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Radiologic Diagnosis of
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Pulmonary Disease
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The incidence and prevalence of nontuberculous mycobacterial pulmonary disease (NTM-PD)
is increasing worldwide, including in Korea, and the clinical importance of NTM-PD is also rap-
idly increasing. The diagnosis and management of NTM-PD is difficult. Radiologic evidence is
mandatory to diagnose NTM-PD, and the radiologic findings may be the first evidence of the
disease in many patients. Traditionally, NTM-PD demonstrates two different radiologic forms:
fibrocavitary and nodular bronchiectatic. However, the disease also shows non-specific and a
wide spectrum of radiologic features. Radiologists must be aware of the radiologic features of
NTM-PD and should include them in the differential diagnosis. This review focuses on the epi-
demiology in Korea, diagnostic criteria, and radiological features of NTM-PD for radiologists.
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NTM H[2&ko] Ak} 2| Tof Waolnt, B FAo A= J/delstat oAE ¢fek NTM H 2 &k
JAost AAES FA o= HESHIA} St

st

1=
NTM #2gke 3¢ g7Jo] de] Husha gl o] 3712 5o 387] S0 geuol
WA m NTME Belio] We Zo AabAel 1ol ulSTha NTM mjase Arjgo e
Ik

(3, 4). %E’JL}EMWE o587 74;24]01
Eo| A S7FoHL QITH4-12).

0)=2-S 23S B9 glo]ef= & A7 NTM £2]&0] 6~22/1000000] 1L AZF A8 Y5
0] 5~10/1000002 E115}aL UTH3). P=2] 9= NTM YA BIFE-2 20072] 4.0/1000000]]
A1 2012\ 6.1/100000= F7}F5FATH13). S-2lUetell A= 1990t % ofHell= 5571 AAollA]
2|5 nto| FutE|E-2] thiEo] Aalio| AT 1990t FHE o] & NTMo| 22|=&= H|&
o] Mzt Z7bstal Qlar, YX 32k oAl o] H-Eo] 2001~2002 0] F 21~43%0] A
2010~2011'd0l| = oF 58~70% & w2 4] Z7}512ITH5, 10, 11).

NTM #gghe ZAslin} ge] Brig=o)] Alskal Hejshs Aol of7| ufio] H¥EL} 5
HEZ At miefstr|= o). vt ARIAFEIAREE o] 85 NTM ZHHE-2 2007
WURE 2016E7H4] 1087 FA5HA 271 2AH1S B0 20079 6.771/10000075 0114 2016
of| &= 39.671/100000H 2.2 Z75)or A7 HHAIE-2 2008 6.071/100000% 0114 2016 19.0
71/100000 22 F7FtATH7). S7H2 Rl ofAdollA] o =4ar, I ot EA|S A ot
= Aol AATHe, 7). SElLtEke] 2009 RE 2016 7HA] ARG RS AR E vlgfo 2 A
S & T2 Ao A= NTM 24 2] fEC] A4 0 g F7ksh= FA1E Balstlal, NTM 2
dol 37kt 22 7% POﬂ ZAsHo] Y EI Y E-2 TASHITHO).

NTM =2 %ke] % S7Fohs Yo 2= A3io] 7ol wfef NTMol| theh Wb ek
oJA] ZHassto] NTM ZHdEo] AA| 3716t o, NTMo tgh 2 =

>~
3
£
o
4
i)

g =20 S7E NTM 9] 2
2le} v o] &, ﬁ go] F7F S U AEYFT T FRF = HAR|S} FApe] F1,
Q1 QI F7h UWH:HJH/\J HAg 5 s HAgo] Qe 2rke] Fte A& % 59 8<lo
7|015t 202 AYZIotel(, 13, 14).

NTM Hdghs do7]= Q1o = F7ket 2| of wpe} thefstn| Zo]7} it NTM=
A A7t (slow grower) 2t Al/d 7t (rapid grower) 0.2 LHFIL Q17tof|A] d|AgHe Ao 7|=
A A/t 0 2= M. avium complex (°15F MAC; M. avium, M. intracellulare, M. chimaera),
M. kansasii, M. malmoense, M. xenopi -5°] 12, 41&/d%w 9 2= M. abscessus com-
plex (°]5F MABC; M. abscessus, M. massiliense, M. bolletii), M. fortuitum, M. chelonae ‘5
o] Qltk. 1% w¥gto] 71 &3t YO 2= MAC, M. kansasii, M. xenopi, M. abscessus
(I3t MAB) 50| UTH1). NTM2] H/d-e ool wet th2r 2| 9ol we} 2tol& B 4= 9

o
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o} H/do] @2 M. gordonae?} w2|=H T Mol Y FHF o2 QIA|oh= §FH, M.
kansasii7} 2] =W L9 0 2 YA O & ZhEsto] AR5 Al o] FEd S E 5
ACH). T3t FFoll wet 2| 871 o2 7] whizol, 557] AAlolA] NTMo| 2] =S ), &3t

NTM H|&gte] Yol o 2= 2 AAH 2 M. avium™} M. intracellulare= -4 MAC7}
71 &gk Yltolth. M. kansasiiZt = HAIE S35 AQluto|r, 4l&/d7=+Q1 M. abscessus,
M. fortuitum, M. chelonae 5-2 *JtiZ o & =& f19lio|th(2). 2008 NTM-Network Euro-
pean Trials Group 671l TS, 307 Y, 6271 A Aol 4] 201827 Aol & A Hlo|ElE #|
SHrol BASE AL Avt 71y 535] B2 EE NTMCO.2 MAC, M. gordonae, M. xenopi, M. for-
tuitum, MAB, M. kansasiiZ} 13101, o]50] £2]== BE NTM2| 80%5 FA|5H3AH. o
Ho| =7}of| Al MACZ} -9-AI5H1 2™, MAC, M. xenopi, M. kansasii & A14/37a2] 21942l
23 0] 2ho] 7} QUATH(1S).

Uil A NTM = 22he] 71 &5 ARl the yeket Y5l MACS. & 29~76% S
At I o= MAC #1233 M. avium B2t M. intracellulare?} B SoFARE Z|Zojl= M.
avium®| M. intracellulare 2t} o 25 22|51 Itk MABC7} = B2 S5t Qo2
11~42%E ZFA|$Hct MABC WollAl+= M. abscessus@t M. massiliense?} w-5HA E2E51aL Q)
= HhA M. bolletii= =Ujol|A] B u& =&t M. kansasiioll &g NTM #H[&ZH 27151 Q)

A|qE OFA| 72| = 2~6% R AJTHA 0 2 =7 YRlHo|th(4-6,8,9, 11, 12, 16-19).

NTM |Zgte| =

NTM #H[dehe o4 a0 H|Eo|H o], Fgolet 70| thafshH, NTM Hl+-2 225}
=8 olgo] AaL, NIM9| 227} HZehS ofn|shr] ekom, tlofA wdehes do7]#] &
HA =] Woll 2208 4= 917] wiiZell, A dollA NTM H2lgke] A&l XItto] ofe& 4= Jlrt.
NTM = Agke] 7|2 0|=-§-5}135](American Thoracic Soc1ety, o5} ATS)7} 1990\ of]
g0z AA| o}eiL 0101 1997L4°ﬂ ks 73%71 xﬂAl%} 2.2.1(20), 2007 u]—:& o@

Hop nA2sh4 Jd7]Eo] eeke NTM o8 2he] 2 ‘%ﬂzé %ﬁﬁ}cﬁ‘l}( ). 2007 7H1é% 73
HNES ARERE AR 19973 AE7|ES ARSRE ¢l BIs NTM Hgke] Hehgo] i1 o
2 2k g 4 Qle Zlo 2 2R Qlth(21). 20208 ATS, European Respiratory Society,
European Society of Clinical Microbiology and Infectious Diseases, IDSAS] 7§ % NTM =|
o] x| x]ZollA] 2007\ del gt NTM #H|dehe] /4, @/d<elahd, ngdast2Ql Xe7|
= AFES] NTM ﬁﬂé'ﬁﬁﬂ FHE R AS FHeRItH(Table 1) (1).

J24 a4 mze A0 424 5o Ay}
5 %—'?’;”-419& %EFETM ZJL?_P . NTMe| 257 AAlollA &)= AL A NTM 3| &2t
AL & 4 glom, T57] ZAolA NTMo] 28] =3l i, sl o] §AQ1wQIA] ofH ¢
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T HERIA] sks A2 A 07 ule F sttt FrjA o= NTMo] 22 2
A} 5 OF 44~46%7F NTM #1 48HS 7171 A0 &2 H %31 QIok(3). = koAl o] Hgo] &
Al RO EQATH17, 22). S-2jvtate] s thshg el atollA] 2002EF-E] 20031d7HA] 154871
NTMo] &% 79475 9] A} Zoi| A 1317§(17%)°] 1997 ATS 7]50] b2 NTM m|Zgto 2 X
HE] 21 647 (8%)°] 7HsAd 1=(probable) NTM m|2gko 2 =] QlTh(17).

AlAZ ez 71 ] ARgSH= 20073 ATS/IDSAS] NTM m| 2 te] Nchr| 28 557] Z4to]
UORIA, FEXAA = FH CTollA B-543 W, Th40] 7| HAZHE 22 015 5
thd A2 0] 445 Ho|a, o2 Agto] HijA|=|ofof Sttt n]EEAQl 7|52 e Al
A 2|45 23] o) o] viF F/8S HolAY, Z1HAIMH A 15]0lA] vl B B, = A
WA 5 24 vigo] FAoIAY E= 2R AN Kok 5 ikt Q] WelEhAel

S77F QL oRIA 18] o/ 2 = 7RI A ol A i /g o] ofof SHtk(Table 1) (1, 2).

£t

NTM H3te] 21g7]2-8 S53)0] NTM H88HS Agksielehe vheA) 27449l 2271 2
23 202 ofn, 5k o] AT E S B wm 23 mem NTM s2go 2 seeha 2|25t

NTM mj|Ezte| Fato|stxIct

NTM 23] 21gio] QJarelahdl 27hs W4 4olth, T2 NTM HAgHe thorst o4t
oJs} 2748 Ho|n] b]E0|Ho]o} A NTM HAEHe Jatolst 27102 Wtkel7l= 44 Rk =
o NTM B8 AAelaiAlol A o)A 47de] #ish &7t vje- walx 47ig 1A e £
A dAbelatz Aol Azde] #isk7} QITk A NTM sl gbo] ofjz)a & 4+ girt.

NTM sldehe 4 gmieiziel melafsiajolA] B ehygich, nhymjadndsl, 7 ax) e

Table 1. Diagnostic Criteria for Nontuberculous Mycobacterial Pulmonary Disease Based on the Official ATS/IDSA Statement (2007)

Clinical/Radiologic (Both Required)

Clinical: pulmonary symptoms
Radiologic: nodular or cavitary
multiple small nodules

opacities on chest radiograph, or a high-resolution CT scan that shows multifocal bronchiectasis with

Appropriate exclusion of other diagnoses

Microbiological

1. Positive culture results from at least two separate expectorated sputum samples; if the results are non-diagnostic, consider repeat
sputum AFB smears and cultures

2. Positive culture results from at least one bronchial wash or lavage

3. Transbronchial or other lung biopsy with mycobacterial histopathological features (granulomatous inflammation or AFB) and positive
culture for NTM or biopsy showing mycobacterial histopathological features (granulomatous inflammation or AFB) and one or more
sputum or bronchial washings that are culture positive for NTM

AFB = acid-fast bacteria, ATS = American Thoracic Society, IDSA = Infectious Diseases Society of America, NTM = nontuberculous mycobacteria
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Y2482 (cystic fibrosis), XmlE, o] A3l wEchlE 3
J %] ﬂﬂz’ﬂol Ue wf sk, of2] FyF AehE 2k QL= F okt wQlut yEtet
of Aol A = HAYSICE, TSt 71 A S-S NTM HiI7 e S5 3-23510] Q1 TA1Z ulelslr]
ofHTH2).

NTM H&gke] F/golst ade Urba oz & 7kx] i, A-f-3-58 %3 (fibrocavitary dis-
ease)1} A2 7|27 (nodular/bronchiectatic disease) 22 E73HH2). AA 2= & 714
Fei7H sl FEEC b 4= ou MG 08 F 71| |2 EFotal Jltt FEXAAE
2 NTM =22 TS 9Jl 2502 ARESHA|TE FF /408 Holn S04l Axog

Fig. 1. Fibrocavitary form of Mycobacterium avium pulmonary disease in a 74-year-old male.

A, B. Serial chest radiographs show consolidation, nodules, and cavitary lesions in both upper lung zones
that progressed slowly for 4.5 years.

C, D. Chest CT scans with lung window setting taken at the same time as the first chest radiograph show
cavities with associated small consolidation, irregular linear and nodular densities, and cicatrizing bronchi-
ectasis in both upper lobes.
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Hoj Zidko] o & 4= Qloh. HRa-a8¥E S B7Iohe ol F5XAARI0] g 4= jlo

| 2 Y] QoA gery o' R CT7F QETH2).
% =-§-5512] (British Thoracic Society)2] &2 o|Al= NTM HZ$HS oJAsk= 2E Sk}
SoflA FEXAARI F5 CTE AT 712 UsIth(13). 1328 thid o2 CT 420 &4
NTM #|gghe] 2k Aggte 5 7sh AtollA] CTe RIZHE el Eol == 217} 56.4%2} 80.3%
ek A} 7ke] Y| w = ZEwolQleh CT A7ol 273 NTM B2 o] Aghe =2 Eo

£ A JH ol Fol A Zpo]7} QITkal 1A% MAC u%l"‘ﬂi A5kl Qlok MAC H & gell= A
FesHd |[EA 2 o] = 714 FElS B Holch AfasHy e g &
Fo] = T o3| FAollA] St vhdual gdude, wAs 5o 714 dehS 2k Jl=
47T B Fdelst 22 ggoll -5l HolH, 35 FRio] g vl E 7} &3] b A
S AREER sl Fh el §2lo] aEal 71 e Helny W 24 Z|HA7F 2P E L, 4
A 2d sl Holth(Fig 1). 424 S, 9 AE, 4 292 ==t ol=2id FHI9
NTM #H &2 X85 5HA] ko 1~2d ojujof Frelet # AAo] oz Y 4> 3lon
o] = Qlsf Algol] o & 4= UTH2). 2A 7| WA 2 HIFAAo|AL, 714 THdu|dgho] gl=
S £t 9 oo 28Rtk FEXAARIM = F2 F5H5-9] wofol RHSo] Hel
th. CTollM = S44 o2 thi4o] Aed 7185 546t 5 mm ofste] £Z2H3} 4
HSAE AET} R7EA] o} B Qk(tree-in-buds)S HRITHFig. 2). o]2|dt A2 22254
O = 7| WAEF, A7 IEAEET, ]Jer] 5L AI71EA] F919] St SokE @ Felshe
A710ITH(2, 24). A7 WA ] AF(7%)0l A= o Hlol| otsto] Wshk= 497t =
B, 235 21%clA 2= & H =2 3Psto, ol= CTE AR FAIo AHo] 13 et wwdo]
Ne Aoz AYATHH(25). 2% ?

24 AAs] e = st 717

Lol Qi BolAl Qgolst Axio) wiskt 4o 2
Aoyt 3 Aol A|pxE gl v

[Ed:

2 Pgo] "osict a|uet 3t B YollA] R
-GS S o] 1]8-2 20011 39%01141 2015

| 2002 Z:Pi%}MEP(S). o] St ALo|A = A7) LA 22 20001 60.0%011A4] 2016

84.492 A7 Z7V51%TH?26).

MAB HA%e A{-a-s AP} 28718282l &= 712 FHle] gdalst 448 Bl
FEXAARINA F5 of2] 71e] HAS sk 2ETA S92 #Y Fof Zhaet Sit

ot w5 3tet %52 Holom, CTolA 7| 8A|2g5 9 Al7| BRG] 47| 7Hd &3] B3O
™, o] Fu] kA g Frtehs HAEset 35 £ E 2R B QUck(Fig. 3) (27). MAB H A2k
CT £7-& MAC Hj gk} et F-50] itk Z12iu Ao 4535132 MAC /g ghol]
A AA 7182872 MAB H[@ghol|A] o] &5] Bolkal sielom, He] Hu] 74, 24,
|73} ok o] 59 A7 MAB T AEHETH= MAC T Aol A] ©f A}5 Ho|= Ao}

11 SFATH?2S).
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Fig. 2. Nodular bronchiectatic form of Mycobacterium avium pulmonary disease in a 58-year-old female.

A, B. Chest posteroanterior and lateral views show small patchy and nodular opacities in the mid to lower
lungs, with anterior lung zone dominancy.

C, D. Chest CT images reveal the nodular bronchiectatic form characterized by mild bronchiectasis, small
nodules, centrilobular nodules, and branching densities in both lungs, predominantly in the right middle
lobe and the lingular segments of the left upper lobe.

el

M. kansasii ®&2-2 A2 A3} oje fAksitt, ddel Sdkehs dRa-sridgoe] 7t
g =3 PHjolH(Fig. 4), MAC A&t fAleH 24718 =
sasii7F 2% 10572 tido& g Atollx, 175 sergollAl HFete =z Idsigint. J/d<lst
Aol wah A R-g-5HHE2 50%0A] B om T0F 95%= T AHOR YA = T2 &
A} FHretl o, AE7 A2 2 25%014 EATH29).

NTM 3 2eh2 Rl gmy} fARE PR E LERd o= Sl 2d 24 §300| keEH o
AR 7397t Hals| o] 2485 (hot tub lung)2h =241 1o, o= 24 S o]9]9] ¢

A mFoME YT 4 Qe FRXAARII} FF CTollA A Hlofl Ffigt 247 sl
Holm, CTollM 7] S93 ZAto| A i) 59 TF EATHQ).
NTM H[d%2 E2A] Ad/d W24y} wiE o] Feiz e ehd 4= Ith(30-32). F/d2fet 4
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Fig. 3. Nodular bronchiectatic form of Mycobacterium abscessus pulmonary disease in a 51-year-old female.

A. Chest radiograph shows patchy and nodular opacities in both lungs, with middle and lower lung zone dominancy.

B, C. Chest CT images show centrilobular nodules and branching densities, lobular consolidation, and mild bronchiectasis in the right upper
and middle lobes and left lingular segments.

Fig. 4. Fibrocavitary form of Mycobacterium kansasii pulmonary disease in a 39-year-old male.

A. Chest radiograph shows thin-walled cavitary lesions in both upper lungs.

B. Chest CT image shows cavitary lesions associated with irregular linear and nodular densities and multifo-
cal low attenuation areas in adjacent areas of the cavitary lesions in both upper lobes.

Zollq 274 s o] ol Aalzat Higte] 7Ms A S WA TafslA EL, ool Alayshs
ZAZ A Sobgo] Bolwl HelEd Zlow Pk ek, et HEde] 2AAlelA

SotFo] Mol 7ol AsF ohfet NTM s dghe 7Hs5heh. NTMo]| )3t w4 wd4
£ B2 MACe] 9t 7+ o & =] Ark(30).
NTM si2e] Jatelst a2 4 e S, SN ZEZ B

H% v} Az AR T 4 9lrk SR AR S ko] NTM Hi7iel-& ol es
o} 7%50] IS FHHE ukd Fof, s} niEE Wele] 4 AUS, FUE S0 47

oX.
oZ
g P
18

O -1 a
2 & U] &3] EIth(Fig. 5) (33). HIFH/AgHAZH S A5} 2] NTM Hidd 2
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Fig. 5. Nontuberculous mycobacterial infection in a 65-year-old male with AIDS.

A. CT image with mediastinal window setting shows lymph node enlargement with internal necrotic low
density and peripheral rim enhancement in the left lower paratracheal area. Nontuberculous mycobacterial
infection was confirmed histologically by bronchoscopic lymph node biopsy.

B. CT image with lung window setting shows small consolidations and cavitary lesions in the left lower lobe,
which are suggestive of nontuberculous mycobacterial pulmonary disease.

AIDS = acquired immunodeficiency syndrome

o] NTM Hj gt} 59 e
g aollon, 350] A= AV ERHE AHET 2 cm o] BRI SFFHERIE
o] F t] 51| BATH34).

NTM =28 gxto] 228 n = 15)3 A2 Edn = 17)2] CT 218
F2 st 47 et 24, HAgeh 78RS, 71 AR, A oiE, 71 A e
SRkt B71m= X 52elA fo5tA] =2 Wl E YeRdTh ol2ig CT A
o] x5 2ot Ajx| 5 ko] Zloll ARgsto] Aetet Xdkt X8 Alg f1ol] =25 &

F3elet 242 NTM Hldehs Hdshet] B4 240, E%HH NTM 3| 2gke] ofl3-e} %]
&2 B7Fohet] 2 o5 AL 4 ATH36-38). F=851E] I BA -2 NTM = 2]

A2 2R3 28 S5 Aol X 5ol thet /delata v 7S 98l CTE AldE A
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