375
Kekkaku Vol. 54, No. 7

B OE
Wl A Ol 77 R R L 2B T % SEBRRIRAZE

Ao B TeE N B X OB OO
OB o R O T L B A
N RNl

FZf BS54 E2 H 9B

EXPERIMENTAL STUDIES ON IMPAIRMENT OF ALVEOLAR GAS
EXCHANGES IN PULMONARY TUBERCULOSIS

Hiroyuki KOBAYASHI*, Masafumi SHIMURA, Kohta KONO,
Kenji TAKAMURA, Mitsuko ARATI and Yasuhisa WATANABE

(Received for publication February 9, 1979)

The impairment of alveolar gas exchange in pulmonary tuberculosis was investigated with special
reference to the morphologic changes of pulmonary affection.

Twenty-four mature rabbits were used. Twenty rabbits were injected with 2mg/kg of Myco-
bacterium bovis intrapulmonarily. Ten rabbits out of all the infected animals were treated with 20mg/
kg of Rifampicin and 10mg of Streptomycin from the sixth week after the infection and the treatment
was continued for four to six weeks. The patho-physiological changes in each group were investigated.

The obtained conclusions were as follows.

1. The values of the arterial Po, began to decrease at the fourth week after the infection, and they
were aggravated with the advancement of pulmonary affection. The values of the arterial Pco, were
also reduced with the appearance of hypoxemia, and hypercapnia was shown in three cases which died
of the far-advanced pulmonary tuberculosis.

2. The increase in the venous-to-arterial shunt might be regarded as the most important factor o
hypoxemia in tuberculosis cases without treatment. In this group, the alveolar walls were highly
thickened with tuberculous inflammation and some alveolar spaces were destroyed by tuberculous.
affection. It was suggested that the increase in the true shunt was originated from such morphologic:
changes.

In the treated group, two kinds of different patterns of the impairment of alveolar gas exchange
were demonstrated. One of them was the uneven distribution of the ventilation and the other was.
the impairment of the alveolar gas diffusion. The former might be caused by the regional differences.
in the compliance due to the uneven pulmonary affection. The latter depended on the decrease in the
diffusion surface of alveoli. The difference of both patterns which were found in the treated group.

however, was pooly understood from the viewpoint of the morphologic findings in the lung.

* From thew Fir;{ Bé;;r_tment of Internal Medicine, Kyorin University School of Medicine,‘ 6-20-2, Shinkawa,.
Mitakashi, Tokyo 181 Japan.
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Fig. 1. Correlation of weight of lungs and quan-
titative component in whole lung capacity. Qua-
drangles; normal cases, closed circles; tuberculcus
cases without treatment, open circles; tuberculous
cases with treatment, triangles; dead cases.
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Fig. 2. Changes in arterial oxygen and co, tensions

after infection. Dotted line; tuberculous cases without
treatment, solid line; tuberculous cases with treatment,
chain line; dead cases.
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Fig. 4. Changes in arterial oxygen tension with
respirator (room air). Quadrangles; normal cases,
closes circles; tuberculous cases without treatment,
open circles; tuberculous cases with treatment,
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Fig. 5. Relation between A Pao, in room air inha-
lation with respirator and quantitative component.
Quadrangles; normal cases, closed circles; tuberculous
cases without treatment, open circles; tuberculous
cases with treatment.
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Fig. 6. Changes in arterial oxygen tension during
1009 O, inhalation with respirator for 30 min.
Quadrangles; normal cases, closed circles; tuber-
culous cases without treatment, open circles;
tuberculous cases with treatment.
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tuberculous cases with treatment.
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Photo. 1. The most advanced tuberculous
affection is shown. In this case (No. 8), the
weight of lungs was 105g, the quantitative
component 819 and the maximum air volume
19%. The alveolar low ventilation was sug-
gested.
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Table. Physiological Data in Each Case

‘ Spontaneous ‘ Mechanical ventilation Impairment of alveolar gas
GacelilComponcnt breathing i . 009, O 149, 01 exchange
‘ p S i - [room air] [1 7/0 2]l [14% O,] e - .
‘ | Pao, Pacoz | Pao, APao, Pao, Q_S/Qt% Pao, APao, | venti. unt iffusion
1 ‘ 9 | 82 27 80 — 2 496 8 56 —24
2 i) 10 84 24 | 86 + 2 480 9 56 —26
3 11 78 28 79 + 1 470 11 61 —i17
4 11 82 29 80 — 2 475 5 59 —21
5 | 24 70 22 | 75 + 5 263 18 54 —16 *
6 | 2 54 92 | 57 + 3 241 25 42 —12 *
7 19 70 28 86 +16 430 13 55 —15 *
8 81 43 31 67 +24 87 29 52° + 9 * *
9 ‘ 82 50 35 52 + 2 278 22 57 7 *
10 | 46 48 40 60 +12 372 16 62 +14 *
11 | 64 33 31 | 59 +26 278 2% 54 +21 .
12 32 51 28 | 97 +36 345 17 55 4+ 4 *
18 %) 39 66 35 87 +21 488 8 60 — 4 *
14 10 64 30 89 +25 475 10 69 + 5 *
15 ‘ 18 74 28 | 84 +10 382 12 36 —38 *
16 | 21 71 24 72 + 1 465 5 35 =86 | *
17 11 17 28 83 + 6 487 6 43 —34 *
18 13 81 25 | 92 +11 492 8 58 —28 |
19 | 12 84 34 | 88 + 4 486 6 6l —23
20 14 90 36
21 | 54 57 - 25
22 | 79 | 39 86
23 | 86 41 50
24 | 89 38 54
1~ 4 : Normal cases. 12~19 : Tuberculous cases with treatment.
5~11 : Tuberculous cases without treatment. 20~24 : Cases died of tuberculosis.

Photo. 2. The microscopic findings of case 8.
The alveolar walls were markedly thicken with
tuberculous infiltration and some of the alveolar
spaces shrank. The true shunt ratio in this case
increased to 29%,. The increase in the anatomic
shunt was suggested from this morphological fin-
dings.

Photo. 3.
The diffuse disseminated tuberculous affection is

Submicroscopical finding of case 14.
shown. In this case, the weight of lungs was 18 g,
the quantitative component 109%, and the maxi-
mum air volume 909,. The uneven compliance
was suggested from this morphological findings.
The hypoxemia due to uneven ventilation was
found.
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Photo. 4. The microscopic finding of case 14.
The tuberculous affection was still remained and

the moderately emphysematous change was found
in peripheral section. The regional differences of
the compliance was suggested.
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DHERR I IR a Y 754 7 v ARFENETL
T2, SEIOERTARFNERTH OS5 fid 4
mm,bfh%%ﬁﬁm&&ht%@féo,:h%ﬁ

B D IR EL Dl G LI B BRAF 4 5 e 1k
%&VE = DRI OREAL & KIELEETH B a8, Din

R ELSEBRIMSEZ AR 5T & b LB
WOT, TDX ST REEBET LIs RN bART DL
BRFasThE, AERTRTERELC X 5T5%
WMEWAK LD b LA, HMIET HRE L ESRSCRER
T 5\ d B “uneven compliance |2 & % uneven ven-
tilation” DERFAL VBBILEL T A3 DEALR L
5

Finley 53 lfRHEAE 3o\ CTRBGEBHICER L <R
FHRZE DTS DEFCHE S R TRYSERTEIERML
TRY, KERCBIA2TREERKL B LS  FAffRE
B SWTRELELDTHD, 2OV EEbh
BRI X D s ERLICb D EIESR L 5,
R VEIRR T BT 5 RERZE DI CIERE & HE D
T, EBRMERROETRCHATLE 20, Lanlix
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b, b MR BT, FEDIL, RchfE
SERELL _E ORI closing volume |- 4AN,/l phase IIT
DEMERDTED, KEZERED 5 ITKEEEL
L ABTHFRETIERIFET 20 LEXL T D,
EEEET W, BERTIC X % 00
BT, WMEEEERY % X 2 RERBRS LH 6N
TWa, BENEMFHELEZA, A—HBK S &
b L OnHOREE S & oI,
§'=S.[n]-1/3

7 BB L, S AR TS 2 AR R,
Katz 513, (LEFRERNCHL, IFSEAICIHSED
X DIEERB T EnD, IR0, X
fElifa D@z X A EENOBITRNE & & &R
LT3, —7, %ﬁ@%ﬁ?a&émﬁﬁ%m%ﬁﬁ
FHE THRD BT 5, BEOBIEC W TLdH
EDINEEN TS, FERAT Simpson 518
VLIRS TR 6 0 B, SEERRC O REBERIMEY 27
BLORERL LS D E L, IRMEEOFEIEAHEL 72,
RERTI4% Os ATHT X5 Pao, FHEET HHEL
L7cd, 3P ChaildTtund, Thb3fly, &
bifififanngc o B OKIEMEZE LD R bRy,
—fEOREC TS &, ThiEEBE TR, ¥k
Jabm DFRMEMEIEE Iz & A ERIME R 2, T b
b, X DWTAHERKRTE LKL T, SRENTTR
TOEHEMIR L, Tz Component pMEE (11~
21%) 73, F I REESRIMAE AR EE (71~77 mm Hg) ©
B0t

MRAT B0 5 A FEAE R TE bR AZHEE O
D5 2 TORMERERN, Wink AT L ) HBLL
TERB &V S BIART {, SEIGRaERmER-C il
DRAMEHNFIZ X2 T, FCHL L COMELT S e —
FLIZWEEZ T D,

# @

filikd B N 5 5 fififa 7 Azc sz o Rz ou T,
AAEDHEED DIGHRT X D BB A &0 TREEAIELSE D B
KRAACERCHEREL, DT ofRaiE,

1. EBRNFREMEZEC ST, HEERREOE
BE bz Pao, METL, F7WEAC X bR
ZbiT,

2. EEENTRERENEETD 556 (EHRER,
Zh B Paoy (KT OFFITITEIALK DT AT, true shunt
KR Eh, ZOREEL TRREOBELEE, M
falEpisEdae X Dl - AV REAE O R B T AR ISR 1S
masEShic,

BIRERZY, shunt RGN R BT, Pao, (KT DE
A, BRAGEEERE X CHEREE D 2 90328155
s, BiEE, Paoy KT 51~64mm Hg DRz H B
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N, FORRE, RFTOREE=2 Y 7547 v ALES
SPBERK EHE S I te, #E1X Pao, 71~77 mmHg
BEOHIZA LN, ToORRIX, BRTCISEThID
UL AIREEERAICH 5 X st shis,

3. MhfSEac R 2filay AscEEOBRL, 0
o, WIS Lo TRkL, AR RREE
D CITEER LIS H 5 & ¥ ORISR
T, BESEERTERES Lz, SPHESC X
D BROEBAENEE(LINAEREEL TEY, ©
DY EEPIDETHH 5 EE2Z DN,

AP =S ERE AR ERS 8 HIRARPIEIR]
2 &0t BREAICIECEHT 2 RETH %,
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