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Quantification of Emphysema with a Three-Dimensional Chest CT
Scan: Correlation with the Visual Emphysema Scoring on Chest CT,
Pulmonary Function Tests and Dyspnea Severity
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Purpose: We wanted to prospectively evaluate the correlation between the quanti- Index terms

fication of emphysema using 3D CT densitometry with the visual emphysema score, 3D Chest CT

pulmonary function tests (PFT) and the dyspnea score in patients with chronic ob- Pulmonary Function Tests

structive pulmonary disease (COPD). Chronic Obstructive Pulmonary Disease
Materials and Methods: Non-enhanced chest CT with 3D reconstruction was per- Quantitative Assessment

formed in 28 men with COPD (age 54-88 years). With histogram analysis, the total Dyspnea Severity

lung volume, mean lung density and proportion of low attenuation lung volume
below predetermined thresholds were measured. The CT parameters were compared
with the visual emphysema score, the PFT and the dyspnea score.

Results: A low attenuation lung volume below -950 HU was well correlated with

the DLco and FEVi/FVC. A Low attenuation lung volume below -950 HU and -930 Eeceived ’\(/'i?fch 1fi-h20”J? Ac?_lepte: '\/'av?’\?;lvD?O”

. . . _ orresponding autnhor: Jung riwa nwang,
HU was correlated with visual the emphysema score. A low attenuation lung vol Department of Radiology, Soonchunhyang University
ume below -950 HU was correlated with the dyspnea score, although the correla- Seoul Hospital, 22 Daesagwan-gil, Yongsan-qu,
tions between the other CT parameters and the dyspnea score were not significant. Seoul 140-743, Korea.
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Conclusion: Objective quantification of emphysema using 3D CT densitometry was E-mail: jhhwang@schmeackr

correlated with the visual emphysema score. A low attenuation lung volume below
-950 HU was correlated with the DLco, the FEV:/FVC and the dyspnea score. Copyrights © 2011 The Korean Society of Radiology
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F(spiral) CTEE} FAF AlZHscan time)©] Of-¢ ZHAokar &
H Z(scan collimation)®E 7+FAotF Ot FAF Z0](scan
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CT 7| (Techniques)
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Medical System, Erlangen, Germany)S ©}&otg o 2=
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Fig. 1. Workstation images and table of data from a 68-year-old man with COPD.
A. Axial image demonstrates centriacinar emphysema seen as areas of hypoattenuation.
B. Three dimensional display of the lungs reconstructed from MDCT data shows upper lobe predominance of emphysema, which is seen as less

dense areas than middle to lower lung zones.

C. Table obtained from the 3D CT data set shows total lung volumes, mean lung density and standard deviations.
Note.—COPD = chronic obstructive pulmonary disease, MDCT = multi-detector row CT
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Fig. 2. Histograms and table of data from the 3D CT data set in a 68-year-old man with COPD and emphysema.
A. Absolute frequency histogram represents number of voxels of a specific density (eg. the absolute frequency of -900 HU is 35,000).
B. Cumulative frequency histogram represents a percentile of voxels below a specific density (eg. the cumulated frequency of -950 HU is 40% of

total lung volume).

C. Percentile (x)s is the highest density of the lowest densities in (x)s, of the total lung (eg. the value of the percentile;ss, in this patient is -993 HU).

Note.—COPD = chronic obstructive pulmonary disease
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Table 1. Baseline Patient Characteristics and Results of Pulmonary
Function Tests, Visual Emphysema Score, and Dyspnea Score

Mean + SD Range
Age, years 724+18 53-88
Number of smokers 15 NA
3D CT measurements
Mean lung density, HU 868.1+ 5.6 794 - 919
Lower attenuation volume, %
-950 HU 148+ 1.7 1.7 -358
-930 HU 23.1£19 4.1-48.1
-900 HU 386+20 11.2 - 63.1
Percentileisw, HU 969.5+ 8.3 888 - 1024
Visual emphysema score 1.7£02 0777 - 4
Pulmonary function tests
FEVA, %opredicted 59.6 + 4.3 23-102
FEV1/RVC, % 46+ 25" 26-71
DLco, %predicted 69.7 £3.8* 44 - 107
TLC, %%predicted 1237 + 45" 81-182
Dyspnea score 44+03 15-7

Note.—*Total n = 27, Total n = 23.

NA = not applicable, Percentiless, = the highest density of the lowest lung
densities in 15%.

DLco = Diffusion capacity of lung for carbon monoxide, FEV; = Forced ex-
piratory volume in 1 second, FVC = Forced expiratory vital capacity, TLC =
Total lung capacity

250

o}, #7155 HAF 7171= Sensormedics Autobox 6,200 dL¥}t
Vmax 22 (SensorMedics, Yorba Linda, CA, USA)E ©]-8-5}
Aldstgion 127k 2l S 7IRH(FEY,), e8] gl o
oF 1&27F =284 S 7|2 (forced expiratory volume in one sec-
ond/forced vital capacity; ©lIsF FEV,/FVC), & H-&%(total
lung capacity; ©[st TLC), YAikalekA o ks (diffusion
capacity for carbon monoxide: ©J8F DLco)= ZH2 =45k
TH(16).

ATtof Zofsh & 2872 TR} 5 TLCE AldgRt THxk= 23
™, DLco, FEV, @ FEV,/FVCE Al3igt 2kAk= 212 27T9]
o*ur 715 AARRF MDCT AIRY 7He] AIRFA ZFALS g 46

129(0~229Y)°1e. Z+2k2] w715 HAF 2= oIS
= 7ol HAIE (% predicted value) 2 LFEFAQITE,

T Z=&2t X4 (Dyspnea Score)

o522t A= Modified Borg Scale Dyspnea Index (17)
E olgste] 0FH 107H4] 2+ &Ake] o311t 335 =
SHCY.
5™ 2M(Statistical Analysis)

EAA BA12 SPSS for Windows version 15.0 (SPSS Inc.,
Chicago, IL, USA) T2 T2 ol2slion] A= (P +
HFHEHA)Z ARESIIH

Pearson correlation analysisg ©F&6F AR 224 CT
Gt A0 AL CT AliEs Y CTOA Hol= 8914 17|
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Table 2. Correlation Coefficients of 3D CT Densitometry with Results of Pulmonary Function Tests
FEV: (n = 27) FEV./FVC (n = 27) DLco (n = 27) TLC (n = 23)
Lower attenuation volume
-950 HU -0.475 -0.562 -0.692 0.363
0.012 0.002 0.000 0.089
-930 HU -0.432 -0.537 -0.639 0.415
0.024 0.004 0.000 0.049
-900 HU -0.184 -0.337 -0.308 0.385
0.359 0.086 0.118 0.070
Mean lung density -0.363 -0.570 -0.461 0.570
0.062 0.002 0.016 0.005
Percentilessy, -0.442 -0.600 -0.638 0.233
0.021 0.001 0.000 0.029

Note.—Values given are r values on top and p values on bottom.
Percentiless, = the highest density of the lowest lung densities in 15%.

DLco = diffusion capacity of lung for carbon monoxide, FEV; = forced expiratory volume in 1 second, FVC = forced expiratory vital capacity, TLC = total

lung capacity

2.0%5 Boch CTollA] A3 TAFE2] 894 H7 |5 Al
L 37 1.7 + 0.18"0]9lo0 A TS| T T2t x4
= v 4.4 £ 0.29%0190ch, A FHAe] |75 HAF At
FEV & H+ 59.6 + 4.25%, FEV,/FVCE B 46 +
2.54%, TLC= Bt 123.7 + 4.46%, DLco= B+ 69.7 +
3.719%5 HTH(Table 1).

Z}Zko] H|71 s HAF XS} CTolA 54 XI5k ofste]
2 e FHof oligoks # -82wko] AfakAlof thgt
VAolA] FEV,/FVCe} DLco”t -G-2J3h AFhtAl s H3lom
Z}Zko] A A= -950 HUS SR|IZkat FEV,/FVCe] ¢
-0.562(p = 0.002), =950 HUL} DLcoll ¢ -0.692(p <
0.000), -930 HU®} FEV,/FVC2] 9 -0.537(p = 0.004),
-930 HUQ} DLco®] 42 -0.639(p < 0.000)9] AHS &
2o, -900 HUS| Fx|gkt H7|5 HAF Aifel= (-2l
RIS HOlX] ket TRt 930 HUR 9X|ghs A3
= WYL -950 HUR A5k= Zo] 2t2te] 7|5 HAF A3
S Y =2 RS o0 2 AXG] -9 Dlco
kol FEV/FVCEL B =2 RIS BtHp < 0.01)
(Table 2).

CTOA A 2] g T4 (mean lung density) 2t 2H2}
o] H7}'5 HAF A Al B46H2 Wl FEV)/
FVCOl ¢ -0.570(p = 0.002), TLCS] 2 0.570(p =
0.005)9] JHAE Blo M FA A = [olot At
PAE HFTH(Table 2).

Percentile s, 2F ZH2E0] H|7 |5 HAF XS] AFHA o]
oot B4l FEV,/FVC2F DLco?t-§-2l5H A2 59
o k2 -0.600(p = 0.001), -0.638(p = 0.000)2] A
5 YK (Table 2).
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Table 3. Correlation Coefficients (r) of Visual Emphysema Score with
Results of 3D CT Densitometry and Pulmonary Function Tests

r of Visual Emphysema Score

CT 3D densitometry

Lower attenuation volume
-950 HU 0.622
0.000
-930 HU 0.548
0.003
-900 HU 0.187
0.340
Mean lung density, HU 0.452
0.016
Percentilesss, 0.552
0.002

Pulmonary function tests

FEV;, %opredicted -0.204
0.308
FEV;/FVC, %opredicted -0.168
0.402
DLco, %predicted -0.662
0.000
TLC, %predicted 0.088
0.690

Note. —Values given are r values on top and p values on bottom.
Percentiless, = the highest density of the lowest lung densities in 15%.
DLco = diffusion capacity of lung for carbon monoxide, FEV; = forced ex-
piratory volume in 1 second, FVC = forced expiratory vital capacity, TLC =
total lung capacity

CTellM 574 H2Igk ofste]
g -§X7k CT F32
FHUAE AR At
0.622(p < 0.000), -930 HUY

Sligohs @99
olggt #H7|F Ak

-950 HUY W A=
T 0.548(p = 0.003), =900
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ARIEl B5 CTE OIS0t M7 52 Y™ 241

HUY m 0.187(p = 0.340)2 -950 HU ¥ -930 HU= 7]
O] XS IS o oJu] Q= ARRIAIE HGloH
£5] -950 HUR oI9S o U] =2 Al g B olct E3h
Percentilejss, 2F S H71E X|pete] AHMAIE 245 A
2 0.552(p = 0.002)2] “AlE H A (Table 3).

CTOIAS] £ H71E A=} 242t0] #7|5 HAF A3
S| A BA6HE W DLeod] -9 A
-0.662(p < 0.000)% FoJot At Bl 1 99
H7)s A AEETR= FO7E AHAIE Holx] kot
(Table 3).

TERRO] A gtk Aot ZH2Eo] CT R|FEE ] Aft
Ao tieh 24104 XIS -950 HUR S92 o @82t
O] A7} 0.493 (p = 0.008) 22 FSAsHH o=
frofet AbE B ek, SRX|gE 71 2]0] CT 5= f-olt
S Hor| ter k7o) At A= 0.459(-930
HU), 0.206(-900 HU), 0.402(mean lung density), 0.474
(percentile )8 H AT, ESH CTOIAS] SQH H7|5 A=
oF ThAFO] AfA gtk Al FA| F2fRh ARIAIE HO]
A| &THp > 0.01)(Table 4).

2%

T A g H - g5t COPD) 2] ¥l 2= Hald Al
7|3 (obstructive bronchiolitis), ¥F4 713X (chronic
bron-chitis) 2 7|5} @ Feio] ot #7152 ¥
FAIoHA A90] JI O 2 HSLBIO] AME|O] HISLT | uIANA
ojx1 Frao g et H| £ (elastic recoil)°] A5z A

Table 4. Correlation Coefficients (r) of Dyspnea Score with Results
of 3D CT Densitometry and Visual Emphysema Score

r of Dyspnea Score

Lower attenuation volume

-950 HU 0.493
0.008

-930 HU 0.459
0.014

-900 HU 0.206
0.292

Mean lung density 0.402

0.034

Percentile s, 0.474
0.0M

Visual emphysema score 0419
0.026

Note.—Values given are r values on top and p values on bottom.
Percentileiss, = the highest density of the lowest lung densities in 15%
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O Uz 7|k o] HE FLTH18). YA o= COPDE
Aot 58 Yk Hl W7l HARE v = Sk
Global Initiative for Chronic Obstructive Lung Disease
(GOLD) Aol w2 25771 de] o857 Qtk(19).

Agtd o g H7|E0] S5t X1 Hwof tiet F7 k= 1|
715 HARRE TRFO] Qi ol ofEstar Qi SRRITE o]
ot Y AEEE O o= Y TR A S/ vkY
Sh= ] Qo] R HofR|al 27| H7|E HehE Hols &
210] Ak2 o} ot & ggohA] ZQTh(3). E3, H7 |5 4
APEH71E0] A Reto] g2 B |7 |53t #H7 s
ARRFe] AfattAof TRt EAof| A e ZFZFo] Aok A2
AISHA] Q= AibEo] B QIEK(3, 20, 21).

Miiller 5-(22)-> CTE ©1-8-3F H U (lung density) 2] A%
ARl 2A1S Sl ek 1715 Wk AAlE B
RO, Coxson 5(13)-2 H A= (lung weight), H W 371
9} | A219] Bii](gas and tissue volume), Y% F| of = &
& 9] H](surface to volume ratio)Z 7ot ol2st X H=
O] H7]&-2] 22|ot WQIet =2 AFAT} Qg2 Bt
O 24 CTOA Hol= 57|8-2] S5e= ok ZAtolA] AA|
HejxAleky AeiE & Bde = g2 x5
CTe= o= ASHA] =2 COPD SHAojA] Hol= HE 2]
H71E-2 & S 4= QL #0k oz} ol Ao s

UK, 22-24). £5] MDCTSF A EQJojo] vkt
2 7| 99| w21 Pk A A4S 5ot Al
AN

ol 1ol ol CT 9

>

o

(@]
oo
ol
B
N
Q
44
2

Z)gr2] Aol theh FEolct, o= HA Al =2 54 9

[gk oloke] ] -84 wi2-g515h0 244 o]of sligok= H|7]

T Q9] Yoot A 24 Y S5 FUPE 7hssh] o

olct,

CTE °l83t olxo] ofg] itofA] Wejehd #7|E FYat

AxJok= CT ZAE ghel F2|of thofjale T2 =0l Al
ATH23). 10 mm FA] Y574 CTE ol 27| A+

NN

Mo o
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oAf= -9 J2IGES -910 HUR E19h vf QIok(13, 25).
Gevenois 5(10, 1) = AlYSHA] &2 1 mm S
o] R A CTE ©l851% -950 HUS| Hx[gES ol&3s
o FefSHA] 171 (morphologic emphysema)Xt 7 Ayt
A7) ol B35 08 Madani 5(25)2 -960 HUW
-970 HU22 AQA|gke 92 ol =7|52] Feishz], ¥e=
A5k 84 (macroscopic, microscopic measurement) @ 7
AT =oAL B okTE TS [ee 5(26)-2 2T A
Ol4= -940 HU®IA -970 HUE %] 7o = 740]— X
o H7|E Aot #2715 HARR] dHid o =2 3
Btk Wskoirt, AAE2] ofH oAl = 2G5 A
1 mm FA2] ¢F2 A CTE °Fg-ot JRIZL= 212+ -950
HU, -930 HU, -900 HUZ Astgx 71 & -950 HU2F
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