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Categories of Respiratory Disease

Catgory ____________________ lBamples

Obstructive lung disease

Restrictive pathophysiology—parenchymal disease

Restrictive pathophysiology—neuromuscular weakness

Restrictive pathophysiology—chest wall/pleural disease

Pulmonary vascular disease

Malignancy

Infectious diseases

Asthma

Chronic obstructive pulmonary disease (COPD)
Bronchiectasis

Bronchiolitis

|diopathic pulmonary fibrosis (IPF)
Asbestosis

Desquamative interstitial pneumonitis (DIP)
Sarcoidosis

Amyotrophic lateral sclerosis (ALS)
Guillain-Barré syndrome

Kyphoscoliosis
Ankylosing spondylitis
Chronic pleural effusions

Pulmonary embolism
Pulmonary arterial hypertension (PAH)

Bronchogenic carcinoma (non-small-cell and small-cell)
Metastatic disease

Pneumonia
Bronchitis
Tracheitis

Harrison's Principles of Internal Medicine, 20th ed.
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H| 2 2 A Al (spirometry)
¢ Spiro- : “respiration”
¢ -metry: “the process of measuring”
7| 2t X1 2 H| A AHbronchodilator test)
H 2t A5 A AHlung diffusion test)
& LLtEIA S-S A ANDiffusing capacity of the Lung for CO, DLCO)

H - X A AHlung volume test)

7| 2 X| 82 A At(bronchial provocation test)



John Hutchinson

® “John Hutchinson, a surgeon, recognized that the volume of

Pusition of the body in filling the chest before breathing into the
Spirometer.

air that can be exhaled from fully inflated lungs is a
powerful indicator of longevity. He invented the spirometer
to measure what he called the vital capacity, ie, the
capacity to live.”

® “In 1846, he reported on measurement of 2,130 individuals”

¢ Chest radiography in 1895

¢ Sphygmomanometer in 1896
¢ ECG machine in 1903

FIGURE 2. Silhouette of John Hutchinson and his spirometer,

Petty TL, Chest 2002;121:219s-23s [PMID 12010855]



S7|1EE 8ot BAE ¢ SXZ 503 z[Ofe] H 2 SI=E R
e 7| H|OFC} M AFK|7F CHE o 2tXto| =0 2t Zup7f Het
* 7| (+ HZ) & == O|=XM(effort-dependent): 2| CHE &
¢ L}O| " FEV1, FVC, TLC, RV, etc.
o A ¢ =3 H|o|E(effort-independent)
o=
¢ 0= ® FRC, FEF25-75

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
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(Maximal inspiration): 7%t Z[CHE 4 A =O|0A| =5 A2t}

OK

 m—

(Blast phase): H|ZHZEA 0f

(Continuation): M0k 6 SQt =7

7|2 20t REZE 2AZ|2 QLI

2 o U=F Ae{eht (oul ojgt ofs2 3% 0

Volume

| = O x|
= TI =
1A 2CHA| 3EHA|
Tidal breathing| Maximal inspiration "Blast" phase Continuation
Time

0%t

=1g=3
SN=|

81, 28T T| A
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Measurement of VC and IC

A TLC 7y

)
e
- : tidal
% bretleiﬁllng EVC breathing IVC
1__| < > ‘—/>\A IC
s A IVAVAN
= FRC \ - L.
S !

ERV ERV

RV l’

Time (5 s grid lines)

ERV = expiratory reserve volume; EVC = expiratory VC; IC = inspiratory capacity;
IVC = inspiratory VC; RV = residual volume.

Graham BL, Am J Respir Crit Care Med 2019;200:e70-e88 [PMID 31613151]
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« =38 X (back extrapolated volume, BEV or EV)O| FVC2| 5% O|EtO|
ALt 0.15 L OJ gt

« 27|9] 7|2+0] 6% O| & (volume-time curvel| BHE TI|E K|
= = W7HK])

e Artifact7t S

- FVCo| Z[CHZr &= HA 2 gf2] X0|7}F 0.15 L O[5t
« FEV, 2| Z|CHe 0t &= BIW 2 2fef Xt0|7H 0.15 L 0|5




X _A|ZF 2 M (Volume-time curve)

TLC

Tidal breathing EVC

s

FRC Y

—
O 1 2 3 4 5 6 7 8 9 10

RV Time (seconds)




=X 8 X (Back Extrapolated Volume, BEV)

*
o =XEX

Back
extrapolation —p

o AKX =55 87t

* AMZ[A0M X522 F5E

OO l: ] [ |
0.0 x 0.5 1.0 0.5
Time Time (seconds)
Zero

H 7|5 AAF X &, Cfj3tAs 0l 57|85 2016



Lung volumes and capacities

“Breath "Breathe in "Breathe out
no';?alle" as deeply as hard and as
y as you can" long you can"
: A A A
|
Forced
expiratory )
volume in Inspiratory
1 second reserve Inspiratory
(FEV1) volume (IRV)  capacity (IC)
Forced
vital
————— e e capacity
. . (FVQ)
= Tidal volume (TV)
e INS NS R AN
3 A
S Y Total
Expiratory lung
reserve capacity
volume (RV) ) (TLO)
Functional
residual
________________________ _ capacity Y
(FRQ)
Residual
volume (RV)
Y Y

Time (sec)

FIGURE 1. Lung volumes and capacities depicted on a volume-time spirogram.
The most important values are the forced vital capacity (FVC), the forced expiratory
volume in 1 second (FEV,), and the FEV,/FVC ratio. Spirometry cannot measure the

residual volume or the total lung capacity.

Maximal
inspiratory
level

Resting
expiratory - -
level

Maximum
expiratory
level

Al-Ashkar F, Cleve Clin J Med 2003;70:866, 8, 71-3, passim [PMID 14621232]



X _A|ZF 3 M (Volume-time curve)d E0|= 2 F (Artifacts)
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(Flow-Volume Curve)
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HEHHAL 2ol My
¥ 3. HHAAL 2L MEY
Ha Helot oM Modd (V1 2 4 - =M 4
A 3 and <100 ml
B 3 and <150 ml
C 2 and <250 ml
D 1
F 0
A, B T=7Es; C, D BER0) Fe T E7)
TE7hs’ 02 WS 9 FEV 1 FVC 412 7 & 4ho &2 S3it), 5= 32 A= T2 ABoj|A dofA
T makolet



o 22 H Al X| E (Spirometric Indices)

FEV1 (122t 842 7|3)
- Forced expiratory volume in one second.

¢ The volume of air expired in the first second of the blow

FVC (= dHEE)
- Forced vital capacity:

¢ The total volume of air that can be forcibly exhaled in one breath

FEV1/FVC ratio (1=t -8 d 7|2 0| & /d=t2kof| CHot )

® The fraction of air exhaled in the first second relative to the total volume exhaled



H| g2 E Al X| E(Spirometric Indices)

8
e VC (HEz 3 .
- Vital capacity: -

# A volume of a full breath exhaled in the

Volume (liters)
N

patient’s own time and not forced. Often 2 -
slightly greater than the FVC, particularly in 0 | | : .
COPD 0 5 10 15 20

Time (seconds)

® FEV, (627t H M 2
— Forced expired volume in six seconds:
¢ Often approximates the FVC. Easier to
perform in older and COPD patients but role
in COPD diagnosis remains under investigation




o 22 H Al X| E (Spirometric Indices)

L 3237|577 7 (forced expiratory flow during the middle 87

(o))
|

Exhaled Volume (L)
=N
]

L
<

half of the FVC, FEF25~75%)

(o)}
~

¢ FvCel =7| H E7| 25%S M elet S 50%2] B =¥ 2| £

(|03 7|7| K (peak expiratory flow, PEF)

o LHPI| FHDLEK

_I

0 1 2
Z| 27| ZF(maximal voluntary volume, MVV) Time (sec)
¢ XL AHEMC 2 XCot tHoE 127t 288 = U=

DZHOE 122 EE= 1527 ARSI 12712 o= Shioh 4f



Volume, liters

Normal Trace Showing FEV1 and FVC

S R FVC

< Maximum expiratory flow

FEV, = 4L

Expiratory
FVC = 5L e
FEV,/FVC = 0.8

TLC Volume (L) 0

Time, sec

GOLD Spirometry Guide 2010



Spirometry: Obstructive Disease

Normal

cena.,
.

v 4
S . o
~ 3 [~~~ o
O _
s | FEV, = 1.8L - E
S FVC = 3.2L s T
1 FEV,/FVC = 0.56 - £
<
X
1 2 3 4 5 6 (W |
Time, seconds Volume (L)

GOLD Spirometry Guide 2010



Volume, liters

R NN W B O

Spirometry: Restrictive Disease

.e,
L]
.
. .
.
. .
. .
.
M .
.
.
. .
.
0
. .

FEV, = 1.9L
FVC = 2.0L
FEV,/FVC = 0.95

Normal

Restrictive

1

Expiratory flow rate

2 3 4 5 6

Time, seconds

Volume

GOLD Spirometry Guide 2010
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o I4g 27| Fohe 77 :

FEV1/FVC < 70%

=l

[4-S 2H7] oSl B
FEV1 % predicted

o Flotd &7 o2l 7 X 8

FVC % predictec



Yes No
l— FEV,/FVC>70% (0.7)* j
FVC280% TultEils
Yei/ \No Yes N&
X A X| 8t 27| Aol H 2 2+7]ZoH =2 2| &ol
: . =
| | | 4 27| SOl
‘ : =
= I ——" I
TLC 53 P :
va- v
) TLIC &F
7| 2K = S A E AL
o447 =

AFVC>12% 12| 1 200 mL
Eie
AFEV,>12% J12| 1 200 mL

*FH 2 AF0 M =0.75~08 YL 2 4&Its
AFVC: FVC H 21 &, AFEV,: FEV, H3tE

H 7|5 A K|, Cf3HAs 9 557
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" 55y 7|2 2EAHE A eAZHH

" XEY HER-STN= EAF 124

7t

[ -

" MY HREE2 HA 240 H

H

¢ Metered dose inhaler (MDI)E& spacerg&
0|25t F£05t= A0| O| 4™ O|L} nebulizerE
Ol 8% 4= ULt Tt nebulizerE 0| 25IH EE

SO 0| S7tetrt.

¢ Salbutamol& S = 8% 158 &,
ipratropiums SRS %= 3025 HEE

ZAFE HEEBSIC

=1 L=

—_—
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M Al(Asthma )

AN E0{H (before BD)
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"r 101
olo X0
mr
H
~
K9

A ZHTime (seconds))

GINA 2018
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H= 3 HEZAMZ2 AO|2] ZtA W 2o
et BEHE HS

H| I - & | = 22 (alveolar-capillary
membrane) AO|Of| A 72

U0 LL7| BhA =

D340

—

Ct=3| alveolar-

capillary membrane2 S1}tsh= A&
OfL|2} HEFMELS S0t oA A9f
Agt= oo &

DLCO)

Respiratory
bronchiole

/

Alveolar wall

/O

Alveolus

Al(diffusing capacity for carbon monoxide:

Pulmonary
capillary

& B T

4Ly
B

Alveolar QD
g2 O Plasma Hgb
0,

g5

Alveolar capillary
membrane

Red blood
cell

H7|s dAF X[, tiet2d 8l o 57|<k2] 2016

Interpretation of pulmonary function tests: a practical guide, 4th



DLCO & Disease

Normal Emphysema Anemia

Pulmonary emboli Volume loss
(blood clot) pneumonectomy/atelectasis

Ruppel’'s Manual of Pulmonary Function Testing, 11th



H|-€ X (Lung Volume)

A A A A
_ =
=7Z|0ld| & 7|
g |m
=t
_" S =} £
Y = =
ols| & &2t = |
- y /\/\ v < .§
7| S|
g SII0H| 2
7| v
g XE7| 2k
a3 1. HgXe| 7L
s 3\
T IRV
Inspir SvVC< svc| pTLC
Volume VT
Expir
P ERV ERV
l L FRC
RV RV
J
Time —

H7|s dAF X, tietZ< 8 = 57(|5t2] 2016
Interpretation of pulmonary function tests: a practical guide, 4th
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P, XV, = (P, = AP) X (V, + AV)

P, XV, =[P, = V) + (P, = AV)] - [ AP + V,) + (AP X AV)]
AP XV, = (P, = AV) X (AP + AV)

V, = [AV X (P, = AP))/ AP

(P,-AP= P,)

V, = (AV X P,J/AP = FRC

A HEH HXNHESTIS7|0f 2Tt HEX £




70 __mo o
NE N ~
ojT — H — L
o] = of = )
“———— P4 PE———r 4>
~ 0 JJor 0
101040 ~ RJ00
< >
A




Volume (L)

Pseudorestriction

Normal

A
A
Total
lung (TLC)
capacity
(TLC)
Y Y
Pseudorestriction
due to air
trapping

Al-Ashkar F, Cleve Clin J Med 2003;70:866, 8, 71-3, passim [PMID 14621232]



Gender: Male Date: 08/12/21

Age: 63 Race: Temp: 25 PBar: 744
Height(cm): 154 Weight(kg): 53.0 Relative Humidity: 63
Any Info: Technician: KANG HE
PRE-RX POST-RX
- 0, 0, 0,
Spirometry (BTPS) PRED BEST %PRED BEST %PRED % CHG
FVC Liters 3.54 1.76 50 2.10 59 19
FEV1 Liters 2.65 0.93 35 1.24 47 33
FEVI/FVC % 76 53 59
FEF25-75% Lisec 2.53 0.51 20 0.69 27 35
IsoFEF25-75 Lisec 2.53 0.51 20 1.00 40 96
FEF75-85% Li/sec 0.55 0.07 12 0.30 55 348
PEF Lisec 6.27 2.41 38 3.93 63 63
FET100% Sec 6.66 7.09 6
FIVC Liters 3.15 1.61 51 2.00 63 25
FEV1 Liters 2.65 0.93 35 1.24 47 33
FIV1 Liters 1.31
FEF/FIF50 <1.00 0.38 0.21 -46
Vol Extrap Liters 0.00 0.03
FVL ECode 001010 001000
PEFT Sec 0.07 0.08 11
PIF Lisec 1.69 3.70 119
MVV L/min 105
Flow £ BPM
8,
T PRED _ PRED PRE POST
6+ PRE
T POST —
4
T [\ Volume
2’ ﬂ,‘\\\ ‘ 8
0 [b RS = 6
h\ i
T ‘ \‘\\ “V‘)*'/‘\ d
2 4
4. 2+ | - ———
| S o
| 04—~ ———————t+—+———+—
1 0 \1 2 3 4 -1 0 1 2 3. 4 5 6 7
olume Time

Comments:



Diagnosis:

Dyspnea Rest: No Dyspnea Exercise: No

Cough: No Persistent: No Productive (cc):
Smoker: No Cigarettes: No Cigars: No
How Long: Quit: No Stopped:
Ref
Lung Volumes
TLC Liters 5.23
VC Liters 3.15
IC Liters 2.14
FRC PL Liters 3.09
ERV Liters 1.07
RV Liters 217
RV/TLC % 38
Resistance
Raw cmH20/L/sec 1.82
Gaw L/sec/cmH20 0.647
Vig (Raw) Liters
Raw f BPM

10

Pipe: No
Pre % Ref
6.38 122
1.86 59
1.69 79
4.69 152
0.18 17
4.51 208
71
5.22 287
0.192 30
5.32
89

Lung Volumes

ETLe

CERV

ERryv

Ref

Meas

Age: 63 Height(cm): 154
Weight(kg): 53.0 Gender: Male
Race:

Technician: KANG HE
Physician:

Post % Ref %Chg



Nonspecific pattern

® Normal FEV1/FVC ratio, low FVC and normal TLC
® r/o asthma - BDR/MBPT

107 — = Normal TLC (L) 7.0 (100%)
besit < ¢~ —— Actual
# obesity < 84, RV (L) 35  (175%)
= FVC(L) 35  (70%)
2 FEV,(L) 28  (70%)
o
® PRISm (preserved ratio n FEV1 oy 80
Fve (%)
impaired spirometry) A
. 10 - o)
# Normal FEV1/FVC ratio @ . TnewL 625 (89%)
low FEV1 T %L N RV (L) 4.05 (203%)
= 67 AN FVC (L) 22 (44%)
S . N\
g . FEV, () 20  (50%)
g 2 N FEV
- 0 N, T %) 91
1 T T T T 1 FVC
0 1 2 3 4 5
B

Interpretation of Pulmonary Function Test, a Practical Guide, 4rd Ed.



7| = 12144 (Airway Hyperresponsiveness, AHR)

HEZE E= OHLE SE
Histamine (mg/ml)

Methacholine (mg/ml)

0.03 0.3 2 16 64
| | | | | | | | | | | | | | | | 1= |
0- |
|
| HAH(Normal)
IS " .. Nommal
™ PC20 [ TTYT]
£
=
- Yoo Mild AHR
X 404 '~.~.~
L T
\\ Moderate
60- \\ AHR
\
\
\

GINA 2013
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Cholinergic agonist (methacholine §) =2|& K=
Histamine

Prostaglandin D,
Leukotriene C,/D,/E,

Adenosine

Tachykinins

Bradykinin
Metabisulphite/SO,
Propranolol

LS4 (LPS)

Platelet activating factor
Ozone

= [=
E™ %=

Aspirin, NSAIDs
Allergen

SO,: Sulphur dioxide, LPS: lipopolysaccharides, NSAIDs: nonsteroidal anti-inflammatory drugs
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(isoproterenol, metaproterenol,
albuterol, terbutaline)
235 =9 sr=2I1H| (ipratropium) 24 M7t
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(salmeterol, formoterol, tiotropium)
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Cromolyn sodium
Nedocromil
Hydroxyzine, cetirizine
Leukotriene modifiers
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Bronchochallenge Report

Race:
Date: 10/20/21
Technician: KANG HE

Protocol: PC20 Methacholine Physician:
Diagnosis:
Ref Pre Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Level 7/ Level 8 Level 9  Post
Meas Meas Meas Meas Meas Meas Meas Meas Meas Meas Meas
Dose 0.0625 0.25 1.0 40 16.0
FVC Liters 296 254 252 258 250 250 246
% Ref 86 85 87 85 85 83
% Chg -1 1 -1 -1 -3
Dose 0.0625 0.25 1.0 40 16.0
FEV1 Liters 212 199 200 202 19 197 193
% Ref 94 95 95 93 93 91
% Chg 1 2 -1 -1 -3
Dose 0.0625 0.25 1.0 40 16.0
FEF25-75% 204 174 200 18 174 181 177
% Ref 85 98 91 85 89 86
% Chg 15 ir 0 4 1
Dose 0.0625 0.25 1.0 4.0 16.0
PEF L/sec 508 664 600 650 646 668 6.33
% Ref 131 118 128 127 132 125
% Chg -10 -2 -3 1 -5
PC 20 FEV1: ---
PC 20 FEV1 ---
120 E 0.0625 0.25 1 4 1§
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Bronchochallenge Report

race:
Date: 10/19/21
Technician: KANG HE

Protocol: PC20 Methacholine Physician:
Diagnosis:
Ref Pre Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Level 7/ Level 8 Level 9  Post
Meas Meas Meas Meas Meas Meas Meas Meas Meas Meas Meas
Dose 0.0625 0.25 1.0
FVC Liters 328 304 29 273 225 2.90
% Ref 93 89 83 69 89
% Chg -4 -10 -26 -4
Dose 0.0625 0.25 1.0
FEV1 Liters 277 240 231 219 177 2.42
% Ref 87 83 79 64 87
% Chg -4 -9 =27 0
Dose 0.0625 0.25 1.0
FEF25-75% 305 233 229 219 163 2.64
% Ref 76 75 72 53 87
% Chg -2 -6 -30 13
Dose 0.0625 0.25 1.0
PEF L/sec 583 654 617 521 418 5.22
% Ref 112 106 89 72 90
% Chg -6 -20 -36 -20
PC 20 FEV1: 0.601
PC 20 FEV1 0.601
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Yes No
l— FEV,/FVC>70% (0.7)* j
FVC280% TultEils
Yei/ \No Yes N&
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AFVC>12% 12| 1 200 mL
Eie
AFEV,>12% J12| 1 200 mL

*FH 2 AF0 M =0.75~08 YL 2 4&Its
AFVC: FVC H 21 &, AFEV,: FEV, H3tE
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Gold standard
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(Bronchial hyper-responsiveness, BHR)
7| =1t

(Bronchial hyper-reactivity, BDR)
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(High fractional exhaled nitric oxide, FeNO)
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(fixed airflow obstruction)

1| 7| &S (Emphysema)



