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Purpose: To know which factors help to diagnose tracheobronchomalacia (TBM) us-
ing CT quantification of central airway. Received July 10,2015
Materials and Methods: From April 2013 to July 2014, 19 patients (68.0 + 150 hevised December 22,2015
. . Accepted January 30, 2016

years; 6 male, 13 female) were diagnosed as TBM on CT. As case-matching, 38 nor- *Corresponding author: Gong Yong Jin, MD
mal subjects (65.5 + 21.5 years; 6 male, 13 female) were selected. All 57 subjects aepartﬂlqecng Obeid’llolqgm ?TJOUbuk_NagOhnal‘UTKAEFZ{W

. K P B R . _ ospital, Chonbuk National University School of Medicine,
underwent CT W|th end-inspiration and end exp|rat|on. Airway para.meters.of tr_a Research Institute of Clinical Medicine of Chonbuk
chea and both main bronchus were assessed using software (VIDA diagnostic). Air- National University-Biomedical Research Institute

way parameters of TBM patients and normal subjects were compared using the of Chonbuk National University Hospital, 20 Geonji-ro,
Deokjin-gu, Jeonju 54907, Korea.

Student t-test. _ _ _ _ Tel. 82-63-250-2307 Fax, 82-63-272-0481
Results: In expiration, both wall perimeter and wall thickness in TBM patients were E-mail: gyjin@jonu.ackr

significantly smaller than normal subjects (wall perimeter: trachea, 43.97 mm vs. i s am Onen A e distrbuted under it
_ o : . is is an Open Access article distributed under the terms

49.94 mm, p = 0.020; right main bronchus, 33.52 mm vs. 42.59 mm, p < 0.001; left of the Creative Commons Attribution Non-Commercial
main bronchus, 26.76 mm vs. 31.88 mm, p = 0.012; wall thickness: trachea, 1.89 License (http://creativecommons.org/licenses/by-nc/3.0)
mm vs. 2.22 mm, p = 0.017; right main bronchus, 1.64 mm vs. 1.83 mm, p = 0.021; \tf)vhilch Perrgits un;estrictec_i non-comdmercial us'e(;I ddiStQ_

H _ ution, an repro uction in any meaium, proviae the
left mam. bronchus, 1_.61. mmvs. 1.75 mm, p = .0.016]. . o original work is properly cited.
Conclusion: Wall thinning and decreased perimeter of central airway of expiration
by CT quantification would be a new diagnostic indicators in TBM.
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AR = 95 o olsl] AA|AZe] Aokt ek Fhrp wEgo] tisl bRl AlZFA - ol A EL|olE
/‘3%—1 A71Ado] wAgsto] 71tk 71| Blo] ofshiAl= Aek ofgeh ARl CT Ag=tet e A7 XI=|qIck(4, 8,

o4
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0=, o= QI 7] Al 7|%7t IS FoMls SEE 7 9). RHgHIAVIHEI e SRt w7 B0 CT dd=he |V 1%
S (1-5). ool TBMO] 8&el tet tit A7z 710] g1 ©f AIekERk offet 2= o] Aglold 2|7 Jxte] it 5
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1449 57) Abefloll Al ogat o] ofule} o
2 7HA| © 7] AFeoA] sttt TBM 3R k= ©.5 egto g

Qlslo] ebsA 7kl 7] AAI7E ofRd”) ol olefat i A
Al 2eiR] 25t HOoR wHio] Hoi, ofo] 2 At 544
1 5719F 27| AEfolM B CTE EYet TBM AR} 74/
YA} 7|t 29 71RO Ui THHZALEDE ofet Blo] =

S} 71w U B2 52 AHekslito ma) 7o) Al ¢l
2t 9Jof ofal QA7 TBM-S Agksh= B F-go] wh=x] ofop
e o8

Aol At et X7 |SAE SFdor HESIGlon Yt
FEARO] A E- o= Algkslgitt. 2013 4LRE] 2014 7E7}
A] CTOlA TBMO2 A w|IH & 21752] 2ol Tk iﬁo
o7 AT A5, TBM O] Zab2IQl ZXeks: 9f3l 54

713x]9] SEFA|S(collapsibility index: ©l6t CI)Z o185 OE“:}
CTOIA FA4] 7138R19] 7] Al ©HA o] x4groll et 57|
Al THHA O] X|Aghat T 7] A THHA O] X|Agro] 2jofgko] H
22 olEReE Hololln, F7Iek ©7] CTOoIA slgRls7t
0.5 Ol ZRLE B A510] TBM ZHAMA(n = 19) 2= A5t
Gk, A ghaRetoll dfsl 212 Blseet Lol (54 Wiel)2F 5
ot AJES A AAFES FHAROl Hlof = i dioto]
A-thtt QS olgint, A e 357141 T

SAoILE Aol Qiglom FH CTollA] RS oy AHS
0]z ekt

FIARLO] SlE R 7| 0.50 + 0.11, = 3 7]3H]
0.54 + 0.19, &= F 7|32 1= 0.57 + 0.19%00, Aol
SER= 713 0.05 £ 0.18, 9= F 7|34 0.14 + 0.11,
= F 71A= 0.13 + 0122, F 2 7o SAR o= 9.9

SFAPLE EiH(p < 0.001).

O &R 3 = 2% PRI GAd=0] e Uol= 68.0 £ 15,0411, 65.5 £
2 As 2 YUl AT YR SRk ko n) g 21 541900 ERL 65, oAl 13O R FRL F 32%, oIt
Table 1. Demographics of TBM Patients
Patient No. Age(yr) Sex BMI Smoking Clinical History PFT Bronchoscopy

1 36 F 15.12 Non-smoker Dyspnea, old TBc Restrictive 0

2 51 F 17.39 Non-smoker Dyspnea, asthma, old TBc Qbstructive 0

3 52 F 24.00 Non-smoker Dyspnea, asthma X X

4 60 F 21.21 Non-smoker Dyspnea, asthma Normal 0"
5 61 F 25.85 Non-smoker Chronic cough Normal 0

6 63 F 31.01 Non-smoker Dyspnea, asthma Normal 0
7 66 F 28.18 Non-smoker Dyspnea, bronchiectasis Normal 0
8 67 F 16.89 Current smoker (20 PYS) Dyspnea, asthma Mixed X
9 68 F 36.74 Non-smoker Chronic cough Restrictive 0"

10 73 F 26.67 Non-smoker Dyspnea, asthma Mixed X

" 74 F 25.80 Non-smoker Dyspnea, old TBc Normal X

12 77 F 18.81 Non-smoker Dyspnea, chronic bronchitis Restrictive 0

13 78 F 3377 Non-smoker HF, chronic cough Qbstructive 0

14 64 M 20.05 Ex-smoker (10 PYS) Dyspnea, emphysema Obstructive 0

15 75 M 30.20 Ex-smoker (30 PYS) Chronic bronchitis, emphysema Mixed X

16 75 M 23.03 Ex-smoker (30 PYS) Dyspnea, asthma Mixed X

17 78 M 26.35 Ex-smoker (50 PYS) Chronic bronchitis, emphysema Obstructive X

18 82 M 20.20 Current smoker (15 PYS) Dyspnea, chronic bronchitis Mixed o~

19 83 M 26.13 Ex-smoker (2.5 PYS) Dyspnea, asthma Mixed X

In bronchoscopy, O means that bronchoscopic examination was done, but TBM was not diagnosed at bronchoscopy, X means that bronchoscopic exami-
nation was not done, O* means that bronchoscopic examination was done and TBM was diagnosed at bronchoscopy.
BMI = body mass index, HF = heart failure, PFT = pulmonary function test, PYS = pack-years, TBc = tuberculosis, TBM = tracheobronchomalacia
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OF 68%= AFAI5FFLE, TESE body mass index (CI5F BMI) (p =
0.697)2F ZA (p = 0.735)°1 tol ZEAREY} tia-2 vl sh
HoRS o, SAIXC & Q-0 AfolE HOJA| QT H(Table 1),

x
CT 2L o4 24

B oA AlfokE 2= G5 CT (SOMATOM Sensation 16,
Siemens Healthcare, Forchheim, Germany or SOMATOM
Definition Flash: Siemens Healthcare, Erlangen, Germany )+
Avbdow o] Yut F7| WS 2kl QlleH, F7] Hof
= 200 mAs, 120 kVp, A= =, 2.0 mm=, 7] Holl= 50
mAs, 120 kVp, A T, 2.0 mmZ CTES 2Fotgy, B+
B35f A/ #(kernel)2 ARSI, = ALollA] AlSYTH
DE CTE XG2S AIYEER] Lot

CTOW 71k} 7|x10) egs) Ha

12

A(quantitative analysis)

c

o8
rdo
o2
o

2 FAAITEQO] =2 T7=H0] VIDA diagnostics (Pulmonary
Workstation, version 2. Apollo®, Cora ville, IA, USA)E °|&s5}
k. o] Az EQJoj= &egok FH- CT GAolA 71kt 7184
S AR e R AFHow ZH—TL*SGP:'%, Z}2¥o] QJx|of| oA 2f
A (labelling) Ot 8l 5 Ap5-4 0 2 7F7F 7]tk 2k 3 7|
Ao tisl 7wt HAHE o] AgehE xE0] Akl
ot tiRE2 ArsA o g 7|3kt V)RS ARFE e =2 A
-4 0}7\]‘3} AITEQIO] QF= Qo] TR 2ot ol the
A2 A Yo ATAS }OD":P HYPFH CT ¥
% VIDA diagnostics= =259 2 & F0]=(craniocaudal
is)2 Wk 7|t 73R Wi LH—rOﬂ doJo] AHES A
6]—01 A2 0 2 AR o 72 A R 7]k} 7|1kR| o] HAk
S5, ol ArteldsEY Jdat H]Lo}ojl Zz% ]

2 REG Ao 37k AL ThEat o

Fig. 1. CT (axial plane) and three-dimensional reconstructed VIDA images (axial and coronal view) of normal and tracheobronchomalacia group.
Inspiration (A) and expiration (B) of normal subjects: there is no significant change of tracheal luminal area on inspiration and expiration. Inspi-
ration (C) and expiration (D) of tracheobronchomalacia patients: the luminal area of the trachea on reduces on exhalation, as compared with in-

halation.

CHS /3 2letRIX| 2016;74(5):299-307



bl

7| -7 | R AR M CT T 7 [HXIQ] “FySt

oF 7|k 7 | APk 2 Rtoke & ohtH(Fig. 1).
AEEQofE Fof| A2 0= Hojxl 7|kt 7| 9] X7k
Shel HpE2 o3t ek 1) 7= W) T o] 2Ag)
7= W S89) Btk (mm), 3) 7= Ho| Ft
FA(mm), 4) A 715% THAo]| gk 8 T o] ul-g-0] 3
?'r”(Fio 2). O]Eia HeES 7| Yk 571 CT F4olA]
L

RIS Ao st slERle= A 28-S S0l 4
T E32E Hol= QIRFE9] tioljAl= Student t-testE ©1&-51H

AT BES HoA| Y QRREl oAl
Mann-Whitney U testE ©}8-51] BIW ST, ot 57|19 &
7] Alo] ws} e (%) B710) wsgtolx T710] Haghe

W 22 5719 Hpgte = e ol 1002 5k 3= o

l

oo, Zk2¢ H'J—’F%—J 5712 7] Ato]e] H5} A of thofA|w
AR ¥ w5l iCt,

HE B B0 PSS version 20.0 (IBM, Armonk, NY,
USA)& ARgsto] F7kstelon, B4 foja2 pitol

0.05 0|9kl Q-2 Zolstaict.
21t
7|2
57| & CTolA= TBM SRk AAko] 7| ke] Hafst

200 SAX R {OJgt ZolE HOX| et Teut ©
71 % CTolA= TBM SRARE /g2 Ui o] 2|47k
(108.80 + 43.26 mm? vs. 169.12 + 53.60 mm?, p <
0.001), W& =E2l0] Fdgk(43.97 £ 8.75 mm vs. 49.04 +
6.82 mm, p = 0.020), 7|3 ¥o] o+ FA(1.89 + 0.48

mm vs. 2.22 + 0.48 mm, p = 0.017)°] x}°}= B o,

C

Fig. 2. Quantified four airway parameters of normal 37-year-old woman at inspiration.

A. Minimal luminal area: 14591 mmZ.
B. Luminal perimeter: 43.36 mm.

C. Wall thickness between outer and inner margin (arrow): 2.69 mm.

D. Wall to total area ratio: 0.49.
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TBM ZHAE0] kol vlsl A4 c = FolehA o U2 4
THEE BTt SRR A 71 TAAof ol b thHo
vl&0] g gkol tisiAl=s EAIK 02 [-0lgh ZjolE Hox| ok
FEH0.41 + 0.05 vs. 0.40 + 0.04, p = 0.454)(Table 2,
Fig. 3).

1

g}

CTollA= TBM AR gAO] 95 5 71384
O] gg=t HpEoll FAR R folot AL Holx] gkttt

7] & CToA= TBM ARt gt Ul o
O] HATZHB8.54 + 31.97 mm? vs. 120.22 + 23.31 mm?,
p < 0.001), W4 =] B4k(33.52 £ 7.91 mm vs.
42.69 + 4.82 mm, p < 0.001), = 3 7|3HA12] F FA
(1.64 £ 0.25 mm vs. 1.83 £+ 0.37 mm, p = 0.02D)°f x}°]
7F Uk H, TBM ZHAREO] A4fwHol vlal EA1% e = [-2lst
Al Y SR AakgEe B 9L, TBM TS| 95 5 71
A| o] ik ¥ THHA o] Bl Ft g2 Aol vl
AR R FOSHA ¥ =2 ZigEE HOIEH0.48 £ 0.07
vs. 0.41 + 0.04, p < 0.001)(Table 2).

n

B 7 7|2K]
£7] 9k CTOARE TBM bz HAHzo) 213 2 713

o] Aego} M50 A CE [2I5k XpolE HolR] et
T2 $7] 2 CTOIAE TBM ZHAREC] W7 T A o] 2|47k
(40.42 + 26.42 mm? vs. 71.49 + 20.41 mm?, p < 0.001),

W S0 BA3H26.76 + 7.66 mm vs. 31.88 + 4.27
= 0.18

mm, p = 0.012), =5 5 7|4A|2] Fo F7(1.61 +
mm vs. 1.75 £ 0.21 mm, p = 0.016)7} Aol vlal 54
Ao [OISHA o U2 AR HoH, SRfo] =
HHA0] vlg0] Frak A

Blal FAHC R [Gol5H| B w2 AWgES HIHH0.52 +

0.07 vs. 0.46 £ 0.03, p = 0.002)(Table 2).

TBMZ 2t =0l 572 27| Afo] 2t 50| HHE e H|w

ZF W50 57|9F 2] Afojo] Hist s TBM v 4/
oA vlws Hekg m, 7ol = W T 2
= 0.000)7 W =2l9] Berdl(p = 0.003)°1M SAHCE
OGRS BYloH, 95 F YRR = W THA o)
Z2Zt(p = 0.000)3 W =219 Fegkp = 0.000), =
T 78R Do) ool ¥ T o] B1g-0] Fwrit(p =
0.007)°IM SAXCZ [ofRt Aolg B, 25 5= 7|
oMte W ©AO] 2Aghp = 0.000) W =22 Bt
p = 0.000), =5 = 7R F F7(p = 0.018), &=
T 71A] Do gk ¥ T A 0] vlg-0] P gh(p =
0.006)°1A] FAACZ {2t 2ol 5 HETHTable 3).

EQH TBM ZApolA] Zfzke] Hi-5of tisto] 57|9F 27
Afo] Bi-50] Hol JB 71} 95 F V||, 25 £ 7|
RO Blae] Hoks wf K SAHCR o] Q= Aol

HOJX| QFITH(Table 4).

Table 2. Quantification of Central Airway on CT in TBM Patients and Normal Subjects

Variables Inspiration Expiration
TBM Normal p TBM Normal p

Trachea

MLA (mm?) 180.02 + 67.36 184.06 + 65.00 0.828 108.80 + 43.26 169.12 + 53.60 0.000

LP (mm) 5177 £9.22 5192 +827 0.951 4397 £875 49.04 + 6.82 0.020

WT (mm) 2.21+0.50 2.38+0.36 0.184 1.89 £ 0.48 222 +048 0.017

WTAR 0.40 + 0.04 0.42 + 0.04 0.140 0.41 +0.05 0.40 + 0.04 0.454
Right main bronchus

MLA (mm?) 124.60 + 45.55 141.45 + 32.59 0.114 58.54 +31.97 120.22 £ 23.31 0.000

LP (mm) 43.05 + 8.37 4554 + 502 0.244 3352 +791 42.69 + 4.82 0.000

WT (mm) 1.99 £ 0.50 213 +£040 0.243 1.64 +£0.25 1.83 £0.37 0.021

WTAR 0.43 + 0.04 042 + 0.04 0.775 0.48 + 0.07 0.41 + 0.04 0.000
Left main bronchus

MLA (mm?) 86.37 + 44.01 82.46 + 23.55 0.720 40.42 + 26.42 71.49 + 2041 0.000

LP (mm) 35.05+843 34.06 + 4.36 0.637 26.76 + 7.66 31.88 + 4.27 0.012

WT (mm) 1.83 +£0.42 1.76 £ 0.20 0.350 1.61+£0.18 175+ 021 0.016

WTAR 0.45 + 0.05 0.44 +0.03 0.466 0.52 +0.07 0.46 + 0.03 0.002

LP = luminal perimeter, MLA = minimal luminal area, TBM = tracheobronchomalacia, WT = wall thickness, WTAR = wall to total area ratio
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7|27 RIS RIRIOIM CT4 54 7 2RI0) %

InkY; Tereyy Aol 2710 R olst 7l ekt 7|2kA) we) opsler

A1) 7]k S{Eof thigh WE el HE

B Aol CTO B4 7I1TRIE AYsigo=2n TBM] & F2o| §holA] 2ok7| mi2of SHEAIZF QIiT,
BRI R 7121 271 A HHA A flof) 7= Fef|et 7] 713 B gafx o= oF Aol 16~207H2] CRF Bk
T 5 Aot 22 71k I (airway remodeling) Ol Hieh  REAEPE HEO= AeA B 2AW L& AR(EE2A
Mz GJEE B2 = AUCT(3, 4), °OF ZAHZ= TBMA A F, TFZAF 2R ofFoA ot B4 082 TBMS 24
& AR Y S ARSI 7120 27 Ale] ThHA]  AvHo) opd RITHGAQN AJZEA stitto] ofslf RIthE|o] 9F7| whE

A 2Jof TBM O] A2 2 Wi 2b7] 9J5k ofg] kg0l of ofudt 2Age] W5yt ghAgsk=2]of| thollAl= A o] 2zl
BIERIct 2004W Zhang 5(16)2 F54 CTS 0185 r&l HE7} Qlct, SER|TE A g77kA] AxotofA] AldiE 2 HAtof| w2
TBM A[e} AAR10] 571 222 (air trapping) -5 BIW Sty ™ TBM ZAPF 4] vlsl] ¢z of 52 vlgo] ¥ gokn
O] TBM X7} 43R0l vlof| o] =2 vlwet 4ok Hwo] A A P A2l 271 Ag]o] QIIHk(18, 19). 4
7] 28 JHoIrky HyskRY, 2007 Loring 5(17)2 71 ©llA AIOHEJ B oL w3} vlSsh AkE HYrk(90, 21). &

TR WAL F2 578 GRS 018510 TBM R[] S4] 7] tolke B4 71 ks 53 TBM ZAR}F 74441 AL
L= Hok(central airway mechanics)? 35 M (flow limita- ~ ©12] ©7] A] 7] & F=A1Q] H]w-E S&‘; o, TBM ZEAEZF A4}
tion) & 2A{3t0] TBM &Ak] S 714l st 571 o582 ol sl 714 Fe 0.3 mm, £ 5 7| WA= B 0.2
WIS Agotgirt. ofx|gk ofefdh 52 TBM SAoA B mm, &5 5 71382 k= F+ 0.15 mmi tl eRted, Als7t
U s AR EASS B4R L ARAEC] Astet A Rl —’7\—5} gefota] Woll A Al FE ARe] 7t

Fig. 3. A 61-year-old woman complained of dyspnea of 2 months duration. She was diagnosed as tracheobronchomalacia by HRCT and bron-
choscopy. CT and bronchoscopy images in (A) inspiration and (B) expiration. Luminal area of trachea at expiration is significantly decreased,
compared with inspiration. 3D reconstructed VIDA images from HRCT images in (C) inspiration and (D) expiration. All luminal areas, wall thick-
ness and luminal perimeter were calculated automatically by 3D reconstruction. Calculated parameters for inspiration vs. expiration are as fol-
lows - minimal luminal area: 108.90 mm? vs. 21.23 mm?; luminal perimeter: 43.72 mm vs. 23.52 mm; wall thickness: 1.65 mm vs. 1.49 mm; wall
to total area ratio: 0.37 vs. 0.54.

HRCT = high-resolution computed tomography, 3D = three-dimensional
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Table 3. Comparison of Variable Changes between Inspiration and
Expiration in TBM Patients and Normal Subjects

Variables TBM Normal p

Trachea

MLA (%) 39.77 + 18.61 526+ 18.13  0.000

LP (%) 14.69 + 12.07 5.12 + 5,61 0.003

WT (%) 975+3196 669+ 1339  0.693

WTAR (%) -6.18 + 18.90 1.11 £ 1047 0.131
Right main bronchus

MLA (%) 5179+21.60 1359+1093  0.000

LP (o) 2152 £ 1520 6.06 + 6.22 0.000

WT (0%0) 12.67 £2667 1204+ 1734 0915

WTAR (o0) -12.59 + 22.54 3.61+1070  0.007
Left main bronchus

MLA (%) 50.74 + 2343 1261+ 11.67 0.000

LP (o) 23.16 + 14.67 6.27 +6.23 0.000

WT (%) 944 +1513  -0.01 +8.01 0.018

WTAR (%%0) -1623+ 1497  -520+573 0.006

LP = luminal perimeter, MLA = minimal luminal area, TBM = tracheobron-
chomalacia, WT = wall thickness, WTAR = wall to total area ratio

Table 4. p Values Comparison of Variable Changes among Trachea,
RMB, LMB in Tracheobronchomalacia Patients

Variables Trachea & RMB  Trachea & LMB RMB & LMB
MLA 0.074 0.119 0.887
LP 0.134 0.060 0.738
WT 0.761 0971 0.649
WTAR 0.348 0.078 0.561

LMB = left main bronchus, LP = luminal perimeter, MLA = minimal luminal
area, RMB = right main bronchus, WT = wall thickness, WTAR = wall to to-
tal area ratio

A9} ARSIt Zof|A] o]o)7} Qirtar gk 4~ ik,
=2 AoA CTE 53l TBM AR} AAkLO] 7% Uj7to]
A 7| W E2, 71% glo] £, ?ﬁxﬂ 7| o] o
9 THHZ 0] vlgof ot A=gshs © 3
AJolAl TBM ZER7E ZAdtoll vsh 715 WH A, 7
W Eeilet 7= go] £ Rofla oJn] Q= XjolE Bt
TBM 2} 57] A] 7|k W7 2] 2= oju] 2 A
QOLE(5, 13), 7= W BRI} 7= ¥ £ A= TBMS
CT= Aolgls o & 5 = Mg xfolrt, 2 A0
A -GdatA| oJu] QA A xjol2 Holx| ke AA| 7]kt
HZ0]| thgh 8] hHA 0] IS Z7 k= TBM 2] 7] A 714531
7% W RAO] 7340 71t B Ap o] ZhAEat opjet 7]
W} 7= 9 Afo]o] A ARgo] BA = QIRFRA] of2f3t
AT LR Qo) oAl 7| Wa} 7| ¥ Alo]o] A4S
2-80]| thfgh 24o] gFe Qe 7o 2 AY7HE, Eot F7|et
7] Apolof Zt 50| Ha}t A5 TBMah AkollA] 8]

r°" r
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wolf HokS o] 7|t 9%, = S 7[HA0A F5HoR
7| W7ol A, e 141 F =204l 2] Qle 2lols B
OI—P 7| 8 FARL 7]E THHZAO]| theh B ThHA O] BgojA]
TEZ 0= OoJu] Ql= xjolE Ho|z| Qigktt, ol Bl Bk
< o TBM<20] /4ol vlsl] 7|e W7 ]t x| =
715 W7 =29 st ot o Acks 2SO 4 9leu, 7|
A 9] ¥l A= T oA 2lo7t gl S &4~ 9)
D}. é, oFo] BAut kol HokS wf, 571 Al 7|® Wi B
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