
Impact of pulmonary vascular volume on
mortality in IPF: is it time to reconsider
the role of vasculature in disease
pathogenesis and progression?

To the Editor:

The article by JACOB et al. [1], reporting a computer-based computed tomography (CT) approach able to
provide a precise quantification of disease extension in idiopathic publmonary fibrosis (IPF) patients by
means of specific computer algorithm, CALIPER, is very interesting.

The authors show that with this algorithm it is possible to evaluate typical interstitial lung disease features,
such as honeycombing, reticular pattern, ground-glass opacities and emphysema and, in addition, an
innovative parameter represented by pulmonary vessel volume (PVV). CALIPER-derived measures,
together with conventional visual CT scores and pulmonary function measures of disease severity, were
tested for their ability to predict mortality. Surprisingly PVV, and in particular PVV5, defined as the
volume of small vessels with a diameter <5 mm2 expressed as percentage of total lung volume, at
univariate analysis showed the strongest prediction ability among all considered variables. At multivariable
analysis PVV, CALIPER-derived honeycombing extent and the composite physiology index were
confirmed to be independent predictors of mortality and were incorporated in a new three-group staging
system that was powerfully predictive of mortality in the analysed cohort of IPF patients.

The unexpected signal provided by PVV in this study was acutely discussed by the authors although it
remains not fully comprehensible. The authors provide three plausible explanations related to:
1) blood-flow diversion from advanced fibrotic areas to relatively spared lung regions with aberrant
dilatation of capacitance vessel resulting in increased PVV; 2) to the dilatation effect on blood vessels of
increased negative pressure during inspiration due to increased lung stiffness in IPF patients; and 3) the
effect of pleuro-parenchymal and bronchial-pulmonary arterial anastomosis previously described in studies
performed on IPF histological lung specimens [2].

In our opinion, the results of this study could have a further explanation. Some lines of evidence suggest
that vascular alterations might play a role in IPF pathogenesis and progression. In this regard, three
independent histological studies [3–5] have demonstrated the presence in IPF lungs of vascular
abnormalities that include aspects of pulmonary venous occlusive disease (PVOD) and aberrant capillary
multiplication defined as increased alveolar septa capillary density, that are consistent with aspects of the
condition known as pulmonary capillary haemangiomatosis (PCH). Interestingly, these alterations are
consistently reported in those areas of lung parenchyma less affected by the fibrosing process and whose
presence, alternately with more fibrotic and honeycombing areas, is a distinguished hallmark of the usual
interstitial pneumonia pattern characterising IPF histology. Those observations may lead to speculate that
vascular alterations might be the first pathological lesions in the IPF lung on which fibrosis might
eventually build up by an unclear mechanism. Idiopathic forms of PVOD and PCH are uncommon causes
of pulmonary hypertension, hard to distinguish from idiopathic arterial pulmonary hypertension, and are
characterised by post-capillary involvement of small pulmonary venules that cause increased pressure in
pulmonary capillaries, red blood cell leakage through the alveolar–capillary barrier and, as a consequence,
occult alveolar haemorrhage with the accumulation of haemosiderin-laden macrophages in the alveolar
spaces [6]. Differential diagnosis between other forms of pulmonary hypertension and PVOD/PCH is
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difficult and bronchoalveolar lavage (BAL) with haemosiderin-laden macrophage count has been proposed
as an effective tool in this setting [6]. Based on this result, we recently performed a BAL study showing an
increased iron burden in the alveolar milieu of IPF patients, which correlated with echocardiographic
estimation of pulmonary hypertension and with disease progression and prognosis evaluated by a
composite staging system [7]. Intriguingly, in a subsequent study we demonstrated an iron-dependent
increased production of oxygen reactive species by alveolar macrophages of IPF patients that may
represent one of the mechanisms of recurring epithelial injury thought to be involved in the fibrogenic
process of the disease [8].

We believe that the discussed pieces of evidence [3–5, 7, 8] are consistent and might represent an
alternative plausible explanation of the interesting results by JACOB et al. [1], where, similarly to previous
findings, the reported increased vascular volume was found in less-affected areas of the lung and showed a
linear correlation with pulmonary pressure estimated by echocardiography.

The innovative results of the study by JACOB et al. [1] are of high interest not only because they offer a new
powerful tool for staging IPF patients, but also because they strongly suggest that we should reconsider the
current predominant “epithelial- and mesenchymal-centric” view of the disease in favour of a more
inclusive view that takes into account pulmonary vascular disarrangement as a possible central event in
the pathogenesis and progression of IPF.
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From the authors:

We were pleased to read the letter from E. Puxeddu and co-workers, written in response to our
observation that an increased pulmonary vessel volume, derived using quantitative computed tomography
(CT) analysis, strongly predicts mortality in patients with idiopathic pulmonary fibrosis (IPF)
[1]. E. Puxeddu and his team highlight a selection of studies that have identified pulmonary vascular
alterations in IPF, similar to those seen in pulmonary venous occlusive disease (PVOD) and pulmonary
capillary haemangiomatosis (PCH) [2–4]. They suggest that when considered in the light of these previous
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reports, our findings add support to the idea that vascular alterations might be the first pathological lesion
in IPF preceding, and leading to, fibrogenesis.

Linkage between fibrosis and alterations in pulmonary vessel density in IPF is not a new observation. The
histopathological evaluation of surgical lung biopsy samples performed by EBINA et al. [2] established that
tissue surrounding regions of fibrosis in IPF is characterised by an increase in vessel profusion, whilst the
fibrotic tissue itself demonstrates a reduced number of vessels. In line with these findings, fibroblastic foci,
a pathological hallmark of IPF [5], have been shown to be relatively avascular [6] yet have a network of
capillaries at the base of the lesion. Furthermore, within fibrotic regions of histopathological IPF samples,
the normal reduction in vessel profusion with increasing distance from the alveoli spaces has been shown
to be disrupted [7].

More recently, in vivo studies in animal models have highlighted the varied effects on pulmonary fibrosis
mediated by modifying angiogenic pathways. In a rat model of bleomycin-induced pulmonary fibrosis, vascular
endothelial growth factor (VEGF), an angiogenic mediator, was shown to reduce the severity of pulmonary
hypertension yet concomitantly to increase the severity of pulmonary fibrosis [8]. In a similar mouse model, an
angiostatic chemokine, CXCL11, was found to reduce total lung collagen deposition and overall fibrosis extent
on morphometric analysis. However, the reduction in fibrosis, rather than being mediated through effects on
pulmonary fibroblasts, was linked to reductions in numbers of pulmonary endothelial cells and the inhibition
of angiogenesis [9]. Building on these reports, endostatin, a collagen degradation product that inhibits the
VEGF receptor, has been shown to ameliorate bleomycin-induced pulmonary fibrosis possibly by reducing
aberrant pulmonary angiogenesis and reducing alveolar epithelial cell apoptosis [10].

Despite the apparent corroboration from these various in vivo models, the translation of animal models of
pulmonary fibrosis and vascular proliferation to human IPF studies must be guarded. Similarly,
extrapolating relationships between the pulmonary microvasculature and fibrosis at a cellular level to the
more macroscopic changes identified using quantitative CT analysis is a large, and possibly unwarranted,
step. Nevertheless, dynamic or functional imaging studies may further elucidate the complex interactions
that exist between the vessels in the lung and the development of fibrosis.

With regard to the specific suggestion that vascular stresses occurring secondary to either PVOD or PCH
may be the first pathological lesion in the IPF lung, as E Puxeddu and colleagues state, it is worth pointing
out that fibrous intimal narrowing of vessels is frequently seen on a histopathological analysis of pulmonary
fibrosis, and thus adjacent vascular changes could be secondary to, or an epiphenomenon of, the fibrosing
process itself. Thus it remains unclear whether vascular proliferation represents a compensatory response to
subjacent pulmonary fibrosis, contributes to fibrogenesis, or represents a combination of the two.

Despite our intentional restraint in suggesting hypotheses to explain our observations about pulmonary
vascular volume in IPF, the interest our work has generated is encouraging. Whilst exact relationships are
elusive, it is becoming increasingly apparent that understanding the complexities of the pulmonary
vasculature is an important but neglected field of study in IPF.
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