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Quality Assessment of Continous CT in the Thorax

Jae Wan Lee
Dept. of Radiology, Han Yang University Hospital

1. Spiral CT evaluation lung cancer
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738 o] A7t non-small cell tumord]= A
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1) Rationale for staging lung cancer
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Aol shtel 29 oW stageE UFE T
A9 Wyge dA4 TNM &7 1A
Al2 53 9Jth. T primary tumord ¢S
Jetdl 3, N& lymph node’} involve¥ o] Sl&
78 FASI ME& Hole #Fo diEd EA
ot}

19869 =Yd A EE staging systeme-
$45 Srbsted glo] 49ARE i 3
g dolx e FAAA Holzt E A=
stage 42 311 stage 3& F 1FoE UF
t}. & group 3AE mediastinum®} chest wall

o Mozt ZAH ol +& it FUE

od3td] wt F&o] 7Hsd A, stage 3B=
FH s Aolel F4 A A contralateral
% £ supraclavicular nodal metastasis# &of 4
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stageE MFA TNM &£Fd EFAL A=
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nEth ZdAAE FEHAY ZEANEY ¢
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H o8t A}e] TNM stage systems(1986)

T-—primary tumor

To  primary tumor?} §1-&
Tx 9,

Tis Carcinoma’} &

712 E81E U] malignant cello] Boju} X-rayyvt 718A WA Z L
A ALY AAE stagingdl FHE F
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9= tumor?}t Y& o

T1  Tumorg] =7]7} 3cm & 1 o]3telH, lung &£ visceral pleuraZ Eei%d ov
bronchoscopy & =gt lobar bronchus7tz] o] ¢t#E <

T2 Tumore =717} 3cm o4
o} AL sizedt: B

T3  Superior sulcus tumorE E 33l

F9e AW tumorZ} 017-]1,} atelectasist} hilar region7}=|
aa® 944 pneumonitis®t ddo] 2

= tumor7t Y= AL

chest wall, diaphragm, mediastinal pleura, heart,

great vessel, trachea, esophagus®& X 33a}A] && = pericardium, vertebral body, carina

2 ¥33x 9= carina®l 2cm ©]W e main bronchusA tumor7} Y&

A%

T4  Mediastinum, heart, great vessel, trachea, esophagus, vertebral bodyZ& AWg ojw

27]

=32 tumor7} Y& W =& malignant pleural effusiono] & @
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2) Lung canceroi| Q0f imaginge| &

Pulmonary nodule& H7}el=d o] imag-
ing& ZFA e AA 71l M F8T 7
2 lung cancer® stage® ZAARFstEd Ut
Imaginge HAAE Agg AAsIuz T o
AHeE $ Qo A3 A (percutaneous
needle aspiration, bronchoscopy or mediasti-
noscopy)& A¥sed 249 5 Atk ol F
g AE9 FeF AA
brachytherapy, WA ZAMAE 5 € 2 9
& A5d7A &€ 7 Uk

laser coagulation,

3) Spiral volumetric CT applications

HAZ 2709 spiral & helical CT J4
single breath holdd= H<¢t 20~40sec e
d&Foz JA4L YSsv 7IYPYd =33
HEed T2ES F AL Fd A% I
Aoz veld 4 ¢9lo] involuntary movement
2719 AAA §ET 7)5S 4T F AdY.
Spiral CT+ A3 A datad HZE3H
trans—axial 94wt o}iv]@l multiplanar re-
construction{e.g., coronal, sagittal, or other
user defined oblique planes)7td A& F %o
22 cine display¢} 3-D B4 AHgx 7158
A}, Spiral CTe F3% AH o2& iodinate
contrast agents®] AlgHE& ZAALD F AT
L Aot 3F 50 FAE F& Azdd
AA} FHssteEA g4 Fe )4 (motion
artifact®] #4£38})3 slices Alole] EAd&A 9
WAz 913 A A datad] WEYE AR =5
oz Q% FEH, AHAFES A A
At

4) Contrast enhancement

oz zJAE FY3ty FaH =94
8] %7} peaks ©o|E uw] HME &£E=E spiral
CT& A&3le A3 3}, Spiral CT scannning
o] EthE o] & contrast media 8 TFS 7
AAF1E=d gt} Costellod] 7o) &3td AL
g3 30~50%E TAANEL F &S HY
29t} Contrast media ¥2 Zihes =,
kidneyell €4Fol = #Ah nephrotoxicity 2]

e 990l Ax Bl ol A8 Aol
W 2gAZ A% FAEH artifactd FaA
W Ak 4 Uoke Foloh

5) Evaluation of pulmonary nodules

Spiral volumetric scanning®] ¥8-& pulmo-
nary nodules& H73l=d A2 ¥49& ¢
z9t}. Spiral CT+& solitary module( 7]
& mass)g A& FEAALEH, 2]
ey Pyoirh
Costello= 1cm ©|3}¢] pulmonary nodule$
7R gz gAHE 2049 BLAA FY
9] CT¢l spiral CTE wusgded Aed
spiral CT¢ protocol 10 mm slice thickness,

fr = 2

10mm/s table feed interpoluted data recon-
struction 4 mm interval® & ] spiral CT=
standard CT7} £&F o2 <& 23U 93
23R &L 2279 2H F NE Fopd
- AAdr

Small interscan spacingd 7}Z spiral CT&
pulmonary nodule2] ¥d% A&, 543 22
WA, lung base9] nodule ZHZd| o}F |43
SES

Wr o ZAlZ Q¥ yEglo] overlapping
scan¢] %% 7}5 310 retrospectively raw data
& reconstructiondte 58I nHAE Aol

e A

6) Spiral CT of the tracheobronchial tree and
hila : protocol

Scout views lung apexZ4-E] aortic arch
7} 2] non-—contrast transaxial imageZ K€ 4
o} A}, Spiral CT imaged| Al apical lung mass
1} &2 superior sulcus tumor(Pancoast’s tu-
mor)7} H7lHo AT fA €& & U

3ce/secd] vl &2 ZxAWE B3 F 12cc
9] contrast® AW FY3F aortic arch level
ol A FAL 4L # U DataE €& F
A AL Z9A FY 40xF ANFte ojs}
2o AL B ZE A o] W FF
Az R FEZIANE ES 7 Uk

‘¢ 37} A}43}: scanning parameter= 120
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kVp, 210mA 2 total scanning time 24~402
Ag T 2E gxdA A ARE 3F
Ao g :{ol sHojof 3 UwkHoez F
A} 9] 7]7t$9t hyperventilation® 3 =E
}=u 1AL spiral data7} AR T

Solmiam F= A& o golsl 37 9
Aolth.

Table speed 4 mm/sec, 4 mm collimation, 2
mm 7 2.8 reconstructiong A3 AL
3-D imaging® pulmonary hilag} #& B|Z
A A& volumed] B s5en FuUE 2
Ueld 4 ¢l7] wj&oju}. X3 contrast en-
hancement®] EYx]Z cardiac chamberujo
z9A7} Q& 7#AS$ pericardial £& myocar-
diale] tumor®] invasiong Zt#EE F7F U
=%

Infrahilar area’= transaxial image2] recon-
struction % ZHAAIHYEH I wie  cardiac
chambere] ZHA7E A9 2l HAdE FAH
o Bk

Spiral CTe] A M & scan timee] 210}
50~60% HS7F @ ZAeolw 432 HA o
3o 2YGArt FYHE TE A FE& 7
2 & QA ¥ Ao

Sagittal®} coronal reconstructionA] heart,

NN

Of¢

(o o

ascending aorta®} 7}% descending aorta 93
o)A pulsation artifact& ®A Hed olfE
A7t Z-axisE w FHole FUX UFE
heart rate®} W& lsec 7t scang] 3=z <
& wAlsls Aolth. o)A artifact= transaxial
CT image o] X.o]& asortic disection]
artifact9} & #ElE reconstructiono] ]3|
At

2. Quality assessment of continuous CT
in the thorax

A AdE< imaging 71HE FHA &A
& Asdgth. 4 10mm FE9 lymph
nodes} & e Fxo HEHFH Fy o
Wao 248 FEHS 03mm or 14line

pair/cm volume resolution 0.12 m? 2 Bl

% 22mm CT number 3 A=2 Uehjo] o
el Az 9 o] stEA A

Frol o] 27 ol= & 7| (involunatary mo-
vement system)d| o] 2z W9 HAME
scan exposure timeo] AR oL A =
¢ 3rdM ] scanner®] exposure times 3%
ot} 2%9] time resolutiong ZE AL &
o oJF FuF HAe WP scan time
& moh BA s wgelw ¥Ee) 34
scannero A 33 B& Fo dataB 5o F
A7k @ASE 1 A% 3 R ERERAS
& Qs ZaAe

Bl3]Ad z1% CT systemql imatron(elec-
tron beam CT)& 50~100msece very high
time resolution< WEMU ®BlzZF FHESSF
7 JRrEH5E ¥ "ot

Time resolution 0.6 sece] E.B. CT¢] &F7+&
&%= 2 0.8 mm(6.2 line pair/cm) volume reso-
lution 2 mm?, WZEE3 %S 5mmoA 4HU 4
¥ 53S& vedth

A 37 CT scanner: slip ring& €3}
3 X-ray tubes¢} detector &2 fixed ring
derectors} &3] d X-ray tubed] #He| 2
7158 7t3 gl=d scan time 0.7sec Bt F
2 grEEHSE HeEtled $2 IS
#4939 scano| 7} 3ttt

E3] lung cancer ¥x}toflA hilum¥} medias-
tinume] A& Hri= HAAE A8 A
ANE dAME 2dFoly EFAHQY study=
& A A¢ 49 Hoh A FFE 2A
o &%, % BAY staging® e I
data®} CT A& #H& AFdhs HAA
H &3ttt

Hed §83 HA ZlEez &85 A
A sa ks Bt uksiolol sl 3
7}= scan timed TR FAQ ¥zt mE
(1) streak artifact (2) image distortion (3)
lymph noded] A& #%= vudrh
(1) Artifacts] vl g A=

1) free of artifact

2) some artifact

3) many artifact
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(2) Anatomical detail
1) good
2) bad2 #7134

1) Conventional CT
120 kVp, 170 mA X 2 sec = 340 mAs
140 mA X 2 sec = 280 mAs
ZA % = Image quality = JZ A F
Tube ®3l4dFe F7}
» Time factor 1) Exposure time
2) Interscan delay time
Exposure time, Involutary movement
—— blurring
section 5A|7t
sectionZ EA|7E + scan A A7
o) scan time 2sec, scan A HAAIZt 3.5sec

o

Duty Factor = x 100

Duty factor = 36.3 %
Helical CTol A} scan time 1sec scan A<
AR =0
Duty Factor = 100 %
Interscan delay timed]| @}& motion artifact
9} image blurringol] 2]3t distortion
71388 Hdd=g fA87] ¥ parame-
ter
1) collimator width
2) patient translation speed

(1) Collimator width = slice thickness

table speed

‘slice thickness F71(8)

pitch = X gantry 33
% (slice thickness)

H4g gue 54 4RL 9oy Fze
37 Baimol e v wHy FAE
WAL o Huoty 729 2 xolg wa

o) 10mm slice thicknessd ®l lung A7

W A 45 vessels &<l
5mm slice thicknessd w lung A3
WAl 41 vessels <!
1mm slice thickness¥ @ lung A3
o] Al 16 vessels &1

Lunge] AAzZAd 9o AF i
partial volume effect?] Z84&

= Z7HA12
t}.

ge wro Ad zAd o EEd &
gy 2L n¥Ee FRE WU FAEG

Blood vessels¢?] &A1& dichotomous pattern
(ZADE Jerz] &9 septal lineojut
nodules® T-E& 4 Uth

gddeol F47F 7454 partial volume ef-
fects Z+AFHT I AT vessele TEAY @
goz RHolA Ht} a2z F ZAZ JH
A& patterno] gloAAA "k

=13 H] noduleo]t} fibrotic lines} & pa-
thologic structure?} d#& TEE F gl A
71 7HE AUtk

Z1#A & #sy] 98] 10mm collimation
¢l A9 1bronchus& #¢l, 5mm collimation
1 A< 3, 1mm collimation¢! 73 6 bron-
chig &g + Utk

Thin collimation(thin section)& 3224 7]
#A & ring-shapedo 2 eI

10 mm scanol 4] normal bronchial wallg +
Barlt odth aue Fust H3¥Y=
el o Eeoltt.

Vessel2 thick collimation(10 mm) ¥ 7%
& FEHT 5mm 0|3ty gre THEAN E#
o] A&7 & £4& glout subpleural region
WolAl B3] 2e Wl fine detailo] thinner
slice(1 mm)ol A Bt SH8A +EHG

Very thin slice(l mm)e]]A] best spatial
resolution& Holi otF AL AMa A #L&
AL g9 & Yok 28 FEAH 5z
7Aoo 2 pulmonary vascular anatomy9
AE g doj=ach weld e FHHS
ZaA04.

b0e g@esE u$ e guY HAAAE
5o D EMZI noiseo] F7IE Futdnt. w
Z+A] diffusedt lung disease ZALA]l 5mm slice
thickness7} A3 A& & = Utk



@ Image reconstruction algorithm

A2 t}E algorithm(reconstruction algo-
rithm) & vlmae G4 A3} AW FA4
of wael R @3 #$8E T 4 U
high frequency reconstrucrtion algorithm2
1mm collimation image Bt} 10mm collima-
tion imageoll A WF-EL tgs] A% HE
598 3740 ¢ 4 ATk

10 mm collimationol] A image reconstruction
algorithm& 97 % (90 % ©]4}) high—frequency
algorithmo] standard algorithmeol] Bj&] Uwt3s}
sjo} itk

5mm collimationo} A} image®] 80 % ©]7%
high frequency algorithme]lA] higher quality &
Ve 3. 6% AE%ro] standard algorithmo]
A $££& image qualityE el

1 mm collimationof & AR cased] 52 %l
A high frequency reconstruction algorithmo]
L&A Jvevdn 94X 17% F=AAR
standard algorithmo] o $43 d4o=2 ®
RIN=

a2} A] diffuse lung disease®™ 5mm high
resolution algorithmo] u}& 32 3}c}.

® Window setting

Lung tissue= density?] wide rangeE &}
Lil= 3

Free air¢ density valuet= —1000 HU, Em-
physematous & hyperinflated lung tissue&]
densityx= —850 HU, normal lung tissuew —
850 HU, hilar structure: 50 HU Ax=o|v ¢
2 parenchymal organs density value range=
—150 HU(fat)ellA] 50 HU(muscle)& t}eld
.

Generaldt window setting& 2000/ —350~
—500 HU, mediastinal window settingg 450/
50

(2) spiral CT parameter(lung CTol] $1¢})
tuba voltage 80~140kVp

tube current 100~300 mA

scan time 20~50 sec

slice thickness 1~10 mm

table feed 1~20 mm per 360°

data processing algorithm 360° and 180°
slice interpolation

3. Multiplanar imaging2| =3

H d3 =l Qo] multiplanar gA4Fe] &4
o gl A= MRIE o] &3HAEEH Hris o]
2 7] Az&st A

MRI2] multiplanar imaging2 superior sul-
diaphragm <QIF¥¢e %9,
chest wall® AWM NS v}, mediastinal inva-
siong H7Fgel Aol {8 HAdel &<
AR ot #g B 2y AddgA CT7h B
t} o]} FHoln CT datad AL 3lE multi-
planar4] image& 5EE o] gdA
CTY $+44& &UAA Foh

AEH oz CT datag #438l= MPRs(mul-
tiplanar reconstructions) gArE W& 4o o
AS A7l 98 a2 e I Y 5AT
o2 3&Fo=z Ud 7+E inter scan motions)
Az Aolgd Felz Jeld & yrel giich
s datad T AEHHI 293%
Ae 48 F flenz O AR XA A4S
AA =} old EAFEC & WH =& F=
Alo] AA7b A8 E = spiral CTE o]&slnz
N AAsAL + A =2t Interscan mo-
tione RE A A= 4 ¢ fast scanning F
% BEF Ao 2FAE FIFoEH
%, A9g Jehd & A =HA o] datas
MPR3#} 3-D FAAd 2 & 3tA HA
=3 '

cus tumors,

o
gEE

4. 2 XIE22| & 7}(evaluation of the
primary tumor)

1) 549 37|

Lesiond =7)\7F Tiz T2E& Edes 8
3 QAxtolth. FA RV HANAVIR ZZRHIA
ot A= F%9 =)’} trans axial dimension
o BE3s) etz ¥& £ A CTAA A
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Fig. 1. Spiral CTS #4&3 transaxial, coronal, sagittal A& multiplanar g4 o=
transaxial 9 Alo] Al = $-2Z subcarinal lymph nodee] A 3slgd e B 4 on, sa-
gittalz} coronal A @ G4l M= pulmonary trunk, ascending aorta, hearte] 933F
of 23t pulsation artifactE #& & 4 9}

2 sagittal AN E TFo oF XL LAY F ¢S

Fig. 2. (A) Oblique transaxial 942 Z soft tissue window setting (B) %
% apex ¥ #x9] bone setting A4 FoE EH 3 A= ¥9 H3
& Z Yo Fi 9o CTY $54< 2459 #Hay d4e =T
o] multiplanar % %o] #Ao|t}.
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AEl= MPRsz} o 83354 Ued & gt

2) Chest wall invasion

Invasiond] ¥ F423 FFoz A 2
4 o} invasiond] FF& vehf=d Q1o
sensitivity 63 % ¢l CTRT} 94 %<l MRIZ} &
3 x5 #A4E 2182 multiplanar im-
aging 5802 chest wall invasion %3
o] ¥t}

Spiral CT¢] #A} A sensitivity= MPRs¥ &
o2 2Rz e yehdd.

3) Superior sulcus tumors

MRI+  superior
tumord} 2-& 7 $-9 chest wall invasion®] 7
2 B ol canals 2& FZE UEhdd
o= CTHT $43ttt. MRI axial image
&y stz o axial CTo Hl3 243 L
glo1} MRI9 multiplanar 582 old F%
E& BE23csd UM & o|Ho] Utk EF
A& %49 invasion 7l =& &

sulcus E£ Pancoast’s

il

A5
o. 2a#A ribs £4& YHUEHE MRI
Bt} CT multiplanar image’} o] 17l ®

o
ol %7] bony involvement7} oA=& AS-
A& high spatial filter algorithm& A}-& 3}

4) Mediastinal pleura

Mediastinal pleura invasiong X @3}=H)
gJojx CTY MRIE Z&&4l0] ¢low spiral
CTE ol&% MPRse o]& HejlA & ¢ F7t
4 4ng FAZHD ol olgHA &L 9
t}.

5) Pericardium and diaphragm
Pericardium®} diaphragmel] <¢1&3& F%o|
2 invasiong ¢|1|&X+= o hila protocol

o] A}2¥ A9 cardiac-chamber Wel con-

trast £& 0 2 ¢l pericardial invasiong o
A ZE3les A= U

Diaphragm¥} 3% w9 o] AN
228 93| E coronald} sagittal planes} 2

& AY Wo] o T3 spiral—generated

multiplanar image:= A 9¥E 3T EEZo] dia-

phragme] A3 BALE A & U7] w2
kv

& itk s

6) Tracheo—-bronchial tree

Tumor®} tracheo bronchial treeste] A=
stage?] AAH FEAY YFd 2F Fa3}
= ‘

Transaxial CT7} endobronchial lesion®} -2
Yag Bddvdes HdAe $3HA7 bron-
chial involvementE o &3}=t] Qo] Aukx4ql
B840 ol Aw ol

peA4) WEHe 9FE WR 4 9
g Ate] o] transaxial plane2 o] & oA %
sk A F98 H7E] AdAE 2E
o FAE A e R 2L HAG
transaxial 7] ] A}&-o] 74 =ojoprt o
Trachea®} major bronchiE spiral—generated
MPRsE& A}£-3}lE coronal planedA] ©f & 1}
Bd 4 Ut} o] 71HEL tracheo bronchi-
al invasion® 9 F3l=d vanyg F&E 5 A

oy Fd ¥ Z¢9 ¥rtE daE IO

)

7) Invasion of the mediastinum, heart, and
great vessels

old FREY TS 4T
(TH)& st $+8 8 =9 3%
g invasiond Agd] A5FHolth ojd A
o] transaxial CTE A}&eted &AL zt3 7
Ao Al wrEo] A £ duHE dREY A
AE5& MRIZE CTRT o F&sictn wWech
e Twe] FA9 spiral CTS) MPR-Ho
2 Ao CTRT o AAA daAE
z94<¢ ved & UA HAdh g2 spi-
ral CTE Hg@e dd JH/FE Yt
9 glo] BB 2Y&e AS "t AAY F
Atk

A"
=
(<]

[ o w2

8) Mediastinalm} hilar lymph node2| &7}
Ht Fx}o

21¢] mediastinal lymph nede



Fig. 3. (A) Multiplanar A1 @4 (B) Coronal reconstruction < 4 & 2 diaph-
ragmo] 3o HH 7} oA AL =E lobectomy A thyroid cancer Aold u}
2 29z ga=go.



Fig. 4. (A) Multiplanar display. Transaxial image (B) Demonstrates a 5cm left hilar
mass with narrowing of the left pulmonary artery. Postobstructive atelectasis with
residual aeration of the left lung, a pleural effusion, and small precarinal adenopathy
are also seen. The coronal reconstruction (C) Shows a large mass in the proximal
left main bronchus. Bronchoscopy revealed a bleeding tumor in the distal left main b-
ronchus with 90 % occlusion. The coronal reconstructions were useful in guiding la-

ser coagulation.



Fig. 5. (A) Multiplanar display demonstrates a

left hilar mass with mediastinal

adenopathy. The oblique sagittal reconstruction (B) Shows tumor encasement and

narrowing of the left pulmonary artery. Note the prominent pulsation artifacts

of the vascular structures.

Hole] stageE AZF Jo] CTe HEd
B ST BEEo @A ol Kot o|AF
AFe EHE CT7t #H <329 mediastinal
Hdole] EA FF& A HET 5+ Ade
712 AAs e Aot CT¢} mediastinoscopy
= A2 A% RaFd NHER ¢ I9A
&2 v e HooF it}
&4 lymph node’} 1cm m|REe] 2} A
F&g dokstn AW FEF HFHY
stage® Z A3} mediastinal A2 FA
A A sorst gk N2z AWo] wAHXA
%& 90~95 %9 7|7t de BAELS =
2 Feg ANYste Aol utEAsitta
of-So] FEA #n|F3 Moyl HHE A
T2 dolot A tumor7t HAAHA FEL
Z78e 4 £ doen oW ALy AR

rir

lymph nodeg 713 #AE FHFE S A
staging A7} "o dd ZF, media scopy’d
false—positiveg-o] 20~30 %% ¥7] WjEo|t}

(false —positive : positive7} }d 8x=z2 CT.
MRIA¢lS Yl 72A$). HT peribronchial
parenchymal®} ipsilateral hilar lymph node

(N1)9] #Aol= Ao dynamic incremental
CTell <& wiekshviol Uep R o] AL
poor vaslar opacificationg ¥ 33 #An|e
$o yune) 49 5 WA 2 G20
2 8 5 AAd.

Spiral generated CT gA4E5& 1% vascu-
lar opacification3} thin section®} £}l nodes®]
S5 BAE A H AT

MPRs+ hilar nodeE & Yelz &2&
hilar pseudo tumor& axial GAtoA] 2L 2



A A<l adenophathy®} FEA o] Ft}.
H%o] 2P lymph nodeZE& transaxial
planedl Al HA=zx R&A HHed 2R
aorta—pulmonary window2} subcarinal aread)]
Ae A 22 AEoh
& spiral CT9] multiplanare] 3oz 2 44
el ol2 4 Urh. Mediastinal $-$)¢} hilard]
qE old FA4E gL J|FAA UHAFEE F
§ mediastinal lymph nodes®] biopsyS 7 &%
o <93t

o]¥ lymph node&

5. Spiral CT2| D|zjo| A&t

Aol Ao} imaginge] 71xH BEE F 3

e 7183 dAZoY F4F WAA, HA

A AN B3 o AW W olBolE
g Ak

Transaxial CT imaging2 solitary lung nod-
uless] W7ol oA sBA WAZAT Beol
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