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ABSTRACT: A 24 yr old white female presented with dyspnoea, orthopnoea, parox-
ysmal nocturnal dyspnoea, cough and fatigue. Transthoracic echocardiography
revealed a sinus venosus atrial septal defect (ASD). Right heart catheterization con-
firmed severe pulmonary hypertension (80/37 mmHg). A chest radiograph showed
enlarged pulmonary arteries with peripheral pruning. Surgical repair of the ASD and
lung biopsy were performed. Two days later, she developed right heart failure and
was treated with inhaled nitric oxide and then a calcium channel blocker. She failed to
improve and was readmitted three months later with severe right heart failure and
progressive dyspnoea. While waiting for lung transplantation, she developed haema-
tochezia and died. Light microscopy of lung biopsy and autopsy tissue revealed the
structural changes of pulmonary hypertension and focal increases in congested pul-
monary capillaries consistent with the diagnosis of pulmonary capillary haemangi-
omatosis. Quantitative analysis demonstrated that the pathological changes were
rapidly progressive.
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Pulmonary capillary haemangiomatosis (PCH) is a rare
vascular abnormality confined to the lung which results in
the development of chronic pulmonary hypertension. It is
a fatal disease which is difficult to diagnose antemortem
because the clinical features may be identical to those of
primary pulmonary hypertension (PPH) or pulmonary veno-
occlusive disease (PVOD). It is a histological diagnosis
based on the presence of numerous foci of proliferating

thin walled capillaries which invade lung alveolar tissue,
pleura, and bronchial and vascular walls. Since this lesion
was first described by Wacewoort and co-workers in [1]
1978, 23 cases have been reported in the literature, 17 of
which were diagnosed at autopsy, making the actual prev-
alence of PCH difficult to estimate [1-15] (table 1). The
aetiology of this disease is unknown. Most cases are spo-
radic, although Lavciesen and co-workers [7] described a

Table 1. — Pulmonary capillary haemangiomatosis: case reports

Reference Age at Death/Sex Haemoptysis Haemothorax Perfusion CXR Infil
‘WacewoorT et al. 1978 [1] 71 F + + NA +
‘WHITTAKER et al. 1983 [2] 17M + + ABNL +
Heami and Rep ef al. 1985  [3] 51F NA NA ABNL +
Macte et al. 1985 [4] 41F - - ABNL +
TroN et al. 1986 [5] 21F - - ABNL +
14M NA NA NA +
38F - - ABNL NA
‘WacGENAAR et al. 1988 [6] 12F + - ABNL +
LANGLEBEN et al. 1988 [71 30F - - ABNL -
(familial) 20M - - NL -
20M - - NA -
Vevava and Mark 1988 [8] 25F - - NA +
WhitE et al. 1989 [9] 12M + - ABNL +
Faser et al. 1989 [10] 30F + - NL +
19M + - ABNL +
29 M + - NA -
Rush et al. 1991 [11] 56 M - - ABNL -
Pycock et al. 1994 [12] 60 F - - NL -
ELtorky et al. 1994 [13] 27M + + NL +
AL-Fawaz er al. 1995 [14] 12F - - ABNL -
Maswr et al. 1996 [15] 19M - - NA +

NA: not available; ABNL: abnormal; NL: normal; Infil: infiltrate; M: male; F: female; CXR: chest radiograph. +: present; -: absent.



PULMONARY CAPILLARY HAEMANGIOMATOSIS 241

family with three siblings who had pulmonary hyperten-
sion, proven histologically to be caused by PCH in two.
Pulmonary haemangiomatoid lesions may be found also
in conditions such as cystic fibrosis, sleep apnoea-obesity
ventilation syndrome and PVOD [16-18].

We report here a case of PCH documented to coexist
with a sinus venosus atrial septal defect (ASD) and pre-
sent a detailed morphometric analysis of the pulmonary
vasculature showing significant histological progression
of disease from the time of lung biopsy to autopsy four
months later. We also review the literature and summarize
the clinical features of this disease which might prompt
further diagnostic evaluation. Early diagnosis is important
because of recent hope for successful therapy, demon-
strated by regression of disease and improved symptoms
in two patients treated with interferon-o2 [9, 19], as well
as prompting rapid evaluation for lung transplantation for
patients with this rapidly progressive illness.

Clinical history

A 24 yr old white female was referred from her local
hospital on 14 January 1994 with a six month history of
increasing dyspnoea on exertion, orthopnoea, paroxysmal
nocturnal dyspnoea, nonproductive cough, and fatigue. She
denied haemoptysis. She reported that she had felt com-
pletely well as recently as the previous year and had played
in a competitive softball league the prior summer. Cardiac
catheterization in her local hospital revealed a mean pul-
monary artery pressure of 49 mmHg and a pulmonary
capillary wedge pressure of 14 mmHg. After diuretic ther-
apy was begun, she improved symptomatically and was
transferred to Vanderbilt University Hospital for further
evaluation.

A transthoracic echocardiogram revealed a sinus veno-
sus ASD. Repeat right heart catheterization confirmed sev-
ere pulmonary hypertension (80/37 mmHg) and a partial
anomalous right pulmonary vein which returned to the sup-
erior vena cava, an anomaly which often occurs with sinus
venosus ASD. Her chest radiograph demonstrated enlarged
pulmonary arteries with peripheral pruning, a normal card-
iac silhouette, and no evidence of lung infiltrates or pleur-
al effusion. Abnormalities were not identified on ventilation
perfusion scan or pulmonary arteriogram. Quantitative cine-
cardiac magnetic resonance imaging (MRI) revealed that
the stroke volume of the left ventricle was 49 mL; the right
ventricle was 86 mL with a calculated left-to-right shunt
of 37 mL-stroke-!. MRI showed no pulmonary infiltrate or
abnormal interstitial markings.

One month later, surgical repair was advised on the bas-
is of: a total pulmonary resistance of 14 U-m? that was
within the range (<15 U-m?) previously described possi-
bly to benefit from ASD repair [19], persistent significant
left-to-right shunt, and Heath and Edwards Grade II pul-
monary arterial vascular changes (see below) and docu-
mentation of a modest decrease in her pulmonary arterial
pressures with nitrovasodilators. She underwent success-
ful surgical repair of her septal defect and at surgery the
sinus venosus defect and anomalous right pulmonary ven-
ous return to the superior vena cava were confirmed. Two
days postoperative, she developed severe right ventricular
failure and was treated with inhaled nitric oxide (30 parts
per million (ppm)) under an investigational protocol. She
responded favourably to inhaled nitric oxide and was wean-

ed as treatment was begun with a calcium channel blocker.
She was discharged home on the eleventh hospital day on
oxygen at 4 L-min! by nasal cannula and an oral calcium
channel blocker.

Her clinical condition failed to improve, and she was re-
admitted 3 months later because of progressive dyspnoea
at rest and worsening symptoms of right heart failure. While
awaiting lung transplantation, she developed haemato-
chezia and died. Clinically, it was believed that she suf-
fered intestinal ischaemia secondary to inadequate cardiac
output.

Materials and methods

Lung tissue samples from both lung biopsy and from
autopsy were fixed in 10% formol-saline and processed
for routine light microscopic examination. Five microme-
ter sections were cut. One section was stained with hae-
matoxylin and eosin, and additional sections were stained
with either Masson's pentachrome stain, Gordon and Sweet's
method for reticulin fibres or Verhoeff's elastin stain fol-
lowed by Van Gieson.

Morphometric assessment was made of the structure of
the walls of the pulmonary arteries and veins as described
previously [20]. In brief, intimal, medial, and adventitial
thickness, as well as external diameter, were measured in
at least 60 arteries and 30 veins from each of the biopsy
and autopsy samples using an eyepiece reticle. Only arter-
ies and veins cut in true cross-section or in oblique sec-
tion, where the length of the profile was less than twice its
diameter, were included. Intimal thickness (IT) was meas-
ured from the luminal surface to the luminal edge of the
internal elastic lamina for arteries and from the luminal
surface to the luminal edge of the single elastic lamina for
veins. Adventitial thickness (AT) was measured from the
outside of the external or single elastin lamina to the edge
of the collagenous connective tissue sheath. Medial thick-
ness (MT) was measured only for arteries and included
the muscle coat and internal and external elastic laminae.
The thickness of each vascular coat was related to external
diameter using the formula: 2 x (IT, AT or MT)/external
diameter x 100. Arteries and veins were then grouped in
the following size ranges 850, 51-100, 101-200, 201-
500, 501-1000, and >1000 um. The mean and standard
error of the mean (mean+sem) was then calculated for each
size range for both the biopsy and autopsy specimens.

The widespread nature and progression of the haeman-
giomatous lesions from biopsy to autopsy was evaluated
using a X10 objective and an eyepiece reticle marked with
25 crosshairs. The number of crosshairs falling over nor-
mal alveolar walls and the number falling over abnormal
alveolar walls containing several layers of congested cap-
illaries was noted. One hundred consecutive fields were
examined. Fields containing structures S100 wm were not
included. In this way, the mean volume density of normal
and abnormal alveolar walls was calculated for the biopsy
and autopsy samples.

Histological results

Gross findings at autopsy were evidence of right heart
failure without pulmonary artery thrombi, colonic inflam-
mation, and a repaired sinus venosus ASD. The lungs
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were focally firm, with multiple pleural petechial haemor-
rhages and bilateral serous pleural effusions. The presence
of persistent bilateral foetal lobulation of the kidneys was
noted, a developmental anomaly reported in one other case
of PCH [19].

The most striking histological feature of the autopsy lung
tissue was the focal increases in the number of congested
capillaries (figs. 1a and 2). Haemosiderin laden alveolar
macrophages and occasional regions of fresh haemorrhage
were present. Increased thickness of the arterial walls was
also apparent, as was the appearance of muscle in walls of
normally nonmuscular arteries (fig. 1b). The focal regions
of capillary proliferation were usually closely associated
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Fig. 1. — Comparison of percentage of a) adventitial; b) intimal; and c)

medial thickness of pulmonary arteries of various external diameters

from historical controls [20] and from lung biopsy and autopsy tissue

obtained 4 months later from a patient with pulmonary capilliary hyper-

tension. Data are shown as meantsem. [ controls (n=7); [%4: biopsy;
. autopsy.
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Fig. 2. — Light micrographs of autopsy lung showing a) a haemangioma-
toid region with striking capillary proliferation in the thickened alveolar
walls (haematoxylin/eosin stain (H/E), internal scale bar = 20 um); b)
appearance of muscle into normally nonmuscular arteries (arrow) and
increased medial thickness of an adjacent artery; the haemangiomatoid
lesion to the upper left is adjacent to normal lung tissue (H/E, internal
scale bar = 50 um); c) reticulin fibres demarcating the increased number
of capillaries in a haemangiomatoid lesion (Gordon and Sweet reticulin
stain, internal scale bar = 20 pm).
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with bronchopulmonary bundles as well as pulmonary ar-
teries and veins; occasional venous profiles revealed infil-
tration of the abnormal capillaries into vein walls. Reticulin
fibres in the angiomatous lesions were increased and out-
lined the expanded number of capillary profiles (fig. 1c). In
retrospect, a few capillary nodules were also apparent in
the biopsy tissue.

Arterial structure

In biopsy tissue, percentage medial, adventitial, and in-
timal thickness were increased for arteries of all size ranges
examined when compared with historical controls (22; n
=7). The most dramatic increases were in the thickness of
the media and adventitia (fig. 2). For example, percentage
medial thickness for arteries of 101-200 um external dia-
meter was 21.2%, a value three times the control value.
Little evidence of eccentric intimal thickening was noted,
but concentric intimal thickening was evident (13% of all
arteries examined), particularly in arteries of <50 um ex-
ternal diameter, where 29% were affected. Intimal obliter-
ation was not a feature. The presence of muscle in smaller
and more peripheral arteries was evident.

Examination of the autopsy lung revealed further small
increases in percentage medial and adventitial thickness
over the values obtained in the biopsy tissue (fig. 2¢). The
appearance of muscle into smaller arteries than normal was
less than in the biopsy tissue, perhaps because of a loss of
small arteries (fig. 2b). Percentage intimal thickness, how-
ever, showed a striking additional increase, which was par-
ticularly prominent in the smaller arteries of <200 um
(fig. 2a). For example, percentage intimal thickness for
arteries <50 wm in the autopsy lung was 53% compared to
24.3% in the biopsy tissue. Examination of the autopsy
lung also revealed the appearance of eccentric intimal
thickening in arteries of <1,000 um when it was 20%,
whereas the proportion of concentric intimal thickening
was increased to 31% for arteries of all external diameters
when compared with biopsy tissue, 81% of the affected
arteries being <50 wm.

Venous structure

Both venous intimal and adventitial thickness were in-
creased in the biopsy tissue (fig. 3). Intimal thickness was
approximately three times greater than historical controls
[22] and adventitial thickness was approximately doubled.
Approximately one-sixth of the veins showed concentric
intimal thickening. Neither eccentric intimal thickening nor
venous occlusion were found.

Intimal thickness showed a twofold increase in the
autopsy lung samples when compared with the biopsy tis-
sue (42 versus 20%), and adventitial thickness also show-
ed a further but more modest increase (38 versus 30%).
An additional increase was also noted in the number of
arteries demonstrating concentric intimal thickness when
more than half of the veins examined showed this change
(83 versus 30%). Evidence of eccentric thickening or ven-
ous obliteration was not found.

Haemangiomatous lesions

Quantitation of the haemangiomatous lesions in the bi-
opsy tissue revealed that 22.4+22.8% (mean+sp) of the

alveolar wall was affected and the remaining 77.6% of the
walls were of normal appearance. In the autopsy tissue,
haemangiomatous lesions were more numerous and dif-
fuse; quantitation revealed that 44.6+28.4% of the alveolar
walls were now affected by these lesions and 55.4% were
normal.

Discussion

Pulmonary capillary haemangiomatosis is an organ-
specific vascular proliferation that results in the develop-
ment of chronic pulmonary hypertension. Although PCH
is not a malignant neoplasm histologically, it is locally in-
filtrative and uniformly fatal. Our data suggest that its
growth and spread is rapid. WHITE et al. [21] described two
types of pulmonary haemangiomatosis: the cavernous
type, which most commonly affects younger patients and
results in death from haemorrhage, and the capillary type,
which affects older children and adults and results in death
from complications of pulmonary hypertension. They also
reported regression of disease and symptomatic improve-
ment in two paediatric patients with PCH who were treat-
ed with recombinant interferon-o2 [21, 22]. While lung
biopsy is generally not required in the evaluation of pati-
ents with PPH, because alternative diagnoses made by
biopsy are uncommon [23], the reports that interferon
might be an effective therapy for PCH may be an impor-
tant consideration in determining the need for biopsy. Our
experience demonstrates that the diagnosis of PCH from a
limited biopsy specimen is difficult given the patchy nat-
ure of the disease. Obtaining large lung specimens from
multiple sites may minimize this problem.

Other authors have suggested that haemoptysis, hae-
mothorax, a reticulonodular pattern on chest radiograph or
an abnormal appearance on ventilation perfusion scanning
should raise the suspicion of PCH in a patient with pulmo-
nary hypertension of unknown aetiology. While we agree
that these findings are suggestive, it is important to note
that in our review of 21 reported cases, haemoptysis was
documented in only eight (38%) patients, abnormal inter-
stitial pattern on chest radiographs in 13 (62%), haemo-
thorax with bloody pleural effusion in three (14%) and
abnormalities on perfusion scan in nine (43%). Our case is
an example of a patient who demonstrated none of these
clinical clues to the underlying pathology. Her lung ap-
peared normal even by more sophisticated imaging with
computed tomography and MRI scanning. Furthermore,
the coexistent ASD was initially believed to be the cause
of her life-threatening pulmonary hypertension.

The present quantitative comparison of biopsy tissue to
autopsy tissue taken 4 months later from a patient with
PCH has allowed us to document the progression of the
structural changes in the walls of both the pulmonary
arteries and veins and the proliferation of haemangioma-
tous lesions in the peripheral lung using quantitative techni-
ques. At autopsy, the lung exhibited the classic features of
pulmonary haemangiomatosis: widespread haemangioma-
tosis in the alveolar walls with occasional infiltration by
these abnormal capillaries into the walls of pulmonary ves-
sels increased numbers of haemosiderin laden alveolar
macrophages, and scattered areas of fresh alveolar haem-
orrhage. A rapid increase in the number of haemangiomatous
lesions over a four month period was also demonstrated.
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Further, striking increases in thickness of the intimal lay-
ers of both the arteries and veins were noted with resultant
severe luminal narrowing. These latter findings, coupled
with obstruction of normal capillaries in half of the capil-
lary bed, doubtless contribute to the progression of chronic
pulmonary hypertension.

In summary, pulmonary capillary haemangiomatosis may
cause life-threatening pulmonary hypertension in the ab-
sence of any of the previously described clinical clues,
such as haemoptysis, haemothorax, interstitial infiltrates,
or perfusion abnormalities. To our knowledge, this is the
first morphometric analysis of the lungs of a patient with
pulmonary capillary haemangiomatosis and sinus venosus
atrial septal defect and the first report to document pro-
gression of the disease. This quantitative approach dem-
onstrated increasing severity of medial, adventitial, and
intimal thickening in pulmonary arteries and veins and rap-
id progression of the angiomatous lesions during the 4
months between lung biopsy and autopsy.
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