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Extra-anatomical bypass formation and
exclusion of thoracic aortic aneurysms by
“paired clamp method”: the development of
hind leg paralysis, the thrombus formation and
the pressure ratio between the excluded cavity
and the aorta.”

Setsuro Imawaki

Abstract

The extra-anatomical bypass formation and the exclusion of thoracic aortic aneurysms by the
“paired clamp method” applied to the thoracic aorta of mongrel dogs, and the development of
hind leg paralysis was studied experimentally in relation to the ratio between the mean excluded
cavity pressure and the mean aortic pressure ratio (EA-ratio). The relationship between thrombus
formation in the excluded cavity and the EA-ratio was also studied. Animals were divided into 4
groups: Group 1 underwent the cross-clamping of the descending thoracic aorta for 8 min; Group
2 underwent exclusion of the entire thoracic aorta under permanent bypass; Group 3 underwent
ligation of 2/3 of the proximal intercostal arteries which branched from the excluded thoracic
aorta; and Group 4 underwent division of the excluded thoracic aorta into 3 parts by ligation.
No animals in group 1 developed paralysis. When EA-ratios were higher than 0.48, animals in
groups 2 and 3 were not paralyzed, whereas all but 1 animals with EA-ratios lower than or equal
to 0.48 were paralyzed. There was statistically significant difference between the EA-ratio of the
non-paralyzed animals and that of the paralyzed animals in groups 2 and 3. Four out of 5 animals
in group 4 were paralyzed. However, there was no statistically significant difference between the
EA-ratio in these 4 paralyzed animals and that in the non-paralyzed animals in groups 2 and 3.
When the EA-ratio was lower than or equal to 0.59, all but 1 excluded cavities of groups 2 and 3
animals were fully thrombosed 7 or 8 days after the operation. None of these animals showed the
aggravation of the paralysis during the observation period and, conversely, the paralysis of almost
all animals was ameliorated. These results suggested that the EA-ratio is useful in predicting the
development of paralysis and thrombus formation in the excluded cavity after the operation of
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thoracic aortic aneurysms by the paired clamp method”.
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Extra-Anatomical Bypass Formation and Exclusion of Thoracic Aortic
Aneurysms by “Paired Clamp Method” : The Development of Hind Leg
Paralysis, the Thrombus Formation and the Pressure Ratio between
the Excluded Cavity and the Aorta

Setsuro Imawaki

Second Department of Surgery, Okayama University Medical School, Okayama 700, Japan

The extra-anatomical bypass formation and the exclusion of thoracic aortic aneurysms by the
“paired clamp method” applied to the thoracic aorta of mongrel dogs, and the development of hind
leg paralysis was studied experimentally in relation to the ratio between the mean excluded cavity
pressure and the mean aortic pressure ratio (EA.ratio). The relationship between thrombus
formation in the excluded cavity and the EA-ratio was also studied. Animals were divided into 4
groups: Group 1 underwent the cross-clamping of the descending thoracic aorta for 8 min;
Group 2 underwent exclusion of the entire thoracic aorta under permanent bypass; Group 3
underwent ligation of 2/3 of the proximal intercostal arteries which branched from the excluded
thoracic aorta; and Group 4 underwent division of the excluded thoracic aorta into 3 parts by
ligation. No animals in group 1 developed paralysis. When EA-ratios were higher than 0.48,
animals in groups 2 and 3 were not paralyzed, whereas all but 1 animals with EA-ratios lower
than or equal to 0.48 were paralyzed. There was statistically significant difference between
the EA-ratio of the non-paralyzed animals and that of the paralyzed animals in groups 2 and 3.
Four out of 5 animals in group 4 were paralyzed. However, there was no statistically significant
difference between the KA.ratio in these 4 paralyzed animals and that in the non-paralyzed
animals in groups 2 and 3. When the EA-ratio was lower than or equal to 0.59, all but 1
excluded cavities of groups 2 and 3 animals were fully thrombosed 7 or 8 days after the operation.
None of these animals showed the aggravation of the paralysis during the observation period and,
conversely, the paralysis of almost all animals was ameliorated. These results suggested that
the EA-ratio is useful in predicting the development of paralysis and thrombus formation in the
excluded cavity after the operation of thoracic aortic aneurysms by the “paired clamp method”.

Key words : extra-anatomical bypass, thoracic aortic aneurysm, paired clamp method, paral-
ysis, thrombus formation.

The recent operative treatment for thorac-
ic aortic aneurysms is indwelling of a tubular
prosthesis in the aneurysmal lesion (1), but
the operation is very invasive and compli-
cated. Carpentier et al. (2) developed a new
surgical approach, the “flow reversal and
thromboexclusion”, to DeBakey type III, aor-
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tic dissection. However, the enlargement of
excluded aortic aneurysms after the opera-
tion by this method has been reported (3).
Shimazu et al. (4) devised another operative
technique, the “paired clamp method”, in
which the thoracic aortic aneurysm was ex-
cluded with paired clamps at the point just
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proximal and distal to the aneurysmal lesion.
It has been pointed out, however, that there
remains the danger of paralysis of the legs
after the operation by this method (5).
Marked reduction of the blood supply to the
lower spinal cord via the excluded cavity,
caused by the exclusion of the thoracic aorta,
may lead to the development of paralysis.
The blood flow volume to the spinal cord via
the excluded cavity has been evaluated by
measuring the excluded cavity pressure.
However, it appears to be more accurate to
evaluate the blood flow volume to the spinal
cord by the ratio between the mean excluded
cavity pressure and the mean aortic pressure
(EA-ratio), because the excluded cavity pres-
sure probably changes parallel to the aortic
pressure. Besides, the influence of the
thrombus formation in the excluded cavity
on the development of paralysis has not been
clearly resolved. In order to investigate
these problems, the development of the pa-
ralysis and the thrombus formation in the

a b

Fig. 1

excluded cavity were studied in relation to
the EA-ratio in mongrel dogs.

Materials and Methods

Twenty-two adult mongrel dogs weighing 6.0
to 12.6 kg (average 9.9 kg) were immobilized with
ketamin hydrochloride and anesthetized with pen-
tobarbital sodium. An endotracheal tube was in-
serted and the animal was ventilated with a respi-
rator using room air.

Animals were divided into 4 groups. All groups
underwent left thoracotomies through the 5th and
11th intercostal spaces. Group 1 (5 animals)
underwent ligation of the left subclavian artery,
2 proximal pairs of intercostal arteries, Thy,
intercostal arteries and L, , lumbar arteries. The
thoracic aorta was cross-clamped for 8 min
at the site just distal to the left subclavian artery
and at the Thy; site. Group 2 (6 animals) under-
went ligation of branches of the thoracic aorta in
the same manner as group 1. The thoracic aorta
was excluded using paired ligations under perma-
nent bypass from just distal to the left subclavian
artery to Thy; site. Group 3 (6 animals) under-

Thaa)
Thas)
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Schematic illustration of the operative methods. a, (group 1) The descending thoracic aorta was cross-clamped

for 8 min. b, (group 2) The thoracic aorta was simply excluded. ¢, (group 3) The thoracic aorta was excluded and 2/3
of the proximal intercostal arteries were ligatured. d, (group 4) The thoracic aorta was excluded and it was divided

into 3 parts by ligation.
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went the same procedure as group 2, and ligation
of 2/3 of the proximal intercostal arteries from
the excluded thoracic aorta. Group 4 (5 animals)
underwent the same procedure as group 2, and the
excluded thoracic aorta was divided into 3 parts
by ligation (Fig. 1).

A ringed composite graft of 8 mm inner diame-
ter at the proximal end and 6 mm at the distal
end, was used to bypass the thoracic aorta. While
the graft was inserted into the descending thoracic
aorta, the aorta was cross-clamped without the
use of any shunts. Animals were excluded from
the study when the cross-clamping time was longer
than 8 minutes, because prolonged cross-clamping
of the thoracic aorta directly induce the paralysis
as reported by Coles et al. and Katz et al. (6,7).

Animals were given heparin sodium just before
the thoracic aorta was cross-clamped.

In groups 2, 3 and 4, the mean aortic pressure
in the graft and the mean pressure in the excluded
cavity were measured by the needle puncture meth-
od, and then the EA-ratio was calculated.

The motor function of the hind legs was ob-
served daily, and classified into 5 grades, modi-
fying Fride’s grading (8): grade 0, normal motor
function; grade 1, minimal motor disability in
which the hind legs can still be used in walking;
grade 2, moderate paraparesis in which standing
is accomplished with support of the fore legs but
animal can not walk; grade 3, marked paraparesis
in which the hind legs can move against gravity
but can not be used for standing; grade 4, para-
plegia in which there is minimal or no voluntary
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movement in hind legs.

Animals were sacrificed around 7 days after
the operation. The thrombus formation in the ex-
cluded cavity was examined, and the spinal cord
(Th,-Thys, L,) was carefully removed. The cross
sections of some of the removed spinal cords were
stained with hematoxylin-eosin and Kliier-Barrera
stain, and examined microscopically.

Results were expressed as means +standard
deviation. Statistical significance was determined
by Student’s # test.

Results

Paralysis, Thrombus Formation and EA-Ratio

Group 1. No animals developed paralysis
during the observation period.

Group 2. The aortic cross-clamping time
was 5.8 £1.7min. The mean aortic pres-
sure and the mean excluded cavity pressure
were 131 £19 mmHg and 70 +14 mmHg re-
spectively, making EA-ratio 0.54 +0.12.
The postoperative course of the animals of
this group is summarized in Fig. 2.

Two (Nos. 15 and 24) out of 6 animals
developed paralysis with motor disability of
grades 4 and 3, respectively. The paraple-
gia of No. 15 disappeared 3 days after the
operation. No. 24 died 2 days after the op-
eration, and no change in the paralysis was

Fig. 2 Postoperative course of group

. No. | EA-ratio Motor Function Thrombus
2. Two out of 6 animals were para-
lyzed. Obliquely lined bars represent
grades of motor disability. Open bars 13 10.77 1 O
show normal motor function. Nos. 13 I
and 18 had no thrombus in the ex- 15 10.48 54 @
cluded cavity. Schematic illustrations 22271 3
of thrombus formation in the excluded
cavities are given. EA-ratio: The 18 10.59 O
ratio between the mean excluded cavity 8POD
pressure and mean aortic pressure. 23 10.44
Crosses: operative death or protocol L @
death. POD: postoperative days.
24 |0.432 ©
25 (0.54 _ ®
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observed. The other animals did not develop
paralysis.

Nos. 13 and 18, with EA-ratios of 0.77
and 0.59 respectively, had no thrombi in the
excluded cavity. Nos. 15, 23 and 25, with
EA-ratios lower than or equal to 0.54, had
fully thrombosed excluded cavities. The EA-
ratio of No. 24 was the lowest (0.43) in
group 2. This animal had a small entire
length thrombus in the excluded cavity when
it was posthumously examined.

Group 3. 'The aortic cross-clamping time
was 5.24+1.0min. The mean aortic pres-
sure and the mean excluded cavity pressure
were 130421 mmHg and 64 +9 mmHg re-
spectively, making KA-ratio 0.50 +0.06.
The postoperative course of the animals of
this group is summarized in Fig. 3.

Four (Nos. 14, 26, 27 and 29) out of 6
animals developed paralysis with motor dis-
ability of grades 3, 4, 1 and 4, respectively.
Nos. 20 and 30 were not paralysed. The
paralysis of No. 14 and 27 disappeared 2
days after the operation. No. 26 died 2 days
after the operation, and no change in motor
function was observed. No. 29 was still
paraplegic when it was sacrificed. The ex-
cluded cavity of No. 26 was not thrombosed.
The other 5 animals had fully thrombosed
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excluded cavities.

Group 4. The aortic cross-clamping time
was 6.8 +1.3min. The mean aortic pres-
sure and the mean excluded cavity pressure

measured before the division of the excluded
cavity into 3 parts were 135 +19 mmHg and
75 +12 mmHg respectively, making EA-ratio
0.57 +0.06. The pressure and the EA-ratio
of each divided part of the excluded cavity
was different. Some divided parts showed
very low pressure and very low EA-ratio.
The postoperative course of the animals of
this group is summarized in Fig. 4.

Four (Nos. 17, 32, 35 and 37) out of 5
animals developed paralysis with motor dis-
ability of grades 1, 2, 1 and 4, respectively.
No. 39 was not paralyzed. The paralysis
of Nos. 17, 32 and 35 disappeared 2 or 4
days after the operation. No. 37 was found
to be paraplegic the day after the operation,
then improved gradually, but still had grade
2 paralysis when it was sacrificed.

Of 15 divided parts of the excluded cavity,
only 1 was not thrombosed (No. 39). The
EA-ratio of this non-thrombosed part was
relatively high, 0.66.

The differences in the cross-clamping
time among groups 2, 3 and 4 were not sta-
tisticlly significant. Fig. 5 shows the cor-

Fig. 3 Postoperative course of group No
3. Four out of 6 animals were para-

. | EA-ratio

Motor Function Thrombus

lyzed. Obliquely lined bars represent
grades of motor disability. Open bars
show normal motor function. Five out
of 6 excluded cavities were fully 20

0.54

14 0.447~

Yol 1 @

thrombosed. Schematic illustrations of

thrombus formation in the excluded
cavities are given. EA-ratio: The 26
ratio between the mean excluded cavity
pressure and mean aortic pressure. 27
Crosses: operative death or protocol

death. POD: postoperative days.
29

30(0.59

3POD

® ®@ @ O @
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relation among the mean aortic pressure,
the mean excluded cavity pressuer and the
EA-ratio of all animals in groups 2, 3 and
4. There was no statistically significant
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difference among the parameters of these 3
groups.

Six out of 12 animals in groups 2 and 3,
showed paralysis the day after the operation.

EA-ratio ) Thrombus
No. Motor Function
Division| Distal | Middle |Proximal Distal | Middle |Proximal
170,64 | 0.42 | 0.24 | 0.67 i} ® @ @
32054 — | — | — ® ©® @
35 0.55 | 0.40 | 0.10 | 0.59 . 0 @ @
Llild ‘
37 050 | 0.4 | 058 VNP, 0 @ @ @
1
39| 0.62 | 0.43 | 0.52 | 0.66 _ 1 ® ® O
r

1 2 3 4 5 6 7POD

Fig. 4 Postoperative course of group 4. Four out of 5 animals were paralyzed. Obliquely lined bars represent grades
of motor disability. Open bars show normal motor function. All but 1 of the excluded parts were fully thrombosed.
Schematic illustrations of thrombus formation in the excluded cavities are given. EA-ratio: The ratio bgtween the
mean excluded cavity pressure and mean aortic pressure. Crosses: operative death or protocol death. POD: postoper-

ative days.
EA-ratio
1.0+ O Group 2, EA-ratio 0.54t0.12]
Mean Excluded Cavity Pressure ® Group 3, EA-ratio 0.50t0.06J . NS
1 N
A Group 4, EA-ratio 0.5710.06
1 100
1 mmHg. o A
T } 1 JaN ° O = ®
AN
0 5"‘ } © O
® A O.
)
] 50 O
T
T, Mean Aortic Pressure
0“ O‘T—s) T T T T T T T T T T 1
100 150 200
mmHg
Fig. 8 Correlation among mean aortic pressure, excluded cavity pressure and EA-ratio of groups 2, 3 and 4. These

parameters were not statistically different among the 3 groups.
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The mean excluded cavity pressure and the
EA-ratio of the paralyzed animals were 61 +
9 mmHg and 0.46 +0.02, respectively. The
respective values of the non-paralysed ani-
mals were 74 +11 mmHg and 0.58 4+0.10.
The differences between these values were
statistically significant (p < 0.05) (Fig. 6).

Four out of 5 animals in group 4 were
paralyzed after the operation. The mean
excluded cavity pressure and KEA-ratio of
the 4 paralyzed animals (measured before
the division of the excluded cavity into 3
parts) were 71 +9 mmHg and 0.56 +£0.05,
respectively. These values were not sta-
tistically different from those of the non-
paralyzed animals in groups 2 and 3.

Among 9 animals in groups 2 and 3 that
were sacrificed 7 or 8 days after the opera-
tion, 2 animals showed no thrombus forma-
tion in the excluded cavities, and the other
animals showed fully thrombosed cavities.
The EA-ratio of the 2 non-thrombosed cavi-
ties was 0.59 and 0.77, respectively. Among
the EA-ratios of the thrombosed cavities,
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one was (.59 and the others were lower than
0.59. Statistical difference between the EA-
ratio of the thrombosed cavities and the non-
thrombosed cavities was not examined be-
cause the number of cases studied was too
small (Fig. 7).

Fig. 8 shows the representative, macro-
scopic findings of the thoracic aorta and
grafts. The excluded thoracic aorta is open-
ed longitudinally showing thrombus formatipn.

Ischemic change of the spinal cord. All
of the spinal cords removed from the animals
appeared normal externally. Kach segment
of the spinal cords of 7 animals was studied
microscopically.

No sections showed thrombus formation
in the anterior or postsrior spinal arteries.
Five animals, that were not paralyzed or
paralyzed with motor disability of grades
1-3, showed no ischemic change microscop-
ically. The other 2 animals, that were para-
plegic the day after the operation, showed
ischemic change of the spinal cord. No. 15
showed necrosis of the spinal cord from Ths

EA-ratio

1.0y .

Mean Excluded Cavity Pressure
‘00' = —
o mmHg E=0.592S—10.2
| O ( -

W //
OOO ; R Q/O/ ®

L] B i ” O

[] o
o LT
e 4
50 L-®
g O Non-Paralyzed Group, EA-ratio:0.58i0.10} p
-~ < .
® Paralyzed Group , EA-ratio :0.4640.02 0.08
1 Mean Aortic Pressure
0“ OI'% T T T T T T T T T T 1
100 150 200
mmHg

Fig. 6

Correlation among mean aortic pressure, excluded cavity pressure, EA-ratio and motor function in groups 2

and 3. Mean EA-ratio and excluded cavity pressure of the non-paralyzed animals were statistically higher than those of

paralyzed animals.
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EA-ratio
107 _
| Mean Excluded Cavity Pressure ., . = Group(n=2), EA-ratio 0.77, 0.58
100 @ Thrombosed Group(n=7), EA-ratio 0.50+0.05
< E
O
1 mmHg1 o
O T @ 7
° °®
0.5 ...} o R
[ J [ J
<+ @ °
J 501 o
o= Mean Aortic Pressure
0“ OﬁL“ T T T T T T T T T T T -1
100 150 200
mmHg
Fig. 7 Thrombus formation in groups 2 and 3. Among 9 animals in groups 2 and 3, that were sacrificed 7 or 8 days

after the operation, 2 animals showed no thrombus formation in the excluded cavities.

to Th,,. The widest ischemic lesion was
observed at the section of Th;. This lesion
showed necrosis involving the left side of
the gray matter and the anterior and poste-
rior gray column of the right side. The
white matter was intact. No. 37 showed
necrosis of the spinal cord from Th; to Th;,.
The widest ischemic lesion was observed at
the section of Th;;. The lesion showed ne-
crosis involving most of the right gray mat-
ter and a part of the right white matter.
The left anterior gray column was also af-
fected. This lesion showed total loss of
neurons and neuroglia with replacement by
foamy macrophages (Fig. 9).

Discussion

When the thoracic aorta is completely
excluded by the “paired clamp method”, the
blood supply to the thoracic spinal cord is
mainly maintained by the collaterals, from
the subclavian arteries through the internal
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thoracic arteries, the excluded thoracic aor-
ta, the intercostal arteries, the anterior and
posterior radicular arteries (5). However,
the blood flow to the spinal cord via these
collaterals is reduced, and this is probably
responsible for the spinal cord ischemia or
paralysis. Besides, the thrombus formation
in the excluded cavity may also has some
influence on the development of the paralysis.

Shimazu et al. (4) experimentally studied
and reported that no dogs were paralyzed
after the exclusion of the entire thoracic
aorta under permanent bypass without liga-
tion of the branches of the thoracic aorta.
In the present studies, some branches of the
thoracic aorta were ligatured in order to
imitate the state of the patient suffering from
thoracic aortic aneurysm with severe ath-
erosclerosis and arteriosclerosis, and 2 out
of 6 animals in group 2 developed paralysis.
There is no possibility that the ligation of
some branches of the thoracic aorta directly
induce the paralysis even if the artery of
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Fig. 8 Macroscopic findings of thoracic aorta and graft
removed. The aorta is opened longitudinally. a, There is
no thrombus formation in the excluded cavity (No. 18). b,
There is a thin entire length thrombus in the excluded
cavity (No. 24). ¢, The excluded cavity is fully throm-
bosed (No. 29). d, Among 3 divided parts, the proximal
part is not thrombosed (No. 39).

Adamkiewicz is included in these ligatured
intercostal and lumbar arteries, because no
animals in group 1 developed paralysis. The
difference between these 2 studies was liga-
tion of some branches of the thoracic aorta.
The “paired clamp method” should be care-
fully applied to the patient suffering from
the thoracic aortic aneurysm with severe
atherosclerosis and arteriosclerosis. The
EA-ratio should be a reasonable value to
predict the development of paralysis, because
it evaluate the total blood flow to the thoraic
spinal cord via excluded cavity.

Oka et al. (9) reported that all the dogs
they studied were paralyzed after the simul-
taneous ligation of the left subclavian artery,
all intercostal arteries and L,, lumbar ar-
teries. In the present studies, half of the
animals of groups 2 and 3 were not para-
lyzed. The difference between these 2 stud-
ies was the collateral circulation via the

excluded cavity to the spinal cord. The ex-

cluded cavity pressure of the paralyzed ani-
mals and the non-pararyzed animals in groups
2 and 3 was 61 +7 mmHg and 74 +11 mmHg
(p <0.05), respectively. The EA-ratio of
these 2 groups was 0.46 +0.02 and 0.58 +
0.10 (p < 0.05), respectively. When the
EA-ratio was higher than 0.48, no animals
in groups 2 and 3 were paralyzed, and when
it was lower than or equal to 0.48, all but
1 animals were paralyzed. It thus can be
concluded that the EA-ratio is useful in
predicting the development of paralysis after
the operation by the “paired clamp method”,
and the EA-ratio should be kept higher than
0.48 in order to avoid the development of
the paralysis. Laschinger et al. (10) and
Kringeret et al. (11) reported almost similar
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results in preserving the blood supply to the
spinal cord.

Four out of 5 animals in group 4 were
paralyzed. However, the mean excluded cav-
ity pressure and the EA-ratio (measured
before the division of the excluded cavity
into 3 parts) of these 4 paralyzed animals
were not stastistically different from those
of the non-paralyzed animals in groups 2 and
3. Group 4 animals had their excluded tho-
racic aortae divided by ligation, and some
of the divided parts had a very low excluded
part pressure and very low EA-ratio. The
blood flow direction in the excluded cavity
is possibly from the intercostal artery with
highest back flow pressure to other inter-
costal arteries. The blockage of the blood
flow caused by the division of the excluded
cavity may be harmful to the spinal cord. In
other words, collateral circulation to the
spinal cord via the excluded cavity plays an
important role in the blood supply to the
spinal cord after the operation by the “paired
clamp method”.

Of 2 animals (Nos. 24 and 26) which died
2 days after the operation, one animal had
no thrombus and the other had only a thin
entire-length thrombus in the excluded cavity
and the EA-ratio of each animal was 0.43
and 0.46, respectively. These 2 animals
were paralyzed the day after the operation.
These facts indicate that the thrombus for-
mation in the excluded cavity was not re-
sponsible for the development of paralysis.
Therefore, it appears that the most impor-
tant factor that contributes to the develop-
ment of paralysis after the operation by the
“paired clamp method” may be the sudden
reduction of the blood supply to the spinal
cord via the excluded cavity.

The excluded cavity was fully thrombosed
7 or 8 days after the operation when the
EA-ratio was lower than 0.59. It is worthy
of notice that none of these animals showed
aggravation of the paralysis during the obser-
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Fig. 9 Microscopic findings of the spinal cord. a, Sche-
matic illustration of sections of spinal cord (No. 37).
Black shows necrosis. The widest ischemic lesion is
observed at Th;,,. b, The section of spinal cord (No. 37)
at Thy, shows necrosis involving most of the right gray
matter and a part of the white matter. The left anterior
column is also affected. The anterior and posterior spinal
arteries are not thrombosed (Kliiver-Barrera stein, X5).
¢, Upper portion showed total loss of neurons and neuroglia
with replacement by foamy macrophages. Right anterior
gray column (Thy,, No. 37, Kliiver-Barrera stein, X 250).

vation period. Conversely, the paralysis of
almost all of these animals was ameliorated.
It is concluded that the thrombus formation
in the excluded cavity is possibly slow enough
so as not to be harmful to the spinal cord.

All but 1 of the divided parts of the ex-
cluded cavity of animals in group 4 were
thrombosed. The EA-ratio of the non-throm-
bosed part was relatively high, 0.66. The
division of the excluded cavity probably
makes the formation of thrombi easier. The
thrombus formation in the 3 divided parts of
each animal did not progress uniformly, and
this may be due to the different pressures
or different blood flow volumes in each of
the excluded parts.

The intraoperative measurement of the
EA-ratio would be a useful method for pre-
dicting thrombus formation in the excluded
cavity. When EA-ratio was higher than
0.59, thrombus formation in the excluded
cavity was delayed. Therefore, the patients
with higher EA-ratio than 0.59 should be
strictly checked on their arterial pressure
postoperatively, because they have the pos-
sibility of the enlargement or rupture of the
excluded cavity.

Six out of 7 animals, whose spinal cords
were examined microscopically, had fully
thrombosed excluded cavities. No animals,
however, showed thrombus formation in the
anterior and posterior radicular arteries.
This fact indicates that thrombus formation
in the excluded cavity does not induce the
occlusion of anterior or posterior spinal
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arteries, and the thrombus formation is not
responsible to the development of paralysis,
as reported by Herrick et al. (12).

Somatosensory evoked potentials or spinal
cord evoked potentials have been applied to
predict the development of paralysis after
the operation for thoracic aortic aneurysms
(13). However, it is not a completely reli-
able method, and some clinical cases present
false negative data.

Gaines et al. (14) reported that to alter
the peroneal evoked potential in dogs, at
least three quadrants of the spinal cord must
be damaged. Among 7 spinal cords studied
microscopically, two spinal cords showed
necrosis of the gray matter and a part of
the white matter. However, the extent of
the necrosis did not cover three quadrants of
the spinal cord. A small degree of necrosis
of the spinal cord may sometimes not be
detected by somatosensory evoked potentials
or spinal cord evoked potentials, because
there are many pathways for these electro-
physiological stimuli and they have not been
clearly identified. To predict the develop-
ment of paralysis after the operation for the
thoracic aortic ameurysm by the “paired
clamp method”, not only these electrophys-
iological tests but also the EA-ratio should
be used simultaneously during the operation.
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