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Percutaneous Transluminal Angioplasty for
Symptomatic Pulmonary Stenosis in Takayasu Arteritis
Hui Dong, Xiongjing Jiang, Meng Peng, Yubao Zou, Ting Guan, Huimin Zhang, Lei Song,
Haiying Wu, Yuejin Yang, and Runlin Gao

ABSTRACT. Objective. The aim of this study was to evaluate the safety and efficacy of percutaneous transluminal
angioplasty (PTA) for symptomatic pulmonary stenosis in Takayasu arteritis (TA).
Methods. From January 2009 to December 2012, clinical data of 14 patients [mean age 33.9 ± 9.3
yrs; 11 patients female (78.6%)] with symptomatic pulmonary stenosis in TA underwent PTA and
were analyzed prospectively.
Results. PTA was successfully performed in 22 lesions of 14 patients. Among those lesions, 18 were
treated by PTA alone while the others were treated with stent implantation. Three patients (21.4%)
had reperfusion pulmonary injury; 2 patients recovered completely while the other died of respi-
ratory failure 3 days after the procedure. Mean pulmonary arterial pressure (PAP) decreased from
53.4 ± 15.8 mmHg to 38.4 ± 12.7 mmHg immediately after intervention (p < 0.001). After an average
of 29 months of followup, the New York Heart Association functional class and 6-min walking
distances improved while mean PAP measured by echocardiography decreased significantly
(compared with baseline, all p < 0.01). One patient died of severe pulmonary infection and cardiac
shock at 28 months after the procedure. 
Conclusion. The study showed that PTA improved subjective symptoms and objective variables of
the patients with symptomatic pulmonary stenosis in TA, with an acceptable mortality. PTA may be
a promising therapeutic strategy for symptomatic pulmonary stenosis in TA. (First Release Aug 15
2014; J Rheumatol 2014;41:1856–62; doi:10.3899/jrheum.131007)
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Takayasu arteritis (TA) is a chronic, nonspecific inflam-
matory disease that mainly produces stenosis and
aneurysmal dilation of the aorta and its branches1,2. The
pulmonary arteries could also be involved, with a preva-
lence of 44–86%3,4. Delayed diagnosis was usually made
for the absence of typical symptoms of pulmonary artery
involvement. However, when progressive dyspnea, fatigue,
and/or bilateral leg edema occurred as a late clinical
manifestation of pulmonary artery hypertension and/or right
heart failure, medical therapy alone was not effective. In this
phase, pulmonary revascularization is essential to restore
blood flow of pulmonary arteries, decrease pulmonary

artery pressure, improve right ventricular function, and
relieve clinical symptoms. 

Surgical procedures have been reported in a few cases,
but the characteristics of multiple vessel involvement and
frequent progression and serious complications including
anastomotic site aneurysms, graft occlusion, and death, have
precluded the widespread use of reconstructive surgery5,6.
Currently, some case reports indicated the feasibility of
percutaneous transluminal angioplasty (PTA) for sympto-
matic pulmonary stenosis due to TA5,7,8,9. However, the data
are quite limited and the clinical outcomes of this interven-
tional strategy have not been investigated systematically in
relatively large series. Therefore, we examined the safety
and clinical efficacy of PTA for treatment of symptomatic
pulmonary stenosis due to TA.

MATERIALS AND METHODS 
Patient population. Between January 2009 and December 2012, 194
patients were diagnosed with TA in our institution, of whom 88 patients
(45.4%) had pulmonary artery involvement and 18 (9.3%) patients had
isolated pulmonary artery involvement. From these, 14 consecutive
patients with symptomatic pulmonary stenosis in TA scheduled to undergo
PTA were enrolled. TA was usually diagnosed according to the American
College of Rheumatology 1990 criteria1. With regard to isolated pulmonary
artery involvement, the diagnosis was made according to the following
points: (1) onset age was young, especially ≤ 40 years; (2) inflammatory
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markers such as erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP) were abnormal, while serological tests of connective disease
were all negative; (3) pulmonary angiographic findings were consistent
with TA, which presented with wall thickness and multiple narrowing,
occlusion or dilation of the affected vessel lumen; and (4) other etiologies
resulting in pulmonary stenosis were excluded. Indication for PTA was
defined as pulmonary artery diameter reduction of > 70%, accompanied by
severe pulmonary hypertension (systolic pulmonary artery pressure > 70
mmHg) and/or right ventricular dysfunction. Exclusion criteria included (1)
intolerance to heparin and antiplatelet drugs; (2) allergy to contrast
medium; (3) severe comorbidity, making patients unable to tolerate inter-
ventional therapy; (4) any other illness that impeded their ability to provide
informed consent; and (5) life expectancy < 2 years. The study protocol was
approved by the institutional review boards of Fuwai Hospital. Written
informed consent was provided by each patient before the procedure. 
Interventional procedure and medical protocol. All patients received
aspirin (100 mg/day) and clopidogrel (75 mg/day) for at least 2 days before
the procedure. The interventional procedures were all performed under
local anesthesia through femoral vein access. Using the Seldinger
technique, an 8F introducer sheath was positioned, and heparin (1 mg/kg)
was administered. A 5F pigtail diagnostic catheter was introduced into the
main pulmonary artery coming from the iliac vein, inferior vena cava, right
atrium, and right ventricle in sequence, over a 0.035-inch HiWire angled
hydrophilic guidewire (Cook Medical). Pulmonary lesions and hemo-
dynamics were obtained first to determine treatment strategy. Then the
pigtail catheter was dropped out while the hydrophilic guidewire was
maintained in the pulmonary artery. A guiding catheter 8F MPA1 (Cordis)
was inserted into the pulmonary artery over the hydrophilic guidewire. The
lesion was predilated by graded undersized balloons with the maximal size
≤ 90% of the original size of the vessel diameter. The procedural success of
PTA was defined as < 50% residual stenosis. When dissection and/or ≥ 50%
residual stenosis occurred, the self-expandable stents were implanted,
including Maris (Invatec) and Protégé (Ev3). If needed, the lesion was
postdilated to achieve a residual stenosis < 30% after stent implantation.
Other target lesions were all treated according to this protocol. 

Reperfusion pulmonary injury was defined as chest radiographic
opacity in intervention-related pulmonary segments and worsening of
hypoxemia, with or without hemoptysis. If hemoptysis related to reper-
fusion pulmonary injury occurred, the patients were given nucleoprotamine
to neutralize heparin and elevated concentrations of oxygen administered
through an oxygen mask. The related arteries were compressed by balloon
with low pressure for 3–5 min repeatedly until hemoptysis stopped. 

Pulmonary arterial pressure (PAP) was measured again by the pigtail
catheter immediately after intervention. Then all patients were transferred
to the intensive care unit for careful hemodynamic monitoring and vigilant
observation of clinical symptoms for 24 h or more. After the procedure,
aspirin and clopidogrel were continued for 1 month for those who
underwent PTA alone, and for 3–6 months for those with a stent. Gluco-
corticoids and immunosuppressive agents were administered during the
perioperative period and at followup. 
Followup. Telephone or clinic interviews were conducted every 6 months
after the procedure by a dedicated research coordinator. Echocardiography,
arterial blood gas analysis, New York Heart Association (NYHA)
functional class, 6-min walk distance (6MWD), and inflammatory factors
were examined. All patients were required to undergo computerized
tomographic (CT) pulmonary angiography at 6 months after the procedure.
Repeat CT pulmonary angiography was advised if any patient had recurrent
clinical symptoms after 6 months. 
Statistical analysis. Continuous variables were the mean ± SD, while
categorical data were given as counts and percentages. Differences between
variables measured before and immediately after the procedure were tested
by the paired t test. The NYHA functional class is expressed as the median
and number of patients in each class, and changes in NYHA functional
class were evaluated using the Wilcoxon signed-rank test. For assessing the

differences among before, after, and followup data, variables were analyzed
by linear mixed modeling. All analyses were performed using the software
SPSS 17.0 (SPSS Inc.). All probability values were 2-sided, and a p value
< 0.05 was considered to indicate statistical significance.

RESULTS
Baseline patient characteristics. The patients were 17–48
(33.9 ± 9.3) years old; 11 patients (78.6%) were female.
Disease duration (time between onset of symptoms to inter-
ventional therapy) was 47.1 ± 36.8 months. In 8 patients,
symptoms were accompanied by involvement of the aorta
and its branches, while the remaining patients had only
isolated pulmonary stenosis. Exertional dyspnea appeared in
all 14 patients, and bilateral leg edema in 8 patients (57.1%).
A classification of NYHA functional class III was found in
8 patients (57.1%), and class IV in the other 6 (42.9%; Table
1). All patients had increased ESR and CRP in the course of
TA. Because of the proper administration of antiinflam-
matory agents in other institutions, 7 patients had normal
inflammatory markers when they first came to our insti-
tution. The other 7 patients with increased ESR and/or CRP
were administered glucocorticoids for at least 2 months to
normalize inflammatory markers. All 14 patients had
normal ESR and CRP when procedures were performed. 
Procedural characteristics. PTA was successfully per-
formed in 22 lesions of 14 patients, with the reduction of
angiographic stenosis from 83.4 ± 6.8% to 11.1 ± 5.7%; and
the increase of lesion diameter from 2.6 ± 1.0 mm to 7.4 ±
2.6 (both p < 0.001). Among these, 18 lesions were treated
by PTA alone; and the maximal diameters of angioplasty
balloons in 22 lesions were 5–10 mm (7.5 mm ± 1.6). The

Table 1. Baseline patient characteristics. Continuous variables are
expressed as mean ± SD, and categorical data are given as counts and
percentages.

Characteristics Results

Age, yrs 33.9 ± 9.3
Female, n (%) 11 (78.6)
Exertional dyspnea, n (%) 14 (100.0)
Bilateral leg edema, n (%) 8 (57.1)
The history of tuberculosis infection, n (%) 3 (21.4)
The history of hemoptysis, n (%) 4 (28.6)
NYHA functional class, n (%)

III 8 (57.1)
IV 6 (42.9)

ESR, mm/h 5.5 ± 4.8
CRP, mg/l 5.7 ± 4.7
hsCRP, mg/l 5.1 ± 4.4
Serum creatine, µmol/l 73.7 ± 22.4
NT-proBNP, fmol/ml 2402.9 ± 2010.6
Big-ET, fmol/ml 1.0 ± 0.5
D-dimer, µg/ml 0.4 ± 0.3

NYHA: New York Heart Association; ESR: erythrocyte sedimentation
rate; CRP: C-reactive protein; hsCRP: high-sensitivity C-reactive protein;
NT-proBNP: N-terminal pro-brain natriuretic peptide; Big-ET: big
endothelin.
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other 4 lesions were treated with self-expandable stent
implantation; stent type included Maris 12.0 × 60 mm,
Protégé 12.0 × 60 mm, Protégé 10.0 × 30 mm, and Protégé
12.0 × 30 mm (Figure 1). Compared with preintervention,
systolic and mean arterial pressure were significantly
improved immediately after intervention (systolic PAP, 74.7
± 14.1 vs 103.9 ± 15.9 mm Hg; mean PAP, 38.4 ± 12.7 vs
53.4 ± 15.8 mm Hg, respectively; both p < 0.01). Three
patients (21.4%) had reperfusion pulmonary injury during
the perioperative period. Hemoptysis related to reperfusion
pulmonary injury occurred in 2 patients during the
procedure and the 2 patients recovered completely after
active treatment. The other patient died of severe reper-

fusion pulmonary injury and type I respiratory failure on the
third day after the procedure. No other adverse events
occurred in the perioperative period. 
Followup. After an average of 29 months of followup
(range, 3 to 50 mos), NYHA functional class, 6MWD,
arterial oxygen saturation, and arterial partial pressure of
oxygen improved while systolic and mean PAP measured by
echocardiography decreased (compared with preinter-
vention, all p < 0.01, compared with postintervention, all p
> 0.05; Figure 2 and Table 2). Moreover, left ventricular
diastolic diameter was slightly increased and right
ventricular diameter was slightly decreased compared with
baseline values, but the differences were not statistically

Figure 1. Representative angiography of percutaneous transluminal angioplasty (PTA). (A) Right pulmonary angiogram before PTA; (B)
Right pulmonary angiogram after PTA; (C) Left pulmonary angiogram before stent implantation; (D) Left pulmonary angiogram after
stent implantation. After the procedure, the systolic pulmonary artery pressure was decreased from 123 mmHg to 89 mmHg, and mean
pulmonary artery pressure from 60 mmHg to 42 mmHg.
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significant (both p > 0.05; Table 2). At 6 months after the
procedure, 11 patients underwent CT pulmonary angio-
graphy, and there were no findings of restenosis in

PTA-related pulmonary arteries and no new lesions in other
pulmonary arteries (Figure 3). One patient had a recurrence
of dyspnea and NYHA functional class III at 16 months. She

Figure 2. Change in variables after percutaneous transluminal angioplasty. Variables before the procedure (before; n = 14), after the
procedure (after; n = 13), and at followup (followup; n = 13) were compared. These measures were significantly improved immedi-
ately after the procedure: A. New York Heart Association (NYHA) functional class; B. 6-min walk distance; C. systolic pulmonary
arterial pressure (sPAP) measured by echocardiography; D. mean pulmonary arterial pressure (mPAP) measured by echocardiog-
raphy; E. arterial oxygen saturation;  and F. arterial partial pressure of oxygen. Improvements were maintained at followup.
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refused to undergo CT angiography and declined to receive
antiinflammatory therapy because of her persistent concern
about the side effects of antiinflammatory agents. She died
of severe pulmonary infection and cardiac shock at 28
months postintervention and 1 year after discontinuing anti-
inflammatory therapy. There was no other adverse event
reported at followup. 

DISCUSSION 
With recent advances in percutaneous interventions, PTA for
stenotic lesions of the aorta and its branches in TA have been
reported to show excellent procedural and longterm results
compared with surgical procedures10. However, this form of
therapy has been reported in few cases with pulmonary
artery involvement. Li, et al reported a patient with sympto-

Table 2. Subjective symptoms and objective variables of preintervention, postintervention, and followup. Values
other than NYHA functional class are expressed as mean ± SD. NYHA functional class is presented as the
median and number of patients in each class.

Preintervention, n = 14 Postintervention, n = 13 Followup, n = 13

NYHA functional class (I/II/III/IV) 3 (0/8/6) 1 (7/5/1/0)* 2 (5/6/2/0)†
6-min walk distance, m 232.3 ± 63.4 452.9 ± 137.7* 445.0 ± 143.7†
Echocardiography

LVDD, mm 37.9 ± 4.0 39.3 ± 5.1 41.7 ± 6.0
LVEF, % 63.7 ± 7.7 62.4 ± 5.3 64.5 ± 8.9
sPAP, mmHg 94.2 ± 14.8 66.6 ± 14.5* 66.1 ± 14.2†
mPAP, mmHg 47.0 ± 7.1 34.3 ± 4.9* 34.2 ± 4.9†
RVD, mm 37.9 ± 5.5 34.8 ± 5.2 34.6 ± 5.2

Arterial blood gas analysis
Arterial oxygen saturation, % 88.2 ± 5.0 94.3 ± 2.6* 94.5 ± 2.5†
Arterial partial pressure of oxygen, 

mmHg 67.6 ± 7.3 82.9 ± 5.1* 83.8 ± 5.9†
Arterial partial pressure of carbon 

dioxide, mmHg 35.7 ± 3.4 37.5 ± 3.2 36.9 ± 3.5

*Compared with preintervention, p < 0.01; †Compared with preintervention, p < 0.01 and compared with post-
intervention, p > 0.05. NYHA: New York Heart Association; LVDD: left ventricular end diastolic diameter;
LVEF: left ventricular ejection fraction; sPAP: systolic pulmonary arterial pressure measured by echocardio-
graphy; mPAP: mean pulmonary arterial pressure measured by echocardiography; RVD: right ventricular
diameter.

Figure 3. Representative computerized tomographic pulmonary angiography. (A) and (B) indicate no obvious restenosis at 6 months’
followup after percutaneous transluminal angioplasty (arrow). 
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matic isolated pulmonary stenosis due to TA8. Two
self-expanding nickel-titanium stents and a rapa-
mycin-eluting stent were implanted into 2 pulmonary
lesions, respectively. The exercise tolerance and clinical
symptoms were relieved markedly. In our previous 4 cases7,
3 underwent stent implantation and the other received PTA
alone. The NYHA functional class and PAP were improved
significantly after the procedure. However, until now, there
were only 8 reported cases describing in detail PTA for
patients with pulmonary stenosis in TA, including 4
performed in our institution5,7,8,9,11. To the best of our
knowledge, the present study represents the largest consec-
utive series and longest followup of patients with sympto-
matic pulmonary stenosis due to TA undergoing PTA. Our
results showed that angiographic stenosis and pulmonary
artery pressure decreased immediately after intervention.
After an average of 29 months’ followup, subjective
symptoms and pulmonary hemodynamics both improved
significantly. Thus, our results corroborate findings from
our own previous cases7, as well as those reported from
others5,8,9,11 and indicate that PTA is a safe and effective
treatment strategy for patients with symptomatic pulmonary
stenosis owing to TA.

Additionally, given the uniqueness of pulmonary
hemodynamics and the distinct mechanism of restenosis
between TA and atherosclerosis, these 3 points are crucial to
prevent reperfusion pulmonary injury and to decrease
related adverse events: (1) broadening of the criteria for
procedural success. TA is an inflammatory disease and the
affected vessels are rigid and fragile. Excessive balloon
dilation could result in dissection, even rupture of
pulmonary arteries and reperfusion injury of the affected
pulmonary segments. Indeed, the incidence of reperfusion
pulmonary injury in our series was lower than that reported
in other studies with strict demands for procedural success
(mean PAP < 30 mmHg)12,13; (2) selecting the proper stent.
Considering certain characteristics of self-expandable stents
(including good flexibility, high-vessel wall surface
coverage, and persistent expansion), which can be intro-
duced into the lesions easily, continue to expand the lumen
after the procedure, and maintain longterm vessel patency,
we selected the self-expandable stent in all 4 lesions with
stent implantation14; and (3) finally and most importantly,
vigilant inflammatory control in perioperative and longterm
followup. The mechanism of restenosis after PTA in TA is
mainly attributed to vessel inflammation rather than the
inflammatory reaction that was the leading cause or athero-
sclerosis. Thus, despite the use of drug-eluting stents, the
incidence of restenosis was high if the vessel inflammation
was not effectively controlled8. Some previous studies also
indicated that the restenosis rate was lower when PTA was
performed for stenotic lesions of the aorta and its branches
caused by TA at the stable stage and followed by anti-
inflammatory therapy10,15. In our study, all patients were

required to receive antiinflammatory agents to control the
vessel inflammation perioperatively and during followup.
Unfortunately, 1 patient discontinued antiinflammatory
therapy and died of severe pulmonary infection and cardiac
shock. Thus, we suggest that vigilant antiinflammatory
therapy is mandatory to prevent restenosis and reduce
related adverse events. 

There are several limitations to this study. Like the
majority of previous studies about isolated pulmonary artery
involvement in TA8,16, isolated pulmonary TA was recog-
nized mainly according to clinical features, laboratory data,
and angiographic findings. Thus, we cannot exclude other
origins of pulmonary stenosis because of the lack of histo-
logical examinations in our 6 cases with isolated pulmonary
artery involvement. The variables of pulmonary hemo-
dynamics during the procedure included only systolic and
mean PAP; other characteristics including right atrial
pressure, cardiac output, and pulmonary capillary wedge
pressure were not measured. Moreover, hemodynamic
variables were evaluated by echocardiography rather than
right heart catheterization at followup. Although pulmonary
artery pressure measured by echocardiography provides
comparable information to that measured by right heart
catheterization17,18, right heart catheterization is the “gold
standard.” Therefore, right heart catheterization with more
hemodynamic variables would demonstrate the clinical
efficacy of PTA for treatment of pulmonary stenosis in TA.

PTA improved subjective symptoms and objective
variables immediately after the intervention and improve-
ment was maintained for 29 months of followup in patients
with symptomatic pulmonary stenosis in TA, with an
acceptable mortality. PTA may be a promising therapeutic
strategy for pulmonary stenosis in TA.
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