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Abstract N\
Background: Symptomatic or significant vascular lesions of Takayasu arteritis (TA) need interventions. Although percutaneous |
transluminal angioplasty with balloon is a less invasive and safe method, stent implantation in TA can be an alternative option.
However, superiority between balloon angioplasty and stenting in TA is not conclusive.

Methods: A meta-analysis comparing balloon angioplasty and stenting outcomes was performed using the MEDLINE and
EMBASE databases.

Results: A total of 7 studies on 266 patients and 316 lesions were included. Balloon angioplasty was performed in 186 lesions and
stenting in 130 lesions. There were no significant differences in the incidence of both restenosis and other complications between
balloon angioplasty and stenting [odds ratio (OR)=2.39, 95% confidence interval (Cl)=0.66-8.66, P=.18; OR=1.80, 95% Cl=
0.49-6.65, P=.38, respectively]. In the renal arteries, the risk of restenosis in stenting was significantly higher than that in balloon
angioplasty (OR=4.40, 95% Cl=2.14-9.02, P<.001). The clinical efficacy of improving renal hypertension between balloon
angioplasty and stenting at the renal artery lesions was similar (OR=0.65, 95% CI=0.28-1.51, P=.31); however, acute vascular
complications were significantly fewer in stenting than in balloon angioplasty (OR=0.07, 95% Cl=0.02-0.29, P <.001).

Conclusion: This meta-analysis found that balloon angioplasty can yield better results in renal artery interventions than stenting.
Nonetheless, it is desirable to avoid vessel dissections during balloon angioplasty, which can eventually require stent implantations.

Abbreviations: Cl = confidence interval, OR = odds ratio, PRISMA = Preferred Reporting ltems for Systematic Reviews and

Meta-Analyses, TA = Takayasu arteritis.
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1. Introduction

Takayasu arteritis (TA) is a granulomatous large-vessel vasculitis
involving the aorta, subclavian arteries, carotid arteries, and
renal arteries.!'! TA commonly begins from the aortic annuls, and
the major branches of the aorta are involved. Although some
patients show a monophasic and self-limited disease course,
others have a progressive arteritis causing vascular obstruc-
tions.!*! TA occurs generally at age < 40 years, and a younger
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onset of TA suggests that the mechanisms of vascular obstruction
are different from atherosclerosis. TA actually shows a patchy
and transmural fibrous thickening, resulting in multiple vascular
obstructions.®! Although initial vascular interventions are
usually successful, the long-term patency of the vessels is poor,
and repeat vascular interventions are frequently needed.'*!

Treatment of TA using steroids, immunosuppressants, and
biological agents improves the outcomes. Nonetheless, symptomatic
or significant vascular lesions need interventions. One of the
established methods is percutaneous transluminal angioplasty with
balloon."! Balloon angioplasty is less invasive, safe, and most widely
used. Another option can be a stent implantation. However, the
superiority between balloon angioplasty alone and with stenting has
been unresolved. There have been several studies reporting on the
results of endovascular treatment of TA; however, the results are a
matter of debate. Because neither meta-analyses nor large-scale
studies are available for balloon angioplasty versus stenting in TA,
we conducted a meta-analysis to examine the outcomes of these
endovascular treatments. In this study, we described and compared
the results of balloon angioplasty and stenting, focusing on the
patency of the arteries, clinical effects, and complications.

2. Methods

2.1. Database and search strategy

We searched for studies using MEDLINE and EMBASE
databases from January 1980 up to January 2017. The search
terms were as follows: “Takayasu arteritis” AND “surgery OR
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bypass OR graft OR intervention OR endovascular” AND
“stent OR ballooning OR angioplasty.” During the search, we
did not limit the language to identify as many studies as
possible. We also performed a manual search of references in
previously published studies and review articles. This meta-
analysis collected data from published articles; thus, no ethical
approval was necessary.

2.2. Inclusion and exclusion criteria

Eligible studies were selected on the basis of the following criteria:
comparison of endovascular balloon angioplasty to stent
insertion; patients diagnosed with TA; and sufficient data on
the number of patients, lesions, and outcome data. In cases of
multiple reports from the same institution, only the most detailed
published report was used to avoid duplication of data. Studies
were excluded on the basis of the following criteria: overlapping
data; studies without reliable data; case reports or review articles;
and only abstract available. No restrictions were placed on race,
ethnicity, or geographic area.

2.3. Data extraction

The baseline information was extracted, including the first
author, year of publication, country of the study population,
number of patients in each group, number of lesions in each
group, location of involved vascular lesions, and method used
(balloon angioplasty or stenting). In cases of duplicated
publications from the same study group, the study with the
larger sample size was retained. This meta-analysis was
conducted on the basis of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.®!

2.4. Statistical analysis

We measured odds ratios (ORs) for dichotomous data and
reported 95% confidence intervals (Cls). We performed meta-
analyses on restenosis in all artery and renal artery interventions,
clinical efficacy of the renal artery intervention, other compli-
cations, including progressive renal insufficiency, transient
ischemic attack, stroke, congestive heart failure, myocardial
infarction, emergency surgery, or death, and acute vascular
complications, excluding restenosis in the renal artery interven-
tion. Restenosis and vascular complications were analyzed on the
basis of the number of lesions and other complications of the
patients.

Heterogeneity between studies was assessed using the Cochran
Q test (in which a P < .10 was considered a statistically significant
heterogeneity), and the heterogeneity among the studies was
tested using the I” statistic (in which I* > 50% was considered a
statistically significant heterogeneity).””! If there was no signifi-
cance in the study heterogeneity, a fixed-effects model was used:
otherwise, a random-effects model was used.’®*! Forest plots
were drawn to visualize the overall effect. This meta-analysis was
performed using the Review Manager (RevMan) version 5.3 (The
Nordic Cochrane Center, The Cochrane Collaboration, 2014).

3. Results

3.1. Study identification and characteristics

The online database queries and manual reference searches
identified 369 studies, of which 42 were selected for a full-text
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review on the basis of the screening of their title and abstract. One
study was excluded because it contained overlapping data, 6
because they had only published abstracts, and 19 because they
were case reports or review articles. In addition, three were
excluded because they lacked the exact number of involved
lesions and 6 because they included only data on endovascular
interventions not divided into balloon angioplasty and stenting.
Finally, 7 studies met the inclusion criteria and were used in the
meta-analysis."%'® A flow chart detailing the inclusion and
exclusion process is shown in Fig. 1. The included studies
involved a total of 266 patients and 316 lesions, with 186 lesions
treated with balloon angioplasty and 130 lesions treated with
stenting. Table 1 summarizes the characteristics of the included
studies.

3.2. Comparison between balloon angioplasty and
stenting for restenosis in the overall artery interventions
and renal artery intervention

We performed a meta-analysis of 186 lesions treated with balloon
angioplasty and 130 lesions treated with stenting in 7 studies and
found that the incidence of restenosis was not significantly
different between balloon angioplasty and stenting in the overall
artery interventions (OR=2.39, 95% CI=0.66-8.66, P=.18;
Fig. 2). We also performed a meta-analysis of the renal artery
interventions in 4 studies. This meta-analysis included 152 lesions
treated with balloon angioplasty and 82 lesions treated with
stenting. Stenting in the renal artery showed a significantly higher
incidence of restenosis than balloon angioplasty (OR=4.40,
95% CI=2.14-9.02, P<.001; Fig. 3).

3.3. Comparison between balloon angioplasty and
stenting for their clinical efficacy in the renal artery
intervention

We performed a meta-analysis of 111 patients treated with
balloon angioplasty and 75 patients treated with stenting in 4
studies. The clinical efficacy of improving renal hypertension
between balloon angioplasty and stenting was similar (OR=
0.65, 95% CI=0.28-1.51, P=.31; Fig. 4).

3.4. Comparison between balloon angioplasty and
stenting for other complications in the overall artery
interventions and acute vascular complications

in the renal artery intervention

A total of 7 studies reported other complications from balloon
angioplasty and stenting. However, there were no other
complications in either group in 3 studies, and the meta-analysis
did not evaluate these. There were no significant differences in the
incidence of other complications between balloon angioplasty
and stenting in the overall artery interventions (OR=1.80, 95%
CI=0.49-6.65, P=.38; Fig. 5). Other complications included 6
cases of progressive renal insufficiency, 1 case of transient
ischemic attack, 1 case of stroke, and 1 case of congestive heart
failure.

Further, we conducted a meta-analysis of acute vascular
complications in the renal artery intervention and found
significantly fewer complications in stenting than in balloon
angioplasty (OR=0.07, 95% CI=0.02-0.29, P<.001; Fig. 6).
Majority of the acute vascular complications were vessel
dissections.
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221 records identified through

MEDLINE search.

EMBASE search.

251 records identified through
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369 records after duplicates removed

4

42 full-text articles assessed for eligibility

312 articles excluded because of obvious

irrelevance based on titles and abstract.

A 4

16 articles included for full review

\ 4

26 full-text articles excluded:
1 contained overlapped data such as same
center study
6 had only abstracts
5 were case reports.

14 were review articles.

A 4

7 studies included in the review

9 full-text articles excluded:
3 were lacking the exact number of
involved lesions.

6 did not contain stenting data.

Figure 1. Flow chart of the inclusion/exclusion criteria. A total of 7 studies met the inclusion criteria and are used in the meta-analysis. The included studies involve a
total of 266 patients and 316 lesions, with 186 lesions treated with balloon angioplasty and 130 lesions treated with stenting.

Characteristics of the individual studies included in the systematic review and meta-analysis.

Balloon angioplasty Stenting
First Total Other Total Treated Other
author Year Country lesions Treated artery Restenosis complications lesions artery Restenosis complications
Sharma et all"® 2000 India 12 5 aorta 0 0 16 5 aorta 2 1
4 renal a. 5 carotid a.
3 subclavian a. 2 renal a.
3 subclavian a.
1 coronary a.

Liang et al'” 2004 USA 7 Aorta, carotid, renal, and 3 1 7 Aorta, carotid, renal, , 5 0

subclavian a. and subclavian a.
Min et all'¥ 2005 Korea 13 Aorta, carotid, renal, subclavian, 6 0 22 Aorta, carotid, renal, 3 0

vertebral, superior mesenteric, subclavian, vertebral,

iliac, and coronary a. superior mesenteric,

iliac, and coronary a.

Kim et al'®! 2012 Korea 6 Common carotid, external carotid, 5 0 5 Common carotid, internal 3 0

vertebral, and subclavian a. carotid, vertebral,

subclavian a.

Park et all'¥ 2013 Korea 12 12 renal a. 1 1 9 9 renal a. 6 1
Kinjo and Kafa" 2015 Syria 11 11 renal a. 1 1 8 8 renal a. 5 1
Peng et al"® 2016 China 125 125 renal a. 12 2 63 63 renal a. 15 2
a.=artery.

) Specific numbers are not provided.
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Stenting Balloon Angioplasty Odds Ratio Odds Ratio
_Study or Subgroup  Events Total Events  Total Weight M.H.Random.95%Cl Year ~  M-H.Random.95%Cl
Sharma 2000 2 18 0 12 9.9% 4.31 [0.19,98.51] 2000
Liang 2004 - 7 3 7 141% 3.33[0.36, 30.70) 2004
Min 2005 3 22 ] 13 17.4% 0.18 [0.04,0.94] 2005 S
Kim 2012 3 5 5 6 11.3% 0.30[0.02,4.91] 2012
Park 2013 ] 9 1 12 128% 22.00(1.86, 260.65] 2013 *
Kinjo 2015 - 8 1 11 126% 16.67 [1.36,204.03] 2015 .
Peng 2016 15 63 12 125 21.9% 2.94(1.28,6.75] 2016 —
Total (95% CI) 130 186 100.0% 2.39 [0.66, 8.66] ~eEESE——
Total events 39 28
Heterogeneity: Tau®= 1.79; Chi*= 17.42, df= 6 (P = 0.008); F= 66% n = 0%1 140 1un=
Test for overall effect Z=1.33 (P = 0.18) Favors [Balloon Angioplasty] Favors [Stenting]

Figure 2. Comparison between balloon angioplasty and stenting for restenosis in the overall artery interventions. A meta-analysis of 186 lesions treated with
balloon angioplasty and 130 lesions treated with stenting in 7 studies.

Stenting Balloon Angioplasty Odds Ratio Odds Ratio
nt al i .H, Fixed, 95% .H, Fixed, 95% CI
4 Not estimable 2000

Sharma 2000 0 2 0
Park 2013 6 9 1 12 4.2% 22.00[1.86,260.65 2013 >
Kinjo 2015 5 g 1 11 47% 16.67[1.36,204.03) 2015 +
Peng 2016 15 83 12 125 911%  2.94(1.28,6.75 2016 ——
Total (95% CI) 82 152 100.0%  4.40[2.14,9.02] g
Total events 26 14

: S o R b : } : |
Heterogeneity: Chi*= 3.61, df= 2 (P = 0.16); F= 45% 001 01 H 10 100

Testfor overall eflect Z= 4.04 (P < 0.0001) Favors [Balloon Angioplasty] Favors [stenting]

Figure 3. Comparison between balloon angioplasty and stenting for restenosis in the renal artery intervention. A meta-analysis of 152 lesions treated with balloon
angioplasty and 82 lesions treated with stenting in 4 studies.

Stenting Balloon Angioplasty Odds Ratio Odds Ratio
I Subgrou nt tal nt: of: i M-H, Fi 95% Cl _Ye: M.H, Fixed, 95% CI
Sharma 2000 2 2 3 3 Not estimable 2000
Park 2013 ] 8 4 7 171% 0.17(0.01,4.31) 2013 *
Kinjo 2015 5 6 7 8 7.7% 07100041435 2015
Peng 2016 50 59 82 93 752% 075(0.29,1.92) 2016 e s
otal ( ) 111 100, X .28, 1.
Total (95% CI 75 1 100.0%  0.65[0.28, 1.51] —~—
Total events 63 99
Heterogeneity: Chi*= 0.74, df = 2 (P = 0.69), F= 0% I 1 + .'
o = 0.01 0.1 10 100
Testfor overall effect. Z=1.01 (P=0.31) Favors [Balloon Angioplasty] Favors [Stenting]

Figure 4. Comparison between balloon angioplasty and stenting for clinical efficacy in the renal artery intervention. A meta-analysis of 111 patients treated with
balloon angioplasty and 75 patients treated with stenting in 4 studies.

3.5. Heterogeneity and publication bias used because a significant heterogeneity was not observed.
Publication bias was examined using a funnel plot. Funnel plot
was not symmetric. We attempted to reduce heterogeneity using a
subgroup analysis.

The meta-analysis of restenosis in all the arteries showed a
significant heterogeneity and used the random-effects model.
However, in the other meta-analyses, the fixed-effects model was

Stenting Balloon Angioplasty Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed. 95% Cl _Year M_-H, Fixed, 95% CI
Sharma 2000 1 16 0 12 156% 2.42(0.09,64.70] 2000
Liang 2004 0 7 0 T Not estimable 2004
Min 2005 0 22 0 13 Not estimable 2005
Kim 2012 0 5 0 6 Not estimable 2012
Park 2013 1 9 1 12 23.0% 1.38(0.07,2543] 2013 -
Kinjo 2015 1 8 1 11 222% 1.43(0.08, 2690 2015 ”
Peng 2016 2 83 2 125 392% 202(0.28,14.66) 2016 b
Total (95% CI) 130 186 100.0% 1.80 [0.49, 6.65]
Total events S 4
Heterogeneity: Chi*= 0.10, df= 3 (P = 0.99); I*= 0% :0.01 0?1 1 110 100:
Testioroversiiaginct Z= 083 (P = 0.35) Favors [Balloon Angioplasty] Favors [Stenting)

Figure 5. Comparison between balloon angioplasty and stenting for other complications in the overall artery interventions. There are no significant differences in the
incidence of other complications between balloon angioplasty and stenting in the overall artery interventions.
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Stenting Balloon Angioplasty Odds Ratio Odds Ratio

Study or Subgroup _Events Total Events Total Weight M-H, Fixed. 95% ClI _Year M.H, Fixed, 95% CI
Sharma 2000 0 2 1 4 34% 047[0.01,16.89] 2000
Park 2013 0 9 2 12 7.4% 0.22(0.01,5.21) 2013 ¢
Kinjo 2015 0 8 1 1" 43% 041[001,11.46) 2015
Peng 2016 0 63 35 125 84.9% 0.02[0.00,0.33) 2016
Total (95% C1) 82 152 100.0%  0.07[0.02, 0.29] ————
Total events 0 39

i - - - P ; $ + {
Heterogeneity: Chi*=3.53, di=3 (P=0.32),F=15% 0.01 01 ] 10 100

Test for overall effect Z= 3.62 (P = 0.0003)

Favors [Balloon Angioplasty] Favors [Stenting]

Figure 6. Comparison between balloon angioplasty and stenting for acute vascular complications in the renal artery intervention. A meta-analysis of acute vascular
complications in the renal artery intervention and found significantly fewer complications in stenting than in balloon angioplasty.

4. Discussion

This study is the first meta-analysis to compare the outcomes of
balloon angioplasty and stenting. Although there have been
many reports on endovascular interventions and some compara-
tive studies, the numbers of patients included in previous studies
were limited, and most reports have only assessed 1 group, rather
than comparing balloon angioplasty and stenting. In this meta-
analysis including 7 studies, stenting in all the arteries showed
equivocal rates of restenosis with balloon angioplasty; however,
stenting in the renal arteries presented a significantly higher
incidence of restenosis than balloon angioplasty. The efficacy of
improving renal hypertension was similar between the 2
interventions, and the rates of other complications without
restenosis were also similar.

The principal treatments of symptomatic TA are revasculari-
zations of the affected vessels. In the active stage of TA,
preemptive medical therapies with steroids or immunosuppres-
sants before revascularization should be considered, as panarter-
itis characterized by degeneration of elastic fibers and formation
of aneurysms could be improved.'”!8! It was known that pre-
treatment with steroids improved inflammations within few
weeks. Conversely, revascularization during the active phase
could increase the risk of procedure-related complications,
including restenosis and dissection.!"” In 6 studies in this
meta-analysis, the patients in the active phase or the progression
of the symptoms were administered with anti-inflammatory
agents, such as steroids, methotrexate, or azathioprine before
and/or after the interventions. One study did not clarify how the
patients were treated with anti-inflammatory agents."?! Al-
though the treatment protocols were different among the studies,
the interventions in the included studies were performed after
active inflammation was controlled. Consequently, we assumed
that the restenosis rates were not magnified and that the analyses
were performed with fewer biases.

In the chronic phase, the affected vessels can be revascularized
via either surgery or endovascular treatment. Bypass surgery had
disadvantages, such as graft stenosis, aneurysmal change in the
anastomosis site, and morbidity. Hence, percutaneous angio-
plasty was introduced for the treatment of TA. Balloon
angioplasty was considered as a cost-effective, less invasive,
and safe method for relieving stenosis.””! Percutaneous angio-
plasty yielded excellent results ranging from 81% to 100% and
low morbidity and mortality.?"**! Balloon angioplasty is
relatively simple and cost-effective. It avoids the risks of
anesthesia and shortens the hospital stay. However, the success
rate and outcome of balloon angioplasty varied in accordance
with the stenosis degree, lesion length, and target vessel. A flow-
limiting dissection and vessel rupture could develop, and a

restenosis rate up to ~80% was also problematic.””®! Thus, the
introduction of stent implantation in TA was anticipated to solve
these problems. Chronically fibrosed and thick arterial walls of
TA could be efficiently dilated with stenting. Deployment of
stents attained a better luminal diameter, and the in-stent
restenosis rate in the large vessels was low. Some studies reported
improved results in stenting; however, stenting was reserved for
dissections or persisting stenoses after balloon angioplas-
ty.122224 n the previous studies, restenosis rate of balloon
angioplasty in patients with TA was about 17% to 32% in
overall arteries,'>?*! 10% to 15% in subclavian artery,'®! and
21% in renal artery.””! Restenosis rate of stenting was 12% to
66% in overall arteries,"*®! and 62.5% in renal artery.l'!!
Although restenosis rates of stenting and balloon angioplasty
were approximately 30% and 15%, respectively, the overall
restenosis rate of stenting in TA was not significantly different
compared with that of balloon angioplasty in this meta-analysis.
As a result, either balloon angioplasty or stenting could be
recommended to treat overall stenoses in TA.

Among the involved arteries in TA, renal artery stenosis
accounting for up to 60% in TA caused renal failure and
renovascular hypertension. However, interventions in the renal
artery showed a different result in this study. Although both
balloon angioplasty and stenting in the renal artery showed a
good efficacy, stenting in the renal artery in TA had a significantly
higher incidence of restenosis than balloon angioplasty. With the
involvements with reactive fibrosis, intimal thickening, thrombus
formation, and neo-vascularization, stent-related exaggeration in
neointimal tissue proliferation could be associated.'*®! Consider-
ing the fact that the diameter of the renal artery was relatively
smaller than that of other involved arteries and as the lower
minimal lumen diameter was related to the in-stent restenosis,
stenting in the renal artery could be related to a higher incidence
of restenosis.!*”! Proximal, long, and complicated lesions in TA
might also contribute to the occurrence of restenosis. Nonethe-
less, overall patency rate of ballooning angioplasty in TA showed
good efficacy in this study, considering that 30% to 40%
restenosis rate of coronary balloon angioplasty in patients
without TA. Because TA develops at younger age than
atherosclerotic diseases, long-term patency rate is more critical
in these patient populations. In consideration of the current
practice, which deploys stents in cases of dissection or persistent
stenosis, avoidance of balloon angioplasty resulting in vessel
dissections was desirable in the renal artery. Further inves-
tigations on whether to treat persistent stenosis using balloon
angioplasty alone or with stenting are needed.

There were some limitations in this meta-analysis. First, the
included studies lacked large sample sizes. TA is a disease with a
very low prevalence; thus, conducting large-scale and multicenter
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prospective randomized studies is difficult. Second, the locations
of the interventions varied. The outcome may vary depending
on the locations of the interventions; however, the small sample
sizes were investigated in detail. Third, the follow-up period
differed between each study. Fourth, additional comparisons of
variables, such as lumen diameter, could not be performed.
Finally, publication bias is an important factor in meta-analyses,
which we attempted to mitigate by including studies in all
languages.

5. Conclusion

TA provokes symptomatic or significant vascular lesions, and
interventions are eventually needed. In circumstances in which
less invasive treatments are preferred, superiority between
balloon angioplasty and stenting has not been conclusive. In
this meta-analysis, there was a lower incidence of restenosis in
balloon angioplasty than in stenting in the renal artery
intervention. Although other complications were similar, it is
desirable to avoid vessel dissections during balloon angioplasty,
which can eventually require stent implantations. However, as
large-scale studies have not yet been conducted, there are
limitations in the result interpretation, and further research
studies are needed in the future.
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