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Clinical Usefulness of " Optimal Threshold
Setting Plan" for Reconstruction of
Three-dimensional CT Imaging: Preliminary
clinical study on hepatic tumors and
hepatic parenchymal disease

Hiromitsu Hayashi', Ryo Takagi",
Makiko Ishihara!, Tatsuo Kumazaki',
Hisashi Kobayashi'*'and Yuko Aoki?

Clinical application of three-dimensional CT (3D-CT)
angiography using the volumetric acquisition capabilities
inherent in spiral CT has provided 3D-CT images of vascu-
lar structures as well as visceral organs. However, the stan-
dard method for deciding the threshold, which is an impor-
tant process for defining regions of interest, has not yet been
established. The setting of an inappropriate threshold may
result in reconstruction of a 3D-CT image, leading to mis-
diagnosis. To simplify the determination of the optimal thresh-
old in a way consistent with the purpose of reconstructing a
3D-CT image, we developed an Optimal Threshold Setting
Plan (OPT Plan). With this method, an optimal 3D-CT im-
age could be selected from among those multiple 3D-CT im-
ages that were reconstructed on the basis of the multiple thresh-
olds input in advance by referring to attenuation values in
both the hepatic lesion and its background on two-dimen-
sional CT images. Clinical usefulness of the OPT Plan for
the reconstruction of 3D-CT images was evaluated in 10
patients with hepatic tumors and hepatic parenchymal dis-
ease. We obtained 13 3D-CT images (on average) with thresh-
old changes every 5 Hounsfield units, with a mean recon-
struction time of 2 minutes 49 seconds, and easily selected
an adequate 3D-CT image. Based upon this preliminary ex-
perience, the OPT Plan may resolve the difficulty encoun-
tered in the setting of thresholds for achieving 3D-CT im-
ages, and is considered to be useful for three-dimensional
qualitative evaluation of hepatic lesions and hepatic paren-
chymal disease.
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M END L) ICHEERET A, I & IZHRETHLIR P E
Bz a5 & L7z 3 RILCTOER 2BV TEEDRREIL
BEL <, RELBMED 3 RTCHEE A A—TFHI LN
WREE BB+ BRERFLETH S, SHIIE
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TCTAMER, SN B Z LT, BRI EALLH B,

Allbivbiud, 3 RITEHEFHERIC B 5 BIEDOHIE &
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(Optimal Threshold setting Plan: OPT Plan) % B L, JFiE
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Table Summary of Patient Information and Results
2D-CT 3D-CT (QPT Plan)
Patient Clinical Lesion/ Background/ No. of Buildup 3D Recon. No.of Threshold Optimal Fr.of Dispensable Fr, of
No./Age Diagnosis EU EU 2D-CT Images Time 3D-CT  Range Threshold OT  Threshold LTD
(y)/Sex (HU) (HU) (sec) Images (MU (HU) (%) Range(HU) (%)
1/56/M HCC HCC/110 H.P/120 37 94 7 110-140 120 33.3 135-140 83.3
(PV/140)
2/64/F CCC CCC/1869 H.P/110 14 80 13 110-170 125 25.0 150-170 66.7
3/64/M Edleta. ) Meta/155 H.P/110 19 75 10 110-155 125 33.3 140-155 66.7
Colon
4/24/M FNH FNH/152 H.P/115 48 122 9 115-155 120 12.5 135-155 50.0
5/56/M LC Parau.v/160 H.P/100 54 203 13 100-160 100 0.0 135-160 58.3
6/64/M LC SR shunt/170 H.P/82 58 214 19 80-170 105 27.8 135-170 61.1
7148/M LC Ga-ep.v/80 Ascites/10 60 363 15 10-80 25 21.4 50-80 571
8/66/M LC PV-adr. H.P/30 444 198 15 90-160 115 35.7 135-160 64.3
shunt/161
9/48/F LC P55 H.P/100 40 175 12 100-155 120 36.4 1356-155 63.6
PV-HV MHV/155
10/74/F ~ Shunt  (Nidus/200) | p/125 42 115 16 125-200 130 67  160-200  46.7

EU = enhancement unit, HU = Hounsfield units, Fr = fraction over range of threshold, OT = optimal threshold, LTD = lower threshold of
dispensable range, HCC = hepatocellular carcinoma, CCC = cholangiocellular carcinoma, FNH = focal nodular hyperplasia, LC = liver
cirrhosis, Parau.V = paraumbilical vein, SR shunt = spreno-renal shunt, Ga-ep.v = gastroepiploic vein, PV = portal vein, HV = hepatic vein,
adr.v = adrenal vein, MHV = middle hepatic vein, H.P = hepatic parenchyma.

TR SETH 2% b IR EE 2 57 L 72#, 3 KICT
FBEOMR L % 2 EIE LA T 5. WEMITRA 2R
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OO R E SR ON S L 22 HEORESIZLY
EHEEEL, M@ o3 m#lEL, Z0OFHE*H
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@ EZFHERUICTAMIATE T 5 3 RTE{ELEY 7 b
HiDvoxel transmissioni®: & FV, JLEL#FE T submenu &
LTOPT Plank #iRT 5. I CAMIICBITHMEL X
3 RICHE{EEER T EH T ACTEFMEAO THRMES L, ER
f6124000 Hounsfield Units (H.U) IZ[El%E & L7z, %7 opac-
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ERAEMEAOTROMEE LT, F/-WEHOCTE M
O ERDOMEE LTANT 5. HL, WEMOCTHES
background DCTfE £ VKW GE121E, FHEEHOCTEE TR
Dfii& L TAJ L7z (patient No.1). Z D%, background?
CTE L WATOCTE L DHEZEL SHUTKR LM% 3 kT
CTERME L LTANT 5.
@ E&TDANIHT LIzHEE T, Bl background DCTHl
D HREBOCTIESE T, SHUZ L IZELT 28D 3 &k
TCTHEEA HEIMICEHE SN, Thb D3 RTCTOHH
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Fig.1 Axial and three-dimensional CT images in a patient with a hepatocellular carcinoma (patient No.1 56-year-old male)

A: Axial CT image with calculations of CT attenuation values.Region of interest(ROI) 1: hepatocellular carcinoma; 111 HU, ROI 2: back-
ground (hepatic parenchyma); 120 HU, ROI 3: distal branch of portal vein; 142 HU.

B: Three-dimensional CT image with a threshold of 115 HU(caudo-cranial view)

C: Optimal three-dimensional CT image with a threshold of 120 HU. A small hepatocellular carcinoma is depicted as a low attenuation
area in segment four (arrowhead) and a distal branch of the portal vein (arrow)is clearly demonstrated.

D: Three-dimensional CT image with a threshold of 125 HU. A distal branch of the portal vein(arrow)is well visualized, while depiction of
a small hepatocellular carcinoma (arrowhead)is vague.

, FEHICL DEEEFERE LETLEDD - 1EAILEE (@ OPT PlaniZ X ) #2 ¥ @ 3 RIGCTMI (% % FEHAY 12 FHEE
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12, 2 BOBSHREEMER TR —Th o7, ML ERLL HCldbackground & 7 4 FEEE O A% <, 3 Qf"JL".'li_’.ﬂfﬁﬁ
N-BMEIZEE O TIROED 5 FIROfE £ TOCTEE =% HFo&h)E L7, whbEEERE ﬂ oL
100% & L7348, TEROMEED 0%0536%F T, F423 BRWEEATSE SN, LarL, 3 RICiHlifE ;
+13(mean = SD) % CTdH o7z, —7F, WIEIFHIZZ L < fiF (2 < 7 o 7 1) M O E A A BEE & 7 U,fﬁ
BV AL & S 72 3 RICCTHE, FOdifA R b K& I H SRS - fizZo sk o7,

o 72%Ef] (patient No.10) TTFROME L D 47% 5 & _ERROfii —%, M EfEO 3 RICCTEETIE, MERME DA
FTTHY, FHT 5L TROME D62+ 10(mean + SD) BB L 2 ), REBS & EFIRE H 5 I PIIR & IR & OB
%L EOEVCEEOWEEAMYE Lz, Zo%, oL BROBFENS HIZBIFL RAHEFHY, T LIZERAE
FBROMEE D 2825 98, FH 6 HD 3 RILCTHEIEAA RUHEMAI E LB, X0 ERRIHE B % 3 JOuiEfD:
B L Sz, BEE L, ol Bl fE I L TR Bond. FFEREA Sz Tl ROOIREHED
%%K$%E&%zbﬂtﬁmmﬁ@®meﬁu“Tﬂ RIS, FFERZEICRE ) BFD S BTSN &S A R
L@ EER L7z (p<.001, t#%E, Figs). BOIED, LWAESHTHo7. Lo, LELFICHE
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Fig.2 Three-dimensional CT images in a patient with a
cholangiocellular carcinoma (patient No.2 64-year-old female)
A: Three-dimensional CT image with a threshold of 115 HU (caudo-
cranial view) Anterior and posterior branches of P2 are well de-
picted, while distal portion of P3 is obscure. LHV = left hepatic
vein.

B: Optimal three-dimensional CT image with a threshald of 125
HU. P3 branch as well as anterior and posterior branches of P2
are well demonstrated.

C: Three-dimensional CT image with a threshold of 135 HU. A distal
portion of the posterior P2 (arrowhead) is obscure.

3 RICHIE IR IETER & U shaded surface display i<
maximum intensity projectioniEATH V5T & 7298, 4R
Tldvoxel transmission{%> X>perspective volume renderingi#:
7% EOF L VB FREOBRICH A, HUZfEv 3
RICHEEILOX GIIMERRTED A 7% 5F, FERMEIE s
MICTIEDIR W BREHLER, A5 S S IILEE RO Z LV IE
B OMEILAIREN20H 57, ZOKRE, 3 RICCTIINE
RIZHEL, AEFFWD 2 B PNREOLIBHmiE LT
HMTHEZLHHBEL22H5 b0, 3 KIECTOMER
LN BETEMERbDE R, BHRMIHE % 3 XICH
BT B I 55 2 B ] & ARBR & AL TR e 7.

3RICCTOMERTFH:121E, WEEEE DV < EFERK
RUE(FIE) AL SN TB S, ZOMERIZEA, ikl
NV TEA THLONHIRTH S, MELIEELEL T2
FRRGEE & ] T 3 RICHI$ & R 3 2 BR o MfEO e
HE LTILCHON TV B FED—DIRANT £ ¥ FiEdo
NdHbH. ZIUI2RICCTHEIEDFRY 1 > FigE 1 & L,
T A FLALOREEAL S THESA a2t & h
ZIA Y FLARLEREL, TNTHEEETAHETH
S, LAL, ELZHEDSBMEE SN S 3 KICHg %
’I' A=V BT ENNEEL LD F TILIEIRBEIPLETS

‘i‘}ﬁf?%fﬁﬂf B, 1A= T5HI ENHELREE
%9 BV, BLIZIDA A=V EEFT A Z LIIAT
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Fig.3 Axial and three-dimensional CT images in a patient with liver cirrhosis (patient No.7 48-year-old male)
A: Axial CT image with calculations of CT attenuation values. ROI 1: gastroepiploic vein; 83 HU, ROI 2: ascites; 10 HU, ROl 3: mesentric

fat; -21 HU.

B: Three-dimensional CT image with a threshold of 15 HU (caudo-cranial view) Threshold is slightly lower, and a part of the gastroepiploic
vein (arrow)is not clearly visualized. Background noise is evident (arrowheads)
C: Optimal three-dimensional CT image with a threshold of 25 HU. The gastroepipleic vein (GEV)and right gastroepiploic artery (RGEA)

are well demonstrated.

D: Three-dimensional CT image with a threshold of 35 HU. Parts of GEV (arrowhead) and RGEA (arrow)are vague.
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Fig.4 Axial and three-dimensional CT images in a patient
with a portal vein-hepatic vein shunt (patient No.10 74-year-
old female)

A: Axial CT image with calculations of CT atternuation val-
ues. ROI 1: nidus; 204 HU, ROI 2: hepatic parenchyma;
124 HU, ROI 3: middle hepatic vein; 161 HU.

B: Three-dimensional CT image with a threshold of 125
HU (near cranio-caudal view) Threshold is slightly lower,
and a part of the middle hepatic vein (arrow)is not clearly
visualized.

C: Optimal three-dimensional CT image with a threshold
of 130 HU. Continuity of the middle hepatic vein (MHV)from
the nidus is clearly depicted.RHV = right hepatic vein, PV =
portal vein, RHA = right hepatic artery, Celiac a. = celiac
axis.

D: Three-dimensional CT image with a threshold of 135
HU. Continuity of the middle hepatic vein is slightly vague
(arrow)

Fig.5 Scatter plots of Fr of OT and Fr of LTD in hepatic tumors
and hepatic parenchymal disease. Contrary to Fr of OT, Fr of
LTD showed a significantly higher threshold range (P < .001, t-
test). Solid square and error bars demonstrate mean + SD.
Stippled area indicates threshold range from mean + SD of Fr
of OT to mean - SD of Fr of LTD. Fr = fraction over range of thresh-
old, OT = optimal threshold, LTD = lower threshald of dispens-
able range, SD = standard deviation.
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