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Pulmonary microvascular architecture in hereditary
haemorrhagic telangiectasia
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A 24-year-old Caucasian man was admitted with a
known hereditary haemorrhagic telangiectasia
(HHT) and heterozygous mutation of factor V
Leiden following episodes of cerebral infarctions in
occipital lobes, cerebellum and brainstem. In his

case history, the patient underwent several interven-
tional embolisation of arteriovenous (AV) malfor-
mations in the middle and lower lobes (figure 1).
However, those were not completely successful as
the malformations were diffuse. We performed

Figure 1 CT scans depict the pulmonary arteriovenous malformations after re-embolisation in the middle lobe.

Figure 2 (A and B) Immunohistochemical staining against FVIII antigen (endothelial cells (ec)) and CD105 (endoglin)
exposed a high expression of endoglin in the hereditary haemorrhagic telangiectasia (HHT) lung, bar=100 mm (C).
Transmission electron microscopy displayed a high vascularity and the appearance of sprouting angiogenesis,
bars=10 mm, 2 mm.
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video-assisted thoracoscopic surgery with a resection of the
middle lobe and a wedge resection of segment 10.

HHT (Osler-Weber-Rendu disease) is an autosomal-dominant
disease determined by multiple dilated vessels including muco-
cutaneous telangiectasias and vascular malformations of visceral
organs resulting in recurrent epistaxis, gastrointestinal bleedings,
paradoxical emboli, cerebral infarctions and abscesses.1 In about
55% of patients with HHT type 1 (HHT-1) and about 10% of
patients with HHT type 2 (HHT-2), large pulmonary arterio-
venous malformations (PAVMs) are found which results in a
direct shunting of arterial and venous blood flow.2 These
PAVMs cause a decreased resistance and enhanced likelihood of
pulmonary haemorrhage. The underlying pathogenetic mechan-
ism of HHT is associated with loss-of-function mutations of
endoglin (HHT-1) and ALK-1 (HHT-2). However, the precise
underlying mechanisms of HHT on the pulmonary vascular
architecture have not been reported yet in the literature.

To define the pulmonary vascular architecture in this patient,
the harvested lung tissue of middle lobe was analysed by

microvascular corrosion casting,3 transmission electron micros-
copy and immunohistology. Histologically, we identified dense
nodular capillary proliferations (figure 2A). In particular, the
immunohistological staining against endoglin (CD105), the
HHT-relevant transforming growth factor beta-binding protein,
demonstrated profuse expression in these capillary proliferations
(figure 2B), whereby HHT-1 is usually associated with a haploin-
sufficiency of endoglin. Contrary to the high endoglin expression
within these proangiogenic PAVMs, we realised a weak staining
in the surrounding tissue. Notably, histopathological observations
on human PAVMs could show that endoglin was still expressed in
the AV malformation suggesting that the lesion is not caused by a
loss of heterozygosity.3 It may be assumed that the PAVMs are
active hot spots of pulmonary angiogenesis and remodelling,
which reveal a focal upregulation of endoglin activity in these
vascular alterations. The PAVMs with several AV shunting result-
ing in hypoxia and upregulation of angiogenesis might recruit cir-
culating endothelial precursor cells. The ultrastructural analysis
of these AV malformations by transmission electron microscopy

Figure 3 Structural morphology of hereditary haemorrhagic telangiectasia (HHT) lung tissue and vascularity. (A) Cross section of HHT middle lobe
exhibiting pronounced consolidated areas with haemorrhages. (B) This architectural distortion leads to an obliteration of an alveolar duct. (C)
Microvascular corrosion casting exposed areas with densely packed aberrant bulks of pulmonary arteriovenous malformations (PAVMs). (D) The
branches of varying calibre and dilated vessels (arrowheads) reflecting the chaotic perfusion caused by the PAVM shunting. (E) The expansion of
pulmonary capillary plexus is mainly driven by intussusceptive angiogenesis as evidenced by the appearance of numerous tiny holes (exemplary
marked with*).
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highlighted dilated, thin-walled capillaries causing multiple
diffuse alveolar haemorrhages which compress the surrounding
lung tissue (figure 3A, B). When looking at the alterations of pul-
monary vascular structure, the vascular architecture in the
middle lobe is characterised by numerous PAVMs forming a
tangled vascular network structure (figure 3C). However, the
expanding capillary plexus indicate a distortion of vascular hier-
archy with dilated, elongated capillaries and sudden changes of
calibre abruptly draining into thinned vascular tufts (figure 3D).
The analysis of microvascular architecture revealed the morpho-
logical evidence of both sprouting (figure 2C) and intussuscep-
tive angiogenesis (figure 3E). Intussusceptive (non-sprouting)
angiogenesis is a well-characterised rapid morphogenetic process
observed during the capillary expansion in cancer, inflammation
and regeneration, which is distinct from sprouting angiogenesis
because it has no necessary requirement for cell proliferation.4 In
this respect, mechanical stress, the excessive recruitment of peri-
cytes and smooth muscle cells related to the formation of PAVMs
and the changes in blood flow are thought to play pivotal roles in
the initiation of the intussusceptive microvascular growth. These
visual insights into the pulmonary microvascular alterations in

HHT help explain the clinical manifestations of the disease as
well as illuminate the challenges of potential multitargeted anti-
angiogenic therapy.
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