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Pulmonary Angiographic Study on Chronic Ohbstructive Lung Disease
by

Koichi Yamaguchi*
Department of Radiology, Tohoku University School of Medicine, Sendai
(Director: Prof. F. Hoshino)

Pulmonary emphysema is defined as the destruction of the alveolar structure; i.e, the destruction of
the plumonary capillary bed. Although the pulmonary vascular changes on the chest X-ray film are of’
utmost importance from the radiological diagnostic point of view, it is not easy to diagnose mild cr mod-
erate pulmonary emphysema. The present study deals with pulmonary angiographic analyses in chronic
obstructive lung disease, paticularly in emphysema.

Material :

Right heart catheterization and selective pulmonary angiography were carried out on 34 patients
with chronic obstructive lung disease (Table 1) and 4 patients without lung disease as controls (Table 2).

Method of selective pulmonary angiography:

A closed-end NIH type catheter was inserted into the pulmonary arterial trunk and the contrast
material (Angio-Conray) of 0.7 ml/kg of body weight was injected at the rate of 30 ml/sec.

The ventrodorsal stereo-serial radiograms were obtained at the rate of 4 frames (stereographic 2
pairs) per second from the beginning of injection for 15 seconds.

Angiographic characteristics in control cases:

1. Tapering pattern of pulmonary artery was evaluated by ploting the ratio of each divisional ar-.
terial diameter to the right pulmonary trunk diameter on semi-logarithmic paper against branching di-
vision. In all normal cases, the tapering type of pulmonary artery by branching were demonstrated as:
straight lines or lines convex upwards (Fig. 1, Fig. 2, Fig. 3).

2. The rate and degree of the filling of the contrast medium into the all lung fields were even in all,
cases (Fig. 1).

3. Arterial phase, capillary phase and venous phase were deliniated separatedly in each serial radio-.

e
grams.
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At least deliniation of arterial phase and venous phase were never overlapped. This finding is

called “Separation of three phases” in this report (Fig. 1).

Angiographic characteristics in chronic obstructive lung disease:

Angiographic analyses were summerized in Table 3, the characteristic features as followings.

1. The most prominent feature of the pulmonary angiograms in the patient with emphysema was

ithe tapering pattern of type B shown in Fig. 3, 4 (cf, Table 4, 5, Fig. 6).

2. The main pulmonary artery and its major branches were more dilated in chronic obstructive

lung disease than in the control cases. However, no significant correlation could be found between the

right pulmonary arterial diameter corrected by body surface area and pulmonary arterial pressure (Fig. 8).

3. Uneven distribution of pulmonary blood flow was demonstrated in the majority of cases with

chronic obstructive lung disease. However, it could not be detected in which group of chronic obstruc-

tive lung disease specific was (Table 3, 7).

4. From the analyses of serial progress of regional pulmonary vascular deliniation by contrast mate-

rial, the uneven distribution seemed to be due to the differences of the regional vascular resistance.

5. It might be concluded the no clear “Separation of three phases™ (Fig. 4, 15) in chronic obstrac-

tive lung disease suggested the reduction of pulmonary vascular bed (Table 8).

6. Iiseemed that morphorogically wedge pulmonary angingraphy offered faithful demonstration of

the reduction of vascular bed, although deliniation was limited to very small area of the lung field.
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Table 1. Objects (abnormals) and evaluation of pulmonary function studies.

Pulmonary function studies £
Ventila-| = | g
2 § o | tions;l :'§ : - a% 8 Eo" .§ % Diagnosis concluded from
9 S = | & g 2 §£ élg s | & .ngg o & ¢ | symptoms and pulmonary
] tle a8 |23 = | mET | B = function studies
O S E | eE | s 2 |z | 858 T
5|£| 2w | 22| g 4| 50| 3 g
5 2|57 |5% | S [~ |28 | 8| 3
Zlo(ag|a < o) ~
2 T.O. (63| m | — [#| # | # |EH || 68389 | = [ E |dry emphysema B
4 Y.S. |51 | m '# | + | — | EH# | # | 8335 | + emphysema-t-asthma
5| K.S. | 54| | — || + | — | E+ | ¥ 803 | = asthma
8 R.W. 31| f |+ |#| # | — | — | 4| 5351 asthma B
11 K. M. |40 | m W_-I-_H_ + F 4 -|-|-_ 70/36 | — bronchiectasis
12l K.K. |70 | m | —| 50/48 E | emphysema
13 N.K. | 50 m | ? # — — | H | 60/43 | H E | asthma+t-emphysema
15| T.Y. | 69 m ? _ﬂr — | EH | H | 5942 | + -emphysema-{-asthlma
16 A.T. |52 | ? _-]-Hv_ +- | FH# | 4| 64/46 | + bronchiectasis
17| T.H. |87 m | — _-I-_-H-— + — | E4~| — | 8538 | — senile lung
18 T.K. |62 | m|— | #| — | — | E#|—]| 869 | — senile lung
25| E.O. |63 | m |— | #]| — — | E#| —] 835 | — emphysema
o7 Z.A. |68\ m | — | #| — - EH | H | 80/3 | + emphysema-fchr. bronchitis
30/ K.O. |58 | m || #| + | + |E+ || 5151 | + | E | emphysem
E-K_K_-_a_m_ - - - E+4+ | — | 88/34 — emphysema
32 UW. || T |+ 4| 4 | # | Ft| +| 7986 | = chr. bonchitis
" 35 Y.G. |52 | m|—|#| — — | EH# | H | 76/36 | — emphysema
3 K.A. |75 | m | T ﬁ_ 4 H | E# 4+ | 7343 H E | emphysema
39 G.M. |79 | m | _-I-_I-_ m— . 59/34 E | emphysema-bronchitis
8 H.H. 54| f | —|#| = | — | — |+ 6434 | = chr. bronchitis
S S.F. |59 | m|— ﬁ_ - — | E4+ | — | T4/42 | — dry emphysema--asthma
I 'S.K. | 54| m T ﬁ—_ 1# # | EH | H | 7737 -+ E | emphysema-tbronchitis
98 F.N. |52 | m | —| # | — — | E#M|—| 9241 | — dry emphysema
60 T.O. | 43| f e bronchitis
6l T.O. | 77 m|—|#| — — | E#M |+ | 8644 | — emphysema
64 K.A. |62 m | — _-I-F- H# H — |+ | 60/41 | &= | E | asthmaf-emphyserna
66 T.S. |66 | m | — #| — — -+ | 85/40 emphysema-+bronchitis
83 K.O. T chr. bonchitis
8 E.Y. |69 m | — #+ | + + 81/36 | — asthma+-emphysera
8 Y.T.|63|m|— 1 + | 91/40 | + E | emphysema
89 J. 1. (59| m | — # + | 81| + | E | emphysema
o1 Ko, (42| | — | # — — . 77/42 + 17 E emphysema
105 1.0 o m | = #o# 91/37 | H E | emphysema
107 T. A m | — H#1 + |+ 99/33 | — emphysema
— mno disturbance -+ slightly disturbed H  moderately disturbed # severe

* In this columm E mearns “‘emphysematous’, and F *‘bronchitic’’.
*% I Plain chest film revealed emphysema signs.
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Fig. 1. (Control case No. 3)
a) Maximun arterial filling; 1.5sec. after
the start of injection.
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¢) Venous phase; 3.5sec.

Attention to tapering pattern and the separa-
tion of three phases.

Fig. 2. Tapering pattern of control case(No.3)
shown graphically. (Type A)
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si: HO

501 \\\

~ 5~
8 \\\\\\ 33
§|0: \ \ -2;!
" N
5 5 NN\ g
- \Al\'AIO -

o1 2 4 6 8 10 12
(Division)

TPIAF AT & i Db ST R R A BlE LT %
OEGaRe Fig. 2 ofn { fillc kg,
o HlEga B B LT 72y P LT &
To. XEEEA T, B E e beBihg
R IER & Aot T, IEH H ONEIR O i
& % PefiitfA (Tapering pattern) » UUiHT
BrEiwlie

(2) JRIFEOIZRERNZ LD Bt

a) e X % BeMikkM (Tapering pattern),
Fewal <t <, AlBIRE O EE A FAEE L
T, HEesE L S st oy JIE



W Fn454: 3 H25H

1547

Fig. 3. Three types of tapering pattern.

Type A: Straight line, or line convex upwards.
Type B: Line concave downward.
Type C: Line with irregular course.
100 100 100
8 \ ® S "---.\
210 210 21
Y .
& o @
=3 = =
""" Division "~ Division " Division
Type A Type B Type C
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Table 2. Controls
. rt. pulmonary Distribution of
No| Case | ¥rs [Sex| FEVi | “blood | 2rierial trunk |Tapering| pulmorary | Yoqge
7 Pa0,/PaCO, | mm |Corrected Al Separation of |Angiogram
Value* three phases
1| M. N.| 54 |m| 90% 95/38 22 13.8 A —+
—‘2—_ K. H. | 39 802 90/35 20 15 A l even
3 T. M. | 34 f| 70% 87/36 15 13.4 A if:;r
4| N.K.| 23 | ] 80% o537 | 19 | 14 A l n
* Correded by bodv surface area.
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Table 3. Summary of angiographic analyses.

Angiographic findings. [ other SEt‘BCt@gpi:;?e-d o
s o TortI:.)ligsity 5 ; D‘iam:tter of | Pulmonary Br::;ll:}f;}lg;m = (2 ié
“ g“:: g § i“a% pulmonary = 2; E pulmoﬁary artery o . (j;< 4g) I f:-'l E a:;o
§ ‘L8 ST EF| vessels. -E-g 5 trunk pressure |FEV, T aleoa] 5 %8
SR P e B spwjdinse | % |sXEEES T g
SR E'E::E E .5 S8 E - Corfeci"ﬁd (_ms:ai_rll) g: E §§=‘g = :g—:.-:ﬂ
Eﬂ. g = n < = Value mmHg E’g*i&i%’w =
2 B e + |not clear| a | 28| 24.4 | 30/12 (20) | 32.9| ¥ | 4 | 0.075
4 B | + | + [+ b (29| 18.2 | 27/10 (13) | 27.5 | — | # | 0.21
5 B + + clear cd| 25 15.8 34/10 (28) | 46.5
8 A - + [ F 25| 15.4 | 52/24 (38) | 62 — | # [o0.22
11| ¢ T |+ | + |mix a |27 21 30/8 (15) |53.8| — | 4 | 0.3 i
12| B + | 4+ | + |[motclear| a (33| 22.2 | 60/26 (32) |35 | # | 4 |0.1
13 B = not clear 24| 15.8 | 30/8 (14) |33.5| # | — |0.22
15 B + + |[notclear| a [32| 21.5 | 38/6 (22) | 27.8 | # | 4+ | 0.08
16] C 4 + |+ 20| 16.3 | 32/12 (22) | 61 — | # |o0.26
17 B = 29 [ 19 27/5 (14) | 53.7| + | + |o0.21
18 B = 35| 20.6 | 386 (22)|57.6| — | — |o0.25]|
25 B ¥ a |31 20.5 |80/7 (18) | 48 T — 0.9
271 A - clear 28| 16.8 | 42/18 (25) | 40.9| + | — |0.19
30 B + + |not clear| a | 36| 26.5 60/20 (36) | 23.6 | # | # |0.12
31 B + + b|23| 15.9 | 30/5 (13) |59.1| H# | — | 0.17
32 C + + | + [mix a|28| 19 30/10 (20) | 55.6 | — | 4 | 0.29
35 B + + | + |mix a 25| 15.2 | 30/10 (18) | 43.4 | & | #
36 B + + |notclear| a (31| 26.2 | 3015 (20) | 35.4 | # | — |0.08
39 B + + + | not clear| a [ 20| 21.6 28/5 (14) [50 | H Ht
T3 A — + | + |clear 32| 21 35/5 (17) | 68.7| — | # | 0.20
51 B + + + | mix a|28| 16.3 30/5 (12) |51.4| + | H |0.17
571 B + not clear| ¢ | 31 24 30/10 (17) | 53.6 H —
58] O + + | not clear| a | 22 14.5 24/6 (14) | 59.1 | —+ + |0.31] O
60| B — + |clear 28 | 20.3 | 30/7 (15) — | # o
61| B + + | + 29| 19.6 | 31/8 (17) | 48 H+ | # |o0.18
64 B + + | + |motclear| a | 26| 18.4 | 35/10 (20) | 28.4 | 4 | # | 0.18
66 B — + [mnot clear 26| 19.3 | 26/6 (13) |34.2 | & | — | o0.22
83 B - + 27 18 32/6 (17) ==
8| B B + | + |[notclear| a (27| 18.3 | 30/6 (12) | 57 — | # 0190
8 B ¥ + | + |motclear| a |30 | 19.5 |30/7 (16) |41.5 4 | — |0.16| o
80 1B + + | not clear| a | 31 22.6 30/7 (15) | 30.7 | 4 — (015 | O
o1 B + mix a|27| 20.6 | 30/10 (20)|28.6 H#+ | — |0.15| o
105 B + + + | not clear| ¢ | 28 18.2 25/5 (14) | 20 H H O
106 B AT + | + Inotclear| a [39| 23.5 | 20/4 (14) |61 #+ | H# o)
(1) Corrected by body surface area.
%5. BEINKEHELLEE L OTHD oL A.
ERELTW5. Fig 4wz 2B 5 ifimEss CHElix, B0 JUEMZ LA < s o pEo
#f& L Tapering pattern %733~ 7 5 7 R HURT TREPICZHbh b b oDk 5 ¢hH5 (Fig. 5).
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Table 4. Tapering pattern and other surveys

R iy Sign of alveolar wall destruction in
i Diagnosis from clinical sprayed Alveolobronchogram
i symptoms and pulmonary pray g
! function studies. Positive Suspected Negative
Controls 4 )
T A 7 Asthma 1 1
¥Pe A (1) | Ghr. Bronehitis 1 1
Emphysema 1 1
Emphysema (4-¢c) 22 17 4 1
e B (27) Asthma 1 1
vpe B (21) |~ Ghr Bronehitis 2 2
Senile lung 2 1
Bronchietasis 2 2
Type C ( 4) | Chr. Bronchitis 1 1
B Emphysema 1 1
Sl X 5 INEhIR o $#iEEAE (Tapering patt- Table 5. Tapering pattern and FEV . 9
em) b, JiKESH ELEER IR T W5 1HR i T;;Pt‘t’;i’;g —55% |5596—T7096 T09%—
L oBitRE Fig. 6 1Ry, Az, xR Type A 1 5 a
BAGIBURL, WSh 1 BRIZT0%S L g 5, Ccontrols)
o P . B
OO oY, WKL KELMEL S e - -
M BIEGIA60~T02 DL 5. Type C 1 3
BHEICET % & D ORI 7355% LA Tk did, In 2 cases, FEV ¢ unknown.
CHuxA, BMEOHME LD L5 ERTH
5. pattern RN LTHTSH, #ES50ML T, B
e, WSIEES o ik X5 1 BROK BrgSEHe R BT 2R L LTRUEoTR
4y, 552LAF, 55~70%, 70%LlLkic Tapering 5.
Fig. 4. Emphysema. (Case No. 88)
a) Arterial phase: 2.5sec. after the start b) Tapering pattern shown graphically
of injection. (Typical type B).
g ; 1004 30
50
~ \ 10~
g 3
® Ve
H4
=Rl \ \\'\ 11 2
5 \"L""@-uq._‘\‘“\ -2 §
g 5 o, Ay 5
> Ay | 2

012 4 6 8 10 12
(Division)
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Fig. 5. Bronchiectasis (Case No. 11). Fig. 7. Pulmonary artery pressure to tapering
a) 2sec. after the start of injection. types.
- ._"""' - ._...‘ mmHg
o . 60 - ve
ra ¥ = ' el
A f £
3 »
2 50
=1
-_c‘- L
g 401
S ® .
2 b .
30 1 tssspesananen e
o @ .
3 o .
&
£ 204 .
2 0
a

Type A Type B Type C

b) Graphical demonstration of tapering @ controls. ® abnormals.
pattern shows type C.
100 4 34 Fig. 8. Pulmonary artery pressure to diameter
] of right pulmonary arterial trunk (correc-
50: ted by body surface area).
4 mmHg
= ~e 102 60 . .
8 \\ S g
¥ e, ikl 2 50 °
2 104 49 2
g ] 3 g 2 .
g 1 12 5 =] 401 ® .
7 5] \\ NE § s v o
~ 4 7 < 30 come BBefho ee o o
" 3 g’ v
‘_Ei 20 .
o1 2 4 6 8 10 12 -
(Division) %”” 10
Fig. 6. Correlation between tapering types =
and FEV g5, 10 T %0 T 5
2 |
mF0E1V1,6 Corrected PA. diameter (mm)
® @ controls. @ emphysema. A asthma.
90 O chr. bronchitis. X senile lung.
© %hTix, Tapering pattern 0¥ » il Eh IR HE
L i § EHETER LD 5 5 X5 TR LY 5 BnBnk
) g BatT B icdic A, B, CERNCHMBIRE: 7 =
4 v b UTotps (Fig. 7)), Bk R 5 01248
BoXs5Ths.
20 - ey
_ (b) HBMROERE
. ‘ ‘ o b XERFEANCHIN 5 B ITBIROERE L,
Type A Type B Type C IHEIIREE & OBAfRA R, Wic XEFRIT R &
@ controls. @ abnormals. IhfEEREEAHEE T X Ir i &, R LSS
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Fig. 9. Pulmonary artery pressure to PaO,
(plotted on semilog. paper).

(mmHg)
60- o"
501 -
40 " %
LR A
30 1 _.0 i Oouu&o.oo
.ﬁg@
201 .

0 20 40 60 80 100
Pa0; (mmHg)

@ controls. @ emphysema. A asthma.
O chr. bronchitis. X senile lung.

DBV TR B R BP0 7 - i
PAZEMIE BRI e > C B R 2R e, &
TR oGRS ERE Y, AREC oA
TR LicfiiZ, AEMBIIRERZEE L, Zhex L
I BHIREE (R fED % 7 = » b Uiz (Fig. 8). &
Wifix, Dubis ofic X b, HE, FEH»SHE
L7z A@EEELETFTO—Mr hdboin s LT
4, AR I T L, Friedenberg!® £ 11
FPECOWTHFHOMIC Eh\ - IgBIfRE R LT
WAL ERREShT, GLARLC YD
IBIIRE 2R 4 2%, B~ feflE IR E A
PRTEARED RS, WETHE, 1BM%E
MR B R T, WhBIREIE R O Rz, hEhiR
JEENY =0 8 ol e QLYY S RN 1 = = 4 7 = 1
BREEA 1k E LT, 2%, 3 kRoMBIRERIC
HLTHHEA L THH, i Fig. 7 k%
nitenote. Fig. 9 i2iliBiRE%, PaO, &%k
ERLLDOTHB. ZHIBIIRE L PaO, L
DY R T 2R L EL RS,

Cc) i o R O RicouT
MR M LR O % — v 2B L kT,
FIRKE & IR 2T, EFART oAEL FIE
%f&ﬁbt %ﬁim&u,ﬂgmm%&m?
m<, REEM, BTEr—BLTEA Lo
Tmm%oﬁmﬁﬁﬁoﬁﬁuﬁbéﬁkh:

Fig. 10.
a) Case No. 16: Pulmonary arterial twings
are tortuous and irregular.

,.E@‘IQ

b) Case No. 32: Branching with abnormal
angle.

7 N

‘iﬁnﬂ“-

.Table 6. Toruosity of pulmonary vessels and
irregurality of bronchial wall
observed in bronchogram.

Tortuosity of Bronch
pulmonary vessels Case onetostan
Arteries | Veins numbe;-iBr-o(r1:|1_11)1lzls Br?]él-;l_ns

.‘ + - ]

+ T 6 | 15 1
. 1% 4 1[! 6 4
e J P ’ q 1 6
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Lk Li. &REfoWT, BlRERCSTT,
FOHE WA FE 2 T . Chi KT R
TRIKE (REZR) OFE/ERLEE Lo
HE6 TH 5. IMmEROERRE O RN, K
BEIEY Lo SIERTRE, it oMBEERLT
W5, iR ERREOS S SO, 12EA LD
FTHIROERBTEIER S h 5 KHE, BiRoER
BERRORSH, BRFiczofAyvERcE
TOWEEFI R0 B = LV Licwo.

(3) RO RFFERL P E Lol
MR OGEMABRIBER D@ Y THE. “hi
LT, BWYBEESFlico\ T, FRFRIEPRE
BEEOTWL &, FoffHssEch 5.
e OO E» LA L TR

(a) EWRER D RITZE—MmRA F A
OFT R,

MNIBRECIE, SBEERORMIERIZEA ERD

Table 7. Uneven distribution of pulmonary
blood flow and diagnosis concluded
from clinical symptoms and pul-
monary function studies.

Uneven

distribution Diagnosis

Emphysema (4-c) 19
Chr. Bronchitis
Asthma

(+) 2

Bronchiectasis
Emphysema (4a)
Chr. Bronchitis
Asthma

(-) 9

B = oo ba| | e

Senile lung

Lhis\. Tioh b MRS O FH S EE
MBERY S, LavBICRBE T, 34fh25
P/ D AR S a Bed . MR DA%
DR LECFIDOBMIE 2R L TAD ERT &
7%, WD DAL MREC £< 2bh
5. Lo, ATl ECIRECX, MK s %
bbb ONEL, MoEENRDIG-EVHH
BORFYRELD L, MEIECISRPTRE -
2B E5 o RNl T ha &L Ex
%

ke, EEEBORFELZ T 5o, %

AOREZFR R SMRE H20% F12%

Table 8. The sign ‘‘Separation of three
phases’” and diagnosis concluded
from clinical symtoms and pul-
monary function studies.

e Diagnoss
Not clear 16 | Emphysema (+) 16
Emphysema 2‘

Clear 4-not clear® | Chr. Bronchitis 1
5 Asthma 1
Bronchiectasis 1 i

Emphysema 1

Clear 4 | Chr. Bronchitis 2
Asthma 1

* Partly clear and partly not clear.

EfHE, O /RFTATR O MR LT
e &Aoo ABEM 5

L IERBIRA % © R

i, REEMER E T oBM—=FMEE ok
focifi

i, FIRMEHEBL % © R E-— W IRAE O Kty
.

iv, 3iHo4HE

Zhic k27T, E—AEFIE P TR § o
REARIFE) 2 MR eI~ Tn &, DT rR38
T B E BT E

(a) HEMmTET2RT EHE SRS R
Frcik, BoRBRH, B EREME, MRk
T AR TR A B> TER, FEciiRk
AR CARBMATEENRZ L, 2 21Es
T, ThCE U CEREEMEHEOGIRE (&<
o b, WAl T h e R Lasic L, ElRAE
OEHEHLAHE LB DL BB, COfFBLY LD
#hr Tk, —itic 3 HOHEIARR 125 b ot %
v (Fig.11), —a B35,

(b)) FEEBIRAE & T ORI 2 M DEAL X b A8
SEncIEn, EHEHoEBEARR E L
3, FEOEIRME O BB Mo AL & Ik ik
EificBonhs b 0. £ ombEkfsr Fig. 12
g, —b B r4%,

(o) Bk o BIRAR O IS RN 2 b DAL X
DEWL o, Zh3GIET A, ThFhika
—RChvoT, EAMCHT S, —cBl L
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Fig. 11. (Case No. 85)

a) 2sec. after the start of injection. Delayed
peripheral filling of bilateral lower lung
fields.

b) 3.5sec.; Botn upper fields show capillary
phase, but arterial filling remains in both

lower lung fields.

c) 4.5sec.; Visualization of venous phase in
both upper fields but in both lower fields
not yet visualized.

T5.

ERFES (5) 1 A Bifo BEEEH b
D, FE-CILEMEHEE CoEEEBIL O
EED IR, REEMAEH T O HRE ;
<, WIRME S Ehie BT B, F oL
DR GEFHIOTEH Lic iRt 2300 %),

GRS (57) @ BB Cllimi o dim <
REBIRAECET REHER 7o 23, RS
MERBECER S, BIRE S - it

d) 6.5sec.: More delayed venous filling in
lower lung field.

han, ToFRFHEEIZE LD TEL, RAikco
WEMAIOTE - UosEY.  = oxEl#ERA Fig.
13171,

FEGIES ( 105) : REEMEH £ C okl
% x nECHFTERAE EFRSORS. 2T
DIEHHIOVEH Lickifiaimns b, IR ot
BEFEW. Fig. dicr oty rd.

LA Aol 4 R LC, Rl T % 7-
ERFEHIRT EB 2 A, (oiBer & Hlk L

_89 —
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THMAEHGA T ol ch Has, WL 27
WA T LS IEH S B S v, pa b o
TERAEE, X OLNEF e RGO A, Fio
BEREOFoBERRCHERT S L, 3HHO
BOUEES], R W8T 5. 3 HABEAR
BTk, e e mfE T AR R’ bl
50 RFTERA UL, mESMIMEC, RIGHE
K 2L & s EAMmEH o SPRES EuvE
TR BT L, BhiIRE 2 E D45 ERE

Fig. 12. (Case No. 31)

a) 1.5 sec. after the start of injection. Delay-
ed peripheral arterial filling in right lo-
wer lung field.

b) 3.5sec.; Nodistinct visnalization of backgro-
und veiling phase, but simultaneous venous
filling in upper and lower lung fields.

..... —

HARE S MESHE H20% H12%

¢) Venous phase at 4.5sec.

ar

I

|
RELTw3% (Fig. 15), T, o 3ot
TR Ry, HEMmcEEao Lo o omiE
R 2R AT R E LTHEH Licwv & 8
3HSEEoRT Rz, OF L7ehs Sl ERIE AN R <
ot e (7 — T ARMCEAD  EAR S 7
—F Api g Recoil UTHEHHIN GETHHK
e AHARMERCRT A e EbETLDHAHE
Bnd s, prsERALEALT, 3HEIHEORE
filix 3 2 WiEffgic it A Lz, B, B ORI
PREE e oW To FHEC, k2&h RWE

Fig. 13.
a) 1.0sec.; Earlier filling of peripheral arte-
ries in left upper field than right upper
field.

_ 90 —
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b) 2.5sec.; Distinct venous filling in right
upper lung field, but prolonged duration
of capillary phase in left upper lung field.

¢) Venous filling of right upper lung field
is almost erased, but abnormal duration of
venous visualization in left upper lung field,

¥ =

B, RRORF&EET5EATE, (R+A
R) &MWL, 3HSMOR, TROKS L,
SER & BRI X I AWT & DXt A F 8 1
EBDTRLI
[ 1) Wedge Pulmonary Angiography

TRRORE340I 8, B 2 Blic o T, b
¥ 7% wedge pulmonary Angiography #Jiif7 L
oo Z—nFvRO AT —-Tr6E (MiE2
mn) 24 7o i o iR wedge X4, =
T Angio Connay # % 5 — 5 /L N2 A

1555

T L.5eeFWciE AL, HAKT &R L
fo. W& Mx 100 kVp fijfR, 300~ 400 mA.
Yaoks. 7 4 4 2 3Sakura X-ray film. Type MR
ARG e L.

LI RERESIe - & 383 5.

(D #EREA 5 (No. 4) : Fig. 1617310
< AEFE R 20mm x 15k PP C, FFE-Ci
2 mal) N o R EIR D &, EREK, RiRy 5
OEHREF CHEERITH DL TED, IS L

Fig. 14. (Case No. 105) Earlier peripheral
arterial filling in left upper lung field th-
an the other fields, and abnormally prolon-
ged duration (15sec.) of venous visualizati-
on in left upper lung field.

a) lsec. after the start of injection.

— 91 —
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Fig. 16. Single-film wedge angiogram of con-
trol caseNo. 4.

Fig. 15. (Case No. 88, same case shown in Fig.

4) In this case the separation of three pha- Fig. 17. (Case No. 88) Small peripheral arb-
ses is not clear. Arterial filling and venous orizations are distinctly visualized in com-
filling are overlapped each other(a).Observe ])arison. w.ith co-ntpol angiogram shown in Fig,
in comparison with venous phase (b) and 16. This is probably due to moderate decre-
Fig. 4. a) ase in background filling(i,e, capillary bed).

a) Upper lung field.

1! :
i‘
_p
|
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Fig. 18. (Case No. 81) In right upper lung
field wedge angiogram is normal (a), but
in left lowe field arborizing vessels are de-
creased in number and modertae decrease
in background filling(b).

.I. 1‘

OERIFEDBID. DT iemT R ik
% &, KBMmEDHERE 0.56mF coEmiiilh
A, ThET oSz, EMEHROEY
B ST, BBETHZENTERG
(2) JEHOBED 5 (No.88) : Fig. 1713, AJE
o ¥ 3 X OVFEF oo Wedge pulmonary angio-
gram Thb. EhbHT avrFAMRS EHE
0.1mnfsy % T D FMIMEAEM A M5 = &% wJpE
T, THEMR, MEBEOMIHE ok, &

1557

Fig. 19. (Case No. 89) Wedge angiograms in
right apical portion (a) and supradiaphra-
gmatic portion (b) show stretched and dis-
placed peripheral arteries, marked decrease
in arborizing vessels and non-opacified bac-
kground. In this case aulopsy revealed bu-
llae formations in these regions.

£ 0.2~ 0.1mD KX MED VT s
BeEh,  — o/NBEIA T L AESET, iy o
FAMCHERIBEE IR TWAERREEL SR
5.

(3) JEHBED S (No. 91) + ARG I
Hoh LY o A LB I T 2%, T
THEF T, Mmoo hInE S Mok, ik X
LPMEEE 4 BRA BT BEEMICH 5. = o0
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Fig. 20. (Case No. 83) This case is considered
to be asthma from the clinical symptoms and
pulmonary function studies. The wedge an-
giograms of this patient show diminished
arborizing vessels and marked decreased in
background filling i, e. capillary bed. Mid
portion (a) and supra-diaphragmatic porti-
on (b) of right lung field.

B¢ Wedge pulmonary angiogram |3, Fig.
182 T, No. 88DiEflog (Fig. 17) kbl 3
5 LWHLEMER LR T 50, dEpl(Fig.16)
& E BB, Z O T L BE O MK
OWEE BB EF 2 5. Fig. 18b 13 £ T
DBTHLH, HEMEFoBL, oy
ekiE b Z L <, A OGP LIET LT

AZRESERERESHEE H208 Hi125

W, AR mAEROBELY No. 88fiEf] X b
EEE LT E D,

(@) B (No. 89) : Fig. 19114 LRl
W3 L OE T cofFBch s, EBlEHD
Buriz LA ERBLRT, MEOEFITERT T,
WA IS Stz SETRE D, Sl
4l BREeh s, RrTsiEfhTikLiio
WERRETHD.

(5) JEMIEED > (No.85) : Fig. 201k & h
Hfux, Fig. 1905E6] 13 & EE Cicu A limes
oMK LT#FEzbhicWgt, —if A
V-shunt #5825 5 & »H 5. BRKER &l
Bty & o BRI bkl +HIh&E (7)
<, MRS S G iR OB IE S h
T W0, 19 S AREA RS, SR
IimAEMR (Fig. 11) ¥ X O HEE o JEiE
Vi, ASEMo Wedge pulmonary ang’ogram ¢
RENFTRE T 5.

A

1 pEPAZEMITERE © 5 b, Frc i i A%
BT EA DI,

Tl SR LR ER ) Rl s 2 & L CHEAR X T
WHEEBTHD. £ LTUMSHEORE X5 T
4 7e Ak oW ch 5. IiOBEEN S
LCHARTHDA, Mlaoii#Es, MEMERD
BECHBH. Lien>T, ISEEA NS %5
PR L THRBLE,NH DO T TH . F
AT T & &, IR A M B X B
42 B BTG HEE S h, ToXie
Wi Rl RO R BiSIE 2 B3 % ECRd
FELS 2EEMRLEH Shichin, BENS
PR ol & R S h A TTHEME S v B
Pk, K2 Lo Xi2lio Blilhcs
CFAME & R A RS L O TH A H . B BHL
A, EEEMmEEE O » S, EHEEE
R, Wi K OB A R Ao i e T
i, ZORIR O TEELINZ .

C1) EFEOITR A E# o\ T

AT SRS & U COHRERTE A AT E
i 0.6~1mkE3lixhs. =zFTolEOR
A 2 CulililapisE—oF fe b L EME R o B
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REHEYT 5 - Lol p v, 56K, BBt
XMERDO LT, MKECET?, cov<1¥
TOFVERREL 83~ 5k OMBIIRO ML
T, ZofETRE Y vFEoT—EAERES
EBREAEDY, T ZhbHlET B Fc v me
DEIBWAT5E LUTEBIAED. LhL, s
HMEMXBER: aHERY i, oo
B L T S LR R0 55 - &
ZRDILVIRIZ Vi, FoT, = OfiBIFED
DN X % Bk (Tapering pattern) %, [
IMEEFOEEAYEN LT, EBOHAICHEL
Thic. I, ZERERomE o CEfKk
ATREHED LOT Hoa, FoiEHFER
DELT, Ay Ay RIBSTHF2%. = hw Fig.
2, 3, 4, 5O /Y71 LTHEIliL T4 %
&, NEERETARY LY, HBIizBRER
Bl kb, AR 3BENS 1, Bl
ABEVWERbIIERTY, 75717 =5 b
FTHLEBRELEDLDIHFEELL. FHllRAL Ay
CR27 &5 HFPII LD E LT, FHliEoR
e RORMESF L, SHOBMPEEE L\,

Wohizgk, MEFHECIIVTh ARy RS
SRR E/IZ L, ChMIEEE oINS
HELTEATREEE LS. = hali&Ec i
% &, BEOSKT X ARMBHELYETS L 51
ROV BT B0, = ofER
MR R S 0 X 5 Th B AT
Zh, BRROMEEL LT, 2hdTHERSS & -
AThH5.

ST, FMICTERA Ui X B FEIR o3z
NERHEOF 2, ROIFED BEEF DRED U < o
DRERFERMIE U CHRIAERLENT 5 L kOB Y
Thb.

(1) BELZ B35 paic QUEMZME L IBAMH2 3
Ly,

(i) ilfoe X 2 MBRoOBMEREE, 1%
DXt ik, PAZEMREE L BRI OBGA RET
5.

(i) 4yiskic X % IBIIR o Fesmiim, [AZEm:
g BT 30} % Bl i FE D R % B4 I3 2 F
ol Bbhs.
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LaL, —HeiBE i AN, Bisey
%, MEBERADTERCWSZ &1L, hb o
G123, MSBCBTLCWS o ExWiEs o,
Th LEBIRORTF© BE % 242 0px, TH
THBH, BT X 5PN EERA R,
THSE L 7> T BRBTT 20 0Th 5 ETh
R Te DR B 2 I REC AR
EH L, BUPAEMIEE ORI ELT 5 -0
DREIITLEHR L I BTN B 5. F DR,
fifi R —FH BT TR O W4 8 — iR & L
TR 7oA e S hhuiE, BB XLDZ L Th
5.

AL LIcRiEEc, Wy B 5 h Tk
BEEMXBER Lo R ©, hsE &2 25
ha EGIOM R 1 CELRK L. o B
B D, MimEEYEBM AR+ ONETE &
HEI TS Reicv. EBLRIhD NC
%, BRI L, HERERS X Ot
LB &2, & A CIRE oW T it
JEBARBBAL DT B = & s, BE R flikkaein
E L AR RS EoE L LtRn 3
ET5. —F, BEOAz -3, FiERXE
BRI L ERTWBRCHH00, s
B LB X R ER ot e X 3 Bieh s
KRB THD. TLTHL, MHEMXEEER
T, ZOFTRO Y LR AL ol
& HEMEMXREI MBS o FBE L
T, WhSEERE L S viEr 5.

TR IREE DR iz, FiSIEZI o k< b 5
DBHTHLRTVEY, BB, XS
CHITE T & 2 BliBHIR o LR & Jilives i FE > BI6R 23R
DIREND B = &R OIS R p ek
W, I EEY EBIRC R 2w AR o
B chzlkElT2k, 3®koAMBIRELR
ENGEIIRE & @ %A 4T 745, Friedenberg®
b 2MEEAEBIT OV T & 2 Ao MR R LT
LEl, BEOHBELE /s, Fig. 8 ichH
bhaind, NRBhcHL, MBkesihid s
E@DH5 2 &2 niE»cH ok Weo ol
BEINR DR H R EOIR % He 523 2 H 08 1
LIV ORKEBHOBH L L E L 003, Tr

_._.95 -



1560

L5 Fig. 9o PaO, XEhBHIRE MBS % R
BHEERE, MSIE s 5 MBRER, MmE
oW L5 —THRFCHBTE D DO TR

, HBEkEE R X » Hypoxemia \ZjEfH3 % M
INE', A-V shunt OFEES®, EHELETFO
MHARGVORERERES RS S OT, HIRFRAE
o<, WM —TMiiEmELHHL S 53
DT ERPEOTWAE VWL LS,

RIEEBD DHHRERIC OV T B % £D
5. Mo RFnEsARE HKEZ LD E
T 5B ECRED BB 2 L1, R
OEIZEW LB N TH Y, ThDTHKS DM
BETH 5. ARILOME L I o fERNIL ' I-MAA
X Yy v 7 An TS h, MRAHAAS
Sepk ORI T DA EA I S h B0 T
ST Ucw. AL, MmEEEERADRD
mifyfoRFFEOHmA, Myvs7740%
hERL—FKTH0TY, —@EroHmERNT
EEHE oz &t g EIO miTEE R A
ZETLOTHVC EERETHLDEE LS.

R MR RE L E X Dh B RFTOE
Ry, &F0BE»s ZheiEReR LcHE
b, a, byc, D3WMEHTHZEMNTER. K3
o Flow pattern #fic, MiESMAEEORED L
NE-BER o, AN CRE BT omit
B2 a, b, c, 0FRTHb L. R3TRZME
b a OFFli% 55 b ObEDE.

a BB 5wt o R cHEMRC ok X D
MFECHT 2EBHANEEOTNDH 2 EDRBTH
A5, zoEHY, MEMMEROBIRILT T
¢, MEfofsiE$Ec k5 Hypoxemia {2 X%
MAEHEY, FESOM/NEIR OFETRERZE L
AN TR EhD b DL HERIhS.

b i3, A-V shunt O 5D L 5 EREE
BTCIXBHBHM, BT 381z Wedge pul-
monary angiography % }ifT L Cia{, ZDHEM
HaRTWh5.

c iy, BEERLERNTHDH, bitd
MmATEIRR S # 2 B Vo, BEE REL R
I E DTN TR,

SHSMARROMRIL, “haizo¥ hiREL

HoRESFR S MELME W20% Hi2H

TR RS S W S TH B, EEX LG
MEREBOBL#RTHR L LTER LT
5.

IR, BiR, EHEK BiRkeE DT
% 600cc (AED10%) DMEEEAR?, D)
B, EMERICIHT75ce D MK x NET AW L &
RTW5. S, DLOSREAEHE46000cc &
L, MfidhiRigc30cemiEiHly | BTHEALLE
+5. EHAlcas s, MBlRE (G Exad
T) hbik, BEEAN 2BUATHALTHZD
T, = ORICEFHIL 200ccLUF o M i &
h, MeEEns o s, MiEsEiR
MR, BHERCESLCELSDE, BRE 8k
HooEh s mREEYRS Y, EBRIEROT5ccid
200cc #IMBFT B B E LT, EHER
EE ORIy, WEEEoBE i EVRE LA
T, KBOHEHIROMIBLXHEMMELIHEh
RWATREME A& 2 B &, ERBOEREAL, 38
SHEOFTRIZURLFTHL O LRI hS.

EMEROWA R EIE, T OINA MR
B+ s 3BT L, EMEREVREQCKT
T, XEHORNEEO Eh S, RIBEEIRME D
EoLEHENEHT 0T ELLRBL,
BE oK X 2 My I uE, SABIR
HolA RS BT 50T, SHESMRED
At R R OFTRLE T 5 = & EEH
QAN

Eh 3R, ANEROFALHEERD D
Bt BEHE v R T3 L BEEN
KoXdloz bwinhd. HEYDERHEOS
Bt X ORI U R R OEA.
& EEELEOFMELLEDETHD. ThIE
EEROESLIGEL, —BYECHIERFD
EERIE o, —RBERENTOEANTREL
e, 3SHSMEORFT R« E L /b5 OTI
BBHEGD

ELEIBREETL Ch e TAERO D DR L
H 2 T BA, DEBICR AIEmELE, i
WeE oM EREORELAEHERECS Z0F
2EBIEL, MEAHLTRLWERS.

(1) Wedge Pulmonary Angiography
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AE LT, 0.1mfi ¥ ColfiRBImE % &
WHERT AL TEB™. SEIChEHIT L
ECID 5 b bREM R BRR L. EEZirw
BEIDBHE, DEBICHET LB ER G R
%235 X U* Jacobson 2l GlE iz o\ THED® Ui
B BHE LT, #7 Lz wedge pulmonary
angiogram [, MMHIZRWTETREKEEL
Tw%. MimEROWEORE R, Fig. 18 (a),
Fig. 17(a,b), Fig. 20(a,b) % X v* Fig. 18(b),
Fig. 19 (a,b) DIACHELE LS. FOYED
EA LI AEEHRR, NEBEOBL, BI0E
AEREPRECET T, FrhBEcEivs
jz\~. wedge pulmonary angiography @531,
5 RTOIEER 2 mofi#ky » 7 —-F A©
HEIED, MO D EFRILM LIRS, Wedge
LT oBlRME, EMEHE BIRExizEALET
DOBFHTEENLTLESHEDLDOTH S
EW S EROBRE» HE L, FONRTILE
ELELOWERLELDTOW. TR, I
KiETih o2, comEROEL, HeFdo
FRIBRCER IS v X 5.

FETOBERELE LTRD 5 5H/ME% 0.1m
EEZLRN, FRILTRARLEER2 AT 4%
B3 & Bbh 5. Reid ofEV A 5N
M%& % Indian Ink C{F & F hic L i o ke
¥R5E, 0.1mEFEomEE, MaoEMEE
CEhDTHEY. Lhl, KEExL2TLTHE
ME OEMZ WD OWURATTRETH 5. 0.1m
ERFCHET L1, BEROBICIRE
L, FORRTIREMENIES 5T 0EEA
BED. 0. 1mEROIMEREIH LTLE > O
HURT, X, EEflcx (Fig.16) £z Tk
Rz T, LizpioT, 0.1mBEECEED
MEE»RE LS LB REFR L BLhs.

FiAE Lo, KMEOEST 400~ 600
MERED AV shunt 2L 2 LT 5 HEHR
BYO®, BBOBIEYRChiEtbLD5
FTRZR DI, RLTLOX 5 MEL TR
PEPEDCTRBERMNYF T 5.

Wedge pulmonary angiography 11, iglEZ
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Wik, WMEMEROBEEL Z0BEYR, bl
BOCRBT2D0EEL LR, IO IEH
wER, MREECTWAEL X5 &ThiE, 4
R LoOMENET B CHS 5.

w W

R HEPAZEMEITEE R DI M E R & 5 BEHEE
PEHTHLROBY THA.

(D MRECZELL, MiBIROMEC X %5k
M OIBENEETH 5. £ O X 557
BT S hic BRI R ¥ o0 T HEE e B
H L. Mlag#Ey —%kiviE2R L L, Hikic
X RIS AT B BRI BAT I AT 3R
BHEhhid LoBMNERI S HeBme k2
5.
@ MERHcL RO oBIRGOEE
Bl R s ERRES S, LaL, i
RORE L MBIRECIE, 3o% b Lt R
biighotc. e Z h A RER T 5 HE
EdEZ N5,

3 HMEFoRFHEFHERADN RS, X
HIMPERYE O % 3 BT 5 = L aicX i
a e Lizd ik, % DR OMikoEIughnc
AL TRIEI N EE X 7ont, T OMO ik
(b, c #) 2 BBT BFA LRI A KTV B,

(4 3HHYHARROP R, MlEKES %
ATHDL LTHEMA 0T 5, B HE
SHRERECE e, & b o mE i
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