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Pulmonary veno-occlusive disease (PVOD) is a rare disorder that can be misdiagnosed as
idiopathic pulmonary arterial hypertension (PAH) and accounts for 5-10% of cases initially
considered as idiopathic PAH. PVOD and idiopathic PAH share a similar clinical presentation,
genetic background and hemodynamic profile. A definite diagnosis of PVOD necessitates a
surgical biopsy, but since it represents a high-risk procedure in these patients, it is contraindicated.
Therefore, a noninvasive diagnostic approach using chest high-resolution computed tomography,
arterial blood gas analysis, pulmonary function tests and bronchoalveolar lavage is helpful to
detect PVOD. PVOD is characterized by a poor prognosis and the possibility of developing severe
pulmonary edema with specific PAH therapy. Lung transplantation remains the treatment
of choice.

Keyworbps: chest high-resolution computed tomography e pulmonary arterial hypertension e pulmonary
veno-occlusive disease ® small pulmonary vein obstruction e vasodilator drugs
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Pulmonary veno-occlusive disease (PVOD) is a rare disorder clas-
sified as a subgroup of pulmonary arterial hypertension (PAH) 1].
PAH is a heterogeneous group of diseases, defined as an increase in
resting mean pulmonary arterial pressure (mPAP) 225 mmHg and
a pulmonary capillary wedge pressure (PCWP) <15 mmHg, that
can lead to right heart failure and death [1.2]. PVOD shares several
characteristics with idiopathic PAH, from risk factors to clini-
cal presentation, which can easily lead to misdiagnosis between
these two conditions. PVOD and PAH are both severe and have
clinical and hemodynamic similarities (Taste 1). These two condi-
tions can only be distinguished by the PVOD histopathological
hallmark, which is represented by a widespread fibrous intimal
proliferation that predominantly involves the pulmonary venules
and small veins [3.4], while idiopathic PAH is characterized by a
major remodeling of small pre-capillary pulmonary arteries with
frequent plexiform and possible thrombotic lesions. Histological
proof is required for a definitive diagnosis of PVOD. Since surgi-
cal lung biopsy is a high-risk procedure in these patients and it
is therefore contraindicated, the differential diagnosis between
PVOD and PAH is often challenging. The importance of estab-
lishing a correct and early diagnosis is justified by the worse
prognosis in PVOD patients compared with idiopathic PAH
patients and by the risk of developing severe pulmonary edema
with specific PAH therapy by PVOD patients [5]. Another impor-
tant clinical hallmark of PVOD is that patients exposed to novel
PAH-specific treatments may experience an abrupt and potentially
life-threatening deterioration [¢]. Clinical worsening as a result of
disease progression is almost universal and few patients are alive
more than 2 years after diagnosis. It has been hypothesized that
idiopathic PAH and PVOD may represent two parts of the same
disease spectrum, with lesions preferentially affecting pre-capillary
vessels in PAH and post-capillary vessels in PVOD. Owing to the
differences in pathological assessment, in response to specific PAH
therapy and in prognosis, PVOD is now more clearly identified as

a unique subgroup of PAH (revised classification of the 4th World
Symposium on pulmonary hypertension [1]). PVOD remains a
challenging entity from both a diagnostic and therapeutic point
of view. This article aims to provide current knowledge of PVOD.

Epidemiology & risk factors

As PVOD is a difficult-to-diagnose subgroup of a rare disease,
the prevalence and incidence are difficult to evaluate. PVOD,
without any associated conditions, is an infrequent subgroup of
a rare disease and is usually considered to represent approximately
5-10% of histological cases where patients were initially diagnosed
as ‘idiopathic’ PAH [7]. Based on data from the French National
PAH Registry, we estimate that the annual incidence of PVOD is
approximately 0.1-0.2 cases per million in the general population:
these data are probably underestimated owing to the diagnostic
difficulties [8,9].

As observed in idiopathic PAH, PVOD has been diagnosed
throughout a very wide age range, from the first weeks of life to the
seventh decade [7]. With regard to sex distribution, PVOD occurs
equally in men and women whereas idiopathic PAH has a clear
female predominance [2,8-10].

As previously described in idiopathic PAH, we have shown
that even in the absence of a diagnosed autoimmune disorder,
PVOD shares a similar autoimmune background with idiopathic
PAH: auto-antibodies (antinuclear, antiphospholipid or thyroid
antibodies) were found in 30 and 33% in PVOD and idiopathic
PAH, respectively [s]. PVOD can also occur in conditions usually
associated with pulmonary hypertension including connective
tissue diseases [11-13], sarcoidosis [14], pulmonary Langerhans cell
histiocytosis [7.15,16] and, more rarely, HIV infection [17-19].

There is a clear and significant risk of developing PAH after
anorexigen (fenfluramine derivatives) exposure and it has been
clearly demonstrated that PAH associated with anorexigens shares
asimilar presentation and evolution to idiopathic PAH [20-24]. We
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Table 1. Selected characteristics of idiopathic pulmonary arterial hypertension and idiopathic pulmonary

veno-occlusive disease.

Genetic mutations BMPR2 mutations in 10-40% of cases

Female predominance Yes (female:male = 2:1)

Tobacco exposure Unrelated

Chemotherapy Case reports

Auscultatory crackles No

Clubbing Possible

Hemoptysis Possible

FEV,, FVC, TLC Normal (possible mild restrictive pattern)

DL, and DL_,/VA Often reduced

PaO, at rest Often reduced

Normal
(important to exclude other causes of PH)

High-resolution CT scan
of the chest

Bronchoalveolar lavage Normal

Acute NO testing
CCB response and better prognosis

Response to PAH therapy Improve hemodynamics, functional status

and outcome

When positive, it is predictive of long-term

Cases of BMPR2 mutation

No (female:male = 1:1)
More frequent and higher exposure than in iPAH

Case reports

Possible
Possible

Possible

Normal (possible mild restrictive pattern)
Lower than iPAH
Lower than iPAH

Frequent association of abnormalities including centrilobular
ground-glass opacities, septal lines and lymph node
enlargement

Possible occult alveolar hemorrhage

Not a predictor of CCB response (risk of pulmonary edema
after initiation of CCB)

May deteriorate PVOD with a risk of pulmonary edema.
Cases of transient stabilization (bridge therapy to LTx)

CCB: Calcium channel blockers; DL : Diffusing capacity of the lung for carbon monoxide; FEV,: Forced expiratory volume in 1 s; FVC: Forced vital capacity;
LTx: Lung transplantation; NO: Nitric oxide; PAH: Pulmonary arterial hypertension; PaO,: Partial pressure of arterial oxygen; PVOD: Pulmonary veno-occlusive disease;

SpO,: Pulsoximetry saturation of O,; TLC: Total lung capacity; VA: Alveolar volume.
Table reproduced with permission from [93].

have recently reported a case of PVOD in a patient with a history of
fenfluramine exposure, therefore suggesting a possible association
between anorexigen exposure and PVOD [3].

PVOD has been reported in association with various chemo-
therapy regimens including bleomycin, bis-chloronitrosourea
and mitomycin [25-28] and after bone marrow transplanta-
tion [29-36]. Chemical exposure has been suggested to influence
the development of PVOD while it is not considered as a risk
factor of PAH. This association has been reported in isolated
case reports; however, the two largest series of PVOD found
no significant association with chemical exposure, but did not
include specific exposure history elicited by questionnaire [8.10].
In a recent series, we reported a higher tobacco exposure and
an increased proportion of smokers in PVOD as compared with
idiopathic PAH (3]. Even if it has been previously demonstrated
that tobacco exposure may contribute to pulmonary vascular
injury [37.38], it is not clear why tobacco exposure would be a
specific risk factor for PVOD and not for PAH [21].

Genetic analysis performed in PAH patients revealed the pres-
ence of a germline mutations in the bone morphogenetic protein
receptor 2 (BMPR?2) gene in approsimately 75% of familial cases

and in 10-40% of apparently idiopathic PAH [39-41]. Because
BMPR2 mutations have been detected in apparently idiopathic
cases with no family history, the distinction between idiopathic
and familial BMPR2 mutation carriers may be artificial. All
patients with BMPR2 mutations have heritable disease, whether
the patient is the first identified case or other family mem-
bers were previously diagnosed with PAH. Therefore, recent
expert discussion pleads in favor of the term ‘heritable’ PAH
to describe these genetic forms of the disease [1]. Interestingly,
PVOD can appear in a familial context and some patients with
a definite diagnosis of PYOD have been reported to carry a
BMPR2 mutation. These observations suggest the existence
of a genetic risk factor in the development of PVOD [8.42-46].
The involvement of a genetic pattern in the development of
PVOD emphasizes once more the similarities between PYOD
and PAH. As in heritable PAH, ‘heritable’ PYVOD may occur in
the absence of BMPR2 mutation suggesting that other genetic
risk factors may also be contributing to the disease process [42].
In the French Referral Center for Pulmonary Hypertension, we
propose systematic screening for a possible familial history of
pulmonary vascular disease and similar genetic counseling in

WWW.expert-reviews.com
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both PAH and PVOD patients. In our center, after obtaining
written informed consent, exonic and intronic point mutations
and large rearrangements of the BMPR2 gene were searched as
previously described [47].

Clinical presentation

Idiopathic PAH and PVOD have very similar clinical presen-
tations, therefore the differentiation between these two enti-
ties is difficult and the clinical exam is often unhelpful. As in
PAH, progressive dyspnea on exertion is the main symptom in
PVOD, although often neglected by patients, leading to the
frequent diagnostic delay. In PVOD, most of the patients have
severe exertional dyspnea with a New York Heart Association
(NYHA) functional class III or IV at the time of the diagno-
sis [8,10]. We found no difference in NYHA functional class
at diagnosis between patients displaying PVOD as compared
with idiopathic PAH. Right-sided cardiac dysfunction and right
ventricular failure, due to the sustained pressure overload, often
complicate the more advanced stages of the disease. Signs of
right heart failure are frequently elicited on clinical examina-
tion. Cardiac auscultation reveals a prominent pulmonic com-
ponent of the second heart sound and a systolic murmur of
tricuspid regurgitation [10]. Respiratory auscultatory crackles
may occur in PVOD patients with predominant pulmonary
infiltrates but the precise prevalence is unknown (7.10]. Pleural
effusions have been suggested to be more frequent in PVOD,
however, the studies focused on radiography with high-resolu-
tion computed tomography (HRCT) of the chest show a simi-
lar proportion of pleural effusions in both diseases [8.10,48,49].
Hemoptysis has been described in PVOD; however, in our
recent study, hemoptysis was reported infrequently and equally
in both idiopathic PAH and PVOD, confirming that alveolar
hemorrhage in PVOD is generally occult [8.50]. Clubbing and
Raynauld’s phenomenon have been reported as clinical signs in
PVOD but this was not reproduced in our recent series, as these
signs remain rare and can also occur in idiopathic PAH (s].

Diagnosis
Histopathological assessment
Pulmonary veno-occlusive disease is a rare pulmonary vascular
disease causing pulmonary hypertension and has been con-
sidered together with pulmonary capillary hemangiomatosis
(PCH), a subgroup of PAH, until recently, but is now separated
according to the latest revised classification of the 4th World
Symposium on pulmonary hypertension [1]. In PVOD, as in
PCH, vascular lesions predominate on the post-capillary level
of pulmonary vasculature. However, lesions frequently concern
both veins and arteries in lungs of patients with PVYOD. The
observed post-capillary lesions concern septal veins and pre-
septal venules and frequently consist of loose, fibrous remodel-
ing of the intima, that may totally occlude the lumen (Ficure 1).
The involvement of pre-septal venules is considered as impor-
tant, if not necessary, for the histological diagnosis of PVOD,
as fibrous occlusion of large septal veins can be encountered in
many forms of pulmonary venous hypertension, including a
frequently reported obstruction of large pulmonary veins fol-
lowing catheter ablation for cardiac atrial fibrillation [s1]. While
septal veins usually display a paucicellular, cushion-like fibrous
obstruction, intimal thickening of pre-septal venules can pres-
ent with a dense pattern and increased cellularity, including
smooth muscle cells. Pleural and pulmonary lymphatic vessels
are usually dilated. The presence of calcium-encrusting elastic
fibers in the vessel wall or the perivascular space, and consecu-
tive inflammatory activation through a foreign body giant-cell
response is considered as an argument in favor of PVOD as
compared to secondary venous hypertension [3]. Moreover,
post-capillary obstruction may frequently lead to capillary
angiectasia and even capillary angioproliferation; in PYOD
cases, doubling and trebling of the alveolar septal capillary
layers may be focally present.

Lately, this histological peculiarity has raised questions con-
cerning a possible overlap between PVOD and cases of PCH,
a disease classically characterized by an aggressive patch-like

Figure 1. Pulmonary vascular lesions in a patient suffering from pulmonary veno-occlusive disease. (A) Vascular remodeling in
a patient with pulmonary veno-occlusive disease (PVOD): septal vein displaying loose fibrosis with cushion-like narrowing of the native
lumen. (B) Vascular remodeling in a patient with PVOD: preseptal venules with occlusive intimal fibrosis; note the partial thickening

of alveolar septa due to focal multiplication of alveolar capillaries. (C) Vascular remodeling in a patient with PVOD: associated
precapillary remodeling in the same patient with typical hyperplasia of small arterioles; note numerous intra-alveolar macrophages and
capillary filling/multiplication as indirect signs of congestion due to post-capillary obstruction. (A-C) Hematoxylin-eosin stained,
magnification x100.
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angioproliferation of capillaries; indeed, Lantuejoul ez /. have
recently reported 35 cases of PVOD and PCH with a more
or less similar pattern and evoke the possiblity of the same
disease [4]. Our experiences in the French Referral Centre for
Pulmonary Hypertension, which includes a large paraffin and
frozen tissue collection confirm this view: most, if not all,
PVOD cases display patchy capillary hemangiomatosis, which
is virtually indistinguishable from the very rare cases of PCH.
This latter pseudoentity always includes fibrous lesions of veins
and venules.

Occult pulmonary hemorrhage regularly occurs in patients
displaying PVOD contrarily to idiopathic PAH where alveolar
hemorrhage is classically absent [s0]. This is possibly due to the
post-capillary bloc, and is of particular diagnostic interest, as
bronchoalveolar lavage (BAL) can reveal the presence of occult
hemorrhage. The degree of hemorrhage is evaluated semiquantita-
tively and qualitatively using the Golde Score, a siderophagic scor-
ing system firstly described in pulmonary hemorrhage of patients
suffering from leukemia [s2]. This assessment tool for the cytolo-
gist/pathologist takes the number of intra-alveolar siderin-laden
macrophages but also the degree of their staining (Perls-Prussian
blue or iron staining) into consideration. A coefficient from 1 to 4
is accorded to different staining intensities, allowing a qualitative
assessment during the cytological cell count: a Golde Score above
100 is considered as occult alveolar hemorrhage and may suggest
PVOD in the setting of pulmonary hypertension [s0]. Interestingly,
venous lesions and post-capillary obstruction in PVOD are com-
monly associated with capillary remodeling, including angiectasia
and even capillary angioproliferation (Ficure 1). A doubling or tri-
pling of the alveolar septal capillary layers may focally be observed.
Despite the constant occurrence of arterial lesions in the lungs of
PVOD patients, complex lesions, as defined here above, do not
usually occur in the context of PVOD 3].

Hemodynamic evaluation
Pulmonary capillary wedge pressure
As for all patients with suspected PAH, hemodynamic evaluation
is required in PVOD to confirm the diagnosis. Both idiopathic
PAH and PVOD patients have evidence of severe pre-capillary
PAH with an elevated resting mPAP >25 mmHg with a PCWP
<15 mmHg [1,5,53-55]. When biopsy-proven idiopathic PAH patients
were compared with a group with biopsy-proven PVOD in a recent
large series, similar hemodynamic characteristics were observed with
the exception of right atrial pressure, which was lower in PVOD [g].
Case reports [56] and case series [8,10,50] demonstrated that
PCWP is usually normal (<15 mmHg) in PVOD patients. The
difference between PVOD and idiopathic PAH is at the level of
obstruction to blood flow, noted in pre-capillary vessels in PAH
and in capillary as well as post-capillary vessels in PVOD. By
definition, true capillary pressure (Pc) and measured PCWP are
normal (<15 mmHg) in idiopathic PAH. Since Pc measurement
is not suitable for clinical application, PCWP is currently the
most frequently used method for estimating Pc in a broad range
of clinical and/or experimental conditions [57.58]. By contrast, in
PVOD experimental conditions, the post-capillary obstruction

leads to an elevated Pc without any increase in PCPW [59,60].
During hemodynamic evaluation, the measured PCWP is reflec-
tive of the pressure in the column of blood distal to the inflated
balloon (Ficure 2). Then, PCWP reflects the pressure in a pul-
monary vein of similar diameter to the occluded pulmonary
arterial branch, which is larger than the small veins affected
by PVOD, explaining the normal PCWP usually obtained in
PVOD patients (Ficure 2) [3.5.8]. In conclusion, because PCWP
does not reflect true capillary pressure but reflects the pressure
in large veins, PCWP is not helpful to discriminate idiopathic
PAH and PVOD. Measurement of the Pc may theoretically be
useful in PVOD; the principle of Pc pressure measurement is
extrapolated from a canine model whereby the pressure decay fol-
lowing balloon occlusion is mathematically analyzed to represent
the emptying of the capillary compartment [61]. Interestingly,
Fesler ¢t al. showed showed that this method helps to locate the
site of predominantly increased pulmonary vascular resistance in
severe PAH and that patients displaying PVOD may have higher
Pc than PAH patients using this method [5758].

Acute vasodilator testing
In idiopathic PAH, acute vasoreactivity testing is predictive of
long-term responsiveness to calcium channel blockers [s5,62].
There are clear differences in the long-term prognosis in the
group of idiopathic PAH patients who have a positive response to
this challenge when compared with nonresponders [ss.62]. There is
a recent report of one patient with PVOD who responded to nitric
oxide (NO); however, within 48 h after initiation of calcium
channel blocker therapy, severe pulmonary edema developed [s].
This suggests that an acute vasodilator response in PVOD is
not predictive of a better prognosis and that calcium channel
blockers should be avoided in PVOD, even in the context of a
positive acute test. The main concern in PVOD is the risk of
pulmonary edema with all specific PAH therapies, in particular
with continuous intravenous epoprostenol [6,.8.9]. We showed that
acute pulmonary edema occurs in 40% of the reported cases
treated with specific PAH therapies [8]. In our experience, less
than 10% of all suspected untreated PVOD patients develop an
acute pulmonary edema during the time course of the disease,
whereas all PVOD patients treated with vasodilators develop an
acute pulmonary edema in the following 72 h that could lead
to death (63]. However, in chronic therapy, we did not observe a
response with calcium channel blockers in PVOD patients [63].
Continuous intravenous epoprostenol can be initiated in the
most severe patients with a slowly increasing dose and high-
dose diuretics under close medical monitoring. Since 2003, the
French Referral Center has proposed this approach as a bridge
therapy to lung transplantation in several severe highly probable
PVOD patients (later confirmed by histology after lung trans-
plantation) [s]. In these patients, intravenous epoprostenol may
improve hemodynamics without major adverse complications [64].
Pulmonary edema has been described following vasodilator
testing [6,10]. However, in a recent series of 24 histologically
confirmed PVOD patients, inhalation of 10 ppm NO for a short
period (5-10 min) was used to test acute vasoreactivity. In this
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Figure 2. Measurement of pulmonary capillary wedge pressure in pulmonary veno-occlusive disease. This diagram explains
why pulmonary capillary wedge pressure (PCWP) is usually normal in pulmonary veno-occlusive disease (PVOD). PVYOD mostly affects
small pulmonary veins, leading to an elevation of pressure in this region (Pv), as well as to an elevation in true pulmonary capillary
pressure (Pc) and precapillary pulmonary arterial pressure (Pa). Larger pulmonary veins are usually not affected by PVOD, and it is in fact
the pressure here that is reflected by PCWP: the static column of blood (hatched) occluded by pulmonary arterial catheter wedging or

balloon inflation of a pulmonary arterial branch (balloon 1) reflects
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the pressure in a vein of similar diameter (balloon 2), usually of a

larger size than those vessels affected by PVOD. Therefore, this measurement technique does not reflect the important elevation of

pressure in the smaller diameter vessels associated with PVOD.
Reprinted with permission from [s].

study, none of the patients developed pulmonary edema acutely
(8. This regimen of NO administration seems to be safe in
patients with suspected PVOD. However, in this series, acute
vasoreactivity testing was unable to predict those patients who
later developed pulmonary edema following initiation of a PAH-
specific therapy. It appears that acute vasoreactivity testing is
probably not helpful in the management of PVOD patients, as
calcium channel blocker responders have not been described [63].
Furthermore, acute vasoreactivity testing is not predictive of
those patients at risk of developing pulmonary edema with spe-
cific PAH therapy. Given these important observations, there
may be little merit of systemically performing vasodilator studies
in those patients with a strong clinical suspicion of PVOD, since
the hemodynamic findings are unlikely to impact on therapeutic
decisions. Noninvasive tools (HRCT and pulmonary function
testing, in particular diffusing lung capacity of carbon monoxide

[DLCO]) may help to discriminate PVOD from PAH patients.

Noninvasive tools

The gold standard for a definite diagnosis of PVOD requires histo-
logical analysis of a lung sample. As this patient population often
presents with more advanced disease, surgical lung biopsy is inva-
sive, highly risky and thus contraindicated. Therefore, there is a
need to use less invasive tools to aid in the diagnosis of suspected
PVOD. Recent data have shown that HRCT of the chest, arterial
blood gases, pulmonary function tests and BAL could be helpful
to define a subgroup of PAH with a high probability of PVOD.

Transthoracic echocardiography

Transthoracic echocardiography is an important initial non-
invasive diagnostic tool in the evaluation of all patients in whom
pulmonary hypertension is suspected [65]. A systolic pulmonary
artery pressure cutoff greater than 40 mmHg, as estimated by the
velocity of the regurgitating flow through the tricuspid valve, is
a sensitive but not a specific diagnostic threshold. False positives
using this value are common and formal diagnosis of pulmonary
hypertension requires confirmation by right heart catheterization.
Furthermore, there are no distinct echocardiographic features
that help distinguish PVOD from other forms of pulmonary
hypertension. Nonetheless, echocardiography is useful to exclude
the presence of associated left ventricular, valvular or pericardial
abnormalities [66].

High-resolution computed tomography of the chest

In idiopathic PAH, the radiographic findings are generally limited
to enlargement of the right and left pulmonary arteries without
evidence of pulmonary parenchymal abnormalities. In contrast,
the chest radiograph in PVOD may show significant abnor-
malities with Kerley B lines or signs of pulmonary edema, most
frequently occurring after initiation of pulmonary vasodilator
therapy [6.8.10.48.67]. HRCT of the chest may also help to discrimi-
nate PVOD and PAH in less acute situations [8,10,48,49] (Ficure 3). It
has been clearly demonstrated that HRCT in PVOD was char-
acterized by a higher frequency of centrilobular ground-glass
opacities, septal lines and mediastinal lymph node enlargement
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Figure 3. High-resolution computed tomography of the chest in pulmonary veno-occlusive disease. (A) High-resolution
computed tomography of the chest showing marked ground-glass opacities with centrilobular pattern, ground-glass opacities with
poorly defined nodular opacities, septal lines. (B) High-resolution computed tomography of the chest showing mediastinal lymph

node enlargement.

as compared with idiopathic PAH [49]. Pleural effusion and other
abnormal parenchymal findings were not significantly associated
with PVOD [49]. We have reported that the presence of two or
three radiological abnormalities (including lymph node enlarge-
ment, septal lines and centrilobuar ground-glass opacities) were
present in 75% of HRCT from patients displaying histologically
proven PVOD (s]. However, this means that one-quarter of histo-
logically proven PVOD patients had only one or no radiological
abnormalities on HRCT; inversely, 15% of patients with con-
firmed idiopathic PAH had two or three abnormalities [8]. These
findings suggest that HRCT was a useful tool to discriminate
PVOD, but normal HCRT could not rule out the diagnosis of
PVOD, and should be included in a multifactorial noninvasive

approach.

Pulmonary function testing & oxygen parameters

Results of previous reports have suggested that PVOD patients
may have mild obstructive or restrictive patterns noted on pulmo-
nary function testing [10]. However, a large series of ‘idiopathic’
PVOD patients showed that these patients had normal mean
values of forced expiratory volume in 1's (FEV), FEV /forced vital
capacity ratio and total lung capacity. Indeed, no difference was
observed in pulmonary function tests analyzed during spirometry
and plethysmography as compared with idiopathic PAH [8]. A
decrease in DL, has been well established in patients displaying
idiopathic PAH and PVOD ([9.68]. However, we have compared
DL and the DL_/alveolar volume between PVOD and PAH
patients, and the results indicated that both these parameters were
more significantly reduced in PVOD as compared with idiopathic
PAH [8). PVOD patients usually had a very low DL and in this
series, half of the histologically confirmed PVOD patients had a
mean DL_ of 52 + 19% as compared with 71 + 15% in idiopathic
PAH patients [8]. In PVOD patients, alveolar hemorrhages occur
quite often [50] so the DL, should be increased in these patients.

Therefore, it is reasonable to suggest that the DL, measurement
in PVOD is probably overestimated and that the real DL, is even
lower than the observed one.

Hypoxemia has been reported in patients displaying PVOD or
idiopathic PAH [10,55]. Our recent report showed that the baseline
partial pressure of arterial oxygen at restis significantly lower in
PVOD patients than in idiopathic PAH patients (61 + 17 and
75 = 14, respectively) [8]. This study also evaluated the partial
pressure of arterial carbon dioxide which was decreased in a simi-
lar pattern in both PVOD and PAH patients. Many factors likely
contribute to the pathophysiological mechanisms of exaggerated
hypoxemia in PVOD patients in comparison to patients with
idiopathic PAH. These include a probable combination of more
extensive obliteration of the pulmonary vascular bed, a diffusion
limitation, possible alveolar hemorrhage and pulmonary edema
in the most severe cases.

The 6-min walk distance (6MWD) has been found to cor-
relate with functional status and survival in idiopathic PAH.
Additionally, it is used as a measure of baseline severity and a
surrogate marker of response to treatment in idiopathic PAH.
Only a few studies have evaluated this parameter in PVOD. A
series comparing idiopathic PAH and PVOD patients demon-
strated a significantly lower 6MWD in the PVOD group [50].
Odur recent case series showed that PVOD patients had a similar
6MWD compared with the PAH patients; however, the PVOD
patients had lower nadir pulse oxygen saturation during the test [s].

Bronchoalveolar lavage

In patients undergoing an evaluation for PAH, bronchoscopy is
rarely performed as a routine investigation. However, in the context
of possible PVOD, a bronchoscopic evaluation with BAL may be
helpful ;s0]. In PVOD, it has been suggested that hyperemia of the
lobar and segmental bronchi may be observed on bronchoscopic
airway inspection as it was described in mitral stenosis, where
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chronic pulmonary venous hypertension leads to engorgement
and dilatation of the bronchial venous plexus and veins [69,70]. Of
note, bronchial biopsies are not informative of PVOD and trans-
bronchial biopsies are contraindicated in patients with pulmonary
hypertension due to the risk of life-threatening hemoptysis [71].
When comparing the BAL results of eight PVOD patients and
11 idiopathic PAH patients, Rabiller ¢# a/. showed a significantly
elevated percentage of hemosiderin-laden macrophages and a higher
Golde Score, demonstrating that PVOD may be associated with
occult alveolar hemorrhage [s0]. The absence of alveolar hemorrhage
could not exclude the diagnosis of PVOD, however, confirmation of
alveolar hemorrhage is highly suggestive of PVOD. As histological
diagnosis is difficult to obtain in this patient population, the role of
bronchoscopy to detect occult alveolar hemorrhage as part of the
diagnostic work-up for suspected PVOD is somewhat attractive.

Prognosis

Historically, the prognosis has been poor in idiopathic PAH and
unfortunately, the survival in PVOD seems to be even more dis-
mal than for idiopathic PAH. Data suggest that the 1-year mortal-
ity rate may be as high as 72% in PVOD [10], and the most recent
series of a group of 24 histologically confirmed severe PVOD
patients found a mean time from first symptoms (or diagnosis
confirmed by right heart catheterization) to death or lung trans-
plantation of 24.4 + 22.2 or 11.8 + 16.4 months, respectively,
which is significantly lower in PVOD when compared with 57.9
+38.2 or 42.3 + 29.9 months, respectively, for patients with idio-
pathic PAH 8]. In this series, even if baseline parameters includ-
ing NYHA functional class, GMWD and baseline hemodynamics
are similar between the idiopathic PAH and the PVOD groups,
PVOD patients seem to have a poorer prognosis, suggesting that
these parameters might be less accurate to predict the evolution
of PVOD than they are in idiopathic PAH. Treatment options are
unfortunately very limited in PVOD. Therefore, early diagnosis
and referral for lung transplantation in appropriate patients is
critical in PVOD.

Therapy

Conventional therapy

A significant aggravating factor in PAH is hypoxic vaso-
constriction. Therefore, oxygen therapy should be considered
and initiated in hypoxemic patients with both idiopathic PAH
and PVOD [s5]. It has been noted that PVOD patients have a
lower partial pressure of arterial oxygen at rest than idiopathic
PAH patients, suggesting that PVOD patients may require oxygen
therapy earlier than other PAH patients (s]. In appropriate patients
with resting or exercise-induced hypoxemia, oxygen therapy may
provide symptomatic benefit as well as helping to avoid PAH
deterioration [s5].

Patients with idiopathic PAH have improved outcomes with the
initiation of warfarin therapy. Although there are no specific data
pertaining to PVOD, the rationale is similar and related to reducing
organized thrombi [72] and subsequent 77 sizu thrombosis, which
manifest in both conditions [73]. The current recommendations
suggest warfarin therapy with an international normalized ratio

to be maintained between 1.5 and 2.5 in idiopathic PAH ss]. This
recommendation has been generalized to all PAH patients without
contraindications, despite the fact that the evidence was obtained
only in the idiopathic PAH group. In PVOD, one could suggest
that caution should be taken in the application of anticoagulation,
because of the frequent association with occult alveolar hemorrhage.
However, we have reported the same proportion of hemoptysis in
idiopathic PAH and PVOD, even with the use of anticoagulation.
As in idiopathic PAH, no data support the role of immunosuppres-
sive therapy in idiopathic PVOD, but it may be of interest in PAH
or PVOD associated with other inflammatory conditions, includ-
ing sarcoidosis, mixed connective tissue disease and systemic lupus
erythematosus, but not in scleroderma-associated PAH [14,74.75].

A number of additional measures are routinely advised for
PVOD patients, although these are mostly based on expert con-
sensus, often with extrapolation from historical studies in other
diseases. Empiric evidence from well-designed prospective clinical
trials to support the use of most of these ‘conventional’ therapies is
lacking as published studies are mostly of a retrospective or uncon-
trolled retrospective nature. Indeed, some of these interventions
likely offer only symptomatic benefits without necessarily impact-
ing on prognosis. Nevertheless, their application is biologically
plausible and thus broadly advocated [76].

General recommendations include limiting of physical activity
to tolerance and avoidance of concomitant medications that can
potentially aggravate pulmonary hypertension (such as 3-adrener-
gic receptor blockers) or interfere with the metabolism of vita-
min K antagonist anticoagulation therapy. Vaccinations to pre-
vent pneumococcal pneumonia and influenza are advised. Given
a possible etiological link between tobacco exposure and PVOD,
smoking cessation advice and appropriate pharmacotherapy is
particularly important and should routinely be offered to ciga-
rette smokers. Diuretics offer symptomatic benefit in those with
right ventricular volume overload that is not controlled by dietary
measures alone. The effect of diuretics on mortality in PVOD has
not been systemically examined.

The additional hemodynamic stresses of pregnancy and deliv-
ery are poorly tolerated in PVOD patients, being associated
with increased rate of deterioration and very high mortality
rates. Moreover, commonly prescribed treatments (e.g., war-
farin and bosentan) are known teratogens. Female patients of
child-bearing age should therefore be counseled on effective
contraception measures.

Specific PAH therapies

Presently, the evidence for specific vasodilator therapies is strong
in idiopathic PAH [54-56,77-79] but is modest and conflicting in
PVOD, and the primary concern remains the risk of pulmonary
edema. Recent reports have illustrated the occurrence of pulmo-
nary edema with different specific PAH therapies (prostacyclins,
endothelin receptor antagonists, phosphodiesterase type 5 inhib-
itors, calcium channel blockers), highlighting that pulmonary
edema is not limited to a single therapeutic class and can occur
with all specific PAH therapies [5.8.64]. One of the suspected mech-
anisms is a relative vasodilatation of the pre-capillary resistance
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vessels greater than the pulmonary capillaries and veins, associated
with increased blood flow that leads to an increase of transcapillary
hydrostatic pressure and transudation of fluid into the pulmonary
interstitium and alveoli. Furthermore, lymphatic involvement is
frequently observed in PVOD and may participate in the mecha-
nism of pulmonary edema by a decrease in fluid reabsorption. In
our recent cohort of histologically confirmed PVOD patients,
seven of 16 patients who received specific PAH therapy developed
pulmonary edema. However, none of these patients developed
pulmonary edema during acute testing with NO, nor were any of
the clinical, functional or hemodynamic characteristics predictive
of the onset of this complication after initiation of specific PAH
therapy [8]. In selected cases, there have been reported mild clinical
improvement or stabilization with continuous intravenous epopro-
stenol [10,80-83], iloprost therapy [84.85]and oral sildenafil (86,87]. In
contrast with idiopathic PAH, the benefits of specific PAH treat-
ments in patients with PVOD remain unclear. Continuous intra-
venous epoprostenol can be initiated in the most severe patients
with a slowly increasing dose and high-dose diuretics under close
medical monitoring. Since 2003, the French referral center has
proposed this approach as a bridge therapy to lung transplanta-
tion [5]. In these patients, intravenous epoprostenol may improve
hemodynamics without major adverse complications [64].

Immunomodulatory agents

The basis for the use of immunosuppressive agents in some
selected PAH patients was initially anecdotal with rare reports
of clinical and hemodynamic improvements in PAH and PVOD
patients, suggesting the use of corticosteroids, cyclophosphamide
and azathioprine [17,29.74.75,88,89]. PVOD is also thought to be
present in some cases of pulmonary hypertension patients dis-
playing sarcoidosis. However, in these patients, the pulmonary
vascular component may be less responsive to treatment with
glucocorticoids than the parenchymal lung disease [14]. There has
been mounting evidence that PAH has a significant inflamma-
tory component [90], and that PAH seen in some connective tissue
diseases responds well to immunosuppressive therapy [75.80.89].
Specific patients who may improve with immunosuppression
include those with mixed connective tissue disease and sys-
temic lupus erythematosus, but not in scleroderma-associated
PAH (75,89]. A full histopathological assessment has shown that
severe connective tissue disease-associated PAH has a major
venous pathological component in 75% of cases [11]. In cases
where such venous occlusion was observed, the post-capillary
arterial involvement was important, and there was also an asso-
ciation with local inflammatory infiltrates [11]. The reason why
this subset of connective tissue disease-associated PAH patients
do not improve with pulmonary vasodilator therapy might be
due at least in part to venous involvement. More studies are
needed to understand whether PVOD, either idiopathic or asso-
ciated with other conditions such as connective tissue diseases,
are responsive to immunosuppressive therapies. Currently, cor-
ticosteroids or immunosuppressive therapy should only be con-
sidered in the context of sarcoidosis or connective tissue disease
(except scleroderma).

Lung transplantation

Lung transplantation is the only curative intervention of PAH
and historically it was the only form of treatment for severe PAH.
However, with the advent of specific PAH therapy, transplan-
tation is now considered in idiopathic PAH when the disease
progresses despite optimal medical management [53-5591,92]. As
the prognosis in PVOD patients is worse than in idiopathic
PAH, and due to limited medical therapy, lung transplantation
should be considered and discussed early in the course of PVOD
or suspected PVOD (HRCT findings, worsening symptoms on
treatment or refractoriness to medical therapy, development of
worsening hypoxemia or chronic heart failure). In these patients,
PAH-specific therapies may serve as a bridge to lung transplanta-
tion (5,83]. The survival has been suggested to be broadly similar
to that in idiopathic PAH. Both single and bilateral procedures
have been performed, apparently with similar survival. However,
any complication occurring in the allograft following single lung
transplantation is associated with severe hypoxemia [54]. Currently,
the vast majority of patients worldwide receive bilateral lungs.

Conclusion

Pulmonary veno-occlusive disease is a rare subgroup of PAH
characterized by specific pathological changes of post-capillary
venous pulmonary vessels. PVOD shares a broadly similar clinical
presentation with idiopathic PAH (Tasie 1), making this diagnosis
much more challenging to the clinician. In contrast with idiopathic
PAH, patients with PVOD have a poorer prognosis and are at
risk of developing pulmonary edema with specific PAH therapy.
Hemodynamic parameters do not help discriminate between these
two diseases and even if PVOD is defined by an involvement of
post-capillary and capillary vessels, PCWP is normal (<15 mmHg)
in both groups. However, there are some features that may help
to discriminate between the two entities in order to prevent risky
histological confirmation. These include and may identify a higher
probability of PVOD: history of tobacco exposure, oxygen param-
eters (low partial pressure of arterial oxygen at rest, low pulsox-
imetry saturation of O, during 6-min walking test), pulmonary
functional tests (low DL_ ), HRCT of the chest (centrilobular
ground-glass opacities, septal lines, lymph node enlargement) and
occult alveolar hemorrhage on BAL when it is feasible. In PVOD,
cautious initiation of specific PAH therapy may be considered but
should not delay consideration and referral for lung transplanta-
tion, which remains the best treatment. Further studies are needed
to understand the pathophysiology of this subgroup of PAH,
the role of specific PAH therapies and whether new therapeutic
approaches with antiproliferative therapies might be helpful.

Expert commentary

There is now a wealth of accumulated clinical experience with
strategies employing combinations of PAH-specific drugs in order
to target the multifarious aberrant molecular pathways char-
acteristic of the disorder and thereby theoretically to enhance
therapeutic gain. Indeed, this approach is routinely pursued in
many centers of expertise, despite a lack of robust evidence dem-
onstrating additional clinical benefit. Theoretically, the risk of
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pulmonary edema developing in the context of PVOD might be
further increased by using a regimen involving more than one
pulmonary vasodilator. However, in patients with severe disease
and poor expected survival time, cautious introduction of addi-
tional treatments has been attempted in the hope of slowing clini-

cal deterioration. Nonetheless, experience
is extremely limited to date and because of
the risk of severe pulmonary edema, this
approach is not recommended outside of
expert centers.

Five-year view

In recent years, remarkable advances in the
pharmacologic options available to clini-
cians treating PAH patients have been made.
Regulatory approval has now been granted
for a number of drug therapies that have
pulmonary-specific vasodilatory and anti-
proliferative effects, resulting in meaning-
ful and sustained improvements in relevant
clinical parameters. As our understanding
of the pathophysiology of PVOD and PAH
increases, so does the identification of pos-
sible therapeutic targets and potential novel
treatments. In 5 years’ time, further studies
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1. You are seeing a 40-year-old previously healthy man who complains of 4 months of progressive dyspnea. He now
has some bilateral lower extremity swelling as well. Basic pulmonary function testing was normal and chest
radiography demonstrated enlargement of the pulmonary arteries. You suspect pulmonary arterial hypertension
(PAH) or possibly PVOD (pulmonary veno-occlusive disease). Which of the following statements regarding the

epidemiology of PVOD is most accurate?
A

It represents approximately 5%-10% of cases of idiopathic PAH

[1 B Itis almost always diagnosed among older adults
(] C Itis more common among men
[1 D ltis less associated with tobacco exposure compared with idiopathic PAH

2. Which diagnostic test is least indicated in cases of PVOD?

[ A Transthoracic echocardiography
[ B High-resolution CT

c
[0 D Acute vasodilatory testing

Bronchoalveolar lavage

3. Which of the following findings would be most helpful in differentiating PVOD from PAH in this patient?

O A
OB
e
O D

Lower New York Heart Association (NYHA) class

Normal diffusing capacity of the lung for carbon monoxide (DLCO)
Centrilobular ground glass opacities and septal lines on high-resolution CT

A pulmonary capillary wedge pressure (Ppcw) over 25 mm Hg
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4. The patient is diagnosed with hypoxia due to probable PVOD. Which of the following treatments is most likely to
make a significant difference in his disease course?

[ A Prostacyclins

[0 B Corticosteroids
[ € Cyclophosphamide
[ D Lung transplant
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