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Purpose: To investigate the upper normal limit of low attenuation area% in healthy Index terms
nonsmokers. Pulmonary Disease, Chronic Obstructive
Materials and Methods: A total of 36 nonsmokers with normal pulmonary func- Respiratory Function Test

tion test underwent a CT scan. Six thresholds (-980 - -930 HU) on inspiration CT Tomography, X-Ray Computed
and two thresholds (-950 and -910 HU) on expiration CT were used for obtaining
low attenuation area%. The mean lung density was obtained on both inspiration CT
and expiration CT. Descriptive statistics of low attenuation area% and the mean
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graphic information and CT parameters were performed. Radiology, University of Ulsan College of Medicine,
. . . N Asan Medical Center, 88 Olympic-ro 43-gil,

Results: Upper normal limit for low attenuation area% was 12.96% on inspiration Songpa-gu, Seoul 138-736, Korea.

CT (-950 HU) and 9.48% on expiration CT (-910 HU). Upper normal limit for the Tel. 82-2-3010-4400 Fax, 82-2-476-4719

mean lung density was -837.58 HU on inspiration CT and 686.82 HU on expiration E-mail: ejinchae@ameseoul ke

CT. Lovi/ attenuation area% and the mean Iung.density showed no significant differ- This work was supported by the grants of the Korean

ences in both sex and age groups. Body mass index (BMI) was negatively correlated Health 21 R&D Project, Ministry of Health & Welfare,

with low attenuation area% on inspiration CT (-950 HU, r = -0.398, p = 0.016) and Republic of Korea (A040153, A084305).

positively correlated with the mean lung density on inspiration CT (r = 0.539, p = Copyrights © 2012 The Korean Society of Radiology

0.001) and expiration CT (r = 0.432, p = 0.009). Age and body surface area were not
correlated with low attenuation area% or the mean lung density.

Conclusion: Low attenuation area% on CT densitometry of the lung could be
found in healthy nonsmokers with normal pulmonary function, and showed nega-
tive association with BMI. Reference values, such as range and upper normal limit
for low attenuation area% in healthy subjects could be helpful in quantitative anal-
ysis and follow up of early emphysema, using CT densitometry of the lung.

ME AARSIFEEA(CT)-S o8l H|7|Z0] Holet 22
Mapd oz BAsk 4 9loti(2-10), of=lst ﬁﬁ&i&%%“‘
A

O 71 = H| 442 S (chronic obstructive lung disease: ©oF  AFQ] HIAEEZ]| (densitometry)2] A= g2]x4]0] S0t
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l6Ald tsd= Aikelg29717](Somatom: Sensation':
Siemens Healthcare, Forcheim, Germany)Z ©-&5t] Xt
7|12t 27X #YS Alfsioint, #dx2 0.75 mm2
collimation, 100 effmAs, 140 kVp, 1.0 pitchS ARE-SICE &
Aol AR AAateld-E G717 1= -1024 Hounsfield unit
(HU)®IA 3071 HUZFAI] ZH4) 7l (attenuation coefficients)
HOIE J1x| 1 9tk HAKS T EER.. okolol (supine) OA] &
Z9F%F(craniocaudally) 22 Aot ol A= Fof
SFA| kot gt QoA B 7| A R 7HA] EEAE(Standard

Table 1. Demographic Information of Subjects

Mean + SD Range
Age (y) 55.36 + 9.94 28-72
Weight (kg) 67.15+ 11.19 45-98
Height (cm) 166 + 8.01 150-179
Body surface area (m?) 1.65+0.15 1.37-2.03
Body mass index (kg/m?’) 23.56 + 2.57 19.10-31.90

Note.—SD = standard deviation
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kernel, B30f: Siemens Medical Systems, Forchheim, Ger-
many )& °F&o5t AH T 0.75 mm, ZHIFA 0.75 mm

2 e AP

FRoAolst 12 0] B W(EL.C0| BE tiaixte] 2ib
shz A 9yolM CT WAIEHER] 93re & 4
Y| T4 B2 uaky oA T8 BRI, of
#p74E WOl tiiAR: giglon] 715 WOl ikt
= gigirt,

S712F 27] GOl AAA o= ARl A E Q0] (in-
house software) = AF8-51 -400 HU BI9RS H2 A 2lolal &t
o8 A HE Hobrd & F719F 27 A A HE84S 45

1 7} 3k (pixel) 2] GAARE SASIEE A #1184 F 5

4 G| oJekg Hol= AEo] 829 WiEES AUAlY
O:‘%(ow attenuation area%)= 42}, &7] FAkol thaliA
-930 HUR¥E| -980 HU7ZHA] 10 ZF4C= 6719] 215 At
SIiAL, 7] Aol HisiAl= -950 HUSF-910 HU2] 2719
A ARSSIIE) ot A o] RE Skao] P Al
£ 1olo] mA-E ST (mean lung density) = A2l6tT &
719t 27 FAF REFOlA 212} Hld g s e S ol

korl

mJRo

I 7|5 ZAL
EE 1 7Ps 7Rl HE S

Alstiet(11). 127 BA 7 [

g2 Bl H 7IsHEAE
(forced expiratory volume
at one second; ©Ist FEV1), 127t ZAIS 7 [5ft 2w
2] H|[FEV 1/forced vital capacity (FVC)], YAFSHERASEAL
“5(carbon monoxide diffusing capacity)2 =4o5tFO0H, w2
= 547 % O]l theh A=2]2] vl&= LRIt At
Fite2 Yo gAitateAgl single-breath car-
bon monox1de uptake (Vmax 22, SensorMedics, Yorba Lin-
da, CA, USA: PFDX, MedGraphics, MN, USA) -2 5ol =
Aslont, © 7S AAMY 127F ZAlS 7|2k} = eiA) gk
H(FEV1/FVC)7ZF 70% oVdelar 127t A7 17] 80% ©f
/\I»O] 7:10 = Z‘YM- tH‘r‘]E =3 ]— D:‘ O] ] HD]— ]—‘— EHAPX]—

OF of Aof| ot ]I,

SlERA

b LIy

ig_

SHEM
DE BA8A0 SpSS EAulZ]X|(statistical package)S
ARRS DHSPSS 12.1.1; SPSS: Chicago, IL, USA). Axtgr

p+ gEexE Ueholon pyt

° + ol 0.05 olRtolR
P -
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Table 2. Results of CT Densitometry in All Subjects

of 2 XA YH%t HLAE Tl TIeTAUES
Table 229+ Fig. 10 HEFUITE 571 G4olA =950 HU HA]
O] AZAIFH%O] AT 0.43%, ZIHEES 16.17%H,
Fr> 5.24 + 4.25%, LU 4. 41D, 78/ SRR
(95th percentile)~ 12.96% . 7] FAtolA -910 HU &
2|9) AAGH% O] 2| A7 0.05%, ZTHEES 19.41%%1L,
B> 2.06 £ 3.58%, SYUS 1L.14%FH. B AR

§

2 9.48%!

571 GrolAl ﬁﬂ“@‘& 591 | AZES -894.79 HU,
Z|thZhe -819.24 HUYL, B2 -866.16 HU, U7
-869.38 HUtHFig. 2). Zé o AFRRXIZES -837.58 HUR
o}, 7] GOl HadET-s ol Haghk -838.77 HU,
F|OiZLS -660.30 HUSAL, w2 -737.80 HU, S

O o

-731.69 HUI. A+ A7 -686.82 HUSIH.

Mean + SD Median Range 259%/75% Quartile 95th Percentile
LAAI980 (%) 0.50 + 0.46 0.345 0.04-1.67 0.14/0.68 1.47
LAAI970 (%) 114+ 1.01 0.84 0.09-3.73 0.33/1.59 3.20
LAAI960 (%) 252 +2.16 1.98 0.19-8.20 0.70/3.61 6.68
LAAI950 (90) 524 + 4.25 4.41 0.43-16.17 1.47/7.82 12.96
LAAI940 (%) 9.89 +7.36 8.96 095-27.14 2.96/15.24 22.74
LAAI930 (%) 16.67 + 11.10 16.04 2.10-39.32 5.63/25.8 34.87
LAAe950 (%) 0.27 + 0.62 0.15 0.01-3.66 0.04/0.24 0.95
LAAe910 (%) 2.06 + 3.58 1.14 0.05-19.41 0.40/2.24 9.48
MLDi (HU) -866.16 + 20.58 -869.38 -894.79 - -819.24 -883.62/-845.94 -837.58
MLDe (HU) -737.80 + 42.25 -731.69 -838.77 - -660.30 -759.20/-707.73 -686.82
LVi (mbD) 4587.78 + 845.96 4385.08 3053.74-6218.10 4014.41/5234.87 6107.85

Note.—LAAe = low attenuation area on expiratory image, LAAI = low attenuation area on inspiratory image, LVi =
mean lung density on inspiratory image, SD = standard deviation

lung density on expiratory image, MLDi =

40+
354
30
25
20+

10 .
5;;.-%%

0

LAA (%)

T T T T
-960  -950  -940  -930

Threshold (HU)

T T
-980 -970

A

inspiratory lung volume, MLDe = mean

20+ *

*

o = —

-950 -910
Threshold (HU)

Fig. 1. Box and whisker plot of low attenuation area (%) along each thresholds on inspiratory CT (A) and expiratory CT (B).
Note.—central line = median, ends of boxes = interquartile boundaries, whiskers = data point closest to inner fence (1.5 x interquartile range), ® =

mild outlier, * = severe outlier, HU = Hounsfield unit, LAA (0%) =
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/o] w2 v wA|, F7] GAFolAl 950 HU Hx]9] A7t4]
FH%O| B G2 6.17 + 4.83%, M2 4.58 +
3.TT%HH(p = 0.184), T71 Yol HEABH L0
Fr ke EAdL -866.59 + 23 HU, 942 -865.85 +
19.25 HUZEHp = 0.548). o152 SAISHH 0= §olgt 2}o]
E;I_o]x] O_J:OH:,]-

A ol w2 vlwA|, 7] FrgollAl -950 HU <%]9]
xizju BY%(p = 0.207)2F &7] GOl HEABF = (p
= 0.265)°] B THER [OJot XpolF HolR] kot

S 2] Aol A AR =7 571 -930~-970 HU 9
2| AL AFG%ETE 20] AAIS BHCHTable 3, Fig. 3).
T AR 719 27 HadETE et oFol AR
S Hkr = 0.539, p = 0.001: r = 0.432, p = 0.009).

AHEHAL Z7] #H-&-u Fo] A HIu(r =

Table 3. Results

S7Apact oy

A0 2 Qofgh Ak ol gigith,
ikl

P77 | A g A SOl A] F HASE R
opgol Yeptr] Ae] A5 w7 S-S LA
HAEHERS olgoto] 49] ‘H7IE A
dex)' & 72 =MN HI|F0 FSEE APkt 4 QEH2-
10). E3F 22o] AFsolAME H7ISY X =g H 7
0)7ksHA] Algkel 4 9jriy ez mq
(12). AlSEGS olget w71 Jg=tolA 7Hg <

ﬁﬂoﬂw+ﬂA§¥+%@4@“ﬂEﬂFLﬂﬁ@ﬂ

05]2

i)

442 1 7159)
% 9k ohfet

(emphysema in-

of Correlation Analysis between CT Densitometry and Demographic Information

Age BMI BSA
r P p r P

LAAI980 (%) 0176 0303 -0.302 0074 0019 0914
LAAI970 (%) -0.189 0.269 0332 0048 0,048 0.780
LAAI960 (%) -0.206 0.229 0362 0,030 -0.080 0643
LAAI950 (%) 0228 0.182 -0.398" 0016 -0.118 0494
LAAI940 (%) -0.250 0.141 0439 0.007 -0.162 0.345
LAAI930 (%) 0263 0122 -0.477* 0,003 -0.206 0228
LAA€950 (%) 0084 0628 -0.091 0.596 0.145 0.400
LAAE910 (%) -0.056 0.745 0128 0456 0.152 0377
MLDi (HU) 0.256 0.133 0.539* 0.001 0298 0078
MLDe (HU) 0.198 0247 0432* 0,009 0.112 0515
Vi (mL) 0312 0064 -0.182 0.289 0.390" 0019

Note.—*Statistically significant result.
body mass index, LAAe = low attenuation area on expiratory image, LAAi = low attenuation area on inspiratory image, LVi =
mean lung density on inspiratory image, SD = standard deviation

£

BSA = body surface area, BMI =

inspiratory lung volume, MLDe = mean lung density on expiratory image, MLDi =

£2

Fig. 2. Example of quantitative densitometry in a patient with mild emphysema and a healthy subject.

A. A 54-year-old male who have mild degree of centrilobular emphysema. A coronal CT image (window level:

-750 HU, width: 1500 HU) shows

some areas of centrilobular emphysema in both upper lobes. Low attenuation area (%) is shown on a color-coded image demonstrating pixels

having CT density below the threshold -950 HU and the value was 4.01%.

B. A 59-year-old male who is one of healthy nonsmokers in this study. Emphysema is not evident on a coronal CT image (window level: -750 HU,
width: 1500 HU). However, on a color-coded image, there are color-coded areas representing low attenuation area at -950 HU which value was

13.45%.
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Y=o} 2H3-5, 7, 9). 10 mm FA

— L -
o] Y7 HABIIZHAS 018 27|9] AT A
__(r)__

sk Ax|7} -910 HUSCEHG5, 8). °1% 1| mm $419] 9FS 4
H FafolAlo] 2HTE 210 AFLE ATPF HAE =T,

Gevenois 5(5)2 &71A1°9h= -950 HUE HA|= 532 f
22 ofske] HFHO| #2F4 (macroscopic), AUI7E2 (micro-
scopic) H7152] WLt 2 AA|ehal 191, Madani 5
(13)9] Ao = -960 HUZ} 7P =2 dX|=E HAT
ot w7 |EAleet 1 715 HARNe] A 2 —.3.} Niae
A= =940 HURE -970 HU FX] FLX1ojA H

St 2 A HRITk(14).

HAIEHERZS] Aubrt yeford H7]E Be] &2 4 715
O] =2 A Hooe Eoll HAEHE
A ARSI Qe g, THE, XiJﬂL , T
2715 H4fjo] o9t 57| 28] (air trapping) 5= H7|[FO=
g7 4= Qltk= olet. ofefRlh Alghg o = Qo] AL 4]
QO E H7|FA7E A vehd 4= a1, w7 = ag
A% FAoAl s 2 HAMS BH7 152 X1 HeE Frtoke
glof olefet vhE7 7t H71E0] efste @QlE 7isAdol itk
wjebi] £ H21E ARSS HAIEH ERE AJFYolotS of
oA Yepd 4 Qs A4 %] B9IE <o o] Axt
S HIR O R HAF ARIXIE AR 27] 7] XIehe] &

OlTE foln FH FAk] HrlE XY WlolE 288

Z‘J% FY AFoA Bl A AdRI0IA LR 4= Q= A
U9 %2] Foll vigh Aykse] BuEQITk(4, 15, 16).
Gevenois “5(4)= 23~T71A H2] G4+ AR 4283 tide
B BAA FIIA] T AR GYR%= 7.8%EHL B USHI
Irion 5(16) —l —|—Oﬂ/\‘|L 19 41/\1] H*HQJ Xé/bP éJ 30%oll

19%°]1L S 71A] 4% E} Irion 52 -950 HUQJ CE. S ARE-
oF o A4t AdRlollAe] F7IA XVLJJ H%2| S A=
35%etal AATSIT. Marsh -5-(15)-> 25~75A1 ©H912] 4t
/8R1 18570l Ml 4 B/ (axial images) =41 A ATsi4f
I (high resolution) G404l Bt 15%, B+t ST (standard
resolution) FAMOIAl et 1.4%2] ALAFH%S BsH
o}, & AFoA= -950 HU HX| o}8-A] F+t 117%40101
5.24%S21 AAF AFSEX|= 12.96% S}, oA A st B
O] A B = e HPHS 2etok= 1gofA /\f%% 911
2|7} =250 HU(16), -300 HU(15), =400 HU (& A7) 52
2 opfolal TS 87 A= (volume data) HAHIE 240 A}
2ot Ao} EX £2(level) ] B =4 FAH axial images)TF
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15.00

r=-0398
¢ p=0016

10.00

LAA (%)

5.00

0.00

20 23 25 28 30
BMI (kg/m®)

Fig. 3. Correlation between low attenuation area (%) at -950 HU on
inspiration and body mass index.
Note.—BMI = body mass index, LAA (00) =
= T W= ApoPE oA, 1
A= L%ﬁ] H]_T_ﬂ_% = 712 ou|r} ¢l Fo g AYzFsho}
e FUSH o 2 Y -85 AwE ofgot ot T A
- A L asH ﬁd Al =Ll o g ofg] 7)ol Q7=
HagRAgo] I E Aq-E0] P lov(d, eh=el
Korean Obstructive Lung Disease Cohort, B}=-2] COPD
gene study, U]=2] National Emphysema Treatment Trial
), 21210l F o EOIM ARG ER= ARt ol wet A A
219 712 UfE%HOF o 7oLt
det A o] 7SS Xesh= ol QoM HA| 7|9ke] x7k
2| Y%= 1 A ‘?J:.‘Eﬂ ofH AAE ARGSE=LFO] of
§ ol2HolA Hot, 7 olg= H o] CTHC] slAE T2 o
715 (unimodal curve)©l1l, ©] ABOJA J7}6= FE-2
S-AF 2 (sigmoidal shape)= BolB=Z v = 0%2} y = 100
%O~ F787 1 (plateau) 7 FAEE. Tk y = 0% 77k
GHo A= Aol A (area under the curve)©] |7kl
o9 ofexlo]7] oA ko] UIZHET Yek(7). v
W (percentile poin) O1&s1ol 7158 Hakelshs Wy
o= olefgt ko] Ql=tll, E35] 15HA] W3- (15th percen-
tile point)& AFEEF 7% -900~-800 HU HH°| §iste 9l
AsHAl 2 vigok= Aor deA Qek(17). AA Stolk &
(18)2 Y1} FEZAIA (¢ 1-antitrypsin deficiency) ZHEAIO]l
Al 27] H71E0] 4 oAl 159HA] WEo] -950 HU
£ o1& AUAYHR R HIESA2] A2 HolE G

low attenuation area %

r0|' ol[’]
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2io] QIrk(19, 20). & QoA

Aoliz Qi ZLO R Uty ofs ofd ATE0| Aot 2t
(16, 19). AER0] Z7F42 710t S714] 5] o] 2
7102 UeboLt HEAA] Z7F 1 A7 4241590
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O
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AFEALS BITH = -0.68, p < 0.001)(8). Ogawa 5(21)%
el 2 e s Pt e e P |V | A A Bl S ko DA L 128 )

D& H7EAeet 5o Ade BRItk BASHITHr =
-0.56, p < 0.001: r = -0.31, p < 0.0001, Z¥zh. BH7|=
2 g AT ZRtoA O] AR |42} H|7|E X4 2F0] o]zt
20] ZaHdol thalial QlutrkA o] Wak(H7 150l AAF et
T2 AAF0l "7 )2 obd] BiefA|A] ¢ it E
Coxson 5(22)-2 AlgAAI8-H % (anorexia nervosa) ZHAR]
Al H7|F A7 S0 Qhetl ol AR Rt 22 A
WS HRltfal Brshylon] ThgRQl YAzl H 22
20| S Sotelnt. eyt B A Axtol| oo,
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7 HPgAH 02 e 40Tt opd A AJQloflA ., AR
Ao A GH%7E 20 AS Holog AT O] KA
2] OF 3.0 zulo] QFarl | 2]0] Qo] vlgho 2, A&
YA 47 O FAof B O] TFAZRZIO] QFe 17 oo e}
HIA|EH ERAF AHAHA% 7 715 7HES Al
A, -Gt AAIGH% 7T 20] IS Hols
Z10] 7140 thoAl = e Hof ke ALyt W Qs

B AL A2 AAY, thAFAEE O] 7|7} Alofa] AR O]
utsiof A7} QIrk= oot B4, vlE FRPAFOIS A
=20 ofsf HakshchE2ted g dollA] HAdAlof oAl ¢l
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