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AFEHGTEYIE o188 HFAY &7 FAF AAF 99

W 87, A8 534 9 2 229 327] Fo=2 oot vAE
Aoz Fdo dH4E SHE A8 I AD $YPo R FTUUY BHE 2
etz sk A7 AT AFEHEZTE YY) AT EL7= Y
B5 Azbo]l €53 gobd 2IAZ FHste Fte A EIdes ¥
T W, HFH BF FH +FdvtE Aol Utk o Azte Mz
GSHIVIE 018 AFA BF 5 € FRF FI& EHstn 279 A
A71e] F4E AAst HAFLY FBHE AZstn HFEHY HE A
E%0] HeA dotrnz 3t

AFHGSTEDANA HFHNE Bols 4039 AAE gz stof AgH

AFE ATk FAzk 31 Fo 9T A7t 9 Folgom A 28 A

5 M2 Hy A% 60 AlATt 40 ol A BRE 249 HEANM AAMAGE
#2Y71E olg3tq #FE FASD BF {3 BAQY. 29 27 A

9 G FH9 dlFEWY Hounsfield number (HN)E =48t 31, A zpAl
@3S#Y multislice flow mode 2 HARFE FHstn AF F3& BAsg
#Y9 AL 150kVp, 650 mA, 2-8 /9] A, AW 7 §mm, FA A=
0.05 2R 29 50 cc lopamiro & ZFAE AL&3AT. 2dA F¢ A& §
ZoM 1529 AAY] F FHY FF FHFE AYsgn #F 94 37
2 olFo it A 17 (A7 F A 30 23 309430 %), A27] 109
130 ), A37] (6 94/30x), 2 71l 30 %9 AANE s GAS

Y= 30 2% A 3ES Att. T BdHdSs HYstn Fo A
“EE SAS Edd Al 7]eAM Fde AREH Hd 2% S HN @ F



W29 S7F A71E FeERa, M2 9 A3 7t B HN 9]
7) Aol dd % FAEE I 29 A e BN, Hae] dF5%, F
o =9 7]

Z7F HN 2 Hd) x4 F7F A7 Ad7lNe g7 U gl
Hel el whet viam, B4t

2749 F9 F 33/ A FI2E, 9/ FF YRHoE JAdHR
ot FE F 26709 WL A4 HAGoIRI 7He W e HAdol2 W4
HATH 338 T 140A BF 5S4 olMe FY A w7 AYHUAT

g A8E G A 4L 4G T =197t FE FH @=9)ETG F9
A S TFZF (p<0.001) ¥ A27] FF UE (p<0.05)% F5HA HE H
29 F7F A7] (p<0.05)E EUTH °] T 44 HE (=14)°] ¥4 T
Brd fojstA 22 BFEZF (P<0.00) % A27 HE YE (P<0.05)F X
o, A 23 F7F A7 4 wsteld 4 FIRg #FS AF¥e 23
o (P=0.16). €& sige ¥U] o 248 FF dE BFF L BF A
Hol fog Aol HolA sttt ¥ HE (=143 HHo] (=5 H
A freld BFFe Aole BolA ¢gtoy Aol Ho =9 Tt
AZI7E 4 wdEY #2 FEE BAT (p=0.06). T T A8E A Y
B2 FHgh AW RA ok FHRYG KA FE FHF (p<0.002)F E 3
o Hd 24 F7 AV U AFEE BT (P=0.1). & ARE AP LS
ddg #Hd m=12)3% AWl (=)ol FT #HFF U FF FF 9 Hole
Holx| ekttt

2 A7oM Age JdANGFEIE ol AFHY FF FH 4 HFH
F39 B Y49 ol e %A, 7y FRE Fo I W ¥4
Fg d 1o Y T T 4E4 g ddol] A ke =g
£ EF F U EF #FF oh &
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g FREGoY FH AFHEFTEIAA S T2 T HAFHE R
AgH A3E APt E49 FEE
G217 31 goldm oAzt 9 Fojgen, Y 28 AA 85 A2 Had A

60 A ATt 40 Fell X Had 42709 #HAFAY AVIE2-

2 BT 2cm o9 Z7|Fed, 23/ ERAS HAS BT, 1970 B

L
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2
o
19.
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=
o
o
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o
2
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42cm (B 2.8cmS

S Ade Motk olE sEolA EBTE 0|8 HAFE S} BF
gg BAstach

gk

Jo

(1) 29 A 94 (Precontrast Image)

EBT (Imatron C-100, Imatron Inc., South San Francisco, CA., USA)E ©] &3l =
g Z7F A dd GAolA FH9 dlF W] Hounsfield number (HN, precontrast
density) & =73ttt

(2) &5 A4 (Perfusion Image)

EBT 9| multislice flow mode & ©]&3t9] #ATHF 3 @ #F FF& A
Atk BF G4 150 kVp, 650 mA oA Al B EBT & 7[A13 S48
HE FAE smmE 2ZHADL HEFAY A7 wet 2-8 e HHAAM F
Ao #F dA4E Ao I F5 AE ¢ dEF 005 2Q9 AT A
M (antecubital vein)S HAS ¥ FUVIE G 3 cc 9] lopamiro 370 (Bracco,

Milano, Italy)& % 50cc FU3t5 1, HAE 4T FA¢ 294 7 AF



F 5zoAM 1029 AA7IE sHRed, 1 o9 BLE 1529 AA7] F
F79 IS o] AZh-FE FA (time-density curve, TDC)S Fat%lth A4
7] F A& 30%30E A172 e FAY dEHels 23 3 A04
BT 3009 d4S A}k A17] F 30x9 (A7 BA Fof 30 23
& A27 == A1 Q7] (delay phase 1, D)E 3tF o0 Fajor 3 Zof 3t

,,
o

AN 1008 F3E It 9A] 30 29 XAV BAF Fo 30 27
A 37] =& A2 AA7] (delay phase 2, D2)Z 3t 01 6 ol & AN BT
S FAE IAT. FAE e 02T FAE ZEFS HFEAY (Fig)).

Phasel Interscan Phase2 Interscan Phase3

CT Dela
clay delay Delay1 delay Delay2

5-15 sec
30 sec 30 sec 30sec 30 see 30sec

———— el
!

Start of contrast injection

Fig, 1. Image acquisition protocol.

. 2ts 4

EBT o U&A® FA94 A Z &% (Ultraacess, Imatron Inc., SF, CA, USA)S
o] &3t Frjo BHAL AP A17],27],37] ZzeA FAg HN &
FAstd FHY A-FE F4E UG BAAE FHANM B R &3 29
7} Hole At FES A FH T4 FHel AAFAoH, T
A3zt ArL RS ALdetn vy FAIN AF 2N LTFHEE UA

gtk A1 71elM Fae AFRFER TG dsde Hd =9 F7F HN



(Peak HN = maximal HN - precontrast HN)E T3t¢ith 35t tfs#e] Ho =Y
%7F Al71 (time to peak, TTP)ZF-E F 22 TTP 7kA1 8] A7k Apo]l2 A F
Ao HAd 29 F7F A71E et ed, dEH e TTP 258 F349 TTP 7t
o] AJZF zpol2 Aoz A A &8 A Aolg w3
th F39 #FFE A 1712 TDC 25 ¥ gamma variate fitting & 53t F4 9]
#HAd 7}€7] (maximal slope)E T3 F th59 F4e 93te] 3.

Perfusion of nodule (ml/min/g) = (maximal slope of TDC/ Peak HN,,) x 60

Peak HN,,: peak HN of aorta (maximal HN of aorta - precontrast HN of aorta)**

Heo Ad 2 F4 IS &7 H& A27] (D) € A3 7 (D2)odA
ge T 93] zZtzte] B UE (3¢ DI UE (mean DI HN) ¥ F
D2 Y% (mean D2 HN) 3 Al 17} HhA o] hgt % F2& (DI %, D2 %)s &
ATH (Fig. 2).



Density

(HN)
MaXy; oo e
: D1% D2%
Pea
Mean D1
Precontrast ... K. A
T% ITP Time (sec)

Fig. 2. Data analysis

MaxP1 = maximal HN at phase 1

Peak HN = Max;, — precontrast HN

Mean D1 HN = mean HN of delay 1 phase — precontrast HN

Mean D2 HN = mean HN of delay 2 phase — precontrast HN

D1 (%) = {(Max;, - Mean D1)/ Max,,;} x 100

D2 (%) = {(Max;, - Mean D2)/ Max;,} x 100

Precontrast: precontrast HN

Td: time delay from start of contrast injection to start of scanning

TTP: time to peak
Z9 A ¥ HN, Al 17] F3elA S4s W] #7{%F, Peak HN, TTP
o} A1A FAdelA 573 mean D1 HN, mean D2 HN ¥ DI1%, D2% & ¥
ol uhzt u Fch

T
K
ol

)

24



m. 2 3

1. HFH9 44

ol ke 2 HAb (=32 Ald AAF 0=2), 3 FREGAAM FA
A g A7) L 0=8) 5 D HA 20 S T3 olFoHTt. 2719 F
% 339 FYe oM FUOR ADHUL 971 FAE A HHoR nE
Rk 33709 o FE F 267 ] A2 #HA
ol et 774 #H Al AT
AEQ, wjolAEFo] 4zt | QAT 337 F 147400 BF FF ol &Y A8
(T o8 F9 T A 2AhZE AdEHAeH 4ty HY F
5 2NN e AmIE Al QAT 26 Mo A #ige] A A UG 16
TRl BRI ALY, 4 o0A MY, 6 Mol 2AEA #HgolAdTt 91 FA
W 2700 AF, 270904 ZHF (pneumoconiosis) FHE HHA F
(massive fibrosis), 2 7R Al #5535 (sarcoidosis), 2 7HolA] €54 SobF (inflammatory

granuloma), 12]3L 1 7§ollX =% (aspergilloma)o. 2 =] I} (Table 1).
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Table 1. The Nature of Pulmonary Nodules

Diagnosis No. of Nodules
Malignant 33
Primary lung cancer 26

squamous cell carcinoma 16

Adenocarcinoma

small cell lung cancer
Metastasis

Benign
Tuberculoma
Pneumoconiosis
Sarcoidosis
Inflammatory granuloma

—_ N NN N NN Y B

Aspergilloma




2. Wde] & #RF H #F 739 vja 4

Acko] & F39 29 A HN, #F%, peak HN, TTP, mean D1, mean D2,
D1% ¥ D2%E BlEs+ ¥4 5 249 %3 A+ E ©]&3 Mann-Whitney U-
test & ©] g3t v, FAATh

g NRE A BH] oL oMY FY (n=19)9 P FH =99 HliolA,
oA FHrt Y FHHT KA & FFF p<0.001) ¥ FoIA T2
mean D1 (p<0.05)& RA 3, F3tA FS TTP (p<0.05E EAth =4 A HN,
peak HN, TTP, D1% % D2%+v= #9 &}o] & HolA] ¢ttt (P>0.05) (Table 2).

Table 2. Perfusion and Flow Pattern according to Diagnosis

Parameters according #o Phase
Precontrast Phase1 Delay1
Pre Perfusion Peak HN TIP MeanDI
Diagnosis ! D1 %
HN)  (mimin100g)  (HN) (se0) N ’
Benign (1=9) 5651408  180+110 2604143 2041208 134100 2304160

Malignant (=19) 8224519+
4554157 413£182 71+130+« 2361143+ 1301220
(untreated)

Primary(=14)  41.0£143  784%512*  388z181 103+127  258+153° 110150
Metastasis (=5)  58.1+133  93.0+585 42+170 20495 172195 200+30.0

( e ) (=14) 453+171  341£207 3721150 101183 208+77 90+130

Pre: precontrast density of nodule, HN: Hounsfield number, TTP: time to peak
Mean D1 HN: mean HN of nodule at delay phase 1
D1 % = {(Maxp, - Mean D1)/ Max,,} x 100
Maxp, = maximal HN at phase 1
Primary: primary lung cancer, Metastasis: metastatic lung malignancy
* *#*: p-values between untreated malignant nodules and benign nodules,
*: p<0.05, **; p=0.001

OOO

: p-values between primary lung cancer and benign nodules, °: p<0.05, °°: p=0.001



19718 Y F% F 14709 42 #HLH FA FHY vmeld LA
o] FA FAHARY FY3A =& #AFZF (P<0.001) D A 2 7oA F23t
A & 37 UE (P<0.05)8 ERTH £ TTP7F 9tA #H Yoy &S A&
& BQoy SAHCRE {F3% Aol HolA At} (P=0.16) (Table 2). 19 74
o] oA F%49 DI%E 13.0+22.0 %, D2%E 10.0 +24.00 %] At MM FA
ZIZREH @2 TDC Y K3, 1970 F 1370 FHAA A 17] G304
0 29 4L 23 F A& AZdHE S 2304, 471994 DI1%7t

Zyz} 34, -5, -17, -6% ©1Q3, D2%7F Z+7}; -42, -2, -31,-22%=, Al 17] AR

AQ GgAN B 29 FHE L Bk 48 27094 D%t 2

7} 0, -3%°ldem D2%7F Z+ZE 0.5, -0.5%=, XA FAA A 179 B

(plateau)= ©]F Aot (Fig. 3).

Fig.3. Untreated primary lung cancer. Primary squamous cell carcinoma shows rapidly
increased enhancement in phase I, static enhancement in phase 2 and plateau in phase 3
in time-density curve.

Perfusion = 36.08 ml/min/100g, mean D1 = 22.7 HN, mean D2 = 20.4 HN, D1% = -3.1%,
D2% =-0.5%



kA FoFo] TDCY HHLE, SN A4 FRTG dA3] @& AF
(perfusion<19.00 m/min/100g)S E A3, A WHAF (n=2), 9T HoHF
(=2), Z7% (n=1) S0t 2749 AEF U 2709 R&EFFL 271 F
0 29 Z712 B I, 747} 50, 39, 15, 17%2] D1%S} 36, 15,7, -4%°] D2%E
2o AA7)AM AEHE ATE 29oH, 53 DI7lA Y FIARG

A3 weE AF 3FE BT (p=0.1) (Fig. 4).

]

Dersity (H
‘l
>

yersity (1

Fig. 4. Benign nodule. Tuberculoma shows rapid contrast enhancement in phase 1 and
rapid washout in phase 2.

Perfusion = 20.10 ml/min/100g, mean D1 = 2.3 HN, mean D2 = 10.4 HN, D1% = 50.1%,
D2% = 36.0%

14 709 9 #Hae #H7)= 42 1A (n=1), IB (n=2), [IB (n=1), IlIA (n=2),
B (n=3), IV (n=5)°] 1 o5, e ¥§r|o] W& #7FF % peak HN, TTP, mean

D1 HN, mean D2 HN, D1%, D2% 5¢] wi7ds9] #93 2ol HolA gttt



il
e

(p>0.05). & Y st 2AHe| we BRI

=)
<)
=

§99 o

o

Aol HolA] okt (p>0.05).

9

YL S (n=14)3 A o] (n=5)°] oA s BFF ot B
o1#] ¥gkort TTP 7} #|Holell A (-22.00 +9.49 %) WA #H <Y (10.29 + 12.74
) AL BFE RATHP=0.06) (table 2). HHo] 5o F 2404 TTP 7}
g el TTP 2ot Zrol g Ech WA Peak HN o] S23tgion, w4 o
oM dEsHR Hof 29 F7F Alzko] wE (TTP<0) <7} & % 99
ct.

o A8E AW A k2 oMY FTH (=199 A B oy £

(n=14)2] v, ¢ XNE8E A ge Far §o3A F& B

(p<0.002)3} TTP 7} 31 AEFS HAth (P=0.1). F¢ AEE Ay B Iy =

Of

I F 4% HY (n=12)7 H "ol n=2)7rel 2% BHEF

sy
- |
u
o
oftt
1o

apol = Holz] Fgkt} (p>0.05).
4t Hh Hde] 9 FA FHolA #F 2, mean DI HN, TTP 2 D1 %9]
TEXE oS3 20 (Figs)
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Fig. 5. Differences of perfusion and flow pattern between diagnosis. A: Distribution of
perfusion, B: Distribution of mean D1 HN, C: Distribution of TTP, D: Distribution of D1 %
Primary : primary lung cancer, Metastatic : metastatic cancer, Benign : benign nodule

Mean D1 HN : mean HN of delay 1 phase — precontrast HN

TTP (second) : time to peak of nodule — time to peak of aorta

D1 % = {(Max;, - Mean D1)/ Max;,} x 100

Maxp, = maximal HN at phase 1

o W oA Foko 7AW oM #RH A HA f84& 47 98
z719 A7) Gl vif AT ol &3t FHo oA o] uig
FA, BolAd, A dEx, 24 3% ¥ FIEE 7 44 FH9
B BHFF + 1 E2HA (perfusion>28.9 m/min/100g) =& B #HFF +2 X

- 13-



sH a2} (perfusion>39.9 ml/min/100g)%t ¥4 F 3 ¢ mean D1 + 1 £FHXA} (mean

D1 HN>13.4) £+= mean DI + 2 £F#H %} (mean D1 HN>234)5 7|F2 2 3o,

F o] oA o] thdt WFA, EoJAl, %A dE=r 4

£

e

, |55 3 F8

T2 FEgo. #FEUs 750 9 S (Mean + SD (perfusion)), mean

(Mean + SD (mean D1)), #H %% mean Dl & =&

=

2 3t4s o
3 e V1E2e 2 3%YE W (Mean+ SD (perfusion & mean D1)), F 39 oA 2

Dol s A, oA, P ASE, 24 dF5E W HHEE Table 3 3

Table 3. Diagnosis of Malignancy according to the Perfusion and Mean D1

Perfusion and Mean D1 Sensitivity ~ Specificity PPV NPV Accuracy

(%) (%) (%) (%) (%)

Mean + ISD 95 78 90 83 89

(perfusion>28.9ml/min/100g)

Mean + 28D 74 100 100 64 89

(perfusion>39.9m1/min/100g)

Mean + 1SD (mean D1>13.4 HN) 68 44 72 40 61

Mean + 2SD (mean D1>23.4 HN) 42 89 89 42 57

Mean + 1SD (perfusion & mean D1) 68 89 93 57 75

Mean + 2SD (perfusion & mean D1) 37 100 100 43 57

Perfusion (ml/min/100g): Perfusion of benign nodule

Mean D1: mean density of benign nodule at delay 1 (HN)

Mean + SD = mean plus standard deviation

Mean + SD (perfusion) = according to mean perfusion plus standard deviation
Mean + SD (mean D1) = according to mean D1 plus standard deviation

Mean + SD (perfusion & mean D1) = according to Mean+SD (perfusion) and
Mean+ SD (mean D1)

PPV: Positive predictive value, NPV: Negative predictive value

_14-
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Abstract

Measurement of Perfusion of Pulmonary Nodules by Computed

Tomography and Clinical Significance

Jeong-Ah Kim
Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Kyu Ok Choe)

Background: Tumor vascularity consists of angiogenesis, blood flow, capillary
permeability and interstitial space. Tumor vascularity can help predict tumor viability,
differentiate, predict the therapeutic response and prognosis. Imaging studies have been
performed to assess tumor vascularity. Electron beam tomography has advantage in
assessing tumor perfusion due to very short scan time and acquisition of time-density-
curve during the bolus transit of contrast.

Purpose: To investigate the perfusion of pulmonary nodules and flow pattern by electron
beam tomography and evaluate the usefulness for differential diagnosis of pulmonary nodules.
Materials and Methods: Prospective study was performed in forty patients who
demonstrated pulmonary nodules on chest radiograph or computed tomography. They are
31 men and 9 women with age distribution of 28 to 85 years (mean age, 65 years).
Perfusion study was performed using electron beam tomography in 42 nodules of 40
patients. Precontrast imaging was performed to measure precontrast density of nodules
and aorta and, multislice flow mode was used (150kvP, 650mA, 2-8 slices, slice
thickness; 8mm, scan time: 50msec) for perfusion study. Perfusion study was composed

of three phase: phase 1 (5-15 second after injection of 50 ml of Iopamiro, 30 scans/30
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second), phase 2 (Delay 1, 10 scans/30second) and phase 3 (Delay 2, 6scans/ 30 second)
with interphase delay of 30 second. Time-density curve was obtained during the perfusion
study. In phase 1, perfusion, peak Hounsfield number (HN) and time to peak were
measured and, in phase 2 and 3, mean HN (mean D1 HN, mean D2 HN) and % decrease
of HN to peak HN of phase 1 (D1%, D2%) were measured. Comparison and analysis of
precontrast density, perfusion, peak HN, time to peak, mean D1 & D2 HN and D1%,
D2% according to diagnosis were performed.

Results: The diagnoses of 33 nodules were malignant; primary lung cancer and metastatic
nodules were 26 and 7 respectively, and, that of 9 nodules were benign. 14 of malignant
nodules had been treated by previous chemotherapy or radiotherapy. Significantly high
perfusion (p<0.001) and mean D1 HN (p<0.05) and significantly short time to peak
(p<0.05) were noted in untreated malignant nodules (n=19) compared with that of benign
nodules (n=9). Primary lung cancer (n=14) showed significantly high perfusion (p<0.001)
and mean D1 HN (p<0.05) than that of benign nodules. Time to peak tends to be shorter
in primary lung cancer than benign nodules (p=0.16). There was no significant difference
of perfusion and flow pattern between the stages and pathologic types of primary lung
cancer. There was no significant difference of perfusion between primary lung cancer and
metastasis (n=5) but primary lung cancer shows the tendency of shorter time to peak
(p=0.06). There was no significant difference between the pathologic typeé of metastasis.
Treated malignant nodules showed significantly lower perfusion (p<0.002) and tendency
of longer time to peak (p=0.1) than that of untreated nodules. There was no significant
difference between treated primary lung cancer and metastasis.

Conclusion: Perfusion and flow pattern measured by electron beam tomography provide the
quantitative and functional information about tumor vascularity and can help differentiate
between malignant and benign pulmonary nodules, and primary lung cancer and metastasis.

And, it could help monitor the chemotherapeutic response and predict the prognosis.

Key Words : pulmonary nodule, perfusion, Electron beam tomography
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