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COPD underdiagnosis °| 82

(A)
0
2R 2 29l o2 AAY B 29 o|2 M3t B 29 '
Patient-related factors Healthcare system factors Provider-related factors
2
Y ! 3
.
4
S4oNQeD 8E COPD HEH 7| F Of8) £5 "
6
HZak =Mu AL .31 7
sE2e 128 9l §5 £ HEs Sog asts
ns 75 8
9
OIFEZol 38 det == =287 5¢ dM 8 10
H= J|S wof H29| oz &#F
1"
e B
- 13
AICF HAHHEZ2E =M Hy M 1M B Total cross-sectional 1.5m
il = = I'( 1'%0 = o I:I) HL © T 14 / area(cmz) diameter
245 ITME o7 HIY AX EX ® \
16 /
HE2S A7HAMIOS ¥ o2 HE 25 |
IMICLf 57| o2 & gl ng =23 8= 18 J
19
2 :
§ ;l T T T 1
' 0 250 500 750 1000
2026 GOLD Adapted from: Aaron et al. Am J Respir Crit Care Med. 2024 Apr 15;209(8):928-937. ¥ ¥ Total cross-sectional area (cm?)
< 23 >

1.5 m total diameter
Effect of parallel circuits on Resistance.
https://thoracickey.com/airflow-in-the-respiratory-system
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100 %

75 %

50 %

25 %

I stage IV 5.7%

Stage Il
12%

Stage Il
31.8%

A

) X W2 A COPD GOLD stage =%
SSE 0| H(Stage 1l O] &) O] CHEE

Mo

Stage I
46%

I stage | 5.0% o
age ° Stage Il EOEI VS. °|_I'a'

58% vs. 94%

I stage | 5.6%

= =
N=1,434 N =914

E0l
=

ro

Ref. Germany: O. Kornmann, et al. Respiration 2003;70:67-75.

Stage 0 I stage | I stage |l B stage 1l I stage IV
9 9 9 9 9 South Korea: Lee JY, et al. J Korean Med Sci. 2016;31:553-560.
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AHg |4 44 B L %, COPD

(Chronic Obstructive Pulmonary Disease)



Expiratory Flow (EF) limitation in COPD

MNormal

Older Male
Age = 66 yrs

9 8 7T 6 5 4 3 2
Volume (L)

Prim Care Respir J 2013; 22(1): 101-111
Adv Physiol Educ 37: 266-267, 2013



Dynamic Lung Hyperinflation in COPD

Normal COPD
e roeesed
4 - - . work/effort
' Unsatisfied | |
inspiration - _ ’
i B
difficulty -
Shallow R
reid —
Tight chest -
Expiratory | |
difficulty
0 20 40 60 80 100 0 20 40 60 80 100
Selection frequency Selection frequency
(% of subjects) (% of subjects)

Prim Care Respir J 2013; 22(1): 101-111



COPD 2H2}e] 218 % QI MY aF7 AL 7 2}

Gender: Male  Room: Pulm Date: 2012 01 16
Age: 66  Race: Aslan Temp: 21 PBar: 764
Height(cm): 162  Weight(kg): 44.0 Physician: Lt =
Any Info: EX,35PY Technician: 2152
e R
Spirometry (BTPS) PRED BEST %PRED : BEST %PRED %CHG
FvC Liters 3.84 2.59 68 2.54 66 -2
FEV1 Liters 2.92 0.74 25 0.73 25 1
FEVIIFVC % 74 28 .. 29 &
Flow
8
. PRED PRED PRE  POST
6 PRE
POST ———Raete
4
1 Volume
8
|
il
o
’6-1 0 3 4 ’ 1 | 0 1 2 3 4 5 6 7 8




7| +-84 312 5873

PR 8. Obstructive Severe obstructive
6 g 6 ) —— PreRx
e I —— PostRx
4 FEV,=1.74 -—— Predicted v v |
— —_ : - -
3 8 5 _FEV,=256 ‘
= = L 4 2 |
= = D+ o o
r = 5 o - |
N 9 1
—d -— l - ‘
: £ :
— 3 .
0 1 2 3 4 5 x g
w w
H A EH7] Eol | 2R =HEAEE A
Volume (L) Volume (L)
8- , 8, -
B_ i LS B_
ad: 4
T 24 T 29
u s | F e . e s 1 e e e
= 0 > 0 - P g
3 -2- 3 —21 4 /
= = v v / N /
— _ —_— 1 /
4 4 E E ,I E ,II
—6 - —6 2 = / = /
o o/ o |/
_B _I T T T T 1 _8 _I T T T T T > > , > l’
I
0o 1 2 3 4 5 0o 1 2 3 4 5 i i
d
M Er = Eol EZg =2 EHof A
Time Time Time

a3 9. #7|=0f A2 IE 7|R-85 ZM
Korean Academy of Tuberculosis and Respiratory Medicine;2016;1-38; &7/ & Z/AFX| &/
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M7l 5 A B0l 1Y 2 Y YS e AR

1. Calibration
2. PFT Machine
3. Interpretation

4. Technician

Haynes JM. Quality Assurance of the Pulmonary Function Technologist. Respir Care. 2012;57(1):114-122.Haynes JM.
Quality Assurance of the Pulmonary Function Technologist. Respir Care. 2012;57(1):114-122.
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b 3+d 2 55 7] 515 m-g2EZ A} Video]. YouTube. https://www.youtube.com/watch?v=NWohvSZoc9E &t=4s
7] 5 A Video]. YouTube. https://www.youtube.com/watch?v=nBl_1LyUK1A
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20265 = V=1 LHat THRIC| CHaS TI=& et ot

Nt

- BHAP7} Z|Ciet &= S0I0 2 W& + AAKIS] SO| O F S 2!
T s 871FE F85= AAE ~ BIXIZ B}0|2 AlfO| L3S SIEE Q&

A VS (LR S = PN e = 2 Ao =50 el Z2p7F #Hg

— 7| (x HB) — L& o|E/d(effort-dependent): H2| L E &
_ Lt + FEV1, FVC, TLC, RV, etc.
_ MY — & H|2|Ed(effort-independent)
o= « FRC, FEF25-75
- - O

Kim WD. Pulmonary Function Test: UUP; 2005
Interpretation of Pulmonary Function Test, a Practical Guide, 4th Ed.
Ruppel’s Manual of Pulmonary Function Testing, 11th



H0

20265 M= LI THRIQ| CHA TISEE o
H7lsdAel &

1n

« | ZEHAf(spirometry)

— Spiro- : “respiration”

-metry: “the process of measuring”
o 7|2 X|=ZE A A At (bronchodilator test)
« g5 A Ab(lung diffusion test)

tEFA =S B ARDiffusing capacity of the Lung for CO, DLCO)

_ QUABIERA A

-  HE8& ZAklung volume test)

o 1 0

7| 2HX| -2 H At(bronchial provocation test, bronchial challenge test)

—

— OEIZE 2 FLHAHmethacholine bronchial provocation test, MBPT)
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John Hutchinson, Inventor of spirometer (1846)

Vital capacity = the capacity to live

TO THE MEMORY OF
JOHN HUTCHINSON M.D.

THE IVENTOR OF THE SMRONETER
ABD A MIGNEER W RESPRATION

BORN NEWCASTLE ON TYNE 4 JANUARY 168
PRACTISED MEDICHE M LOBDON TO W62
ARD THEREAFTER W AUSTRALA

DIED LEVUKA, Ui 16 JULY 1661

ERECTED BY

THE THORACIC SOCIETY OF AUSTRALIA
AND

THE BRITISH THORACIC ASSOCIATION
i 1880




| &% 7 Al (Spirometry)
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Total
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capacity
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Lung volume(L.)

10

o

0

B AT % wAl g ool =3/ 57|

Normal

Isec

i

FEV,/FVC

/ 809%

RV

Restriction

-~

FEV,/FVC

qu //1mwa

RV

Obstruction

o

FEV,/FVC
30%




CASE 1

28 A4 ‘FA}

Cough, dyspnea for 1 month



Spirometry with BDR(BronchoDilator Reversibility) test

ArEr Y
m PULI\/IONARY FUNCTION LAB
Name: |l Id: 1708703
Gender: Male Room: Pulm Date: 2017 04 04

Age: 28 Race: Asian Vv I Temp: 22 PBar: 769
Height(cm): 168 Weight(kg): 73.0 entoline  ppugician: L=

Any Info: SM,9PY (S &) \ Technician: NN
\d
PRE-RX POST-RX
S pi rometry (BTPS) @ BEST %PRED BEST %PRED % CHG
FvC Liters 4.78 1.76 37 3.04 64 72
FEV1 Liters 4.08 1.08 26 2.25 55 108
FEVI/FVC % 88 61 74

Predicted or Reference value (0ZX])

FVC = Forced Vital Capacity
FEV, = Forced Expiratory Volume in 1 second



PRE-RX POST-RX

Spirometry (BTPS) PRED BEST %PRED BEST %PRED % CHG
FvC Liters 4.78 1.76 37 3.04 64 72
FEV1 Liters 4.08 1.08 26 2.25 55 108
FEV1/FVC % 88 61 74
FVL ECode 111011 000000
Flow
161
PRED ___ PRED PRE POST
121 PRE
POST -
E-- I*
T I Volume
4__ ;}\ | 3——
;e
4 ""x_J__ / 4
8} 2\ I
1 | \. /_d—_______
121 u:x"':flllllllllllllll
Rt -1 0 1 2 3 4 5 6 7
2 0 %Iolumg ® 8 Time
Comments:

PRETEST = JIZ20| &8 &A= H&s A HAEH =S,

best trial report



FVC Reproducibility

A 9l w7 Af

E Code (Best Column)
672 FEZ 7Y - A A= "0 EE T
"0" = quality assurance criteria % - "1" = criterla 0| £ %

FEV, Reproducibility PEF Reproducibility

Flow Volume Loop Error code 0 0 0 0 0
(FVL E code) - - o — o - -
2 3 4 5 &
Volume of Extrapolation *End of Test” Plateau Six Second
Reproducibility (1-3H5 x21) Acceptability (4-&H5] X2])
4 B el (04 2 2t - 59 2
A 3 and <100 ml
B 3 and <150 ml
C 2 and <250 ml
D 1
F 0

2016 | 7| s A Al X| H
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H 715

74A|- ||J-| Jg-oH

PRE-RX POST-RX
=- 0 0
Splrometry (BTPS) PRED BEST 9%PRED BEST %PRED
FVC Liters 4.78 1.76 37 3.04
FEV1 Liters 4.08 1.08 26 2.25
FEV1/FVC % 88 61 74
Yes No
li FEV,/FVC270% (0.7)* —l
FVC=80% FVC>80%
Yes/ \No Yes / No‘
34 A gt &7 ol m 4 27| ol =3 57| 3of
T | EEE
| : H A 7| ZHof
v I
| =T - :
TLC E5H | e !
\ 2 A 4
TLC £F
7| £HX| ZHEA| E AL
Al Z
AFVC212% 12| 10 200 mL
=
*H 2 30| A =0.75~ OBHEE AFSET LS AFEV,212% 123 200 mL
AFVC: FVC 33, AFEV,: FEV, i%

% CHG

72
108

2016 H| 7| A AL X| &



7| B2 A 718 A AL
BronchoDilator Reversibility (BDR)

ATS/ERS TASK FORCE Eur Respir J 2005;26:319-338



BronchoDilator Reversibility (BDR) Calculation

BDR =0.5/3.0 vs 0.5/4.0
= 17% from baseline FEV,

= 12.5% from predicted FEV,

Predicted Measured % Pred

(B =5 %) (58%)

% Pred % Change

FVC (L) 5.0 4.5 90 5.0 1000 11%
o
FEV, (L) 4.0 3.0 75 3.5 87.5 17%
FEV,/FVC 80 67 84 70




BDR Distribution in the Adult General Population

200

300- 12%

200 ml

2001

100 7

100+

0
20 -15-10 5 0 5 10 15 20 25 =400-300=200-100 0 100 200 300 400 500 &00

FEV, change in % initial FEV, change in ml

S. Lehmann et al. Pulmonary Pharmacology & Therapeutics 19 (2006) 272-280



Take-home messages

7| x| 2N £0of ™ Fevi/Fvc
FEV1/FVC 2 0.7 FEV1/FVC < 0.7
] 1) HZEEAIEH 20 - IH 27 - ZT/X| =
x A —e —t | —e —t e
{ copD O} } [ 7| 2X| & AN £0] & FEVL/FVC ] 2) J—|—'— 6—7'5 O|é>|- 27', &ll?zl-o._l' 7:-||A|' 32| %!'E, ano_Lc;
| JIE 55 Ua
) v . >0.7 <0.7
O| Al. [Tt
VLR (e S v J 3) FEVI/FVC < 0.7: H2{ A
FEV1 X3} E= SRt 257|154 B ~
L J Flow responder copp &xI > 07 (I:ll_l.Lﬂ_tH)g) & FVC < 80%: X|otd oAl
' \/ \ i
7| 2 X| & £0] & FEVI/FVC 4) 7|17-85 3Mo| =zgE
. ) 2k copD ¥ H 715
Ao A U ELER
Modified from GOLD 2026

| ZA 4
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Spirometry
Ref Pre Pre
Meas % Ref
FVC Liters 3.60 2.48 69
FEVI.......... Liters ...... 3.10.................1.28 ... 4]
FEV1/FVC % 83 52
FEF25-75% L/sec 3.16 0.98 31
IsoFEF25-75 L/sec 3.16 0.98 31
PEF L/sec 6.28 1.60 26
Flow
16+
12+
8__
4“ I| nu\\“‘
0 : @\\ —
41
-84
121
-2 0 8

N
Rt

Paw
Paum

Paw _
Patm

7]
7P o] FH




Investigation




Investigation (2)

& Chest CT




Investigation (3)

& BFS




3 I
ase 1
[ = ﬂ me 2 7‘11- >4 ]
Paw Paw __ 16
= 2= t - / 4
Paum Patm ‘L Z7)
=7 1241
7pa o] Fte) |
E 4
PRE-RX POST-RX T M
Spirometry (BTPS) PRED BEST %PRED BEST %PRED % GHG SPIROMETIRY al I.' \I
|
FveC Liters 3.86 318 a2 (32001) T f \;\‘L
FEV1 Liters 2.50 219 88 0 o L
FEVIIFVC % 68 69 Pred. | Meas. | %Pred. M T o
FEF25-75% Lisec 1.98 1.19 60 1
IsoFEF25-75 Lisec 1.98 1.19 60
FEFT5-85% Lisec 0.23 0.23 100 FVC 365 | 2.38 65 -4
PEF Lisec 6.57 692 105
FET100%  Sec 11.94 FEWV 259 | 1.74 67 1
Five Liters 3.20 2.96 90
FEVI Liters 2.50 218 28 FEVy /FVC| 75 73 97 -8
Fivi Liters 177 1
FEFIFIF50 <1.00 1.29 :
PERERSY  Liters 129 FEF 25 7. | 2.46 | 1.20 49 anl
FVL ECode 000000 PEF 6.29 | 592 | 94 -2 0 2 olum
MW Limin 97
BPM
Flow
8
. PRED PRE POST
4
Vaolume
2 81
(] 6T
2 4+
-4 2+
6 0
1 (] 3 4 . ] 1 2 3 4 5 6 T &




Case 4

SPIROMETRY 52002
52001 Bronchodilator
Pred. | Meas. |%Fred.| Meas. |%Fred.[%Chg.
FVC 408 | 3668 | 90 | 363 | 89 -1
FEV 327 | 087 | 30 | 109 | 33 13
FEVY IFVC| 77 | 26 4 30
FEF 25 750 | 3.01 [ 033 | 11 | 048 | 16 45
PEF 737 | 440 | 60 | 422 | 57 -4

QD

124

2 0 zk’crlumg 6 8



Thorax 1990;45:637-638

b

The biphasic I

4 Vemax *
spirogram: a clue to (1s")
unilateral narrowing of o
a mainstem bronchus s 2
A D Gascoigne, P A Corris, ] H Dark, )
G ] Gibson o

Before stent

Volume
U]

2 3
Volume (1)

Volume (1)

After stent



Case 5: COPD + lung cancer

T

Spirometry
FVC Liters
FEV1 Liters
FEV1IFVC %

FEF25-75% Llisec
IsoFEF25-75 Lisec
PEF L/sec
FET100%  Sec

FIF50% L/sec

PIF L/sec
Lung Volumes
TLC Liters
vC Liters
FRC PL Liters
ERV Liters
RV Liters
RVITLC %
Diffusing Capacity
DLCO mL/mmHg/min
DL Adj mL/mmHg/min

DLCOIVA  mLImHg/min/L
DLIVA Adj mL/mHg/miniL
VA Liters
Ivc Liters

‘ = -

Ref

3.85
2.55

68
1.97
1.97
6.72

6.11
3.38
3.60
1.17
2.37

17.4
10.9
3.45

Pre

2.61
1.36

52
0.75
0.75
3.76
6.26
1.39
3.32

4.69
2.65
3.10
1.00
2.04

43

12.2
12.2
3.22
3.22
3.78
2.35

= o 0

% Ref

68
53

38
38
56

77
78
86
86
86

70
112
93

Post

2.83
1.44

51
0.72
0.90
4.07
6.75
1.03
2.71

% Ref

73
56

37
46
60

%Chg 8
6
8 4
5
2
-4 0
20 -2
8 4
8 -6
26 1 % Vhiude * 4
-18 Lung Volumes
10 Bric
8 OERV
» I BRY
4 - I
2t | B
oL
Ref Meas
Volume % Gas
8 0.3
A\\_’_/-—h 0-2
6 0.1
4 0.0
2 k




Case 6: COPD + lung cancer

Flow

16, oo
12 ¢ 121
gl
41
0 : w :
44
81 ol
21
R -12
2 0 %/u:ulume‘fIr 6 8 - 0 %/ 4 6 8
olume
Spirometry Spirometry
Ref Pre Pre Ref Pre Pre
Meas % Ref Meas % Ref
FVC Liters 3.78 3.38 90 FvC Liters 3.93 (1.85) (47)
FEV1 Liters 2.77 1.73 62 FEV1 Liters 2.86 (1.07) (37)

FEVIEVC % 73 gy e FEVAIEE g e e RN B B



