21

(Respiratory System)
(21)
4
1 (Nasopharyngeal compartment)
2 (Tracheobronchial compartment)
3 (Parenchymal compartment)
4 (Pleural compartment)
1
' | 1 v
(larynx) (epiglottis)
(vocal cords)
2 (trachea) (main
bronchus)

(bronchi)



(bronchiole)
(terminal  bronchiole)

3 (respiratory
bronchiole) (alveolar duct) 100
(alveolar sac)
(alveoli) 20
100 X 20 (2,000 )
150,000 150,000X2,000 = 300 X106
30 X106
8
4 (pleura)
(visceral pleura) (parietal
pleura) (intrapleural space)

(pleural sac)



11
11-16
16-19

19-22
23
24

21

|
oy, | Lﬂl |J

21
2538
(cm) (cm2

180 25
0.13 130
0.08 450
0.05 540.0
0.03

0.03

0.01-0.02 8X105

(pulmonary artery)

(venules)

2X 103
6X 104
5X 105

4X 106
86X 106
300X 106



1 (alveolar epithelial cell type | cell)
(endothelium) (<05
) , (>1.0 )

Taylor and Garr (1970)

08-10 (L =109 )
4.0-8.0 2.2
3
2.2

Jones,J.G., Minty,B.D. and Royton,D. , 1982

(nm)
18 0.15
58 0.23
60 0.26
180 0.37
30 0.48
Tc-DTPA 492 0.57
17000 190
67000 360

2 2 (type I cell)

3 3 (type 111 cell)



4, (macrophage)SEj
(thromboxane)

15

(pore of Kohn)

(channels of Lambert)

160

(interferon)

(immuunoglobulin



9,
10
10.
1L
(angiotensin 1) [

12

13.

14,

500

10



Olfactory area
AIR INTAKE Air

Larynx
Trachea

(Right) Bronchus

Bronchioles

Terminal
hronchiole

Terminal bronchiole

Pulmonary venule

Alveolar duct

Alveolus

21

Catherine,H. and Skinner,

Tongue

tus
dlrcelgtsin qj
ophaggs ehmd
Esophagus
*Thymus

Parietal

'Visceral
Pleural cavit
(space thwe}
wscera an
parietal pleura)

Pulmonary arteriole
Elastic connective tissue
Lymphatic

Respiratory bronchiole

— Alveolar duct

Direction of blood flov

, 1988,

-Pleura



(Tidal Volume, V)
500
(Inspiratory Reserve Volume, IRV)
3,100

(Inspiratory Capacity, 1C) (IRV)
(V1) 3,600

(Expiratory Reserve Volume, ERV)

1,200

(Residual Volume, RV)
1,200

(Functional Residual Capacity, FRC)
2,500 ( ERV+RV)
(Vital Capacity, VC)
(IRV+VE+ERV) 4,800

(Total Lung Capacity, TLC)
(VC+RV) 6,000
(respiratory minute volume)
1 (VT. respiratory rate)

10. Anatomy dead space

150
(maximum- breathing capacity)
170



2.2
' 2538,

(Body Temperature Pressure Saturated; BTPS)

(Ambient Temperature Pressure Saturated=ATPS)

ATPS BTPS ATPS BTPS

- * *( TR
V=V, TR0, T

VQRS= BTPS
V ATPS = ATPS
T= (C)
WD
3rC.

4



1 (physical examination)

FVC

14

2
lung  mechanics
(blood gas analysis)
|lung mechanics
lung mechanics
(spirometry)
(Spirometer)
1 Forced Vital Capacity (FVC)
(BTPS)
2. Vital Capacity (VC)
BTPS FVC VC
FVC VC (FVC < V()
3. Forced Expiratory Volume in one second (FEV))
BTPS
FEV1
FEV!L
(<2 )
FEV1 FEV1



4. forced expiratory volume/forced vital capacity ratio FEV1
FVC %FEV, 50-60
05 "8 1 97 3
%FEV 1
FVC 1 %FEV,

FEV1 %FEV,
5. Forced Expiratory Flow 25-75% (FEFAR) ~ MMEF
FVC

(Maximum Mid Expiratory Flow rate, MMEF)
FVC FEFA®) 240-300
FEFAB) (<2 )

1 (Obstructive type)

(ventilation)

Chronic Obstructive Pulmonary Disease (COPD)
COPD

Obstructive disease
(atelectasis) ,



(Total Lung Capacity, TLC)

3
Restrictive) 2
I 1
1
1
1 COPD ( hypoxemia )
22
55-75 (590-920 ) 1
(22 )
(Pneumoconiosis)
involved) (length of exposure)
(dust concentration) (particle size)

16

(Restrictive type)

(both  Obstructive

(type of dust



Si02
(combined silica)

(Feldspar) (Talc)

(Asbestos)
(free silica) ,
(amorphous) (crystalline)
(Opal)
(Tridymite) (Cristobalite)
(crystalline form)
tranformation)

870°C 1470°C

(silica-bearing)
(crystalling)

23

i

(Mica)

(Crytalline



Inorganic dusts organic dusts
metallic non-lmetallic manmade naturally occurring
(lead) { 1 beev {
(coal) sﬂma-?earlng plant animal
1 1 (cotton) (dander)
combined silica free silica (grain)
(talc)
crystalline amorphous
(sand) (cleatomeceous earth)
| |

quartz tridymite  cristobalite

2.3
Plog.B.A. d. , 19%

King et al. (1953)
fused silica glass (

)

Baumann  Rasche (1971) biological activities

(alveolar macrophage)
Schepers (1957) Klosterkotter (1964)
pyrogenic submicron amorphous silica powder
(fibrosis®



(free silica)

wood filler

Threshold Limit Values (TLV) ~ American Conference of Governmental Industrial
Hygienists (ACGIH) 01
(mg/m3
Permissible Exposure Limits (PEL)
Occupational Safety and Health Act (OSHA)

PEL for respirable crystalline silica (quartz) = 10 mg/m3
% respirable quartz + 2
( )
10 ( =106 )

10



50

23
10
05
(Cytotoxic property)
(Fibrogenic property)
(alveolar macrophage)
cytoplasm foamy macrophage

lysosomal enzymes chemotactic factor

3
L (chronic silicosis)  simple silicosis
20-40
2. (accelerated) 5-20
3. (acute silicosis)



41 Yyilii

1 1 21
24
(free crystaline silica)
.. 2099 Agricola
..2215 Van Diemerbroeck .. 2256 Ramazzini
(flint)
19 . 2409 Zenker
(pheumoconiosis)
2409 Kussmaul .. 2413 Viisconti
(silicosis)
. .2429 . 2445
.. 245 .. 2457 Haldane
.. 2458 Collis
.. 2472
(acute silicosis)
25
(2497) 27
(2519)
25

21 12-48



1-2
4 complicated  silicosis
simple silicosis acute silicosis 14
restrictive ventilatory defect
(2531)
9
8 13.13-67.29
2191
(2531)
|
(2532)
10
1981 (B, 52 ) 11
57.5 10
10 6.1

40
(restrictive) 2 (Obstructive)



245)

110

16-50

(Artchitectural Terracotta)

11

(2534)
4 .
% 87.27)
285
3 2.7)
(2534)
(Abrasives)

(Iron and steel basic industries)

14

(

100

1273)

26

(

23



13

14

34,080

2,157

24

(Cuttery)
(Grinding)
(Foundary work)
2534 60 ( 83.3)
1,306
392
375
334
116
68
2
44,592
10,512
(2536)
80 3B
2,601

444 2069 | 332 )



2 30 ( 65) 168 (  64)
23
253
6 174 15 92
1 37 1 44
6 26 10 44
5 315 0 0
10 97 2 122
5 % 0 0
4 104 15 154
6 233 2 08
7 36 3 9
1 174 3 75
9 279 24 86
8 2801 168 64
3
( 18)
(8 (299 (6]
2514 ( 96)
(152
(79
4554 (1))
5564 99)
15-19 ( 448)
04 (29

(1 (147



47
3 ,
(P <0.01)

495 (

78
(2539)

1 (%Y

2.6

(dleposition)
1

Settling rate = DensityX Diameter2

19)

(2538)
19 28.36)
10
exposure-response relationship
15 A-T.7
3.6 ) (p< 0.01)
(2537)
125 19
46
2538
(penetration)

(settling rate)
(density)

211

33

26

95

61



27

2 (kinetic activity)
0.1 “Brownian
movement”
(diffusion of aerosol) (surface
impaction) (diffusion deposition)
(diffusion
coefficient) 1 1
1
Average distance traveled = "\J Diffusion Xcoefficient Time
3 (inertia)
(sideways slip)
(inertia) (friction”
(inertial precipiation)
(respiratory
tracks
4
(hygroscopic nature)
) (ventilatory nature)
(ticlal

volume)



6.
(clearance)
1
(Ciliary mucus clearance) goblet cell
respiratory bronchiole
(Upward stroke) 1,300
2 phagocyte
(cilliary mucus escalator)
(radiopharmaceuticals)

(radiopharmaceuticals compounds)

DTPA (diethylene triamine pentaacetate)
(radionuclides)

28



29

specific activity
- specificity
ventilation study
T¢-%9m DTPA DTPA (diethylene
triamine pentaacetate) T¢-99m (technetium-99m)
99mTc (Technetium Radiopharmaceuticals)
..2500
. 2473 %M o
T¢-99m
6 140 keV Absorbed dose

per mCi in lung 1125 mrad
scintillation cameras
Posterior view

24 (Posterior view)
2539 .



(Gamma Camera)

Tc-99mDTPA
nebulizer

24

>30
10-29
39
0.52
<05

Tc-99m DTPA

(aerosol)

24

2535,

Mason et al. (1983)

Tc-99m DTPA
Tc-99m DTPA

(Susskind and Rom, 1992)

0
aerosol

(Upper) (midale)  (lower)

Tc-99m DTPA
Tc-99m DTPA
25 30
60
Tc-99m DTPA
60
2

25



At
A0

, activity , activity

25 Y

X mono-exponential curve(
plot  semi-logplot( )

(Activity)

A, = Ale At

curve
2.1182

A0I2 = AOE'XH]]

1/2= ex'
An2= -X 10
X

= 069

31



Noise
random

(preset count)
noise
2T
Taplin and Isawa (1968)
Chapsc et al. (1979)
Gorin et al. (1978) 113Indium-trasferrin
(Scintillation

detectors) (non-invasive)

Pseudomonas aeruginosa organisms

Gorin, Kohler and De Nardo (1980)

%0

Jones, Minty and Royston (1982)
(alveolar epithelium permeability)

Chinard (1966) ~ Enna  Shanker (1972)



33

Berry et al. (1977) Jones et al.(1978,1979)

2 12 . 1251-
antipyrine (lipophilie molecule)
(T,2 05 )
2 51Cr-
EDTA (hydrophilic molecule) '
' (TR 200 ) hydrophilic molecule

lipophilic molecule

(intercellular juction) /

SCREDTA/B-AP 0.2
HCL (pH 1) 5Cr-EDTA
5Cr-EDTA/IE-AP 10

Jones et al.(1980) Rinderknecht et al.(1980)
Taplin and Chopra (1978)

99mTc-DTPA
mono-exponential (decay) T¢-99m
DTPA (T
200 saling, oleic acid ~ neutral fat
1 oleic acid Tc-99m
DTPA
saline  neutral fat oleic acid
T¢-99m DTPA double-exponential 50%
(T,d  Tc-9%9m DTPA 3 2 TR
40

(aerosol)



34

3
I} (Inertial impaction)
(>5 )

2 (Sedimentation)

3 (Diffusion) 05

molecular diffusion
Jones Chan and Lippman (1980)
0.5-2

Jones et al. (1982) aerosol Tc-99m DTPA

mono-exponential

1743 o (T, =595 )
Simani, Inoue and Hogg (1974) horseradish
peroxidase
(ARDS) Tc-99m DTPA double exponential
- 1" _ J m 1’ 1V
Tm Tm

Theriault (1974) 192

184 233

( psith, ) (,1,2,3)



3

FVC (restrictive
type) TLCRV,%FEV,
RVt
135

Mason et. al (1983)

Tc-99m DTPA
T¢-99m DTPA 2
30 '
18 2 1
30 18 VC,
FEVINC  FEFZBA
9 10 FEV, FEVIVC
2 10 FEFA®b 1 10 Tc-99m
DTPA
4.60£0.46 % 2.76£0.54 %
(( BTco4) Tc-99m DTPA
Gellert etal (1984) Tc-99m DTPA
, 0
539  40-69 )
20
( 5 4062 ) T,2
=44.7(12-102) (p< 0.05) Tt2=57.2 (30.5-109)
Tm Tm
membrane component of TLA(DM) (r=0.40,p< 0.05)
FVC,TLC,TLco,KCO 6 T 6
14

1 jymiol



Tm
(interstitial lung disease)

Jefferies,A.L., Coales,G. and 0 'BroovichH. (1984) hyaline-
membrane disease pulmonary edema  left atrial pressures
T
Tc-99m DTPA hyaline-membrane disease 15 3

hyaline-membrane disease
biphasic TR 1.610.6
T¢-99m DTPA monophasic TR 56.0£32.1
hyaline-membrane disease monophasic TR 6541336
monophasic ~ Tm 114159
52.5116.3
hyaline-membrane disease
(chronic lung disease)

Meignan et al. (1986) "nc-DTPA
7 1
3401063 % ' 1.8210.75 %
1.4610.71 %
1.4010.82 %
Wall et al. (1991) T¢-99m DTPA
PCP (Pneumocyctis carinii pneumonia)
46 24 HIV 22
46 il 3

Tc-99m DTPA 40 mCi 2 Rl



37

e % T2 228

' T g
B Tc-DTPA 3
94%
Susskind and Rom (1992) T¢-99m
DTPA 67Ga-Citrate
9 (5 N
T ) 8 (12 6 )
56t 6
(T12=60.6116.0 ) (T=123.8128.7
) (nCO.00I) Tul (T1=18.4110.2
) TR (TR=33.11178 )
(T.,=18.41102 )
(T(=408117.7 ) Tw (pCO.00N)  (p<
0.05)
Ga Tm Tc-99m DTPAG
Ga Gd T 7,
Tc99m-DTPA (
) Tc-DTPA
early lung injury
Well et al. (1993) T¢-99m DTPA
(fibrosing alveolitis) (respiratory function
tests) 82
2 progressive systemic sclerosis 53

(lone cryptogenic fibrosing alveolitis, CFR) 29
(stable disease)



12
progressive systemic sclerosis 3, 16
2 ., 1

T¢-99m DTPA

Xiaorong Wang et al. (1997)
3

123 (FVC, FEVp EFVIFVC)

(Restrictive)ll (Obstructive)
(Obstructive)

CFR
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