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=Abstract=
Accuracy of Preoperative Computed Tomography in Comparison
with Histopathologic Findings in Staging of Lung Cancer

Ki Jin Park, M.D.*, Dae Young Kim, M.D.*, Soo Ho Yang, M.D.*,
Yang Bin Jun, M.D.*, Hyuk Kim, M.D.*, Won Sang Chung, M.D.*,
Young Hak Kim, M.D.*, Jung Ho Kang, M.D.*, Heng Ok Jee, M.D.*

Sixty six patients who were operated as lung cancer during the period from Mar. 1991 to Sep. 1993
at the department of Thoracic and cardiovascular surgery, were reviewed retrospectively and the
accuracy of regional lymph node in preoperative CT were compared with histopathologic report
obtained from operation.

The age ranged from 30 to 72 years old (mean age:56.5), and 51 patients were male and 15 patients
were female. The author analysed the true positive, true negative, false positive and false negative and
sensitivity, specificity, positive predictive index, negative predictive index and accuracy of each nodes.
The result is that there were differences between seven nodal groups in specificity, sensitivity, positive
predictive index, negative predictive index and accuracy. The range of each nodal group is from 81.7
to 98.3%. The nodes of the most poor accuracy are aortopulmonary area and hilar area

(Korean J Thorac Cardiovasc Surg 1996;29:52-8)
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Table 1. Age and sex distribution

Age Male Female Total
30~39 3 1 4
40~49 7 4 11
50~59 23 3 26
60~69 13 6 19
70~79 5 1 6

Total 51 15 66

Table 2. Cell type and sex distribution

Male Female Total
Squamous cell Ca. 36 1 37
Adeno Ca. 12 11 23
Large cell Ca. 1 1
Small cell Ca. 1 2 3
Mixed cell Ca. 1 0 1
Total 51 15 66

true positive : CT (4-) BIOPSY (+)
true negative: CT (--) BIOPSY (—)
false positive : CT (+) BIOPSY (—)
false negative : CT (—) BIOPSY (+)
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Table 3. American Thoracic Society Definitions of Regional
Nodal Stations

X Supra clavicular nodes

2R Right upper paratraacheal nodes
2L Left upper paratracheal nodes
4R Right lower paratracheal nodes
4L Left lower paratracheal nodes

5 Aortopulmonary nodes

6 Anterior mediastinal nodes

7 Subcarinal nodes

8 Paraesophageal nodes

9 Right and left pulmonary ligament nodes
10R Right tracheobronchial nodes
10L Left peribronchial nodes

11 Intrapulmonary nodes

4 ¢} (adenocarcinoma)e] 239 2.2 34.8 %, A A £} (lar-
ge cell carcinoma)o] 299 2.2 3%, &4 E.9} (small cell car-
cinoma)e] 3Ho 2 4.5%, virRlTe g EFHA <} (mixed
cell carcinoma)e] 1% 2.2 1.5%Z 2}x)3}¢t}(Table 2).

2. Y

HAks) 3] 2 o F-F2] #A}ef| 4] 23 A (contrast
media) g ASH o2 FALsll A #ed2 oAl A 9
2%¥ 824 (adrenal)7hA] Al skdch A A ol 514 9]
HAL 779 71 F2E lem o)A He A& FAole 8
Art. 52 /i 79 postero-lateral thoracotomyE-
& o] FolH I 5 Foll HE] AN TAF ¥
do] G- ule]5]e] frozen biopsy2} permanent biopsy
Ested AL vtk AAR BE YupdE A9
T AFoA TS AANste] 22 A {55 @
E3lgdch. 2 E 9J3}4-2 American Thoracic Society®] &
Foll 98 8= ¢l o] Paratracheal (ipsilateral ATS
regions 2 and 4:PT), Aortopulmonary (region 5: AP), An-

a6 o

-terior mediastinal (region 6:AM), Subcarinal (region 7:

SC), Paraesophageal (region 8: PE), Inferior pulmonary lig-
ament (region 9:1L), Hilar (region 10 and 11:HA)E }F
IdF e ol AR HAKS) kool 4] dubA
I e 2293 A AE vl aste] z19}A (true pos-
itive), 124 (true negative), $]2FAd (false positive), -4
(false negative) 22 FH-3l3 o]& o]&3}o] sensitivity,
specificity, positive predictive index, negative predictive in-
dex, accuracy 5= A AFs}ei v} (Table 3).
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Table 4. Pre and Postoperative lung cancer staging (non smal-
I cell carcinoma)
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Table 6. True positive, true negative, false positive, alse-neg-
ative ratio in squamous and adeno carcinoma

Stage Pre-Op Post-Op Post-Op percentage TP TN FP FN
Stage I 15 13 20.6% Squamous  No. 28 208 7 16
Stage 11 10 9 14.3% (percentage) 10.8 80.3 2.7 6.2
Stage Ifla 34 4 54 % Adeno No. 19 124 7 1
Stage IlIb 4 7 11.1% (percentage) 1ns 77 44 6.8
Total 63 63 100 %
Total No. 47 332 14 27
(percentage) 11.2 79 33 6.5

Table 6. The changing No. of Pre and Postoperative Staging

Pre-Op Stage Post-Op Decrease Increase
Stage I 11 2
Illa 2
b 1
Stage II I 1
1lla 3
IIIb
Stage Illa 1 2
It 1
11Ib 3
Stage 1IIb 11 1
Hla 1
Total 6 12

s true positives

Sensitivity = true positives+false negatives X100
e true negatives

Specificity = true negatives+false positives 100
Positive

true positives 00

Predictive Index = true positives+false positives

Negative

Predictive Index = lrue negatives 100

true negatives +false negatives x

true posit1ve§ +true negatives %100
total instances

Accuracy =

true positives « 100
true positives+false negatives

Sensitivity =

TP; true positive, TN true negative,
FP; false positive, FN false negative

7ol A RFAY-E& FEFAoA FH o2 Bl I
o] A&7 A e o] F] FAYTA (4] & Eolpar-
atracheal lymph node)% o]= shio| el A x7} v}
gtohd o o2 7hrEbgd o)

7o

¥ A At o 427 aea o shA A
Be| F3og gdoixl Hske] W7} e LI 48
2 o] &lof 182l 4] #Hgte] W77} Wzl v} o]+ 273
%E AASIAL o) F e WrE AAe o g
sietold ™ 4271 128 2 18.2% % 31 (Stage [ 4] 112 2
o, lllaZ 29, 1IIbE 190] nl# ¢l on] Stage Mol 4] 33
o] Ila& 1%o] IIbR v}H L [Macl 4] 39o] I11be] &
W72 o) Fstadct) ¥ 77} AR 637} 9 % T}H( Stage
114l 4] 130] stage 22 v}# gL Mlaol A 290] [
grgo] N2 Malor Nlbel A & 12 =3E-S 1lla
2 Fobxtl). A= digke] ¥7)& Stage o] 1342
20.6 %, Stage 117} 99 .2 14.3%, Stage Illa7} 7} @&
3492 2 54%, 28] 1 Stage IlIb7} 7922 11.1%E =}
2] 81 tH(Table 4, 5).

AP AT gtel A= Aoz vehd qlstde 282
10.8%, Z1-g-A1 el 79 208 80.3%, 134 A= 7
2 27%, S84 1622 6.2%S x5l Aghe 2ok
o] 198 1.8%, -840] 1242 77 %, $1okAo] T2 4.4%
£ st 9134 A= 1R 6.8 %2 F-EE B}
A ZFE glo] 24T A zlokKo] 472 11.2%, F-8A0)
7} 3322 79%, Y19FAdo] 142 3.4 %2 Y8Ade) 278 6.5
%5 x}Alstsdch (Table 7). A £} T4 QuhA - FE-5}¢]
Al A% A= Table 83 7o)
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Table 7. Distributions of nodes for each groups

TP TN FpP FN
Hilar 20 30 2 8
Paratracheal 9 43 3 S
Subcarina 7 49 2 2
Aortopulmonary 4 45 5 6
Pul. ligament 3 53 2 2
Paraesophageal 3 54 0 3
Ant. mediastinal 1 58 0 1
Total 47 332 14 27

TP true positive, TN true negative,
FP; false positive, FN; false negative

A T olo] FMT el 544 d=b el 21k, Al
24, ¢k, el 91848 Table 9.0 Viepd 71z} 2}
Hilar lymphodzs®] Sensitivity«= 71.4 %, Specificity= 93.8
%, Positive Predictive Indext= 90.9 %, Accuracy:= 83.3%
o]aL Paratracheal nodes®] Sensitivitys= 64.3 %, Specificity
= 93.5%, PPI(Positive predictive Index)= 75%, NPI
(Negative predictive index)+<= 89.6 %, Accuracys= 86.7 %%
A8} t}. Subcarinal nodes®] Sensitivity+ 77.8 %, Spec-
ificityx 96.0%, PPI:=77.8 %, NPI& 96.1 %, Accuracy<
93.3%%1t}. Aortopulmonary nodes®] Specificity+ 40 %,
Sensitivity+ 90 %, PPl 44.4 %, NPI+= 88.2 %, Accuracy
= 81.7%% 7}& @& A& Jehyt}. Inferior pulmon-
ary ligament nodes+= Sensitivity”} 60 %, Specificity7} 96.4
%, PPIZ} 60%, NPI7} 96.4%, Accuracy’} 93.3%o]t}.
Paraesophageal nodest= Sensitivity7} 50 %, Specificity”7}
100 %, PPIZ} 100 %, NPIZ} 94.7 % <] 3L Accuracy+ 95 %
it} wlx]2k e 2 Anterior mediastinal nodes®] Sensitivity
+ 50 %, Specificity+ 100 %, PPI:= 100 %, NPI+= 98.4 %,
Accuracyx 98.3 %<t} AAMAH Q) AccuracyE v ws] H
o B 81 %ol 98% 2 <oF5 & ot} o]F Hilar area
2} Aortopulmonary nodes area’} t}& ¥ Hrt} Accu-
racyZ} 23 "Ge]zt}(Table 9).

Table 103} Table 116 4] H.i= 8}2} 7Fo] AccuracyS #)
wa)) 2E oAby A E9bol| 4= Hilar area®] Accuracy”}
86.5%o] 3. Paratracheal-2 89.2%, Subcarinal2- 94.6 %,
Aortopulmonary+= 83.7%,Inferior pulmonary ligament
areat= 94.6 %, Paraesophageal2- 91.9 %, Anterior medias-
tinal-& 97.3%& iepdich ojd AdF Fule] HF Accu-
racy+ 88.8 %°|t}. Aortopulmonary window area’} 7}#
o AccuracyE Hel 2 7 ohg2o 2 38 AccuracyE

L
H2to] HIZHA| YutEe| 2740t M AStchE &

Table 8. Distributions of nodes for each regions compared to
pathologic findings

Squamous cell Ca. Adeno Ca.
TP TN FP FN TP TN FP FN
H 14 18 1 4 6 12 1 4
PT 4 29 2 2 5 14 1 3
sC 5 30 1 1 2 19 1 1
AP 1 30 2 4 3 15 2 3
IL 2 31 | 1 1 20 1 1
PE 2 32 0 3 1 22 0 0
AM 0 36 0 1 1 22 0 0
Total 28 208 7 16 19 124 7 11
(%) 108 8.3 27 62 118 770 44 68

H; hilar, PT; paratracheal, SC; subcarinal,
AP; aortopulmonary, IL; inferior-pulmonary ligament,
PE; paraesophageal, AM; anterior mediastinal

Table 9. Indices for each nodal groups

H PT SC AP IL PE AM

Sensitivity 714 643 778 40 60 50 50
Specificity  93.8 935  96.0 90 96.4 100 100

PPI1 90.9 75 718 444 60 100 100
NPI 789 896 961 882 964 947 98.4
Accuracy 833 867 933 817 933 95 98.3

PPI; Positive predictive index, NPI; Negative predictive index
H; hilar, PT; paratracheal, SC; subcarinal,

AP; aortopulmonary, [IL; inferior pulmonary ligament,

PE; paraesophageal, AM; anterior mediastinal

F-& Hilar area®] fspdEolqct & o] X9
dutd 5 FEA AA3fdE#d A False positivert
False negative®] 797} Wol A4diaog H&3 dabd
AW 55 wehslr] o g} Agke] -l A% Hilar,
Paratracheal, Subcarinal, Aortopulmonary, Inferior pul-
monary ligament2] Accuracy+ 78.3%, 82.6%, 91.3%,
78.3%, 91.3 %, 100 %% +}epyt}. o 7)o 4] Paraesophag-
eal area®} Anterior mediastinal area®] Y- A= gt
2320 A eFAdolt #1541 A7) qlel Al Sensitivity,
Specificity, Positive predictive Index, Negative predictive
Index®} Accuracyd¥-7} 100% 2 AAr=E Al 23 cha
a4 o] 912 duAHE FHAIsIA S H ol A A FHH S
28 o}F Ao DY 4 alvks AL ohich It
A A Ade] 47} 233 wtell F A ¢47] wffelr) A
stel MA H Accuracy 91.1 %2 HYA A 2] 7
T B} o & Zlo2 vepygr) At A g4 HY

Hole
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Table 10. Indices for each nodal groups in squamous cell car-

cinoma

Squamous H PT SC AP IL PE AM

Sensitivily 77.8  66.7 833 20 66.7 40 -
Specificity 94.7 96.7 96.8 93.8 97.1 100 100
PPI 933 66.7 833 333 66.7 100 -
NPI 81.8 935 96.8 88.2 97.1 91.4 97.3
Accuracy 86.5 89.2 946 83.7 94.6 91.9 97.3

PPI; Positive predictive index, NPI; Negative predictive index
H; hilar, PT; paratracheal, SC; subcarinal,

AP; aortopulmonary, IL; inferior pulmonary ligament,

PE : paraesophageal, AM ; anterior mediastinal

Arg) A) £}l A2} 7Fo]  Aortopulmonary area®} Hilar
area®] oA So] o} o lupdoA R} HAbsid
FEAG o A xr) ¥ Aoz eyl

A% Fe AEE AAsGEEd o] S 9l oA
o] =3kl FA 3 vns Agdee A2l oF
90.2%9] ¥ &S 141“' ste} #etel =44 9l
9] A RE A st = 43 HAE & 5 Ak

e | &
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Aol o} 2-%1 u)| A (noninvasive)] 7 Ab= T WAL
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% 484 (invasive) ! AAMES] $4 545 7o)
o] =g} 2. o] o]F ol vl BHAHAF ZAALES] Y3l
2= ol 31} gkt &4aked (Plain tomography) 2.2
Jatd ol BA o) o] §5]o] ghovt HAksidFHd el A
2.2 Abgo] I ol A W Aol oA A
B R S PR ER1=t)
A Egeq e FA%e dupdo] 3~4mmel 7ol
T Bodsd S 9l7) o Eol FA% d5A Aol o
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AR Aol $1dAde At dFoE Qs 2
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Aol ARSI SE-& AA =0 24 v
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Table 11. Indices for each nodal groups in adenocarcinoma

Adeno H PT sC AP IL PE AM

Sensitivity 60 625 667 60 S0 100 100
Specificity 923 933 95 833 952 100 100
PPI 857 83 667 S0 50 100 100

NP1 75 82.3 95 882 952 100 100

Accuracy 783 826 913 783 913 100 100

PPI; Positive predictive index, NPI; Negative predictive index
H; hilar, PT; paratracheal, SC. subcarinal,

AP; aortopulmonary, IL; inferior pulmonary ligament,

PE; paraesophageal, AM; anterior mediastinal

t}. EA 5 WA A o] 71 A Ql screening test7} o} 7] W) F
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£ Al gEriels 5 7 e A AAE A &
= e Aol 2459 daAde] AL oAy =
71ell Azt 2AAY Ao =271E 7 b2 HAd
ola AHA U+ YA HolE = At Ay k= 7}
S AA 2 P
3 2o Daly 5% Rt vlel] 2% TMN +F &
Tle]v} T22] NPI(Negative Predictave Index)+= 90 %] A}
old] vls) T3 FoF2) 22 FH%5 AFAHL NPl 2% E
8- A Ayl oA el =717 1.0emel Akl
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dex)7} ket 12’ 3Rl A 1Al FA4F 9
o) Wx7} Folr 28 AFS A7) oA HHFAH<
A A8 sk Aol &t} McKenna 5"& 1ecm®] A
£ A3t glubAo] 1.0cm oAkl 9ol FHo= o
2 A T2 49 Ao v nstd HAH ¥ ==
61 %ol 2 }=| 9485 U st & Telle A4St
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MRDH| 2 AEsEd £4%F A Ak glojA=
vl ZAE Holx gl AAsiE#ede] AHgw
(Accuracy)e 7]EA Q] Heoll o] o]&s}aL glct. HA &
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82323} contrast enhancement, A2 A2 2§, %
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2712 Bdste] ¥r)E AR o AFEL o]
d 7Ee FAYS A AN SE 2 BPIE 3
o} A eZ FAHF Ju9AES 10mmu|iE SAALE
ZF3 10~20mm7HR]1 2 2] A (intermediate) 2.2 ¥-5F-3}4]
2on 20mmoiAS AR Al o] o FHF
A F BolshA HEgxrt 2 47t led ol 5
%] Subcarinal area®} Inferior pulmonary ligament areao]
o W g v e e E Hols X2 Aortop-
ulmonary window area® 1 o]f+ o| 32 HAbsigl =3
dF ZGA el FAbell sl = HHEo] 4 enhance
2 efolr] §ld o] Ay =27] wdo] o]F] 7] wfFol).
28 7) wl & ¢J4H# 2.2 Aortopulmonary lymph node”}
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F-AlA A o) (centripetal progression)dll sl F AL} 2,
Kirsh S5'"®3} Martini 5'%& 20 ~27 %l 4] g1} 9] skip-
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N2 AHANE AgHelekar HE Aol AF-S el
= AL ohr}.

F3Hor A GEEGL ddd A7 vaMEYg
(non-small cell carcinoma)®] £7F2] ] ¢lojA] o}F
F8-3 FAloln) 49 2 -§-F<]5 =, high Paratracheal
QJxzAe] o] glon F59 JExAe] Holr} e F
Ao 7ol A zlAkshGEAd o] JxA 27de] FA el
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AE Asjelne FYAQ 97127 Pie A sE
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239, AdAZ7) 29, 2M Zste] 39, £33 A2t 7
oz AgatydEste] 7h3 @S AlZyoldrt FE
¥ A9 A b7 stage [0] 20.6 %, stage 117} 143 %,
stage [1la7} 713 @& 54 %E, stage I1Ib7} 11.1 %-& =17)
gich A A2l Accuracys para-tracheal area”’} 86.7 %
subcarinal area”} 93.3 % inferior pulmonary ligament area
7} 93.3% paraesophageal area?} 95% anterior medias-
tinal area”} 98 %2} & AccuracyE B4l ubd o} & B¢
o vls) viwH G AR EE vHepl= 59+ Aorto-pul-
monary2} Hilar area] 9 =}3 24 74z} 81.7%2} 83.3%
£ 2y} ex i 5 Fol ¥t deolal A% 6
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