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ABSTRACT: The pathogenesis of pulmonary veno-occlusive disease (PVOD) is not
known. The diagnosis of PYOD frequently relies on its histological changes since it is
often difficult to distinguish clinically from primary pulmonary hypertension.

This study carried out a systematic analysis of the pulmonary venous and arterial
remodelling that occurs in PVOD (n=5) and compared these changes to two other
diseases affecting the pulmonary veins, mitral stenosis (MS; n=6) and fibrosing
mediastinitis (FM; n=2), using established morphometric techniques.

In PVOD, pronounced intimal and adventitial thickening were noted in veins of all
sizes and arterialization of veins >50 um external diameter was found. Similar
changes were evident in the arterial wall, but intimal thickening was less severe than
in the veins and medial thickening was more pronounced in arteries <300 Lum external
diameter. Eccentric intimal fibrosis of the veins was also noted for the first time in
PVOD, although this feature occurred less frequently (approximately one third) than
in MS. Less pronounced structural remodelling was also encountered in the veins in
cases of MS and FM. The severity of the venous changes in PYOD may aid its
diagnosis and lend insight into its pathogenesis. However, the similarity of the
vascular changes in each form of venous hypertension also suggests that pathology
alone may not always differentiate between these disease states.
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The similarity of the vascular changes in the three forms of venous hypertension
suggests that, as in pulmonary artery hypertension, pressure, per se, is one of the

triggers to vascular remodelling.
Eur Respir J 2000, 15: 116—122.

Pulmonary veno-occlusive disease (PVOD) is a rare
cause of pulmonary hypertension in which the structure of
the veins is predominately affected. Clinically, PVOD is
difficult to distinguish from the more common form of
primary pulmonary hypertension (PPH). It is unclear whe-
ther PVOD is a distinct disease or a subset of PPH sharing
a similar pathogenesis but targeting different segments of
the pulmonary circulation. Since the first description by
Hora [1], ~150 cases of PVOD have been described [2—
13]. The aetiology of PVOD is unknown but has been
observed in patients following bone marrow transplanta-
tion, using oral contraceptives, receiving treatment with
chemotherapeutic agents and recently in a patient with
human immunodeficiency virus (HIV) infection [14-21].
Familial cases also have been described in siblings from
two families [22, 23].

While the pathogenesis of PVOD is uncertain, charac-
teristic histological changes are found in the pulmonary
veins. These include occlusion and recanalization of the
lumen, and muscularization and intimal fibrosis of small
pulmonary veins. Thrombosis of post-capillary pulmonary
vessels may also occur [3, 9, 24]. Small pulmonary
arteries are also affected but the changes are less severe
than those seen in the venous circulation [25-27]. Mor-
phometric analysis of the vascular changes in PVOD has
been reported in only a few cases [23, 28, 29].

This work was supported by grants from
the National Heart Lung and Blood
Institute, HL 48536 and HL 48164.

To further elucidate the pathogenesis of PVOD, the
present study defines the severity of the pulmonary venous
and arterial changes using systematic, statistical morpho-
metric techniques and compares each of these changes to
those of two other diseases affecting the pulmonary veins,
i.e., mitral stenosis (MS), a disease that is sometimes
confused clinically with PVOD, and pulmonary venous
obstruction due to fibrosing mediastinitis (FM). Particular
emphasis was placed on the severity and frequency of each
change related to venous and artery size, and to the type of
intimal lesion.

Materials and methods

Lung samples from five patients (four females and one
male), age 23-57 yrs, pulmonary artery pressure (Ppa) 63+
10 mmHg, pulmonary capillary wedge pressure (PCWP)
9+1 mmHg, mean+sem with the pathological diagnosis of
PVOD, six patients with the clinical diagnosis of MS with
pulmonary hypertension (four females and two males, age
32-54 yrs, duration of disease 5—12 yrs) and two cases of
documented FM (one male and one female, age 36 and 26
yrs, Ppa 85/35 and 73/25 mmHg, respectively) were exam-
ined. Lung tissue was obtained at autopsy in four cases.
One further lung was taken at transplant; lung biopsy tissue



VENOUS AND ARTERIAL CHANGES IN PVOD 117

was also taken from this patient 6 months prior to trans-
plantation. Controls consisted of five autopsy cases with-
out cardiac or pulmonary disease (age 17-50 yrs). All
lungs were distended by way of the trachea and fixed in
10% formol-saline. All lungs appeared inflated by light
microscopy although the degree of inflation was difficult to
standardize since lung tissue was collected from three
centres over a number of years. Between two and five
blocks from each case were processed for routine light
microscopy. Sections (5 wm) were stained with haematox-
ylin and eosin, Masson’s pentachrome, or Verhoeff's elas-
tin stain followed by Van Gieson.

The clinical diagnosis of PVOD was made after tho-
rough evaluation to exclude secondary causes of pulmon-
ary hypertension. This included physical examination,
chest radiography, electrocardiogram (ECG), echocardio-
graphy, pulmonary function testing, lung perfusion scan
and right heart catheterization. Pulmonary artery pressure
was increased in all cases with elevation of pulmonary
wedge pressure in one case (mean Ppa 62 mmHg, mean
PCWP 14 mmHg). Perfusion lung scans showed non-
homogeneous mottling in each case but no significant
(subsegmental or larger) perfusion defects were found.
Chest radiographs revealed Kerly B-lines in two patients.
History and serological studies did not suggest collagen
vascular disease or HIV as a cause of pulmonary hyper-
tension.

Diagnosis of MS was based on a thorough clinical
examination, chest radiography, ECG, and confirmed by
echocardiography. FM with obstruction of large pulmon-
ary veins was diagnosed by contrasted computed tomo-
graphy (CT) scan and pulmonary angiographic studies and
was later confirmed at autopsy.

Morphometric assessment of pulmonary arteries and
veins

As previously described [30], pulmonary veins were
distinguished from pulmonary arteries on the basis of
position and structure. Pulmonary veins were found at the
edge of acini or midway between two arteries, whereas
pulmonary arteries were seen mainly in association with
airways. Pulmonary arteries generally had two or more
elastic laminae defining the medial coat, while pulmonary
veins had only a single lamina, unless "arterialization" of
the veins had occurred. Using an eye-piece reticle,
external diameter of pulmonary veins with a single elastic
lamina was measured as the shortest luminal distance
from the external edge of the single elastic lamina on one
side to that on the other. Only those profiles that were cut
in true cross section or in oblique section in which the
length of the profile was less than twice external diameter
were included. Intimal thickness was measured from the
luminal edge of the single elastic lamina to the luminal
surface and the adventitial thickness from the external
edge of the single elastic lamina to include the
collagenous perivascular sheath and smooth muscle cells
when present. These measurements were made at the
same site as external diameter.

Medial, intimal and adventitial thickness of arteries and
of arterialized veins with two elastic laminae were meas-
ured at the same site as external diameter. Adventitial
thickness of the veins and arteries was measured from the

luminal edge of the external elastic lamina to the edge of
the collagen-containing vascular sheath. Medial thickness
for arterial and arterialized vessels was measured between
and including the internal and external elastic lamina.
Intimal thickness was measured from the luminal edge of
the internal elastic lamina to the luminal surface. The
thickness of each vessel coat for both veins and arteries
was then related to external diameter as follows percen-
tage intimal thickness=2 x intimal thickness/external dia-
meter x 100; % medial thickness=2 x medial thickness/
external diameter x 100; percentage adventitial thickness
=2 x adventitial thickness/external diameter x 100. At least
40 veins and 40 arteries were examined from each patient.

For every artery and vein examined, the presence of
concentric fibrosis, eccentric intimal thickening, oblitera-
tion and recanalization was recorded. Pulmonary vessels
were grouped according to the following external dia-
meters: 25-50; 51-100, 101-200; 201-300 and 301-1,000
um for each patient. Structural changes, ie., per cent
intimal, medial and adventitial thickness of arteries and
veins were calculated for each size range.

Statistics

The mean+sem was calculated for each measured vari-
able in the PVOD and MS groups of patients. Calculations
of per cent adventitial, medial, and intimal thickness for
arteries and veins and per cent of total intimal lesions
included data from patients with PVOD, patients with MS,
patients with FM and controls. Data were compared using
the unpaired Student’s t-test. A p-value <0.05 was taken as
significant.

Results
Pulmonary veno-occlusive disease

Intimal and adventitial thickening was significantly
elevated in all sized pulmonary veins when compared to
controls (figs. la, 2a and c). Intimal lesions included con-
centric fibrosis (29.847.3% of veins examined) often with
a cellular component external to the fibrotic lesion (fig.
1b), eccentric intimal thickening (16.6+£6.0%), occlusion
(11.5+1.6%), and recanalization (13.2+8.9%) (fig. 1a—d).
Each kind of intimal lesion was found in all cases, except
for recanalization (fig. 1e) which was found only in three
of five cases. Concentric intimal fibrosis affected mainly
the small veins <100 um external diameter. Significant
muscularization and "arterialization" of the normally non-
muscular veins was also apparent, although veins of <50
um external diameter were unaffected by this process
(fig. 2b). Increased elastin fibres and reduplication of the
elastic lamina were frequent findings at the medial/
adventitial border (fig. 1a and c). Adventitial thickening
was mainly the result of increased collagen and elastin
deposition (fig. 1a).

A significant increase in intimal, medial and adventitial
thickness was also found for arteries in each size range
when compared to controls (figs. 1f and 3). The per cent
increase in arterial intimal thickness was less pronounced,
approximately one third that seen in veins (figs. 2a and 3a).
Concentric intimal thickening was found in four of the
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Fig. 1. — Light microscopic micrographs showing
pulmonary vessels from cases of pulmonary veno-
occlusive disease (PVDO) (A—E), mitral stenosis (MS)
(F, G) and fibrosing mediastinitis (FM) (H). A)
Excentric intimal and adventitial thickening of vein
(130 um outer diameter (OD)) in PVOD; B) intimal
thickening and a cellular component beneath the sin-
gle elastic lamina of vein (40 um OD) in PVOD. Cap-
illary congestion, an intraalveolar infiltrate and iron
laden macrophages are apparent; C) eccentric intimal
thickening and reduplication of the elastic lamina of
vein (370 um OD) in PVOD (also fig. 1A); D) intimal
thickening of several pulmonary veins (15-40 um
OD) in PVOD. The intimal region contains few
nuclei; E) fibrous intimal thickening and recanaliza-
tion of vein (50 um OD) in PVOD. The alveolar archi-
tecture appears normal. An intraalveolar infiltrate and
numerous iron laden macrophages are seeen; F) thick-
ened intima , media and adventitia of artery (140 pum
OD) in PVOD; G) fibrous intimal thickening of vein
(125 mm OD) in MS. Numerous iron laden macro-
phages are seen; H) intimal thickening of vein (40 um
OD) in FM. A, B, D-H stained with Verhoeff’s elastin
and Van Gieson; 1C stained with Masson’s penta-
chrome. Internal scale bars: A, F, G=100 um; B, D, E,
H=50 um; ¢)=200 pum.
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Fig. 2. — Per cent venous intimal (a), medial (b) and adventitial thick-
ness (¢) from control ((J n=5), pulmonary veno-occlusive disease (PVOD)
(N n=5) mitral stenosis (MS) (Z n=6) and fibrosing mediatinitis (FM), (2
n=2) patients. Data are mean+sem. *: p<0.05 compared to controls; *
p<0.05 compared to PVOD.

five cases but affected only 8.2+3.5% of the arteries
examined, less than a quarter of the number of veins
showing this change. Occasional arteries with either
eccentric intimal thickening or occlusion were found in
one case. Recanalization of arteries was not encountered.
Medial thickening was more pronounced than in the veins
(figs. 2b and 3b) and muscularization of small, normally
nonmuscular arteries (25-50 um external diameter) was a
feature. Adventitial thickening was similar in severity in
arteries and veins, although it was frequently less colla-
genous than that of the veins. While most of the alveolar
region was normal in architecture (fig. 1b and e), focal
areas of fibrosis and inflammation were evident in three
of the five cases examined. Haemorrhage, iron laden
alveolar macrophages (fig. 1b and e), dilated lymphatics
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Fig. 3. — Per cent arterial intimal (a), medial (b) and adventitial thick-
ness (¢) from control ((J n=5), pulmonary veno-occlusive disease (PVOD)
(N n=5), mitral stenosis (MS) (Z n=6) and fibrosing mediatinitis (FM) (
n=2) patients. Data are mean=sem. *: p<0.05 compared to controls. '
p<0.05 compared to PVOD.

and focal areas of congestion (fig. 1b) were often en-
countered.

In the one case of PVOD where a biopsy and post-
transplant tissue was available for comparison, progression
of the intimal venous changes and arterialization (per cent
medial thickness) was apparent over a 6 month period
(table 1). At the time of transplantation, intimal thickness
of the pulmonary veins in each size range had increased
by 40-100% and medial thickness had increased 3-7
times that seen in biopsy tissue; adventitial thickness was
similar at biopsy and transplantation (table 1). The num-
ber of intimal lesions also progressed with time; the per
cent of total veins with concentric fibrosis increased 14—
20%, eccentric intimal thickening 8—17%, and occlusion
4-12%. Recanalization was occasionally found in the
transplant tissue and was only a feature of the smallest
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Table 1. — Progression of per cent intimal, medial and adventitial thickness in lung biopsy to transplant tissue

External diameter um

<50 51-100 101-200 201-300 301-1000

Structure I M A I M A I M A I M A I M A
Veins

Biopsy 51 0 38 35 0 30 13 2 28 9 6 31 6 6 17

Transplant 70 0 34 42 4 26 24 14 27 17 22 30 10 30 25
Arteries

Biopsy 16 17 37 7 19 34 4 21 25 0 17 17 4 23 28

Transplant 22 20 31 7 30 35 5 26 28 5 29 37 6 23 28

I: per cent intimal thickness; M: per cent medial thickness; A: per cent adventitial thickness.

veins. In general, the per cent of total arteries with intimal
and adventitial thickening was similar at both time points,
but medial thickening progressed in arteries of 51-300
um external diameter (table 1). Concentric thickening
was the only intimal lesion encountered in the arteries and
occurred, at both time points, only in arteries of <50 um
external diameter.

Mitral stenosis

An increased thickness of the intimal, medial and
adventitial layers was found for veins of each external
diameter examined when compared to controls but was
only significant for the intima and media (figs. 1a, 2a and
c). For veins of each size range, intimal and medial
thickening in MS was less severe than that found in
PVOD. In all patients with MS, venous intimal thickening
was predominantly due to concentric fibrosis (45.9+5.5%
of all veins examined) (fig. 1a), a value that was ~5 times
that found in PVOD. Eccentric intimal fibrosis, occlusion
and recanalization of veins (2.2+1.4, 0.6+0.5 and 0.6+
0.5%, respectively) were rarely exhibited in MS and were
significantly less frequent than in PVOD. As with PVOD,
arterialization was not observed in the walls of the
smallest veins (25-50 um) (fig. 2b). In veins >50 um ex-
ternal diameter, increased medial thickness became more
pronounced as external diameter increased. Adventitial
thickening was similar in severity in MS and PVOD but
collagen accumulation was less pronounced.

Pulmonary arterial remodelling also occurred in MS.
Medial and adventitial thickness was increased when
compared to controls (fig. 3b and c). Specifically, medial
thickness of arteries 51-200 wm and adventitial thickness
of arteries 25-50 um external diameter were significantly
greater than control values. The severity of the adventitial
and medial thickening in MS was similar to that seen in
PVOD except for arteries of 301-1,000 um external
diameter which showed significantly less adventitial
change. Abnormal appearance of muscle in the walls of
smaller and more peripheral arteries was evident in all
cases of MS evaluated and, in general, was comparable in
severity to that noted in PVOD. Only a small number of
arteries in three of five cases showed concentric fibrosis
(3.3+£2.1%) and this change was only apparent in those
vessels <50 um external diameter. Other intimal lesions
were not identified. Patchy fibrotic changes, increased el-
astin accumulation, dilated lymphatics, congestion, hae-
morrhage and iron laden macrophages were apparent in
all cases examined.

Fibrosing mediastinitis

In the two cases of FM examined the venous changes
were, in general, similar in severity to those of MS (figs. 1h
and 2). Arterial intimal thickness tended to be greater in
FM for arteries 25-200 um external diameter than in MS
and the values were more similar to those in PVOD (figs. 2
and 3). The severity of medial thickening in FM was
similar to that in PVOD for arteries 51-200 um external
diameter but was strikingly higher for arteries 25-51 um
external diameter. Adventitial thickness, like that of the
veins, was similar in severity to that of both MS and
PVOD (figs. 2c and 3c). Fibrosis, dilated lymphatics,
congestion, haemorrhage and iron laden macrophages
were found in the lungs of both patients.

Discussion

This systematic, statistical analysis of lung vasculature
from five patients with PVOD revealed severe intimal and
adventitial thickening and arterialization of veins. In the
one patient with PVOD where lung tissue was available at
two time points over a 6-month period, marked progres-
sion of the venous changes was observed, confirming the
rapid evolution of this disease. Remodelling was also
apparent in pulmonary arteries, but the intimal thickening
was less severe than in the veins while that of the media
was more severe. Similar changes in the veins and arteries
were also found in MS and FM, but the severity of the
venous remodelling was most pronounced in PVOD. Prior
studies of PVOD have reported varying degrees of venous
medial thickness ranging from normal to strikingly
increased, adventitial thickening, arterialization of veins,
concentric fibrosis, venous recanalization and thrombosis
[2, 3,19, 23, 24, 28, 29]. In the arteries, medial thickening
has been found to range from mild to severe with patchy
areas of intimal fibrosis [23, 28, 29].

The striking and consistent intimal, medial and adven-
titial thickening of the venous and arterial circulation in
PVOD is similar to the current findings in lungs of patients
with PPH, but in PPH the arterial changes were obviously
more severe than those in the veins [30]. Increased intimal
thickness was perhaps the most striking finding in the
smaller veins in PVOD and the predominant intimal
lesion was concentric fibrosis. Arterialization also occ-
urred in veins >51 um external diameter. Only 11-13% of
the small veins exhibited evidence of thrombosis and
recanalization suggesting that thickening of the intima is a
primary event occurring in the absence of thrombosis.
Thrombotic lesions are a recognized feature in autopsy
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samples taken from patients dying of nonpulmonary
illnesses [25]. This study is the first, to the authors’
knowledge, to observe venous eccentric intimal thicken-
ing as well as arterial concentric fibrosis as frequent
features of PVOD. The consistency and severity of the
structural changes in the pulmonary veins in this study
extends the spectrum of findings from previous reports
[23, 27-29].

The aetiology of PVOD is unknown. One hypothesis is
that endothelial damage is the result of viral and/or res-
piratory infection, a history of which is frequently elicited
in patients with this disease [31]. Why the pulmonary
venous circulation would be specifically targeted is un-
clear, but perhaps implies a heightened sensitivity of the
veins either to the infectious entity itself or to the host
immune response. A genetic predisposition may also be
an important factor, especially since two familial cases of
PVOD have been described [22, 23]. The development of
PVOD may require both a specific genotype and an
environmental insult in order for the disease to become
manifest.

The current analysis confirms that venous and arterial
thickening in MS involves each layer of the wall [24-26,
32]. In contrast to the study of WAGENvVOORT [32], intimal
thickening was less pronounced in the arteries than veins.
This discrepancy may reflect the differences in technical
assessment; no statistical analysis was used in the study of
Wacenvoort [32]. The greater frequency of concentric
intimal fibrosis in MS than in PVOD may reflect the
longer duration of this disease process. The more ex-
tensive structural changes noted in PVOD compared to
MS may reflect the different pathogenic mechanisms of
PVOD and MS. Increased pulmonary venous pressures
are thought to initiate the vascular alterations in MS,
whereas in PVOD, an abnormality of the veins them-
selves is suggested to be part of the primary process, with
elevations in pressure a secondary event. The finding of
concentric fibrosis in PVOD and MS may represent a
final common response to vascular injury that may result
from vasoconstriction, pressure elevation, or in situ
thrombosis either alone or in combination.

The present study also demonstrates that venous and
arterial changes are often a feature of FM but the pattern of
these changes is not identical to that of either PVOD or
MS. The venous changes of FM were most similar to those
in MS while intimal thickening of the smaller arteries was
most similar to those in PVOD. Arterial intimal thickening
of the smallest arteries was more severe than in either
PVOD or MS. These differences in structural remodelling
of the vessels are perhaps not surprising since FM may
simultaneously affect both the venous and arterial cir-
culation [33].

The impressive medial thickening of the smaller arteries
compared with veins in PVOD, MS and FM may reflect
the basic structural differences in the pre- and postcapillary
pulmonary circulation. Arterial walls are more cellular than
those of veins, and small partially and nonmuscular arteries
are known to contain precursor smooth muscle cells their
walls [34, 35]. Thus, muscular hypertrophy in response to
elevated pressure might be expected to be more severe in
small arteries than in veins and is probably the result of
the differentiation of precursor to mature smooth muscle
cells. The absence of a medial layer in the smallest veins
suggests that precursor smooth muscle cells are rarely a

feature of their walls. The similarity of the increase in
venous and arterial adventitial thickness suggests that this
change may be a direct effect of increased intravascular
pressure and/or the increase in collagen and elastin acting
to limit vessel dilatation. This latter suggestion has also
been proposed in PPH and in animal models of chronic
pulmonary hypertension [30, 36, 37].

In conclusion, in pulmonary venous hypertension due to
PVOD, MS and FM, vascular remodelling occurs in both
pulmonary veins and arteries. The structural changes in the
veins are most prominent in PVOD compared to MS and
FM, and thus may provide a morphological approach to
differentiation of these conditions. In PVOD, the severity
of the intimal changes in the veins, and to a lesser degree in
the arteries, without evidence of widespread thrombotic
lesions, suggests that endothelial perturbation may be
primarily responsible for the development of this disease.
However, the similarity of changes in each form of pul-
monary venous hypertension suggests that pressure itself
contributes to the vascular remodelling and the similarities
in the structural changes may present difficulties in dif-
ferentiating between the different forms of venous hyper-
tension. Future studies involving immunohistochemical
and in situ hybridization techniques to examine possible
mediators of this disease are needed to better elucidate the
mechanism responsible for the development of PVOD.
Inclusion of control lungs from diseases such as MS and
FM will be important where the structural alterations are
likely to occur secondary to downstream obstruction.
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