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School of Medicine, Kanazawa University.
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BEL. —BBomEE c3BEcRI IS5
Ftz. Kk, in vivo T30.0cm HOIcE TREH

X1 Experimental setup

BP=Blood Pressure
EP=Endotracheal Pressure
IV =Intravenous Infusion
PR =Pressure Regulator

CO,A=CO, Analyzer

H =Humidifier

NV =Non-rebreathing Valve
RT =Rectal Temperature
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Gruenwald’'s lung stability index=

2Vs;+ V-3V,
2V = Vy)

Vo, Vis, Vi, - [EREDH 0, 5.5, 11.5cmH.0
DEEDENTFHOMKE.
Vi 1 SEREH30cm HOD & 2ofikE.
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E30cm H.0, MERoj$g 1 43fid2E & w5  hyperve-
ntilating IPPB 1c& &, M#% % 10~158 > =5
i37-. 2 hyperventilating IPPB oK E AN E
nZ k% Carlens tube OMTHITE L ERIZ,
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SBREMLHAVTHRBOET 2V, BREBo%
BT 25X Ic pentobarbital A BME#EL T
—E DRRERERE R HERE L /2.

EBRT®, —HMod#mciz, BEIRS, o &K
BTG -TERL, mM28H LT in vitro oM
EREBREZRE L /2. ZORIEHE R, Faridy > o
HHECHEUH, e LWTREESY M TicHll
ELTVW2OTERET S, KE, in vivo TOME
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7 Hyperventilating IPPB o) &hfif I
Po,, Pco,, 3 & UF base excess
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D#EFET L, Scholander micro-gas analyzer
ETOREMI20.1%TH ~1-. —F . #ikifio Po,
4. hyperventilating IPPB E#4tk 2BsRAH 12 13
124=11mmHgTH » foh5, B0 EB L & 6 1IC{ET
T AMEM%ERL, S5ER#%ICIZ114+1lmmHg, 8 B
Bz 12101 £ 14mmHg, 118@#% 121391+ 16mmHg
&1 - 7(B 7 Poy). Base excess (LLF, B.EDF,
hyperventilating IPPB 2 B¢ffi#%ic —1.6+2.0mEq
/LTH-t., COBEREISYEREREAN S 2 L=
T&Ww., LHL, BE. & IPPB 0F#i& & bIcET
T 5@EmERL, 8% ICiE -3.321.TmEq/L, 11
ER%IciE-4.621.9mEq/LE e »7z. kYL, £
BBA2BLT-8.0mEQ/LUT &% - 2Bidtah » 12
(X7 BE.). .

‘EI, av 7547208 bic>wTR~ 3.
M8k, EREXRTAETI N LEGRH ORI 2~
7547 v AORBHELERT . I DA, hyper-
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SATVvRAEANBELL, ZOROMBABESERTS
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Hoto.

ULoER,h s, #Hit¥EMNc 1 %UToERR T,
hyperventilating IPPB tf, S SCE IS & M 0
avTSAT7VRMET ¢80, SEXEAEALATE
Bahi-fitld, 3v754 7 2DETHBILN
WERWE S,

RE, MERBBROE(LIc>WTR~E,

BJ10ix. in vivo TRIRShi-HFREX#H T
BESNERME LR, EREINBRETH 0, AR
121281 hyperventilating IPPB %218 & h 12
bOTH5. K1 RBIOREMEL L OBTHNEER %
RLEbDTH 3. [EXFEAREN o FBihiR 312
BzfElo  hyperventilating IPPB ic &k - T & &1k %
Bvan., —F, RGO ERERIZ12BM%icH
EOoNRETERLTEBY, &1, [LENEHLLS
cm HODRToMBE & 0%, HIAEEEE I
& (P<0.001) TH 5.
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MERMBTH o, WRME () &, hyperventi-
lating IPPB 12B;ffigiciB oz b (HE) T
5. R2LEOREBERT. COBEba T4
7R ERERE, EAOBFRREERELTVWES, [EBEX

W10 A5 E B R AR T in vivo WHE Bl
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100

B0t
501

it

/
20 1/
A

30
cm H,0
Pressure
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76

N FoN
%1 AREZEEEEEC B3 MEElREERE
Trans- Me(a;\}/n?alxtime Paired Difference (% Vmax)
pulmonary -
Pressure | Control 12 hr. Mean S.E P
Hypervent. ST
Right 30.0 100 100 0.0 0.0 ®
*
Lung 24.0 97.2 96.5 0.7 0.5
18.0 90.7 89.6 1.1 0.7 *
Bronchus | 4 5 77.5 76.2 1.3 0.9 *
Bound 5.5 55.9 52.6 3.3 1.3 *
(n=6) 2.5 35.1 30.9 4.2 1.0 *
0.0 8.9 7.0 1.9 1.2 *
Left 30.0 100 100 0.0 0.0 *
Lung 24.0 97.6 95.9 1.7 0.4 P<0.05
18.0 89.7 85.3< 4.4 0.5 P<0.005
Bronchus 11.5 74.8 66.8 8.0 0.7 P<0.001
Not 5 18.2 40.6 7.6 0.4 P<0.01
Bound 5 28.1 23.4 4.7 0.9 P<0.05
(n=6) .0 8.1 7.7 0.4 1.2 *
*# No statistical difference
TEHRAE & 1285185 o> hyperventilating IPPB (2 4 & hL 72l
Vmax = Ahtisiz
K11 5 L AP T in vivo HiE Bl
Right Lung Left Lung
Bronchus Not Bound Bronchus Bound
% Vol. % Vol.
1007 wnT
ﬁU" 80+
601 60
w1 0t
20 20
1;0 2;0 3+U :ﬂ ! Y
cm H,0 ! 20 3ﬂcm H,0
Pressure Pressure

FE 30 IRAE, S&I3 12858 o hyperventilating
IPPB #icBlsEL 72 b 0T, EHE & EHBRELTT
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_ Mean Volume . . o
Trans (3 Vmax) Paired Difference (% Vmax)
pulmonary
12 hr.

Pressure | Control Hypervent. Mean S.E. P

Right 30.0 100 100 0.0 0.0 *

Lung 24,0 97.8 96.3 1.5 0.5 *
Bronchus 18.0 89.4 86.2 3.2 0.9 P<0.05
Not 11.5 74.6 68.1 6.5 1.2 P<0.025
Bound 5.5 49.0 40.9 8.1 2.4 P<0.05

(n=7) 2.5 29.1 25.1 4.0 2.4 *

.0 8.2 8.6 - 0.4 1.8 *

Left 30.0 100 100 0.0 0.0 *

*

Lung 24,0 97.1 96.0 1.1 0.4
18.0 89.2 87.4 1.8 1.3 *
*
Bronchus 11.5 75.4 73.7 1.7 1.1

Bound .5 49.4 46.3 3.1 1.8 *

.5 29.9 27.2 2.7 1.1 *

(n=7) .0 8.2 7.9 0.3 0.9 *

* No statistical difference

FHERfE & 1285 o> hyperventilating IPPB #%(2 & 5L 72N

Vmax = ki &

BEZEOEB AL TR, AREXBHLEvELL
BRERLTVAS.

BI12i3, Vis/ Vi ORBHEERLE DO TH
3. $Hubb, GREXRO6HE, EIEXROT
Hipbu 13 e VT, SEXEBEREN &k
REME by THIHMELLbDTH S . T O
B, SEXARTREMcBIT 2 Vi Ve ORENE
LB TRV (B OMBAFRE r=-0.08. p
>0.5), ERERHDO Vis/Vua 13 IPPB A8 12 A58 <
EEHIETL, 20oHEEEKIE r=-0.85 (p<
0.001) TH 1.

U EoEBRESE» >, 10~158Mic 5 & 3¢ hyper-
ventilating IPPB %17k -Tbd., REXAB+*RE
LEMTE Vies/ Vi OEIET LSV, FEREM
TREDEMBERIET T 2LZVWEL.

K13z, in vivo oMiERME» SEH S h
Gruenwald ® lung stability index D&EEHIE
{biRT. bbb, 138D 14 X TD index %,
[EXEERENN & ERE cb T THITREL A b
DTH5. TOHKR, SIEXFAABEMER oD  lung

®12 In vivo 75472 VI1.5/Vmax o

RERFIZAL

Vi1 sA/max
(%)
75
-b‘\
& Bound
j
N
A
Jl.‘\‘ T
\ -
Not Bound i ~¢:>
651
1
e
GO‘L
fl’ 1 L e 4 I A 4
L) T Bl L L] L] AJ v
Cont 2 4 6 8 10 . 12 ,14'_"

13BN A X OSFEHYE & PR ER T
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13 In vivo T#%5 7z Gruenwald’s lung stability index I 3RHHEBLShLL. Th
stability index o #&Ea921L R L, ERGMH T, SREH0.81£0.02 (mean
'";;"__ +SE) T& -7 index i3, G hyperven-
tilating IPPB <0.73+0.02, 128 <0.64+0.03ic
BEFLE. bbb, IEXRABEZEEM O index
T Lix/5E IPPB S 6L L ¢ HFED
™ Bound # (p<0.0D) £4ELf.
N Hyperventilating IPPB %108 [T - -0 5,
SuEBMc L v BRLABYOBILH £« BEHE 1 <R
. Chid, BREXRO XOMiTH 30, HlHik
BAME (REAE40cm HO) 2MA D5 H % i
BELT, SENESIOcm HOICELKL E DD
ABTH 2. A (RBEXAHREN) oRIERF
THoHHM, ThiH~TEN GEREMH) ssxonm
L TED, BAIcEERsRE LTV, K
i, BB TRIEX N in vitro TOME &k
BERUMRYT. CoRTHSAICALNS & 51T,
in vitro FRH#EO Vi Ve EI3, EEFHORK T
8% &DOEMH Y, EEZEIX in vivo LD b
T S5 EWIH b, |

I N I I Il i
T L) 1

Cont 2 4 6 8 10 12 14y,
13580 A X NPl & FHERE 2 T

80T
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[SRae s 2]
.
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beme e

.

70+

.
.
.
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’
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.

-

boemefienend

.65t
Not Bound

’
bommmeaGonenend

60T

4 ®
BRIMD 7 2REEEE RO ZEE L Db

BEHE1 AHREXAEZEXOH) M
108%f5 o hyperventilating IPPB % 4T L 72
&mb@

BRINE (40cm H, O) % & 10cm H,O |Z)E
L7z& 20T 27, it (FEBRHER) 12I2ER
filiz &> 5, EMoIHIIAR LY &,
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X14 10Wf] hyperventilating IPPB # #ifT
L 724 X 0F T Sl AR

100"(

.

801

60

% Volume

40
Bound’
------ Not Bound
201
0 + t -+ +
10 20 30 a0
Pressure em K0

SR = U SR R B ()
R =R E B I BN (£5)

BRESEA SN DY, £FHRBTRORIFTH ST
LOE—RBTHE. BIFUMRBEBRKEE 30
i3, [JECHBMESRVWILEMDa Yy TS ATV R
BEETH LI EBRAIRTH 5.

EH S, ALRRICEBLT, —EoBmIBTRE
R IPPB #5513 3&av 7547 2DETT 3
ZEmonTwaH, £0RE% microatelectas-
is OREICHLESHIABOBD ISR 3 b0mBE 0"
g, chEMCEDIC, IPPBhict 2 & &M
FRSEANE2ED TERRETLOELZ LRV EL
SEELASNB'D T —% . Greenfield 57,
Faridy 5%, McClenahan 5% iz, [SERE %2 &
tz hyperventilating IPPB #EE:fl-> 5 % &,
Milo@MBicky, MREEUMEOBABES h
T, BEOET IPPB 21T~k et E kD b &5
Bwavy 7347V RA0ETHbOE B EREL
TWw3, Hyperventi}ating IPPB ic B84 3 4@ oD
ERTH, AELCLBHSMA SN h > 1M Tk,
Greenfield > O#&ELREIBkIC, oY 754720
ET & ME@EHME OB/ 2RE S 3 iE RGO
EFT%2&ni. Chicl, SEXRESREs L
iz, 1480 hyperventilating IPPB iz & -
T, av 7547y 2MERBRICERERDL
ot TOREE, ATRRPICREASTZ2275
17 v 2ETOBEHERICRR S W T s WEERE

T, EBRETELDTH 3.

BURiovy 74723, MEEEEDEoH
R, HMKBOAN, MlMOMM L &ic & - THEEE
SirEshTnaY, uhTh, MEREEME &
VT4 Ty ROBBRILEELCcEH S A TY
3. UL, MERESEYEORBBFE CRIEE L &L
cBLTR, FEESFCBBs ATV R VWERK TS
5, F#i12, in vivo THERMBLAEL, £h
HOoMREEEMEOURERE LA, LrL, 0
BEE VT HBEMSB VDI TREVWOT, EK

AR aB BT,  TREERMEOEEYY

BEELCOREFDOAEEC>VTHNEZDL, ThE
bLI LTREXARRERIEL v 75 472D
BRIc>\WTHRT S,

Sk L#EOEST 2RETIE. DTFRN R
ELU, Fhick > TRABRNMHRBRELTEBD, K&ZE
KETHD > TVWARADEE, COXRMIEBNIZT2
dyne/cm (25°C) T 3", MR, Wik = & fila
BLXHOBGKLESET IRAICORFEOBFEICL-T
FEEHNSREL, CohRMBREBE 2L
ERLTVAY, ¥5ic, REAOMBRERMNS (I
ZREREENCLBNMABKREL LB T,
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Abstract

Effects of bronechial binding on pulmonary compliance under hyperventilating
IPPB were studied.

Thirteen dogs were anesthetized by intravenous administration of pentobarbital,
and they were intubated endotracheally witha Carlens double-lumen tuhe, permitting
ventilation of each lung separately. Following bilateral thoracotomy, the base of
bronchus in which a tip of the Carlens tube was inserted was bound by a thread.
The right bronchial base was bound in 6 dogs and the left in other 7. Both lungs
were equally ventilated by a pressure preset and time cycled respirator for 14
hours with 30 cm H:O of inspiratory pressure and frequency of 32 per minute.
This type of breathing was hyperventilating IPPB for these animals, therefore, 4%
of CO, was added to the inspiratory air to maintain the normal arterial CO, tension.
At intervals of 2 hours during the hyperventilating IPPB, compliances and pres-
sure-volume curves (P-V curve) of both the lungs were measured in vivo.

The compliances of the lungs which bonchi were not bound decreased to 70
+5% of the control value in 12 hours of the hyperventilating IPPB. Gruénwald's
indexes. which were calculated from the P-V curves, also decreased from 0.81+0.02
to 0.64+0.03 in 12 hours of the IPPB. On the other hand, the compliances and
P-V curves of the lungs of which bronchi were bound did not change throughout
the hyperventilating IPPB. The change of compliances had a close correlation with
the change of P-V curves believed to indicate the pulmonary surfactant activity.

To investigate the nature of the bronchial binding effects, the same type of
hyperventilating  IPPB study was carried out after administration of phenoxybenz-
amine, an alpha-sympathetic blocking agent. In consequence of the pharmacological
sympathetic nerve block, any decrease of the compliances and P-V curves was not
found in both of “bound” or, “unbound” lungs.

It was concluded from the above-mentioned results that the hyperventilating
IPPB brought about the decrease of compliance by damaging the pulmonary sur-
factant, but that a sympathetic nerve blockade of the bronchial wall could prevent
this phenomenon.




