG was indicated in patients in whom CABG with
an SV graft was difficult because of a calcified porcelain aorta.
Hybrid CABG consisted of preoperative stent insertion to the right
coronary artery, off-pump CABG to the left anterior descending

artery with an ITA, and bypass from the left subclavian artery to
the left common carotid artery. Postoperative stenting was per-
formed in the left circumflex artery.

Postoperative Catheterization
All patients were routinely scheduled for postoperative catheter-
ization, and 22 patients underwent examination.

Results
Clinical Findings by Type of Abnormal Coronary
Angiographic Finding

Coronary arterial stenosis of greater than 75%. Twen-
ty-four patients (4 male and 20 female patients) had coro-
nary arterial stenoses. Twenty-one of 24 patients had ostial
stenosis at the left main artery in 12, at the ostia in the
bilateral coronary arteries in 6, and at the left main ostium
and proximal portion of the coronary artery in 3. In the
remaining 3 patients stenosis was limited to the proximal
portion of the coronary artery without ostial involvement
(Table 2). Nineteen of 20 female patients had left main
ostial stenoses.

Three of 4 male patients had a history of stroke, 2 had
aortic regurgitation or annuloaortic ectasia plus aortic re-
gurgitation, and 1 had an atypical coarctation.

Coronary steal phenomenon. Four female patients with
a diagnosis of typical Takayasu arteritis had coronary steal

TABLE 2. Sites of stenosis in the coronary arteries (24 patients)
No. of patients

All patients Female patients

Ostial stenosis
Ostia of bilateral coronary arteries 6 6
Ostium of the left coronary artery 12 87.5% 12 95%
Ostium and proximal portion of coronary artery 3 1
Proximal portion of coronary artery 3 1
Total 24 20

TABLE 3. Relationship between abnormal coronary angiographic findings and clinical observations in 31 patients with
Takayasu arteritis

Abnormal coronary angiographic findings
Patient

no.
Female*
patients

Abnormal clinical findings

Pulseless or
weak pulse AR >II

Atypical
coarctation

Occlusive
lesions of
pulmonary
artery with

PH >60 mm Hg

Severe aortic
hypertension
>200 mm Hg

Stenosis or occlusion 24 20 (83.3%) 13 (54.2%) 3 (12.5%) 1 (4.2%) 1 (4.2%) 0
Aneurysmal coronary ectasia 3 3 (100%) 3 (100%) 1 (33.3%) 1 (33.3%) 0 3 (100%)
Coronary steal phenomenon 3 3 (100%) 3 (100%) 1 (33.3%) 2 (66.7%) 3 (100%) 1 (33.3%)
Combined coronary ectasia and steal phenomenon* 1 1 (100%) 1 (100%) 0 0 1 (100%) 1 (100%)
Total 31 27 (87.1%) 20 5 4 5 5

AR, Aortic regurgitation; PH, pulmonary hypertension.
*Only one female patient had combined aneurysmal coronary ectasia and coronary steal phenomenon.
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syndrome (Table 3). When contrast medium was injected
into the coronary artery, the flow was in the direction of the
pulmonary bed area. All patients had multiple occlusive
pulmonary arteries associated with pulmonary hypertension
and a systolic blood pressure of greater than 60 mm Hg.

Patient 1 (Figure 1) was a 41-year-old woman with
bilateral coronary steal phenomenon. Multiple occlusive
lesions in the pulmonary arteries were associated with pul-
monary hypertension of 70 mm Hg and an occlusive lesion
in the renal artery. She died of right heart failure at the age
of 63 years.

Coronary aneurysm and ectasia. Four female patients
with a diagnosis of typical Takayasu arteritis according to
Ishikawa’s criteria had diffuse aneurysmal coronary ectasia.
All had severe aortic hypertension with a systolic blood
pressure of greater than 200 mm Hg. One had atypical
coarctation. One patient had aortic regurgitation (III).

Patient 2 (Figure 2) was a 46-year-old woman with
fusiform-shaped dilatation of both coronary arteries, with
the largest internal diameter being 25 mm. She had mild
atypical coarctation but no chest pain. She died of pneumo-
nia at 66 years of age.

Early Results of Coronary Surgical Treatments
Surgical treatments in patients with stenoses consisted of
isolated coronary revascularization in 19 patients and cor-
onary revascularization with concomitant surgical interven-
tion in 4 patients.

Isolated coronary surgery. Nineteen patients had iso-
lated coronary revascularization, including 6 cases of con-
ventional CABG with 14 distal anastomoses, 10 cases of
CABG directly to the LMCA with 3 supplemental conven-
tional distal anastomoses, 2 cases of transaortic endarterec-
tomy, and case of 1 patch ostioplasty. For conventional
CABG with SV or ITA grafts, 17 distal anastomoses had
graft flows ranging from 20 to 110 mL/min (mean, 80.2 �
23.4 mL/min). The graft flow of 10 patients receiving
CABG directly to the LMCA ranged from 80 to 340 mL/
min (mean, 189.7 � 83.3 mL/min). The graft flow of
conventional CABG was significantly lower than that of
CABG directly to the LMCA (P � .0014).

The early patency rate was 100% (29/29), including
transaortic endarterectomy and patch ostioplasty. One case
of anastomotic stenosis required PTCA and was dilated
successfully. One patient who had an uneventful perioper-
ative course died of ventricular fibrillation during intensive
care unit stay, and the other 18 were uneventful.

Patient 3 (19-year-old woman in 1981) was in Canadian
Cardiovascular Society class 4 and had a 99% stenosis at the
left main ostium with good collaterals from the right coro-
nary artery (Figure 3, A and B). Transaortic endarterectomy
was performed. Postoperative angiography showed a widely
patent left main ostium (Figure 3, C and D). She has had no
chest pain since the operation.

Conventional CABG associated with concomitant sur-
gery. Four patients had conventional CABG (7 distal anas-
tomoses with 5 SV grafts and 2 ITA grafts) and concomitant
surgery. There was one hospital death caused by cerebral
infarction because of relatively low-pressure extracorporeal
circulatory perfusion. This patient had a past history of old
cerebral infarction caused by stenoses at the brachiocephalic
artery and the left mid common carotid artery.

The overall early graft patency in the coronary artery
position was 85.7% (6/7), with one SV graft occlusion.

Late Results
Late results are shown in Figure 4. There were 3 late deaths:
1 sudden death (3.1 years after the operation), 1 cardiac

Figure 1. Angiograms showing coronary artery– bronchial artery
anastomoses (arrows) in patient 1: A, right coronary artery; B, left
coronary artery.
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death caused by congestive heart failure (5.5 years after the
operation), and 1 noncardiac death caused by ileus (11.4
years after the operation). Re-CABG was performed in 2
patients: 1 patient with conventional CABG after 4 months
and 1 with CABG directly to the LMCA after 13.5 years.
The actuarial survival rate, including in-hospital deaths, was
86.5% � 7.3% at 5 years and 81.4% � 8.4% at 10 years.
The cardiac event-free rate (free from cardiac death, re-
CABG, PTCA, and new myocardial infarction) was 77.8%
� 8.8% at 5 years and 72.6% � 9.6% at 10 years. Two
patients with transaortic coronary ostial endarterectomy at
20 and 13 years and 1 patient with patch ostial angioplasty
at 7 years had uneventful postoperative courses without
symptoms.

Discussion
The incidence of coronary lesions complicating Takayasu
arteritis is relatively low; however, ischemia caused by
coronary lesions is one of the major causes of death.12 Nasu2

reported the incidence of coronary lesions complicating
Takayasu arteritis to be 10.5% (8/76 autopsy cases). On the
other hand, Nagata12 observed cardiac lesions in 91.5%:
cardiomegaly in 81.7%, aortic regurgitation in 14.6%, and
myocardial infarction in 12.2% of 82 autopsy cases. Ish-
ikawa6 has established certain criteria for the diagnosis of
Takayasu arteritis, but coronary-related lesions are not in-
cluded. Before 1977, occlusive coronary artery lesions were
found occasionally in autopsy cases.2,5 More recently, com-
plicating coronary lesions were increasingly observed and
reported in 45% of 82 autopsy cases of Takayasu arteritis,12

and 73% of occlusive coronary lesions were localized

around the coronary ostium according to the review by
Amano and Suzuki.13 Coronary ostial stenosis occurs as a
result of the extension of inflammation-induced intimal
proliferation and fibrous contraction from the ascending
aorta and the coronary ostia.12

Patients with left main ostial stenosis complicating Taka-
yasu arteritis require surgical treatment. The 3 surgical
options are CABG, surgical angioplasty of the LMCA, and
transaortic coronary ostial endarterectomy. The timing of
the operation is important, and surgical treatment should be
avoided during the active stage of inflammation in Takayasu
arteritis. However, when patients have unstable angina,
surgical treatment must be performed without delay because
one of the major causes of death among patients with
Takayasu arteritis is myocardial infarction.12

Takayasu arteritis is a disease of unknown cause affect-
ing the aorta and its main branches segmentally.5 The in situ
ITA should not be used as a graft for coronary revascular-
ization because Takayasu arteritis is often accompanied by
occlusion of subclavian arteries, even though it is well
known that the long-term patency of the ITA graft is sig-
nificantly higher than that of the SV graft in atherosclerotic
patients.14 In patients with Takayasu arteritis, whose occlu-
sive lesion of the subclavian artery is located more distal
than the derivation of the ITA, the use of ITA grafts for
coronary revascularization might be possible.

In a safety-first policy, conventional CABG is recom-
mended. Sixty-one patients in the review by Amano and
Suzuki13 and 19 patients in the report by Ando and cowork-
ers15 were treated with myocardial revascularization, and
SV grafts were used in 80% of patients in the review by

Figure 2. Angiograms showing dilatation of the right and left coronary arteries in a fusiform shape in patient 2: A,
right coronary artery; B, left coronary artery. The largest internal diameter is 25 mm in the left coronary artery.
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Amano and Suzuki.13 However, the long-term graft patency
with an SV vein graft was limited to 60% at 4 years in the
report by Ando and coworkers.15 In one case we used
adjunctive angioplasty rather than complete surgical revas-
cularization, with the aim to improve patency because the
diameter of the ITA graft was small and an SV graft is
unsatisfactory in long-term patency. Conventional CABG is
not the best choice when there is a macroscopic calcification
at the ascending aorta.

In conventional CABG for Takayasu arteritis, graft oc-
clusion occurs mainly at the proximal anastomotic site
because of intimal thickening of the aorta.8,15,16 The use of
a large-diameter SV graft anastomosed to the LMCA is
recommended to obtain a big anastomosis with high flow
and to avoid graft occlusion at the proximal anastomosis.
However, because of technical difficulties, a few cases of
CABG directly to the LMCA have been reported.13,17

Calcification of the proximal portion of the aorta and
involvement of the LMCA might be contraindications for

coronary ostioplasty.18 A piece of autologous pericardium,19

glutaraldehyde-treated pericardium,20 and an SV graft10

have been used as a patch for coronary ostioplasty. We used
a piece of the free proximal portion of the ITA as a patch,
and there was no intimal hyperplasia. However, the choice
of patch material remains unclear because of limited cases.

Transaortic coronary ostial endarterectomy in Takayasu
arteritis was first reported by Endo and colleagues11 in 1982.
According to these cases and a review,21 patients remain
free of angina and cardiac events over the long term, and
this method can be recommended for young patients. In the
report by Ando and coworkers,15 9 patients who had
transaortic endarterectomy were event free up to 4 years.
However, perforation, bleeding, or hematoma at the junc-
tion of the aorta and the ostium of the coronary artery might
occur during the surgical procedures as a result of excessive
resection. Long-term follow-up is necessary because most
surgical reports only include a few cases, and survival has
been prolonged in patients with Takayasu arteritis.11,15,21

Figure 3. Preoperative angiograms showing a 99% stenosis at the left ostium (A) with good collaterals from the
right coronary artery (B) in patient 3. Posttransaortic endarterectomy angiogram showing wide patency in the left
coronary ostium: C, left coronary artery; D, right coronary artery. The collaterals from the right coronary artery to
the left coronary artery disappeared after the operation.
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Pulmonary hypertension could influence the morbidity
and long-term mortality in Takayasu arteritis, and pulmo-
nary artery involvement has been found in 56% of patients
with this disease.6 Coronary steal phenomenon in Takayasu
arteritis is always associated with occlusive pulmonary ar-
teries causing pulmonary hypertension. Surgical indication
is suggested when patients have symptoms of angina pec-
toris caused by coronary steal syndrome. There were 2
surgical reports of patients having angina because of a large
connection from the coronary artery to the bronchial ar-
tery22 or to the pulmonary artery.23 After the connections
were ligated or divided surgically, symptoms were relieved,
and the electrocardiography findings were normalized.
However, the prognosis of patients with coronary steal
phenomena is poor because of respiratory distress or right
heart failure.

The present cases suggest a relationship between aneu-
rysmal coronary ectasia and severe aortic hypertension of
greater than 200 mm Hg, with or without aortic regurgita-
tion, atypical coarctation, and calcified aorta. In a collective
review by Matsubara and coworkers,24 7 autopsy cases of
coronary aneurysm complicating Takayasu arteritis were
found by 1992, and all were female patients. From our
experience, however, ectasia itself is not an indication for
surgical intervention.

Takayasu arteritis, with a strong predilection for women
and specific geographic areas, has a significant association
with HLA specificities. A population study on HLA typing
revealed a high frequency of A24, B39, B52, and DQ-125,26

in Japanese patients with Takayasu arteritis. These haplo-
types of HLA might be helpful in ruling out other types of
aortitis.

Lesions associated with Takayasu arteritis are sometimes
reversed with steroid therapy. Radial pulse became palpa-
ble, and the erythrocyte sedimentation rate and C-reactive
protein levels tended to normalize in almost all patients in 2
reported series.27,28 Iga and associates29 reported a patient
with Takayasu arteritis who had CABG as a result of
unstable angina because of narrowing of the left main
artery, and regression of ostial stenosis was observed after
steroid therapy.

Patients with Takayasu arteritis show 3 types of abnor-
mal coronary findings: coronary aneurysm, coronary steal
phenomenon, and coronary ostial stenosis. Surgical treat-
ment is recommended for patients with left coronary ostial
stenosis because coronary ischemia can be a major cause of
death. CABG directly to the LMCA, transaortic endarterec-
tomy, and patch ostial angioplasty are treatments of choice
for ischemia.

Figure 4. Actuarial survival rate and cardiac event–free rate of surgically treated patients with Takayasu arteritis
with coronary artery stenosis (23 patients; Kaplan-Meier method).
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