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□ CASE REPORT □

Treatment of Vasodilator-resistant Mixed Connective Tissue
Disease-associated Pulmonary Arterial Hypertension with

Glucocorticoid and Cyclophosphamide
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Shinsuke Yasuda and Tatsuya Atsumi

Abstract

Pulmonary arterial hypertension (PAH) associated with systemic lupus erythematosus (SLE) or mixed con-

nective tissue disease (MTCD), in contrast to other types of PAH, may respond to immunosuppressive ther-

apy. Most PAH cases with an immunosuppressant response were in the early stages of the disease (WHO

functional class III or less). The present case was a 34-year-old woman with MCTD-associated PAH (WHO

functional class IV) who was resistant to a combination of three vasodilators. Afterwards, she was treated

with glucocorticoid and cyclophosphamide. This case suggested the potential benefit of immunosuppressants

in patients with severe MCTD-associated PAH.
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Introduction

Pulmonary arterial hypertension (PAH) is of clinical sig-

nificance in connective tissue disease because of its high

mortality. Early but not late stage of PAH associated with

systemic lupus erythematosus (SLE) or mixed connective

tissue disease (MCTD) has been shown to respond to im-

munosuppressive therapy. We herein present a case of

MCTD-associated PAH progressing to WHO functional

class IV despite intensive medication with vasodilators, who

was treated with glucocorticoid plus intravenous cyclophos-

phamide (IVCY).

Case Report

A 34-year-old Japanese woman had a diagnosis of MCTD

with the presence of Raynaud’s phenomenon, pancytopenia,

elevated plasma creatinine kinase, and antibodies against

U1-ribonucleoprotein in 2005 and received 10 mg of predni-

solone daily. Pulmonary arterial systolic pressure estimated

by echocardiography was slightly elevated (48 mmHg) in

2006. She felt progressive shortness of breath on physical

effort in 2011. Pulmonary arterial hypertension was diag-

nosed with 74 mmHg of mean pulmonary arterial pressure

(mPAP) evaluated by right heart catheterization (RHC) in

2012. Cyclophosphamide-based immunosuppressive therapy

was proposed but refused because of possible early meno-

pausal symptoms. Treatment with 250 mg/day of bosentan

and 120 μg/day of beraprost was initiated. However, in

January 2014, her dyspnea deteriorated (WHO functional

class IV), and she was admitted to our hospital.

A physical examination showed low systemic blood pres-

sure (89/61 mmHg), tachycardia (104/min), low blood oxy-

gen level (percutaneous oxygen saturation (SpO2) 95%),

jugular venous distension, and severe systemic edema.

Coarse crackles and loud pulmonic valve closure sounds

were detected. She was unable to undergo the 6-minute

walk test due to severe dyspnea. Laboratory examinations

showed elevated plasma brain natriuretic peptide (BNP)

level (929.4 pg/mL), hypoxemia (PaO2 62.5 mmHg, PaCO2

27.1 mmHg), and the presence of antibodies against U1-
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Figure.　The clinical course of the patient. BNP: brain natriuretic peptide, FC: functional class, 
IVCY: intravenous cyclophosphamide, PSL: prednisolone, 6MWD: 6-minute walking distance

Table.　Hemodynamics of the Patient.

Duration after 
admission (months)

-24 0 6 18

PAP (s/d/m) (mmHg) 119/45/74 105/50/65 85/38/53 95/40/53

PAWP (mmHg) 16 12 11 8

CO (CI) (L/min) 4.06/2.37 2.74/1.69 3.01/1.83 3.02/1.86

PVR (dyne sec cm-5) - 1,547 1,116 1,192

ePASP (mmHg) 50 117 89 75

TAPSE (mm) - 16 16 15

RAD/RVDd (mm) - 55/48 52/37 44.8/54.5

CI: cardiac index, CO: cardiac output, d: diastolic, ePASP: estimated 

pulmonary arterial systolic pressure, m: mean, PAP: pulmonary arte-

rial pressure, PAWP: pulmonary arterial wedge pressure, PVR: pul-

monary vascular resistance, RAD: right atrial diameter, RVDd: right 

ventricular end-diastolic diameter, s: systolic, TAPSE: tricuspid an-

nular plane systolic excursion

ribonucleoprotein (97.9 U/mL) as well as antinuclear anti-

bodies (1:640, speckled pattern). A chest X-ray showed en-

larged pulmonary arteries and cardiomegaly (Figure). Elec-

trocardiogram showed P wave elevation in the V1-V2 leads.

RHC demonstrated elevated mPAP (65 mmHg) with normal

pulmonary arterial wedge pressure (12 mmHg), high pulmo-

nary vascular resistance (1,547 dyne·sec·cm-5), and decreased

cardiac output (cardiac index 1.69 L/min/m2). A ventilation/

perfusion scan showed no signs of pulmonary thromboem-

bolism. No signs of chronic obstructive pulmonary disease

or interstitial lung diseases were found with computed to-

mography. Her dyspnea was therefore considered to be due

to MCTD-associated PAH which was refractory to bosentan

and beraprost therapy.

In addition to supportive therapy with oxygen supplemen-

tation and diuretics (40 mg/day of furosemide), initiation of

60 mg/day of sildenafil as well as gradual increment in the

dose of beraprost was chosen as an additional treatment.

However, her dyspnea remained unchanged, and her plasma

BNP level increased. IVCY (750 mg/m2, every 4 weeks)

was initiated, and the dose of prednisolone was increased to

60 mg daily. Her dyspnea then ameliorated, and she became

able to undergo the 6-minute walk test (260 m, minimum

SpO2 95 %). Her plasma BNP level also decreased after the

initiation of IVCY (Figure). Six months after the admission,

a follow-up RHC revealed improved mPAP (65 to 53

mmHg), pulmonary vascular resistance (1,547 to 1,116 dyne

·sec·cm-5), and cardiac index (1.69 to 1.83 L/min/m2) (Table).

Since she remained stable but did not obtain further im-

provements 18 months after the admission (Table), we con-

sider parenteral prostanoids or lung transplantation as a sub-

sequent treatment.
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Discussion

SLE- or MCTD-associated PAH, in contrast to other

forms of PAH, has been shown to respond to immunosup-

pressive therapy (1, 2); however, its clinical indication re-

mains to be determined. In a retrospective study with 23

SLE- or MCTD-associated PAH patients performed by Jais

et al. (3), all responders to IVCY were in WHO functional

class III or less. Furthermore, the cardiac index was signifi-

cantly higher in responders than in nonresponders. Consider-

ing these results, immunosuppressive therapy was recom-

mended for patients with less severe PAH in WHO func-

tional class III or less and with a cardiac index of 3.1 L/

min/m2 or more. In another observational cohort study com-

prising 13 patients with connective tissue disease-associated

PAH (4), no patients in WHO functional class IV received

immunosuppressive therapy.

In contrast to these previous reports, our case responded

to treatment with glucocorticoid and IVCY despite WHO

functional class IV PAH, a markedly decreased cardiac in-

dex, and refractoriness to combined vasodilators. Currently

there are two previous case reports of SLE- or MCTD-

associated WHO functional class IV PAH successfully

treated with glucocorticoid and IVCY in conjunction with

up-front triple combination therapy comprising intravenous

prostacyclin analogue, endothelin receptor antagonist, and

phosphodiesterase type 5 inhibitor (5, 6). Our case, particu-

larly with regard to the refractoriness to combined vasodila-

tion, further supports the efficacy of immunosuppressive

therapy for severe PAH associated with SLE or MCTD.

Another aspect of this case is that intervention with im-

munosuppressive therapy would have been more effective

had it been initiated earlier. A patient refusing IVCY at the

diagnosis might result in the progression of PAH. Although

PAH is characterized by pulmonary vasculopathy, the symp-

toms and survival are determined by the right ventricle’s

ability to adapt to afterloads. From this point of view, the

assessment of the right heart function-including hemody-

namics, exercise capacity, plasma BNP level, and

echocardiography-is critical for evaluating the efficacy of

treatment and the prognosis of PAH (7). Despite the re-

sponse to immunosuppressive therapy, our case was still in

WHO functional class III and had a decreased cardiac index,

reduced 6-minute walk distance, elevated plasma BNP level,

and echocardiographic abnormalities 18 months after admis-

sion. Considering these factors, this case was still at high

risk of disease progression, and further treatment, such as

parenteral prostanoids and lung transplantation, needed to be

considered to improve these parameters to the level expected

in WHO functional class II or less (7).

The regimen of IVCY for SLE- or MCTD-associated

PAH also remains to be established. In previous studies and

case reports, the dose, interval, and duration of IVCY for

SLE- or MCTD-associated PAH were 500 to 1,000 mg/m2

per pulse, monthly in most cases, and 3 to 12 months, re-

spectively (1, 3-5, 8-17).

Late relapse is another problem in immunosuppressive

therapy for SLE- or MCTD-associated PAH, with a reported

occurrence in 25% to 40% of patients receiving glucocorti-

coid and/or IVCY during glucocorticoid tapering or several

months after the last pulse of IVCY (2, 3, 18). Our case re-

mained stable for at least 1 year since the last pulse of

IVCY with 12.5 mg/day of prednisolone without any other

immunosuppressive medications.

Pathological changes occurring in PAH include remodel-

ing of arterioles, vascular smooth muscle hypertrophy, ad-

ventitial and neointimal proliferation, in situ thrombosis, and

plexiform lesions (19, 20). In addition to these pathological

changes, pulmonary fibrosis, vasculitis of the pulmonary ar-

tery to vein, and anti-endothelial cell antibodies are ob-

served in MCTD-associated PAH (21). The pathological di-

versity of MCTD-associated PAH may reflect the clinical re-

sponse to either or both vasodilators and immunosuppressive

therapy.

The present case report suggests the potential efficacy of

immunosuppressive therapy for patients with MCTD-

associated PAH, even if they have severe dyspnea, exercise

intolerance, or cardiac dysfunction.
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