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Abstract: Peripheral pulmonary artery stenosis (PPAS) is an underrecognized condition in the adult popula-

tion. PPAS can lead to pulmonary hypertension but is likely misdiagnosed as either idiopathic pulmonary

arterial hypertension or chronic thromboembolic pulmonary hypertension. We retrospectively identified

adult patients with PPAS either in its isolated form or related to other congenital defects from January 1998

to September 2012. We reviewed the patients’ clinical data by using our hospital electronic medical records

and/or their paper charts. We identified 6 adult patients with PPAS with an age range of 16–56 years (1 woman

and the rest men). Presenting signs and symptoms were thoracic murmurs, progressive dyspnea, and syn-

cope. Three patients had Williams-Beuren syndrome. Pulmonary angiography showed that PPAS was pre-

dominantly located in main branches or lobar pulmonary arteries in 5 patients, while in 1 patient the arterial

narrowing was at the level of the segmental pulmonary arteries. Right heart catheterization showed a mean

pulmonary artery pressure (PAP) ranging from 35 to 60 mmHg. Balloon dilation was performed in all

patients, predominantly in the lobar arteries, and it caused a decrease in mean PAP that ranged from 16% to

46% in 5 patients. In 1 patient the mean PAP did not decrease. All but 1 patient had follow-up echocar-

diograms at 1 year that showed stable echocardiographic findings. Pulmonary hypertension due to PPAS

continues to presents a diagnostic challenge. Therefore, a high index of suspicion during the initial evalua-

tion of pulmonary hypertension is essential for its prompt diagnosis and adequate treatment.
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Pulmonary hypertension (PH) is a condition character-

ized by an elevated pulmonary artery pressure (PAP) that

can lead to right heart failure and, ultimately, death.1 PH is

caused by a variety of diseases that are divided into 5

groups.2 These groups are pulmonary arterial hypertension

(PAH; group 1), PH due to left heart diseases (group 2),

PH owing to lung diseases and/or hypoxia (group 3),

chronic thromboembolic pulmonary hypertension (CTEPH;

group 4), and PH with unclear multifactorial mechanism

(group 5).2

Peripheral pulmonary artery stenosis (PPAS) is well

described in children3-5 but not in the adult population,

where it is often underrecognized. PPAS was recently

included in the latest classification of PH (Nice, 2013) as

part of group 5 (PH with unclear multifactorial mecha-

nism), under the name “segmental PH.”2 PPAS is a rare

disease that is commonly misdiagnosed as idiopathic

PAH or CTEPH.6-8 PPAS can present as an isolated con-

genital problem9 or, more commonly, as part of Williams-

Beuren syndrome (WBS) or Alagille syndrome or after

surgery for congenital heart disease involving pulmonary

artery reconstruction.10 In addition, Takayasu arteritis and

Behçet disease have been associated with pulmonary ar-

tery stenoses that required immunosuppressive therapy

and pulmonary artery balloon angioplasty with or without

stenting.11-15

Isolated cases of PPAS in adulthood have been seldom

reported,7,8,16 a fact that can reflect a low prevalence of the

disease in addition to underrecognition and misdiagno-

sis.16 These last two factors are of great relevance, since

patients may not receive appropriate treatment (i.e., bal-

loon or stent angioplasty) or the therapy might be inappro-

priate for PPAS (i.e., PH-specific therapies or pulmonary

thromboendarterectomy).
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In this study, we describe the experience of a large PH

center in the diagnosis and management of PH related to

PPAS in adult patients. Our aim was to determine the

clinical presentation, treatment received, and prognosis of

patients with PPAS seen at our institution. In addition, we

have reviewed the literature on this topic and describe the

diagnostic and treatment approach for this particular dis-

ease, emphasizing the characteristics that might help un-

cover this uncommon condition in patients with PH.

METHODS

The Institutional Review Board at Cleveland Clinic ap-

proved this study (protocol no. 13-184) and waived the

need for informed consent. We retrospectively queried

the Congenital Heart Disease database at the Cleveland

Clinic to identify cases of PPAS. We included adult pa-

tients with PPAS, either in its isolated form or related to

other congenital defects, from January 1998 to Septem-

ber 2012. We reviewed the patients’ clinical data, using

our hospital electronic medical records and/or their pa-

per charts. We initially identified 9 subjects with PPAS,

and of those 6 met the inclusion criteria because they

were adults (≥16 years old).

Patients were diagnosed with PPAS by selective pul-

monary angiography during right heart catheterization,

and all underwent balloon angioplasty. The hemodynamic

and angiographic data were carefully reviewed before and

after angioplasty in all these cases. We recorded the num-

ber and site of pulmonary vessels that were dilated. We

collected data on echocardiographic determinations and

quantitative nuclear lung perfusion before and after the

interventions. In addition, we determined the survival

status as of March 1, 2014, both by reviewing our records

and by querying the US Social Security Death Index.

RESULTS

We identified 6 adult patients with PPAS, with an age

range of 16–56 years (Table 1). Five of the 6 were males,

and 4 had other congenital abnormalities. Other congen-

ital abnormalities were part of WBS in 3 patients. The

3 patients with WBS had cardiac murmurs that led to

diagnosis of supravalvular aortic stenosis and PPAS.

Two patients had progressive dyspnea, while the last pre-

sented with a thoracic murmur and a history of a recent

syncope. Before balloon dilation all patients had dyspnea

with activities.

A nuclear quantitative perfusion scan was done in 4 pa-

tients, and in 2 it showed marked differences in radiotracer

uptake between the lungs. PPAS was predominantly lo-

cated in main branches or lobar pulmonary arteries in

5 patients, while in the remaining patient the arterial nar-

rowing was at the level of the segmental pulmonary arter-

ies. In all patients left and right pulmonary arteries were

affected. Right heart catheterization showed a mean PAP

ranging from 35 to 60 mmHg proximal to the sites of ste-

noses.

Balloon dilation was performed in all patients, predom-

inantly in the lobar arteries (Table 2), and it caused a de-

crease in proximal mean PAP that ranged from 16% to

46% in 5 patients (Figs. 1, 2). In 1 patient there was a

small (12%) increase in mean PAP (possibly related to

substantial contrast dye administration, given that the pa-

tient had 7 vessels dilated, and his pulmonary artery oc-

clusion pressure increased accordingly). Similarly, the ratio

of right-to-left ventricular systolic pressure decreased in

all but 1 patient (Table 2). The number of pulmonary

arteries that were dilated by balloon angioplasty varied

markedly between 2 to 19, depending on the patient’s

anatomy and sites of stenoses. Segmental vessels, in-

stead of lobar arteries, were targeted in the patient who

underwent 19 balloon dilations. All patients had balloon

angioplasties on left and right pulmonary arteries, in a

similar number of vessels. In all patients, at least one of

the balloon dilations showed an increase in the pulmo-

nary artery luminal diameter of at least 50%. One patient

developed reperfusion, a mild degree of pulmonary edema

that improved with diuretics in the course of 24 hours.

Patients experienced improvement of their symptoms in

all cases.

All but 1 patient had follow-up echocardiograms at

1 year that showed stable echocardiographic findings. Four

patients had follow-up quantitative nuclear lung perfusion

scans that for the most part revealed a more even distri-

bution of the radiotracer (Table 2). One patient who was

followed at another institution died of an unknown cause

6 years after he was last seen in our clinic. During our

follow-up no patient required reintervention for PPAS.

DISCUSSION

In this case series, we described the characteristics of

adult PH patients with PPAS. These patients were recog-

nized because they had cardiac murmurs or progressive

dyspnea in association with congenital syndromes associ-

ated with PPAS, prior balloon dilation of the pulmonary

arteries, or asymmetric quantitative nuclear lung perfusion.

It is possible that some patients with PPAS who did not

have the aforementioned presentation could have received

a misdiagnosis of idiopathic PAH. In our cohort, it is un-

likely that PPAS patients were mislabeled as CTEPH pa-

tients, because our center performs pulmonary thrombo-
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endarterectomies; hence, these PH patients undergo an

extensive evaluation of the pulmonary circulation before

their surgery. In all our patients with PPAS, pulmonary

angiography revealed multiple bilateral, nonuniform ste-

noses in lobar or segmental/subsegmental pulmonary ar-

teries. Pulmonary balloon angioplasty generally improved

the vessel diameter, decreased the proximal PAP, and,

more importantly, was associated with symptomatic im-

provement.

PPAS is frequently a vascular manifestation of the

WBS,17,18 which is an autosomal dominant disorder that

has an estimated incidence of 1 in 10,000 live births.19

WBS is due to a microdeletion of a portion of chromo-

some 7q11.23,20 which includes parts of the elastin gene

and leads to reduced elastin synthesis and increased pro-

liferation of vascular smooth muscle cells and fibro-

blasts.21 Vascular involvement is common (60%–80% of

affected individuals) in WBS and is characterized by nar-

Figure 1. Balloon angioplasty of the right lobar pulmonary artery in a patient with peripheral pulmonary artery stenosis. A, Pul-
monary artery stenosis; B, balloon dilation; C, final result after dilation. White arrows point to the area of pulmonary artery steno-
sis before (A) and after (C) balloon dilation. CRAN: cranial; LAO: left anterior oblique.

Figure 2. Balloon angioplasty of two segmental left lower-lobe pulmonary arteries in a patient with peripheral pulmonary artery
stenosis. White arrows point to the areas of pulmonary artery stenosis. A, Segmental pulmonary artery stenosis; B, balloon dilation
of the stenosis; C, result after dilation; D, balloon dilation of 2 segmental stenoses; E, final results after both balloon dilations.
CRAN: cranial; LAO: left anterior oblique.
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rowing of medium- and large-sized elastic arteries due to

thickening of the media,21,22 which leads to supravalvular

aortic stenosis and PPAS. PPAS is sometimes severe and

bilateral, involving the main pulmonary arteries as well as

the branching points of the lobar vessels. Interestingly,

spontaneous improvement of PPAS over time may occur

in these patients, particularly when the stenoses are not

severe.23-25 Therefore, catheter-based interventions are re-

served for those with significantly elevated right ventricu-

lar (RV) pressure and/or symptoms.

Isolated PPAS continues to be underrecognized, al-

though it was first reported in 1938.26 The progressive

and nonuniform segmental vascular obstruction of the

pulmonary circulation is typically associated with pro-

gressive dyspnea and fatigue in the second decade of

life.8 The segmental stenosis can be single or multiple

and can be confined to the main pulmonary arteries or

to the peripheral segmental branches.8 Depending on the

location of the stenosis, lung perfusion imaging may re-

veal segmental defects or unbalanced quantitative perfu-

sion of the lungs, but because of its lack of specificity,

diagnosis typically requires direct arterial imaging by

contrast-enhanced computed tomography, magnetic reso-

nance angiography, or catheter-based arteriography. Pul-

monary arteriography remains the gold standard for the

diagnosis of PPAS.

Treatment for PPAS includes surveillance, for those

asymptomatic patients with preserved RV function and

symmetric pulmonary blood flow, and balloon angio-

plasty,27,28 cutting balloon angioplasty,29 stent implanta-

tion,30 or surgery,31 for those with symptoms of right

heart failure, substantial elevation of RV pressures, marked

asymmetry in pulmonary blood flow (<25% of the total

flow to a single lung), severe pulmonary regurgitation, or

worsening hemodynamics or RV function.9 Recurrent ste-

nosis is not uncommon, as it occurs in approximately

35% of successfully dilated vessels.32,33 Stent placement in

the central pulmonary arteries has been performed with

success,34 but stenting of small segmental arteries, partic-

ularly in patients with congenital PPAS, has been less

successful.9,35,36 In recent years, surgical intervention for

PPAS has been associated with low mortality and a reduc-

tion of the RV/aortic pressure ratio in half, a hemo-

dynamic improvement that has been maintained during

follow-up.31 However, surgery is limited to proximal pul-

monary artery lesions; distal branches are difficult for the

surgeon to repair.9,37

In summary, it is important to differentiate patients

with PPAS from the more common groups of subjects

with CTEPH6,7 or idiopathic PAH.8 It is necessary to con-

sider PPAS in patients with prior pulmonary artery bal-

loon dilations, certain genetic syndromes such as WBS, or

prior surgeries for congenital heart disease; when the lung

perfusion scan shows segmental perfusion defects; or

when the PAP drops as the catheter advances through the

pulmonary circulation.37 Further investigation, including

contrast-enhanced computed tomography, magnetic reso-

nance angiography, or pulmonary angiography, is needed

to confirm the diagnosis.8

Conclusions. PH due to PPAS continues to present a

diagnostic challenge. Therefore, a high index of suspi-

cion during the initial evaluation of PH is essential for

its prompt diagnosis and adequate treatment, since PPAS

entails pulmonary artery balloon angioplasty instead of

PH-specific therapies.
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vascular involvement in Behçet’s disease: a retrospective
study of 796 patients. Clin Rheumatic 2013;32(6):845–852.

15. Seyahi E, Melikoglu M, Akman C, Hamuryudan V, Ozer H,
Hatemi G, Yurdakul S, Tuzun H, Oz B, Yazici H. Pulmonary
artery involvement and associated lung disease in Behçet dis-
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