The Role of the Perivascular Tissue in Vascular
Bundle Transplantation
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Fig. 6. Microangiogram of normal saphenous Fig.9. Microangiogram of the ligated group at

vascular bundle and neighbouring fascias. 6 weeks after operation. There are a few
There are some capillaries on the fascia but capillaries.

the perivascular tissue of the vascular bundle
has few capillary.

Fig.10. Microangiogram of the ligated and
denuded group at 2 weeks after operation.
Although there are some capillaries, no
massive generation of new-formed capillary is
found. Arrows show that stem saphenous
artery is interrupted by intraluminal thrombi
at several sites.

Fig.7. Microangiogram of the ligated group at
3 days after operation. The perivascular
tissue has many capillaries, which are irregul-
ar in shape with several leakage sites of
Indian ink.

Fig. 8. Microangiogram of the ligated group at

2 weeks after operation. There are several Fig. 11. Microangiograms of the non-lig_ated
foci of a marked increse of the capillary group at 3 days after operation. The perivas-
vascularity. These capillaries are running in cular tissue has numerous fine capillaries, and

randam directions and connecting each other. no leakage of Indian ink is found.
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Fig.12. Microangiogram of the non-ligated
group at one week after opreation. A large
number of capillaries of the perivascular
tissue are visible clearly. Arrows show the
site of newly-formed capillaies.

Fig.13. Microangiogram of the non-ligated
group at 6 weeks after operation. A few
~ capillaries are seen.

Fig. 14. Microangiogram of the non-ligated and
denuded group at 2 weeks after operation.
Some capillaries are seen without a massive
generation of the newly-formed capillaries.
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Fig. 1. Macroscopic anatomy of the saphenous
artery and vein of white Japanese rabbit.
Skin and subcutaneous tissue are incised.
The saphenous vesseles are seen between the
fascia of gracilis muscle and the knee retinuc-
ulum (arrow).
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Fig.2. Schematic illustration of macroscopic anatomy of the the saphenous artery and
vein of white Japanese rabbit. The fascia of gracilis muscle and the knee
retinuculum are widely resected. (1), saphenous vessles with some surrounding
perivascular tissue; (2), semimembranous muscle; (3), adductor muscle ; (4),
semitendinous muscle; (5), gastrocnemius muscle; (6), vastus medialis muscle; (7),
rectus femoris muscle. '
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Fig.3. Schematic illustration of the experimental groups. In all groups, the

vascular bundle is transplanted onto the normal semimembranous muscle.
Areas of transverse line in the figure represent semimembranous muscle. A,
ligated group, is made with the ligation and cutting at the distal end of the
vascular bundles, together with the perivascular tissue. This group is made as
a typical group for the vascular bundle transplantation.  B. ligated and
denuded group, is made with an atraumatic resection of perivascular tissue
from the ligated group. C, non-logated group, is made without the ligation and
cutting of the vascular bundle with perivascular tissue. D, non-ligated and
denuded group, is made with an a atraumatic resection of perivascular tissue
from the non-ligated group. E, proximally ligated group, is made with the
proximal ligation and cutting of stem artery and vein added to the ligated
group. In this group, only the perivascular tissue is continued.
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Fig. 4. Schematic illustration for microangiog-
ram. This is a schema of the ligated group
for an example. The vascular bundle with
perivascular tissue and some of its bed,
neighbouring semimembranous muscle, are
elevated with incisions of semimembranous
muscle. With this treatment, the blood flow
from the muscle to the vascular bundle is cut.
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Fig. 5-A.Transverse section of a normal saphenous vascular bumdle.

Haematoxyline-eosin stain with permanganate-resorcin-fuchsin stain.
X2.5.

Fig. 5-B.Schematic illustration of figure 5-A. (1), saphenous artery; (2), saphemous vein; (3),
saphenous nerve ; (4), adipose tissue; (5), gracilis muscle ; (6), thin fascia for the surface of

vasular bundle ; (7), thick fascia for the base of vascular bundle. These two fascias form a
compartment including saphenous vessles, nerve and adipose tissue. '
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Fig. 15. Histology of the intima of saphenous artery of the ligated group at
There are several layers of intimal cells,

one week after operation.

showing an intimal thickening. H-E stain with permanganate-resorcin-fuc-

hsin stain. X 400.
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Fig. 16. Histology of the perivascular tissue of the ligated group at 2 weeks
after operation. A number of newly-formed capillaries forming canals and
many fibroblasts are seen. H-E stain with permanganate-resorcin-fuchsin
stain. X 100. :

Fig. 17. Histology of transverse section of the ligated group. The muscle as
a graft bed has no remarkable change. There is loose connective tissue
between the vascular bundle and the muscle. H-E stain with permanganat-
e-resorcin-fuchsin stain. x2.5.
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Fig. 18. Histology of the perivascular tissue of the non-ligated group at 3

days after operation. There are many dilated capillaries. H-E stain with
permanganate-resorcin-fuchsin stain. x100.
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Fig. 19. Histology of the vascular bundie of the proximally ligated group at

3 days after operation. Saphenous artery collapses with a narrow lumen,
and saphenous veins dilate remarkedly and are filled with blood.
Saphenous nerves exhibit vacuolar degeneration (arrows) and there are
numerous interstitial hemorrhage. H-E stain with permanganate-resorcin-f-

uchsin stain. X64.



1158 *

S Scheffé D EILERE T L NITEHRE 1 %R
TR RIBERE L B L D IMEAMET LTV S
ruEs . Lol KEks oo\ i oMicds
EEERDoNEDL T,
B—{EETREEE, S, R o RAEMEER
BPhEE L M HE 2 EE L TITo AT, BREEE TR
THizAEs )7 o> AHBASHES 25 WOREEE
Utend, Bk o FBEMEMEMEECEBA L IIKRRT A
DS 2 s FIFIENE L Ty, o, Efm
wEOME 7 Y v 7R L RERGEIREEORE %
ERBOWRLCRET L, KK V77 AWRSEY
oz ohmFtdEE L (B21).

F 1, % 2B E O M R B RGO M5 E 3 R
< 95.3+15.8ml/min/100g, FHER T 50.1+22.4
ml/min/100g &EA L7z, WFNRLERFES %R TH

®

—
7

100

Fig. 20. Blood flows of the perivascular tissue
of vascular bundle just afrer operation. The
data are measured by inhaled hydrogen
washout technique. The abscissa shows
experimental groups; A, ligated group (n=-
24): B, non-ligated group (n=19); C, untreated
control (n=16). The ordinate shows blood
flows (mean®SD) of each group and its
dimension is ml/min/100g tissue. *p<0.01
by ANOVA followed by Scheffés multiple
comparison.
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Fig. 21. Three inhaled hydrogen washout curves of a rabbit under three different conditions.
Curve (A) is measured in the situation of the ligated group. Then, the proximal part of the
saphenous vessels are clipped to make the situation of the proximally ligated group and the
curve (B) is measured. At last, the clip is removed to make the situation of the ligated group
again and the curve (C) is measured. Horizontal scale show one minute.
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Fig. 22. Periodic changes of the blood flow of
perivascular tissue of the ligated group (A)
and the non-ligated group (B). The abscissa
shows the period after operation; 0, just after
operation ; 2, 2 weeks after operation. Ordin-
ats shows blood flows (meanzSD) of each
group. Its dimension is ml/min/100g tissue.
*p<0.05 by Student’st-test.

Fig. 23. Schematic illustration of the vascular
bundle transplantation; A, pedicle of the
vascular bundle which is grafted on or in the
normal tissue; B, tip of the vascular bundle
which is grafted in the target tissue.
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Fig. 24. Schematic illustration of the vascular
bundle and its end tissue. (1), a vascular
bundle; A, artery, V, vein; (2), end tissue;
(3), capillary networks in the end tissue; (4),
perivascular tissue of the vascular bundle ;
(5), capillary network in the perivascular
tissue; (6), communicating branches between
artery and vein. Arrow shows the site of
distal ligation to make a vasular bundle.
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Fig. 25. Histology of the ischemic muscle with the vascular bundle
trasplantation at 6 weeks after operation. Transplantated vascular bundle
is seen surrounded by infiltrated adipose tissue replacing the necrotic
muscle. H-E stain with permanganate-resorcin-fuchsin stain. x2.5.



1162 *

BILENDLIH, MITORFLBKEESLED
H5. LrL, IERBEMCRSEOFETHS »
T wERBESESHZRD, ERNZTHEERIC
Bi-nTwais, BROMTCEESLENI L8
BHembiot. koT, Whird B ES D ViIdHE
BRI H - Ty IMERFEEBNERF L ThiLX, Mm%
WARSMOBEES I RIFTH Y, RIKOREIHESL
Bk,

BERREIC I3, BEABHER T KRB HEBE™ ©
Kienbsck 590 7z ¥ DB L LEARMES TO B
SELAFOMITRE 2 B & U T IE RBEM T
bhTa:. ZRIEE2RT MERLHTOMBET
HY, SEHOEHN, TbbMERREONELER
3. LivL, MERBFOMELBEITEL AL
TH BT T, RIZROBEIEEEBZ mAESD
DEIZTER.

SE, FREBROEBME LT, BERBOMEREZM
BAMICBEL KRR, T2b b RKSZ I RES
ThHhEBEERANI.

i 1A E CImE R i3 AP o FHE 2 Mg
Moy, ESEHmEIEHAL L, Wk 3:8E AR
U &) hmEREABSE, BoBHEIER LR
BK & OEAE TOEMME OB ER CRFHRBOBH
o CIMERICEL REEHRNORNSEID,
NHEESC BRI NAFFRNA SN (K25).

C OB MERBMEIE L THEFRAOEED 2
WERITOHREE L TEHV b DT L, BFEER
ORI L IEEBOBBEBETH D, BIEEHEBTO
BOBEHRIEI B &3 &Y PEFP ORR L
Bixo7. -4, Shen® 3L /o X S Wz
MBTH o CHBEMRCHE - BRI OERSEIC &
PMTBESTRTHS. RCZMERTH>THZ
MAEBOBELC R & MERBHEMORRIFR R
2H0T, TRTOEFLD 3 VIR ZMBEBCERTIE
BV ko, MERBHEMCENREBILESND
%

&

B RBAAM T 0 ME RAEBRRC 351 2 MR
EROVE L MERBEROMTBHRORN £ Hi L
LT, ABERRARORERBIREFML 2OERO
ERETVEERL, ERERELHELZVE,
MmEFFEEHEBE LB LURLEEBEAED
¥, BUNNEERE CRRFEN T & 2 REN 2]
REMRE L, RARAR Y V77 Ak &2 ME
FRBEAERR O M T FITE & 7T L AT DR 21872 .

st‘:

1. el ikl TEEY 2 MERICB VT IRME
AEESERE L - HTROERRORMERRELR
223, MERABEEREUVIRL ETRIMELRRORE
HiEcsbh3. ZhidmERBERNOB/NMERR
BBIRABROEBRERICRI>TwA I L ERLTW
3. —F, EEERERL TLAVIES T EERS
OFFJBERL CMEFRROMERIRITFTHS.

2. EEEELLMEROME R EHROENE
HBOMBOFEE, EEXVEBECETIRTA2b00H
56% (F#940.1ml/min/100g) DMFMSEEL, Ihik
MAAAEBRE I CTHERL CWwa 2 LR AT

3. MERMFNE 2EE, BREENCIZOEREE
BoARCERLEMMEOMEEED 35, MER
EESOEBROEIBEEOR 2R, BEELOE
WMEOHBEIIMBERE LOMBOEME BHRL 2
VY,

4. MERVERIE 2 EEIC & S N 2 BHIE ORE
RAMBHREBERL L TELS DT, I ZmER
DOMFHREF L MERBEOERRDBHIZERYDY
DEFZoND. ZOEMMEEENEDEES?
BE LB RIFICBR SN S .

PEXy, mMERERCHL-TE, MEREEES
O+BBENNEREOBEED 272 5, MERHN
BTOEMNEOEBEIEVTHEHLOTEETD
3

Bt &

FERD 3, KAERELEES AR EBY £
U7 BTSN S8R LL VEER 2BEERLET.
oz, e, HBIERY 2 LRHFERKERPIARE
RGBSR ERHOERRL £ 7. 2/, HANKORAE
B L TR e 7S & & LA SR I TR
PrEe B U RS 127 & U A B RE R O R
FETICRBRLET.

BB, KRAXOESIE, BISE<A rod—Y v ) K
£ (19864, HF) WU EE 3 B B AR BIZ EREAME
£ (19884E, HE) WBWLTHRELL.

X R

1) Vineberg, M.: Development of an anastom-
osis between the coronary vessels and a trasplant-
ed internal mammary artery. Can. Med. Assoc.
J., 55, 117-119 (1946).

2) Woodhouse, C. F.: The transplantation of
patent arteries to bone. J. Internat. Coll. Surg.,
39, 437-446 (1963).

3) Dikerson, R. C. & Duthie R. B.: The
diversion of arterial blood flow to bone. J. Bone




& R HEAT D EEREAIRF I 1163

Joint Surg. (Am), 45, 356-364 (1963).

4) Boyd, R, J. & Ault, L. L. : An experimental
study of vascular implantation into the femoral
head. Surg. Gynecol. Obstet., 1009-1014 (1965).

5) MRAERX, BEEC, FH# #, BESX, Kk
BE BILRE: BHEBAOCMEBE. AN,
52, 25-44 (1978).

6) Hori, Y., Tamai, S., Okuda, H., Sakamoto,
H., Takita, T. & Masuhara, K.:
transplantation to bone. J. Hand Surg., 4, 23-33
(1979).

) BHF F: obOIBEREREFEEREEED
MITHERICRET 2 EEN, RIS, LBKESE,
31, 197-225 (1983).

8) BRHEEL: ARBRAE T 2 MEBEN. K
FEREIREERSCE, TLT2, RALRFERA R
HE, (&, 1972,

9) EFW, BTRE, RERX, B #—, W
S8R : Kienbock D EE —EHRBOMTELE M
THHIRE . BWRL, 28, 1556-1560 (1977).

10) RAMER, BER=, TH &, BEHX, KE
WE, BE E, BKEE BEEE: FTHEBEEE
BIEICH T 2 MERBME. B4R, 33, 1410-1412
(1982.).

1) BE ¥, RINEX, BRE=, % &, =@
Fx, EH BB, KAEE, HKEE, LBR=: &
REESEI G T 2 MERBEMN. BRI, 25,
1935-1942 (1982).

12) Barone, R., Pavaux, C., Blin, P, C. & Cuq,
P.: ROBEINE EAAFR), B 1K, 62-71H, %
‘|, BE, 1977.

13) BHiE BIEH B BE2: M mEosit
BIUMEBE ARER. BEA4R, 31, 929934
(1980).

) REAN=ER: FHEASEMSEA O D A F I
EE. H8M, 28-29H, ML, M, 1954,

15) BA%EB: 7440 0 Krutsay T (B F
Medical technology #&). # 1k, 29-30F, E#EL
fEtk 4, BE, 1983,

16) #HA B RFEACES T D REEOER. B
41, 26, 1247-1250 (1983).

17) Aukland, K., Bower, B. F. & Berliner R.

Blood vessel

W.: Measurement of local blood flow with
hydrogen gas. Cir. Res., 14, 164-187 (1964).

18) BHAN: KEZ V75 AEQERHFES
~DISHE. BEBHASTE, 55, 769-777 (1981).

19) Sewell, W. H. & Sealy, W. C.: Coronary
cinearteriography and pedicle operation in diagn-
osis and treatment of coronary insufficiency.
Surgry, 55, 99-105 (1964).

20) Shintomi, Y. & Ohura, T.: The use of
muscle vascularized pedicle flaps. Plast. Reconstr.
Surg., 70, 725-734 (1982).

21) Shen, T.: Vascular implantation into skin
flap : experimental study and clinical application :
a preliminary report. Plast. Reconstr. Surg., 68,
404-409 (1981).

22) Algire, G. H.: Vascular reaction of normal
and malignant tissues in vivo. J. Nat. Cancer.
Inst., 6, 73-85 (1945).

23) Schoefl, G. I.: Study on Inflammation IIL
Growing Capillaries: Their Structure and Permi-
ability. Virchows Arch (A). 337, 97-141 (1963).

24) AHER: AHEEBEIC BT 288 MIa 0B
HENEL. +2ESE, 91, 923-938 (1982).

25) Wilhelm, D. L.: Inflammation and healing.
In J. M. Kissane (ed.), Anderson’s Pathology, 8th
ed., p.47-50, The C. V. Mosby company, St. Louis,
1985.

26) SHAREERR, H M MEANRMK - mE R,
EEoRFE, 36, 207-210 (1985).

27) Folkman, J.: Tumor angiogenesis. Adv.
Cancer Res., 19, 331-358 (1974).

28) MB—E:AkKRZVT IR, BESE, 7,
643-651 (1986).

29) Folkman, J. & Haudenschild, C.: Angioge-.
nesis in vitro, Nature, 288, 551-556 (1980).

30) S¥iE— . WEECNTAMERBIEOERY
AT, +2BEEFE, 97, 652-671 (1988).

31) Shen, T.: Experimental study of tissue graft
vascularization by mezns of vascular implantation
and subcutaneous burying, Plast. Reconstr. Surg.,
73, 403-410 (1984).



1164 * &

The Role of the Perivascular Tissue in Vascular Bundle Transplantation
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Abstract

Vascular bundle transplantation has been used to improve the circulation of ischemic
tissues. However, the principles for making the vascular bundle have not been established
yet and the precise hemodynamics of the vascular bundle has not been well elucidated.
The purpose of the present experiments is to study the role of perivascular tissue of the
vascular bundles and the effect of ligation at the distal end of the vascular bundles. The
patency of a stem artery of the vascular bundle was examined microangiographically and
histologically. Several kinds of experimental models were made with saphenous vessles of
Japanese white rabbits. The patency of the saphenous artery of the vascular bundle was
always maintained in the models of vascular transplant with perivascular soft tissue. The
perivascular soft tissue, mainly adipose tissue, seemed to be essential for the patency of the
vascular bundle. If the perivascular tissues were preserved, the ligation at the distal end of
the vascular bundle did not obstruct the patency of vascular bundle. The second focus of
the present study was the blood measurement of the perivascular tissue by inhaled hydrogen
washout technique. Even in the experimental group, there was a blood flow of
40.1 + 16.8 ml/min/100 g in the perivascular tissue of vascular bundle, which
corresponded to 56 percent of the normal levels. It was less than that of control blood
flow because of the distal ligation of the vascular bundle. The blood flow disappeared
after the poximal ligation of saphenous artery. Therefore, the blood flow of the
perivascular tissue was carried only through the stem saphenous artery.




