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The detection of collapsible airways contributing to airflow limitation

Yun Seong Kim, M.D., Byung Gyu Park, M.D., Kyong In Lee, M.D.,
Seok Man Son, M.D., Hyo Jin Lee, M.D., Min Ki Lee, M.D.,
Choon Hee Son,M.D.*, and Soon Kew Park, M.D.

Department of Internal Medicine, Pusan National University and Dong-A University*
College of Medicine, Pusan, Korea

Background : The detection of collapsible airways has important therapeutic
implications in chronic airway disease and bronchial asthma. The distinction of a
purely collapsible airways disease from that of asthma is important because the
treatment of the former may include the use of pursed lip breathing or nasal
positive pressure ventilation whereas in the latter, pharmacologic approaches are
used. One form of irreversible airflow limitation is collapsible airways, which
has been shown to be a component of asthma or to emphysema, it can be
assessed by the volume difference between what exits the lung as determined
by a spirometer and the volume compressed as measured by the
plethysmography.

Method : To investigate whether volume difference between slow and forced
vital capacity(SVC-FVC) by spirometry may be used as a surrogate index of
airway collapse, we examined pulmonary function parameters before and after
bronchodilator agent inhalation by spirometry and body plethysmography in 20
cases of patients with evidence of airflow limitation(chronic obstructive
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pulmonary disease 12 cases, stable bronchial asthma 7 cases, combined chronic
obstructive pulmonary disease with asthma 1 case) and 20 cases of normal
subjects without evidence of airflow limitation referred to the Pusan National
University Hospital pulmonary function laboratory from January 1995 to July
1995 prospectively.

Results :

1) Average and standard deviation of age, height, weight of patients with
airflow limitation was 58.3%7.24(yr), 166+80(cm), 59.0+99(kg) and those of
normal subjects was 56.31712.47(yr), 165.9%£6.9(cm), 64.4110.4(kg), respectively.
The differences of physical characteristics of both group were not significant
statistically and male to female ratio was 14:6 in both groups.

2) The difference between slow vital capacity and forced vital capacity was
395*+317ml in patients group and 154+176ml in normal group and there was
statistically significance between two groups(p<0.05). Sensitivity and specificity
were most higher when the cut-off value was 208ml.

3) After bronchodilator inhalation, reversible airway obstructions were shown
in 16 cases of patients group, 7 cases of control group(p<0.05) by spirometry
or body plethysmography and the differences of slow vital capacity and forced
vital capacity in bronchodilator response group and nonresponse group were
300.41306ml, 144.7+180ml and this difference was statistically significant.

4) The difference between slow vital capacity and forced vital capacity
before bronchodilator inhalation was correlated with airway resistance before
bronchodilator(r=0.307 p=0.05), and the difference between slow vital capacity
and forced vital capacity after bronchodilator was correlated with difference
between slow vital capacity and forced vital capacity(r=0.559 p=0.0002), thracic
gas volume(r=0.488 p=0.002) before bronchodilator and airway resistance(r=0.583
p=0.0001), thoracic gas volume(r=0.375 p=0.0170) after bronchodilator,
respectively.

5) The difference between slow vital capacity and forced vital capacity in
smokers and nonsmokers was 267.53303ml, 277.5%276ml, respectively and this
difference did not reach statistical significance(p>0.05).

Conclusion : The difference between slow vital capacity and forced vital
capacity by spirometry may be useful for the detection of collapsible airway
and may help decision making of therapeutic plans.

Key Words : Chronic airway disease, Spirometry, Plethysmography,
Bronchodilators
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Table 1. Physical characteristics of subjects

: Airwa
Normal subjects obstructlyon
(n=20) (n=20)
563+ 1247 5831724
Age(years) 26~71) 42~67)
Male : Female 14:6 14:6
. 1659169 16680
Height (cm) (152~175) (152~ 180)
. 6441104 59099
Weight (k) (48~85) (44~76)
1. Marolm @RIZel SVC-FVCel v|@m

HFGA ALBAZ o] g3kl SVC-FVCE
g9 BAFS 35-31Tm, AL
154+176ml2 F23F Zol7t Ao (p<0.00),
F)A A Fol ol Zhz 300+335ml,
203+181mlZ 23 ol iUt

ps |
(=]

2. Jl@X SHYM Tolgel HuY
W R ESS Wt

Iy

N#A A FAAFo| HAGFA L A
2z 712 93 HEF Y AREY
A3t Table 239 YeRit) #Abee] 7
L #H AEZ exercise limitationo] wE
¥7Y2 AFFFEVI0l 2~3 Ls), 53T
(FEVi°] 1~2 L/s), 5 T(FEVi°] 1L/s¢l
shoz Yrdgw, AES 58, F55T
& 129, F57L 3¥elden, 1#A &3
A Bod@e] SVC-FVCE Z+zt 266+ 215ml,
4861-335ml, 770£587mig o™, 7]#A]
A FoZoe Z+zb 2251207ml, 277 £247ml,
5261+367TmlE ZAastATh 71#A A F
%o 7194 V= HHE B Aee A
T4 169, iRl A 7H ol e (p<0.05),
178 o)l H&FA A FE(spirometric par-
ameter) & 17%9(73.9%)°1 4 7t94& ERY
R, 1% FEFs = 371 79, FEVi9] &
7= 79, FVCe Z71= 119 AtkFig. 1).
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Figure 1. Recognition rates for spirometric parameters in

demonstrating improvement after bronchodilators
in 17 patients. The percentage of patients
identified as reversible by each parameter is
shown. “Any” refers to the percentage of
patients identified as reversible by at least one

spirometric parameters.

\
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Figure 2, Recognition rates of reversibility for plethysmogr

aphic parameters in the 6 subjects who failed to
demonstrate improement in spirometric
parameters after bronchodilators. The percentage
of patients identified as reversible by each
plethysmographic parameter is show. “Any”
refers to the percentage of patients identified as
reversible by at least one plethysmographic

parameters.

Table 2-1. Comparisons of spirometric results in normal subjects and patients with airway obstruction before bronchodilator

inhalation
SVOU) | g vane | YD | eidineae | FEVD | R
%giclgs 354 = 080 2.1 = 111 339 £ 076 884 + 125 286 = 069 | 1025 + 201
obszl;t_rlvl;(,::t;:;n 297 = 085 783 £ 345 258 = 0.86 688 = 33.7 1.80 £ 0.86 644 £ 297
p value 0.034 0.003 0.001

Values are mean T S.D.

Table 2-2. Comparisons of spirometric results

in normal subjects and patients with airway obstruction after bronchodilator

inhalation
VO | peiive vaue | TVOL) | i vame | FEVD | et ot
%gi%:l)s 3.80 = 0.82 984 + 145 359 £ 084 934 = 15.7 3.04 = 06 109 + 22.7
obszltlllrlvgcgl;;n 3.28 £ 0.80 86.3 = 41.8 298 + 0.90 78.6 + 354 1.94 £ 0.96 710 + 479
p value 0.05 0.03 0.001

Values are Mean & S. D.
SVC:slow vital capacity, FVC : forced vital vital capacity

- 562 -



Table 3-1. Comparisons of body plethysmographic results in normal subjects and patients with airway obstruction before

bronchodilator inhalation

Raw (cmH, O/ /sec) SGaw (1/S/cmH, 0) TGV @)

Normal subjects 143 + 058 021 + 009 409 + 076
(n=20)

Airway(nggg‘)m"ﬁ‘m 316 + 225 0.13 * 0.11 548 + 2.16
p value 0.0032 0.012 0.014

Values are mean*S.D.

Table 3-2. Comparisons of body plethysmographic results in normal subjects and patients with airway obstruction after

bronchodilator inhalation

Raw (cmH, OfL/sec) SGaw(L/S/cmH, 0) TGV (L)

Normal subjects 1.27 = 045 024 + 007 399 = 0.76
®=20)

Airway obstruction 266 + 198 0.15 + 0,10 472 £ 150
(n=20)
p value 0.006 0.003 0.06

Values are mean=®S.D.

Table 4. Detection of reversible airway obstruction by spiro.metry or body plethysmography

No.

Normal subjects Airway obstruction

Identified by spirometry 17 / 23 (73.9%)

5/7 (1.4%) 12 / 16 (75%)

Identified by
body plethysmography 18 / 23 (78.3%) 577 (711.4%) 13 / 16 (81.3%)
p value NS NS NS

NS : not significant

17 o]’ AA 715 A E(plethysmog-
raphic parameter)® 184olA 714 & el
Wi, O2% 71E ARZ(SGaw)d F7hH=
139, TGVY Zra+v 99¥olUtTable 4). 7}
g4 V= HAHE B 23¥F, 1242 A
FA Ax L A 7EH AREAA 7S94
& Hygow, 5He HEFA AHolA, 67
2 A 7B A FAAMT 7o) FHE
At

HEZFA Aol 9] 7t o] FHHA
%A 678 AA 71ER A E(plethysm

ographic parameter)ol &3 7}H Ao FH
HelEd, 2% NEdERY SR 49, TGV
R 290lM 7t ol S5 = UtHFig. 2).

3. SVC-FVCe HEE =Z3¥ Xu
o A

7187 &7ZA Fq4Hde SVC-FVCe 7]
= A Raw)F Aol dder (r=0.307,
p=0.045)(Fig. 3), 71 & FFA Fo 59
SVC-FVC(r=0.599, p=0.002)(Fig. 4),
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Figure 3. Relationship between SVC-FVC and Raw in Figure 5. Relationship between SVC2-FVC2 and TGV in
Normal subjects and pateints before 40 subjects
bronchodilator inhalation
- — . ~N
SVC-FVC(L) Raw(emH20/L/s}
A SVC2-FVC2
14 _ A SVC2-FVC2 14 * Raw2 .9
i2 * SVC-FVC N 12 By g
| -= I =0,
r=0.599 1 47
1+ * A “le
L) 0.8 | b4 .. 08 a . * 18
A
0o6f test 06 . YL
A Fo® . as . a 43
0.4 |- .o AXA“ 0.4 - "o 1,
024 o ) M‘“. . 02f e el ¥ o dae,
: . ; . a . |
0 laas Ahas Alé“‘“l AAI! « ° 0 huasatd .‘: ......... Badanss .‘... ........ (1)
A
138687911 1315171921232527293133353739
13 57 9 11131517192123 252729 31333537 39 Normal subfects Patients
=20 n=20]
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Figure 4. Changes and relationship of SVC-FVC before
and after bonchodilator inhalation(SVC2-FVC2)

TGV(r=0.488, p=0.0014)(Fig. 5), 7| &= &=
o FojF 9] Raw(r=583, p=0.0001)(Fig. 6)%}+
Aol gE AoZ Heol FHEA JEE V)
= HHel 93 AFFrte BHAGE AL
& T IA-

4. 7| x| FH F0F RAOO| FHH

Figure 6. Relationship between SVC2-FVC2 and Raw2 in
normal subjects and patients

2 395X 8

22 T2l SVC-FVC

o Al

at

BazolA 7t 4ol 298 3%, SVC-F
VCe HaEg XFEAXE 0421033
o, 7ta4o] 2HHA e ASolE 0205
=02BMFer, FFTAMNE 2427 0257 =
0.21(L), 0.098£0.14(L)H . AAH2ZRA0
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of QE A 9 Algel Pl EFH
2= 24 0.370+0.31(L), 0.145+0.18(L)e.2
Fel@ Aok AP (p=0006), o1RE 7
94 7% A4 ALFF SVC-FVCS 7
o7} Atke & RelFUTHTable 5).

HIEHAS SVC-FvCY

Zhaell A FaAteh HFAARE 47 148
% 6oz FdALH, A APTA
FAxH28%)et vlFAAH127)e] SVC-FVC
£ 747 26751303ml, 277.5+276mlE %
¥

AH o4 IATHP>0.05).

nl x}

19513 Gaenslerl0)oll 9l8} B F57)
& wEA HEE SAHS JApidel
A golstal, Fee oz AFA o
™, 197930 ATS1D7 &89 HApd
AAIge wet HgZFA ] 23 #H )
AAbe @A ol 3E75 B3
W o ZA Fa3HA o] &Hx ok

HzpA o) o3t 717 AL st Hql
H7 Al 7)1 Aol AY gt E3td
Y 5 A wrtdAg F w9 @
FHE FEA 7xolH, AL dA5d 9%

Z18A HA e VIRAA FEREY] 24E

>

[o%

I

=
Noof do jo BB

ot N gE

5
fr

2 A% WAL EE JFAA FREY
2AE AW ANE E= PRe] £
[e]

el A 7157 #HHe &

e e 7= Z3 7]#A] Ao
3 A7 A8 R dAE
pursed lip breathing®]\} nasal positive
pressure ventilation® 2 X 53}9, T}
ke ool AREHETE HoA AgFHd F
24% 71 Atk

frelst HE 7t ¥Halveolar gas com-
pression)< A27HA] 8l st wh, A
M2z A3 H28, A2 oY, AFs
FHHA G52 dE 7t &4, vHA
2 FHUAA B & d5€E5 e )
*(breathing helium £ %2 31%)So|t}

7he ke HYQEv|r)Ee FHEsE
Z8(muscular effort)ell M= Jas v+
ong AHAARIAME of=AHre] ¢tuts
ARE YA FAGRE FEol,

adu, 715 A7 de A F
2 FEAA AEE el Z7] "ol
7k gketel A717] Hx, ArlHe FUlE
dut e txel Y= FrletA Bg?
13)

SEIIAY Qe FAEshe 7k ke
e A Fomd o3 JdFE"
pump® TAHE HE VAAH mdaE 49
g IthFig. D"

L

Table 5. Differences in SVC-FVC(L) between shown reversible airway obstruction (RAO) and not shown reversible airway

obstruction after bronchodilator inhalation

Reversible AW No reversible AW
obstruction obstruction p value
0257 + 021 0.098 = 0.134
Normal @=7) (n=13) p < 005
: 042 + 033 0295 = 0.25
Patients (n=16) (n=4) p < 005
Total 0.370 + 0.31 0.145 + 0.18 p < 005

Values are mean*tS.D
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A —> /I\ AVE

. S/

Figure 7. Lung model consisting of a pump connected via
a constricted tube to a spirometer. AV repres-
ents change in lung volume (plethysmographic
volume) and A Vg represents exhaled volume.
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airway obstruction)& 7Hl B #FAE]
EFUA HlE-28-E5 2 (B -agonist)ol <3 =
gAe o g BAFAov, A7
E 4% 719X (true reversibility)o] U
oz Esta, HEFAAA 714 (spirom-
etric reversibility)& HAFZ] EJd,
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ALESol gt el ¢ YL EAZ T
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w7 8 2ed ¢ Qla, AAe 718A &
A AFES £A - (volume-related) E
= =389l &4 ¥ 3 (non-effort dependent
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2 HAEFA gUR E&r Jdernz ol
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7 #&EHJen,  AFE Fenoterol
o3k 7|#¢A F2E HEH FF a9
A7} J& Aeg FEHr

Charan57¢] 2latd FAAels FVCY
#AE SVC-FVCrZE S7hgitia st e,
AX7A gurEHoz wlFAx} T34
FAAY Az 71#X] AARE FEEF
douz Ax 7z HYdE FE&3HA A
23 4 dou stgoy EdFdAE &4

2
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st BlFARAFl FYg Apoly WA™Y
& ik

gy V=rt vUkgE 71 Hdded=
Bystn, 7184 334 F49F SVC-FVC
9 #Ax 2 7194 7l HH dEFE
SVC-FVCY ztol7} & AL, AYTo] &F
3 FeA 7e Agns X3 o] B
e EFE FdHe e 28E T8I

For roxn HEFAN 9% SVC-
FVCY ZAA HARe] A%, AF, 4, vol
off W& Ao]& m:E s SVC-FVCe SVC
o thg u]&el W3 SVC-FVC/SVO)E At
230w Z¢ A AFAE YeEPIF )
SR AAHY, oHE FF HuAF7}
dasteer AztEh

B AP AREL FEA 71E9 Y
of 7184 A FAHT] HASHAL A
7129 AAREE ol43tg o, HEFA
o 93 SVC-FVCe ZFAo] &% g4
7= Agel BN F835H4 ol8EF &
Aoz A7t AAR 7|5 o3
7o) %ol AH HFHE FF I Ha
stejet Azt

2 o

A7l : YA 7xe E4& T4 V)
T A3d 713X HAA9 g UM F
8A4E /A1 ok 5% JFEA Ve 2
gy Z1EA A2 o sgEd e A
o] 788 HAE pursed lip breathingolt}
nasal positive pressure ventilation®Z X%
g, FA= okgayel AgHTE P
Zasith 71BA Aol AzFe) 8o
2 mege ey JEE  astgHEe )
F Az 3 FeHoln, RS HAEY A
Hel o8 2R=E £473 A 712
g8 FAHE shxa el g SHzel
solz MmGozH BEY F Aok

W A8 UL o3t HaY

1

I} =84 HPHSVC-FVC) Alole] 44
zolE SR BN, 7k FEY (B2
LIXE A 98, 1995 14959 79
7HA], B H71% AARCl UL J1F H
A7 e = 208 (HAAHHAH DS 129,
FAA Y] ZIBAHA 7, BAAHSHHH A
3 71BX Aol wWitd 193, 71§ #HA
A27o] Holx| v AR 20%WE o=
HAEF SAYT AA 7|B3HE o] &3, 7]
B FFA Fo AFe] HEF FAHY A
AR FE 2] W3E SAIACL

ay

D 215 47 e gxe F7 99
58.317.24(A), AFL 166+80(cm), HF
59.0199kg)Hem, AL HTE A%
56.3+1247(41), AL 1669+69(cm), AZF
< 6441+104(kg) 22 f23 Hole IS
H(p>0.00), Fyinl= Z4zh 14: 6011t

2) 8AT9 SVC-FVCE 39%5%317ml, &
Aol SVC-FVCeE 154*176mlg  §-9)3%
zto)7F YR LH(p<0.05), F T BEEAES
208mlE Psu WP} Bolwrl 7MF
stk

3) 71AA A FAE, HEZF SHY)
U #JA 71EHoz 7194 JE HAgS B
ol ASE FAFAA 169, dR2TFAAME 7
HoloH(p<0.05), 71#A] A W E
Hl¥h&-7 ¢ SVC-FVCE Z+zt 300.4%306ml,
144.7£180ml2 F9g Aozt AU
(p<0.05).

4) 718X A Foqxe SVC-FVCs,
71= A& (Raw)F Aol AN L™(r=0.307
p=0.05), 71#A A FojFe] SVC-FVC
2, 718X 83 FodAde] SVC-FVC(r=05
59 p=0.0002), TGV(r=0.488 p=0.002)% 71
2 g3A Fo59 1% AgHr=0583 p=0.0
001), TGV(r=0.375 p=0.0170)%} Aol AU
o},

5 AA AgTelA FARHBH)S HFA
AH(12%)¢] SVC-FVCE ZtZ+ 2675%303ml,

flo o rlo

Ir

T
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27751 276mlo| R o™ FAH fFodL ¢l
tHp >0.05).
42 HAEFAN 9% SVC-FVCEHo]

e 7eE ek, AswAS 2As)
~H Ee& 7 Az gdn.
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