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=Abstract=

Experimental Study on Cavo-Pulmonary Anastomosis

Ki-Min Yang, M.D.*

Stuperior vena cava to pulmonary arterial shunting operation was made between the superior
in 20
mongrel dogs. The experimental animals were divided into three group and blood flow in the

superior vena cava was occluded for 20, 30 and 60 minutes

vena cava and the right pulmonary artery in the fashion of end-to-end anastomosis

respectively, and observations
were made for the changes in caval pressure and cerebrospinal fluid pressure. And pathologic
examinations were also performed.

On occluding the caval blood flow, the superior vena caval pressure was sharply and
immediately eleviated from 103.5219.8mmH,0 at thoracotomy to 556.4+86. lmmH,0 within 2
minutes to make its plateau thercafter, and the cercbrospinal fluid pressure followed closely
the changes of the superior vena caval pressure in its level and pattern being clevated from
102.04-19. 9mmH,0 to 490. 5:1:79.9mmH,0. The drops

fluid pressures were definite and marked on opening the shunt flow through the anastomosis,

of both the caval and cerebrospinal

but these postoperative pressures retained still higher ones above their levels measured at
thoracotomy. The pathological examinations of the brain and the spinal cord were also

perfiormed in six animals. in all

Characteristic changes uniformly seen in all area and
On the other

and extents

animals were the findings of capillary congestion and perivascular edema.
hand, ischemic nerve cell changes were rather evident, revealing their degrees
being related to the prolongation of the time of caval occlusion which has followed by the

sustained high pressures in both the superior vena and
The experiment suggests the safety of this

the cerebrogpinal fluid.

surgical procedure with minimal, if any,
permanent damage as long as the occlusion of the caval blood flow is not prolonged beyond
the expected.
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Table 1 Vena caval and cucbrospmdl pressures during anesthiesia and thoracoicmy

QVC l’r('“zuv'n:(mmﬂg()) l‘v C i"i'(',",u‘:wf R URTIE Y

Animal
number \ngsthcqiui : '1:11071';17;'[01171)77 Ancsthesia "l“m\—; Leaeny
1 63 €S 88 1
2 118 123 123 152
3 127 124 132 112
4 57 75 86 116 ) 58
5 99 116 65 ] 95 105
6 132 136 124 123 126 126
7 134 135 54 62 116 115
8 83 387 65 G (] 72
9 92 93 102 161 §21 100
10 85 €3 1 5 S7 96
11 95 119 a5 5] 112 123
12 128 a9 &8 G5 112 129
13 115 103 12 115 115 154
14 102 116 75 80 78 82
15 104 105 83 101 &7 52
16 105 106 85 113 85 89
17 83 86 117 167 83 &4
18 162 103 94 g7 G2 100
19 99 103 103 164 114 124
20 103 104 102 il 99 106
Mean=+S.D. 101.6+20.8 103.5:1:19. 8 95.1:1.22.3 102.0.0:19. 9 0. 8...20. 7 163.9:.23.3
3. WBZAEE HA} 95, i Loz om0, U ge’;. ¢ 2o vmmbL0, AlE Aol
by 10305 219, 8mimnit0, ~:19.4mmli,0, ¥
H 2 Ags Agstel EEATA AT AUE o9 e sl A lsl-;;{:s dare W #
gk 2AF F 10% F4 Formaling-«ld) 159 = geixl trei
bR e *’r‘&] Ziglef A sl g Al shed 244
b = A EEE paralfin wu)sbel o), 4~5p Fu el ol by
493 & ulEF hematoxylin-eosin ¢ 44 P.T.A.H g
A€ Adste] A7k} olp Abo
0.001) 7+
V.o 8@ 4 H
‘f’J."—;‘
1. o8y @it alnta
4Fgu ey, SR At 9 Hygeighe gy Y AL
A48k o (58 U0~T Lm0y, o alel& 480, 51
79.9mmI.0 (S50 o7o~712mmi,0) o] glv], ¢f
1) BHHAL 8L AL (Table 1) W weg el il sle) el AF el
AFA F 200keldlA Fg A, P o dr ikt N AEA
A4 ke kA Al A7 1016220, $mmH,0, RiE bad ey
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Table 2 Pressures at 5 minutes after SVC occluswn

Ammal number SVC Pressurc(mmH O) IVC Pressure(mmH 0) Cerebrospmal Pressure(mmH O)

1 714 107 712

2 694 112 552

3 664 102 475

4 546 85 551

5 434 73 410

6 413 119 373

7 480 71 426

8 6232 64 514

9 521 84 427

10 612 82 486

11 541 76 463

12 592 92 472

13 457 106 415

14 612 84 542

15 445 78 413

16 557 85 531

17 604 83 417

18 580 81 532

19 494 104 379

20 536 98 519

Mean+S. D.. 556. 4+86. 1 89.6115.2 480.57-79.9
Anisal - No. 15 N o= (P<0.001, Table 6) +FAe AFAAE
- “IC Fressre | #9%Ee dd(Table . BES 433 U
T RARF 208 2 CTY AFAY dRANF 208 o
3089 AFAHY HH5Ye) 9 FFA e W FA
WW\MM

%k 5848 Wkt ARE ARl FE FAT
45e dgvh

c 5 F Pressure

3 MBTHYH— B MF JHYE 5EA|
(Table 4~Table 6)

AEA —+ 5 AR A FAd0 AFRAY
AT =238 247 FHEE Fote €70 989
Saste]l EPAY s gE g $uEH e Aty
vh 2R Aast FA S A Fgetsl H A ke
2E ToA §43 s2E (P <0.001). AFA

sve °‘“f on —5 5 AF Ny 529 H e AFAY R

l - {aec. wk 53419 qtdoll wlgtel AFAu ks ¥ A Solgte]

,L-\ Z72 AT A 37.1%, 38.3%, BTlA 40.5%, 42.1
rr1rrryrrrrroriy7orryrrr Tyt T T T T T T T

. ) ) %, CEAA 52.8%, 59.1% =2 stAstg o AFA2
Fig. 1. Changes of pressure in the superior vena Lot w1 b - o o5t e o olodo

cava and cerebrospinal space on occlusion FHErbe 28 T4 F9% 2 EE 2P

of the superior vena cava for anastomosis <0.001). e FEAYSA A AERY W Faak
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Table 3. Pressures at the time of thoracotomy, 5 minutes after caval occlusion and after opening of

SVC-RPA anastomosis (group A)

SVO-RPA shunt open at

Animal number Thoracotomy SVC occlusion at 5 min. A -
H min 30 min.
Superior Vena Cana Pressure (mmH,0)
1 68 714 254 251
2 123 694 232 231
3 124 664 211 210
4 75 546 178 168
5 116 434 248 246
6 136 413 194 138
7 135 480 166 164
8 87 632 216 213
Mean-+S. D. 108.0127.2 572.1%119.9 212.4+31.8 208.94:33. 3
Cerebrogpinal Fluid Pressure (mmH,0)
1 86 712 224 230
2 118 552 202 195
3 120 475 220 207
4 58 551 180 177
5 105 410 200 193
6 126 373 179 173
7 115 426 144 138
8 72 514 188 179
Mean=+S. D. 100. 0425. 1 501. 61107. 4 192.1425.7 186.5:427. 0
Inferior Vena Cava Pressure (mmH,;0)
1 140 107 112 82
2 132 112 114 117
3 112 107 118 130
4 110 85 85 86
5 75 73 76 79
6 123 119 120 124
7 62 71 65 66
8 66 64 65 65
Mean=S. D. 102.5+30. 6 92.3+21. 4

94.4%24. 1 93.6226.1

54 ok AT —d Y AR SEA zhe] £
i A (il

4 YBYY—2HSY HE HYSE 3024l

AFA e s 5 AF Aw 3024 dEe AR
ek 51 kel wlshe] Az ATk BEAA A4
FAaer g M3 goate] sHgshe AL o o
el & Foakx skl CEAA = AR AW 3087
2 A& o= 16 olel, el T AT

A 2T F9g WFe el

5) =A| ciEoqol

FA Eghe £EESE AT 59 (APA 117,
18,19,200 e 4 ARk A &3e el AYT E WE
< §lgdel

2. He| =X EE ZHAl(Table 7)

Hel 2Ty FAs d2AHRE 2l 64 (U
44 6,8,15,19,20) 14 ¥ HFz2A¢ L4 we} A
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Table 4. Pressures at the time of thoracotomy, 5 minutes after caval occlusion and

SVC-RPA anast0m051s(gr0up B)

Animal number Thoracotomy

Superior Vena Cava Pressure(mmH,0)

9 93

10 68

11 119

12 99

13 103

14 116

15 105
Mean=S. D. 100.47417.0
Cerebrospinal Fluid Pressure (mmH,0)

9 100

10 96

11 123

12 92

13 154

14 82

15 129
Mean#S.D. 110.9::25. 4
Inferior Vena Casa Pressure (mmH,0)

9 101

10 102

11 95

12 95

13 115

14 80

15 101
Mean£S.D 98.4-10.5

SVC occlusion at 5 min.

AEF 2
24E7

AR 22 AN rﬂzm@.ﬂ
nEE N FEH 24 Agdged
R T @Mo 1)

1) M@ 2% (Capillary Congestion)

o A $Ho) glen gz
259 FAdaAEH o)

RE
AdAE
gl
2) EEFE
CEAA H8e el 559 daF HFo] g
gdeoy dzAdA, AT W BTL £33 Aud

AL FE5
AL BE o of A

2| 5% (Perivascular edema)

after opening of

SV(, RPA shunt open at

5 min. 30 min.
521 248 226
612 213 200
b4l 198 208
592 165 165
457 287 291
612 214 215
445 208 189
540.7£62. 1 219.04:38.7 213.4:39.4
427 236 198
486 222 178
463 206 167
415 164 165
472 161 194
542 192 192
413 173 154
459.44:-39.7 193.4:£29. 2 178.31+16.9
84 96 98
82 91 9
76 89 92
92 91 90
106 110 142
84 83 80
78 101 84
94.44:8.9 97.1£20.7

86.010.2

29 %30l gt
3) MEMzZe| st

(Ischemic nerve cell change)

A x ygmsts A 2o shrinkage, angularity
Nissla| 9] 441, A1ZAE A9 3 g (collapse) 3} F4]
I ®]uk4 59 % (hyperchromatism) -2
AA4E deblle A, AAAZEY Qo] BEysiAa
AXA AN FHzA oYy st A, 433
| THAde= _9_1-3% He A Folvh. W& Agx
& ek kdtel. AT A
E Ve BEAAE An

Aeks T4

[}

+ 47 &_7\4_% A
= X W3



Table 5. Pressures at the time of timé of thoracotomy, 5 minutes after caval occlusion and after

opening of SVC-RPA anastomosis (group C)

SVC-RPA shunt open at

Animal number Thoracotomy SVC occlusion at 5 min. ; .
5 min. 30 min.
Superior Vena Cava Pressure(mmH,0)
16 106 577 273 271
17 86 604
18 103 580 341
19 103 491 233
20 104 536 232
Mean=+S. D. 100. 4+8.2 558.21443.4 294.8451.0 ‘
Cerebrospinal Fluid Pressure(mmH,0)
16 89 531 260 259
17 84 417
18 100 532 310
19 124 379 236
20 106 519 318
Mean=£S. D. 100. 615.7 475.61£72. 3 281.0139.5
Inierior Vena Cava Pressure(mmH.0)
16 113 85 105 104
17 107 83
18 97 81 100
19 104 104 102
20 101 98 100
Mean=+£S. D. 104.4£6.1 90.2+10. 2 101.842. 4

Table §. Measurement and summary according to the experimental groups

Thoracotomy

SVC occlusion at 5 min.

SVC-RPA shunt open at

5 min,

30 min,

Superior Vena Pressure (mmH,0)

A 108.0+27.2

B 100.4+17.0

C 100.41- 8.3
Cerebrospinal Fluid Pressure(mmHO)

A 100. 4£25.1

B 110.91+25. 4

C 100. 6:£15. 7
Inferior Vena Cava Pressure(mmH,0)

A 102. 5£30. 6

B 98.42:10.5

C 104.43-6. 1

572.1+119.9*
540.7+ 62.1*
558. 2% 43.4*

501. 6::107. 4*
459.4%+ 39.7*
475. 6 72.3%

92.3% 21.4
86.0% 10.2
90.24 10.2

212.4+31. 8**
219. 0138 7**
298. 4:£51. 0**

192.2:425. 7**
193. 4429, 2%*
281.0£39.57

94.4424.1
94.4+ 8.9
101.8% 2.4

208. 9--33. 3%¢*
213. 4:£39. 4%**
271

186.5+97. 0***
178. 6:£16. 9***
259

93.6+-26. 1
97.1+20.7
104

*P <0.001 versns Thoracotomy

**p 70,001 versus SVC occlusion 5 minutes

*#+p (). 001 versus Thoracotomy

7P <0.05 versus SVC occlusion 5 minutes



Table 7. Histological Examination

Findings

LR TwacmHICE>

chromatolysis

: control animal

: group A, sacrificed on postop. 10th day

1 group A, died on postop. 5th day

: group B, died on postop. 4th day

. group C, table death on 20 min. after SVC-RPA shunt open
: group C, table dealth on 15 min. after SVC-RPA shunt open

Animal No. A& B C D E F G H I J K A B C D E F G H
Frontal lobe Mudlla
H o+ - = * - =~ - = o+ + — - — £ — -
# H - -+ - - - - - - 6 # + - = 4+ £ - —
# o+ - -t - k- - - 8t + - - 4+ - - -
15 # oA+ - - H - - - = — 5 4 + - - H#+ + - —
19 S T L el 9 # + - - H + - -
20 # 4+ - =+ - = - = = 20 4 A+ — = H A+ = =
Hippocampal gyri Pons
0 #+ - - - = = - = - o # + £ - £ £ - =
6 6 # 4+ + - + X - =
8 # + - - 4+ - - - = 8§ # + - - + - = -
15 # + - -t + - - - - - 15 + -
19 #H - - k- = - = = - 19 # + - — 4+ + £ -
20 #H + - -+ - - = = - 20 # 4+ - - H+ = - —
Occipital lobe Cerebellum
0 H A+ - - - - - - = - o # + - - £ = - -
6 R s e L 6 # + - - + + = -
8 o - - k- - = = - s #H + - - + + - -
15 R e i - - = = = B #+ + - -+ + - =
19 #H - -+ - - = = - 9 # + - - # + - -
20 o - = - - - = = 20 # 4+ - = H = — —
Basal ganglia Spinal cord
0 H+ o+ - - - - - - = — 0 4 + - - *+= = — —
6 #H + - - H - - = = - — 6 #H + £ - + £ - -
8 o+ - - k- - - - = 8
.15 15 4 + £ - + = - —
" 19 19
20 20 H 4+ - - H# 4+ - -
Diencephalon
0
6 # + - - H - -~ - -~ -
8 o+ - -+ - - = = =
15 M - =+ £ - - = = -
19
20 I T .
B : capillary”;;ngestion - G : neuronophagia
: perivascular edema H: gliosis
: perivascular hemorrhage I: demyelination
: perivascular cuffing J : satellitosis
ischemic nerve cell change K: focal necrosis
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Macedo?® = 190mmH;0, Nuland® & 172mmH.0,
Brea® ¢ 170mmH,0, Carslon®®?-& - ¥} 100%
o4 A=sgdn JAsEelA  Mitri® & 23mmHg
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Legends for Figures

Fig.1. Photomicrograph of cerebral cortex of Fig. 2. High power view of Fig.1. showing slight
group A showing well preserved.normal ischemic change of nerve cell and peric-

architecture H. & E. X40 ellular edema H. & E. X430

B /5

Fig.3. High power view of cerebellum of group Fig.4. Cerebral cortex of group C showing ad-
B showing ischemic change of nerve cell vanced ischemic change of nerve cell H,

H. & E. X430

& E. X120

.‘"

Fig.5. High power view of Fig.4. Note advan- Fig.6. Cerebellum of group C showing advanced
ced ischemic change of nerve cell and ischemic change of nerve cell H. & E.
pericellular edema H. & E. X430 . X430
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