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Dual-Energy CT /O 51L5 E BoAE 2 F V=18 M i g FE e P it v 1L 0D BEE B ST
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Hi
Dual energy CT (DE-CT) M HAGHIHE B/ 3T A—4 — L8 i A2 ZERVE i &) )+ 5iE
(CTEPH) 2F O TENEDFEIE L O BIBMRICOWCRHME 3528,

ik

52 4> CTEPH B4 T S iz DE-CT &L M A 7 7ML Tz, I SR AR D
F—4735, lung-perfused blood volume (lung PBV) D -H4 i & fili@h ks 0> 3 8 4h SR oD -1
fifl (PA enhancement) ZIEL ., ZILHE MATEIBOFRIEE OB BILR 2 AT ~ > DJERLFHE]
22 (rs) 2 IV CREAM L 72, %72, ROC #hi# T ififif (AUC : areas under the curve of receiver
operating characteristic) Zff HHL T, ZIWHD E&REE TZ K CThHL L MHEIRE (mPAP)
SO i A HXHT (PVR) & D BIFRIZ DV CREAM L 7=,

it R

Lung PBV |Z mPAP *IEOARBAREFRIZH 7= (rs = 0.47, p < 0.001), PA enhancement /%
DFREE A DFRBIRASR (rs = -0.49, p < 0.001) . PVR LIEDHHBIBIRIZH 72 (rs = 0.48, p <
0.001), mPAP>50mmHg %59 %54 lung PBV @ AUC i, 0.86(p < 0.001) TH-
72 PVR>1000dyne-s-cm™ Zfi| 5| 95354 . PA enhancement @ AUC 1%, 0.80(p =
0.0045) T o7z,

Lung PBV X° PA enhancement (X MATENREDFEIEZHEE T HIEDARETHD,



Assessment of severity in chronic thromboembolic pulmonary hypertension by

quantitative parameters of dual energy computed tomography

Abstract

Purpose
To assess the correlation between dual energy computed tomography (DE-CT)
quantitative parameters and hemodynamics in patients with chronic thromboembolic

pulmonary hypertension (CTEPH).

Methods

DE-CT of 52 CTEPH patients were evaluated retrospectively. The mean lung-perfused
blood volume (PBV) and the mean pulmonary artery (PA) enhancement measured at
pulmonary parenchymal phase were compared with the hemodynamics by Spearman's

rank correlation coefficient (rs) and receiver operating characteristic analysis.

Results

Lung PBV was correlated with mean pulmonary arterial pressure (rs = 0.47, p <
0.001). PA enhancement was correlated with cardiac index (rs = -0.49, p < 0.001) and
pulmonary vascular resistance (rs = 0.48, p < 0.001). The areas under the curves were
0.86 for lung PBV to predict mean pulmonary arterial pressure >50 mmHg, and 0.80

for PA enhancement to predict pulmonary vascular resistance > 1000 dyne*s*cm5.

Conclusion

Lung PBV and PA enhancement could be indicators of hemodynamics.
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1. HFREER-BH

8 M 1A% ZE AR M T ) 0 JE (chronic thromboembolic pulmonary hypertension:
CTEPH) (%, PAZEMED MEVET V7 ZFIR & T 2R A7 2 A 7 O Jifi 5 i ESE T, IEIRE
O LA SEILA LDARIIELEETHS(1,2], CTEPH OFIEI LA MEMZERE LoD B
PEDVRIBE N TND, SEBEMED BRI ZERIEAFIER 2 FELAN O CTEPH F8JE=RIT 0.1%~
9.1% LM ESNTHDI3,

CTEPH OZ Mo, seE kLAl KO iEhIR2SPAZEL , i it /0 A 720 NS i B8R
FHRED BH S 6 7 A LU R 7o > THEEL TOD B AR ZEFRE T, 2055 AR EIARIT
2% 25mmHg LA EOfifiE i E2 & OFL | ATBIREAE2S R 5 (15mmHg BUF) T2 [1,2],
CTEPH Offg &2 Wi, B2 WL U TiElRE 20152 CT 28 Vb, s - s o7
7T 7 4DOFT REFE T Thid, it - it > F7 77 4Tl R - A~y FEMETR
2O A3 FIE H CARMBIIRO 3 /A S o[1,2] (Fig. 1)

(a) (b)

Fig. 1 a5 - 1fiEs 527774
Wiy~ F 2757 4 (a) TIESFT DM TABIEAHEGR TE D3, iR~ F 2757 4 (b) IFIEH Th D,

CTEPH OZ2 KA HEIZIX, &5 CT ([T TEM (kL e D2 kL L T, 1. mural defects, 2.
webs and bands, 3. intimal irregularities, 4. abrupt narrowing, 5. complete
obstruction ® 5 D55 D7t 1 OMRFEAINDZENRZEITHILTNDI2,4,5], 7=, i
IS PED R 7T R & U CE IR DILIRA IS 41TV 5 [6-10], IfEh RS 247 KRENR
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DI ELED I (the diameter ratio of the pulmonary artery to the ascending aorta:rPA)
1. IR EREI I & i ESE A 2 W 2 FIEL L URSHWHITEY([8-10], A MBIIREL O
BIBIRIC OV TH IS TV15(8,10], F7z. iT4- Tl Dual-Energy CT (DE-CT) % v /=
lung perfused blood volume (lung PBV) EFE X405 i ¥ L e fEHTS FIREIZ 72~ 7 (Fig. 2).
lung PBV (&, ififiifis v F 2777 4\ cli-a— R~y 7 Wit A ERk C& . 202 Wrieidiifm i
CFTTT 4 LRETHL LS TA[11-138] (Fig. 3, 4),

(a) (b)

Fig. 2 lung PBV [@E#4

(a) F—R~>7Hifg (b) Fusion [



(a) (b)

Fig. 3 CTEPH (245(3% lung PBV Lfififiifi s w5257 1 (SPECT) O bk
Wi w5757 4 | SPECT (a) LRI, lung PBV (b) Tb B i JHEA IS T B,

Fig. 4 JHEMIRYEM & ML EAE (238135 lung PBV Lifilfifis 2777 1 (SPECT) 0 ki
lung PBV (a) (Z1%. ilffiis > F27 77 4/SPECT (b) L [FARIC MO KT BT, lung PBV 20F 322
ETL JOFEMAR R AN FTRE T D,



CTEPH D ImATENREDFHIGIZIX, 5007 —7 ViR A (right heart catheterization: RHC)
DUETHLNAZREEREWIRE TH D, FHINEINR (mean pulmonary arterial pressure:
mPAP) <°Jiifi L % HEHT (pulmonary vascular resistance: PVR) 72 ® RHC 2>H455 15 FaHE
IZ. CTEPH £FH D T &K+ ThHoH120[14-16], IR IR R A TV AERF 25 TE 4L
FAEHEB 2D, ZNETOHE TIX, lung PBV ZHWTE &M, IR AT EE
CTEPH (£ ® mPAP X° PVR, Fiz, WA/ /3%— LRE TS CT BHRO li%F S TBIES
SNDEHEHT L DFHBIBIRIC OV TIENBN TOD[17-19], 72720 ZHHD#HE T, AT
D BIEE EDOBHRIC OV TUEFEHA S TR,

ZDOTDAMFED B EYIX, &5 DE-CT 24 LT CTEPH O HIE L A7l C& 50 % et
THIEEL,

2.

2-1.  XREH

AIFGEI T4 B RFE A M mEE BEORRES U Thivz GKiRE 5 2017-0291),
2014 ££ 4 A7 2017 48 7 A R RFE W EEPLC VT CTEPH R4, ST
WEZEH AT DE-CT 2 ML= & D55, RHC, s - i F7 57 4, K OVHi@h RS
AN LD E LW DU E 58 JE B AR BRELT, HEE WO W AL, ATl o M
W CT BTz, TRt Lo TToT,

O HLhT—T VRt
JENARIE D L5 (22 OB E2S 26mmHg L)
NRENIREAE (205 E) 23 IEH (15mmHg LAF)
@ iR fLifs rF 7T LR,
AT EL T D72 I i 7777 K48 (segmental defects) 73, M AR 15 3HT
EERIERA 7267 H LA EARZE,
@ AR AT,
B LU= I D28 kLT, 1. pouch defects, 2. webs and bands, 3. intimal
irregularities, 4. abrupt narrowing, 5. complete obstruction M5 >DHHL7a<EE 1073
AERAES N,



BN IR fAR P IEREERTNT, & OV S /b — 2 I ENIRIE T 252 1 TODRERFIIE, TRiE %D CT #
B DI T —T AR EEZ T a7 Wi D3R 2 THY | JIRDBERIN LT, £, AFZExE 51
BRI DR A D TR S5 1T, SRR A L7R2 DT DI E AN DI A D B AT Iz
7o X BHE 58 4 DHH | lung PBV O E &ABIZH A% T3 ATRENEN &5 72 fitif i (&
PEIZE . FEERLBTRR BIE  IiUE) 26 0F 5 3 424 LTz, 1 LD BHE L LIEKMFIKT
DA EDNBD LTS FTREMEDR S DT DIZERAN LTz, iz, RilElgt iz CTEPH O Mk
Wi 7= X7p< 70072 2 BT OWTH BRI LT, DD FHERT- LT 52 4 (B 20 44, ik
32 44) BRI BT AN S B JE 21T 572,

DE-CT & RHC O[#iZ, 6 2> LI (FR4E 29.5 H | 15-160 H)IZATO, 1 41T,
DE-CT fitif7#% . RHC 23 EhS LA RN ZHUEEE R IED B tAS T,

2-2.  Dual-Energy CT DR 51

T _COMmEIL. Dual source CT (Somatom Definition Flash, Siemens Healthcare,
Forchheim, Germany) C3Ehi L7z, fxi 504200 FIZii#H35,

& FEIE 80kV/140kV(Sn), 1Y A—i/a2 64x0.6mm, [HIRHE 0.33sec, ~IH/LE YT 0.65,

automatic tube current modulation (CareDose4D)

ERAIOFENT, EA H 873 A% (Dual Shot GX7, Nemoto Kyorindo, Tokyo, Japan)%
L, AR FIRDOOAREDNCLL FIZEH T 2% TiT o7, £, B OFEAITS &4
BRAHK 20ml 2 A#HEE 4ml/sec TIHEALT,

40kg Al : iopromide 300mgl/ml (Proscope 300, Alfresa Pharma, Osaka, Japan), {E
AfE 80ml, IEAME 3.3ml/sec

40kg LL E 55kg i :ioversol 320mgl/ml (Optiray 320, Guerbet Japan, Tokyo,

Japan), JEAE 96ml, {EAK 4ml/sec

55kg LA :iopamidol 370mgl/ml (Iopamiron 370, Bayer Healthcare, Tokyo, Japan),
AR 96ml, A 4ml/sec

521X bolus-tracking 1EZ W\ Q& DI EL ~L D EATKRERIZHZ O region of
interest (ROI) ZaXEL . @Al OFE|E#E% CTEA 80HU LH-L7- 6 F1£ICBiaL 72 (Fig. 5),
o i3, ZOREIAI T EMFERLER LT, ZHUTKY, ITBIIRD DI EHIR E C 2720 5
A RTAHMEOIV, IENIRO AN £ THIH 32203 a[RETH S (Fig. 6), Fox Ofiigk Tld,
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DR FAI 7 % CTEPH O W-ofmBlE CHVW TS,

(a) (b)

CTi# [HU]
120 =——

100
80
20
0
220 i

-40

20 057 [s]

(c)
e e ot
24 sec 5 sec
>
bolus tracking
CT{E
= 80HU F===== 6sec | IRES
>

Fig. 5 bolus-tracking &
FATKEIARIZ ROT Z3% 8 (a) L, EEANEAZ IZHERL T CT EZFHHIT5 (b) , AT, EZHOBER .,
CT i3 80HU E5-L7z 6 Bt 2Bt L7=(c),
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(a)

Fig. 6 JHBIIRAHO#E b iz
CTEPH T3, FHRMIOFHT T/, SRIBRIORHliL BE Cbd, 207, +47REH = bIAMMED
NBIHNCIEHIOIEA I BRI S AT H YT DU ED DD,

2-3. B AENT

B 80kV/140kV(Sn) TR ST T — 21X, Z4E L, BRI — /L D30f, #2771
AJE 1mm, FHERCHEIRE 1mm THEgFERZITVY, CT 3EEICE 357 7 U/ —ar (Syngo
Dual Energy software, Siemens Healthcare, Forchheim, Germany) T three material

decomposition {EIZE > TWEFBIZTITV Y, Table 1 D% ESMT lung PBV Hif A2 ERk L7,

Table 1. lung PBV E{&D#ENT S0

80kV 140kV (Sn)
785, -1000HU 60HU
HRHAL -1000HU 55HU
FAX CM 3.01
FEAT A Minimum -930HU Maximum -600
Loy 6

lung PBV fEORIEIL, FEHDOT 7V r—a(syngo CT Workplace‘lung PBV”, Siemens
Healthcare, Forchheim, Germany) C{7-7-, mifiliff & 241 3 %57 (LR, g, T
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Jifi#7) L, lung PBV OYEEMEAE LT, 72720 A LRI, & AIO EARHZ SR E O
HIDEE N RO ERFRIRICONT TlRBL , SHE T —F 777N AET DAL T
B AT o7, Fi-. iiAfs% 27 lung PBV (whole lung PBV : w-lung PBV) % HH1F -
7o ADHEREDFHIE L T ITENIRDIE S 20 F (PA enhancement) DHIEZAT o7, JIEIL, i
FIRERIZM IO ROI A& & CT A RIE LT, £z, Milim MESEDFEIE Th L Mi#E ke FATK
RO ME RO (PA) bE LT (Fig. 7)., #kig #1713, DICOM (Digital Imaging and
Communications in Medicine) {F#H2O1EFEHENBIAGRZ LR BARIFZ 270~ £ D 7&
LL7e,

exclusion

—— PAT‘enhaKement:"

Fig. 7 DE-CT [i{% (CTEPH) L&+ 574

(a)lung PBV B2, S84 FEIRE @@ T2EEANCL > T —F 777 88 EZ S Cna, (b) i fiti
% 355y L, HD EfEFEEROZ lung PBV OFEHfEE R LT, (o) MiBRO R 40 E: (PA enhancement) 0
FHE], (D) FBIRE L AT KREREEO L (fPA) O FHRI5

2-4.  IMATENREDREAM
BT =T REDFE RS, P& i TEiEOFEE H L L7,
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H 7B )E (right atrial pressure:RAP), i #1457 =5 £ (systolic right ventricular pressure:

sRVP), ‘FH#INFENIRE (mean pulmonary arterial pressure: mPAP), /00 Hi & (cardiac

output: CO), [M%# (cardiac index: CI), ffi i #5$1 (pulmonary vascular resistance:

PVR)

D EE B PUE THIE SR RE Az, 70, IS RPuL, TreostETH
L7,

mPAP — pulmonary artery wedge pressure
PVR = P yCO 4 gep x 80 (dyne e s e cm™>)

2-5.  HEFEHEMT

BEEFOLENT, KE 40kg RO BREZE N 2 4 DI ThH-o7l=72 {KHE 40kg L | 55kg R
i &R 55kg LA LD 2 B C, v Ry h=—D U REZIT o7, BTV —EHThH LM
A, WHO-FC (World Health Organization functional classification), CTEPH type (%, 7
A RMEEAT T,

DE-CT »b53517- € & fi/ 37 A—4— (lung PBV, PA enhancement, rPA) . K& OMAT!
DRFTHLHEEL, RHC 7650 mATEIEDTEIE (RAP, sRVP, mPAP, CO, CI, PVR)
LDORERA I D72 OB T 24T o 72, FHEABIERODERLPEDRE I, Spearman DJIE
HAHBEF% %L (Spearman's rank correlation coefficient :rs) Z iz, Fex BN ToTCWBERE Y
mha—/LiE, DE-CT RIA—Z— T %8% RIFL CODATREMED DT g # A 7 L
DE-CT /T A—=4—LD BRI OV THABE T 21T > 7, #UEEYRIATIL, DE-CT /374 —
Z = MATENRE DN LT T RIK - CTH DA TR DT DITAT o7, AR BRMT Tl TERED
IR A B MBERR -T2 DE-CT /"I A= —% Z O ORI 72, ki 7=
a2 — VDR Z TN T DT ORI DWW TH R AR E L TINR 7o, 7o, mEAOEAS
TR EBNZTTEN TN T =T HNAHBE DT 21T o7z, 727210 | (K 40kg Kl
TN—T1, 2 DI THDHT=OIMTINOERINLT,

CTEPH O &EEE DOIFIFELENS mPAP & PVR I3 EOHE[14-161&2H L1, LLF O MY
T 2 fE{tL (mPAP>50 mmHg, PVR >1000 dyne-sec:cm™) . DE-CT /6455105 & S
T A—5—& CTEPH OEJEEIEIELOBRZ ROC #hiff N iEfE (AUC: areas under the
curve of receiver operating characteristic) CaHiiL7-, ff# T, Youden index %\ T cut
off value LJEEE | Fri BEA R L7,

14



HEEHENTIZIL, Microsoft Excel 2013 &t 7 sy =7 BellCurve for Excel (/X — =y

2.15. Social Survey Research Information Co. Ltd, ¥, HA) ., X' R for windows
(version 3.5.1, R Foundation for Statistical Computing, Vienna, Austria)zfii F L7-, #t&f

FHRAEAIT. PEEZANTp<0.06 25T,

3. fER

BFEE L RHC 2205072 MATEIREDOFREE . KO DE-CT M Oi8bi /& &at i 7 A—
A2 —DHIEREF % Table 2 (2779, mPAP 78 50 mmHg Z#8 2 58513 9 4. PVR 2 1000
dyne*s*cm % LEEAHBH L T4 Thole, ZNHORBEZEIED CTEPH LT, f#TZ21T-

77

Table 2. Patient characteristics and measurements

body weight (contrast medium)

Number,
] <40 kg 40 -55 kg 55 kg <
median p value
(300 mgl) (320 mgl) (370 mgl)
(range)
patients (n) 52 2 17 33 NA
male / female (n) 20/32 0/2 5/12 15/18 0.249 2
( | 65.5 60(69) 70 60 0273
age (years .
(21-80) (52 - 78) (21-80)
23.8 17.8 20.4 25.4
BMI (kg/m?) <0.001
(16.1-42.1)  (16.1-19.4)  (16.2-255)  (18.7-42.1)
WHO-FC
21,28,3 0,2,0 7,10,0 14,16, 3 0.411 @
(1, 11, 1v)
type
) 28/24 2/0 9/8 17/16 0.9242
(central / distal)
42.5 38 40 43
mPAP (mmHg) 0.954
(23 - 66) (37 -39) (23 - 66) (25-62)
73.5 70.5 78 73
SRVP (mmHg) 0.644
(27 - 129) (69 - 72) (42 - 129) (27 - 95)

15



RAP (mmHg)

CO (L/min)

CI (L/min/m?)

PVR (dynessecm®)

lung PBV (HU)

w-lung PBV (HU)

PA enhancement
(HU)

Ao enhancement
(HU)

PA - Ao

enhancement (HU)

Scan timing (sec)

rPA

CTDI vol (mGy)

DLP (mGyecm)

6
(1-16)
4.31
(2.48 - 9.62)
2.55
(1.61 - 5.80)
576
(166 - 1676)
36.3
(24.0 - 55.2)
36
(24 - 55)
554
(340 - 898)
443
(281 - 621)
116
(~18.3 - 366)
24.0
(16.0 - 35.0)
1.09
(0.73 - 2.00)
10.8
(6.50 - 16.2)
390
(220 - 684)

35
(2-5)
3.90
(3.05 - 4.74)
3.00
(2.31 - 3.68)
667
(573 - 760)
29.2
(26.8 - 31.6)
275
(24 - 31)
527
(488 - 565)
378
(364 - 393)
148
(94.9 - 200)
22.0
(16.0 - 28.0)
1.10
(1.03 - 1.17)
7.86
(7.68 - 8.03)
270
(263 - 276)

5
(1-12)
4.01
(2.48 - 9.62)
2.68
(1.61 - 5.80)
581
(166 - 1676)
35.8
(30.4 - 41.8)
35
(30 - 40)
593
(350 - 898)
452
(281 - 607)
122
(-18.3 - 291)
23.0
(18.2 - 30.3)
1.05
(0.73 - 1.53)
9.29
(6.50 - 11.4)
333
(220 - 401)

7
(1-16)
4.32
(3.01-7.22)
2.43
(1.89 - 3.69)
559
(166 - 1115)
38.6
(24.0 - 55.2)
39
(25 - 55)
545
(340 - 837)
442
(289 - 621)
114
(-2 - 366)
24.0
(19.0 - 35.0)
1.10
(0.82 - 2.00)
11.7
(7.67 - 16.2)
427
(283 - 684)

0.111

0.557

0.222

0.679

0.459

0.091

0.538

0.624

0.545

0.132

0.229

<0.001

<0.001

Ao ascending aorta, BMI body mass index, Cl cardiac index, CO cardiac output, CTDI vol CT dose index

volume, DLP dose length product, mgl mg iodine/mL, mPAP mean pulmonary arterial pressure, NA not

applicable, PA pulmonary artery, PBV perfused blood volume, PVR pulmonary vascular resistance, RAP

right atrial pressure, rPA the diameter ratio of the pulmonary artery to the ascending aorta, SRVP systolic

right ventricular pressure, WHO-FC World Health Organization functional classification, w-lung whole

lung ,2 Chi-Square test

16



3—1. DE-CT E&iffi/ZA—4—& RHC MATENREFEAE L O FH B BIR

DE-CT 251357 Bt i/ 7 A—4— K OMAE L, RHC MO0 A TEIfE D FatE s
DFHBEREHRE Table 3 1277, lung PBV |%, mPAP (rs = 0.47, 95% CI: 0.23 - 0.66; p <
0.001) (Fig. 8a). sRVP (rs = 0.44, 95% CI: 0.19 - 0.63; p = 0.001), RAP (rs = 0.32, 95%
CI: 0.05 - 0.54; p = 0.022), PVR (rs = 0.31, 95% CI: 0.04 - 0.53; p = 0.027) :ZNZLHHE
7 FHBABIMRICH 57243, CO & CI 13AHBIBEFRICIZMED 7=, whole lung PBV i%, mPAP (rs =
0.35, 95% CI: 0.09 - 0.57; p = 0.010) LFHBHRILRICH 7223 FHBIEREI . 45 LB 2 Ry vz
lung PBV £V {K7)>-72, PA enhancement (%, CO (rs = -0.59, 95% CI: -0.74 - -0.37; p <
0.001) = CI (rs =-0.49, 95% CI: -0.68 - -0.25; p < 0.001) LZNENA =2 AOFHBIREMR
(2. PVR (rs = 0.48, 95% CI: 0.23 - 0.66; p < 0.001) “IFZIEDOAHEARRICH S7=28, ET —
% (mPAP, sRVP, RAP) L BIERITZE.~7=, rPA 1T, T X TOMATEIREDFEIE L DA
BAFRIZEE D ~T-, {AEIZ RAP (rs = 0.42, 95%CI: 0.16 - 0.62, p = 0.002) . CO (rs = 0.37,
95% CI: 0.11 - 0.58, p = 0.007) LA E/REDOFHBIREFRIZ, PVR (rs = -0.35, 95% CI: -0.57- -
0.08, p = 0.012)LIFADHBIRIRIZH T2, —F7 T, mPAP, sRVP, KU CI LDAHBIBIRIZ
ST,

BIZIEIR S HT O fE % Table 4 (2753, RAP (%, lung PBV (8 =0.27, p = 0.033) . /A5 (B
=0.39, p < 0.001) A7 L CTHHEAREFR 128 -7, CO 1%, PA enhancement (B =- 0.56, p <
0.001) LAHBARARIC B - T2A3, (REELITA BEZRHEBEBILRICITE) T, PVR /X, PA
enhancement (B = 0.39, p = 0.121) LIEDFHEIRILR, 1A (B =-0.30, p = 0.019) LA DAHEIE
RIZH-T203, lung PBV &3 B2 HBARRICIZIE)~ T,

AFx ¥ HZAI 7L DE-CT E &7l N7 A—4% — L DO BEBILRIEL, lung PBV (rs = 0.02,
95% CI: -0.26 - 0.29; p = 0.912), whole lung PBV (rs = 0.04, 95% CI: -0.23 - 0.31; p =
0.760), PA enhancement (rs = 0.11, 95% CI: -0.17 - 0.37; p = 0.455). rPA (rs = 0.24, 95%
CI: -0.03 — 0.48; p = 0.081) &720, T RXTO/NTA—F—TH BB BRIZ ) ST,

TEANOENSLLERD lung PBV S IMATENREDFEHEL DO FH B B4R % Table 5 12/~ §, KEN
40kg LA = 55 kg Kiii D7 /—7 DA TiX, lung PBV X mPAP SHHBIHAIZIEH-T203,
AT E TR D72 (rs = 0.45, 95% CI: -0.04 - 0.76; p = 0.071) (Fig. 8b) , PVR &
ITAERFBRRICH - (rs = 0.59, 95% CIL: 0.15 - 0.83; p = 0.013), —J7, {KE A 55 kg
L EDT N—T DAL, lung PBV X, mPAP (rs = 0.48, 95% CI: 0.16 - 0.70; p =
0.005), sRVP (rs = 0.49, 95% CI: 0.17 - 0.71; p = 0.004) A = /2 A BERAfRICH 728 (Fig.
8c), DM DFEIEL L, FHBIRIRIL I T,
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Table 3 Correlation between DE-CT parameters and body weight with hemodynamics

parameters lung PBV w-lung PBV ia rPA body weight
enhancement
rs rs rs rs rs
hemodynamics (95% CI) (95% ClI) (95% ClI) (95% ClI) (95% ClI)
p-value p-value p-value p-value p-value
0.47 0.35 0.20 0.07 -0.13
mPAP (0.23 - 0.66) (0.09 - 0.57) (-0.07-0.45) (-0.21-0.34)  (-0.38-0.15)
<0.001 0.010 0.149 0.612 0.377
0.44 0.3 0.14 0.008 -0.22
SRVP (0.19 - 0.63) (0.03-0.53) (-0.13-0.40) (-0.27-0.28)  (-0.47-0.05)
0.001 0.033 0.306 0.955 0.110
0.32 0.34 -0.09 0.17 0.42
RAP (0.05-0.54) (0.08 - 0.56) (-0.35-0.19)  (-0.11-0.42) (0.16 - 0.62)
0.022 0.013 0.533 0.229 0.002
-0.02 -0.03 -0.59 0.08 0.37
co (-0.29-0.25) (-0.30-0.24) (-0.74--0.37) (-0.20-0.34) (0.11-0.58)
0.873 0.812 <0.001 0.596 0.007
-0.03 -0.14 -0.49 0.01 -0.09
Cl (-0.30-0.24) (-0.40-0.14) (-0.68--0.25) (-0.26-0.28)  (-0.36—0.19)
0.824 0.325 <0.001 0.939 0.516
0.31 0.21 0.48 -0.06 -0.35
PVR (0.04 - 0.53) (-0.07 - 0.46) (0.23-0.66)  (-0.33--0.22) (-0.57 --0.08)
0.027 0.132 <0.001 0.679 0.012

ClI cardiac index, CO cardiac output, mPAP mean pulmonary arterial pressure, PA pulmonary artery, PBV
perfused blood volume, PVR pulmonary vascular resistance, RAP right atrial pressure, rPA the diameter
ratio of the pulmonary artery to the ascending aorta, rs Spearman's rank correlation coefficient, SRVP

systolic right ventricular pressure, w-lung whole lung, 95% CI 95% confidence interval
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Table 4. Multivariate linear regression analysis for predicting hemodynamics based on

DE-CT parameters and body weight

variable lung PBV PA enhancement body weight
hemodynamics B p-value B p-value B p-value
RAP 0.27 0.033 NA NA 0.39 <0.001
Co NA NA -0.56 <0.001 0.18 0.121
PVR 0.18 0.156 0.39 0.004 -0.30 0.019

CO cardiac output, NA not applicable, PA pulmonary artery, PBV perfused blood volume, PVR pulmonary

vascular resistance, RAP right atrial pressure, 8 standardized partial regression coefficient

Table 5. Correlation between lung PBV and hemodynamics in different injection

protocol based on body weight

body weight 40 -55 kg (320 mgl) 55 kg < (370 mgl)

hemodynamics rs (95% ClI) p-value rs (95% ClI) p-value
mPAP 0.45 (-0.04 - 0.76) 0.071 0.48 (0.16 - 0.70) 0.005
SRVP 0.46 (-0.03 - 0.77) 0.064 0.49 (0.17 - 0.71) 0.004
RAP 0.20 (-0.31 - 0.62) 0.443 0.26 (-0.09 - 0.55) 0.143
Cco -0.46 (-0.77 - 0.03) 0.062 0.07 (-0.28 - 0.41) 0.689
Cl -0.37 (-0.72 - 0.14) 0.146 0.16 (-0.19 - 0.47) 0.369
PVR 0.59 (0.15 - 0.83) 0.013 0.28 (-0.07 - 0.57) 0.117

ClI cardiac index, CO cardiac output, mPAP mean pulmonary arterial pressure, PVR pulmonary vascular
resistance, RAP right atrial pressure, rs Spearman's rank correlation coefficient, SRVP systolic right

ventricular pressure, 95% CI 95% confidence interval
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Fig. 8
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3—2. DE-CT & &l xT7 A—4—& CTEPH O EJEE LD

Fig. 9 1%, CTEPH O 1143 JOVEAE D FEUEAHIBI T 5= D ROC Bz "3, B hA
7fEI%. Youden index % VN CIRE L= (Table 6) , mPAP >50 mmHg O FEUETRMM L 7=
A AUC fii%, =<1, lung PBV (0.86, 95% CI: 0.74-0.98; p < 0.001), PA enhancement
(0.69, 95% CI: 0.50-0.89; p = 0.049), rPA (0.67, 95% CI: 0.49-0.84; p = 0.060) TH~7-, F
72, lung PBV 1%, 1 A7 41.4 HU T, B 0.78, FFELAEE 0.86 Th-7- (Table 6a), PVR
>1000 dyne-sec*cm™® DEHETE, AUC fii%. PA enhancement (0.80, 95% CI: 0.59-1.00;
p = 0.0045) CHEFHIIZH B TH 7273, lung PBV (0.67, 95% CI: 0.42-0.92; p = 0.18) &
rPA (0.58, 95% CI: 0.32-0.85; p = 0.53)IZ1E, ZNZEIHFFHI7e A B 21T D ~7-, PA
enhancement (X, 7 47l 614HU T, & 0.86, KL 0.73 Th-7= (Table 6b),

(a) mPAP > 50 mmHg (b) PVR > 1000 dyneesecm*
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Table 6. Sensitivities and specificities obtained from the optimal cutoff value to identify

the criterion

(a) mPAP > 50 mmHg

DE-CT parameter cutoff value  sensitivity (CI) specificity (CI) odds ratio
lung PBV (HU) 414 0.78 (0.66-0.89) 0.86 (0.77-0.95) 21.6
PA enhancement (HU) 614 0.67 (0.54-0.79) 0.72 (0.60-0.84) 5.17
rPA 1.10 0.78 (0.66-0.89) 0.58 (0.45-0.72) 4.86

(b) PVR > 1000 dyneesscm—5

DE-CT parameter cutoff value  sensitivity (CI) specificity (CI) odds ratio

lung PBV (HU) 37.8 0.86 (0.76-0.95)  0.62 (0.49-0.75) 9.88

PA enhancement (HU) 614 0.86 (0.76-0.95) 0.73 (0.61-0.85) 16.5

rPA 1.04 0.57 (0.44-0.71) 0.69 (0.56-0.81) 2.95
4. BE

AWF5ETliL, DE-CT 2265350072 Emaklli/ X7 A—4— (lung PBV, PA enhancement,
rPA) & CTEPH £ O 1ATERE L DOAHBEBILR AT ~72,

lung PBV fil%, mPAP CIEDOHEBIBIRICH -T2, ZhiE, CTEPH Tid, KBk PAZE
(28D mPAP <° PVR 75 EF-L | B RS DH IR~ DA OFEERAME T4 5720 FREL
TH ML PISEREAIAMER L, lung PBV B2 ER- L7 "[REMED 5, Z4LE T, lung PBV @
E AL RHC 205N 5 MATEIRED ARG L 2 LU T DA FRI 3 1ZE AL HE D720,
Meinel 5/, lung PBV % PA enhancement CTHLU7=AH%HE CTRERL 7235412, mPAP SA D
FHBABIERICHD 2L WAL TR, ox OfE RLITFR2->TOD1T], Fox 1T, ZOENE
bolus-tracking (D% E % & DI XA TITRINT 5D EE 25, AWFFE T, Mgk
BRI TENRICE D ETEVVIER L NI ANEFFHT-01Z, bolus-tracking £ T?D ROI %
FATRERICRRE LTz, ZHUTEY, DE-CT A%y 3, BRIk E CERZAIT o1
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72 SV TCOD T SEE A TR S TS, — 77, Meinel 523 To7-F42 Tl bolus-tracking
15D ROI 1%, EIRERICEE SV TEY ., Fx OB TITON g 2 A7 0L fE ik
FHEE 2%, 72, Meinel Hid, il ZERSEZ BV BF I FE S 172 DE-CT T lung
PBV (2% R TR FIZ oWV ThH 2L T\ b, ZOH T, PA enhancement <CJili#Ehfke
FEROEERFED T, lung PBV LD BIMRICB W THREIRIICH B B2 MFT 22 m A~
TW5I[201, —7 . iSEEAE THiow L1235 6 Ofsg # (0713 lung PBV EOFH BIRIFRITHEES |
lung PBV |3 /il 32 D 1&E 5200 RA BB FEAT 23 AT RE T %, CTEPH TITAMIEN kD P ZE
(Zd&D mPAP X° PVR @ LR A5 [EE I, IiBIRD SN F#IRIC M SHEBR MK T2, Zo7
D EEANOFERA BIZEST lung PBV 28 EFH-3500EF 2 Hid, LA T, g 2 A
7 DEWEFIFALGHEisiz lung PBV X, CTEPH BH OMifEEROEWEFI+5 LT
HETHD,

T2 T T TN =T EATO REAFEELL TROLNER 7 v ha— /L3 lung
PBV LifATEIRELOMBIBIFRIC SV THRMIIL 72, AE 40kg UL L 55kg RiiiD 7 /L—7Tld,
lung PBV LA TENEDFRER ITHEET AU B TIEZRd o728 B I -7z, — T, 1K
55kg VL EDZ7 v—7"Ci% lung PBV & mPAP (%, #aHOICH A B/ MBERRICH 1=, 0k
T, mPAP SAAEIAHBABAMRIZITEE N D T ARWFZED Y 7 NAF A XD L T2 D TIEZRV )
LB 2 bMWD, Takagi bid, KEHZHVOI—FEZHUE LG AOEATTIET, MERO E
R EGONLZLEREL TRYI[18], REIDISU TEER OIEASM LS 5L T,
lung PBV Z W@l D2 ks L 2o 1h)_ESE 22 Lnliffaingd,

Fio, AR T, PA enhancement [%, CO <° CI LA DFHBEBIR I H DL | RS,
%V, PA enhancement @ _EF1%, A OARICEHE L0 HEOK F2/189 %, CTEPH
T, SEA L AR LD M B RO PAZE LU ML DU E T Vo 7 Lo T A 5 [ &
Snbl21,22], i EOHEITIX, A7 DA ROEATEZIUTE DA EDOIR FIZ27e3 %, &
DFER, EEANOAPDRITE T L, MBIROERIRE R SEDE5 261 5(23,24],

CTEPH H#& OA&m P&, VM EIREORE IS/ SND, FAMEIIRE. 50mmHg
ZAHRIAHRO CTEPH B T, 2 FFAEFRITK 20%LS7, HD TTRARARRE TS
5[14], CTEPH Diaft D 5% —E& PRI L, BRI IEREERIT T 223, fivaloo fifi & #Hias
1000 dyne sec ecm™® Z# 2 5556, FINREO RWIE T OMERK F-L3NDHZENMEIN TS
[15,16], 20728 R B2 I7VEC L2 MATEIRE ORI IE, CTEPH D% B> A et
WD, TINSTZEETEH, lung PBV <° PA enhancement %K CTF 9 5121%, ROC fi#
HroofE B34 H TH 5, Derlin Hi%, 9mTe- HSA (BEFKEMILIE T LV 7'32) & FHV = il 3
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SPECT/CT ¢ CTEPH O )i RIFDOFRE 2 E \mANZFHE 35221280, mPAP>50 mmHg
DIAETHBIL TG B 88% ., FrHE 64% Th-oTloZba Wt L T 5[25], Fx OIS T
1. lung PBV {5z W CEHMBL 72834 . mPAP >50 mmHg D FEHET JRIE 78% ., HrHL i
87% C2Wi T HZEMNATRE CThH -T2,

(a) (b)

Fig. 10 lung PBV O [tifi

(a)lung PBV fii% 41.8HU THEE TiHD, mPAP(66mmHg) . PVR (996 dyne*s*cm™) [3IEH 1CE<, BAE
@ CTEPH Th%, (b)3—R<y 7 WEBIZIEZH T KBS ROE2, lung PBV {HiX 33.2HU Th-o7z,
mPAP (25mmHg) . PVR (261dyne *s*cm™>) b2 UEE @<I13 720072,

—77.rPA 1%, CTEPH %2l % LTSt S - E BIIETH N, ABFSETIE rPA &
mPAP [3HBIBIMRICIZ 22 o7, ZHETOME TIE, rPA I3 mPAP LHRBIBIRICH LT 0,
rPA 7231% E[RID85E TR i EAE 2 3R <RIE 352 LA RSAL T4 [8-10], [FIERIZ Takagl
5%, CTEPH £# ? rPA I mPAP L IEOMHBENH L L2 A L T\ 5([18], LasL, Takagi
BOWETIL, BE DK 80%H IBh RPN IEHEBRINT 0/ /L — L B IR Bl CHaSaLCasv,
IO rPA 1% 0.98, mPAP (X 24mmHg Th-o7o, 1> T, Frx OFEFREDE T, AFFEO X
GEEDENZIHLOEE 25D, Corson HOWFFEIZLDE, Hilim il EEBE DA TR L
7oA 12, rPA & mPAP OFEBIITRV ) b LIIHFEFAICITA R TRV IEAVRSATEY
[26], Fex DRFFEL A ELL TD, CTEPH Ti, MBIIROILIRIL S IHENRIEIZ L > THI i
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ZENDHDT, vPA X TR ST A— 2 — L F 2 578, lung PBV MBI A8 BR 12 1 42
WA D IMATENRER 2/ T A—4 —TdhY, CTEPH O EJEEZ L0 IEREICE I C& 5 AT HEN:
&b,

Fx OWFZEITIE, W<O23D limitation 235, F—ICARBISEIL, H—fik OROILEH
AT % AREBEN S ThHI L, & I8 TR EREIRIC NS SR ED
EEANCES IR ZENDT —F 777 MZE- T lung PBV ORIEEN R IEMIZ/2 5728
F O B ARENDBRIN I ZENFEIT HID, 2072 | BRIV SEIRIR S AT KA
H5HYE lung PBV IR IEREIC/ 25 FTRENME DS D, fiE>C, lung PBV BI04 FiiFFic k&
IRETR KBS RN BRI HERR T DM B S5, 55 =12, X A7 08 DE-CT O &
2% 5.2 5 A REMED 8D, Fox DORFFERE Fl2id, [E BRI R7:E DG ER R
DBOIENIA T DN G 0D (Fig. 11), KR, T % CTEPH (2B 597 A
FPFHZRE R KR DMFAE T D510, lung PBV I HAIEI A TR SO Mz L0 _EFL7- T RE
PER®HH[27-29], LinL, RBFZETIL, IR IATEE 2 EOFRE lung PBV I 8% KT LI %
T2 LIXREE TR D, 414 @il Y FTREZ: DE-CT MBS Sav, ISR & itifia B AH
DO RARZ R WTREIZ 724U RENIROIE R 2 RO FEEE AR AT B Do ML & 0 B R A i
PshdhbLi/an, 20729 lung PBV ISk K18 B R OO MR AT B0 SR OFE
FEIZBE T 53072 oW R B b i,

(a)

Fig. 11 & B> OO MR AT #
a. KJVEJEAPHOPLIRLI-ZE XEAR b, JEREL- RS KBRS PSRRI > TR OOV

25



5. &

CTEPH B3 L Ci%EE AT DE-CT #2417 ->723%4 . lung PBV (3, mPAP X° PVR &
IEDOFHBARIFRIZ, PA enhancement | CO <> CI LA DFHBARILRIZ, PVR L IEDOFERIBAMRICH
o7z, F72. lung PBV X° PA enhancement O & &fl% V52T, HIED CTEPH O FUET
&% mPAP>50mmHg <° PVR >1000 dyne*s*cm=5 %54 22N ARECTH 72, LLEDZ
ENb, lung PBV X° PA enhancement | RHC 7545 5105 MATENREDOfEfE 2 HEE T 5 =
EMARETH 0 | IHREENCTE &M THD DE-CT O/3FA—4—|%, CTEPH & %%
T 2592 THH M THD,

3

6. BiEF

A Fea ZAT T DITHTY, BIFEIRoT 2 IO EEZRLET,

FEHE ThoL R KT RF B E T R R % IR 7o 2 e 421213 ARBFSE 0 i D
Mz B2 TR E Fe, 2 RRTHEZBDLIVEILBEL BT ET,

[ = 27 SR A AR R BSIR d  45 BP15 B SRR T, FSERT I D SR D SCD VBRI E D E T,
HIEZ FRE A B REHN N L E T,

AWFSECIE, [RIEE 7 RAIFFER A o 0 516t (08 7 2 A G VA2 28085 - ST R IR A ST AR | (G - L
R Je A ST SRR SR AR LTI, BRR AR Db A e T B S 2 THE L LVEHh L E T,

AREFFED T — S FRHTIZBEL TR 2N 72V [RIRFFR R o0 F W R 26 | IFZER DB ERIC
LA L BT ET,

BRI, REFBEEZLICEE L CT B =72 & £ L7, AR SRR R, 4 B RRES
F BRI T O B R - RARE AR | RIS R AT = - BT ELTR S A L R oD 5
FRIZODEZOEFLEB L BT ET,
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8. Appendix

RHC iiATEEFRR 2 H RO E L L7258 ORIERIT AT O 5

1. RAP = HHUAK L L7358 OZRBURIGE R

ERXDEE
R 0.50
{EIE R 0.47
R2 0.25
{&1F R2 0.22
H—Er=DrJ ot 1.64
AIC 117
EIRKXOEEME (DS )
= EARF BHE EHER F {E P {E
EIRZES 151 2 75.64 8.38 <0.001
RELE 442 49 9.03
£REE 594 51
ERKICEETNDIEH
B
E ¥ SE B B F f& t fil PfE LSRR  VIF
(95% CI)
-0.16
lung PBV 0.072 -0.27 4.82 220  0.033 0.98 1.02
(0.013 - -0.30)
0.095
KE 0.030 0.39 9.80 3.13 0.0029 0.98 1.02
(-0.0046 — 0.038)
-5.22
EHHIE 3.03 296 -1.72  0.092
(-11.32 - 0.88)
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2. CO ZHMYER L L725E OEBOERG R

EIRXDOFEE

R 0.65
fEIER 0.63
R2 0.42
{E1E R2 0.40
HF—Er=JrJLt 1.61
AIC 3.41

ERXDEEME (SES )

= EAR BHE EHER F {E P {E
EIRZES 35.35 2 17.68 17.51 P <0.001
RELE 49.47 49 1.01
2R EE 84.82 51
ERKICEENIEH
B
E # SE B B F f& t il PfE LSRR VIF
(95% CI)
PA -0.0058
0.0012 -0.56 23.78 -4.88 <0.001 0.89 1.12
enhancement (-0.0081 - -0.0034)
0.0167
K= 0.0106 0.18 2.49 1.58  <0.001 0.89 1.12
(-0.0046 — 0.038)
‘ 6.77
EHIE 1.0828 39.13  6.26 0.12
(4.60 — 8.95)
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3. PVR Z HBYZEE L L7=hE OEROERG R

ERXDEE
R 0.61
{EIE R 0.58
R2 0.38
{&1E R2 0.34
H—E =Dkt 1.94
AIC 576
EIRKXOEEME (DS )
Z A EAR BHE EHER F {E P {E
EIRZES 1768741 2 589580 9.73 <0.001
RELE 2908846 49 60600
£REE 4677587 51
ERKICEENIEH
_ B
E # SE B B F f& t il PfE LSRR VIF
(95% CI)
PA 0.94
0.31 0.39 9.12 3.02 0.004 0.78 1.28
enhancement (0.31 —1.56)
9.07
lung PBV 6.29 0.18 2.08 1.44 0.16 0.86 1.17
(-3.58 — 21.7)
-6.53
KE 269 -0.30 592 -2.43  0.019 0.84 1.20
(-12.0--1.14)
183
EHHIE 294 0.39 0.62 0.54
(-408 — 773)
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Assessment of severity in chronic thromboembolic pulmonary hypertension by
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Evaluation of Chronic Thromboembolic Pulmonary Hypertension by Enhanced
Dualenergy CT in Pulmonary Circulation Phase. Yoshinori Tsutsumi, Shingo
Iwano, Maki Endol, Yasushi Furukawa, Shinji Abe, Takahisa Kondo, Katsuhiko
Kato. %5 74 [A] H AU AR AT RZ, 2018 4
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