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STUDIES ON THE PATHOPHYSIOLOGY OF PULMONARY CAVITIES
WITH SPECIAL REFERENCE TO EXPERIMENTAL OBSERVATION
ON THE ORGANIC AND FUNCTIONAL CONNECTION BETWEEN
THE CAVITY AND DRAINING BRONCHUS

Report I. The Organic Relationship between the Cavity
and Draining Bronchus

Yoshihisa KINUKAWA*

(Received for publication August 11, 1964)

The draining bronchus and the modes of its connection with the pulmonary cavity are highly
significant for the formation, development and healing of the cavity. Especially, the opening
or obstracting of the region of connection with the cavity is closely related to the healing of
the cavity, but there is not always an agreement in opinions as to such a standpoint. How-
ever, the cavity and draining bronchus are always under the strong influence of respiratory
movement in the living body. In this sense, both organic and functional investigations of the
relation between the cavity and draining bronchus and especially the site of their connection
are indispensable. In this report the organic relationship between the cavity and draining
bronchus was explored in 96 dogs (experimental tuberculosis) and 20 dogs (experimental sup-
puration) as well as in clinical cases (30 cases of tuberculosis and 3 cases of abscess), by
means of bronchography and unsaturated polyester resin casting of the draining bronchus and
cavity. From the standpoint of comparative pathophysiology, similar observations were made
on experimental suppuration and clinical cavities. The following results were obtained.

1) As compared with bronchography, the rate at which air was introduced into the resin
cast specimen was greater (45%), and a specimen almost similar to the original cavity was
prepared. By the resin casting technique the relation between the cavity and draining bronchus
could be observed in three dimensions and minutely under conditions near those in the living
body.

2) The number of draining bronchi averaged 2.4 in the experimental tuberculosis cavity.
The draining bronchus entered the cavity at about the 3rd~4th branches. The number of
draining bronchi was intimately related to the characters of the cavity ; it was greater in mo-

nocular (8.2 bronchi) and large (2.9) cavities than in the multilocular (1.8) and small cavities

* From The Hagiwara Department of Internal Medicine, Nihon University School of Medicine,
Ooyaguchikami-machi, Itabashi-ku, Tokyo, Japan.
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cavity with a resultant increase in the number of draining bronchi.

It is presumed that multilocular small cavities become confluent into a large monocular
The number of draining
bronchi was generally greater in caseous (3.6) and old cavities (2.2) than in exdative (1.8)
and fresh cavities (1.8). The greater the number of draining bronchi, the easier becomes
the excretion of cavity. As compared with the experimental suppurative cavity, the number
of draining bronchi was 4.1 on the average, being greater than that of the tuberculous cavity.
Clear-cut differences were noted in respect to cavity forms and the course of cavitation, etc.

3) The modes of connection between the cavity and draining bronchus were very complicat-
ed. In many cases one cavity had more than 2 draining bronchi (9 in the maximum). A
simple type of connection was characterized by a cavity with one draining bronchus and a
complex type by a cavity with more than 2 bronchi. The former was subdivided into 3 types
(types a, b and c) and the latter into 2 types (types d and e). As to the simple type, “type
a” (where one draining bronchus enterd one cavity) showed a maximum percentage of 46. It
is assumed that union or enlargement of cavities might cause transition of the simple to the
complex type. But “type e” can be thought to have been formed owing to the rapid and remark-
able enlargement of cavities. The simple type of connection generally occurred frequently in
multilocular (63.9%), small (80%), exudative (70%) and fresh (64%) cavities, and played an
important role in the formation and development of a cavity. On the other hand, the complex
type of connection was found frequently in monocular (71.4%), large (69.5%) and caseous
fresh cavities (100%), and was closely related to the mechanism underlying the formation or
healing of a cavity. In the experimental suppurative cavity, the monocular type alone occurred
throughout the course of cavitation and the type of connection was complex in all cases.
Obviously a difference was found between tuberculosis and suppurative cavities.

4) Bronchographical observation of the draining bronchus in clinical tuberculosis cavities
revealed that the average number of draining bronchi was 2.0, which was almost the same
as in experimental tuberculosis cavities. As to the types of connection, both the simple (47.4%)
and complex types (52.8%) showed nearly the same value. The types were also closely related
to the characters of a cavity. The same results could be presumed by means of resin casting
of an experimental tuberculosis cavity. But a contrary relationship was perceived in the type

of surrounding lesions ; the complex type of connection was of high frequency in the exudative
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cavity of clinical cases.

This is conceived to be due to the strong effects of chemotherapy.
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Fig. 1.
and Air-way (Trachea, Bronchus)

Table 1. Number of Cases Observed
Subject
G -

o Experimental| Clinical cases
Control 10 0
Tuberculous cavity 96 30
Suppurative cavity 20 3

Total 126 33
Table 2. Classification of the Stage of Cavity

Formation (84 Dogs)

Time interval after intro-
duction of a secondary
antigen into the lung

Stage of cavitation

Tuberculosis | Suppuration
Stage I: 12~60 4~9
Early stage (23 dogs) (4 dogs)
Stage II : 61~120 10~20
Completion stage (22 dogs) (2 dogs)
Stage IIT : 121~841 21~101
Regression stage (26 dogs) (7 dogs)

BEEERSIAAR Y =270 (BT TH]H) 2HL, B
{LF] CHESBRREY), {2 F SFO ML CRELiRei 3 1N
f, EAIRE 37°C, HEEEMRE 16~17 0 WH§fiLico
2) R 2 7R - AR T R R AT IR
[ %1 150~200ml % C& 5 RFME & ST KEN
AR LD, JEREREEOESY 5, 3HHER
RFEL, BRLUCHizmiiL, 70% Wik y — FEK
ey 2 EERE R R Lo, K -
R LOZRAD [ | TR (R

Method of the Inducing Cast Specimens of the Cavity

1) Pouring into the matter
1) A chemical fomula :

~(CO-CH=CH-CO-0R’0),- + CH,CH
1

I I
3) Character :
Hardening time 3 hours
Viscous coefficient 13~17 (37°C)
2) Method of the inducing cast specimens

thesia and was operated bronchotomy.

1) Dog with cavity formation was placed under Ravonal anes-

Bli, Ffliie LT, XHEHRT
TREEMCZRAZER L, ToPhicE
A (Wi Dionosil) J A D [

R HaEAL, WOk CREEZN
2) Rosinous s;tructure: , i d T4 ] FIR WAL LT, [4 )5
¢ ¢ BAR IR B 2 HER o
_“}"B"A"B"{\"B"A' A : Unsaturated fatty acids 4. @B B
_i_B_A_B_ i o 3?{{;{ A KYERPICE, 2 VAT
& & Bo B EE EZE RO ERAHE L

T, F20D X5 CERDEKERE 3
s, BN EXRER (%
i, WiE, SEZEYeL) TREY
f&, ARBRER IO [BR] %
L, 2R TONBZEFEY, Z9RAN
AR D G H & B\ T R T

2) The synthetic resin was flowed into the air-way with tak-
ing the greatest possible care so as not to increase pressure
and was placed for 3 hours at shade temperature.

3) After opening the thorax, the lung was picked out of thorax
and was dissolved by keeping in the 70% solution of NaOH
for 14 days.

[FFR] OBRERBIRA B L,
DWT [ | MEARZER LT, [5
R OEARBIREEEIE Ui,
FRR O CII R LS & K
U, ZRcEP# (il Dionosil) 23
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Table 3. Relationship between the Number of
Draining Bronchi by the Use of Cast Specimens
and the Cavity Form by X-Ray Photography

(45 Dogs)
Draining bronchi
Cavity Number of nﬁ;el::rg%f
S":ibJeCt draining
(dogs) bronchus
Monocular type 28 8.2
Mono- (1~8)
multilocu- —
lar type Multicular type 17 (213)
Large cavity 17 2.9
(more than 21 mm) (2~9)
. Moderate cavity 2.5
Size* (11~20 mm) 21 (1~8)
Small cavity 7 1.2
(less than 10 mm) (1~8)
1.8
A
Type of type 10 (1~6)
surround-
ing lesions| 2.5
(Gaken B type 82 (1~9)
classifica- I
tion
) C type 3 (zig)
Stage I: Precavi- 1.8
tation stage 15 1 '6
(12~60 days) ~6)
Course of | Stage II : Com- 3.0
cavities pletion stage 15 1 '9
formation| (61~120days) ~9)
Stage III : Regres- 2.9
sion stage 20 1 '7
(121~841 days) ~7)

*Note : Size of a cavity is represented in terms of the
arithmetic mean of the loagitudinal and vertical
diameters.

**Note : Time (in days) after introduction of secondary
antigen into the lung.

A OB30E BT
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afl : Zefo R c (FHE] »BET5 (X No.
3~4),

b & ZRAORIS T [F5R] 2BETS ((FR No. 7).

cHl: 2L (K] LN TFERCE & T (R
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Fig. 2 Clasification of Types of Connections be-
tween a Cavity and Draining by the Use of
Cast Specimens
(Rate %, 45Dogs, 63 Cavities)

Simple type (47.5 %) Compli(csa‘xzte;%tg'pe
OANCaRC I} 3 IR
a type b type c type | d type e type
(33.3%)] (6.3%) | (1.9%)| 46.2%)| (6.3%)
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Fig. 3. Classification of Types of Connection be-
tween a Cavity and a Draining Bronchus by
the Use of Cast Specimens
Relation of the types of cavities to
the draining bronchus

“Multilocular type”

%] “Monocular type”
{ (17 dogs)

(28 dogs!

25 r

d e d e

a a
type type

Si Diffi : Difficult
Simple type U‘Lf}%gu“ Simple type D’[{vfég“
Types of connection between the

draining bronchi and cavities

di :[FZ] 2R ELY, Zh N EREEAET
5X 5T s (X No. 8, 10, 11),

el 1RIDAMEEL, ZRIXILEMOKELS
HEF LoD, Thichi@T% (R No. 9, 12, 13),

TDXS, 5EER L LY, [H52Z2] 45 U (65
2Z2f]) oW THRBE, K2 THABRS XS 1, Bl
(32237 63 = 30 =t (47.5%) T, HHEH 12 33 =
(52.5%) 7b, MEMEAEX R, THBOD5HE
e di (46%) B ER & HD, D\wcadl
(83%) 734, ThbDHIL 79% RO TFD c#
(7.6%), b (6.3%) i el (6.3%) x4 7L,
OB L NERT T E o\ I 2 H Ok TH
Rl DEER L OFBIRETE < Bt L,

1) BHEoBfR: XigEoRRAYHER L BRI
FUBETHEM3DZ L, BERERTX ME5]
PR RO (d 8 67.8%, efll 3.6%) »4%<,
BinAl (aZl 257, bI8.6%) Ndinwd, LB
AT AR (afl 40%, b#E 8.6%, c#l 14.3
%) M%<, HEHR (d728.5%, eT8.6%) »dic
{, THMCHLMLERNRD bR, BEHRLIOS
TR ARS L OERIC D ECERR D % & & 2V
X i,

2) ZERADOKEILDOBIR: BHOKEIEXR 40T
&<, R&EW 2lmm L), FZ2jR (20~11mm) %
ZOVNER (10mm LUT) © 3R CldeT5 e,
KREZGAFIEMT (dB160.8%, ef8.7%) N&L,
BfhAl (afl21.8%, c#6.7%) »Ainl, rhiEET
B (aRl 405, bHE6.7%, cH3.3%) LM
F (d#43.3%, eH6.7%) 12IEAKKED b,
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Fig. 4. Classification of Type of Connection be-
tween a Cavity and a Draining Bronchus by
the Use of Cast Specimens
Relation to the tuberculous cavities size

“Large cavity”
(more than 21mm)
(17 dogs)

“Moderate cavity”
(20 ~ 11mm)
(21 dogs)

“Small cavity”
(less than 10mm)
(17 dogs)

9%

i .
t)«?peb ¢ d e tpe b e d e tyape c d e

Simple type Ditg,fpig““ Simple type Dit%gu“

Simple type Dit%iéult |

Types of connection between the draining bronchi and cavities

!

Fig. 5. Classification of Type of Connection Be-
tween a Cavity and a Draining Bronchus by
the Use of Cast Specimens
Mean type of surrounding lesions (Gaken
classification) (% rate, 45dogs)

A type B type < type
% (10 dogs) Gdgd O (7 de B
50 - o
2% o
tihe b e d e t.\.ﬂpe b d e e boe ] d e
Simple type Di,_{,fp’g”“ Simple type Dltf\"]’:ﬁ““ Simple type D{%‘g““
Types of connection between the draining bronchi and cavities

PZERRETIR AR (a3l 40%, b 20%, c % 20%)
D% <, B (dB 20%) 13475, ok >k
& P2 ORI ER GRS vl INER bkze
e b i pty, BMABERERSS Ry, 22/
DRINE 23Tg ) BB RAERE S h i,

3) ZRAERELOBGR:K502:<, X#ED
FRBERE 2B 5 BT fiy, Bl (AR), B
EEE (BE) & X OMRMEZEE (CH) o 38T,
RN & i Uie, BHENIELIH (2 60
%, bI10%) 1%L, B (dF30%) 1L,
BHEEEIClI B (a2l 30%, bH 6%, c#l 10
%) B, B (dF46%, e 8%) M&\ME
FAHR DR, ¥ AR HEGET C IR (d 2 100%)
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Fig. 6. Classification of Types of Connection be-
tween a Cavity and a Draining Bronchus by
the Use of Specimens
Relation to the course of tuberculous cavity
(9, rate, 45dogs)

s “Early stage” “Completion stage” “Regression staze”

(10 dogs! (15 dogs) (20 dogs
. (12~60 days! (61~120 days) (121~840 days’
%
50 - - -
5 - B
lgpe ¢ d e [?pe ¢ d e t)?pe ¢ e
Simple type Dlé}fggult Simple type D'&{g“h Simple type D‘,(yfp‘g““
Types of connection between the draining bronchi and cavities

DAL, B EEEEER X ORI
5 & kb, EARERERSHINT2EALRY
7)3’;’?3&5 Bﬂfco
4) 2R RS & DBILR « ZRO LR D
DX 5w 3T, BEERORRNELLEYEET S
1, 60T e AR (2 RIUEEAR12~60 H)
CITEHT (a B 64%) 2%, HEAER (dH 36%)
WA EGe LinL, SRy (61~120 H) Tix 44
(a7 59%, ef 4.6%) r%<, B (afl 22.7
9. bA 4.6%, cFl 9.1%) AL, LREMLE
LR, S/ (121~840 H) Tix B (afl
309, b# 18%, c# 10%) rHEAEAEl (4l 40%, e
A 10%) LIXKEEERRL, BriFdE T B
RS <, BRIRZeIR TR B kst
BT AE MRS b, HREE & RRCEE
TeBIRMFRE I T
4. SR bz 3 X OERIRZEIR & o i
1) EE [MeZe) : R RBAES 19 B K
b MEkze | @At ezl ©owT, [ ]
FEA (F No. 16~16) Z{FELL, FEROIL
PO 2 HBHRET Lo
(1) THE] K JOL 0k —F
By [bze | o 4] BER LD TFR] BuF
#5414k B~9AK) T, Banzrliaflrd
BEMSACBL, FeRR0RE S TIRHE
A R 4.1k) e/ (FE4.0K) Lo
Ble T35 Uiz L A 8RR ehDle, &
FRAEER OB T, WERREOR A
7 (FH6.0A) wbord%<, BE (735

Average number of draining bronchi

Fig. 7.

a) Average number of draining
bronchi

Tuberculous

B 39K BIF
Table 4. Relationship between the Characters of
Cavities and Number of Draining by the Use
of Cast Specimens in Experimental
Suppurative Cavities (8 Dogs)

Draining bronchus
. A
Cavity Number of ngzgegx?
subject |of draining
| bronchus
| Monocul L4
Mono- | onocular type 8 L (3~T)
multilocu- : :
lar type Multilocular type 0 0
| Large cavity | 0 o
| (more than 21 mm)
- Moderate cavity 4.1
Size* (11~20 mm) 7 (3~7)
Small cavity
(less than 10 mm) 1 4.0
A type 9 6.0
Type of (intense) (83~9)
surround-
ing lesion B type 3 3.3
(intensity (moderate) (8~4)
and slight-
ness) C type 3 3.4
(slight) (8~4)

*Note : Size of a cavity is represented in terms of the ari-
thmetic mean of the longitudinal and vertical dia-
meters.

TERINAD BRI, Thb [hze] 8o kiR
TARTHEHER (dE 100%) Thote,

(2) WZEAOHE—M7D X 5 & [FE] X
MEze] (2.4 &) & [MbzE] 4.1 R) <X, Bbhic
Mzl %<, ChbOREMZERDOLTHEL TS
FREDRERENE BT, Fio K22 TlriRo ke

Comparison between the Experimental Tuberculous
Cavities and Suppurative Cavities
Number of draining bronchi by the use of
cast specimens (53 dogs)

b) Relation to types of the cavities

“Tuberculous cavities”

5 d “Suppurative cavifies”
\ ogs/

.8 dogs'

-
’

T
Multilocular
type

Multilocular | Monocular Monocular
type type type

Suppurative
cavity |

3.3 K) 3 X O CH (P 8.4 k) & DHICHF
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[F5) B BEEcEET ORI L Fig. 8.
T, [fbZ2] TR D X 5 BRI
DHRNIEH DI, X bICRABEKRE T

e et (1.8 K) o

F#&] Enb oL LD L 13/;’,%
<, TbZe ] CI1Z A (6.0 &) wd o )
&3 %<, MERABCHERBERN
HZbhic, & bIREFHBERTHETS
8Dz, BEHMERETE [

72 | 35 X0 TfbZe ) oWz L b 0
BBHHED bR BD, [{LZ2] T
BHEORTH D, FIEETL T

Z2 | T [FR] OF%E, R IO
PEATHVEINC RS B, JAAFEERT 1Bk
7 B IR R A~ O EPEEY T e

“Multicular type”

(17 dogs)
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Comparison between the Experimental Tuberculous

Cavities and Suppurative Cavities

Mean the types of connection between the draining
bronchi and mono-multilocular cavities

“Monocular type”

“Monocular type”
% (8 dogs)

“Multicular type”
(28 dogs) o L

(0 dog

I L. :

e |a b ¢ | d e a b ¢ d e a b ¢ d e

type tyme iype

BHHDILT, r,”:%bl T 'f‘j— 5 Simple type

I Difficult
type

Jifficul o
l"{\fbf. t Simple type

. ifhicn - el
Simple type ms‘fﬁ%““ Simple type D.tf‘!éguh

No. 16~16 Ok <, Wi LRE

Tuberculous cavities' (45 dogs!

Suppurative cavities (8 dogs)

Tholo lED X 5, THEZge] & Mz ] &b
PRERNRLY, ThOXHERORY., #RER LU
R EOERCHEEREEYZETI0LE 2 bh
Z)o

2) EEIRTHSZE] : BEMGEIRAI (e b)) LKA (1 %)
LRI, 13X A O MALFEFRENER I, D
CELTR 2, FRBRAOREERD S 2 b3 &b
DTHEMLMEY & 52, [RE ] TEERNERPNCH
AL? 30 fio 52 Z2ffic o, MFR] BB LO+FD
R oW CEEOME R L ORREBIZEL, bb
BCERG )8 LKA (X)) & Ok
frieotz, )

(1) TR s T orofEsmiEl

) IHal % P 2.4 K (A~94K) T, & 4~5
RRZEZTHFETDH00RL L, ohb & ZRDFEEIR
OBIRIZES DT <, MEHER (FHE8.14)
LMzl (FHL4K) Xh 3R] Erd v, Ric
Kzafi (4lmm LLE), Fr22iH (16~40mm) I X OVD
Z2if (15mm LAF) © 3EER € Il $5 &, K2R
(B 4.54) wdbor %<, Pl (P 2.04K)
X OUNER CFE L 1AR) CREdT 5. R
WA (FFAE) CRBHE (745 2.3 4) it s
Wi W BA, ZEEEE (P18 AK) I X OMRIER
BB (P35 2. 1K) M KEIEZRD bhiadDl,
Ci) EEREREN SRURRTRO X 5, B & HAEAY
CRARPLTHETSE, K9 (a) o &L, HHHEL
Wit 59 Zeirf 28 =2 (47.6%), HMEANL 31 = (52.6
%) TIlRIEFEMERY T Lice ez DGR & DBIfRIZ
K9 () ok, HEMimMcIIEME (88%) 73,
¥ 7S BRI CIR B R (66%) 1% <,
BN AR B, & BHIRZERADO A E X THRRZMNCHEHER

Table 5. Relationship between the Characters of
Cavities and the Number of Draining Bronchi
in Bronchography of Clinical Tuberculous
Cavities (30 Dogs)

| Average
Character of cavity Nl;um];%zgtof n;g‘&eizgf
bronchi
Monocular type 17 8.1
Mono- i (1~9)
multilocu-
lar types Multilocular type 13 (1};;51)
Large cavity ! 6 4.5
(more than 21 mm) l (2~9)
. Moderate cavity 2.0
%
Size (11~20 mm) 14 (1-6)
Small cavity 10 1.1
(less than 10 mm) (1~2)
2.3
Type of A type 4 (1~9)
surround-
ing lesion 1.8
(Gaken B type 15 (1~9)
classifica-
tion P,
) C type 11 <2ié)

*Note : Size of a cavity is represented in terms of the
arithmetic mean of the longitudinal and vertical
diameters.
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Fig. 9.

a) Types of connection between the
draining bronchi and cavities

B #39% m9e

Relationship between the Characters of Cavities and the
Number of Draining Bronchi in Bronchography
of Clinical Tuberculous Cavities (30 Cases)

b) Characters of cavities and form of draining
bronchus

%
. L M Simple type
- 0 ~ e
'—' O3 : Difficult type
-

50 + -
Simple Difficult Mono. Large [Moderate [ Smal! A B C
. type type cavity| cavity | cavity| type type type
Types of connection [, —multi 1 - - n

A pho!ug‘rnph,\' I(:;}ge multilocular| Size X T,ngf:“‘nnf surrounding ]

IV BRERLTICER

*Note : Size of a cavity is represented in terms of the arithmetic mean

of the longitudinal and vertical diameters.
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Table 6.

Relationship between the Experimental and
Clinical Tuberculous Cavities

Number and types of connection between the

draining bronchi and cavities

s 22 2o et P . Types of connection
FLAERERE TFR] L OWER Subject Number of Numt‘Je’r of nﬁx‘;ﬁ:'ez-‘l_gif t';i‘t&i?'ﬁ ;};31 %glerlil:il:sg
R ORE, X#) RIBEIhTwiok ’ subject cavities d{fgﬁéﬁ% gh;l;ier&;é—ﬁiﬂig]t_
bWz X5, Lvl, HEENTIRHRE - X e T .2 " ;3
BOPREBORETCSS [BA) e | g | B e o | 2%
L R B B 5 IR 7 & D —— — e

- > Clilical cases 80 59 2.0 28 31
AOFATIATHBEMD S L (cases) (1~9) | (47.4%) | (52.6%)
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