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Fig. 1 (Color online) Schematic diagram of the experimental setup for XPCT imaging based on the grating interferom-
eter. A, A Talbot grating interferometer, consisting of phase grating and absorption grating, was placed behind
the specimen. B, Phase retrieval was achieved using a five-step phase-stepping procedure.
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Fig. 2 (Color online) Representative findings of clinical CT,
XPCT, EVG staining. A, A contrast-enhanced CT scan of
acute aortic dissection type A aorta without significant
changes in the aortic wall (arrow). B, An XPCT image of
the same slice of the aortic wall, showing density variation in
the tunica media (arrow). C, Pathological findings in a
specimen stained with EVG stain that clearly demonstrated
fragmentation in the elastic lamina and cystic medial necrosis
(CMN; black arrow).
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(Color online) A representative XPCT image and histological findings in normal aorta. For details, see texts.
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Fig. 4 (Color online) A representative XPCT image and histological findings in AADA with MFS. For details, see

texts.
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Fig. 5 (Color online) Comparison of tissue density. For details,
see texts.
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Fig. 6 (Color online) Schematic diagram of the experimental setup and result of dynamic XPCT (A, B). For details,

see texts.
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Fig. 7 (Color online) A representative XPCT image and histological findings in the aortic wall after TEVAR. For de-

tails, see texts.
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Fig. 8 XPCT image and its corresponding histological section including a compact node (CN), a penetrating bundle
(PB) and a branching bundle (BB): (upper) XPCT image (lower) Corresponding histological section.
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Fig. 9 (Color online) Mean tissue density calculated from Tiff values in XPCT imaging of each section of conduction
bundle including a compact node (CN), a penetrating bundle (PB) and a branching bundle (BB). The CCS,
composed of specialized cardiomyocytes, is low density tissue, compared to the IVS myocardium (p <0.05). The
insulating fibrous tissue around the AV conduction axis is remarkably high-density tissue (p<0.01).
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surgical view

Fig. 10 (Color online) Three-dimensional reconstruction of the AV conduction axis within a whole heart by means of
manual image segmentation of the low-density regions.
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Fig. 11 (Color online) Surgical view of the AV conduction axis from the cardiac internal surface: (A) the right atrial

view and (B) the left ventricular outflow tract view.
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Fig. 12 (Color online) Morphological Diagnosis of Cardiac Speci-

mens measured by XPCT from 2013 to 2018.
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(Color online) Visualization of the atrioventricular con-
duction axis in hearts with ventricular septal defect using
XPCT. The reconstructed block removed from the heart us-
ing Drishti software.
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2) EETRREEOEZFHGCERDETEROEE
HIRRARY (Fig. 1)

AIETEORIIRE RS HER 2 S IR B 2R
BFEOERIC L - THLEAIC SN, 3 TICHAEOEE L
KROMEZOFERIIRM & L TA KRB SN T 5, SR
5 b RIBIE18 B ORES Tid, XPCT IC & % fi##TIC &
-, %%@:&ﬁmfﬂﬁimﬁ%fﬁKﬁfﬁET% el 75%?
7o7e e & L C () BEREBAET L DA & O3k

Fig. 4-A (Color online) The heart specimen viewed from the right and left ventricular aspects, and from above, rela-
tive to PCCT slices showing the precise location of the ventricular components of the conduction axis, relative

to the septum.

Atrioventricular

Atrioventricular
node

o 2

Fig. 4-B (Color online) The location of the atrioventricular node within the nodal triangle. The mean distance from
the orifice of the coronary sinus (The left panel): 1.7 mm (1.45 to 2.00 mm); The depth within the right atrial
endocardium (The right panel): 1.00 mm (0.73 to 1.34 mm).
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REfR4m (Fig. 16, Fig. 17)
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FIHT ORBIOE 2 R OE & A TERBICAE S
N5, LEFREELEFROET N 2B LN \VIEE
(Bl : E=WHOE) Tld, BEMALHE AV node 22 HELD
DZEN PR Interventricular septum : IVS/ventricular
infundibular fold: VIF/Infundibular Septum DO\ ¢ n{C
FES 5 E TORKIL, FEMFRICHEL/ETOLEAH
RENETR E DS AETRE #ROHEDHER I NI,

Rt AV
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LtAV
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MS
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Anatomical
VAJ

(proximal end of
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Fig. 15 (Color online) The localization of AV conduction bundle and the special relationships to adjacent fibrous struc-
tures in the left ventricular outflow tract and the aortic valve: A: Normal heart, B: Congenital unicuspid aortic

valve.
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Fig. 16

septum

(séparating 2 chambers)

LV PCT (volume rendering
M conduction tissue )|

Biventricular, right han

B Two AV nodes and b

B The posterior tract frn IS ™
=penctrating the AV val PA Ao
w=3ligned site of IVS

B Aaterior tract may be

AV valve annulus
Atrial muscular strand

(Color online) XPCT imaging and corresponding cardiac specimen in Biventricular, right hand topology, com-
mon AV valve. Among two of 4 hearts of biventricular atrioventricular connection with right hand topology, the
disrupted anterior tract was presented with none of bundle branch. In the remaining two hearts the ventricular
sling of conduction tissues was depicted.

* Double inlet left ventricle

anterior tract

Atrial sling
oc —# /7w \
RV type / \

J J

Lt anterolateral \ /
A}

tract \
posterior /

- /
posterior trabeculae papillary myscle
°/

connecting to septum

)
posterior trace AV valve annulus™—

& ventricular sling

- ,//d/wsrumed

P posterior tract
atrial muscular strand

Fig. 17 (Color online) XPCT imaging and corresponding cardiac specimen in Double inlet left ventricle, common AV

valve.

In a heart of DILV with the left anterior outlet chamber, the posterior atrioventricular septum was remarkably
malaligned. There was a large papillary muscle between the posterior end of muscular strand and the left lateral
end of septum separating left posterior left ventricular wall in 2 chambers. This heart has dual connecting nodes
penetrating into both left lateral and anterior attachment of the septum. This was not ventricular sling, but was
atrial sling around the atrioventricular valve annulus. From the base of posterior muscular strand, there was a
bundle into posterior trabecula, then disrupted in the posterior papillary muscle.

COZEIC X 0 XPCT BRI IEM B 5 D 7= O AR
FREEPED D 2, MPRLFBEOBEALREL TsH
75 7% wEAl 7 B & AT BE Tdb V) MEIRAE O RIHR R AT IC 6
L TERETETH S B2 bR,

2.2.1.3 E£&8BERMER

XPCT 3 FFEHETL F DDA D /S —F + )L CT
HEEMERR AR T A LIC kY, Al RELES
W CHEEMHMEERZHEO 3D FBEEBR - L T
AEALT A C L EATRRIC LTz, CORER, 2 RICHIRE
2R T35 5 e 3D SR FRIC K A OBEM
R & OZERBIALE B ROIIE L B BEIVETH A &, DY
REIT 35\ TR 7 ISR R AT O REERIHE S A & 72 5
FTA I R—=va v EVBL, RRHS, OISR T5ERS
HEF « REEPRIGHEOFEIKIC I3 \WTCiE, AEHEHD 5\ W idh
TEAESER A VI — A A=V OREEIC L 0 BRI EE
TR IO T R ER & 7 %,

2.21.4 EoRkHHMREIEEHSEHICAITT—
KTV 7 M XPCTICE D BVEBRLEDT
AT LICRE ORIIRERET/ S Z — v &5t OFE
ICHAGPCT 2 &0 D EMIEET T 5 L FRFC, B
UV D S—F 5 UREAR & UIRIS < FIFA TR 72 TR Tkt
CERITERIREVEEZ S,
SHAFEOMORFIELHE IS TR SN TV S ERDOE
WA % %y P —27{L, ZBERISD EFILOD
TER PRI BB AN OV Y A ) — & L CHIEgEE
ROHRBEHERES LY AT LORKEL BIFT,
3D 7V vV ETOVEUE « BIEAMRIER, BRSO
BHIYE (offthejob FLV—=v 7y I 2 V—3¥ 3 VH
W) A HME L, FBSERAD 3D SU Y FET VD
RREBUERBAMA L 720 SHRIETE LT X 4 THRETER
OB TTIVICIRRL, YIBH, JBH, %6 /AFRECHR
PICENIRE RSN TOTTIVEELY RiEY,
FERIICITEMIRREE B A2 6 3D 7Y v X —HD
R T — 2 2R 7 IV DIV, TEEREE RIS OB

gt Jan. 2021 Vol.34 No.1 23



FR EEMMAEROBELE T 0T T L, KBOEY « F
HEFHBERBICHT TR T 2 AT LR RlT 5,

HEMABIA TS5 ) —web U A FEE : BON/A AR
T BRI ILEPE & L A HEICERET LG5V A
TLOWEXHERL T\W5, BYHEE B LT ORREE
HEOWRFEROWME LB L L, EHNOHIBOEEARICIE <
SNROFFZIEKT 5, Eo2EICH L TWABED I
KO BT L CREBIRYIC XPCT iR A kB L, &E
s FEFIAATRE B R CTF — 2 3% B & L /=15 B
4750 —web Y A FOEELFEL TW5b, Mfidik
F AR 7 IR EO & it T, FIHTE 258
FREVLDEEZEZ TV 5,

Web ¥ A MiZkBWTiE, 2—F—RHRICILL THE
& 9% 3D EBEPE LN AEWTRA VX —"T »— Aw K
L7cY A b efatd 5, 77285y —bbF 2T
4 — DML H A & T 50, RIS EGREE R CF
HEWRE DT — 2% EH L, AMRORRIEZICER/
LCWB7 I Ty b, 7O HADPBHTESYA M
FritE L TWb, COBEHEAMTAHILICLD, KY
A FOEREANIE SN, X0ELOFH, HEEmRE
BORINDZ EICkD, HixbittFoOF /- mEAROR
U ORMB L LD LI L TWb, BlREE Y AT LD
FREICOWTHIR RS & OBt )], #E#EO L LR A
DT\ 5,

2.2.2 BIRE - KBIREED MBS E MR
MROERLBRNESE

BYIRE & 3B RIS W TIENIR & KBk & 2 B < I
THY, BEBERICB W TEEREEZR/L Twb,
TUCK U THAE S —ERERR M b BIRE AL 7o &
FESTREEVODIIRFETHY, COREDOZ L2H)
REBTE &S, EREOERD S B, FMORHIEBEL
TV 2 EIREHR & KEMROBE R OHINZ I3 EE A = & 28
%\, £ T, XPCT #H VTR ET - 7o GHHIRMH
Wi Bk L 7=iF 92 &R CCh %,

3) 1.040
(g/cm?3) A

2 1035

‘B

S 1030

©

© 1025

B y R=0.723

= 1 P=0.001

1.015, » o w © o ]
Duration of infusion (day)

Fig. 19
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Fig. 18 (Color online) A representative XPCT findings of the
aorta (red) and PDA tissue (blue).
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Fig. 20 (Color online) A representative XPCT findings of Mitral
subvalvular apparatus: 3D (left) & 2D (right).
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Fig. 21 (Color online) Cross sectional imaging of chordae tendineae of human.
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Fig. 22 (Color online) Results of 4D-XPCT. For details, see texts.
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Cardiovascular structure analyzing research
using synchrotron-based phase-contrast tomo-
graphy
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Abstract Since 2012, the SPring—8 Cardiovascular Structure Analyzing Research Group has been estab-
lished for analyzing microstructures of various cardiovascular samples obtained from surgical
specimen or autopsy. One of the unique features of this group is most of members consist of
cardiovascular surgeons and our research have been oriented to solve clinical problems. In this ar-
ticle, it is described its history and future perspective.
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