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Emphysema Quantification Using Low Dose Chest CT: Changes in
Follow-Up Examinations of Asymptomatic Smokers'
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Purpose: To evaluate the changes of emphysema quantification in a follow-up low Index terms

dose CT compared with pulmonary function test (PFT) results in asymptomatic smokers. Pulmonary Emphysema
Materials and Methods: We selected 66 asymptomatic smokers (> 40 years old) Tomography, Spiral Computed
who underwent a follow-up low dose CT at least one year after the first CT as well Follow-Up Studies

as PFT within the same time period. Emphysema quantification was performed us- Pulmonary Function Tests

ing an automated measurement software and an emphysema index (El) was calcu-
lated using multiple threshold values (-970--900 HU). The interval change of El
(AEI) was compared with the change in the PFT values.

Results: Mean follow-up %forced expiratory volume in 1 second (88.1), %forced
vital capacity (FVC) (89.5) and forced expiratory flow between 25 and 75% of vital
capacity (3.21) were significantly lower compared with the values of initial tests
(93.3, 93.1, 3.48). The mean Els (2.4-25.6%) increased on follow-up CTs compared

with initial Els (2.1-24.5%), though the increase was not statistically significant. In Received August 29, 2011; Accepted October 5, 2011
; B H _ S . Corresponding author: Kyung Joo Park, MD

a group with a follow up period of 2 years or more (n = 32), El significantly in Department of Radiology, Ajou University School of

creased when using -900 HU as the threshold. The AEls were poorly correlated with Medicine, 164 Worldcup-ro, Yeongtong-gu,

the APFT values, but significantly correlated with AFVC (r = -0.32--0.27). Suwon 443-749, Korea.
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Conclusion: Emphysema quantification using low dose CT was not effective for the E-mall: Kipark@zjouackr

evaluation of short-term changes in less than a 2-year period, but may be used for
long term follow-up series in asymptomatic smokers. Copyrights © 2012 The Korean Society of Radiology
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Fig. 1. Example of emphysema quantification in a 47-year-old smoker.

A. Reconstructed coronal image shows highlighted pixels in both lungs indicating lower attenuated areas with the threshold of -950 HU.
B. Volume rendering image shows automatically segmented lungs and airways in different colors.

C. Histogram analysis demonstrates calculated lung volumes, emphysema volumes and emphysema indices.

Table 1. Changes in PFT Parameters at Initial and Follow-up Examinations (n = 66)

Parameters Initial Follow-up p value*
FEV: (1) 359+0.72 344 +0.74 < 0.001
%FEV+ (%) 933+ 134 88.1+12.6 < 0.001
FVC (V) 352+0.70 340+ 084 0.078
%F\VC (%) 93.1+138 895+ 122 0.010
FEV1/FVC (%) 82.7+68 819+55 0.076
FEF2s.750 (L/sec) 348+ 1.09 321+£103 0.001

Note.—*By Wilcoxon signed rank test.
FEF2s-75 = forced expiratory flow between 25 and 75% of vital capacity, FEV: = forced expiratory volume in 1 second, FVC = forced vital capacity, PFT =
pulmonary function test

Table 2. Changes of El at Initial and Follow-up Low Dose CT Scans using Various Threshold Values
All Patients (n = 66)

Follow- 2 Years* (n = 32
Threshold (HU) ollow-up > 2 Years* (n )

Initial Follow-up p value’ Initial Follow-up p value
-900 245+136 256 £ 149 0.188 27.7£12.7 315+ 129 0.02
-910 18.7+£120 19.6+13.4 0.261 2214120 249+ 130 0.052
-920 13.7£10.3 144+ 117 0.367 17.2£10.8 190+ 11.6 0.123
-930 9.7+85 102+£10 0.460 13.1+£95 14.1£10.6 0.258
-940 6.6+ 6.9 7.1+£83 0.545 9.7+80 103£95 0.410
-950 45+54 49+68 0.646 72+65 75+82 0.658
-960 29+4. 34+54 0.406 49+51 55+68 0.640
-970 2.1+3.1 24142 0.845 3.6+£38 41+54 1.000

Note.—*Group of patients with follow-up period for 2 years or more.
"By Wilcoxon signed rank test.
El = emphysema index

PFT W52] WHSH A PET)Of thieh A A= Spear-man
rank correlationg ARESI 2AI5HIC FAREAS 5l
SPSS version 15.0 (SPSS Inc., Chicago, IL, USA)-S 0851
Qo2 9 olekE (.05 OoHp < 0.05)= SFT.
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AU 58 7] A AR HOR] ket
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22 Table 101 A2]okTt,
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Fig. 2. Box plot of Els with the threshold of -900 HU at initial and fol-
low-up low dose CT in a group of patients with a follow-up period of
2 years or more. Follow-up mean El (31.5%) are significantly increased
comparing with initial mean El (27.7%) (p = 0.02). Upper and lower
margins of box plot indicate 75 and 25 percentile values of El.
Note.—El = emphysema index

o, El= [RREC} 22F HARollA] mE AX|ojA] F7kotrt, &
3], 900 HUOIAE Futgto] 27.700A4 3152 S7tslo] 5
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Table 3. Correlation Coefficients by Spearman Rank Correlation between Changes of PFT Parameters and El in All Patients (n = 66)

Changes in PFT

Changes in EI (AEI) in Various Thresholds

Parameters -900 -910 -920 -930 -940 -950 -960 -970
AFEV: -0.170(0.172)  -0.150(0230) -0.144(0.250) -0.143 (0.252) -0.142(0.254) -0.137 (0.274) -0.007 (0.955) -0.118 (0.344)
DA%FEV: -0087 (0.487) -043(0.729)  -0015(0.904) 0010(0937)  0028(0.820) 0.027(0.828)  0.050(0.689) -0.017 (0.890)
ARV/C -0320(0.009) -0299 (0.015) -0278(0.024) -0.260(0.035) -0273(0.027) -0.226(0.068) -0.081(0.516) -0.74(0.554)
N%RVC -0229 (0.065) -0.176(0.157) -0.126(0.312) -0.081(0.156) -0.064 (0.611) -0.176(0.157) ~ 0.023 (0.855)  0.063 (0.613)
AFEV:[RV/C) 0.170(0.173)  0.164(0.187)  0.152(0.222)  0.127(0.310)  0.134(0.283) 0087 (0.487)  0.071(0.571) -0.017(0.892)
AFEF25-750 0079 (0529) 0087 (0487) 0087 (0485  0067(0.593) 0071(0.570) 0.047(0.708)  0.079 (0.529) -0.040 (0.748)

Note.—Numbers in parentheses are p values.

El = emphysema index, FEFzs-7s0 = forced expiratory flow between 25 and 75% of vital capacity, FEVi =

vital capacity, PFT = pulmonary function test

Table 4. Changes of PFT Parameters in Current and Former Smokers

forced expiratory volume in 1 second, FV/C = forced

Current Smokers (n = 48)

Former Smokers (n = 18)

Parameters Initial Follow-up p value* APFT/Year' Initial Follow-up p value APFT/Year
FEV: () 3.60+0.77 346+079 <0001 0.10 £ 0.24 3.55+0.62 3.40+0.62 0.003 0.10£0.14
%FEV: (%) 94.4 £ 14.1 89.2+ 139 0.001 2.7%59 904+ 108 850177 0.006 24+£3.1
RVC (L) 357+0.72 3.49+078 0.131 007 £0.16 339+ 0.62 3.14 097 0.349 0.09 +0.31
%FVC (%) 94.8 £ 147 908+ 13.6 0.010 19+ 46 8861938 858162 0.537 06%34
FEV1/FVC (%) 827173 81.85+5.7 0.090 -02+49 827+58 819+52 0.553 -04+34
FEF2s.750 (L/sec) 354+ 1.12 326+ 1.08 0.005 0.10 £ 0.43 332+099 3.07 £087 0.112 0.06 £ 0.45

Note.—*By Wilcoxon signed rank test.
*Mean values of calculated annual change of PFT parameters.

FEF2s-75 = forced expiratory flow between 25 and 759% of vital capacity, FEV: =

pulmonary function test

38

forced expiratory volume in 1 second, FVC = forced vital capacity, PFT =
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G0 S7tel= S RSN Dirksen 5(16)-2 S74* =
(augmentation therapy)S Al ok= a 1—antitrypsin 23 i}x}
oA 15th percentile®] HYUEES 43S W CT7F A 9IsH
Al H71E-2] ek B FEV, —] tﬂﬁ}ﬂ =4 LJQL
AS Bt Sioitt. AAHE0]
CTk OlgA 7141 F4HA ‘/f% 6_} 4’1]7]—‘—-] tﬂ%ﬂ AU
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H7IE0] ARFARI ¥Rk A o w WEs| Qo CTE
ARESHH 2 m4o0® /\f%E]% HE ARt sz R=
ZHQIW o] (intraindividual variation)2} ¥H=-ZARA]Q] Q@ X}
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7, At Hiz A FAF ZEA] WAl (reconstruction algo-
rithm)©fl TebA] 71 P2l Afolg Hol7] miZof] =
AHANE & 749 HAF diofet BUSE CT 45 28519 Al
SYofjof ohetar HEL QJER(17, 18). WA o] AFoAE
F4 CTOA 2719t 22 CT 71522 5Y ?_l- ZHNA CT
5 It B2 sttt Tl ekl A4l
CTE ARSSH ZFa nlAleh H7]15-2l tﬁﬂ* Hi= 70 of
qu 2o FAupct A0l wolw 7 =] GOt Gietema
2)-Z 370 ofujof] AIFARF AlREE ?Wd‘%k CTE ARgSH
Oﬂ/ﬂ HPAE AR Al #Ale CTE olget 171
Z=(emphysema score)”} S EAELE 2] 0] HAof w2 7|
HARQI B0l 7} 2 7] wizof St A H7|Ee] SV
9% AREE 2 F7g5h] flslii= -950 HUOM =
1.1%, -910 HUOIA= 12.6%7HX12] H7|& d,2] 717t
Lasiar siolet, ot ARl ATtollies Ad™F CT7h
HAAEAAE FH 02 510 w243 B7] ffe AAR|
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Threshold Current Smokers (n = 48) Former Smokers (n = 18)
(HV) Initial Follow-up AE p value Initial Follow-up AEI p value
-900 26.18 £ 13.22 27.30 = 14.80 1.12£9.70 0.330 20.16 £ 13.88 21.10 £ 14.62 094+8.73 0.296
-910 20.17 £ 11.96 21.07 £13.58 0.89 + 8.68 0.430 14.73 £ 11.67 15.62 + 12.36 10.20 £0.89 0.349
-920 14.96 + 10.50 15.66 + 12.13 0.70£7.85 0.566 1026 +£9.18 11.01£992 9.00+0.76 0.396
-930 10.75£8.96 11.23 £ 10.61 049+7.22 0.715 6.77 £ 6.69 741+ 755 7.90 £ 0.64 0.349
-940 754 +743 991 +9.05 0.36 £ 6.62 0.870 420% 454 4.79 £5.55 6.80 £ 0.59 0.332
-950 5.26+599 5.58 +7.52 0.31+5.88 0973 2.54+289 3.11+398 590 + 0.56 0.368
-960 343 £4.60 395+ 6.04 0.52+4.70 0.592 152+ 181 202 +£2.89 5.60 £0.49 0.443
-970 252 +3.48 2831473 0.31£3.83 0.870 092%1.18 135+ 2.16 520£043 0.469

Note.—El = emphysema index
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