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ABSTRACT

Introduction: Treatment strategies to improve
clinical outcomes in Takayasu’s arteritis (TA)
with coronary lesions have ranged from phar-
macological therapy to invasive procedures,
such as coronary angioplasty, stenting, and
surgery. However, the therapeutic strategy for
this kind of patient is still unclear. This study
aimed to investigate the clinical characteristics
and influence of revascularization versus medi-
cal therapy in TA patients with coronary artery
involvement.
Methods: We analyzed the medical records of
806 TA patients between January 2008 and
December 2019. Clinical features and treatment
were analyzed, and patients were categorized
into medical treatment and revascularization.
Additionally, patients were sorted as percuta-
neous coronary intervention (PCI) and coronary
artery bypass surgery (CABG) based on the
strategy of revascularization.

Results: Ninety cases with coronary lesions
induced by TA were enrolled. Among 90 cases,
39 patients adopted conservative treatment,
and 51 patients received revascularization (28
subjects with PCI, 23 participants with CABG).
The median follow-up time was 63 (45–91)
months. There is no significant difference in
cardiovascular death between medical treat-
ment and revascularization (2/39, 5.1% vs. 5/51,
9.8%, P = 0.971). The analysis of subgroup
indicated that the mortality caused by cardio-
vascular disease was also similar in the CABG
and PCI (2/28, 7.1% vs. 3/23, 13.0%, P = 0.772).
However, the proportion of restenosis is much
higher in the PCI compared with that of CABG
(39.3%, 8.7%, P = 0.022, respectively). Heart
failure is an independent predictor of death in
these patients.
Conclusions: There is no significant difference
in cardiovascular death between medical treat-
ment and revascularization. The analysis of the
subgroup indicated that the mortality caused by
cardiovascular disease was also similar in the
CABG and PCI, but the restenosis is much
higher in the PCI compared with that of CABG.
Heart failure is an independent predictor of
death in these patients.
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Key Summary Points

Why carry out this study?

Coronary artery involvement significantly
increases mortality of patients with
Takayasu’s arteritis (TA), however, the
optimal therapeutic strategy for this
condition has not been well established.

What was learned from the study?

According to our data, there is no
significant difference in cardiovascular
death between medical treatment and
revascularization.

Besides, the analysis of subgroup indicated
that the mortality caused by
cardiovascular disease was also similar in
the coronary artery bypass surgery (CABG)
and percutaneous coronary intervention
(PCI), but the restenosis is much higher in
the PCI compared with that of CABG.

Heart failure is an independent predictor
of death in these patients. Our results
contribute to knowledge about
management of this rare type of vasculitis,
providing a detailed descriptive analysis of
clinical factors and treatments.

These findings could help guide the
clinician in decision-making when a
vascular procedure is being considered.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13160036.

INTRODUCTION

Takayasu’s arteritis (TA) is a rare chronic non-
specific vasculitis that predominantly affects
the aorta and its main branches, including
pulmonary and coronary arteries [1]. The
majority of cases are female, with a relatively
young age, usually between 20 and 40 years.
The exact mechanism of this disease is still
unknown. Due to the lack of specific symptoms,
early diagnosis of TA remains a huge challenge
for most clinicians. Coronary arterial involve-
ment is not rare in TA and is observed in
approximately 10–20% in angiographic imag-
ing [2]. Actually, the incidence of coronary
artery disease (CAD) associated with TA is likely
to be underestimated, as many patients with TA
do not undergo coronary angiography assess-
ment. Among these involved coronary lesions,
ostial stenosis of the left main coronary artery
and/or right coronary artery are the most com-
mon lesions, with a proportion of 87.5% [2].
The optimal therapeutic strategy is a difficult
task in TA, especially the monitoring of disease
activity. The best treatment option for coronary
lesions induced by TA has not been established.
The treatment regime to improve the prognosis
of CAD patients with TA includes medications
(steroid and/or immunosuppressive agents),
coronary balloon dilation and stents, as well as
coronary artery bypass grafting. It should be
emphasized, however, that there is currently no
consensus or guidelines regarding the treatment
of CAD related to TA. Some case studies have
indicated that inflammatory coronary stenosis
could be reversible by medical treatment, and
we may avoid early intervention revasculariza-
tion for CAD in TA [3, 4]. For a long time,
coronary artery bypass surgery (CABG) has been
considered to be the only option available to
treat such subjects with TA after failure of
medicine. However, with the advances of per-
cutaneous interventional therapy, in addition
to coronary balloon angioplasty, percutaneous
coronary stenting may be used as an alternative
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to CABG, however in-stent restenosis is still a
major concern in terms of long-term outcomes
[5, 6]. Of note, a high restenosis rate does not
mean a poor long-term prognosis. There is no
unequivocal therapy for coronary arterial
lesions for favorable long-term prognosis in
CAD patients with TA. In addition, the choice
of a patient’s treatment depends not only on
the location and severity of the coronary lesions
but also on the clinical situation such as the
patient’s willingness or economic conditions.
There are currently scarce data on the compar-
ison of medical treatment and revascularization
in TA patients with coronary involvement. Our
hospital is a national center focused on cardio-
vascular disease, so many patients with severe
and unusual cardiovascular diseases are admit-
ted to our center, including TA patients with
CAD. Therefore, we believe that analyzing the
data of these patients enables providing some
valuable clinical treatment recommendations
for patients with TA involving coronary lesions.
The aims of the present study were to (1) com-
pare the long term outcomes in TA patients
involved coronary lesions who received revas-
cularization or medical Therapy, (2) evaluate
the results of TA patients involving coronary
lesions with open surgery or endovascular
intervention.

METHODS

Design and Setting

From January 2008 to December 2019, we con-
ducted a retrospective study and reviewed the
electronic medical records of patients with a
diagnosis of TA who were admitted to our hos-
pital. The present study was approved by the
Ethics Committee of Fuwai Hospital and was
conducted in accordance with the second Dec-
laration of Helsinki. Informed consent of the
patients was exempted from IRB because the
study collected data retrospectively, and all
personal information was removed and not
associated with personal identity.

Selection of Patients

TA cases were collected electronically via the
information systems of our hospital using The
International Classification of Diseases Tenth
Revision (ICD-10) code for TAK. The diagnosis
of TA according to the 1990 American College
of Rheumatology (ACR) criteria was confirmed
[7]. The subjects with TA involving coronary
lesions detected by coronary angiography
(CAG) were enrolled. These participants were
divided into a revascularization group and a
medical therapy group. Based on the strategy of
revascularization, patients were sorted as a per-
cutaneous coronary intervention (PCI) group
and a CABG group for subgroup analysis.

Data Collection

Demographic data including age, sex, medical
history, current medicine, lifestyle habits,
height (cm), and weight (kg), and clinical
manifestations, physical examination, labora-
tory tests, coronary angiographic findings,
interventions measure, and open surgery were
recorded and analyzed. CAD is defined as more
than 50% reduction of diameter in more than
one major coronary artery. The results of CAG
were also classified into three types: type 1,
stenosis or occlusion of the coronary ostia and
the proximal segments of the coronary arteries;
type 2, diffuse or focal coronary arteritis, which
may extend diffusely to all epicardial branches
or may involve focal segments; and type 3,
coronary aneurysm [8]. CAD severity was cal-
culated by the SYNTAX II Score. The SYNTAX II
Score was measured by an intervention cardi-
ologist that was blinded to the outcomes of
patients. All the data used in the present study
were mutually checked by two researchers to
guarantee their accuracy and completeness.

Risk Factor Definitions

Hypertension was diagnosed as a resting blood
pressure[140 mmHg for systolic blood pres-
sure and/or[90 mmHg for diastolic blood
pressure measured with an appropriate cuff size
on two different days and/or current use of
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antihypertensive medications. Hyperlipidemia
was defined as current use of cholesterol-low-
ering medications and/or a total cholesterol
value[200 mg/dl, triglycerides[150 mg/dl)
low-density lipoprotein cholesterol (LDL-
C)[130 mg/dl in a plasma sample drawn after
an overnight fast. Diabetes mellitus was con-
firmed if a patient had a history of a fasting
blood glucose level[125 mg/dl or used insulin
and/or oral antidiabetic agents. Renal dysfunc-
tion was defined as estimated glomerular filtra-
tion rate (eGFR)\90 ml/min/1.73 m2. Smokers
were defined as current smoking or with a sev-
ere history of smoking.

Treatment and Follow-Up

The choice of treatment regimen was deter-
mined by the doctor in charge and patient’s
treatment willingness. Evaluation of inflamma-
tion activity in TA patients is challenging, and
there is no consensus on the definition of dis-
ease activity. Clinical symptoms coupled with
erythrocyte sedimentation rate (ESR) and C-re-
active protein (CRP), as well as radiological
imaging (e.g., CT angiography, magnetic reso-
nance angiography, 18F-FDG positron emission
tomography), are used for assessment of disease
activity [9, 10]. The active status with disease
activity was categorized as satisfying one of the
criteria of (i) an elevated ESR (C 21 mm/h) or
CRP (C 0.9 mg/dl) level, (ii) a thickened arterial
wall (C 3 mm) with mural enhancement on
either CT angiography; (iii) increased FDG
uptake in the aortic arch and epiaortic arteries.
Patients should receive immunosuppressive
therapy if inflammation of TA is active before
revascularization except in cases of emergency
surgery. Based on our experience, corticos-
teroids are the first-line treatment for control of
active inflammation, with suggested initial
dosages of 0.5–1 mg/kg/day. All patients con-
firmed with TA were given glucocorticoids. If
necessary, corticosteroids are used in combina-
tion with immunosuppressants. Other treat-
ments follow the CAD guidelines. Follow-up
visits were scheduled at 6 and 12 months, and

then each year following discharge. Blood rou-
tine, renal function, CRP, and ESR were moni-
tored. If patients had symptoms associated with
myocardial ischemia, CAG or coronary CT
imaging were performed. Restenosis was con-
sidered as a recurrence of pectoris angina and
residual diameter stenosis[50% confirmed by
CAG.

Outcome Measures

The primary outcome was the mortality caused
by cardiac diseases, since the coronary lesions
were detected by CAG. The second outcome was
composite events (or major cardiovascular
adverse events, MACE), which included death
from cardiovascular causes, myocardial infarc-
tion, stroke, hospitalization for angina or heart
failure, and repeat coronary artery
revascularization.

Statistical Analysis

Continuous variables with normal distribution
are expressed as mean with standard deviation,
and continuous variables without normal dis-
tribution are expressed as median (interquartile
range), whereas categorical variables are repor-
ted as absolute numbers and percentages. Dif-
ferences between groups were tested by
independent t test or Mann–Whitney U test.
Comparisons between groups were made using
Chi-square tests for categorical data. Fisher’s
exact tests were conducted if the expected fre-
quencies were less than 5. Mortality rates or
composite events were estimated by the
Kaplan–Meier method, and differences between
groups were assessed by means of the log-rank
test. The univariate and multivariate Cox pro-
portional regression hazard models were used to
analyze the independent risk factors related to
mortality or composite events. A two-sided
P value less than 0.05 was considered to be
statistically significant. Statistical analysis was
performed with SPSS software (version 18; SPSS,
Chicago, IL, USA).
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RESULTS

Demographic Data and Clinical Features

We analyzed the medical records of 806 TA
patients. Ninety patients who underwent CAG

with chest pain, chest tightness, heart failure,
fatigue, or syncope were enrolled. The preva-
lence of coronary lesions in TA patients was
11.2%. The clinical characteristics are depicted
in Table 1. The median follow-up time was 63
(45–91) months. The male-to-female ratio of
this study was 1:3.6 (71 female, 20 male), with a

Table 1 Anthropometric and clinical characteristics of the patients

Variable Medical therapy (n = 39) Revascularization (n = 51) P

Age, years 47.1 ± 12.7 47.7 ± 13.5 0.835

Disease duration, months 86 (60, 144) 96 (66, 132) 0.598

Female, n (%) 33 (84.6%) 37 (72.5%) 0.172

BMI (kg/m2) 24.0 ± 4.0 23.6 ± 3.3 0.573

Hypertension, n (%) 22 (56.4%) 21 (41.2%) 0.152

Dyslipidemia, n (%) 10 (25.6%) 15 (29.4%) 0.692

Diabetes mellitus, n (%) 6 (15.4%) 4 (7.8%) 0.320

Aortic regurgitation, n (%) 9 (23.1%) 6 (11.8%) 0.154

Smoking history, n (%) 2 (5.1%) 8 (15.7%) 0.177

Prior MI, n (%) 9 (23.1%) 11 (21.6%) 0.865

Heart failure, n (%) 2 (5.1%) 5 (9.8%) 0.412

CRP, mg/l 9.5 ± 20.8 7.6 ± 10.4 0.581

ESR, mm/h 20.8 ± 26.7 18.9 ± 21.4 0.711

Disease activity, n (%) 9 (23.1%) 15 (29.4%) 0.501

LVEF (%) 63 ± 4 60 ± 9 0.089

eGFR (ml/min/1.73 m2) 92.1 ± 22.4 87.6 ± 22.0 0.342

Medications, n (%)

Prednisone 15 (38.5%) 24 (47.1%) 0.415

Immunosuppressants 4 (10.3%) 5 (9.8%) 1.000

Antiplatelet agents 35 (89.7%) 46 (90.2%) 1.000

Statins 27 (69.2%) 35 (68.6%) 0.951

ACEI/ARBs 24 (61.5%) 39 (76.5%) 0.126

b-Blockers 28 (71.8%) 43 (84.3%) 0.149

Data are presented as the mean ± SD, median, or as numbers and percentages
BMI body mass index, MI myocardial infarction, LVEF left ventricular ejection fraction, eGFR estimated glomerular
filtration rate, ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, CRP C-reactive protein,
ESR erythrocyte sedimentation rate
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mean age of 47.5 years. Among the 90 TA
patients with coronary lesions, 39 adopted
conservative drug treatment, and 51 received
revascularization (28 subjects with PCI, 23 par-
ticipants with CABG). One patient in the con-
servative treatment received revascularization
for worsened symptoms. There were no signifi-
cant differences regarding gender, age, comor-
bidities, ESR, CRP, disease activity, left
ventricular ejection fraction (LVEF), and esti-
mated glomerular filtration rate (eGFR).

Characteristics of Coronary Involvement
and Distributions

The detailed distribution of coronary involve-
ment is summarized in Table 2. The ostial and
proximal segments of coronary lesions were
most frequently involved 77 patients (77/90,

85.6%; 31/39, 79.5% vs. 46/51, 90.2%,
P = 0.152), and 15 subjects (15/90, 16.7%; 5/39,
12.8% vs. 10/51, 19.6%, P = 0.392) with distal
segments. Only one patient had coronary
aneurysms. Of these subjects, 43 patients (43/
90, 47.8%; 16/39, 41.0% vs. 27/51, 52.9%,
P = 0.262) were involved the left main coronary
artery (LMCA), 52 subjects (52/90, 57.8%;
18/39, 46.2% vs. 34/51, 66.7%, P = 0.051) with
left anterior descending coronary artery (LAD)
involvement and 59 participants (65.6%; 20/39,
51.3% vs. 39/51, 76.5%, P = 0.013) had right
coronary artery (RCA) lesions. It was similar in
single-vessel disease and double-vessel disease,
but triple-vessel disease in the revascularization
group is higher than that of medical treatment
group. However, there was no significant dif-
ference in the severity of coronary lesions
assessed by SYNTAX II score between groups.

Table 2 Characteristics of coronary artery lesions of the patients

Variable Medical therapy (n = 39) Revascularization (n = 51) P

LM, n (%) 16 (41.0%) 27 (52.9%) 0.262

LAD, n (%) 18 (46.2%) 34 (66.7%) 0.051

LCX, n (%) 10 (24.4%) 21 (41.2%) 0.090

RCA, n (%) 20 (51.3%) 39 (76.5%) 0.013

Proximal segment, n (%) 31 (79.5%) 46 (90.2%) 0.152

Midsegment, n (%) 9 (23.1%) 15 (29.4%) 0.501

Distal segment, n (%) 5 (12.8%) 10 (19.6%) 0.392

No. of involved coronary arteries

Single-vessel disease, n (%) 19 (48.7%) 10 (19.6%) 0.003

Double-vessel disease, n (%) 15 (38.5%) 20 (39.2%) 0.942

Triple-vessel disease, n (%) 5 (12.8%) 21 (41.2%) 0.003

Type of CAG

Type 1, n (%) 29 (74.4%) 39 (76.5%) 0.817

Type 2, n (%) 9 (23.0%) 12 (23.5%) 0.960

Type 3, n (%) 1 (2.6%) 0 (0.0%) 0.433

SYNTAX II score 33.6 ± 7.2 33.7 ± 9.6 0.941

Data are presented as the mean ± SD or as numbers and percentages
LM left main coronary artery, LAD left anterior descending artery, LCX left circumflex, RCA right coronary artery
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TA-Related Revascularization
and Medicine

In this study, 23 patients received CABG, 28
participants with PCI, and the remaining 39
subjects adopted conservative drug treatment.
During follow-up, there were five patients in the
CABG group that developed exertional angina

and 11 participants in the PCI group. Of these
patients, two subjects received interventional
treatment for bridge-stenosis, three failed to
revascularize in the CABG group, and 11
underwent revascularization for in-stent
restenosis. To our surprise, the proportion of
patients who insisted on long-term oral gluco-
corticoid is relatively low (38.5% in the

Fig. 1 Comparison of survival rate between patients with medical treatment and revascularization

Table 3 Predictors associated with mortality in TA patients with coronary artery involvement

Variable Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Age 0.965 (0.911–1.023) 0.232

Diabetes 0.810 (0.094–6.950) 0.848

Hypertension 0.269 (0.031–2.328) 0.233

Hypercholesterolemia 1.966 (0.358–10.785) 0.437

Myocardial infarction 3.017 (0.608–14.964) 0.177

Heart failure 9.672 (1.914–48.880) 0.006 9.672 (1.914–48.880) 0.006

Aortic regurgitation 2.885 (0.526–15.832) 0.223

Disease activity 5.665 (1.035–31.021) 0.046

Glucocorticoids 0.149 (0.017–1.280) 0.083

SYNTAX II score 1.054 (0.969–1.147) 0.220

Revascularization 0.968 (0.173–5.422) 0.971

TA Takayasu’s arteritis
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conservative group vs. 47.1% in the revascular-
ization group, P = 0.415).

Mortality Rate and Cause of Death
and Predictors Associated With Death

Two patients died in the medical treatment
group (one from acute myocardial infarction
and another from heart failure) and five died in
the revascularization group (one from acute
thrombosis after coronary artery stenting, four
from heart failure, two in the PCI group and
three in the CABG group). Kaplan–Meier sur-
vival analysis showed that it was similar
between medical treatment and

revascularization group (Fig. 1). Although mor-
tality had no significance, the symptoms related
to ischemia were more common in the conser-
vative treatment group, especially in the
patients without steroid and immunosuppres-
sive agents. The univariate analysis suggested
that disease activity and heart failure were
associated with mortality, but multivariate Cox
proportional regression hazard models indi-
cated that heart failure was independently
associated with mortality after adjustment for
other risk factors (Table 3).

Fig. 2 Comparison of MACE between patients with medical treatment and revascularization

Table 4 MACE between medical treatment group and revascularization group

Variable Medical therapy (n = 39) Revascularization (n = 51) P

Follow-up time (months) 56 (44, 84) 72 (51, 102) 0.093

Myocardial infarction, n (%) 1 (2.6%) 1 (2.0%) 1.000

Revascularization, n (%) 1 (2.6%) 13 (25.5%) 0.003

Stroke, n (%) 1 (2.6%) 1 (2.0% 1.000

Heart failure, n (%) 1 (2.6%) 1 (2.0%) 1.000

Cardiac death, n (%) 2 (5.1%) 5 (9.8%) 0.694

Data are presented as the median or as numbers and percentages
MACE major adverse cardiac event

126 Rheumatol Ther (2021) 8:119–133



MACE Comparison between Medical
Treatment and Revascularization Group

Table 4 summarizes the MACE outcomes
between the medical treatment and revascular-
ization groups. There were no significant

differences in MI, stroke, heart failure, and car-
diac death, except for revascularization.
Kaplan–Meier analysis showed that MACE is
similar between groups (P = 0.110, Fig. 2).

Table 5 Clinical characteristics of the TA patients with PCI or CABG

Variable PCI (n = 28) CABG (n = 23) P

Age, years 46.8 ± 15.3 48.9 ± 12.2 0.586

Female, n (%) 24 (85.7%) 13 (56.5%) 0.029

BMI (kg/m2) 23.5 ± 3.4 23.8 ± 3.2 0.781

Hypertension, n (%) 12 (42.9%) 9 (39.1%) 0.788

Dyslipidemia, n (%) 9 (32.1% 6 (26.1%) 0.637

Diabetes mellitus, n (%) 3 (10.7%) 1 (4.3%) 0.617

Aortic regurgitation, n (%) 2 (7.1%) 4 (17.4%) 0.39

Smoking history, n (%) 2 (7.1%) 6 (26.1%) 0.119

Prior MI, n (%) 2 (7.1%) 9 (39.1%) 0.014

Heart failure, n (%) 1 (3.6%) 4 (17.4%) 0.162

CRP, mg/l 7.6 ± 11.6 7.7 ± 9.0 0.952

ESR, mm/h 17.6 ± 22. 20.4 ± 20.9 0.653

Disease activity, n (%) 9 (32.1%) 6 (26.1%) 0.637

LVEF (%) 63.7 ± 5.4 55.8 ± 11.5 0.002

eGFR (ml/min/1.73 m2) 87.6 ± 18.1 87.5 ± 26.4 0.977

SYNTAX II score 34.1 ± 9.0 33.3 ± 10.5 0.774

Medications, n (%)

Prednisone 10 (35.7%) 14 (60.9%) 0.073

Immunosuppressants 4 (14.3%) 1 (4.3%) 0.362

Antiplatelet agents 26 (92.9%) 20 (87.0%) 0.481

Statins 22 (78.6%) 13 (56.5%) 0.091

ACEI/ARBs 21 (75.0%) 18 (78.3%) 0.785

b-Blockers 23 (82.1%) 20 (87.0%) 0.638

Data are presented as the mean ± SD, median, or as numbers and percentages
BMI body mass index, MI myocardial infarction, LVEF left ventricular ejection fraction, eGFR estimated glomerular
filtration rate, ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, CRP C-reactive protein,
ESR erythrocyte sedimentation rate, TA Takayasu’s arteritis
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Subgroup Analysis of PCI and CABG

The baseline characteristics regarding PCI and
CABG are summarized in Table 5. The CABG
group had a higher proportion of MI and a
lower LVEF compared to the PCI group, and
other features such as age, comorbidities, ESR,
CRP, disease activity, eGFR, and medications
were similar. Kaplan–Meier analysis indicated
that there was no significant difference in the
event-free survival between the PCI group and
the CABG group (Fig. 3). Table 6 describes the
MACE between subgroups. The percentage of
MI, stroke, heart failure, and cardiac death
showed no differences. However, the propor-
tion of revascularization in the PCI group was
much higher than that of the CABG group

(P = 0.022). Kaplan–Meier analysis indicated
that MACE (composite events) in the CABG
group was significantly lower than that of PCI
(Fig. 4), and multivariate Cox proportional
regression hazard models suggested that heart
failure and revascularization strategy was inde-
pendently associated with MACE after adjust-
ment for other risk factors (Table 7).

DISCUSSION

In the present study, we investigated the long-
term results of TA patients with coronary artery
involvement with medical treatment or revas-
cularization. We found that there is no signifi-
cant difference in cardiovascular death between
medical treatment and revascularization.

Fig. 3 Comparison of event-free survival rate between patients with PCI and CABG. PCI percutaneous coronary
intervention, CABG coronary artery bypass surgery

Table 6 MACE between PCI group and CABG group

Variable PCI group (n = 28) CABG group (n = 23) P

Follow-up time (months) 67 (32.8, 88.8) 84 (55.0, 116.0) 0.094

Myocardial infarction, n (%) 1 (3.6%) 0 (0.0%) 1.000

Revascularization, n (%) 11 (39.3%) 2 (8.7%) 0.022

Stroke, n (%) 0 (66.7%) 1 (4.3%) 0.451

Heart failure, n (%) 1 (3.6%) 0 (76.0%) 1.000

Cardiac death, n (%) 2 (7.1%) 3 (13.0%) 0.647

Data are presented as the median or as numbers and percentages
MACE major adverse cardiac event, PCI percutaneous coronary intervention, CABG coronary artery bypass surgery

128 Rheumatol Ther (2021) 8:119–133



Besides, the analysis of subgroup indicated that
the mortality caused by cardiovascular disease
was also similar in the CABG group and PCI
group. But the proportion of restenosis is much
higher in the PCI group compared with that of
CABG group.

The probable mechanism of coronary artery
stenosis caused by TA is the progress of chronic

inflammation of the ascending aorta, which
causes endothelial cell hyperplasia, contraction
of the fibrotic media and adventitia. In the
advanced stage, destruction of the elastic fibers
in the medial wall can cause dilatation or
aneurismal.

Changes [11]. According to previous studies,
the prevalence was estimated that 10-20% of all

Fig. 4 Comparison of MACE between patients with PCI and CABG. PCI percutaneous coronary intervention, CABG
coronary artery bypass surgery, MACE major adverse cardiac events

Table 7 Risks related to MACE in TA patients with PCI or CABG

Variables Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Age 0.967 (0.932–1.002) 0.066

Diabetes 0.366 (0.047–2.816) 0.334

Hypertension 0.720 (0.239–2.172) 0.560

Hypercholesterolemia 0.703 (0.197–2.505) 0.587

Myocardial infarction 0.486 (0.109–2.173) 0.345

Heart failure 3.446 (0.889–13.362) 0.074 7.931 (1.743–36.098) 0.007

Aortic regurgitation 1.317 (0.287–6.048) 0.723

Disease activity 0.978 (0.334–2.866) 0.968

Glucocorticoids 0.486 (0.159–1.482) 0.205

SYNTAX II score 0.992 (0.943–1.043) 0.747

PCI/CABG 3.396 (1.072–10.758) 0.038 5.447 (1.504–19.730) 0.010

TA Takayasu’s arteritis, PCI percutaneous coronary intervention, CABG coronary artery bypass surgery, MACE major
adverse cardiovascular events
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TA patients have coronary artery involvement
[2, 8, 12], based on autopsy and clinical diag-
nosis. In our study, the prevalence of coronary
lesions in TA patients was 11.2%. However, not
all patients with TA underwent coronary imag-
ing evaluation. Therefore, the incidence of TA
with coronary involvement is likely to be
underestimated. Kang et al. have recently
reported a higher incidence of coronary lesions
diagnosed with CT. It is up to 53.2% [13]. It is
suggested that more attention should be paid to
the TA patients with CAD. Because these
patients are at risk of serious complications such
as death from myocardial infarction. However,
seen from the criteria of the ACR for diagnosing
TA, the role of coronary lesions of TA had been
ignored.

According to previous reports [2, 8], coro-
nary lesions are divided into three types based
on the results of coronary angiography. Type 1
is stenosis or occlusion of the coronary ostia and
the proximal segment of the coronary arteries.
Type 2 is diffuse or focal coronary arteritis,
which can extend to all epicardial branches or
may involve focal segments (skip lesions). Type
3 is the presence of coronary artery aneurysms.
Type 1 is believed to be the most common
lesion, while types 2 and 3 are considered
uncommon. In our study, similar to previous
studies, type 1 lesions are the most common.
The ostial and proximal segments of coronary
lesions were involved in 77 patients (85.6%). Of
note, type 2 lesions were not uncommon, and
15 subjects (16.7%) had distal segments. This
result reminds us that diffuse lesions may also
be caused by the TA. Only one patient had
coronary aneurysms. The ostia and proximal
segments of RCA, LAD, and LMCA were the
most common lesions involved (65.6, 57.8, and
47.8%, respectively). Additionally, previous
studies had shown that the SYNTAX score was
an independent predictor of the prognosis of
patients with CAD [14, 15]. However, our results
did not support the previous findings. A rea-
sonable explanation for this is that the coronary
lesions involved in TA are different from CAD
caused by atherosclerotic plaque. Coronary
lesions could be inhibited or reversed by con-
trolling the activity of disease with glucocorti-
coids and (or) immunosuppressants. On the

other hand, TA patients with coronary artery
involvement may have developed abundant
collateral coronary circulation during the long-
term chronic ischemia period.

Therapeutic strategies for TA patients with
coronary involvement include medications
with glucocorticoid and immunosuppressive
agents, endovascular intervention, or surgical
vascular reconstruction. It must be stressed,
however, that there is no consensus on how
coronary lesions linked to TA should be treated.
Some case studies indicated that inflammatory
coronary stenosis could be reversible by medical
treatment, and we may avoid early intervention
revascularization for coronary lesions in TA
[3, 4]. These cases demonstrated that inflam-
matory coronary stenosis might be reversible or
controlled, and we could avoid early invasive
revascularization for CAD in patients with TA.
There are currently scarce data on the compar-
ison of medical treatment and revascularization
in TA patients with coronary involvement, even
in a small group of subjects. Our outcomes
suggested that the survival was similar between
the medical treatment and revascularization
groups. Although mortality had no significance,
the symptoms related to ischemia were more
common in the conservative treatment group,
especially in patients without steroids and
immunosuppressive agents. Cipriano and col-
leagues reported that the prognosis of patients
with coronary involvement who have received
conservative treatment is often poor with a high
risk of death caused by cardiac events [16].
However, there were no records on the medi-
cations in these patients. Additionally, there
was no intervention of revascularization arms.
It is hard to evaluate the outcomes of conser-
vative treatments. With the progression of
medical treatment of TA patients with coronary
lesions, the prognosis of patients has been
improved. Univariate analysis suggested that
disease activity and heart failure were associated
with mortality, but multivariate Cox propor-
tional regression hazard models indicated that
heart failure was independently associated with
mortality after adjustment for other risk factors.
This finding was supported by previous studies
[17, 18].
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In theory, fixed, irreversible coronary lesions
may be amenable by revascularization proce-
dures, with the result of low morbidity and
mortality. In terms of outcomes of treatment,
the traditional view is that CABG has better
long-term results than PCI. Several previous
studies have shown that percutaneous translu-
minal angioplasty with or without stenting has
led to unsatisfactory results [19–21]. With the
emergence of a new generation of drug-eluting
stents, it is believed that the incidence of
restenosis may be significantly reduced.
Recently, Wang et al. [6] and Yang et al. [22]
reported long-term results regarding the com-
parison of CABG and PCI. In the first study, a
high rate of restenosis was observed following
PCI (63.2%), despite the use of new drug-eluting
stents (rapamycin in seven cases, zotarolimus in
three cases, and paclitaxel in two cases) when
compared with CABG (25.0%) at a median fol-
low-up time of 101 months [6]. The second
study found that the incidence of MACE was
higher in the PCI group than CABG group
during the median follow-up of 48 months,
especially in those who underwent intervention
during disease activity. However, for patients
with stable arteritis, the long-term efficacy of
PCI is similar to that of CABG [22]. Our sub-
group analysis indicated that the survival rate
had no significant difference between PCI and
CABG, but the MACE (composite events) in the
CABG group was significantly lower than that
of the PCI group. The difference is mainly due
to restenosis after revascularization. The rate of
restenosis was 39.3% in the PCI group and 8.7%
in the CABG group (P = 0.022), but sometimes
we often encounter severe calcification in the
aorta in patients with TA. For such patients, PCI
could be an alternative treatment strategy for
CABG. It was worth noting that there were five
patients with uncontrolled disease activity in
those with restenosis. This suggests that it is
necessary to control the disease activity for
prevention of in-stent restenosis, which is in
line with previous research [23]. Interestingly,
two patients in the PCI group had normal levels
of ESR and CRP with prednisone and
cyclophosphamide, but in-stent restenosis still
occurred repeatedly. This implies that the
pathophysiological mechanism of TA involving

coronary arteries is more complicated than we
thought. We need to explore new biomarkers
for monitoring disease activity, and more sen-
sitive, specific, and targeted medical drugs in
the future study. Several candidates have been
investigated, including serum autoantibodies,
interleukins (ILs), vascular endothelial growth
factor (VEGF), matrix metalloproteinase
(MMPs), pentraxin 3 (PTX3), as well as
adipokines [24]. What is more, FDG-PET exam-
ination may play an important role in early
diagnosis and for monitoring disease activity.
The SUV ratio cutoff for determining TA activity
was 1.27 with a sensitivity and specificity of
79.3 and 100.0%, respectively [25].

Limitations

First, this is a retrospective cohort study. Sec-
ond, it was based on a single-center database.
However, as a national research center for TA,
our patients come from all over the country.
The sample size we enrolled is large enough to
represent the characteristics of TA patients with
coronary artery involvement. The strengths of
our study include a large cohort of patients with
TA who have undergone medical treatment or
revascularization (PCI or CABG) and have a
long-term follow-up outcome.

CONCLUSIONS

The present study data indicate that there is no
significant difference in cardiovascular death
between medical treatment and revasculariza-
tion. Besides, the analysis of subgroup indicated
that the mortality caused by cardiovascular
disease was also similar in the CABG group and
PCI group, but the proportion of restenosis is
much higher in the PCI group compared with
that of CABG group. Heart failure is an inde-
pendent predictor of death in these patients.
The current challenges we face in treating this
condition mainly include a lack of awareness of
early diagnosis, delays in diagnosis due to vari-
ous clinical manifestations, and limited disease
activity assessment methods.
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