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Primary Systemic Vasculitides as a Cause of
Group IV Pulmonary Hypertension

ABSTRACT

The primary systemic vasculitides are rare diseases characterized by vessel wall inflam-
mation. Isolated pulmonary vasculitis, large-vessel vasculitis, and Behget's disease are
mimickers of chronic thromboembolic pulmonary hypertension (CTEPH); group IV pul-
monary hypertension (PH) can occur as a devastating complication in the course of these
diseases. Pulmonary endarterectomy, balloon angioplasty, anticoagulation and pulmo-
nary vasodilator agents are the main treatment options for CTEPH. There is no specific
recommendation for the treatment of patients having group IV PH due to primary sys-
temic vasculitides. We reviewed herein data about group IV PH due to primary systemic
vasculitides.

Keywords: Behget's disease, group IV PH, primary systemic vasculitides, Takayasu
arteritis

INTRODUCTION

The primary systemic vasculitides are a rare group of heterogeneous diseases
characterized by vessel wall inflammation. Overall, the estimated annual inci-
dence of primary systemic vasculitides is >100 new cases per million." The preva-
lence of various types of primary systemic vasculitides differs by age, gender and
geographical region. Giant cell arteritis (GCA) is a disease of the elderly above
the age of 50, while Kawasaki disease is a vasculitis of childhood. Takayasu arte-
ritis (TA) mostly affects young women. Microscopic polyangiitis is more com-
mon in Asia, whereas granulomatosis with polyangiitis is more frequently seen
in Western populations.?® The vasculitides had been categorized during the 2012
International Chapel Hill Consensus Conference by using their features; such as
the size of vesselsinvolved, the pathogenesis or the etiology (Table 1).2 Secondary
vasculitides are listed in the category with known etiology or associated with sys-
temic diseases; others are considered primary vasculitides.? Although each vas-
culitis has distinct organ involvement patterns and typical pathological features,
it can mimic almost any disease. Therefore, the diagnosis of a vasculitis is chal-
lenging in most cases and should be supported pathologically whenever possible.?
Tissue ischemia due to occluded or narrowed arteries, aneurysm formation and
hemorrhages are the main causes that canlead to organ dysfunctionin the course
of vasculitis. Frequent disease flares and the need for long-term immunosuppres-
sive treatment are other two important conditions that physicians have to over-
come to preserve organ functions.

Pulmonary hypertension (PH) is defined as a mean pulmonary artery pressure
>20 mm Hg at rest with right heart catheterization.* A variety of causes can lead
to PH. Pulmonary hypertension is not a disease itself but can rather be defined
as a clinical condition like anemia. The causes of PH are classified into 5 groups
(Table 2).#> Left heart diseases (LHD) are the most common causes of PH followed
by lung diseases.*® Regardless of its cause, the presence of PH is considered a poor
prognostic factor. Interest in PH has increased after pulmonary arterial hyper-
tension (PAH)-specific agents have been proven to be effective in group | PH
patients. In group | PH or in other words, in PAH, proliferative remodeling in the
precapillary arterioles leads to the development of PH by increasing pulmonary
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Table 1. Names of Vasculitides Adopted by the 2012
International Chapel Hill Consensus Conference Nomenclature
of Vasculitides

Large-vessel vasculitis
Takayasu arteritis
Giant cell arteritis

Medium-vessel vasculitis
Polyarteritis nodosa
Kawasaki disease

Small-vessel vasculitis

Antineutrophil cytoplasmic antibody (ANCA)-associated

vasculitis
Microscopic polyangiitis
Granulomatosis with polyangiitis (Wegener's)
Eosinophilic granulomatosis with polyangiitis (Churg

Strauss)

Immune complex small-vessel vasculitis
Anti-glomerular basement membrane disease
Cryogloblunemic vasculitis
Ig A vasculitis (Henoch—Schénlein)
Hypocomplementemic urticarial vasculitis (anti-C1lq

vasculitis)

Variable-vessel vasculitis
Behget's disease
Cogan’s syndrome

Single-organ vasculitis
Cutaneous leukocytoclastic angiitis
Cutaneous arteritis
Primary central nervous system vasculitis
Isolated aortitis
Others

Vasculitis associated with systemic disease
Lupus vasculitis
Rheumatoid vasculitis
Sarcoid vasculitis
Others

Vasculitis associated with probable etiology
Hepatitis C virus-associated cryoglobulinemic vasculitis
Hepatitis B virus-associated vasculitis
Syphilis associated vasculitis
Drug-associated immune complex vasculitis
Drug-associated ANCA vasculitis
Cancer-associated vasculitis
Others

HIGHLIGHTS

e Pulmonary artery involvement of primary systemic vas-
culitides can lead to group IV pulmonary hypertension
(PH) and mimic chronic thromboembolic pulmonary
hypertension (CTEPH).

e Group IV PH is an important cause of mortality in pri-
mary systemic vasculitides.

e Immunosupressives are the mainstay treatment for sys-
temic vasculitides. Pulmonary vasodilator agents, bal-
loon angioplasty and pulmonary endarterectomy are
effective treatment options in CTEPH that may also be
useful in carefully selected patients with primary sys-
temic vasculitides with group IV PH.
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Table 2. Clinical Classification of Pulmonary Hypertension

Group 1Pulmonary arterial hypertension
Group 2 Pulmonary hypertension due to left heart disease
Group 3 Pulmonary hypertension due to lung diseases and/or
hypoxia
Group 4 Pulmonary hypertension due to pulmonary artery
obstructions
4.1 Chronic thromboembolic PH
4.2 Other pulmonary artery obstructions
4.2.1Sarcoma (high or intermediate grade) or angiosarcoma
4.2.2 Other malignant tumors
Renal carcinoma
Uterine carcinoma
Germ cell tumors of the testis
Other tumors
4.2.3 Non-malignant tumors
Uterine leiomyoma
4.2.4 Arteritis without connective tissue disease
4.2.5 Congenital pulmonary artery stenoses
4.2.6 Parasites
Hydatidosis
Group 5 Pulmonary hypertension with unclear and/or
multifactorial mechanisms

vascular resistance (PVR).** Despite all impressive advances
in the treatment of PAH, chronic thromboembolic pulmo-
nary hypertension (CTEPH) is still the only curable PH type.**
Any type of PH can be seen in vasculitides. The involvement
of major organs such as the heart, lung or kidney can lead to
PH development. Patients with vasculitis are at increased
risk for thrombosis; consequently, CTEPH can also occur
in the disease course.®*’ Even cases with PAH due to prob-
able small-vessel vasculitis without prominent heart or lung
dysfunction have been reported among patients with anti-
neutrophil cytoplasmic antibody (ANCA)-associated vas-
culitis, Kawasaki disease and immunoglobulin A vasculitis.”?
However, vasculitides, along with other CTEPH mimickers,
are listed separately under group IV causes of PH.> The defi-
nition of "“arteritis without connective tissue disease” was
made likely to exclude patients with both secondary and
small-vessel vasculitis. Isolated pulmonary vasculitis (IPV),
large-vessel vasculitis and Behget's disease (BD) are the
primary systemic vasculitides that best fit this definition.
There are no specific recommendations for the treatment of
patients with group IV PH due to systemic primary vasculiti-
des.*'%" We reviewed herein data about group IV PH due to
primary systemic vasculitides.

ISOLATED PULMONARY ARTERY VASCULITIS

Single-organ vasculitides are the least frequent type of vas-
culitides. In single-organ vasculitides, there are no signs and
symptoms related to organ systems other than the involved
organ. Localized or diffuse arterial or venous vasculitis can
be detected in the affected organ, such as primary cen-
tral nervous system vasculitis, isolated cutaneous arteritis
or testicular vasculitis. The diagnosis of the patients may
evolve into one of the primary systemic vasculitides types by
addition of typical symptoms or signs associated with differ-
ent organ involvements over time. Therefore, close follow-
up is warranted in these patients.?
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Isolated pulmonary artery vasculitis (IPV) is very rare; there
wereonly afew casesreportedintheliterature.”®lthasbeen
reported that among 200 patients who underwent pulmo-
nary endarterectomy operation (PEA), only 2 patients were
diagnosed as IPV.™ Large-, medium-, or small-sized pulmo-
nary artery involvement (PAl) can be seenin the course of the
disease. Diffuse pulmonary hemorrhage (DPH) due to capil-
laritis is the most common manifestation of the small-vessel
PAL™ Patients with main, lobar, segmental or subsegmental
pulmonary arterial involvement may be asymptomatic or
suffer from dyspnea and/or chest pain. Isolated pulmonary
artery vasculitis with large or medium PAIl can cause PH
(group IV PH) and mimic CTEPH.™" Many patients with IPV
had suspicious lesions in systemic arteries or autoantibody
positivity.””™ Therefore, these patients should be followed
up closely as should the ones with single-organ vasculitis.
Significant thickening and/or contrast enhancement in the
pulmonary arterial walls are typical for the diagnosis of vas-
culitis.” Elevated serum acute phase reactants or the pres-
ence of chronic disease anemia are nonspecific but easily
accessible parameters for a rapid evaluation. The evaluation
of these patients should also include imaging of other sys-
temic vessels. Immunosuppression is the mainstay therapy.®
Ithasbeensuggestedthat PEA canbe used both for the diag-
nosis and treatment of IPV patients with PH.” Although PEA
can be a treatment option in resistant cases, the diagnostic
utility of this approach is debatable. First of all, surgery can
be detrimentaltothese patientsunlessinflammationis prop-
erly controlled. Secondly, since the specimens of PEA contain
mainly the intima layer of the arteries, they will be largely
insufficient for diagnosis.” Indeed, the presence of vasculi-
tis could not be documented in BD patients who underwent
PEA." Moreover, acute or chronic inflammatory cell infiltra-
tion of the pulmonary arteries is not specific for vasculitis
and can be seenin half of the patients with CTEPH.™

TAKAYASU ARTERITIS

Takayasu arteritis is a granulomatous large-vessel vasculitis
of unknown etiology, characterized by the involvement of
aorta and its branches. It usually affects young women <40
years old.?* Takayasu arteritis is a panarteritis with typical
pathological findings including inflammatory cell infiltra-
tion, neovascularization, internal elastic lamina fragmen-
tation, granuloma formation in the media layer and intimal
hyperplasia. Arterial wall fibrosis is a feature of inactive,
old lesions.*?' Takayasu arteritis is considered to be a slowly
progressive disease; most of the patients have only consti-
tutional symptoms such as low-grade fever, unintentional
weight loss or fatigue during the initial-early phase. In the
late phase, ischemic symptoms such as extremity claudi-
cation, dizziness or angina may occur due to narrowing of
arteries. Decreased arterial pulses, blood pressure asym-
metry between extremities or bruits on the arteries are signs
of the late phase, while tenderness on the arteries can be an
earlier sign.™2%? Takayasu arteritis diagnosis mainly depends
on imaging of the aorta and its branches (by magnetic reso-
nance angiography (MRA) and/or computerized tomography
angiography (CTA) and/or conventional angiography), since
tissue sampling from arterial lesions is not feasible except for
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the cases who underwent vascular surgery. 202" Arterial wall
thickening and irregularities, stenoses, occlusions, aneu-
rysms and the presence of collateral vessels are the typical
findings of TA."®2°2" Besides the aorta, the subclavian and
common carotid arteries are the most frequently involved
vessels in TA.2%? Multiple and long-segment arterial lesions
are supportive of TA diagnosis.

Heart failure, stroke and cerebral hemorrhage are the major
causes of mortality in TA."2° Overall survival at 15 years is
85%."° The presence of renal arterial stenosis, aortic regur-
gitation and aortic or arterial aneurysms were suggested
as poor prognostic factors.® In the last decade, PAI and PH
emerged as 2 additional important conditions related to TA
mortality.?3

Pulmonary Arterial Involvement in Takayasu Arteritis

The prevalence of PAlin TA hasbeenreported to be between
6% and 66% in different series.?*2 Although PAl is con-
sidered to occur in the late phase of the disease, it can be
detected at presentation and may be the initial and the
sole manifestation of TA.2%%52% Dyspnea, hemoptysis, chest
pain, syncope and extremity edema are symptoms of PAI;
however, TA patients with PAlI may also be asymptom-
atic.®2*Pulmonary arterialinvolvement can be overlookedin
asymptomatic cases or misdiagnosed as CTEPH. Therefore,
clinicians should requestimaging reports that comprise ade-
quate information about pulmonary circulation. Takayasu
arteritis patients’ evaluation is incomplete without data
about pulmonary circulation. In some studies, the involve-
ment of segmental and/or subsegmental pulmonary arteries
was reported to be more frequent than the larger arter-
ies.202> However, recent data indicate a significant rate of
involvement in the main and lobar pulmonary arteries.?*?
Although bilateral PAIl is common, the overall right pulmo-
nary artery and its branches are affected more frequently
than the left-sided ones. Occlusions and stenoses of pulmo-
nary arteries are the most common lesions; aneurysms are
rare and collateral vessels can be seen (Figure 1).14252530 |n
situ thrombus formation has been reported in up to 8% of the
cases.** Therosary-like appearance due to sequential steno-
sisand dilatation of the pulmonary arteriesis typical for TA.3°
Male gender and long disease duration are associated with
anincreased frequency of PAI.2%%28 The frequency of nontu-
berculous mycobacteria infection was found to be higher in
patients with PAl as compared to those without.?*% Patients
with PAIl reported to have less abdominal aortic and renal
artery involvement.?*% Finally, PH, which is associated with
mortality, is more common in patients with PAI than those
without.?*2>%

Group IV Pulmonary Hypertension in Takayasu Arteritis

Pulmonary hypertension is a severe complication of TA, and
its prevalence is reported to be 2.4-43% of the patients,
depending on the diagnostic method used.?®#% Pulmonary
hypertension due to PAI, in other words, group IV PH, is the
most common type of PH reported in TA.>*% Approximately
half of the patients with PAI are considered to have PH.
Other than group IV PH, hypertensive heart disease, isch-
emic heart disease, valvular disease and myocarditis are the
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Leftiower lobe pulmo

Figure 1. Imaging findings of patients with Takayasu arteritis and group IV pulmonary hypertension: (A) cardiomegaly; (B)
systemic arterial involvement and collateral vessels; (C) dilatation of the main pulmonary artery, wall thickening and luminal
narrowing in right and left main pulmonary arteries; and (D) wall thickening in both the left upper lobe and left lower lobe
pulmonary arteries; subtotal occlusion in the left upper lobe pulmonary artery.

conditions that can lead to group 2 PH (due to LHD) in TA.2**
It has been reported that 30% of the patients with PAI had
also significant LHD.% The volume status of the patients with
renal failure should also be kept in mind in TA patients with
PH. Therefore, in patients with PAI, defining the exact cause
of PH can be challenging.

Mechanical obstruction of the pulmonary arteriesis the main
mechanism for the development of PH in patients with PAI.
Most of the TA patients with group IV PH have multiple bilat-
eral pulmonary artery occlusions.?%% A significant corre-
lation between pulmonary artery pressures and the extent
of PAIl has been documented.? Vasculopathy of the small
vessels due to altered blood flow in pulmonary circulation is
considered a contributing factor for the development of PH
in CTEPH.#5*2 Vascular abnormalities distal to the occluded
arteries have been shown in TA patients.”®* On the other
hand, the progression of PAIl was not observed during the
follow-up of all TA patients with PH.** Therefore, like CTEPH,
small-vessel vasculopathy can be another important cause
for the development of PH in TA patients with stable pulmo-
nary arterial lesions. Similarity in the diameters of involved
pulmonary arteries has been documented between CTEPH
and TA patients.?? Hypoxia, systemic to pulmonary shunts,
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endothelial dysfunction, small-vessel vasculitis and neuro-
humoral activation are other potential factors that may con-
tribute to the development of PHin TA.27-%°

Patients with TA and group IV PH have a poor prognosis.
These patients were suggested to have more severe PH as
compared to patients with idiopathic PH, as they have a
lower cardiac index despite similar systolic pulmonary artery
pressures.?” Pulmonary hypertension related complications,
right heart failure and sudden cardiac death were found to
be the leading causes of mortality in TA patients with group
IV PH. The overall 1-, 3-, and 5-year survival rates of the
patients were reported to be 94%, 82%, and 77%, respec-
tively. In the same study, the factors associated with an
increased risk of all-cause death were syncope, anincreased
N-terminal pro-B-type natriuretic peptide (NT-proBNP)
level and elevated mean right atrial pressure.?? He et al®
reported a 7-fold higher mortality rate in patients with PAI
and PH as compared to those without PH in TA. In their study,
disease duration, New York Heart Association class IlI/1V,
right ventricular systolic dysfunction and respiratory failure
were suggested as independent predictors of mortality. In
addition, PH patients with both PAl and LHD had the worst
prognosis.?
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Treatment of Group IV Pulmonary Hypertension in Takayasu
Arteritis

Planning treatment for TA patients with group IV PH is chal-
lenging; evaluation of these patients should be performed by
a multidisciplinary team including internists, cardiologists,
pulmonologists, rheumatologists, radiologists and cardio-
vascular surgeons (Figure 2).

Immunosuppressive treatment is the mainstay therapy to
control inflammation in TA. Steroids are the first choice to
induce disease remission. Concomitant immunosuppres-
sive agents such as methotrexate, azathioprine or myco-
phenolate mofetil are recommended in order to prevent
disease flares and steroid side effects over the long term.
Cyclophosphamide or biologic treatments [tumor necrosis
factor (TNF)-a antagonists, tocilizumab] are used for severe
or resistant cases.®?' It has been reported that TA patients
with PAI have a more severe disease course than those
without.® The number of TA patients who were treated
with cyclophosphamide or biologic agents was found to be
higher in patients with PAl compared to patients without.?”
However, in a recent study performed with 140 TA patients
with group IV PH, 40% were not on immunosuppressive
treatment.?? Takayasu arteritis patients in long-term remis-
sion do not need aggressive immunosuppressive treatment.
Immunosuppressive agents are associated with anincreased
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risk of infections that can have disruptive effects on fragile
patients such as TA patients with PH.?* Therefore, although
the assessment of disease activity is challenging in TA, the
evaluation of TA patients with group IV PH should be done
attentively for the need of immunosuppressive treatment.
Moreover, despite the fact that immunosuppressive treat-
ment is effective in controlling inflammation and the occur-
rence of new vascular lesions, regression of occlusive or
stenotic vascular lesions is rare.? It is clear that additional
treatments are needed in TA patients with group IV PH.

Vasodilators are effective both in group | PH and CTEPH.*
In a study, a vasoreactivity test was found positive in all
48 TA patients with group IV PH, and symptoms improved
after treatment with calcium channel blockers.? The num-
ber of TA patients with group IV PH who were treated with
PAH-specific agents has been increasing despite a lack of
randomized control trials about their efficacy.??? Although
any kind of PAH-specific agent has been used for the treat-
ment as monotherapy or in combination, there is more
experience with oral agents targeting endothelin (bosen-
tan) and nitric oxide (sildenafil) pathways than agents
effective on the prostaglandin pathway.?** Improvement
in NT-proBNP levels and hemodynamic parameters was
reported in TA patients with group IV PH after treatment
with PAH-specific agents.?? The response to PAH-specific

Adequate immunosupressive treatment to control inflammation

arterial lesions

e Screen every new patient for cardiac involvement and PH by TTE
e Monitor patients with PAI with TTE if they are symptomatic or have progressive pulmonary

Medium — High risk PH*? 4
Low risk
Yes ¢
Differential diagnosis |,
= 3 2 2 * A
of PH* Confirm diagnosis of PH with RHC
2 Not confirmed
v >
Group IV PH Other causes of PH » Treat accordingly
Consider | : :
v v v v
Vasodilator agents Baloon angioplasty Endarterectomy Antiaggregants and

-Can be useful to
slow down the
progression of PH

-May have survival
benefit in selected
cases.

-Patients should be
in remission at the
time of the
procedure

-Scarce data about anticoagulation

its effectiveness - May be useful in
-TA patients are patients with
usually not good thrombotic lesions
candidates for PEA - Anti-aggregants
should be used in
patients who are
candidates for
balloon angioplasty

Figure 2. Treatment algorithm for Takayasu arteritis patients with group IV Pulmonary hypertension. *According to 2022 ESC/
ERS Guidelines for the diagnosis and treatment of pulmonary hypertension. PH, pulmonary hypertension; TTE, transthoracic

echocardiography; PAl, pulmonary arterialinvolvement; RHC, rightheartcatheterization; TA, Takayasu arteritis; PEA, pulmonary
endarterectomy.
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agents supports the important contribution of small-ves-
sel vasculopathy to PH, while revascularization should still
be the primary goal of treatment. Current guidelines do
not recommend a vasoreactivity test in group IV PH.* The
impact of the vasoreactivity test for drug selection and the
efficacy of combination vasodilator agents remain to be
further explored.

Pulmonary endarterectomy is still the first choice of treat-
ment in CTEPH.** Balloon angioplasty is recommended in
CTEPH patients who are not suitable for PEA or have persis-
tent/recurrent PH after the operation.* Although success-
ful endarterectomy operations in systemic arteries have
been reported in TA, data about PEA is limited.** Takayasu
arteritis patients with group IV PH who have distal pulmo-
nary artery involvement are not good candidates for PEA.
Moreover, in these patients, occlusion or stenosis of the
pulmonary arteries are mediated by inflammation rather
than thrombosis, which may increase the complication rate
of PEA. Another concern is the high recurrence rates in TA
after surgery as compared to atherosclerosis.** Experience
with vascular interventions is increasing despite having
similar limitations with PEA. Reperfusion lung injury, bleed-
ing and early recurrence of lesions are the major compli-
cations of vascular interventions.?*??* Currently, with the
improvement in interventional techniques and post-proce-
dure patient care, these treatment options seem to have
acceptable complication rates. Recently, Huang et al®,
compared the outcomes of endovascular (n=54) and medi-
cal treatment (n=75) in TA patients with group IV PH over
a mean follow-up period of 55 months; they reported pro-
nounced improvement in both hemodynamic and clinical
parameters in the intervention group as compared to the
medical treatment group. Moreover, the intervention group
had significantly lower rate of mortality than the medical
treatment group.®® As with any revascularization interven-
tion or surgery, TA patients who are candidates for balloon
angioplasty should be in remission. Adequate antiaggregant
treatmentisimportant during the peri-procedural period to
prevent recurrences.®

It is clear that PH develops as a consequence of the pro-
gression of pulmonary arterial lesions in most TA patients.
Accordingly, early immunosuppressive treatment and timely
escalation of therapy in the course of the disease may pre-
vent the development of PH in TA. Young TA patients with
PAI are at increased risk of having active disease. The pres-
ence of chest pain, increased platelet count and pulmonary
artery wall thickening were reported to be associated with
the disease activity of PAI.** New imaging techniques such as
somatostatin receptor 2 positron emission tomography and
magnetic resonance imaging, may provide additional infor-
mation about the activity of disease.*” A mean lag period of
2 years was reported between symptom onset and diagnosis
of PH in TA patients with PAIL.?> Screening TA patients with
PAI for the presence of PH by echocardiography and early
initiation of PAH-specific agents may slow down the pro-
gression of PH. The effectiveness of early revascularization
on the prognosis of these patients awaits further investiga-
tion, asin patients with chronic thromboembolic disease.*
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GIANT CELL ARTERITIS

Patients with GCA are usually evaluated for symptoms
or signs associated with the involvement of extracranial
branches of the carotid arteries at the time of diagnosis.
Vision loss is the well-known and most-feared complication
of the disease.*”® Involvement of the aorta and its branches
isseen in 40%-65% of the patients, and aneurysm formation
is an important cause of mortality. On the other hand, most
of the patients are asymptomatic in this regard.*® Although
pulmonary artery involvement has been documented patho-
logically, DPH or PH are very rarely reported in GCA."™ In 2
previous studies conducted to define the types of pulmonary
involvement in GCA, which enrolled 219 and 678 patients,
there were no patients diagnosed with PH.>*° There are
differences in terms of the structure of arteries, blood flow
and innervation between pulmonary and systemic circula-
tion. The lack of antigens in the pulmonary arteries, which
are targets for GCA, or the preventive effect of initiating
immunosuppressive treatment earlierin GCA thanin TA due
to the acute onset of the disease may explain the very low
incidence of PH in GCA. On the other hand, as GCA is a dis-
ease of the elderly, these patients have many comorbidities,
including cardiac and pulmonary diseases.>*#* Therefore,
in the presence of PH in these patients, causes other than
group IV PH, such as cardiac and pulmonary diseases, should
be carefully investigated.

BEHGCET'S DISEASE

Behget's disease is classified as a variable-vessel vasculitis
that involves vessels of any size.? Behget's disease was first
described as a triple-symptom complex including oral aph-
thae, genital aphthae, and uveitis. The disease has a wide
range of manifestations, ranging from self-limiting muco-
cutaneous lesions to vascular, central nervous system or
gastrointestinal system involvement that can cause serious
morbidity and mortality.* Unlike other primary vasculitides,
the prevalence of venous involvement is significantly higher
than arterial involvementin BD.#*2 Pulmonary arterial aneu-
rysm formationis a well-known type of vascular involvement
associated with mortality in BD. PAl can also lead to the
development of PH. 442

Pulmonary Arterial Involvement In Behget's Disease

The prevalence of PAl is 1%-3% in BD.**4* Hemoptysis, dys-
pnea, cough, fever and chest pain are the most frequent
symptoms of PAL™444 Although rare, the frequency of PAI
may be higher than expected because there is no recom-
mended screening strategy for PAl in BD, and PAI may exist
in patients without pulmonary manifestations. Pulmonary
artery aneurysms (PAA) and pulmonary artery thrombosis
(PAT) are the main lesion types (Figure 3). They tend to be
multiple andinvolve the lower lobes of the lungs. Right-sided
locations are more common for PAA. Male patients are at
increased risk for the occurrence of PAI.*>4¢ Up to 60%-70%
of the patients with PAl have other types of vascularinvolve-
ment, including deep venous thrombosis, cardiac thrombo-
sis or central nervous system thrombosis.***4 Although PAA
is highly characteristic for BD, PAT prevalence is reported
to be significantly higher than PAA in the latest studies.*44*



Anatol J Cardiol 2023; 27(12): 677-687

Akdogan et al. Vasculitides as a Cause of Group IV Pulmonary Hypertension

Figure 3. Imaging findings of pulmonary involvement in patients with Behget's disease: A) pulmonary artery aneurysm; B) image
of aneurysm after bleeding in the same patient; C) occlusion of basal segmental branch of left lower lobe pulmonary artery
(arrow); D) coronal maximum intensity projection (MIP) reformatimage shows no filling of left lower lobe basal segment arteries,
calibration of right basal segment arteries are decreased and distal branches are depleted; E) multivessel involvement in
pulmonary angiography.

Pulmonary infarcts, ground-glass opacities, consolidations
and cavities are other types of pulmonary lesions that can be
encountered in the course of the disease.***4

Thrombosis is a characteristic of both venous and arterial
lesions in BD. Inflammation of the vessel wall is the main
mechanism for thrombus formation. In addition, activation
of the coagulation system and defectsin the fibrinolytic sys-
tem may contribute to the development of thrombosis.**?
In contrast to the classical venous thromboembolic disease,
thromboses in BD are considered to be tightly adherent to
the vessel wall, and embolic events are rare.#*? Therefore,
PAT lesions in BD occur due to the vasculitic process rather
than embolism. Pulmonary artery thrombosis lesions may
lead to the development of PAA. Massive pulmonary hemor-
rhageisthe mostimportant cause of mortality in BD patients
with PAI, mainly due to the rupture of PAA. The mortality
rate in BD patients with PAl was about 25% in earlier studies.
The recurrence of PAIl can be seen in about one-fifth of the
cases.”* Most of the patients with PAI are highly responsive
to immunosupressive treatment.**** Although the patho-
genesis of PAT and PAA are similar and they can coexist, the
prognostic significance of isolated PAT has not been clearly
defined yet. A prominent increase in the survival rate of BD
patients with PAl has been reported in recent studies, where
the number of cases with isolated PAT were higher than
cases with PAA 4443

Huges—Stovin syndrome is characterized by the presence
of both pulmonary aneurysms and deep venous thrombosis
similar to BD. Most of the cases of Huges—Stovin syndrome
are reported from Western countries. These patients are
also atincreased risk of developing PH.#¢

Group IV Pulmonary Hypertension in Behget's Disease

The prevalence of PHinBD hasbeenreported around 10%.4748
Patients with vascular involvement, mainly with PAI, are at
higher risk for the development of PH.%"% Group IV PH is the
main cause of severe PH."*8 Pulmonary hypertension due to
LHD can also occur in patients with BD. However, the impact
of BD on patients who develop LHD is controversial.>48
Pulmonary arterial hypertension (group | PH) can poten-
tially occur in patients with Budd—Chiari syndrome, with
small-vessel vasculitis, or due to drugs (interferon-a, cyclo-
phosphamide) in BD.##"4® On the other hand, this situation
seems unlikely since there were no reported cases of BD and
PH, leading to right heart failure in a short period without
PAI. No association was found between PH and interferon-a
treatment.*®

Similar to TA, pulmonary artery occlusions are the main
cause of group IV PH in BD. Vasculopathy of small vessels
due to blood flow changes in pulmonary circulation can be
an additional factor in the development of PH in the late
phase.*"48 Systemic to pulmonary shunts and compres-
sion of pulmonary arteries by aortic aneurysm are the other
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conditions that can contribute to the development of group
IV PH in BD.484°

Data about the clinical follow-up of the BD patients with
group IV PH are limited. Group IV PH can be seen at presen-
tation and its presence is associated with a poor progno-
sis.** Since the presence of severe PH is a feature of CTEPH
rather than massive pulmonary thromboembolism, the
coexistence of both PAl and PH in BD patients at presenta-
tion suggests that patients with PAI can have a significant
long-term asymptomatic period before diagnosis.* Group IV
PH can also be detected in the later course of the disease in
patients with PAI. Persistence of elevated systolic pulmonary
artery pressure and scintigraphic perfusion defects has been
reported in BD patients with PAIL.#* Symptoms or signs asso-
ciated with right heart failure, mainly dyspnea, should alert
the clinicians for the presence of PH. Recurrenthemoptysisin
a patient with PAl can be a sign of group IV PH due to bleed-
ing from bronchial arterial collaterals.*>*° Therefore, screen-
ing and monitoring BD patients with PAI for the presence of
PH should be considered.

Treatment of Group IV Pulmonary Hypertension in Behget's
Disease

Since the clinical experience for the treatment of patients
with BD and group IV PH is limited, the evaluation of these
patients by a multidisciplinary team is crucial, like in TA.
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Overall, treatment strategy should encompass the expertise
from immunosuppressive treatment to endovascular inter-
ventions and surgery (Figure 4).

High-dose steroids and cyclophosphamide are the first-
choice treatments for BD with PAL" Treatment with anti-
TNF agents (mostly infliximab) is another option.*> Opposite
to TA, regression and even disappearance of pulmonary vas-
cular lesions can be achieved with immunosuppressive treat-
ment only. Radiologic recovery in 70% of the PAA lesions was
reported after a mean duration of a 10-month immunosup-
pressive treatment.*®

Pulmonary endarterectomy has been suggested to be
an effective treatment option in BD patients with group
IV PH.” In a case series of BD with group IV PH includ-
ing 9 patients, the authors reported that 1 patient died, 1
patient had pneumonectomy and 1 patient had residual
PH after PEA.” There are no criteria for BD patients with
group IV PH to determine the suitable candidates for PEA.
Current guidelines recommend PEA in symptomatic CTEPH
patients after adequate anticoagulation for at least 3
months.* Since most of the BD patients with PAI have
active disease at diagnosis, the consequences of antico-
agulant treatment or surgery can be detrimental in these
patients. Anticoagulants can significantly increase the risk
of bleeding and surgery can aggravate inflammation.43444°

Adequate immunosupressive treatment to control inflammation

Screen every new patient with PAI by TTE. Monitor symptomatic patients with PAI by TTE

&

>

Patients in remission <

Low risk*: follow-up with current treatment

Medium risk*: Consider RHC

High risk*: Perform RHC

-Low — medium risk: follow-up with
immunosupresive treatment

-High risk: vasodilator agents may be useful in
selected cases

Active disease

“~a PH diagnosis not confirmed: follow-up with current

treatment
SAERANE o PH<other than Group IV —» treat accordingly
Consider
v v v v
Vasodilator agents Ballon angioplasty Endarterectomy Antiaggregants and

- Can be useful to
slow down the
progression of PH

-Scarce data about
its efficacy

-There are reported
cases treated
successfuly for acute
/ life threatening
complications of
PAA

- Can be an effective
treatment option in
patients with chronic
pulmonary arterial
lesions

- Patients should be
in remission at the
time of the
procedure

anticoagulation
-Consider bleeding risk
-Anticoagulation is an
important treatment
option to prevent
recurrences after PEA

Figure 4. Treatment algorithm for patients with Beh¢et’'s disease and group IV Pulmonary hypertension. *According to 2022 ESC/
ERS Guidelines for the diagnosis and treatment of pulmonary hypertension. PAl, pulmonary arterial involvement; TTE,

transthoracic echocardiography; RHC, right heart catheterization; PH, pulmonary hypertension; PAA, pulmonary artery
aneurysm; PEA, pulmonary endarterectomy.
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Moreover, the 3-month follow-up period is too short for the
evaluation of immunosuppressive treatment effectiveness
in BD with PAI.**48 Therefore, PEA should be considered in
BD patients with group IV PH who are in remission and who
have chronic residual pulmonary arterial occlusive lesions.
Lifelong anticoagulation is important after PEA to pre-
vent recurrences.* Duration of anticoagulation is another
concern in BD because of the risk of bleeding, which has to
be defined as recurrences that can occur in patients with
PA|.43745

Intravascularinterventions (embolotherapy) have been used
as effective treatment options in BD patients with PAA.4350
There is no data about balloon angioplasty of pulmonary
arteries for the treatment of BD with group IV PH. Balloon
angioplasty may be effective for the treatment of those
with chronic arterial lesions. In addition, a few BD patients
were treated with PAH-specific agents that can be used in
the treatment of CTEPH.%4548

SARCOIDOSIS

In sarcoidosis, severe lung parenchymal damage, pulmonary
artery compression of hilar lymph nodes, fibrosing medias-
tinitis, granulomatous angiitis of pulmonary arterioles and
venules, pulmonary vasculitis, pulmonary venoocclusive dis-
ease or cardiacinvolvementcanlead to PH.*® Although gran-
ulomatous angiitis mostly affects medium and small vessels
in pulmonary circulation, involvement of large vessels such
as the main, lobar, segmental or subsegmental pulmonary
arteries can occur in sarcoidosis. The co-existence of TA and
sarcoidosis has also been reported. Sarcoidosis-associated
vasculitis is responsive to immunosuppressive treatment,
although patients may have other conditions that can con-
tribute to the persistence of PH.™"

HOW TO DISCRIMINATE VASCULITIS FROM CHRONIC
THROMBOEMBOLIC PULMONARY HYPERTENSION?

The presence of systemic symptoms or signs should alert
clinicians for the diagnosis of primary vasculitis in a patient
with a probable diagnosis of CTEPH. The presence of con-
stitutional symptoms, bruits over arteries, decreased pulses
in extremities or a history of oral-genital aphthaeous lesions
and uveitis are common manifestations of TA and BD,
respectively.™?4 Contrast enhancement and concentric
thickening of the arterial walls are characteristic features
of pulmonary vasculitis detected by CT or MR angiogra-
phy. Thrombosis of pulmonary arteries, pulmonary infarcts,
mosaic attenuation patterns, bronchial arterial dilatation
can be observedin both CTEPH and vasculitic syndromes.3°
Large pulmonary artery aneurysms are unique for BD; promi-
nent upper lobe pulmonary arterial involvement is common
in TA; and enlargement of mediastinal lymph nodes and pul-
monary nodules are typical for sarcoidosis.™?2>4* Increased
F-18-fluorodeoxyglucose uptakein positron emission tomog-
raphy can be useful for the differential diagnosis of vasculitis
from CTEPH."%2'3° Evaluation of systemic arteries that are
included in the imaging field can provide additional data for
the diagnosis of TA or BD.
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FUTURE DIRECTIONS

Most of the current data about group IV PH due to primary
systemic vasculitides originate from retrospective or cross-
sectional studies or case series. Retrospective data collec-
tion and the lack of hemodynamic data were the common
limitations in most of the previous studies. Moreover, clini-
cal follow-up data of the patients is not always clear. On
the other hand, no randomized controlled trials exist or have
been planned for this topic so far. Therefore, in the future,
data from carefully planned registries will provide a valuable
contribution to patient management.

CONCLUSION

Treatment of group IV PH patients due to vasculitis is chal-
lenging. The effectiveness of PAH-specific agents and inva-
sive treatment options with an acceptable complicationrate
needtobedefinedin detail. Increasing awareness of thisrare
but mortal condition among the physicians who are involved
in the care of these patients is pivotal. Currently, collabora-
tion of different medical disciplinesis crucial to figure out the
best treatment optioninindividual patients.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept — A.A., A.S., L.E.S.; Design — A.A.,
A.S., L.E.S.; Supervision — A.A., L.E.S.; Resources — A.A., AS,;
Materials — A.A., A.S.; Data Collection and/or Processing — A.A.,
A.S.; Analysis and/or Interpretation — A.A., A.S., L.E.S.; Literature
Search — A.A., A.S.; Writing — A.A.,A.S., L.E.S.; Critical Review —
A.S. L.E.S.

Declaration of Interests: The authors have no conflict of interest to
declare.

Funding: The authors declared that this study has received no finan-
cial support.

REFERENCES

1. BasuN, Watts R, Bajemall, et al. EULAR points to consider in the
development of classification and diagnostic criteria in sys-
temic vasculitis. Ann Rheum Dis. 2010;69(10):1744-1750.
[CrossRef]

2. Jennette JC, Falk RJ, Bacon PA, et al. 2012 revised International
Chapel Hill Consensus Conference Nomenclature of Vascu-
litides. Arthritis Rheum. 2013;65(1):1-11. [CrossRef]

3. JCS Joint Working Group. Guideline for management of vascu-
litis syndrome (JCS 2008). Japanese Circulation Society. Circ J.
2011;75(2):474-503. [CrossRef]

4. Humbert M, Kovacs G, Hoeper MM, et al. 2022 ESC/ERS Guide-
lines for the diagnosis and treatment of pulmonary hyperten-
sion. Eur Heart J. 2022;11;43(38):3618-3731. [CrossRef]

5. Galie N,HumbertM, Vachiery JL, et al. 2015 ESC/ERS Guidelines
for the diagnosis and treatment of pulmonary hypertension: the
Joint Task Force for the Diagnosis and Treatment of Pulmonary
Hypertension of the European Society of Cardiology (ESC) and
the European Respiratory Society (ERS): endorsed by: Associa-
tion for European Paediatric and Congenital Cardiology (AEPC),
International Society for Heart and Lung Transplantation
(ISHLT). Eur Heart J 2016;37(1):67-119. [CrossRef]

6. Springer J, Villa-Forte A. Thrombosis in vasculitis. Curr Opin
Rheumatol. 2013;25(1):19-25. [CrossRef]

685 mm———


https://doi.org/10.1136/ard.2009.119032
https://doi.org/10.1002/art.37715
https://doi.org/10.1253/circj.cj-88-0007
https://doi.org/10.1093/eurheartj/ehac237
https://doi.org/10.1093/eurheartj/ehv317
https://doi.org/10.1097/BOR.0b013e32835ad3ca

Akdogan et al. Vasculitides as a Cause of Group IV Pulmonary Hypertension

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

e 686

Okada N, TakiguchiH, Suzuki W, et al. ANCA-associated vascu-
litisin a patient with chronic thromboembolic pulmonary hyper-
tension. Tokai J Exp Clin Med. 2022;47(1):26-30.

Nicholson GT, Samai C, Kanaan U. Pulmonary hypertension in
Kawasaki disease. Pediatr Cardiol. 2013;34(8):1966-1968.
[CrossRef]

Hidalgo-Tenorio C, Milla-Alvarez E, Mdel H-M. P, casado .
Hipertensién pulmonary sindrome de Schénlein-Henoch [Pul-
monary hypertension and Schénlein-Henoch syndrome]. Med
Clin (Barc). 2005;125(16):638-639. [CrossRef]

Saadoun D, Bura-Riviere A, Comarmond C, et al. French recom-
mendations for the management of Takayasu's arteritis.
Orphanet J Rare Dis. 2021;16(suppl 3):311. [CrossRef]

Hatemi G, Silman A, Bang D, et al. Management of Behget dis-
ease: a systematic literature review for the European League
Against Rheumatism evidence-based recommendations for the
management of Behget disease. Ann Rheum Dis.
2009;68(10):1528-1534. [CrossRef]

Gilmour SM, Dominelli GS, Leipsic JA, Levy RD. Dyspnea due to
pulmonary vessel arteritis. Can Respir J. 2014;21(3):155-158.
[CrossRef]

Hagan G, Gopalan D, Church C, et al. Isolated large vessel pul-
monary vasculitis as a cause of chronic obstruction of the pul-
monary arteries. Pulm Circ. 2011;1(3):425-429. [CrossRef]
Bernard J, Yi ES. Pulmonary thromboendarterectomy: a clinico-
pathologic study of 200 consecutive pulmonary thromboendar-
terectomy cases in one institution. Hum  Pathol.
2007,;38(6):871-877. [CrossRef]

Adams TN, Zhang D, Batra K, Fitzgerald JE. Pulmonary manifes-
tations of large, medium, and variable vessel vasculitis. Respir
Med. 2018;145:182-191. [CrossRef]

McCann C, Gopalan D, Sheares K, Screaton N. Imaging in pul-
monary hypertension, part 2: Large vessel diseases. Postgrad
Med J. 2012;88(1040):317-325. [CrossRef]

Yanartas M, Karakog¢ AZ, Zengin A, et al. Multimodal approach
of isolated pulmonary vasculitis: A single-institution experi-
ence. Ann Thorac Surg. 2022;114(4):1253-1261. w[CrossRef]
Matthews DT, Hemnes AR. Current concepts in the pathogen-
esis of chronic thromboembolic pulmonary hypertension. Pulm
Circ. 2016;6(2):145-154. [CrossRef]

Yildizeli SO, Yanartas M, Tas S, et al. Outcomes of patients with
Behget's syndrome after pulmonary endarterectomy. Thorac
Cardiovasc Surg. 2018;66(2):187-192. [CrossRef]

Ishikawa K. Natural history and classification of occlusive
thromboaortopathy  (Takayasu's  disease). Circulation.
1978;57(1):27-35. [CrossRef]

Mason JC. Takayasu arteritis--advances in diagnosis and man-
agement. Nat Rev Rheumatol. 2010;6(7):406-415. [CrossRef]
Jiang X, Zhu YJ, Zhou YP, et al. Clinical features and survival in
Takayasu's arteritis-associated pulmonary hypertension: a
nationwide study. Eur Heart J. 2021;42(42):4298-4305. [CrossRef]
He Y, Lv N, Dang A, Cheng N. Pulmonary artery involvement in
patients with Takayasu arteritis. J Rheumatol. 2020;47(2):264-
272. [CrossRef]

Mukoyama H, Shirakashi M, Tanaka N, et al. The clinical features
of pulmonary artery involvement in Takayasu arteritis and its
relationship with ischemic heart diseases and infection. Arthri-
tis Res Ther. 2021;23(1):293. [CrossRef]

Liao H, Zhang N, Pan L, Du J, Liu J, Zheng Y. Predictors for pul-
monary artery involvement in Takayasu arteritis and its cluster
analysis. Arthritis Res Ther.2023;25(1):9. [CrossRef]

Bicakcigil M, Aksu K, Kamali S, et al. Takayasu's arteritis in Tur-
key - clinical and angiographic features of 248 patients. Clin Exp
Rheumatol. 2009;27(1)(suppl 52):S59-S64.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Anatol J Cardiol 2023; 27(12): 677-687

Sari A, Sener YZ, Firat E, et al. Pulmonary hypertension in
Takayasu arteritis. Int J Rheum Dis. 2018;21(8):1634-1639.
[CrossRef]

Neidhart B, Kosek R, Bachmann LM, Stey C. Exertional dyspnea
as initial manifestation of Takayasu's arteritis--a case report
and literature review. BMC Pulm Med. 2001;1:3. [CrossRef]

Wang X, Dang A, Chen B, Lv N, Lv N, Liu Q. Takayasu arteritis-
associated pulmonary hypertension. J  Rheumatol.
2015;42(3):495-503. [CrossRef]

Narechania S, Renapurkar R, Heresi GA. Mimickers of chronic
thromboembolic pulmonary hypertension on imaging tests: a
review. Pulm Circ. 2020;10(1):2045894019882620. [CrossRef]
Silveira LH. Cardiovascular manifestations of systemic vascu-
litides. Curr Rheumatol Rep. 2020;22(10):72. [CrossRef]

Galié N, Kim NH. Pulmonary microvascular disease in chronic
thromboembolic pulmonary hypertension. Proc Am Thorac Soc.
2006;3(7):571-576. [CrossRef]

Akdogan A, Erden A, Firat Sentlrk E, et al. Capillaroscopic find-
ings in Turkish Takayasu arteritis patients. Turk J Med Sci.
2019;49(5):1303-1307. [CrossRef]

Endo M, Tomizawa Y, Nishida H, et al. Angiographic findings and
surgical treatments of coronary artery involvement in Takayasu
arteritis. J Thorac Cardiovasc Surg. 2003;125(3):570-577.
[CrossRef]

Huang Z, Dong F, Wang M, Hu F, Liu X. Comparison of long-
term survival after endovascular treatment versus medical
therapy in patients with Takayasu's arteritis and pulmonary
artery stenosis. Clin Exp Rheumatol. 2023;41(4):887-892.
[CrossRef]

Gong JN, Mao JJ, Kuang TG, et al. Analysis of clinical features
between active and inactive patients of Takayasu's arteritis
with pulmonary arteriesinvolvement./ntJ Cardiol.2023;381:88-
93. [CrossRef]

Corovi¢ A, Wall C, Nus M, et al. Somatostatin receptor PET/MR
imaging of inflammation in patients with large vessel vasculitis
and atherosclerosis. J Am Coll Cardiol. 2023;81(4):336-354.
[CrossRef]

Espitia O, Blonz G, Urbanski G, et al. Symptomatic aortitis at
giant cell arteritis diagnosis: a prognostic factor of aortic event.
Arthritis Res Ther. 2021;23(1):14. [CrossRef]

Michel BA, Arend WP, Hunder GG. Clinical differentiation
between giant cell (temporal) arteritis and Takayasu's arteritis.
J Rheumatol. 1996 ;23(1):106-111.

Makhzoum JP, Grayson PC, Ponte C, et al. Pulmonary involve-
ment in primary systemic vasculitides. Rheumatol (Oxf Engl).
2021;61(1):319-330. [CrossRef]

Hatemi G, Yazici Y, Yazici H. Behget's syndrome. Rheum Dis Clin
North Am. 2013;39(2):245-261. [CrossRef]

Emmi G, Bettiol A, Silvestri E, et al. Vascular Behget's syn-
drome: an update. Intern Emerg Med. 2019;14(5):645-652.[Cros
sRef]

SeyahiE, MelikogluM, Akman C, et al. Pulmonary artery involve-
ment and associated lung disease in Behget disease: A series of
47 patients. Med (Baltim). 2012;91(1):35-48. [CrossRef]

Eroglu DS, Torgutalp M, Baysal S, et al. Clinical characteristics of
pulmonary artery involvement in patients with Behget's syn-
drome: single-centre experience of 61 patients. Clin Rheumatol.
2021;40(10):4127-4134. [CrossRef]

Hamuryudan V, Seyahi E, Ugurlu S, et al. Pulmonary artery
involvement in Behget s syndrome: effects of anti-tnf treat-
ment. Semin Arthritis Rheum. 2015;45(3):369-373. [CrossRef]
Sanduleanu S, Jansen TLTA. Hughes-Stovin syndrome (HSS):
current status and future perspectives. Clin Rheumatol.
2021;40(12):4787-4789. [CrossRef]


https://doi.org/10.1007/s00246-012-0510-6
https://doi.org/10.1157/13080849
https://doi.org/10.1186/s13023-021-01922-1
https://doi.org/10.1136/ard.2008.087957
https://doi.org/10.1155/2014/396217
https://doi.org/10.4103/2045-8932.87312
https://doi.org/10.1016/j.humpath.2006.11.017
https://doi.org/10.1016/j.rmed.2018.11.003
https://doi.org/10.1136/postgradmedj-2011-130274
https://doi.org/10.1016/j.athoracsur.2021.08.009
https://doi.org/10.1086/686011
https://doi.org/10.1055/s-0037-1604411
https://doi.org/10.1161/01.cir.57.1.27
https://doi.org/10.1038/nrrheum.2010.82
https://doi.org/10.1093/eurheartj/ehab599
https://doi.org/10.3899/jrheum.190045
https://doi.org/10.1186/s13075-021-02675-9
https://doi.org/10.1186/s13075-022-02987-4
https://doi.org/10.1111/1756-185X.13354
https://doi.org/10.1186/1471-2466-1-3
https://doi.org/10.3899/jrheum.140436
https://doi.org/10.1177/2045894019882620
https://doi.org/10.1007/s11926-020-00952-1
https://doi.org/10.1513/pats.200605-113LR
https://doi.org/10.3906/sag-1812-223
https://doi.org/10.1067/mtc.2003.39
https://doi.org/10.55563/clinexprheumatol/zbt5ad
https://doi.org/10.1016/j.ijcard.2023.03.026
https://doi.org/10.1016/j.jacc.2022.10.034
https://doi.org/10.1093/rheumatology/keab325
https://doi.org/10.1016/j.rdc.2013.02.010
https://doi.org/10.1007/s11739-018-1991-y
https://doi.org/10.1007/s11739-018-1991-y
https://doi.org/10.1097/MD.0b013e318242ff37
https://doi.org/10.1007/s10067-021-05748-x
https://doi.org/10.1016/j.semarthrit.2015.06.008
https://doi.org/10.1007/s10067-021-05958-3

Anatol J Cardiol 2023; 27(12): 677-687

47.

48.

49.

Seyahi E, Baskurt M, Melikoglu M, et al. The estimated pulmo-
nary artery pressure can be elevated in Behget's syndrome.
Respir Med. 2011;105(11):1739-1747. [CrossRef]

Armagdan B, Oksul M, $ener YZ, et al. ulmonar Pulmonary hyper
y hypertension in Behget' tension in Behget's disease: echocar-
diographic screening and multidisciplinary approach. Turk J
Med Sci. 2023;53(2):563-571. [CrossRef]

Leon Sudrez PDC, Rua Figueroa Ferndndez de Larrinoal, Urso S,
Marin Esmenota JD. Reversible pulmonary hypertension with
operation of large intramediastinal pseudoaneurysm and

50.

51.

Akdogan et al. Vasculitides as a Cause of Group IV Pulmonary Hypertension

anti-inflammatory treatment in patients with Behcet disease.
BMJ Case Rep. 2021;14(9):e245332. [CrossRef]

Voiriot G, Parrot A, Antoine M, et al. Transcatheter embolother-
apy of pulmonary artery aneurysms as emergency treatment of
hemoptysis in Behcet patients: experience of a referral center
and areview of the literature. Intern Emerg Med.2018;13(4):491-
500. [CrossRef]

Kimbrough BA, Warrington KJ, Langenfeld HE, et al. Vasculitis
in patients with sarcoidosis: A single-institution case series of 17
patients. J Clin Rheumatol. 2022;28(4):217-222. [CrossRef]

687 n——


https://doi.org/10.1016/j.rmed.2011.07.022
https://doi.org/10.55730/1300-0144.5617
https://doi.org/10.1136/bcr-2021-245332
https://doi.org/10.1007/s11739-018-1817-y
https://doi.org/10.1097/RHU.0000000000001839

