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Figure 6. Segmentation of the vascular system in cardiac samples. (A) Segmentation of the vessels of a Ctr sample. The vessels are well
oriented and show a relatively constant diameter. (B) Segmentation of the vessels of a Covid-19 sample. The vessels show large deviations in

diameter and the surface of the vessels is not as smooth as in the control sample. (C) Filtered minimum projection of an area of the reconstructed

electron density of the Cov sample to highlight a vessel loop marked in blue. (D) Surface rendering of the segmented vessel and vessel graph of in

an area of the Cov sample. Scale bars 25µm. (E) Comparison of node degree n between control and Covid-19. Ratio refers to the number of graph
branch points (n > 2) divided by the number of end points (n = 1). (F) Exemplary scanning electron microscopy image of a microvascular corrosion
casting from a Covid-19 sample. The black arrows mark the occurrence of some tiny holes indicating intraluminar pillars with a diameter of 2-5µm,

indicating intussusceptive angiogenesis. Magnification 800x, scale bar 20µm.
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acquisition and reconstruction parameters, the entire data acquisition and workflow was optimized475

and then kept constant for the entire sample series, covering the different pathologies (Cov, Inf,476

Myo) and control (Ctr) group samples. Importantly, this was already possible at a home-built477

compact laboratory �CT, based on a liquid metal jet source and optimized phase retrieval, which478

is important for future translation and dissemination of the methodology developed here. Fully479

automated PCA analysis then yielded the eigenvectors of the structure tensor at each sampling480

point of the reconstruction volume, and for each sample. The corresponding distributions showed481

significant difference in architecture between Cov from all other groups Inf, Myo or Ctr groups,482

and these differences could be interpreted again by inspection of the reconstruction volumes, i.e.483

reflecting for example tissue compactness, orientation of the cardiomyocytes and the degree of484

anisotropy.485

Future improvements in segmentation and quantification will be required to fully exploit the486

structural data acquired here, or in similar studies. To this end, augmented image processing algo-487

rithms, deep learning, classification for example based on optimal transport, and the consolidation488

of the above in form of specialized software packages has to be considered. Technical improve-489

ments towards higher resolution and throughput can also be foreseen. Already at present, parallel490

beam synchrotron data acquisition (GINIX endstation, P10 beamline of PETRA III/DESY) completes491

a biopsy punch tomogram within 1.5min, at a a pixel size of 650 nm, and a volume throughput of492

107 µm
3

s
. Importantly, the image resolution and quality is sufficient to segment vasculature and493

cytoarchitectural features of interest, also and especially for standard unstained paraffin-embedded494

tissue used in routine diagnostics. The data acquisition rate and dwell time in the range of 10ms to495

20ms (per projection) is dictated by detector readout, motor synchronisation, and data flow rather496

than by photon flux density. This is also underlined by the fact that (single-crystal) attenuators497

had to be used to prevent detector saturation. The situation is entirely different, however, for the498

waveguide cone beam configuration, where the lower waveguide exit flux density, which comes with499

the significantly higher coherence and resolution, requires acquisition times of 200ms to 2500ms.500

Here, the projected source upgrade foreseen for PETRA IV will provide a significant gain in resolution501

and throughput. Robotic sample exchange will therefore be required, and a serious upscaling of502

the data management and online reconstruction pipeline. First reconstructions of heart biopsies503

exploiting the enhanced coherence and resolution of a waveguide holo-tomography setup already504

indicates that this is a very promising direction.505

506

With our presented workflow, especially in view of the laboratory system, we have for the507

first time implemented destruction free analysis of the ubiquitous FFPE embedded tissue readily508

available in every pathology lab around the world, based on an automated structure tensor and509

shape measures. This represents a first and major step in unlocking the extensive international510

FFPE archives for sub-light-microscope resolution destruction-free 3d-tissue analysis, unfolding511

manifold future research possibilities in human diseases far beyond Covid-19. This approach has512

been successfully used to classify the distinct changes in the myocardial cytoarchitecture induced513

by Covid-19. More importantly still, we have provided first proof for the suspected presence of IA514

in cardiac Covid-19 involvement, putting forward morphological evidence of a so far imprecisely515

defined clinical entirety of great importance.516

Competing Interests517

The authors declare no competing interests.518

18 of 27

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted September 18, 2021. ; https://doi.org/10.1101/2021.09.16.460594doi: bioRxiv preprint 

https://doi.org/10.1101/2021.09.16.460594
http://creativecommons.org/licenses/by/4.0/


Manuscript submitted to eLife

Acknowledgements519

We thank Ove Hansen for help with deep learning, Markus Osterhoff, Michel Sprung, and Fabian520

Westermeier for support at P10. Florian Länger for helpful discussion, Patrick Zardo for providing521

control specimen, and Bastian Hartmann, Jan Goemann, Regina Engelhardt, Anette Müller-Brechlin522

and Christina Petzold for their excellent technical help. It is also acknowledge DESY photon science523

management for the Covid-19 beamtime call and the granted beamtime.524

Additional Information525

Funding526

This research was supported by the Max Planck School Matter to Life supported by the German527

Federal Ministry of Education and Research (BMBF) in collaboration with the Max Planck Society528

(MR,TS), as well as BMBF grant No. 05K19MG2 (TS), German Research Foundation (DFG) under529

Germanys Excellence Strategy -EXC 2067/1-390729940 (TS), the European Research Council Consol-530

idator Grant XHale, 771883 (DJ) and KFO311 (project Z2) of the DFG (DJ). Participation of PMJ was531

supported by a HALOS exchange stipend.532

Ethics533

The study was approved by and conducted according to requirements of the ethics committees at534

the Hannover Medical School (vote Nr. 9022 BO K 2020).535

References536 Ackermann M, Konerding MA. Vascular casting for the study of vascular morphogenesis. Methods in molecular537

biology (Clifton, NJ). 2015; 1214:49–66. doi: 10.1007/978-1-4939-1462-3_5.538

Ackermann M, Konerding MA. In: Ribatti D, editor. Vascular Casting for the Study of Vascular Morphogen-539

esis New York, NY: Springer New York; 2015. p. 49–66. https://doi.org/10.1007/978-1-4939-1462-3_5, doi:540

10.1007/978-1-4939-1462-3_5.541

AckermannM, Mentzer SJ, Kolb M, Jonigk D. Inflammation and intussusceptive angiogenesis in COVID-19: every-542

thing in and out of flow. European Respiratory Journal. 2020 oct; 56(5):2003147. doi: 10.1183/13993003.03147-543

2020.544

Ackermann M, Morse BA, Delventhal V, Carvajal IM, Konerding MA. Anti-VEGFR2 and anti-IGF-1R-Adnectins545

inhibit Ewing’s sarcoma A673-xenograft growth and normalize tumor vascular architecture. Angiogenesis.546

2012 Dec; 15:685–695. doi: 10.1007/s10456-012-9294-9.547

Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T, Laenger F, Vanstapel A, Werlein C, Stark H, Tzankov548

A, Li WW, Li VW, Mentzer SJ, Jonigk D. Pulmonary Vascular Endothelialitis, Thrombosis, and Angiogenesis in549

Covid-19. New England Journal of Medicine. 2020 jul; 383(2):120–128. doi: 10.1056/nejmoa2015432.550

Ackermann M, Wagner WL, Rellecke P, Akhyari P, Boeken U, Reinecke P. Parvovirus B19-induced angiogenesis551

in fulminant myocarditis. European heart journal. 2020 Mar; 41:1309. doi: 10.1093/eurheartj/ehaa092.552

Albert CL, Carmona-Rubio AE, Weiss A J, Procop GG, Starling RC, Rodriguez ER. The Enemy Within. Circulation.553

2020 nov; 142(19):1865–1870. doi: 10.1161/circulationaha.120.050097.554

Bartels M, Hernandez VH, Krenkel M, Moser T, Salditt T. Phase contrast tomography of the mouse cochlea at555

microfocus x-ray sources. Applied Physics Letters. 2013; 103(8):083703.556

Bois MC, Boire NA, Layman AJ, Aubry MC, Alexander MP, Roden AC, Hagen CE, Quinton RA, Larsen C, Erben557

Y, Majumdar R, Jenkins SM, Kipp BR, Lin PT, Maleszewski JJ. COVID-19–Associated Nonocclusive Fibrin558

Microthrombi in the Heart. Circulation. 2021 jan; 143(3):230–243. doi: 10.1161/circulationaha.120.050754.559

Chen C, Zhou Y, Wang DW. SARS-CoV-2: a potential novel etiology of fulminant myocarditis. Herz. 2020 mar;560

45(3):230–232. doi: 10.1007/s00059-020-04909-z.561

Çiçek Ö, Abdulkadir A, Lienkamp SS, Brox T, Ronneberger O. 3D U-Net: learning dense volumetric segmentation562

from sparse annotation. In: International conference on medical image computing and computer-assisted563

intervention Springer; 2016. p. 424–432.564

19 of 27

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted September 18, 2021. ; https://doi.org/10.1101/2021.09.16.460594doi: bioRxiv preprint 

https://doi.org/10.1101/2021.09.16.460594
http://creativecommons.org/licenses/by/4.0/


Manuscript submitted to eLife

Cloetens P, Ludwig W, Baruchel J, Van Dyck D, Van Landuyt J, Guigay J, Schlenker M. Holotomography: Quantita-565

tive phase tomography with micrometer resolution using hard synchrotron radiation x rays. Applied physics566

letters. 1999; 75(19):2912–2914.567

Dejea H, Garcia-Canadilla P, Cook AC, Guasch E, Zamora M, Crispi F, Stampanoni M, Bijnens B, Bonnin A.568

Comprehensive Analysis of Animal Models of Cardiovascular Disease using Multiscale X-Ray Phase Contrast569

Tomography. Scientific Reports. 2019 may; 9(1). doi: 10.1038/s41598-019-43407-z.570

Deng Q, Hu B, Zhang Y, Wang H, Zhou X, Hu W, Cheng Y, Yan J, Ping H, Zhou Q. Suspected myocardial injury in571

patients with COVID-19: Evidence from front-line clinical observation in Wuhan, China. International Journal572

of Cardiology. 2020 jul; 311:116–121. doi: 10.1016/j.ijcard.2020.03.087.573

Eckermann M, Frohn J, Reichardt M, OsterhoffM, Sprung M, Westermeier F, Tzankov A, Werlein C, Kühnel M,574

Jonigk D, Salditt T. 3D virtual pathohistology of lung tissue from Covid-19 patients based on phase contrast575

X-ray tomography. eLife. 2020 aug; 9. doi: 10.7554/elife.60408.576

Erba P, Ogawa R, Ackermann M, Adini A, Miele LF, Dastouri P, Helm D, Mentzer SJ, D’Amato RJ, Murphy GF,577

Konerding MA, Orgill DP. Angiogenesis in wounds treated by microdeformational wound therapy. Annals of578

surgery. 2011 Feb; 253:402–409. doi: 10.1097/SLA.0b013e31820563a8.579

Frohn J, Pinkert-Leetsch D, Missbach-Guentner J, Reichardt M, Osterhoff M, Alves F, Salditt T. Multi-scale 3d580

virtual histology via propagation-based phase-contrast x-ray tomography on human pancreatic tissue. JSR.581

2020; .582

Gashler M, Martinez T. Robust manifold learning with cyclecut. Connection Science. 2012; 24(1):57–69. doi:583

10.1080/09540091.2012.664122.584

Gauchotte G, Venard V, Segondy M, Cadoz C, Esposito-Fava A, Barraud D, Louis G. SARS-Cov-2 fulminant585

myocarditis: an autopsy and histopathological case study. International Journal of Legal Medicine. 2021 jan;586

135(2):577–581. doi: 10.1007/s00414-020-02500-z.587

Halushka MK, Heide RSV. Myocarditis is rare in COVID-19 autopsies: cardiovascular findings across 277 post-588

mortem examinations. Cardiovascular Pathology. 2021 jan; 50:107300. doi: 10.1016/j.carpath.2020.107300.589

Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T, Erichsen S, Schiergens TS, Herrler G, Wu590

NH, Nitsche A, Müller MA, Drosten C, Pöhlmann S. SARS-CoV-2 Cell Entry Depends on ACE2 and TM-591

PRSS2 and Is Blocked by a Clinically Proven Protease Inhibitor. Cell. 2020 apr; 181(2):271–280.e8. doi:592

10.1016/j.cell.2020.02.052.593

Jensen PM, Trinderup CH, Dahl AB, Dahl VA. Zonohedral Approximation of Spherical Structuring Element594

for Volumetric Morphology. In: Scandinavian Conference on Image Analysis Springer; 2019. p. 128–139. doi:595

10.1007/978-3-030-20205-7_11.596

Kawakami R, Sakamoto A, Kawai K, Gianatti A, Pellegrini D, Nasr A, Kutys B, Guo L, Cornelissen A, Mori M, Sato597

Y, Pescetelli I, Brivio M, Romero M, Guagliumi G, Virmani R, Finn AV. Pathological Evidence for SARS-CoV-2598

as a Cause of Myocarditis. Journal of the American College of Cardiology. 2021 jan; 77(3):314–325. doi:599

10.1016/j.jacc.2020.11.031.600

Kingma DP, Ba J. Adam: A Method for Stochastic Optimization. In: International Conference on Learning601

Representations, ICLR; 2015. p. 1–15.602

Kollmannsberger P, Kerschnitzki M, Repp F, Wagermaier W, Weinkamer R, Fratzl P. The small world of osteo-603

cytes: connectomics of the lacuno-canalicular network in bone. New Journal of Physics. 2017; 19(7):073019.604

doi: 10.1088/1367-2630/aa764b.605

KrauseM, Hausherr JM, Burgeth B, Herrmann C, Krenkel W. Determination of the fibre orientation in composites606

using the structure tensor and local X-ray transform. Journal of Materials Science. 2010; 45(4):888–896.607

Lee TC, Kashyap RL, Chu CN. Building skeleton models via 3-D medial surface axis thinning algorithms. CVGIP:608

Graphical Models and Image Processing. 1994; 56(6):462–478. doi: 10.1006/cgip.1994.1042.609

Lohse LM, Robisch AL, Töpperwien M, Maretzke S, Krenkel M, Hagemann J, Salditt T. A phase-retrieval toolbox610

for X-ray holography and tomography. Journal of Synchrotron Radiation. 2020 May; 27(3):852–859. https:611

//doi.org/10.1107/S1600577520002398, doi: 10.1107/S1600577520002398.612

20 of 27

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted September 18, 2021. ; https://doi.org/10.1101/2021.09.16.460594doi: bioRxiv preprint 

https://doi.org/10.1101/2021.09.16.460594
http://creativecommons.org/licenses/by/4.0/


Manuscript submitted to eLife

Menter T, Haslbauer J, Nienhold R, Savic S, Hopfer H, Deigendesch N, Frank S, Turek D, and Pargger H WN,613

Bassetti S, Leuppi J, Cathomas G, Tolnay M, Mertz K, Tzankov A. Post-mortem examination of COVID19 patients614

diffuse alveolar damage with massive capillary congestion and variegated findings of lungs and other organs615

suggesting vascular dysfunction. Histopathology. 2020; In press.616

Mentzer SJ, Konerding MA. Intussusceptive angiogenesis: expansion and remodeling of microvascular networks.617

Angiogenesis. 2014 Jul; 17:499–509. doi: 10.1007/s10456-014-9428-3.618

Miettinen A, Oikonomidis IV, Bonnin A, Stampanoni M. NRStitcher: non-rigid stitching of terapixel-scale619

volumetric images. Bioinformatics. 2019; 35(24):5290–5297.620

Milletari F, Navab N, Ahmadi SA. V-net: Fully convolutional neural networks for volumetric medical image621

segmentation. In: 2016 fourth international conference on 3D vision (3DV) IEEE; 2016. p. 565–571.622

Nishiga M, Wang DW, Han Y, Lewis DB, Wu JC. COVID-19 and cardiovascular disease: from basic mechanisms to623

clinical perspectives. Nature Reviews Cardiology. 2020 jul; 17(9):543–558. doi: 10.1038/s41569-020-0413-9.624

Reichardt M, Møller Jensen P, Andersen Dahl V, Bjorholm Dahl A, Ackermann M, Shah H, Länger F, Wer-625

lein C, Kühnel M, Jonigk D, Salditt T, 3D virtual Histopathology of Cardiac Tissue from Covid-19 Patients626

based on Phase-Contrast X-ray Tomography. Zenodo; 2021. https://doi.org/10.5281/zenodo.4905971, doi:627

110.5281/zenodo.4905971.628

Ronneberger O, Fischer P, Brox T. U-net: Convolutional networks for biomedical image segmentation. In:629

International Conference on Medical image computing and computer-assisted intervention Springer; 2015. p.630

234–241.631

Tavazzi G, Pellegrini C, Maurelli M, Belliato M, Sciutti F, Bottazzi A, Sepe PA, Resasco T, Camporotondo R, Bruno R,632

Baldanti F, Paolucci S, Pelenghi S, Iotti GA, Mojoli F, Arbustini E. Myocardial localization of coronavirus in COVID-633

19 cardiogenic shock. European Journal of Heart Failure. 2020 apr; 22(5):911–915. doi: 10.1002/ejhf.1828.634

TöpperwienM, Krenkel M, Quade F, Salditt T. Laboratory-based x-ray phase-contrast tomography enables 3D vir-635

tual histology. Proc SPIE. 2016; 9964:99640I. http://dx.doi.org/10.1117/12.2246460, doi: 10.1117/12.2246460.636

Töpperwien M, van der Meer F, Stadelmann C, Salditt T. Three-dimensional virtual histology of human cere-637

bellum by X-ray phase-contrast tomography. Proceedings of the National Academy of Sciences. 2018;638

115(27):6940–6945.639

Turner LD, Dhal B, Hayes J, Mancuso A, Nugent KA, Paterson D, Scholten RE, Tran C, Peele AG. X-ray phase imag-640

ing: Demonstration of extended conditions with homogeneous objects. Optics express. 2004; 12(13):2960–641

2965.642

Van AarleW, Palenstijn WJ, Cant J, Janssens E, Bleichrodt F, Dabravolski A, De Beenhouwer J, Batenburg KJ, Sijbers643

J. Fast and flexible X-ray tomography using the ASTRA toolbox. Optics express. 2016; 24(22):25129–25147.644

Van Aarle W, Palenstijn WJ, De Beenhouwer J, Altantzis T, Bals S, Batenburg KJ, Sijbers J. The ASTRA Toolbox: A645

platform for advanced algorithm development in electron tomography. Ultramicroscopy. 2015; 157:35–47.646

Walsh C, Tafforeau P, Wagner WL, Jafree DJ, Bellier A, Werlein C, Kühnel MP, Boller E, Walker-Samuel S, Robertus647

JL, Long DA, Jacob J, Marussi S, Brown E, Holroyd N, Jonigk DD, Ackermann M, Lee PD. Multiscale three-648

dimensional imaging of intact human organs down to the cellular scale using hierarchical phase-contrast649

tomography. biorxiv. 2021 feb; doi: 10.1101/2021.02.03.429481.650

Wenzel P, Kopp S, Göbel S, Jansen T, Geyer M, Hahn F, Kreitner KF, Escher F, Schultheiss HP, Münzel T. Evidence651

of SARS-CoV-2 mRNA in endomyocardial biopsies of patients with clinically suspected myocarditis tested652

negative for COVID-19 in nasopharyngeal swab. Cardiovascular Research. 2020 jun; 116(10):1661–1663. doi:653

10.1093/cvr/cvaa160.654

Westin CF, Maier SE, Mamata H, Nabavi A, Jolesz FA, Kikinis R. Processing and visualization for diffusion tensor655

MRI. Medical image analysis. 2002; 6(2):93–108.656

Wichmann D, Sperhake JP, Lütgehetmann M, Steurer S, Edler C, Heinemann A, Heinrich F, Mushumba H, Kniep657

I, Schröder AS, Burdelski C, de Heer G, Nierhaus A, Frings D, Pfefferle S, Becker H, Bredereke-Wiedling H,658

de Weerth A, Paschen HR, Sheikhzadeh-Eggers S, et al. Autopsy Findings and Venous Thromboembolism in659

Patients With COVID-19. Annals of Internal Medicine. 2020 aug; 173(4):268–277. doi: 10.7326/m20-2003.660

21 of 27

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted September 18, 2021. ; https://doi.org/10.1101/2021.09.16.460594doi: bioRxiv preprint 

https://doi.org/10.1101/2021.09.16.460594
http://creativecommons.org/licenses/by/4.0/


Manuscript submitted to eLife

Witte YD, Boone M, Vlassenbroeck J, Dierick M, Hoorebeke LV. Bronnikov-aided correction for x-ray computed661

tomography. J Opt Soc Am A. 2009 Apr; 26(4):890–894. http://josaa.osa.org/abstract.cfm?URI=josaa-26-4-890,662

doi: 10.1364/JOSAA.26.000890.663

Zeng JH, Liu YX, Yuan J, Wang FX, Wu WB, Li JX, Wang LF, Gao H, Wang Y, Dong CF, Li YJ, Xie XJ, Feng C, Liu L. First664

case of COVID-19 complicated with fulminant myocarditis: a case report and insights. Infection. 2020 apr;665

48(5):773–777. doi: 10.1007/s15010-020-01424-5.666

Zheng YY, Ma YT, Zhang JY, Xie X. COVID-19 and the cardiovascular system. Nature Reviews Cardiology. 2020667

mar; 17(5):259–260. doi: 10.1038/s41569-020-0360-5.668

22 of 27

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted September 18, 2021. ; https://doi.org/10.1101/2021.09.16.460594doi: bioRxiv preprint 

https://doi.org/10.1101/2021.09.16.460594
http://creativecommons.org/licenses/by/4.0/


Manuscript submitted to eLife

Appendix 1669

Supplementary figures670
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674 Appendix 1 Figure 2. Reconstructions of the LJ compared to the PB setup. Comparison of the data
quality of laboratory and synchrotron measurements. (A) slice of a laboratory reconstruction at a

voxelsize of 2µm. A region of interest containing a branching vessel is marked by a blue box which is

shown in (B). The same area cropped from a tomographic reconstruction in PB configuration at a

voxelsize of 650 nm is shown in (C). The smaller voxelsize, higher contrast and SNR of the PB scans is

necessary to segment the vascular system. Scale bars: (A) 1mm, (B,C) 50µm.
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Appendix 2687

Supplementary Information: Medical Background & Datasets688

Medical Information689

sample no. age, sex hospitalization (days), clinical, radiological

and histological characteristics

Cov-I 86,M 5d, RF, D, H, I

Cov-II 96,M 3d, RF, H

Cov-III 78,M 3d, CRF, V, D, S, H

Cov-IV 66,M 9d, RF, V, S, H

Cov-V 74,M 3d, RF, D, S, H

Cov-VI 81,F 4d, RF, S, H

Cov-VII 71,M 0d, V

Cov-VIII 88,M 2d, V, H, I

Cov-IX 85,M 5d, V, S, H

Cov-X 58,M 7d, V, H

Cov-XI 54,M 15d, V

Ctr-I to Ctr-III 26, F -

Ctr-IV to Ctr-VI 36, F -

Myo-I 57,M V, H

Myo-II 23,M

Myo-III 59,M S, H, D

Myo-IV 50,M V, S, D

Myo-V 25,F

Inf-I 74,M 9d, CRF into MOF, V, S, H

Inf-II 66,F 17d, MOF, V, H

Inf-III 56,M 3d, CRF into MOF, V

Inf-IV 55,M 24d, RF into MOF, V, S
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Appendix 2 Table 1. Sample and medical information. Age and sex, clinical presentation with
hospitalization and treatment. RF:respiratory failure, CRF: cardiorespiratory failure, MOF: multi-organ

failure, V: ventilation, S: Smoker, D: Diabetes TypeII, H: Hypertension, I: imunsupression
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Structural analysis695

sample mean (Cl,Cp, Cs) fitted area eccentricity

Ctr-I (0.6508 , 0.1069 , 0.2423 ) 7.3194 0.5607

Ctr-II ( 0.5167 , 0.1907 , 0.2926 ) 11.5130 0.5736

Ctr-III ( 0.5074 , 0.2427 , 0.2499) 23.7443 0.4128

Ctr-IV ( 0.7434 , 0.1166 , 0.1400 ) 5.9026 0.6757

Ctr-V ( 0.7038 , 0.1495 , 0.1467 ) 9.5763 0.7896

Ctr-VI ( 0.4765 , 0.2835 , 0.2400 ) 13.7973 0.6688

mean (0.60 ± 0.11, 0.18 ± 0.07, 0.22 ± 0.06) 11.98 ± 6.42 0.61 ± 0.13

Cov-I ( 0.5398 , 0.2327 , 0.2275) 12.7052 0.6696

Cov-II ( 0.4676 , 0.2550 , 0.2774 ) 17.0347 0.6059

Cov-III ( 0.5896 , 0.2526 , 0.1578) 11.8845 0.7399

Cov-IV ( 0.5911 , 0.1833 , 0.2255 ) 16.3040 0.6765

Cov-V ( 0.3371 , 0.2505 , 0.4124) 16.3445 0.4081

Cov-VI ( 0.5184 , 0.2279 , 0.2537) 19.1954 0.6044

Cov-VII (0.3912 , 0.2262 , 0.3826) 19.8206 0.6530

Cov-VIII ( 0.5227 , 0.1776 , 0.2997) 15.0791 0.6033

Cov-IV (0.3253 , 0.2851 , 0.3897 ) 20.5768 0.5329

Cov-X (0.3283 , 0.2446 , 0.4271 ) 16.9989 0.6266

Cov-XI ( 0.2484 , 0.2314 , 0.5202 ) 20.1815 0.5407

mean ( 0.44 ± 0.12, 0.23 ± 0.03, 0.32 ± 0.11 ) 16.92 ± 2.91 0.61 ± 0.09

Myo-I (0.5777 , 0.2018 , 0.2206 ) 9.5528 0.4656

Myo-II (0.3887 , 0.1943 , 0.4170 ) 13.7853 0.4899

Myo-III ( 0.5984 , 0.2081 , 0.1935 ) 22.4768 0.6202

Myo-IV ( 0.4974 , 0.1908 , 0.3117 ) 18.3306? 0.6149

Myo-V (0.2664 , 0.2402 , 0.4933 ) 19.3212 0.3689

mean (0.27 ± 0.14, 0.24 ± 0.02, 0.49 ± 0.13) 16.69 ± 5.06 0.51 ± 0.12

Inf-I (0.3561 , 0.1714 , 0.4724 ) 14.9393 0.6808

Inf-II ( 0.4423 , 0.1376 , 0.4201 ) 11.7445? 0.5991

Inf-III ( 0.6150 , 0.1361 , 0.2489 ) 13.5988 0.7198

Inf-IV ( 0.5404 , 0.1849 , 0.2747 ) 13.4885 0.5561

mean (0.49 ± 0.11, 0.16 ± 0.02, 0.35 ± 0.11) 13.44 ± 1.31 0.63 ± 0.07
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Appendix 2 Table 2. Parameters of the cardiac tissue (laboratory data).697698

Datasets699

The tomographic datasets recorded in WG configuration as well as the PB datasets used for

the segmentation of the vascular system were uploaded to

https://doi.org/10.5281/zenodo.4905971.
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