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Background : Maximal expiratory flow rate is determined by the size of airway, elastic recoil pressure and the
collapsibility of airway in the lung. The obstruction of expiratory flow is one of the major functional impair-
ments of emphysema, which represents COPD. Neverthless, expiratory narrowing of upper airway may be re-
cruited as a mechanism for minimizing airway collapse, and maintaining lung volume and hyperinflation by an
endogenous positive end-expiratory pressure in patients with airflow obstruction. We investigated the physio-
logic role of trachea in respiration in emphysema.
Method : We included 20 patients diagnosed as emphysema by radiologic and physiologic criteria from Janu-
ary to August in 1997 at Seoul Municipal Boramae Hospital. Chest roentgenogram, high resolution computed
tomography(HRCT), and pulmonary function tests including arterial blood gas analysis and body plethysmo-
graphy were taken from each patient.

Cross-sectional area of trachea was measured according to the respiratory cycle on the level of aortic arch
by HRCT and calibrated with body surface area. We compared this corrected area with such parameters of
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— Correlation of tracheal cross-sectional area with parameters —

pulmonary function tests as PaCO, Pa0, airway resistance, lung compliance and so on.

Results : Expiratory cross-sectional area of trachea had significant correlation with PaCO, (r=-0.61, p<0.05),
Pa0, (r=0.6, p<0.05), and minute ventilation (r=0.73, p<0.05), but inspiratory cross-sectional area did not (r
=-0.22, p>0.05 with PaCO,, r=0.26, p>0.05 with Pa0,, and r=0.44, p>>0.05 with minute ventilation). Min-
ute ventilation had significant correlation with tidal volume (r=0.45, p<0.05), but it had no significant correla-
tion with respiratory frequency (r=-0.31, p>0.05). Cross-sectional area of trachea had no significant correla-
tion with other parameters of pulmonary function including FEV,, FVC, FEV,/FVC, peak expiratory flow,
residual volume, diffusing capacity, airway resistance, and lung compliance, whether the area was expiratory or
inspiratory.

Conclusion : Cross-sectional area of trachea narrowed during expiration in emphysema, and its expiratory area
had significant correlation with PaCO,, PaO, and minute ventilation. (Tuberculosis and Respiratory Diseases

1999, 46 : 628-635)
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Table 1. Characteristics of subjects

Age

Sex(M : F)

PFT — FVC
— FEV,
— FEV,/FVC
— PEF

Raw (in expiration)
Static compliance
ABGA — pH
— PaCQ,
— Pa0,
Minute ventilation

Tracheal cross-sectional area

63 (52-85) yr

14:6(23:1)

2.75+0.80L (81.9+11.5%)

1.29+0.70L (53.4+2.7%)

45.4+14.3%

2.92+1.20 L/sec (44.5+15.1%)

7.51 £ 3.69 cmH;0/L/sec

0.14£0.03 L/cmH,0
7.4£0.03

39.9+4.84 mmHg

77.6+14.7 mmHg

12.4£3.3 L/min

Insp : 2.60+£0.56 cm?®

Exp : 2.394+0.51 cm?

7t2EM #8715 A (spirometry) &  A|83t,
AZEH718AE o188t H8H (lung volume),
71=A % (airway resistance) % 5<% (lung
compliance) & Z73}dct. Qoo wa} Autat 3
EAITE Ao, wjE37]13 (minute ventila-
tion)2 Sensor MedicsAle] Vmax& o]&sle =3
3kt

SFF/IEZ 2Rse] ARG we} wyH 7|
Be| S AP o2 Ax, FHY o)
SRR ESH(PaC0,) 2 A2E4(Pa0,), 7143},
dfes, WESNY o Jawdes gAHYA
(linear regression) & o] 8-5}e} EA5}4c).

4 1

@zt 2079 FF AYe 634)(52~854) =,
HA7} 147, A7t 6980l

HB7)s AANE =84 HFF(FVC)o] 2.75
+080 L (81.9+11.5%), 17 =34 37|z
(FEV))o] 1.29+0.70 L (53.4+2.7%), FEV,/
FVC7} 454+14.3%, Ao 37153 (PEF) o] 2.92

v

INSPIRATION

Fig. 1. Cross-sectional area of trachea at the
end of inspiration and expiration on

HRCT.

+1.20 L/sec (44.5+15.1%) =2 HHA AAE B
At

ATEH7IEANN S48 29 4F(TLC)L 6.
89+1.08 L, #7184 (RV)L 4.02+1.10 L, RV/
TLC= 58.1+11.00% o|la, 71= A3} (airway
resistance, Raw)£& & 7)Ao 7.51 +3.69 cmH,0/
L/sec, ¥71Ale] 4.52+1.82 cmH,0/L/seco]io.
9, Hf+E(lung compliance)= 0.14 +0.03 L/
emH 0ot

FUE 7h2RMoMe pHIL 7.4+0.03, ojAksier
A%} (PaCO,) 0] 39.9 + 4.84 mmHg, At4 29}
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Fig. 2. Correlation of cross-sectional area of trachea with PaCO,
mmHg mmHg
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Fig. 3. Correlation of cross-sectional area of trachea with PaO,

(Pa0,)°] 77.6 +14.7 mmHg fow, W7 |Fe
12.4+3.3 L/mino]9l™, HRCTZ 4% 7|#9
A e FUIA 2.6+0.56cm?}, B7IA] 2.39+0.
5lem’E &7]A] @@ o] ZrAsgXT /T At
= o}glch.(Table 1)

7% 9HAT Ko FawAd e A%
HESS AW, 374 71#e @HAe] PaCO,%
r=-0.61(p<0.05) 2 #J @Al Qlsles
(Fig. 2), Pa0,¢h= r=0.6(p<0.05, Fig. 3), g
I oS r=0.73(p<0.05) 2 ¥ Ao
BAE BAH(Fig. 4). 22iu F714] 718 @4

& PaCQ0.9t= r=-0.22, Pa0,9= r=0.26, 1&]
3 o)) r=0.442 fo3 AAVAE B
o]z gksith. Bl71ERANA 2] Sl BRI FA &
&2 (tidal volume) & &4 (frequency)F oH &
AR o8 AASE A BAH 1Y, PN 3EF
FHi= r=045 (p<0.05)2 Fo% JAVVAE A
oy}, %4 (frequency)®h= r=-0.312 #-9J8k4]
e¥sicH(Fig. 5).

W75 o8 AEEFY JBIAT 243
%Au, FEV,, FVC, FEV,/FVC, RV, TLC, RV/
TLC, PEF, s|&4bs, 7|=A% € d&Ex T34
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Fig. 4. Correlation of cross-sectional area of trachea with minute ventilation
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Fig. 5. Correlation of minute ventilation with tidal volume and frequency.

HlEA] B5 BAHC 2 o3 ABTAE HolA ¢
Ac}H(Table 2).

o
71 o] dEubgetel Zadle 3714 7]z

Z7)9 o] WA= AP o289 Wajsty o] of
7] 2o fxte) A, F5 PAMZAAL, H)

T BHA T2 dgdoz A s, v
7180l U BS F2 PRI E He 3y
2 AEY 299 72, HFEREe 2}, sx
(bulla) o A o] HHHD,'” HP715HA =
FEV,, FEFs_55 2 Hoj O] Badla HE
sl A}, 7144 L 294Y¥ a0 =g
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Table 2. Relationship between expiratory cross-
sectional area of trachea and parame-
ters of pulmonary function

r p value
%FEV, 0.004 NS
FEV,/FVC 0.224 NS
RV -0.41 NS
PEF 0.49 NS
DLco 0.324 NS
Cst 0.308 NS
Raw* -0.314 NS

* airway resistance at expiration

%= A9t rasnx: sHA'Y HRCT7ZF 94
o =AM el #A glolx sr1Fe A%
A= g vwA JEsA Jrg & WA =HJAY

BF F 9% 7EGEFE A= 7%
A7) 8% ol4Fe] o713l £ (segmental) 7] &
7] o] ti7|zdl FE3t 7IF-E Ak 71AY
syl gn ed ol drixe] g (membra-
nous)F&o] 7IEWAEcs RIHY] oy, J
71%0] Y& ASE A9 A% 59kt A
o 3ty k&gl FvtEe] o]d ¥AE o F3l
A g =84 37)Ad AFAHY E@ike] A
o] 3714l 7154 Fej7t JepA g

o953 712939 o3 3714 71F7 A 4
k¥ =139k (transmural pleural pressure)3} 3
9] g¥ulggtor o]FoAE  FXQH (driving
pressure) ¥ 7]EA& (airway resistance)ol] 2}
ZA=Ed,? olg 71He FU4HH (equal pres-
sure point, EPP)olgk= sides AH¥ 4 Utk
Z, 3719 22 J|EE 3714 7I=dgel 5973
shuch 4 olA UFo] YAl uE AXE A
£ (upstream) 7| =8} 71=viqto] SEARtR T} Yot
A Fzel el dopvke FAE 3HF(down-
stream)7|=2 FEE Z|EFUE JI=WYTH
=ut7igte] ZolAE FULH Yol EA3A HE

g3 o] My} YeRel FAE RII=EAME
3714 7122 9%H gl s 7|=ui7do] FolA
A g} HAAE el A7F AddMe AL &
71A] ol2§t 71-e] 7178 AL 379 AtE
zAs= NHes g, A4tAF (hypoxia),
F}ehAk (hypercapnia), £-5 (exercise), A3 3}
t}3 & (voluntary panting), 12|l =¥A 3I7]
(forced expiratory maneuver}oll &% H{EF-All
£ 24 1R o8 A¥A=e) Age] Frtstne
ol o RAREOR Bl T Ak 2
32 o184 B} 2=y sx¥e] g2 v &
gukzglo] Zastke W7|FdME FLUHH
X ol2E AFVEFOR oJFIHEE 34 7=
7t g% g453og ¢FHM,Y 7159 AFe] o
= x84 37|14 AR7IETt FoAle A2 V=AY
o] Z7to] BARg o2 vHgEA ¢7] Wit
1} Brancatisano®} Engel & oj#{§ #4o] v
H4 NeAdPo] A BAA HEAT He) g
& SANA ZoeM 2387 rt2ads FANIIE
Aoz olg8e Aolekn T

QA 71EWANA 7] G| FA]
o wls] 5714 frefshA Aadhe B d# A7
Z3E AW, Hyatt 3¢ H37]&=9) 9634
o] AUBAE A73IEA #8-Ho] HEFe] 60~
70% ol3t2 7ZtA3HA x| vl 3717} o o]
A Z7bE)RA) @@ 71§ Aol vehbsd ol F
7ol o N1=7t FEE| WRolgan Fgste]'
3714 71=qtdte] wAgithe AR s A3
th. Sl A Fo) T4 w4 HAgdN g
FRHAAALE ol83ld V1= FFE §3% 2
3 37|14 71=FAo] 20% ol Aixdks AUt
71%qME 1393 79, 22 WY 7|8 gAM e
10892 29o|rt Hugh vt Ut HIoe K
ot Fg§ 4 CTE o183t 3FF7]d wet 7]
o] 9EAg 2483 gled, Stern T& B
oA izl BAEHo] F7we) 280+50.5 mm?, &
7lgkel] 178 +40.2 mm*2 57)A] §-2j3lA] Fopzick
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i Bu3lga,'® Chan $& FEV,0] 1.5 Lujgkel
g HHg sARPANAN CTE AR7IEe] o
g 23T 29 Pehagol e Ade v
A A vlg) 37129 7]E @iHo] wro g
&AL FPHQY Sakai¥s} ¢k TP
CT= 2R 7% 3329 A7)5AEste] 4
A g A7 3 CTAA #71F F=rt A
855 rlsAle sAAEr g s
& At 2 ansgd.

£ dTME did @xEel Fa 7# 9Ey 2
Ao oelg Foz {7 5749 J|@e] GEE
o] 9= ATl AY & A7t VA Fe A= gl
o}, 3714 71@e] @i o] T -9 ojAkslera
¢ 2 AR njEF 5 FE2 Jlx g
(gas exchange)¢] AEEF {3 AdA} o
AoH, HrlFe FF5E vepdcta geid 744
ot el HYPAg AR e Hr)s A
FaaA7t k. web A7 E 3714 Y
FH) ARVIEZ olFd T IFHU s)eht
oz Qg Jlge] gduFo] fasta ol @Ao]
3714 7178 Adshs sl Zldew FHgahe A
ol sl&Hol} se HABPE FAAA tAUTE
FAAFIE AL ohstn Aztgr).

FEF7 e F18Re R 548
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olng T A2 £X38] Brbssld &
A7 AE wAEIEEE, DA A HERNA A
R71%9 7% 5 aedog Hlaed ERRY
o] e WslE gEskeE AMche U (spi-
ral) CT 5& ol83ld 7= AA Y 3FF7|d &
HEH ¥E A ) o ey Aoz A
Z+ge}.

2 o

ATl
TG A A dsks W71 38 1%
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g 9
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& 1

H7|1FNA 712 BAA e 3714 SR ojats}
AR} (r=-0.61, p<0.05) ¥ AAEI(r=0.6,
p<0.05) Z1ejil wjR¥7)E(r=0.73, p<0.05)3}
Fo @ FRBA7E AT, FolAde s}
A (ol sl b Egai= r=-0.22, p>0.05, 4
2849 r=0.26, p>0.05, WE2@7|gats r=0.
44, p>0.05).

o 23713 A5 F(tidal volume) = r=
0.45(p<0.05) 2 Fofg JBAAZ} UJAAT, BF
Foh= r=-0.31(p>0.05) 2 @47} e

71504 7lge] dae aFFvIeh Aaglol
FEV,, FVC, FEV /FVC, 4 37158, 3744,
HEs, 7ZIEAY, s 59 oE srsRE
o= AEBAZE T
@ E:

H71FoNAM 3714 7ge] dde 2 7hx n@
(gas exchange) o] 2| F &3} #2138 4AEA7} UK
A, H&Holy FHo HPge Arlshs A Foh=

- 634 —



— Correlation of tracheal cross-sectional area with parameters —

HBEAZ Y. GA A BN E 3714 FY
gl Aol slsl wasls Fl=gute e Slgs)
G| ZAsha olald Wil 71 AW 8
e} 718o2 2gats Aolx] HgHont Al 7y
Fe $ANA Fande FANE AL ohiga
Azt

& n & #

1. American Thoracic Society : Chronic bronchitis,
asthma, and pulmonary emphysema by the com-
mittee on diagnostic standard for nontuberculous
respiratory disease. Am Rev Respir Dis 85 : 762,
1962

2. Snider GL, Kleinerman J, Thurlbeck WM, Benga-
li ZH : The definition of emphysema. Am Rev
Respir Dis 132 : 182, 1985

3. Clausen JL : The diagnosis of emphysema, chron-
ic bronchitis, and asthma Clin Chest Med 11:
405, 1990

4, Sakai F, Gamsu G, Im J-G, Ray CS : Pulmonary
function abnormalities in patients with CT-deter-
mined emphysema. J Comput Assist Tomogr 11
: 963, 1987

5. Goddard PR, Nicholson EM, Laszlo G, Watt 1 :
Computed tomography in pulmonary emphyse-
ma. Clin Radiol 33 : 379, 1982

6. Brancatisano A, Engel LA : Chapter 11, Upper
airway function in COPD, In Cherniack NS(Ed.)
Chronic Obstructive Pulmonary Disease, 1st Ed.,
p 96, Philadelphia, WB Saunders, 1991

7. Tisi GM ; Emphysema. Pulmonary physiology in
clinical medicine 2nd ed 149, 1985

8. &AT, oW, o|ddE, A3y, HAE, &
A 7BA HFA4 94 71aAL-H7FAA
9] 71 A #F A7 Y € 3F714
3 29:196, 1982

9, Dayman H : Mechanics of airflow in health and

in emphysema. J Clin Invest 30 : 1175, 1951

10. Laws JW, Heard BE : Emphysema and the chest
film : a retrospective radiological and pathological
study. Br J Radiol 35 : 750, 1962

11. Bergin C, Muller N, Nicholas DM, Lillington G,
Hogg JC, Mullen B, Grymaloski MR, Osborne S,
Pare PD : The diagnosis of emphysema. a com-
puted tomographic-pathologic correlation. Am
Rev Respir Dis 133 : 541, 1986

12. 4% : 71= w4 B7rEAe Al oo
2¥ 9 3F7] FA#, 37:131,1990

13. Robinson DR, Chaudhary BA, Speir WA : Expir-
atory flow limitation in large and small airways.
Arch Intern Med 144 : 1457, 1984

14. Hyatt RE, Schilder DP, Fry DL : Relationship be-
tween maximum expiratory flow and degree of
lung function. J Appl Physiol 13 : 331.
In : Campbell AH, Faulks LW ; Determinants of
expiratory airflow in patients with chronic air-
way obstruction. Thorax 28 : 48, 1973

15. A3, AT, A7, Y, ¢, £A
Aoy sARAAN ke EUAA.
19908 oidt FY (Y 3JF7DEI FAR
<3 283 P72

16. Stern EJ, Graham CM, Webb WR, Gamsu G :
Normal trachea during forced expiration : dy-
namic CT measurements. Radiology 187 : 27,
1993

17. Chan CS, Bye PTP, Woolcock AJ, Sullivan CE :
Eucapnia and hypercapnia in patients with chron-
ic airflow limitation. Am Rev Respir Dis 141 :
861, 1990

18. ¢t% 8, wAn|, 15d, §F7 ATH, B
T, Ay, 234, gt 44 1 VF 8
Ao A nE = CTeh s7ls ZHAbste] A8
#44. 29 ¢ 7] AY 43367, 1996

— 635 —



	a: 


