23

=

Closing volume (B89 % BRI 2 5 NI ERIKHIBTSE

14w Closing volume @ ZERATNSE

ﬁC%ﬁﬁﬂéﬁﬁi%ﬁLMﬁtE%mm
e TETEBICHONT

U R E A RSB B F e ERA AL B

o

/Nt

(REANS24E 4 JJ1I0HZZAD)

&

19674, Dollfuss 5 U 13 —[0lFER A FL T
ISR —133 Xe RSB R A i, ol
BOKEON L oy E2BVIHE AN, £
DBREICIMEEXOHELZ LT HDTHS
E LT, iz closing volume (LI'F CV &9
%) &M,

Z D% Hughes 52 2RO Itz JENEE L
WA, H5EETHERRMSEICHAEDLA
U5 EBRREFMCEDILELT, £, A
IZH TS Burger 53 2SR T <EH
YEMSHE U AR B B E LT 5B,

U L7Eass, BNHEO BB L TIEE
PRI HEICRINT B E D NI, 478
BEMBEH S EINTNS,

LprL—F, coZEMERCS L3 CV
OERIRMEIEMIZAET T EITRACIED, £
HHRICh I baBisIn-2b5%.

ZO—2E L THAE XL~ B HE i ik
BCV OHEMELTRBENETH A S &ET
HEZFPD, WHWEMAEXDIRE A B
T 5 AT, CV ORIEMRIEINT NS,

chict LT, x4 & CV &ind s
&I CV BEBRENEICK > THEL 5

i

&b\“’)uéﬁb>%3‘6%%i6n7 ETATH S,

H3F, Hales 53 32 OEIEDEA, W
I L RRRIIC HIERANIC R bﬂmb\ﬁﬁbk@@
giic BT, CV sBNT 5 285 LT
W5,

Tabb, Mo EHIRN CV ICERZ B
FIEFTEMS, M CV RZRIET BT LT X
> T OMERADZW B EEE 72D 9 5 &b
NTNWBDTH5,

2T, CV {llEHD 2 bEREELIT1EbNT
W5 O —ml Al (SBO: #) TlI, &N
ZBEAEEE L TNED, ZoOH A EEhE
LT, £ ET5) 2HET 201K
ANLGDFIDE L RXWVICBT HFHRORBED#T
Hb5,

UL L—7,SBO: ihic & 2 s EE iR, C
SICENHOERZBE IR L ~VvicB T 540
A AER M LI bDTHEEbELLNB,
COSCE T amENE, T OHELEETY
AQRIN

Z T, FHIFTTEMERE LT, ik
BIgIC BT 5 REHL, FONGEZBHEAL
595k TMED A EIR IR ICE
DEIWHELLXIITTLICODNTHRITEZMA
7o



— 2 — LLI

DT, CV MfliKEOHREICE DS T,
AR, HADHELICHT A0 REEZ N
LT, EDXHIRENT a8l

BT IR B Rt D 72 8 D il D $ SR T FE R
JEME, fcEA@ @iz T4 72 DEA
PERERE (pressure-volume curve) OZEfh S
(Inflection point, IP) O#%E & CV OBE & O
BRERD, choms 2 —4—=0CV & &
DEDICHBELTOE a2 E L.

REAHE
KERHIIAE 3.0 kg 7S L 14.0 kg @ HEFE
BRR208HT, XIHEHEET7 81, EBBI3ETH 5,

2 LT, FEBRBEHZOEIERES g, Alloxan #
HIF8HHTH %,

% 9", Pentobarbital 10 mg/kg @ # R N # 5
THEE: L, Succinylcholine 1 mg/kg @& Ik N
BRI L - THRZ T80, [EWFEE D%,
RAENALICHEE Ui,

2T, Fig. 1 oKD LH1IC, K& F =
—JICHEREER L, Chich—o— FR
v 7° (Harvard Model. 613), £ v 7 2 z2,%( n
# — & — (Ohio medical boxspirometer 840) %

H HUKBEREHCEE R11& 31, 2%

X 0¥ breathing bag 254 ##: U7,

I, KEFL—7O000HD»S 0.5 cm O
BT 2 FEHT D sampling needle A L,
THfoE 25 5 ) AE B E TRt o S R R A e
WCHIE UTc,

XHICEX 7cm, BAP% 2cm, EX 0.3mm
ORB/SNV— Vv ERBEICHFAL, ZTOR TN HE
BT, T8 b b ABEMESEHO L 2om
DETAHANENT,

ROKEWE -BENEEEZET 57201,
HEF 2 —7IKWNESmm OV F o — 7 2
¥l, ZOF a—7 EBESNV—VEEETER
OIS L, £ O M1 2N E(Ptp) &
L7,
oEkENIE XYY’ 2285 (Hewlett Packard 70
46A) L 4FE FidsREt (HARNETIL X K. K.
PMP 3004) &% H /e,

HE, AEEWNEEZNET SICHI - TR, &
BNV — Y NOEKENEZ D EIERIED IS
WEEDLNTNEO, ZD/HEZHRIA R
208 % 02ml 7L 0.5ml) % oN—
yRICES U,

RICEE SV — Y DALED B HBNIC K - T,

N2

Analyzer

X

Harvard
pump

Box ’

Spirometer

Breathing bag

0:

Volume

Differential Transducen Flow
L Ptp 1
} Ptp 2

4 channel recorder

Tank

Fig. 1 Schematic representation of apparatus used for the single breath
oxygen test (SBOg) in dogs.
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Fig. 2 Change of 9, CV/VC in 10 dogs.
Maximal change was --3.4%,.
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Fig. 3 Changes of 9, IPv/VC in 7 dogs.
Maximal change of % IPv/VC was +5.0.
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Fig. 4 Relationship between closing volume and
inflection point volume (volume IP to the
lower limit of VC)in 7 dogs with regres-
sion line.
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Fig. 6 Tracing of 2 transpulmonary pressure volume
(PV) curves (Upper curve was obtained from

the upper esophageal ballon, lower curve

simultaneously was obtained from lower one.)
and the expired nitrogen volume curve.

IPl and TPu indicate respectively inflection
points from lower and upper lung, the former
occured earlier than the latter.
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Fig. 7 Nitrogen washout curves (SBO2) after 150 mg/kg of alloxan was given.

Numbers indicate minutes after alloxan injection.

®1l, 2%

volume

VC decreased and both nitrogen concentration and slope of phase III and IV

increased gradually.

CV increased and cardiogenic oscillation was clear until 17 minutes, but ther-

eafter CV decreased and cardiogenic oscillation was obscure.
No curve after 29 minutes could be obtained due to frothing.
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Fig. 8 Change of CV and % CV/VC and transpulmonary pressure (Ptp) under

constant volume ventilation.
Ptp continued to increase throughout whole procedure.
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Fig. 9 Representative curves of simultaneous expired nitrogen concentrations and transpulmonary

pressure in a single breath oxygen test before and after alloxan injection.

In contrast with control, the slope of phase IIT and IV increased and VC decreased in stage

I and II.

CV increased (stage I), and then decreased (stage II).

IPs precede CVs in control and stage II, but CV does IP in stage 1.
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An example of transition of VC, CV, Ptp
(CV), IPv and Ptp (IP) after alloxan
injection.

IPv and Ptp(IP) were respectively higher
than CV and Ptp (CV), bLut after that
these relationinverted, then restored again.
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Fig. 11 Microscopic finding of alloxan edema.
(Stage II)
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Fig. 12 Schematic representation of relationship
between the sequence of fluid accumlation
and nitrogen washout curve.

Stage 1: The stage where perivascular and
peribronchial edema, especially in the
lower lobes develops, Therefore closure
tends to occure in the early expiration,
especially in the lower parts due to gravity
effect.

Since compliance decreases, VC decreases.

Stage II: Changes in stage I progress
further.

Alveolar wall edema increases, too. At
last alveolar fluid accumulation begins.

CV occurs earlier both in the lower and
upper parts.

Therefore CV diminishes and the slope
steepens.
Lowered compliance and increased trap-

ped air increases Nz concentration of
phase III and IV.

Changes of phase III such as, obscurity
of cardiogenic oscillation and steepening
slope suggest the results of uneven ven-

tilation and increased trapped air due to
edema.
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Effect of pulmonary circulatory disturbances on nitrogen

washout curve and P-V curve
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Experiments were performed to elucidate the effect of gravity on the P-V curves, single breath
nitrogen washout curves and closing volume in the lung with circulatory disturbances.

Single breath nitrogen washout curves were studied in 20 anesthetized dogs using a newly
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devised method in which active expiration was conducted by elevating diaphragm through the

changes of intraperitoneal pressure.

Expiratory nitrogen concentrations were compared between alive and dead on each single

animal for the purpose of detecting the effect of gas exchange on nitrogen curve.

The interrelationship between nitrogen curves, closing volume (CV) and transpulmonary

pressure (Ptp) volume curves in circulatory abnormalities were also studied in various stages of

alloxan induced pulmonary edema.

1)

2)

3)

4)

5

The results were as follows.
The assessed reproducibilities of CV, Ptp and inflection point volume (IPv) (volume from
inflection point to RV point) were good and each value did not change much within the time
course of experiments.
While the nitrogen concentration measured over the phase I1I and IV of the dead animals
were lower than that of the alive, the measured closing volume were identical in both states.
Inflection point (IP) was likely dependent on the level of balloon position in esophagus, since
the higher the level of balloon position was, the higher the lung volume at which IP occurred.

The IP likely indicates the onset of closure at the level of lung where the balloon was
situated.
CV started to increase 0-10 min. after alloxan administration.

In the stage where CV was increasing, starting point of phase IV always occurred at
higher lung volume compared with IP.

On the contrary, as CV was decreased in the time course of edema formation, IP was
found to occur at higher lung volume than CV as in control stage.

No discrepancy between IP and CV was found in intact lung.
A close relation between change of CV and pulmonary compliance was demonstrated during
the entire course of induced pulmonary edema.

The experiment showed that measurement of pulmonary compliance was not sensitive

enough to detect incipient pulmonary edema compared with CV measurement.



