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Software for Diagnosing
Emphysema and
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Researchers have developed various algorithms utilizing artificial intelligence (Al) to auto-
matically and objectively diagnose patterns and extent of pulmonary emphysema or inter-
stitial lung diseases on chest CT scans. Studies show that Al-based quantification of emphy-
sema on chest CT scans reveals a connection between an increase in the relative percentage
of emphysema and a decline in lung function. Notably, quantifying centrilobular emphyse-
ma has proven helpful in predicting clinical symptoms or mortality rates of chronic obstruc-
tive pulmonary disease. In the context of interstitial lung diseases, Al can classify the usual
interstitial pneumonia pattern on CT scans into categories like normal, ground-glass opacity,
reticular opacity, honeycombing, emphysema, and consolidation. This classification accura-
cy is comparable to chest radiologists (70%-80%). However, the results generated by Al are
influenced by factors such as scan parameters, reconstruction algorithms, radiation doses,
and the training data used to develop the Al. These limitations currently restrict the wide-
spread adoption of Al for quantifying pulmonary emphysema and interstitial lung diseases
in daily clinical practice. This paper will showcase the authors’ experience using Al for diag-
nosing and quantifying emphysema and interstitial lung diseases through case studies. We
will primarily focus on the advantages and limitations of Al for these two diseases.
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(artificial intelligence; 015} AT)-2 T thfgh Hofol| A A2 = Jafz oz &gy w Qlot,
o|g 9/t Hofol| A Qg A5 Whe- 7120 Al 2{id Hi} A 50| 943 i 211 (deep learn-
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Qlct, tq-Eq—/\ﬂ o] AgLS FykA o 2 Rtslyl HASH 2|8 MRS 4Esk= AL o] Fglo =z o]
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71%-& Ndsal, o] & Agelohs 22 vl F25HH(7, 8).

T CT= #H7150] e ws 4A Add = 0, w7|5e] 22t Fgsts & 4 ot &
B CTollA w7158 HHFslehe W o 2= A2 A3 (visual scoring), 5 =A|(densitometry)
2 AFE3H WPy EFA Bl (semiquantitative method) B % &F8Hquantification) B o] 1T},
H| & §5 CTollA #7159] JI91E A44 A ez she ®ko] H7]359] X3e B7ishe d
F8&e R o® dHA AT o] HhHe S o] BEI} off L, W7|E-S W7ok Tl
o] Wol A2|H, 7 AE0] A5t H|71E-2 ke S wSsh= Zlo] ojgaL, AlZte] &
A™ o]e} BlEo] H7HAE Alel9] EUX & 33% F ez i ETH(1). o] o] f-2 ¢l
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AT EQo)7} 7] %S Aseh= W o] 22 XthH (Global Initiative for Chronic Obstruc-
tive Lung Disease [°|5} GOLD] standard). 2.2 ®rol=0f 2|11 QITh(1, 2, 7, 9).
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o}, B CTollA 7% = A #7158 23 4 s HUQ| AR 950 HUR Roksoq
A JOH(7), olF 7Ieer A4 Het H7ES Lttt & As A o g Hr|E A He| &
g2 S7%t o9t e 2 950 HUEH 97| S45= 54 Ahs4 oz 255t 44 o) A
23t v asl H7]152] A4t Q1 Y(relative percentage)S FEAISHTH7-9).
olg|gt 7|2 o]-&3to] FF CT/d #7152 d2fst, ol 7|5 ZAtel Hlatsto] /d2]el
-8/l thigh A5o] AR, oA75] /AR Agoll= Aol ATH2, 3, 7). #1715 L=}
A5 HH 5 CTH H715-2 st 2203l o] 8aolix AFehs ok Q= o, 384
Rl Atz w7152 AiA 9] 3717t 7159 otekel o] Qlokal /1g3tH(7, 9, 10).
o2 =9 Sileikiene 5(10)-2 GOLD stage 1 and 2 (forced expiratory volume in one second
[°]5} FEV1] = mean 63%) 1552} GOLD stage 3 and 4 (FEV1 = mean 39%) “L&ollA] m]7]F2
2 7= 950 HU (%)2] 992 vlas 2 2H2t 6%2t 15% = A S = ofn] QA iPOlﬂ
AL Fhek, Z|xpe] ol 82l Q8 Als AnELQ|o)E o]-§5to] 4 CTollA #7]E
Akl w) /4l 422t H7]Eo] Agt 742 950 HU (%)°ll ZFo|7t v= AS sk,
A’b~]°ﬂ7ﬂ 7% S| 5 CTE st & 950 HU (%)2] 4315 A RS wf 22} 5
golu #l 753t de/del a2 & = AATHFigs. 1, 2). 2=t o8] H7|5e] AFeRE o
FA oz Agstrlolle H 7 Algho] ok 5 CTollA #7]E59] ddehe A7 Mas
(scan parameters), 273 La12]F (reconstruction algorithm), 12|31 YA A& (radiation
dose)oll ¥F= £7] w2l CT ol* 250] FLskA] ¢F2™ -950 HU (%)2] 215 1ti=
HE oA el A-8ohe A2 it AlshA] kil AZkeh(7, 10-12) (Figs. 3-5). HISE -8
S Q1325 H7|E Fget Z2adnit @ ohs §5F CT 2 xdo] UL, old & =1
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Fig. 1. A39-year-old male patient never smoker underwent chest CT. Pulmonary function tests showed nor-
mal FEV1/FVC.

A. The inspiratory chest CT scan shows no emphysema.

B. Quantitative analysis reveals a 0% low attenuation area.

C. Air trapping mapping using paired inspiratory and co-registered chest CT scans demonstrates 0% air
trapping in both lungs.

FEV1 = forced expiratory volume in one second, FVC = forced vital capacity, HU = Hounsfield unit
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Fig. 2. A T4-year-old male patient current smoker (50 pack-years) with severe shortness of breath underwent chest CT. Pulmonary func-

tion tests showed a reduced FEV1/FVC of 68%.

A. Chest CT reveals severe empyema throughout the lungs, with centrilobular and panlobular emphysema with bullae predominantly

distributed in both upper lobes.

B. Quantitative analysis of the inspiratory chest CT scan shows a 30% low attenuation area (colored). Notably, empyema with a size of

1-7 mm occupies the majority of this area.

C. Parametric response mapping using paired inspiratory and expiratory chest CT scans demonstrates 44% SAD (fSAD) in both lungs.

FEV1 = forced expiratory volume in one second, fSAD = functional small airway disease, FVC = forced vital capacity, HU = Hounsfield unit
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Fig. 3. A61l-year-old male patient current smoker (30 pack-years) underwent low-dose chest CT.
A. The low-dose chest CT scan shows no emphysema.
B. Quantitative analysis of the inspiratory low-dose chest CT scan reveals a 0% low attenuation area.

LAA (=-950 HU)
HAA (36)

S

Fig. 4. A67-year-old male patient current smoker (30 pack-years) underwent low-dose chest CT.

A. The inspiratory low-dose chest CT scan shows centrilobular empyema throughout the lungs, with em-
physema with bullae predominantly distributed in both upper lobes.

B. Quantitative analysis of the low-dose chest CT scan shows a 13% low attenuation area (colored in red).
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Fig. 5. A61-year-old male patient ex-smoker underwent low-dose chest CT.

A. The low-dose inspiratory chest CT scan shows no emphysema.

B. Quantitative analysis of the low-dose chest CT scan reveals a 12% low attenuation area (colored in red).
This is an artifact due to the low-dose chest CT.
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& (nonspecific interstitial pneumonia), S ¥ 7H4) #l7 (smoking-related interstitial
pneumonia), 9/ 5= oF3/d 7H4/J |3 (acute or subacute interstitial pneumonia), 2]
2 34 7PAA] w9 (acute interstitial pneumonia)e] 1t} 1IP2] 71 &5t 4912 nhy 8y4]
A543 2P w48 chronic progressive fibrotic ILD)o|H, £/¢4] 744 w2 (usual inter-
stitial pneumonia; ©]3} UIP)o]gk 80]2 AR&E o] 2th(15). o] Wehe FH CTolA U= 3¢
o] S9ksksubpleural area)ol] thy 2 0.2 $x]5tH, E42Q1 CT AL 2= MY B (honey-
comb), B4 &Y (reticular opacity), 7414 71222k H17] 4] 27
sis and bronchiolectasis)2 2 2Itt. CTA} H&FsHdefinitive) UIP FEf= ® 284 UIPol| th3l]
A 90% o1/d2] =& FAJoll =1 (positive predictive value)S H.o]7] 2ol $&2] w| 22| ZJA}
£ 5}A] &1 FE CTER Atho] 7Hsaek(15).
H|E §5 CTolA IPFE Xdsh= A7d0] Hy Bt g SGolAITt ol2fdt 44
o] IPFe} = A551E Y or] thE AghS CTYRO.2 7P S 8 4+ itk 1 o] -2+ IPFollA]
Hol& UIpet the Ql(Z gtz A [connective tissue disease], THd 21 AJ#| & [chronic hyper-
sensitivity pneumonial, 1% [pneumoconiosis] 5)°llA4] Eol+= UIPE CTE HHsh= Aol &
7F5517] wiEolth(16). LUt fglo] ol EA] AE §5 CTolA Bdd 90 1ol Thy
239 (ground glass opacity)°] Ezio] Eal, o]2fgt Azo] o] /3= X1sgo] HrhA W
299 He] 27} m A9 x4 vl (architecture distortion), 14 7] TA2} A 7]HA]
FHF, Lejal A= HY 2] H ARet A= dgo] ElB g 2hrko] X gL o Sof IPFO] &
F CT U E 2 o) Z951th(15). 54 CT+= IPF SxpollA] 22] HALS & ZR1A] = AT
A (anti-inflammatory drug)tt @43-8-8H4l (antifibrotic drug) S Fo18 Z11A12 24 5H= o uj
§ 2238t A5 ot ojet tlEo] W SF HY o] §IlE vhdoh= ARt A4 (-
brotic score)Lt Q14 73] EZut A|7| 4] 8745 A] E(traction bronchiectasis/bronchi-
olectasis index)& ©]-&3F Jg2pr} &Afe] o &5 of S5h= o] T-go] E 4= ATH(15,17-19).
. CTollA] UIP FEE A2 44 (visual scoring)< ©l-8aA] HeFahs o ¢ =4 W
9 E—i—iﬁ} offil, 7ok H] AlZte] gol AejH, riakEe] UIPY] JElE 7ok Tl Al
Zro] Wol A7|al, Y7EAHE 7he] Y| = HEJh 2] 9t o]9F 2 A7 AR of Tl =55t
A} ATE ©f85te] CTollA] UIP FEIE g3etshe Algo] AEHE, 20). #7152] Al g=to]
g2t vl w e w UIP FEje] Aehs o 5443 24 9IS Ao WA o] A8 ohefst
Sty P ERHE 23S 3 ¢ H AF2HE UIP7} e ¥ AATHs A&t ok oA
2 54 (deep features) == o] 28] £4 (radiomic features)E o|-8-sto] UIP H), = E3
B, W 29 5= FE01L, AHRHE Stk niA 2o 2 HlolE & tHA] A s A] UIP JElE
A = AFol|M 2A|ohe S AU vHghE ddA R AR 4 EE gttt
(Figs. 6-8) (20).
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Fig. 6. A T4-year-old male patient current smoker (30 pack-years) underwent low-dose chest CT.

A. The patient underwent the low-dose chest CT for initial lung cancer screening at a time when he had no
respiratory symptoms. The initial low-dose CT scan shows multifocal traction bronchiolectasis (arrows) in
the subpleural area of both lungs.

B. Four years later, the patient developed dyspnea and underwent another chest CT scan. A lung biopsy
confirmed the usual interstitial lung pneumonia. The chest CT scan shows diffuse GGA with traction bron-
chiolectasis and interlobular septal thickening (arrows) in the subpleural area of both lungs. Compared to a
low-dose chest CT scan from four years ago, there is a progression of subpleural fibrosis in both lungs.
Quantitative analysis of the chest CT scan shows 2% reticular opacity (orange color) and less than 1%, hon-
eycomb (red color).

C. The patient was treated with Pirespa tablets (200 mg) for one year. A follow-up chest CT scan shows GGA
with traction bronchiolectasis and interlobular septal thickening (arrows) in the subpleural area of both
lungs. Compared to the chest CT from one year ago, subpleural fibrosis in both lungs has improved. Quanti-
tative analysis of the chest CT scan shows 1% reticular opacity (orange color) and less than 1% honeycomb
(red color).

GGA = ground glass attenuation
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Fig. 7. A T4-year-old male patient current smoker (30 pack-years) with severe dyspnea underwent chest
CT. Pulmonary function tests showed a reduced FEV1/FVC of 32% and a reduced DLCO of 4.8 mL/mmHg/
min. Chest CT reveals honeycombing and reticular opacity with GGA in the subpleural area of both lungs.
Quantitative analysis of the chest CT scan shows 4% reticular opacity (orange color) and 4% honeycomb
(red color).

DLCO = diffusing capacity of the lung for CO, FEV1 = forced expiratory volume in one second, FVC = forced vital
capacity, GGA = ground glass attenuation

Whole Lungs Rt. Lung Lt. Lung

Volume 4981 cc 2395 cc 2586 cc
BHoneycomb 4% 5% 2%
[ Reticular 4% 4% 3%
leeo 0% 0% 0%
B consolidation 0% 0% 0%
Emphysema 0% 0% 0%
Bnormal 92% 90% 94%

Fig. 8. A78-year-old male patient current smoker (50 pack-years) with severe dyspnea underwent chest CT.
Pulmonary function test showed a reduced FEV1/FVC of 73% and a DLCO of 7.9 mL/mmHg/min. Chest CT
demonstrates honeycombing, reticular opacity, and lung destruction due to airway enlargement with fibro-
sis in the subpleural area of both lungs. Quantitative analysis of the chest CT scan shows 1% reticular opaci-
ty (orange color) and 5% honeycomb (red color). However, this software cannot measure lung destruction
caused by airway enlargement with fibrosis and emphysema within the honeycombing areas.

DLCO = diffusing capacity of the lung for CO, FEV1 = forced expiratory volume in one second, FVC = forced vi-
tal capacity

Whole Lungs Rt. Lung Lt. Lung

Volume 43T4 cc 2365¢c 2009 cc
B Honeycomb 5% 2% 8%
B Reticular 1% 2% 1%
Heco 0% 0% 0%
[ consolidation 0% 0% 0%
Emphysema 5% 5% 6%
Bnormal 89% 92% 85%
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