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Pulmonary Emphysema:
Visual Interpretation and
Quantitative Analysis
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Pulmonary emphysema is a cause of chronic obstructive pulmonary disease. Emphysema can
be accurately diagnosed via CT. The severity of emphysema can be assessed using visual inter-
pretation or quantitative analysis. Various studies on emphysema using deep learning have
also been conducted. Although the classification of emphysema has proven clinically useful,
thereis a need to improve the reliability of the measurement.

Index terms Emphysema; Tomography, X-Ray Computed; Quantitative Evaluation;
Deep Learning
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H7Ee AR o 2R o 27 Al 7] FElR 27T 4 Jlom, Z4H2ke] EAS 7hdS]
QoksH thSat gk A, SH4HA #H7]F (centrilobular emphysema)2 2] 7H2] 1 cm
o]5to] #-g% £-9]7} 22} 4 (secondary pulmonary lobule)] 4] F-9]ojl LFehdth, S,
ZAF9] H7]%(paraseptal emphysema)-2 23t 4% FHE 2 FulHE (juxtapleural
area)oll Y1x|5h= A5F I o= LRIt o] 7 7HA] {2 25 o] Aol o SH4 s 2
=51 Hok AR, HAAA 5715 (panlobular emphysema)2 3 5 Bl 4¢lo] mty] S SRt
St o= duhQFEEFA FA} o) 3t e RLem(5, 6), THglofa = HlwA =
Ao & A Qlet. oA AlZH o g FRS u|7]Ze] Al 7HA] 5 W] Rt F5
wfet 22 of MRS 4 913, 20159 Fleichner Societyoll A A|QEgE Br4lo] @o] 220|131 glo]
olof whe} Z}2to] Gt 275 Qo A} FHK(7).
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SHAEM H7[Z(Centrilobular Emphysema)
CTolA SAAD/E w7152 73 2 F2Iel vl 25 &+ Jefo] A159 o= 1t

Bt SA294 H71E2 SARAIA BE= 7P E7F FEjo] w|7]olr o2 o
oA B st AP FH2 50l oFd 9 1 em oI5| A7]o]A[%t, 1 mm BtellA 3
cm OVI7HA gt 2712 yEhd 4 Q. S4494 w712 AR Aol wet sy 2

78 4= k7). o] F Fu|g 4 4HA H7]Z (trace centrilobular emphysema)-2 ] 4% 9]

Fig. 1. Mild centrilobular emphysema.
Centrilobular lucencies involve less than
5% of the upper lobes, separated by a
large area of the normal lungs.
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0.5% B|ThS 2}A|5h= 215F G0l U= B9-5 Dok, 75‘54 FHAH 9718 (mild cen-
trilobular emphysema)2 4 mlg ol oJs) ] =]o] Abfal 1 = P2 0.5~5%% i}7<]
Sh= AS Y3tHFig. 1).

2] o]z} w| Aol ZA
.]

S5k 34AH H71F(moderate centrilobular emphysema)=
FEIZ Hol= 7|Fo =, H 29| efZo|u uhjE FHleHA|
=thFig. 2). 89 4494 #1715 (confluent centrilobular emphysema)2 FA1 A4 o]
7159] A5t PEiz, o] A5 FolA Hrzrt e A7 e gFA| Hole Bz
7k o} QA BokFig. 3). HATH o] A5 FEfQl XA whi]d ﬂ:l]7]3—(advanced destructive
emphysema)t B 15HH H]7|F3} #H7]F Afo]o] ‘EJLO} Ae 2 w7t Hola Ho] 122 ¥
ol TR A] gFom ojxhH| A AAe] A7) Fke] 37]% Hl A A= o] ok 1Y
TS H7152 AR w715 7MY AR FElR, wle] 24 M-S ek 291k
A o] |7} e ot H| o] ARl 3 Aoks HRITh(Fig. 4).
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S4F9| 17|15 (Paraseptal Emphysema)

AT H|7]E2 W A (distal acinus) HHshs FEfo] H7|F 02 CTollA = §2F
Azroll Fot = A5 MR OE YERATHS, 9). F =] T2 H|7]E(mild paraseptal
emphysema)2 =717} A31(< 1 cm) AP 2= 52 29 st 7Sz §2o
7PgAre] & whek Q) &ISTh(Fig. 5). o] Hrt AlSh FElQ] AR 5459 17| (substantial para-
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Fig. 2. Moderate centrilobular emphy-
sema. Centrilobular lucencies involve
more than 5% of the lung parenchyma,
with upper lung predominance.

Fig. 3. Confluent centrilobular em-
physema. Relatively large and multi-
ple centrilobular and lobular lucencies
are shown without distortion of the
pulmonary architecture.
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Fig. 4. Advanced destructive emphyse-
ma. Large, panlobular lucencies with
distortion of the pulmonary architec-
ture and the hyperexpansion of second-
ary pulmonary lobules are shown.

Fig. 5. Mild paraseptal emphysema. A
few small and round juxtapleural low-
attenuating lesions align along the pleu-
ral margin. The patient shows no obvi-
ous impairment of pulmonary function.

septal emphysema)-2 -2 3717F 2(> 1 cm] 217%) U5} 715024, w3y & opjgt
CFE 2 Jots Hste Al Fure] shgatele 91 wet BRIk, 6). FA% 9]
7} BH(10). CToIAM = o] el

=
AAPIAINM &= =EA] g8 42210]7] whizell 574 olst, 1 cm ofske] 22 w37 2 2]

7Fx7F Itk 12).
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Fig. 6. Substantial paraseptal emphy-
sema. Multiple, relatively large cyst-
like juxtapleural low-attenuating lesions
involve more than the pulmonary api-
ces.

HAHM 7|5 (Panlobular Emphysema)
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Table 1. List of Recently Published Papers on Deep Learning for Emphysema

Publication . .
References Year Journal Potential Role of Deep Learning
To improve image quality and emphysema quantification accuracy over
Zhaoetal. (22) 2019 Med Phys .
various dose levels
. . To reduce the kernel-induced variability in lung density measurement
Jinetal. (23) 2019 Phys Med Biol
on LDCT
Bak et al. (24) 2020 Eur Radiol To reduce variation in emphysema quantification on LDCT

Humphries et al. (25) 2020 Radiology

Hasenstab et al. (26) 2021 Radiol Cardiothorac Imaging
Bodduluri et al. (27) 2020 JCl Insight

To determine emphysema pattern and predict pulmonary impairment
and mortality

To stage the severity of COPD and provide further prognostic value

To identify structural phenotypes of COPD from spirometry

COPD = chronic obstructive pulmonary disease, LDCT = low dose chest computed tomography
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