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Imaging vascular connections and correlating tomography
with histology and immunohistochemistry. The presence of
IBAs in ACD/MPV was confirmed (Fig. 5 and Supplemental
Video S2; see https://doi.org/10.6084/m9.figshare.9746501).
The video demonstrates an anastomotic connection between a
pulmonary artery and a bronchial artery surrounding a bron-
chiole. By combining multiple virtual sections at different
angles as described in Fig. 2, the vascular anastomosis could be
visualized in a 2-D image (Fig. 5D).

Histological and immunohistochemical stainings, relevant for
studying pulmonary vascular pathology, of serial sections from
the imaged ACD/MPV tissue block revealed no adverse effects of
the irradiation on morphology (Fig. 4). Stained serial sections
corresponding to different levels/virtual sections seen in Supple-
mental Video S2 were selected and allowed for histological
characterization of the IBA and associated vessels (Fig. 5).

When traced in Supplemental Video S2, the continuation of
the MPV in Fig. 5F and its branches were seen following a
tortuous route along the bronchiole, adjacent to bronchial
arteries. This confirms previous suggestions of MPVs being
pathologically dilated bronchial veins (7, 14).

The advantage of using dye injections, automatic segmentation,
and 3-D rendering for understanding vascular connections. The
vascular tracer (dye) enabled unhindered 3-D visualization of
the vasculature as the surrounding parenchyma could be auto-
matically segmented out and selectively removed.

Automatic segmentation and 3-D rendering of dye-filled ves-
sels within the bronchovascular bundles yielded detailed 3-D
reconstructions of IBAs connecting the pulmonary circulation
with the bronchial circulation (Fig. 6 and Supplemetnal Videos S3
and S4; see https://doi.org/10.6084/m9.figshare.9746501).

Furthermore, MPVs were observed to be closely associated
with peribronchial vasculature, sometimes sharing the adventitial
sheaths of bronchial arteries (Fig. 7). Analysis of venous connec-
tions in the tomographic data and by histological staining of
corresponding sections revealed that MPVs drain peribronchial
vasculature to septal pulmonary veins, similar to pulmonary
venules that drain dysplastic capillaries. No evidence of down-
stream obstruction was observed in any of the pulmonary or
bronchial veins (Fig. 7).

Manual segmentation and 3-D rendering of noninjected vas-
culature in the neonatal control lung. Although more laborious
when compared with the automatic 3-D reconstruction of dye-
filled vessels in the ACD/MPV tissue, manual segmentation and
subsequent 3-D rendering of noninjected vasculature in the neo-
natal control lung yielded precise and comparable 3-D reconstruc-
tions. Figure 8 and Supplemental Video S5 (see https://doi.org/
10.6084/m9.figshare.9746501) demonstrate that pulmonary venules
and veins are separated from the bronchovascular bundle with
no dilatation of bronchial veins and no anastomotic connec-
tions between pulmonary arteries and the bronchial circulation.

Fig. 6. Segmentation and 3-D rendering to visualize intrapulmonary bronchopulmonary anastomoses (IBAs) and reconstruction of airways. Dye injections
allowed for automatic segmentation and 3-D rendering of the vasculature. A: same area as in Fig. 5, but with 3-D rendering of the IBA (white asterisk) and its
associated dye-filled arteries. B: another area with two patent IBAs (white asterisks). C and D: illustration of how the IBAs (white asterisks) emerge from the
parent pulmonary arteries (PA) toward the airways (Br), and connect with bronchial arteries (white arrowheads). Supplemental Videos S3 and S4 (see
https://doi.org/10.6084/m9.figshare.9746501) provide a more detailed view of the 3-D rendering in C and D, respectively.
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Scientific context: Lung imaging

X-ray tomographic microscopy reveals heterogeneity of plexiform lessions

Pulmonary hypertension -> very high mortality.
Plexiform lession (vascular changes) is the histopathological hallmark

Distinct Types of Plexiform Lesions Identified by 
Synchrotron-Based Phase Contrast Micro-CT

K. Christian Westöö1, Christian Norvik1, Niccolò Peruzzi2, 
Oscar van der Have1, Goran Lovric3,4, Ida Jeremiasen1,5, Phan-
Kiet Tran5, Rajmund Mokso6,7, Vinicio De Jesus Perez8, Hans 
Brunnström9,10, Martin Bech2, Csaba Galambos11 and Karin 
Tran-Lundmark1,5,12*

1,2Lund University, Sweden
3,4ETH Zurich & Paul Scherrer Institute, Switzerland

The dataset in the notebook is connected to the publication in print:

doi.psi.ch/detail/10.16907/d699e1f7-e822-4396-8c64-34ed405f07b7

https://doi.psi.ch/detail/10.16907/d699e1f7-e822-4396-8c64-34ed405f07b7


Technical solutions: reconstruction notebook

Tomographic reconstruction with open source tools:
http://tomopy.readthedocs.io

Dataset used in the manuscript and in the notebook is published with PSI: 
https://doi.psi.ch/detail/10.16907/d699e1f7-e822-4396-8c64-34ed405f07b7

Reconstruction notebook developed in Lund as a pilot for setting up tomographic 
jupyter hub environment at MAX IV (Jason Brudvik and Zdenek Matej)

http://tomopy.readthedocs.io/
https://doi.psi.ch/detail/10.16907/d699e1f7-e822-4396-8c64-34ed405f07b7

