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The present article reports three clinical cases in order to elucidate the diversity of the pathophysio-
logical mechanisms that underlie rheumatoid arthritis associated pulmonary hypertension. The condi-
tion's three major causes are: interstitial lung disease, vasculitis, and chronic thromboembolic disease,
but it should be noted that the multiple pulmonary manifestations of rheumatoid arthritis, can all
contribute to chronic lung disease or hypoxia. The first patient in this report suffered from moderate
restriction due to fibrosis and was diagnosed with pulmonary hypertension during an episode of life
threatening hypoxia. Early upfront combination therapy prevented intubation and reversed hypoxia to
adequate levels. The second presented patient was a case of isolated pulmonary hypertension attrib-
utable to vasculopathy. The patient maintained normal lung volumes but low diffusion capacity and
echocardiography dictated the need for right heart catheterization. Finally, the third patient presented
severe functional limitation due to several manifestations of rheumatoid arthritis, but a past episode of
acute pulmonary embolism was also reported although it had never been evaluated. Chronic throm-
boembolic disease was eventually proved to be one major cause of the patient's pulmonary hypertension.
The importance of early identification of pulmonary hypertension in patients with rheumatoid arthritis is
therefore emphasized, especially since multiple treatment options are available, symptoms can be
treated, and right heart failure can be avoided.
© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Pulmonary hypertension (PH) is a continuously deteriorating
disease of the pulmonary vasculature, directly affecting quality of
life and leading to right heart failure. Moreover, PH can appear as a
complication of connective tissue diseases [1], resulting from
autoimmunity, inflammation, and vascular changes, increasing the
morbidity and mortality of the primary illness. In this article, we
present three clinical cases in order to discuss the correlation be-
tween PH and rheumatoid arthritis (RA), a correlation not so
frequent, albeit problematic in its early identification and man-
agement. Currently the prevalence of PH in RA can only be grossly
estimated by echocardiographic data, and according to several
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studies, it ranges from 0.8% to 21e27.5% [2,3]. Echocardiography is
an important screening tool. However, the gold-standard diag-
nostic tool of PH remains right heart catheterization. Resting mean
pulmonary artery pressure (mPAP) of at least 25 mm Hg and a
pulmonary arterial wedge pressure (PAWP) of less than 15 mm Hg
determines the diagnosis. We present three cases aimed to illus-
trate the diversity of the pathophysiological mechanisms that un-
derlie RA associated PH and to emphasize the importance of a
thorough evaluation. Early identification is crucial, especially since
multiple treatment options are available, symptoms can be treated,
and right heart failure can be avoided.

2. Case reports

2.1. Case 1

In September 2015, a 60 year-old womanwith known history of
rheumatoid arthritis (rheumatoid factor >20, cyclic citrullinated
peptide antibodies >300, elevated c-reactive protein and erythro-
cyte sedimentation rate, synovitis in 8 small joints) and co-existing
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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pulmonary fibrosis with chronic type 1 respiratory failure was ur-
gently transferred to the Respiratory Intensive Care Unit (RICU) due
to life-threatening hypoxia. Assessment of vital signs revealed a
respiratory rate of 35 breaths/min, a heart rate of 110 bpm and a
saturation of 85%, receivingmaximal flow of oxygen through a non-
rebreather mask. Blood gas analysis showed pH of 7.47, pO2 of
50 mm Hg, and PCO2 of 36 mm Hg. Physical examination revealed
crackles on both lungs, a prominent pulmonic compound of the
second heart sound, and leg edema. Electrocardiogram showed
right axis deviation, pulmonary P waves, and rSR0 in V1. Hemato-
logical and biochemical tests showed: leukocytosis (16.02 k/
mL�80% neutro), Hct at 49.9%, Hb of 16.6 g/dL, normal procalcitonin
but elevated C-reactive protein of 3.250 mg/dl, normal troponin,
and elevated b-type natriuretic peptide levels. Heart echocardiog-
raphy revealed right heart enlargement, tricuspid valve regurgita-
tion, and an estimated right ventricular systolic pressure (RVSP) of
68 mm Hg. The left heart maintained normal dimensions and
systolic function, but the intraventricular septum was flattened
forming a D-shaped left ventricle. The patient underwent pulmo-
nary function tests indicating moderate restrictive lung disease
with a FVC of 63% pred, TLC of 50.6% pred and a diffusing capacity
for carbon monoxide (DLCO) of 19% pred. Thoracic high resolution
CT revealed modest honeycombing, ground-glass opacities with
fibrotic compound, traction bronchiectasis, and thickening of
interlobular septa (illustrated in Image 1). A ventilation perfusion
scanwas urgently performed and showed normal perfusion. A right
heart catheterization confirmed precapillary pulmonary hyper-
tension [PAP (s/d/m):74/35/51 mm Hg, PAWP: 12 mm Hg, Right
Atrial Pressure: 11 mm Hg, Cardiac Index: 1.6 L/min/m2, SvO2: 64%,
PVR: 13Wood units, SaO2: 89%]. Early upfront combination therapy
was planned for the patient and she was immediately treated with
inhaled iloprost six times a day and tb sildenafil 20 mg tqd com-
bined with her previous treatment of iv furosemide and per os
methylprednisolone. Her oxygenation status gradually improved.
By Day 10, she was able to maintain a pO2 of 58 mm Hg with 5 lt/
min through nasal cannula. She was discharged on Day 15 with
further improvement of oxygenation. At the one-year follow up she
was stable under oxygen therapy in functional class NYHA III [New
York Heart Association class III].
2.2. Case 2

In 2008, a 68-year old patient was presented with dyspnea on
exertion and type 1 respiratory failure. The patient had seropositive
rheumatoid arthritis (rheumatoid factor: 787, cyclic citrullinated
peptide antibodies > 300, elevated c-reactive protein and eryth-
rocyte sedimentation rate) with erosive arthritis in both upper
(metacarpophalangeal joints, wrists, elbows) and lower extremities
(metatarsophalangeal joints) and pulmonary fibrosis. The patient
Image 1. Chest X-ray (right) showing right atrium enlargement and chest CT-scan (left) sho
bronchiectasis, and thickening of interlobular septa.
had received previous treatment with methotrexate plus methyl-
prednisolone, leflunamide, cyclosporine, and abadacept, all unable
to control his arthritis (DAS28 score ¼ 5.92, high disease activity)
and was treated with azathioprine and methylprednisolone at the
time of presentation. He underwent chest X-ray showed enlarge-
ment of proximal pulmonary arteries. Lung function tests revealed
slightly diminished total lung capacity (5.8 lt, 82.3% pred) and a
greatly impaired DLCO (55%). The patient could only walk 150 m
with desaturation of 10% in a 6-minwalking test (6MWT). Chest CT
revealed a reticulonodular pattern with honeycombing and mild
lymphadenopathy. On echocardiography, the estimated RVSP was
105 mm Hg and there were also signs of left ventricular diastolic
dysfunction. Right heart catheterization was performed after
excluding acute pulmonary embolism and chronic thromboembolic
disease. The measured mPAP was 63 mm Hg and the PAWP was
10 mm Hg. The patient started treatment with oxygen, ambri-
sentan, furosemide, and spironolactone, resulting in the improve-
ment of symptoms, and exercise capacity. Seven years later he
complained about deterioration in dyspnea on exertion. A chest CT
scan revealed similar fibrotic lesions with preserved pulmonary
volumes (TLC ¼ 5.4 lt, 78.3% pred), while DLCO was further
diminished (34.2% pred). He could only walk 70 m due to severe
hypoxia. Echocardiography revealed an estimated RVSP of 120 mm
Hg and a CT angiography was negative for pulmonary embolism.
Deteriorationwas attributed to the progression of vasculopathy and
therapy was intensified, by adding tadalafil and inhaled iloprost to
the previous ambrisentan monotherapy. The patient was gradually
stabilized with less dyspnea on exertion, smaller degree of desa-
turation, and improved functional capacity.
2.3. Case 3

The third case involves an 80-year old woman, ex-smoker, with
seronegative rheumatoid arthritis (negative rheumatoid factor and
cyclic citrullinated peptide antibodies, elevated c-reactive protein,
synovitis in 10 small joints and 6 large joints) treated with
azathioprine, and prednisolone, presented with dyspnea on exer-
tion, and severe functional limitation. The patient has previously
received various disease modifying antirheumatic drugs such as
methotrexate, leflunomide and infliximab, which did not control
effectively joint disease. The patient also reported treatment with
acenocoumarol and long term oxygen therapy for five years after an
episode of pulmonary embolism that was not further evaluated. On
clinical examination, crackles in basal lung fields, leg edema, and
kyphoscoliosis were identified. Blood gas analysis on 5 lt O2/min
revealed a pO2 of 54 mmHg. She could not walk more than 25 m in
a 6MWT due to extreme dyspnea. Lung function tests revealed a
mild obstructive-restrictive impairment and a moderately dimin-
ished DLCO. An echocardiogram was next performed, revealing
wing modest honeycombing, ground-glass opacities with fibrotic compound, traction
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diastolic dysfunction along with an elevated estimated RVSP of
85 mm Hg. On high resolution CT, ground glass lesions, mosaic
pattern, and atelectasis were visible (as illustrated in Image 2),
whereas on a CT-angiography there is no evidence of pulmonary
embolism. Intravenous diuresis was initiated and slight improve-
ment was observed. Due to the patient's history of pulmonary
embolism and the mosaic pattern in HRCT, chronic thromboem-
bolic pulmonary disease was suspected. A triplex sonogram of
lower limb veins revealed indeed an old thrombus and post-
thrombotic lesions, whereas a ventilation perfusion scan
confirmed the diagnosis of chronic thromboembolic disease as it
revealed multiple perfusion defects. Thrombophilia testing identi-
fied an elevated activated protein C resistance value. Finally, right
heart catheterization with pulmonary angiography were per-
formed, confirming pulmonary hypertension [mPAP: 38 mm Hg,
PAWP: 12mmHg, PVR: 4.5Wood units, CI: 3.4 L/min/m2, and SvO2:
58%]. The patient was judged inoperable due to distal disease and
significant comorbidities. Medical treatment with riociguat was
initiated. Her functional status is now NYHA II, she can walk more
than 250 m in a 6MWT, and plasma BNP levels are reduced.
3. Discussion

Prevalence of PAH in patients with CTDs as reported in several
studies can range from 2.8% to 32%. The prevalence in patients with
systemic sclerosis fluctuates from 3.6% to 32%. An important issue
seems to be the inflation of PAH prevalence estimate when echo-
cardiography is used for the diagnosis. In studies for systemic
sclerosis based on right heart catheterization, PAH prevalence is
8.2%, whereas in studies based on echocardiography the prevalence
estimate is 18%. In systemic lupus erythematosus patients and
rheumatoid arthritis patients, echocardiographic data are only
available and the prevalence ranges from 2.8% to 4.2% and from 21%
to 27.5%, respectively [3]. It should be emphasized that the diag-
nosis of rheumatoid arthritis can occur in overlap with other con-
nective tissue disease, such as scleroderma where the diagnosis of
PAH is much more common. However, in this report we carefully
selected patients with a definite diagnosis of RA according to the
2010 ACR/EULAR Classification Criteria for Rheumatoid Arthritis.

Rheumatoid arthritis can provoke several pulmonary manifes-
tations. Parenchymal disease appears in 40e62% of cases as usual
interstitial pneumonia [4,5], but can also appear as nonspecific
interstitial pneumonia, acute interstitial pneumonia or diffuse
alveolar damage and organizing pneumonia [6]. Pleural disease is
also common, involving pleural effusion, pneumothorax, bron-
chopleural fistula, and trapped lung syndrome. Another manifes-
tation can be airway obstruction as the result of cricoarytenoid
arthritis, bronchiectasis, follicular bronchiolitis, and obliterative
bronchiolitis. Apart from parenchymal lesions, vascular disease can
Image 2. HRCT: ground glass lesions, mosaic pattern, and atelectasis.
also appear, including pulmonary hypertension, and rheumatoid
vasculitis.

Furthermore, the risk of venous thromboembolism appears to
be increased probably due to prothrombotic effects of chronic
inflammation [7,8]. This diversity of manifestations complicates
clinical presentation and respiratory symptoms are often masked
as patients diminish their activity due to joint disease [6].

Treatment options include vasodilators of the pulmonary cir-
culation targeting the reduction of pulmonary vascular resistance
and augmentation of cardiac output and of mixed venous blood
saturation. However, treatment with vasoactive agents in patients
with lung fibrosis carries the risk of deteriorating hypoxemia due to
the inhibition of hypoxic vasoconstriction in low ventilation/
perfusion lung units. Frequent monitoring of vital signs and satu-
ration is of great significance when a vasodilator is introduced to a
patient's treatment. Furthermore, selective pulmonary vasodilation
by inhalation of the vasoactive agent is an appealing option in order
to circumvent the risk of aggravating ventilation/perfusion
mismatch, which appears with systemic vasodilatory therapy.

The aforementioned data describe our strategy in the first case
presented. For this critical PH patient, upfront combination therapy
with inhaled iloprost and per os sildenafil was decided due to the
presence of severe right ventricular dysfunction. This case was
challenging, due to concomitant lung fibrosis. Discrimination be-
tween Pulmonary Arterial Hypertension associated with connec-
tive tissue disease (group 1) and PH caused by lung disease (group
3) was difficult. Specific drug therapy is highly indicated for group 1
patients. On the other hand, group 3 patients may benefit from
targeted therapy, yet there is no evidence for long term effects and,
thus, treatment is not approved. Some evidence exists for sildenafil
use in idiopathic pulmonary fibrosis. This phosphodiesterase-5
inhibitor preferentially vasodilates well-ventilated lung units, and
appears to ameliorate gas exchange and dyspnea in these patients
[9].

The case was also a strong reminder of the importance of early
identification of pulmonary hypertension as the patient received
her diagnosis inside the RICU during severe respiratory failure.
Immediate upfront combination therapy prevented the need for
mechanical ventilation and its possible deleterious hemodynamic
and infectious complications.

Pulmonary hypertension occurs usually within the context of
interstitial lung disease, but cases of isolated pulmonary hyper-
tension due to vasculopathy have also been reported [10]. The
second case was an example of isolated PH in the absence of severe
interstitial disease, classified as Pulmonary Arterial Hypertension
(group 1). Pulmonary function tests of the patient only revealed
severe impairment of the DLCO with preserved lung volumes. TLC
values could not justify his severe pulmonary hypertension. Vas-
culopathy was rapidly progressing, resulting in severe functional
impairment. This patient has also undergone several changes in his
immunosuppressive therapy due to severe progression of erosive
arthritis. The effect of immunosuppressive therapy for rheumatoid
arthritis on the evolution of pulmonary hypertension appears
controversial in the current literature [11,12]. In general, they have a
beneficial effect in controlling lung involvement in CTD, but none of
them carries a specific indication for CTD-interstitial lung disease,
and their effectiveness has not been properly studied [13].

The third case was significantly more complex. Rheumatoid
arthritis, left heart diastolic dysfunction, kyphoscoliosis, and prior
smoking history can justify functional impairment and CT findings.
Indeed, they were attributed to the cumulative effect of multiple
causes and further evaluationwas not provided to an old, yet active,
patient. The diagnosis of chronic thromboembolic disease is often
delayed, as a discrete acute episode of pulmonary embolism is not
clinically apparent in up to 62% of patients with proximal disease
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and 49%of thosewith distal disease. Speculation of such diagnosis is
low, particularly, in a non specialized center [14].

4. Conclusions

Rheumatoid arthritis associated pulmonary hypertension can be
attributed to interstitial lung disease, vascular disease, and chronic
thromboembolic disease. Chronic inflammation reduces patient's
functional capacity and conceals early symptoms of cardiovascular
disease and pulmonary hypertension. Clinicians should suspect PH
and pursue further diagnostic testing when a) symptoms are
disproportionate to the severity of parenchymal lung disease, b)
exercise limitation is disproportionate to lung volume abnormal-
ities, and c) prominent arterial oxygen desaturation occurs during
exercise. RHC is the gold standard method for the diagnosis of PH.
Early diagnosis and treatment prevents right heart failure and
significantly enhances quality of life.
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