W8 KBk Extra-anatomic
bypassDIFREA 1 B3 2 EERIIIFSE -
MiEEEOSEM & BT NDREEIZ DWW T

Sig:jpn

HhRE
~EH:2017-10-04
F—7—NK (Ja):
F—7— K (En):
YER

A—=ILT7 KL R:
FilE:

http://hdl.handle.net/2297/9061




SRRFTREFEMEE 5925 $£25 260-284  (1983) 269

FIE8 KENR Extra-anatomic bypass od g4 |2
B 2 £ B 6%
— MARHE BB D St & BREMAT~ OB Iz D W T —

GRKERFEABFE—ME (EE % BED
[ S T

(REANS84F: 2 H15H 2 4)

Wil T ARBNR 25T % extra-anatomic bypass A& R & RS, MERERA 26685 € EERAY
IZHET L7z, extra-anatomic bypass 13, B4 0RO ATIE % H T, LATRENR & B T EREE LA Eh
WROBICIER L 72, C OMTE SRS & 7Bk T L, s, B T TATRBIR OGO
AIERTL, B TR & RGO R % 0T U 72, 18 5 4L 7 S REAE TSRS B I R DB D T 5.
A ANATERY 5 A TIAE S, GO BAF R o, FIFAEIRED 60% LA LD OESLETH
o fz, REIMRAIURIATTIC & 2 B FEIRAR BINR OO BT S~ O B8, WRETH - 7. TFELWE LTI,
BB OO B2 75 R D | thromboexclusion 4 U4 4y - 72, —75, 55 UE B Tk, WEHO thrombo-
exclusion EFHUZAE U7e, CN o DORETE, MIEAERICHRES A TOLRDT, BERACE, 2055
BURDSNad o, L Lants, BRENCES FF20ITE, TICHE L ORFEAE 25l 4
A U7z, SERMRERE, HHEIMTTO autoregulation HbiZ, TemEBH (4 HEW) IRE TI2, WEEHNIE 40 mmHg
PAT T, JRHEH (10 HER) WG Tlx, 60 mmHg CUF CHSE L 12, £ 7: 2 OR%, TERE S AR TR AL & P
ML 13, BB &, BRERNLO 50% U L0 BB ET S, BHOBEERR AR L7
MLOWHERERD S, N TMED R, hREEIROME, (KILE, R OEREHELOLH, IR YN ]
ikiz% 9 % extra-anatomic bypass i & fifT+ 2, RO EEART L4 2 - DfEiH =187,

Key words Thoracic aneurysm, Extra-anatomic bypass, Hemodynamics,
Thromboexclusion, Spinal cord monitoring

SIEE, BTHABINRRT IS 5 5 TR S S 0
FL L, T0~80% V" DRINE ARG S N D L 5107 -
P Ut Ly RIS FAHTOMBEA RIS UIE L
ThMG, (DBAEERBIIRE T, WEBMTETO
ANLMEE RS R RO SH 2. QKBRO
WALASIE TIRAERH O B2, Wi hT T B 59, (30
BUERTIRRT S A KT TLx, WOEPIRLL: e
BEEDSD B, () EEREEREBIT I, ~ ) > ofl
T R B Sy s > 29, (ST & 2 AT
MEDRETROBE, [F -8 Co A TMmE R
RO Gl & 20~

i

D0 L B, WA KIMRRI S SR BB &,
AR AW & ¢ 2 TlnfTbn s L 5kt &

—_—

DFECE 2T D Y, B 1EE, N4, BE
DAL & BB O T % B0 L, FIEHS % 52 20k E
T 512 T, Shumacker > & 2 |ENFBY & B
A, MRESREIRG IR TR T2 LD L& 2
ST, Lin L, ERICIMRHZENIL 2 05,
Fro, WRETTREAHIBE, & o0 # Do BEREES M

T EBRE N AN EMBESE - TV A, RIT, BEEN

1N AT ES 2 35 213 Carpentier &2 & HEIE A 4L
726 DT, DeBakey NIFUfREEMEKEMRBICT L,
1N ATk, FRESEROUAIEIO & 2 W5 2 &, ke
%G IR EIIRIEIE SRR S O MM TIc kD,
WHIMRAZET 2 L LTwa, L L, Zoffiftc,
WIoMARPAELE Z 20, R MRMAES B £ 7213

Experimental Study on Pathophysiological Changes induced by Extra-anatomic Bypass
of Thoracic Aorta. Shigeki Fujino, Department of Surgery (1), (Director: Prof. T.
Iwa), School of Medicine, Kanazawa University.



270 3

FHIET 2 B, & 5WCMBRMITIC & 5 BEEERAOR
@ OETF2 ATIEORERZ COMEEAPERIN TV S,

E#%, DIk 2 B0 extra-anatomic bypass fiTD
itk L IRF, 2L T, SV EEECEHITSE
BT, #ERA %R, extra-anatomic bypass ffi %
Tz, MRMITO LR 2 BREKES 2 THIEL,
¥ - EROREE R P ERN BREREM R AT
V77 v ABEERBOTHRE L, & o REIIRFME

i

AEE THERG, SARRBOMITEROE (%
AT 5 EITIT> %2, XY M AL E S = (pento.
barbital) 25mg/kg k%, JERHEE L Harvard
respirator \ZHERE L 7z, FO{IBERG, MEERIEU0B%, -
FTAREIIRICESE 8 mm O ATLIE 2R &H%, KE
ErEdEs e, BTHRESKBRCEAWS L, %
WCHESMETERET T, KBIIR%EW L7,

ALRE I I3EER AV, A B L FIMOFEM £ERE 12 mm

DEREE=F ) 7HEOHIIE bERIL . DALIMEERBTT 72,

ALFf D 6% MV, BIREEIIREATE A thromboexcly-

HERUHE sion 1252 3 BEE RS T 5 HITH 572, o h
1. fEMEM) MK 8288 (15kg~25ke) #H VEY —n 25 mg/kg BHER, /S 70T AT awy

(9%~

II. ERFERUERHE (K1)

1. AReWEEH—Carpentier BB — (LT ABEL
T3)

F (pancronium bromide) THEMLZ ¥, GOF fE:
TEEL, LM, BEMEDVIREE, SEABNR -
B TEEE AR EER 12mm OALIE T/ /52
L, E#HETHRETC, MEERITHEY <1y

A2(N=13)

\/L/

A3 (N=6)

L/L/

A1 (N=7)

\/L/

A4(N=6)

\}L/

‘ {
%] 8mm//\\ Qﬁlzmmt/\\ QﬁlZmT/\\ & 12mm
B1(N=9) B3(N=7) B4 (N=24)

Fig.1. Schematic illustration of extra-anatomic bypasses in each group. Al, A2, B2-4,
group underwent extra-anatomic bypass from ascending aorta to infrarenal abdominal
aorta. A3, A4, B, from aortic arch to infrarenal abdominal aorta. In experiment A4, four
-paired intercostal arteries were ligated. In experiments Al-4, permanent aortic clamp
was placed under left subclavian artery. In experiments Bl-4, the thoracic aorta was
excluded with two permanent aortic clamps. Arrow in B3 indicates an electrode for
recording blood flow in spinal cord. Arrows in B4 indicate electrodes for recording evoked
electrospinogram. ¢-number in each figure represents diameter of the prosthesis.
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Fig. 4. Change of hemodynamics after extra-
anatomic bypass in Al group. (a) Change of blood
pressure. (b) Change of blood flow. , carotid
artery ; --------- femoral artery. Pre: before
bypass. Post : after bypass. X p<0.01. Values are
mean = S. D. of 7 dogs.

210), Ay yuARa—7, EHEEE»SLD, FHIEIE
0.3msec, 20 Hz, 15~30V T, W IIBMEDK 2 15
EL,50EMBE LA (B2). BIE AR ET &8¢,
KEEEBRD o OfiMmE 2> bo—n L, BBICELT
KERRRIRY & M T 2 Z &2k - T, {RMME, WEEX
BIRNELZ—EL L, BXOBEEHHE, RUEEBEN
EizT, FREMWEMOEE 2FEHESRL . B3
BHBIEEASREREMNTH Y, FHETIIEL
B, RUB2BUOELEIEL .

>4 ®
I. AINBEOENE L 508

i
(minHgy *)
o
?,’ 150t
(]
b TX
g0t H—— 1
k]
m 50+
Pre Post
(b)
(mé /min)
2
o 1201
3 901 I |
3 60f . |
301 |- €3
Pre Post

Fig.5. Change of hemodynamics after extra-
anatomic bypass in experiment A2 group. (a)
Change of blood pressure. (b) Change of blood
flow. , carotid artery; ------- , femoral
artery.  Xp<0.05 X Xp<0.10. Values are
mean + S, D. of 13 dogs.
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Fig.6. Blood flow changes of abdominal viscera in
experiment A2, —-—-— , superior mesenteric
artery ; --------- , hepatic artery ; , renal

artery. Values are mean + S, D. of 13 dogs. X
p<0.01 X Xp<0.05.
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Fig.7. Changes of blood flow consumed in each
extent of the aorta in experiment A2 group. ——
—, thoracic and abdominal aorta; —-—---,
abdominal aorta; -------- , thoracis aorta. Values
are mean * S. D. of 13 dogs.
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Fig. 8. The blood flow at each site of the aorta
after extra-anatomic bypass in experiment A2
group. LSA, at the level of left subclavian artery ;
DPM, at the level of diaphragm ; IRAA, at the
level of infrarenal abdominal aorta. Values are
mean * S. D. of 13 dogs. Xp<0.01.
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Fig.9. Aortogram of No. 6 dog (A3 group) in Table 1. Left, Initial phase of aortogram. Right, Late
phase showing flow reversal in the descending aorta.

Tablel. Gross finding of resected aortas in A3
group. Intercostal arteries were not ligated.

No. | Period (days) | Thrombus (cm) Thromboexclusion
1 14 3 =)
2 14 (-) (=)
3 1 (=) (=)
4 14 [ (=)
5 14 (=) (=)
] §0 3 (-)

Table2. Gross finding of resected aortas in A4
group. Proximal four-paired intercostal arteries
were ligated.

No. | Period (days) | Thrombus (cm)| Thromboexclusion (cm)
1 14 13 §

2 14 18 8

3 14 1 5

4 14 16 ]

§ 14 17 7

§ 14 14 6
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thromboexclusion 25 SNz (F10). LdL, =
O thromboexclusion (X EIEIBIIRE R CRBL T

Fig. 10. Macroscopic view of resected aorta with
thromboexclusion (A4 group, No. 3 in Table2).
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Fig. 11. Aortogram of No. 9 dog in Table 3 (Bl
group).

Fig. 13. Macroscopic view of resected aorta with
thromboexclusion (B1 group, No. 9 in Table 3).

‘b’?f:.

Fig. 12. Brachiocephalic angiogram of No. 9 dog
in Table 3 (Bl group).

Fig. 14. Histological appearance of spmal cord in
B1 group (H & E, 200, No. 9). Ischemic change is
not seen in the anterior horn.
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Table 3. Gross finding of resected aortas in Bl group which underwent complete exclusion of

thoracic aorta.

No | Langth of the excluded | Period | Trromboerelusion of | parapiogia| '*cheqmc change |
1 4 2 (=) (-)

2 4 14 (+) =) (=)

3| 4 14 (+) (=) (=)

4 6 16 (+) (=)

5 6 14 (+) (=) (=)

6 8 14 (+) (=)

1 8 10 (+) (=) (=)

8 10 14 (+) (=)

9 10 10 (+) (=) (=)

(a)
(mmHg) before bypass after bypass
proximal clamp : complete exclusion
OIS AN
50 e
b
(tg),
& 1
100+
50+

Fig.15. Change of blood pressure after extra-
anatomic bypass in B2 group. (a) Change of blood
pressure wave in the thoracic aorta. (b) Change of
blood pressure in the thoracic aorta. ¢, cross
clamp distal to the left subclavian artery;
complete exclusion in the thoracic aorta; —,
mean blood pressure in the thoracic aorta; ------ s
mean blood pressure of the carotid artery. Values
are mean + S. D, of 10 dogs. Xp<0.01.
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Fig.16 Change of hemodynamics after complete
exclusion of the aorta in B2 group. (a) Relation
between LEA and BPEA/MSBP, (b) Change of
BPEA/MSBP, BPEA: blood pressure in the
excluded aorta, MSBP: mean systemic blood
pressure, LEA : length of the excluded aorta.
Values are mean + S. D. of 10 dogs. Xp<0.05.
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Fig.17. Changes of BPEA/MSBP in B2 group.
(a) Change after ligation of internal thoracic
artery. (b) Effect of dopamin infusion. Values are
mean + S. D. of 10dogs. xp<0.01
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Fig.18. Spinal cord blood flow in A3 group. Aortic
exclusion for 4 vertebrae length. Values are
mean + 5. D. of 7 dogs. Xp<0.01, X Xp<0.01
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Fig.19. Spinal cord blood flow in A3 group.
Values are mean +S. D. of 7 dogs. Xp<0.
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Fig. 20. Relation between spinal cord blood flow v UL, 8, 10 44T 60 mmHg LIF0

and evoked electrospinogram.
pressure in the excluded aorta, SCBF: spinal

cord blood flow.
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Fig.21. A case of disappea-
rance in the evoked electro-
spinogram. BPEA : blood
pressure in the excluded
aorta, LEA: length of the
excluded aorta
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in the evoked -electrospino- evoked electrospinogram.
gram. BPEA : blood pressure BPEA : blood pressure in the
in the excluded aorta, LEA : excluded aorta, LEA : length
length of the excluded aorta. of the excluded aorta.
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Fig.24. Drift of first action potential in the
evoked electrospinogram (EESG) in relation to
length of the excluded aorta (LEA) and blood
pressure in the excluded aorta (BPEA). EESG ; O
unchanged case (below 10 %), A changed case
(above 10% A : up ¥V : down), @ disappeared
case.
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Fig.25. Drift of second action potential in EESG
inrelation to LEA and BPEA. Abbreviations and
symbols are same as shown in fig. 24.
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Fig. 26. Relation between amplitude changes of
first action potential in the evoked electro-
spinogram and time after exclusion of the
thoracic aorta. Blood pressure in the excluded
aorta; X25~27 mmHg, X X21~22 mmHg
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Fig. 27. Relation between amplitude changes of
second action potential in the evoked electro-
spinogram and time after exclusion of the
thoracic aorta.
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Abstract

The efficacy and limits of extra-anatomic bypass for aneurysm of the thoracic descending
aorta were studied using adult mongrel dogs. An extra-anatomic bypass was formed between the
ascending aorta and the infra-renal abdominal aorta using artificial prostheses with various
diameters. An incomplete and complete exclusion methods were tried in these experiments; in
the former only the proximal end of the descending aorta was occluded and in the latter both the
proximal and the distal ends were occluded. The pathophysiological results obtained were as
follows: The diameter larger than 60% of that of ascending aorta was necessary for the artificial
prosthesis used in the bypass, to avoid overloading the left ventricle of the heart. The effect of
intraaortic reflux on arterial blood flow in various visceral organs was mild. In the cases of the
incomplete exclusion method, there was no thromboexclusion unless the intercostal arteries were
occluded. On the other hand, in the cases by the complete exclusion method, the thrombo-
exclusion in the excluded area occurred earlier. In these experiments, no paraplegia was ob-
served in any of the dogs used, as the blood pressure was maintained within the normal range.
However, the cases in which systemic hypotension was intentionally induced devedloped various
pathophysiological changes in the spinal cord. Under narrow complete exclusion of four ver-
tebral lengths with intraluminal pressure lower than 40 mmHg, or under broad complete ex-
clusion of ten vertebral lengths with pressure lower than 60 mmHg, hemodynamic autoregulation
mechanism of the spinal cord grew uncontrollable. A positive correlation was observed between
the epidural evoked electrospinogram (EESG) and the spinal cord blood flow under complete
exclusion. Rapid decrease more than 50% of the amplitude of the spinal cord potential was
the sign of severe ischemia of the spinal cord. From the results of the present investigation,
it is concluded that the diameter of the prosthesis, the patency of the intercostal arteries, syste-
mic blood pressure, and change of EESG are the most important factors in performing extra-
anatomic bypass of the thoracic aorta.




