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Abstract

Objective The authors sought to evaluate the diagnostic
accuracy of high-resolution computed tomography (HRCT)
in the detection of pulmonary veno-occlusive disease
(PVOD) in patients with pre-capillary pulmonary arterial
hypertension (PAH) of unknown aetiology, and to identify
the role of CT in diagnosis and therapy.

The CT scans of 96 patients were
retrospectively reviewed and assessed for specific HRCT
findings: ground-glass opacities, septal lines and medias-
tinal lymph nodal enlargement (short diameter >1 cm).
According to the HRCT findings, patients were divided
into PVOD-suspicious and not PVOD-suspicious.

Materials and methods
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Subsequently, a clinical-instrumental evaluation was per-
formed, and the response to therapy and histopathological
reports were evaluated.

Results Radiological evaluation based on HRCT findings
revealed 29 patients as PVOD-suspicious and 67 as not
PVOD-suspicious. The final diagnosis was PVOD in 22
patients and idiopathic PAH in 74 patients. The CT scan
showed 95.5 % sensitivity, 89 % specificity, 72.5 % posi-
tive predictive value, and 98.5 % negative predictive value,
with a diagnostic accuracy of 90.5 % in identifying patients
with PVOD.

Conclusions Chest CT can be considered a screening test
in the assessment of patients with PAH of unknown aeti-
ology, and the radiologist can help the clinician to identify
patients with CT findings that make PVOD highly
probable.

Keywords Pulmonary veno-occlusive disease -
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diagnosis

Introduction

With less than 200 cases described in the literature, pul-
monary veno-occlusive disease (PVOD) is a rare form of
pulmonary arterial hypertension (PAH) [1] which is asso-
ciated with a worse prognosis compared to idiopathic PAH
(IPAH) [2, 3]. Although the aetiology has not yet been
identified, several risk factors are thought to be involved
including infection, chemotherapy toxicity [4], radiation,
autoimmunity and genetic predisposition [5-8].

Signs and symptoms are not specific and mimic those of
other disorders; they include dyspnoea, fatigue, chest pain,
haemoptysis, cyanosis, pulmonary crackles on auscultation
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and clubbing on physical examination. Haemosiderin-laden
macrophages in the bronchoalveolar lavage (BAL) fluid,
low diffusion of carbon monoxide (DLCO) in pulmonary
function tests as well as low partial pressure of oxygen in
arterial blood (PaO,) may also be found.

The key histopathological hallmark is a widespread
fibrous intimal proliferation, typically “patchy” in distri-
bution that predominantly involves the pulmonary venules
and small veins, with a gradual reduction of the vascular
lumen until complete occlusion [9]; the central recanali-
sation of the obstructed venous vessel is frequently
observed [10]. Other histopathological alterations involve
the interlobular septa, lung parenchyma and pulmonary
arteries. The interlobular septa are typically oedematous
and contain dilated lymphatic vessels. In the lung paren-
chyma, patchy areas of alveolar capillary dilatation (so-
called loop-like appearance) are present upstream from the
narrowed and occluded veins; in these areas there is often
interstitial fibrosis, haemorrhage, and intra-alveolar hae-
mosiderin-laden macrophages, probably due to chronic
passive congestion. With regard to the pulmonary arterial
circulation, the muscular pulmonary arteries show medial
hypertrophy, while the arterioles become muscularised
secondary to post-capillary obstruction of venous drainage
[11, 12].

PVOD remains a clinical entity difficult to classify; it
shares some features with pre-capillary forms of PAH, but
there are histopathological, clinical and therapeutic differ-
ences. For this reason, together with pulmonary capillary
haemangiomatosis (PCH), PVOD has been included in a
distinct category but not completely separated from IPAH,
according to the latest guidelines of the European Society
of Cardiology and European Respiratory Society (Table 1)
[13].

As PVOD and PCH are clinically, radiologically and
therapeutically indistinguishable, the differential diagnosis
between these two conditions is based on histological
examination, when available: the most distinctive histo-
logical feature of PCH is the proliferation of capillary
channels within the alveolar walls, with secondary arterial
alterations, typically without alterations in venules and
interlobular septa [12].

Although the definitive diagnosis of PVOD is based on
histology, affected individuals are often too debilitated to
undergo a lung biopsy, which is an invasive procedure
associated with a significant risk of mortality [14]; thus,
diagnostic confirmation is wusually obtained through
autopsy in the event of death, or through examination of
the explanted lung in the case of lung transplantation.
However, in some cases, histological examination fails to
provide sufficient information to discriminate between
PVOD and PCH, such as when the biopsy material is
insufficient and does not contain septa or when the loop-
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Table 1 Clinical classification of pulmonary hypertension according
to the ESC/ERS guidelines [13]

1 Pulmonary arterial hypertension (PAH)
1.1 Idiopathic
1.2 Heritable
1.2.1 BMPR2

1.2.2 ALK]1, endoglin (with or without hereditary
haemorrhagic telangiectasia)

1.2.3 Unknown

1.3 Drugs and toxins induced

1.4 Associated with (APAH)
1.4.1 Connective tissue diseases
1.4.2 HIV infection
1.4.3 Portal hypertension
1.4.4 Congenital heart disease
1.4.5 Schistosomiasis
1.4.6 Chronic haemolytic anaemia

1.5 Persistent pulmonary hypertension of the newborn

1’ Pulmonary veno-occlusive disease and/or pulmonary capillary
haemangiomatosis

2 Pulmonary hypertension due to left heart disease
2.1 Systolic dysfunction
2.2 Diastolic dysfunction
2.3 Valvular disease
3 Pulmonary hypertension due to lung diseases and/or hypoxia
3.1 Chronic obstructive pulmonary disease
3.2 Interstitial lung disease

3.3 Other pulmonary diseases with mixed restrictive and
obstructive pattern

3.4 Sleep-disordered breathing
3.5 Alveolar hypoventilation disorders
3.6 Chronic exposure to high altitude
3.7 Developmental abnormalities
4 Chronic thromboembolic pulmonary hypertension

5 Pulmonary hypertension with unclear and/or multifactorial
mechanisms

5.1 Haematological disorders: myeloproliferative disorders,
splenectomy.

5.2 Systemic disorders: sarcoidosis, pulmonary Langerhans
cell histiocytosis, lymphangioleiomyomatosis,
neurofibromatosis, vasculitis

5.3 Metabolic disorders: glycogen storage disease, Gaucher
disease, thyroid disorders

5.4 Others: tumoural obstruction, fibrosing mediastinitis,
chronic renal failure on dialysis

ALK-1 activin receptor-like kinase 1 gene, BMPR2 bone morphoge-
netic protein receptor, type2, HIV human immunodeficiency virus

like capillary dilation and the proliferative lesions of the
capillaries are indistinguishable.

For these reasons, the diagnosis is routinely established
by algorithms of various investigative tests and procedures
(clinical suspicion, physical examination, and radiological
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findings) which provide a diagnosis of high probability of
PVOD [15]. Table 2 summarises the instrumental findings
suggestive of PVOD.

In PVOD, the X-ray examination only shows Kerley B
lines and peripheral interstitial thickening in addition to the
classic signs of PAH (ectasia of the pulmonary arteries/
pulmonary trunk and cardiomegaly with a prevalence of
right sections).

Computed tomography (CT), especially the high-reso-
lution study of the lung parenchyma (HRCT), is nowadays
considered an integral part of the diagnostic workup of
PVOD [16], owing to the detection of smooth thickening of
the interlobular septa, ground-glass opacities, increased
size of the mediastinal lymph nodes, pleural and pericardial
effusions [17, 18] (even though the importance of pleuro-
pericardial effusion is still controversial) [19].

Because of the lack of response of IPAH to drug therapy
which consists in vasodilators (prostanoids, antagonists for
the endothelin receptor, inhibitors of phosphodiesterase
type 5) and which might even worsen the prognosis due to
the onset of severe, at times fatal, pulmonary oedema, the
only curative therapy for PVOD is represented by cardio-
pulmonary or lung transplantation [20, 21]. Therefore, a
correct and timely diagnosis becomes crucial to start an
adequate medical treatment.

The aim of our study was to evaluate the diagnostic
accuracy of HRCT for POVD in a large group of patients
with pre-capillary PAH of unknown aetiology, and assess
the influence of HRCT findings in determining the diag-
nosis and subsequent treatment.

Materials and methods
We retrospectively evaluated the CT scans of 131 patients

with pre-capillary PAH of unknown aetiology performed
between 2005 and 2012, as part of the diagnostic algorithm

Table 2 Diagnostic-instrumental findings suggestive of PVOD

Right heart catheterisation mPAP >25 mmHg
PWP <15 mmHg

Arterial blood gases PaO, <70 mmHg

Pulmonary function tests DLCO <55 %
Bronchoalveolar lavage Haemosiderin-containing
macrophages

Ventilation/perfusion lung
scan

Normal or patchy perfusion defects

mPAP value >25 mmHg at rest, measured by right heart catheteri-
sation, is suggestive of pulmonary hypertension

mPAP pulmonary arterial pressure, PWP pulmonary wedge pressure,
PaO, partial pressure of oxygen, DLCO lung diffusion capacity for
carbon monoxide

“Pulmonary Hypertension” of our institute. Patients with
CT signs of chronic pulmonary emphysema, interstitial
fibrosis and left ventricular failure were excluded from the
study. We finally considered a total of 96 patients (71 %
women and 29 % men), aged between 19 and 86 years,
with a mean age of 51 years.

CT protocol

All the examinations were performed with multidetector
CT (SOMATOM Cardiac 16, Siemens, Forchheim, Ger-
many), with the patent in the supine position and during
one deep inspiratory breath-hold; they included HRCT
scans for the evaluation of the lung parenchyma and a CT
angiography study of the pulmonary arteries.

Standard parameters were as follows: slice thickness,
0.75 mm; reconstruction increment, 0.5 mm; 120 kV;
180 mAs; during postprocessing, 2-mm-thick sections with
a reconstruction increment of 1 mm both with window for
lung parenchyma and with window for the mediastinum.

The CT angiography study was performed with the
bolus-tracking method (delay of 5 s from the detection of
an enhancement threshold of 200 HU within a region of
interest placed in the pulmonary artery), with the intrave-
nous injection of 80 ml of nonionic iodinated contrast
medium (Iomeron 400, Bracco SpA, Milan, Italy), fol-
lowed by a bolus of normal saline (40 ml), infused with an
automatic injector at a flow of 4 ml/s.

Image analysis

The CT images were analysed by four thoracic radiologists
who evaluated the HRCT findings specific for POVD:

— Ground-glass opacities, characterised by increased
parenchymal density with preservation of bronchial and
vascular structures;

— Smooth thickening of the interlobular septa, char-
acterised by thin linear or polygonal opacities which
define pulmonary lobules.

Enlargement of mediastinal lymph nodes (short
diameter >1 cm).

Findings consistent with but not specific for POVD were
evaluated as well, such as dilatation of the pulmonary arteries
(diameter of the common trunk >30 mm), pleural and peri-
cardial effusion, dilatation of right heart chambers, throm-
boembolic phenomena and cardiac/lung malformations.

Diagnostic process
The radiological assessment divided patients into two

groups based on the presence of at least two of the three
abovementioned specific HRCT signs: POVD-suspicious
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(group 1) and not POVD-suspicious (group 2). We subse-
quently evaluated the results of other noninvasive clinical
and instrumental investigations, such as PaO,, DLCO and
the 6-minute walking test (6 MWT), based on which the
therapy was started. Finally, a post-therapy assessment was
performed based on the development of pulmonary oedema
secondary to treatment with vasodilators, and on the his-
tological results, if available.

Statistical analysis

The significance of each HRCT finding for the diagnosis of
POVD was calculated with the Fisher exact test. Sensitiv-
ity, specificity, positive predictive value, negative predic-
tive value, diagnostic accuracy of CT and likelihood ratio
were calculated using the software Openepi (Www.openepi.
com, copyright ‘The Open Source Initiative’).

Results

On the basis of the presence of at least two HRCT findings
specific to POVD, 29 patients (8 men and 21 women) were
considered POVD-suspicious (30 %, group 1), and 67 not
POVD-suspicious (70 %, group 2). All patients had both a
dilatation of the pulmonary arteries and right heart cham-
bers, consistent with PAH; in no case was thromboembo-
lism or cardiopulmonary malformations documented.

As a result of the clinical-instrumental analysis, among
the 29 patients of group 1, 15 were finally classified as
IPAH and therefore received treatment with vasodilators;

complications, while seven patients developed pulmonary
oedema leading to a subsequent reclassification of their
diagnosis from IPAH to POVD. In group 2, all 67 patients
were classified as IPAH, with only one patient developing a
severe pulmonary oedema after treatment and being
reclassified as POVD (Fig. 1).

The histological diagnosis was available for 11 subjects
(autopsy in one case and histological examination of the
explanted lung after transplantation in 10 cases): POVD
was confirmed in five, while IPAH was demonstrated in six
subjects (Fig. 1). From the association of radiological,
clinical-instrumental and post-treatment evaluation as well
as of histological examination (when available), the final
diagnosis was POVD in 22 cases and IPAH in the
remaining 74.

Based on the presence of at least two specific HRCT
signs, the CT evaluation showed a sensitivity of 95.5 %
(95 % CI 78.2-99.2), a specificity of 89 % (95 % CI
80.1-94.4), a positive predictive value of 72.5 % (95 % CI
54.3-85.3) and negative predictive value of 98.5 % (95 %
CI 92-99.7), with a diagnostic accuracy of 90.5 % (95 %
CI 83.1-94.9), positive likelihood ratio of 8.83 and a
negative likelihood ratio of 0.05.

Among the HRCT signs, septal thickening and ground-
glass opacities demonstrated greater levels of significance
(p < 0.0001) than the enlargement of mediastinal lymph
nodes (p = 0.01). The presence of pleural and pericardial
effusion was not statistically linked to POVD (p = 0.056
and p = 0.3).

Although the histological confirmation of POVD was
available for only a small number of patients, all five of

eight patients did not present any post-therapy  them (100 %) showed smooth thickening of the
Fig. 1 Diagnostic efficacy of
high-resolution computed HRCT .y y
tomography (HRCT). PVOD suspicion Not PVOD suspicion
According to the HRCT 29 67
findings, patients were
subdivided into pulmonary /
veno-occlusive disease / \ / \
(PVOD)-suspicious and not clinical
PVOD-suspicious. After an ;
overall clinical evaluation and a evaluation PVOD 14 IPAH 15 PVODO IPAH 67
post-therapy revaluation, a final
diagnosis of PVOD was made in | /
22 patients and one of idiopathic l / \ / \,
pulmonary arterial hypertension Post therapy
(IPAH) in 74 patients luati PVOD 14 PVOD 7 IPAH 66
I tdtion (histological (histological IPAH 8 PVOD 1 (histological
specimens4) specimens 1) specimens 6)
HRCT
diagnostic TRUE POSITIVES 21 TRUE NEGATIVES 66
: FALSE POSITIVES 8 FALSE NEGATIVES 1
efficacy
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interlobular septa associated with ground-glass opacities
and enlargement of the mediastinal lymph nodes (Fig. 2);
in two cases pleural and pericardial effusion was also
detected. In none of the six patients with a histological
diagnosis of IPAH, were septal thickening or enlarged
lymph nodes documented, while ground-glass opacities
were observed in three cases.

Discussion and conclusions

In the diagnostic classification of patients with evidence of
PAH of unknown aetiology and pre-capillary pulmonary
hypertension at right heart catheterisation, the early iden-
tification of those with POVD and the differential diagnosis
with IPAH are crucial. In fact, if these patients are treated
with combined therapies of vasodilators, which are the
gold-standard in IPAH, they may develop a severe, at times
fatal, pulmonary oedema [22, 23] (Fig. 3).

The findings of noninvasive instrumental investigations
most suggestive of POVD are DLCO <55 % than predicted
(64.3 % sensitivity, 89 % specificity) and PaO, < 70 mmHg
(with a significant difference between patients with POVD
and with IPAH, 61.3 + 17.3 versus 75.4 + 13.8 mmHg,
respectively) [24].

CT plays an important role in the diagnosis since it
allows the identification of some specific signs highly
suggestive of POVD. In our study, the thickening of the
interlobular septa and ground-glass opacities showed the
highest level of significance for POVD (p < 0.0001), in
agreement with data available in the literature [17, 18],
followed by mediastinal lymphadenomegalies (p = 0.01).
By contrast, the presence of pleural and pericardial effu-
sion, even though quite frequent in these patients, iS not
sufficiently specific for the differential diagnosis with other
forms of pre-capillary PAH.

The association of at least two specific HRCT signs
among septal thickening, ground glass and enlarged lymph
nodes, showed a sensitivity of 95.5 % and a specificity of
89 %, with a positive predictive of 72.5 %. Moreover,
thanks to the high negative predictive value of CT
(98.5 %), the absence of specific HRCT signs allows the
exclusion of POVD.

From the comparison between the HRCT findings and
the histological examination, we found that all patients
with a histological diagnosis of POVD showed smooth
thickening of the interlobular septa, ground-glass opacities
and enlarged lymph nodes. None of the six patients with a
histological diagnosis of IPAH presented septal thickening
or enlarged lymph nodes, and three of them had ground-

Fig. 2 HRCT of the chest in PVOD. Apical (a) and basal (b) septal lines. Ground-glass opacities with panlobular pattern (c). Mediastinal lymph

nodes and dilated pulmonary arteries (d)
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Fig. 3 HRCT suspicion for PVOD. Bibasal septal lines (a). Pulmonary oedema with bilateral pleural effusion and ground-glass opacities after

vasodilatator therapy

glass only; this is further evidence of the importance of the
association of the three HRCT signs for the diagnosis of
POVD.

Our study has some limitations, including the small
number of histological examinations and the lack of data
from BAL, which is not routinely performed. In our
opinion, BAL should be integrated with other radiological
and clinical investigations because it is a repeatable and
easy examination which allows the identification of hae-
mosiderin-laden macrophages (frequently observed in
POVD and rarely in IPAH) [25-27].

To conclude, chest CT should be considered in the
screening of patients with PAH of unknown aetiology; the
radiologist could cooperate with the clinician in the rec-
ognition of individuals with a suspected POVD, whose
treatment is different from that of IPAH due to the risk of a
fatal pulmonary oedema. According to the international
guidelines, these patients should be followed in highly
specialised centres and closely monitored for the early
identification of possible complications due to the admin-
istration of vasodilator therapy.
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