Tuberculosis and Respiratory Disease A& 5l 3573438, Vol 40, No. 3, June, 1993
O¢ HN[O

Panting ¥ Quiet BreathingA| Airway Resistance =3 2] v

o) god A st of o) &} Wi #HetmA

3 M .0 2 -0 7

of0

P EEELLREL SR

dMA-3 F-HAYH-0dIF

= Abstract —=

Comparison of Measurements of Airway Resistance during Panting and Quiet Breathing

Seon Hee Cheon, M.D., Woo Hyung Lee, M.D. and Kee Young Lee, M.D.
Department of Internal Medicine, College of Medicine Ewha Womans University, Seoul, Korea

Se Kyu Kim, M.D., Joon Chang, M.D., Sung Kyu Kim, M.D. and Won Young Lee, M.D.

Department of Internal Medicine, College of Medicine Yonsei University, Seoul, Korea

Background: Panting method for airway resistance measurement has the disadvantages of depart-
ing from the normal breathing pattern and of difficult for some patients to perform. We can measure
airway resistance during quiet breathing under more physiologic conditions. Airway resistance is
often measured during panting but attempts have been made to facilitate resistance measurements
during quiet breathing. This study was designed to compare airway resistance measurements during
panting with those during quiet breathing.

Method: The 24 normal persons and 29 pulmonary disease patients were included in this study.
Spirometry was performed and airway resistance measurement was also done during panting and
quiet breathing concomittently.

Results: The results were as follows;

1) High correlations were found between airway resistance measurements during panting and quiet
breathing. ‘

2) Resistance fell during panting, 21.2% in Raw tot, and 22.1% in Raw 0.5.

3) In normal persons, airway resistance fell more during panting when comparing to those in
pulmonary disease patients.

4) This was largely independent of thoracic gas volume differences, because the specific airway
conductance rose significantly during panting.

5) The patients in whom resistance didn’t fell during panting was supposed to the patients who
couldn’t perform panting successively because of high resistance.

Conclusions: Although airway resistance can be measured during panting or quiet breathing
according to the patient’s performance, we must consider resistance fell during panting, by a mean
20%. It may be concluded that quiet breathing is more likely than panting to provide a relevant
measurement of airway resistance.
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Airway resistancet 72} 9] 7ZlAmEIFE AL
]9 EE 7% (airway)ol4 AA=E 7)F (airflow)
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Autobox (pressure/volume plethysmograph) & A&
3le] airway resistance® &4 3lgirh Airway resis-
tancex quiet breathing®} panting Alol} 77} &4 4}
g2, resistance curved] maximal pressure points
oA 71278 4%
(]3l Raw tot), resistance curved 0.5 liters per
second 4xol4 71E&7]E

A< total airway resistance

2% Ag FA4HY air
way resistance (¢]3} Raw 0.5) ek 8}¢ic}, Inspira-

tion®} expirationAlol resistance 24¢] 7™
2790l A Z7}
Raw insp), expiratory airway resistance(¢]3} Raw
exp) & &33tgc}t, Raw 0.5004] airway conductan-
ce(o]8} Gaw), specific airway conductance(¢]s}
SGaw), specific airway resistance(c]$} SRaw)%

FA3ieh

inspiratory airway resistance(°]3}

< b
1. Spirometry Z =}

guk 715 A M dlzde] AEFEE Byl v)e
of #HAZF FVC 2.3+0.67L(70+16.0%), FEV1
1.4+0.50 L(57+18.5%), MMFR 0.9+0.57L(32+
18.5%) 2 559 dA7% M3HE vy rh(Table 1),

2. Total Airway Resistance 2} Airway Resis-
tance 0.5(L/s)2| Him

A Aboll 4] Raw totE quiet breathingAl 6.20+
4.90(cmH.0/L/s), pantingA] 5.05+4.98 (cmH20/
L/s) 2 21.2%9 7482 Ry, Raw 0.5% quiet
breathing 4] 3.58+2.30(cmH.0/L/s), panting 4]
2.8442.23(cmH,O/L/s} & 22.1%9 &88 3Y
o}, df&ol4 Raw toty quiet breathingAl 3.06+
0.99(cmH,0/L/s), panting#] 1.94+0.61(cmH,0/
L/s) & 32.8%9 #4488 9o, Raw 0.5 quiet

breathing 4] 2.001:0.69(cmH,0/L/s), panting ]

Table 1. Comparison of Spirometry Results in Control
and Disease Groups
Control Disease
(n=24) (n=29)
Age (years) 31+12 57+ 16
{23 — 63} (2481 I
Sex (M : F}) 1:3 1:0.9
FVC (L) 3.7 +0.53 2.3 0.67
( 94 £10.9) (70 £ 16.0)*
FEVT (L) 3.2+ 045 1.4 0.50
{102 £ 10.5) (57 £ 18.5)*
MMFR (L/s) 3.8 +0.85 0.9 0.57
{106 = 18.7) (32 18.5)*

* p < 0,05 {(normal vs disease groups)
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1.40+£0.44(cmH,0/L/s) 2 27.0%9 7488 29
o}, o A 3 7ol 4 Raw tot+ quiet breathing 4]
8.81+5.32(cmH,0/L/s), patingA] 7.62+5.53
(cmH,0/L/s) 2 11.6%9 Z4&% 2o, Raw
0.5% quiet breathingA] 4.89+2.35(cmH20/L/s),
pantingA] 4.02:+2.43(cmH,0/L/s) 2 18.0%%] 74
2 BgoH(Table 2),

3. Inspiratory % Expiratory Resistance2|
Him

A AHAo) A Raw inspE pantingA] quiet breath-
ingell ®l8ted 29.3%, Raw exp¥ 40.6% #4m%.e

o, o] &7} A RawinspL 28.4%, Rawexp=
57.6%, AA37o4 Raw insp2 29.9%, Raw exp
£ 28.9% #tasiodck(Table 3).

4. Corrected Airway Resistance2} Intrathor-

acic Gas Volume®| H|

Intrathoracic gas volume (o] &}

A) quiet breathing off »} 3t o3 A ) 9 42 3.5+
1.18(L)el A1 3.90+1.38(L) %, dl&¥ & 3.04%
0.53(LYell A4 3.31+0.59(L) =2, AAZRFTL 3.96%

1.30(L)o84 4.39+1.64(L)E F7lEglev], SGaw
= panting4] quiet breathingol] ®|3ted A o)A

Table 2. Difference in Airway Resistance During Quiet Breathing and Panting

Quiet Breathing Panting % Change

Total {n=53)

Raw tot {cmH20/L/s) 6.20 £ 4,90 5.05 + 498% -21.2

Raw 0.5 {cmH20/L/s) 3.58 £ 2,30 2.84 +2.23* —-22.1
Control (n=24)

Raw tot {cmH20/L/s) 3.06 + 099 1.94 + 0.61* -32.8

Raw 0.5 (cmH20/L/s) 2.00 £ 0.69 1.40 + 0.44%* —-27.0
Disease (n=29)

Raw tot {cmH20/L/s) 8.81 + 532 7.62 + 553% ~11.6

Raw 0.5 (cmH20/L/s) 4.89 2,35 4,02 + 2.43% -18.0

* p < 0.05 {quiet breathing vs panting).

# Raw tot ; total airway resistance calculated from the maximal pressure points.

Raw 0.5 ; traditional airway

resistance calculated over the flow range of 0.5 liters per second.

Table 3. Difference in Inspiratory and Expiratory Airway Resistance During Quiet Breathing and Panting

Quiet Breathing Panting % Change
Total (n=27)
Raw insp (cmH20/L[s) 3.86+2.74 2.82  3,09% ~29.3
Raw exp (cmH20/Lfs) 5.67 + 4,01 3.54 + 4,58% ~40.,6
Control (n=11)
Raw insp (cmH20/L/s) 1.47+£0.34 098 +0,53* —28.4
Raw exp {cmH20/L/s) 2.36 £ 0,96 1.00 + 0,68% -57.6
Discase (n=16)
Raw insp (cmH20/L/s) 5.51 + 2.41 4,09 £ 3.49% 299
Raw exp (cmH20/L/s) 7.95 + 3.69 5.28 £+ 5,31% 289

* p < 0,05 {quiet breathing vs panting).
# Raw insp ;inspiratory airway resistance.

Raw exp ;expiratory airway resistance,
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Table 4. Difference in Corrected Airway Resistance and
VTG During Quiet Breathing and Panting

Table 5. Comparison of Spirometry and Airway Resis-
tance Results between Groups Which Raw (QB)
0.5 is Larger than Raw (P) 0.5 and not

Quiet .
Breathing Panting
Total (n=53)
Gaw (L/s/cmH20) 0.39610.225 0.54010.330%
SRaw (cmH20.s)  13.45:11.65 12.05:13.40%

SGaw (1/cmH20.s) 0.126:0.084 0.159:0.108*

VTG (L) 3.55¢1.18  3.90:1.38*
Control {n=24)

Gaw (L/s/cmH20)  0.560:0.199  0.790+0,282*

SRaw (cmH20,s) 5.97+1.92 4,36+0.99*

SGaw (1/cmH20.s) 0.187:0,072 0.2400.076*

VTG (L) 3.04x0.53 3.31£0.59
Disease (n=29)

Gaw (L/s/cmH20) 0.260+0.139 0.33110,184*

SRaw (cmH20.s)  19.63:12.70 18.42:15.49

SGaw (1/cmH20.s) 0.075:0.054 0.091:0.081*

VTG (L) 3.96+1.39 4,39+1.64*

* p < 0.05 (quiet breathing vs panting)

# Gaw ;airway conductance, SRaw ; specific airway
resistance, SGaw ;specific airway condpctance,
VTG ; intrathoracic gas volume,

0.126+0.084(1/cmH,0.s)ol A 0.159+0.108(1/
cmH,08) 2, =272 0.187+0.072(1/cmH,0.8) ol
4] 0.240%0.076(1/cmH,0s)2 2, o A 37 &
0.075%0.054(1/cmH,0.8)) A 0.091+0.081(1/
cmH,0.8) 2 EA|A o2 {9354 &7 59k (Table
4),

5. 8 3l # 2% Airway Resistance 0.5(L/s)7}
PantingA| Quiet Breathingol] H|S}o{ =2 2
o 2 e vji

A 3ol 4] Raw 0.57} pantingA] quiet breath-
ingell ¥l 2 F(n=22)3 & T(=7)22 F¥
3lo] Rokg Wl F T Aol vol, 4w, FVC, FEVI
3 MMFR& A9l zbo]7} 9igley Raw totet Raw
0.5 Raw 0.57} panting4] quiet breathing®.c} &
Foll A &g ol vldted vlmA & 3 Bich(Table
5).

Raw (QB) Raw (QB)
0.5 > Raw 0.5 < Raw
(P)0.5 (P} 0.5
(n=22) (n=7)
Age (years) 57£17 5749
Sex (M : F) 1:1 1:0.8
FVC (L) 23+0.71 . 2.3:0.54
(71£17.0) ~ (69£13.3)
FEV1 (L) 1.4:0.50 1.3£0.51
(58+17.5)  (55%22.7)
MMFR (L/s) 0.9:0.59  0.8:0.52
(32417.7)  (31£22.5)

Quiet Breathing
Raw tot (cmH20/L/s) 7.94+3.70 11.55£8.50

Raw 0.5 (cmH20/L/s) 4.48+1.81 6.18+3.42

VTG (L) 3.85x1.44  4,34:1.28
Panting

Raw tot (cmH20/Lfs) 5.89#3.54 13.06+732%

Raw 0.5 (cmH20/L[s) 3.21%£1.20 6.57£3.,54*

VTG (L) 4.30+1.71  4.65+1.48

* p < 0.05 (groups which Raw {QB) 0.5 is larger than
Raw (P) 0.05 vs not).

# Raw (QB) 0.5 ; Raw 0.5 during quiet breathing,
Raw (P) 0.5 ; Raw 0.5 during panting.

6. Panting ¥ Quiet breathingA| Airway
Resistance Zt2| Ar2 2]

Quiet breathing®} panting4] &3 3} airway resis-
tance 7+ Ar@@AlE Raw 0.55 0.921(p<0.05,
Fig. 1), Raw tot+ 0.887, Raw insp & 0.794, Raw
expa 0.709 (Fig. not shown) & A3 ¥& 38 &
A,

o 1

Airway resistance® A71= 3 7|9, 7]#= 9] 7| &
o] g Ao Fz AFEAez E3xe] govt
Zalol = = 4] A 5 A 8- (obstructive lung disease) &
ek c}ekst challengeol 23 914 7l=dbge] =
A, AR LE Felo 4, 71FA g (flow limita-
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Fig. 1. Relationship between measurements of Raw 0.
5 (Airway resistance in flow 0.5L/s) during
Quiet breathing and Panting.

tion) Yu¥-9lo) 78 BB 7]511]4]4 Z2H o A
AH ez gol of&Hi v FAlolo,
resistancet body plethysmographs A}-23ted 71
(flow) s} 7 2.9} (alveolar pressure) 2 EAol zjo] &
A & 9l £2 panting ¥ S o] &3le] 45
sith, 2 o} 2 % plethysmograph7} A4 el AR &

Airway

F9 T T& (frequency) o= A48 S34= 4
g AAg uk2g 8 £} glon, 5783 Ag 3

A3 A7), glottisE

224 boxel &= ®¥IE F
WA §-=15ke3 AL7]___,] g3e 2o £ 317] w59
o, z22v $ajell webi £ pantings F +IdE &

glor] B3] sgdel A el Al A 8 dxle] 79 o] &
o]&c}, Zellof] o] pneumotachographell rebreath-
ing bag% FAAF| AV AAAH LR sk £ Z2A- o
7H58 A B = A AbR] 5. E-A] airway resistance &4 o|
Alx5o] $t=d] o213 quiet breathing Aloll= &9
T EEFF Ylolx 7o) 7hEdie, WA XE I E
9} airway resistance® A 33}7A| 1k

= A=}
@ AALALD BAIAN BF 242 4+ Yk 2F

£ Fo4% 4 vk Aol Uk

Jaeger 592 A Akalo]| 4 pantingA]ol| airway resis-
tance?} 715 Baslgow], Peset 72 AAQlelA
= airway resistance”} panting %@ quiet breathingA|
o A9 fAsht wbA A A A8 Aol A= pant-
ingA]ol quiet breathingAl ¥ o} ZrA &z 3¢l
Stanescu E¥& AAlelS- tjAko 2 airway resistance
2 233} pantingA] 9| airway resistance’} ¢t 2
v 1 o]+ panting4] 2E #&H el A Fo] S
of u}e} A (glottis) o] AR ZEA| R} goix 7] sF
olg}x 3} pantingo| airway resistance &4 &] A7)
9] 33 HaAZ 4 glv 7h A dholet
6}911’4— Barter 52 97| %A@ B2} 304 & of

o 23} odFol4 pantingA] quiet breathingA] &t}
Raw-mspT_— 13.7%, Raw-exp& 8.2% #4d& B
st o|21 g Hate] o] & A A do] = Fhajoll A
3}7] %.9] effective resistance7} 7+4317] Wl £ Zo)
gn Adrslgdon, welr AR B 7
breathing© 2 airway resistanced &A= o] r
° 2} ;§,L-€ﬂ- 73 o] a]._‘;r__ g].o:l r,].

2 Ao AA 2T 2443 TF/HIE 29

A48 o

= B

quiet

=S jale g airway resistance®
pantingA] quiet breathingell ®] 3l <k 20% (Raw
tot; 21.2%, Raw 0.5;22.1%)9] airway resistance
e BPa FAA LR Folskgih(Table 2), o|&
Jaeger 59| B35 A9F o E AT AHAEH B]—’E
A2 #4715 AV A7l A wepy 7+ 2
o] dFEol AolE XA + der Hz plethysmO-
graph7} W s A AR Z3E Bels Aoz A7t
"o, B dFolMe A4 A4 zFolv 5§5714
37 =5 panting#] airway resistance®] 45 H.¢l
on], Ztage TEIIAIFR G AR FA o Frh
(Raw tot ; o} = 7-32.8%, 2 &7 % &+-11.6%,
Raw 0.5; & 7-27.0%, & 712 #7-18.0%).
Airway resistance curve ol 41 7+ 7+ 9] Raw insp 3%}
Raw exp &Aool 7} 538t 279 ol A panting A]
quiet breathingel| ¥]3leq Raw insp2 29.3%, Raw
exp& 40.6% 745 3itk(Table 3),

Airway resistance”} pantingA] quiet breathingA]
B} A de ol f2e AVIEs) rne 9E 271K
2 v¥ol & 4 ek Hyatt ¢ #3& (hyper-
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)

ventilation) A]o]] upper airway resistance7} 7}4 3}

ol

3 dhgen, Stanescu 5¥2 pantingA] 4J%o] &

3]
golalgd o w whebAl airway resistances} 4
A

ox e 2

28 4
ctxz 3tgit}, pantingA] airway resistanced] 7r4
Aot ubAd A At A B 5o AA WA shR] ah
AsllAe 47159 dgo] total airway resistance?]
33u1A] 45% A xolt w14 Aqle A4 20%0) 2308}
B2 pantingA] airway resistance Zt4of i3 47lx
o] 43¢ HAAge] gE AAAdAA of Feisicin
g4 glet, e #7 FUEA 98 (non uniform)
73-% time constance’} ¥4 gor, 553471 2
7}kl upe} AALE FA) 2ok lower airway resistance
59 FHE 471 dom? ol HAldrd A
glapoll Al pantingA] airway resistance®] Zt4-ol v £
9§ Frh B dFolA pantingA] airway resis-
tanced] 7tA7t 3EF71ASFE ) dl&2FA B FHe
=] 53] expiratory airway resistancex 57.6%7} 7t
450 TE7) A7 28.9%8 ) oF 209 g
H9lEd o]& pantingA] airway resistanced] 7+4 o)
47159 Jgke] o] 27| ajfoleprliddes dRFol
panting& ¥4 3 43 35}o] pantingA|9] 4 FH4E
aA g 4 971 d-gol obulzt A,

H-@Ho] Euf 22 7-%¥ch airway resistance’t
Zh48lo] Hyatt $9& -84 o] 2 liters 2718 wja}
upper airway resistance¥ &7|4] 45%, &F714] 55%
A4 gta ¢ Specific airway conductance
(SGaw)= volume factord] <23% w37 9sle]
GawE lung volume(VTG)L2 o] & Ftog B
9ol 4] pantingA] quiet breathing4] 2 ¢} intrathor-
acic gas volume{(VTG) o] Z7}8l e} SGaws 9
87 Z7}elo) pantingX) airway resistanced) 727}
HEH Fotohs FAE¢E 24 FH(Table 4),

Panting4] - airway resistance} quiet breathing4)

2

of vlgted Fof s aslgl ot T ENART 299 F

7742 pantingA] airway resistance”} 288 Z7}5|g)
o} (Table 5), Panting#] airway resistancez} 7+43}
£ 73 .38 Frlele Fo2 vpo] Bokgw £ 7
7o) vhol, A, 712 spirometry A3 A $-A}5}
oo} panting#] airway resistance”} Z7}sfe o}
748 1o} airway resistances} ¥4 gl o]
+ Aol whebd] airway resistances} AE F 4%

panting® & 3 3x] £35}7] wlFol pantingA] 2.9
# airway resistance”} $7}8 4 gl& Aoz A7y
o},

Quiet breathing Aol =A 3l airway resistancet}
pantingAlol]l 223} airway resistancev} & 4w
AE Holzg 3xe] 48%8] wel quiet breath-
ing £-& panting W& ©|-8¥ 4 9121} panting”]
quiet breathing] ®.t} airway resistance’} ¢ 20%
7+4 38 maistedo}l glcl, Panting®.t} quiet breath-
inge] A4l AeiAel sFAeld, +93717} 4
o, A7% a4 #4715 airway resistanced ©l
iAoz gtdd 4 gdem g AT Y A gFolA
panting® t}+= quiet breathingo] airway resistance
£ &k ol 2 9oz g,

2 of

S | Airway resistance 74| panting W4
LA TEAR e 2 Fxlo] gt £ of
33 quiet breathing W& ©$ A==l 2§54
gtoll A FAo] 7lwslch, HAlE F 2 pantingg o]
438t o) # o+ quiet breathingg o] &3t 24
2 B ofFollA& panting ¥ quiet breathing 4] ¢
airway resistance® &7 slo o]& wlaslgl o},

Uy AR 3 3EARTE Jes fu
713 A& £743k2, body plethysmographg o]&3
o] airway resistanceZ quiet breathings} pantingA
of Zt7t 2433 '

23!

1) Quiet breathing #} panting A] = A & airway
resistancer ¥-& A#@AE 29} (Raw tot; 0.887,
Raw 0.5; 0.921, p<0.05),

2} PantingAl quiet breathingel] ®}3}ed Raw tot+
21.2%, Raw 0.5v 22.1%9 4§88 232,
Inspiratory2} expiratory Resistance?] &3] 7153}
9wl 7% Raw insp2 29.3%, Raw exp2 40.6%<
Zadg B3

3) Panting#] airway resistance®] 74 -§¢ 287
A3Fac) dzFolA o A,

4) PantingA] specific airway conductance”} ¢
3HA] &7)5 9 2B B airway resistance 8] 74
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thoracic gas volume?] zpo}ol= aio] g2t

5) Panting 4] quiet breathing o] ¥} s}y airway
resistance’} 74 31A] % dxlE 2 oA airway
resistance’} 74 pantingS # 49312 23l= F4

FA =},

HE | Airway resistance &3 4] a2l 58580
u}2} quiet breathing #-& panting W& o]-8% 4
9l.2 1} panting4] quiet breathing®. o} 2 ‘1}7} ok 20%
ZAadE zefsloiol v, AT 3 s AsFlA
panting®. v} quiet breathinge] airway resistance®
2745 2o uo g Azig,
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