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CONPRRISON
COMPRRIZON OF DEFOSITED REGIONS

Dynamic electron beam tomography (EBT) study—normal appearance. A.
Dynamic study with forced expiratory maneuver shows lung density
increase more than 100 Hounsfield unit at expiration at superior segment of
right lower lobe about one respiratory cycle. B. The study under tidal
respiration shows lung density increase more than 10 Hounsfield unit at
expiration at superior segment of right lower lobe (plotted by square, plotted

by A means respiratory cycle of right middle lobe) about 2 respiratory cycle.
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Figure 2. A case with paradoxical attenuation. A. Dynamic study with forced
expiratory maneuver shows mottled areas of lobular low attenuation at
right lung. Time density curve from the low attenuation area shows
paradoxical attenuation at superior segment of right lower lobe (plotted as
square) compared with normal attenuation pattern of superior segment of
left lower lobe (plotted as A). B. 3 cycles of tidal study shows
paradoxical attenuation in inspiratory and expiratory phase at superior
segment of right lower lobe (plotted as square) compared with normal

attenuation pattern of right middle lobe (plotted as A).
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Table 1. The Number of Patient Presenting Paradoxic Attenuation or Air
Trapping in the Patients with Bronchiolar Constriction and Non-

Small Airway Disease.

Bronchiolar Constriction N-SAD

(n=15) (n=10)
Paradoxic Attenuation 13 0
Forced Expiratory 10 0
Tidal 11 0

Air Trapping 5 2%

Forced Expiratory 5 2
Tidal 0 1

*: COPD and mainly end stage lung, respectively

N-SAD: non-small airway disease
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2715 #H A Fggael 7el A#Ae] #HI % HAF AR E(Table 2) 271 %
2 3ke] 2 %9 MMEF (FEF ,.,5)% FEF ,, FEF , FEF ;oA zpolE B QX%

FAA odule glAHp>0.05).

Table 2. Comparison of the Pulmonary Function Test Parameters between the

Patients with Bronchiolar Constriction and Non-Small Airway Disease.

Bronchiolar  Constriction N-SAD p-value
(n=15) (n=10)
VC 60.1 £ 18.6 64.8+16.8 >0.1
FVC 61.6+ 184 73.3+19.2  0.09
FEV1 58.0 +20.5 70.7£153  >0.1
FEVI/FVC 85.6+£15.6 99.8 +325 >0.1
MMEF 352+174 61.9+£37.1 >0.1
PEF 559 %205 77.1+£293 >0.1
PIF 2.40+0.89 333+1.53  >0.1
FEF,; 359+ 16.0 66.0 £20.7 >0.1
FEF,, 31.5+14.3 58.6+34.1 >0.1
FEF; 40.5+36.0 61.8+32.0 0.08
FET 433 +1.37 482+4.17 >0.1
FIF,, 3.25+0.96 357140 >0.1
FEF/FIF 0.60 £ 0.55 0.33£0.58 >0.1
FIVC 51.6£15.6 84.7+24.0 >0.1

N-SAD: non-small airway disease

11



2715 S A e 29y FS Hg Holw Bt BA 2F
F717F 271 wist] Hi 4+ 52HU 24, A &% F7lAE 7] b8
ol 25 + 28 HU ¢4 3klar, 7|8 A& Bee 3¢ ARAT 9 lA,
FA ZE EF71NA &7 vlEte] 159+ 102 HU 57 4 2% &F7]cAMe &
Zlell Bl3ted 56 £41 HU 7He Bt BE A7|5 #4 d@apelr 34
F9og Holy e #AFAS el dHglo]l Moy FYeofA
Fe o AA EF FHH A= F 62 BATFANA 38 £ 309 HAHH
s Bem F7) AN 22 £ 209 UES/ BYY 4 £35S J4F

ZaE 32428, 37 HME 4439 dEFIE B Y oH(Table 3).

L

243}

Table 3. Hounsfield Number of Low Attenuation Area in the Patients with

Bronchiolar Constriction (n=15) according to Respiratory Maneuver

and Phase

n Mean n Mean
FE PA INSP 62 -782 £ 55 TID PA INS 63 -760%52
EXP 62 -819+ 50 EXP 63 -791+58

E-1 62 -38+30 E-1 63 -32+28

FE AT INSP 60 -802 + 44 TID AT INS 15 -790%5

EXP 60 -780 + 48 EXP 15 -786t6

E-1 60 22 +20 E-I 15 4+3

FE: Forced Expiratory maneuver

PA: Paradoxical Attenuation

TID: Tidal maneuver, AT: Air Trapping

INS: Inspiratory phase, EXP: Expiratory phase

E-I: Expiratory-Inspiratory phase

Hounsfield Number of all of the low attenuation area was measured, so the

number of region of interest was ranged from one to nine in individual patient.

12
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Figure 3. Comparison of the areas (%) of decreased attenuation by HRCT and

dynamic study between the patients with bronchiolar constriction and non-

small airway discase.
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2715 #HA A@ae] HRCT oA Age) @ ek ¥
¥ 715 ZAF= FVC, FEVI, MMEF, PIF, FEF ,; 5, 55, FIVC & G4 #A4 & 243,
954 EBT 9] 571942 FVC, FEVI, MMEF, FEF 55 5 5% 2 ol st d4a
TAZE AT Ao @S ol WA wMEST #Hrle AAbe] AudAdAs
HRCT Y &4 EBT Y A&7} vlxstdvh. 718 Ao A5 299 @2

ek wA MEE Hre Hrbeke G 8 7F Ll th(Table 4).

Table 4. Correlation Coefficiency between the Pulmonary Function Test and the
Areas of Low Attenuation (%) by HRCT and Dynamic Study in the

Patients with Bronchiolar Constriction and Non-Small Airway Disease.

BC N-SAD
n HRCT D-study n  HRCT D-study

VC 9 -.529 -.628 6 -.507 -.507
FVC 15 -708** - 748%* 10 -265 -.069
FEV1 15 -723%*  _763** 10 -.558 -.330
FEV1/FVC 15 -.306 -.322 10  -.032 -.019
MMEEF . 15 -.683** - 657** 10 -123 -.119
PEF 15 -.478 -.457 10 -.381 -.320
PIF 5 -.894* -.783 3 .500 .500
FEF 9 -.887** - B17** 6 .068 .068
FEF ,, 14 -.613* -.627* 9 175 .035
FEF 14  -.608* -.659%* 9 380 .066
FET 14 325 418 9 -.136 154
FIF,, 9 -.630 -.485 6 -.439 -.439
FEF/FIF 5 289 -.289 3 .866 .00
FIVC 5 -1.0%* -.800 3 -.500 -.500

*: p<0.05, ** : p<0.005
BC: bronchiolar constriction, N-SAD: non-small airway disease, n: number of

patients, HRCT: high resolution computed tomography, D-study: dynamic study

14
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19.2 oy 71e} A&7 25 57 9% 4 CT = 10.8+10.3, HRCT &= 63+83
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Table 5. Correlation Coefficiency between Hounsfield Unit of Region of Interest
and Areas (%) of Low Attenuation in HRCT and Dynamic Electron
Beam Tomography between the Patients with Bronchiolar Constriction
and Non-Small Airway Disease.

Bronchiolar Constriction N-SAD Total
n HRCT D-S n HRCT D-S HRCT D-S

FE Insp 15 .022 -.048 15 317 558 -.003 .003

Exp 15 324 193 10 588 709*%  .627**  589*

I-E 15  -.154 -.157 10 -.692*%  -822*%* - 655*%* -631**
Tidal Insp 15  .377 313 10 583 J75% 293 321

Exp 15  .396 330 10 .540 613 A85*  472%

I-E 15 -.239 -.235 10 -.122 -.128 -.600** -.522*

*: p<0.05, ** : p<0.005

N-SAD: non-small airway disease, D-S: dynamic study, FE: forced expiratory

study, Insp: Hounsfield unit of inspiratory phase, Exp: Hounsfield unit of
expiratory phase, I-E: Difference of Hounsfield unit between inspiratory phase and
expiratory phase.

Region of interest is measured in the low attenuation area when that is seen, and

superior segment of right lower lobe is measured when low attenuation is not seen.
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Abstract

Small airway disease evaluation using

dynamic electron beam tomography

Sang Hoon Lee
Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Kyu Ok Choe)

The pulmonary function test (PFT) is insensitive to detect small airway
disease (SAD). Expiratory high resolution computed tomography (HRCT) is the
best imaging modality so far. Variation of air trapping through respiratory cycle
can be assessed by time-attenuation curve using dynamic Electron Beam
Tomography (EBT). Twenty-five patients were evaluated with HRCT, dynamic
EBT, and PFT. HRCT findings included in SAD (n=15) were all having lobular
low attenuation or centrilobular prominence or bronchiolectasia (n=1). Non-SAD
group (n=10) was defined by absence of those findings. Dynamic EBT was done
by multi slice flow mode, scan time: 50msec, § slices almost synchronously, slice
thickness: 8mm, every 400msec-16 images per each slice, and total data

acquisition for 7.2 sec. Tidal and forced expiratory study was taken.
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Paradoxic attenuation was noted at SAD group (13 forced expiratory and/or
tidal study). Air trapping was noted in S of SAD group and 2 of non-SAD group:
COPD & mainly end stage lung, respectively. PFT is not different with SAD
group and non-SAD group (p>0.1). In SAD group, lung density was 804 + 62
Hounsfield unit (HU) at inspiratory phase with forced expiratory study and
decreased 4 + 52 HU after expiration, 767 + 51 HU at inspiratory phase with tidal
study and decreased 25 + 28 HU after expiration. In other group, lung density was
816 + 61 HU at inspiratory phase with forced expiratory study and increased 159
+ 102 HU after expiration, 759 £+ 100 HU at inspiratory phase with tidal study and
increased 56 + 41 HU after expiration. Lung attenuation and area of lobular low
attenuation (LLA) in all cases was inversely correlated (p<0.05), indicating that if
more areas of SAD have, more paradoxic attenuation have taken. Areas of LLA in
HRCT or dynamic EBT are well correlate with the PFT especially MMEF, FEF,,
PEF and HU of air trapping area. In conclusion, dynamic EBT in SAD can reveal
dynamic change of lung attenuation according to respiratory phase, so it can

obtain provide clue for differentiation of the mosaic pattern.

Key words : small airway disease, dynamic electron beam tomography, high resolution
computed tomography, pulmonary function test, paradoxic attenuation, air

trapping, lung density, forced expiratory maneuver.
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