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Fig. 1. Synthesis of L-lactic acid/glycolic acid copolymer

Photo. 1. An absorbable ring (inner diameter:
1.0 mm) made of an L-lactic acid / glycolic acid (70:
30) copolymer, consisting of six stainless steel pins

and six holes alternately placed.
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Fig. 2. Ring device made of a L-lactic acid/glyc-
olic acid copolymer with six stainless steel pins.
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Photo. 2.
a. The ring holder, which holds and aligns the absorbable rings and approximates the two
vessel ends. The ring holder can rotate from 0 degree (b) to 90 degrees (c) .

Photo. 3. Photographs of the different steps involved in creating a ring anastomosis.
a . The vessel end is pulled through one of the rings. Then it is everted 90 degrees and hooked

on the ring-pins.
The procedure is identically repeated on the other vessel end.
The ring holder’s ends are mechanically brought together by turning the knob in the ring

holder.
BELLRAT VAR CUdthE Lk o oo, FleEERTHEMRESEO LD, WENEL 0.1 M
BEMAEOWE RIERTE L7, G, U BB AL 2. 5% E— LT AT RC

Hematoxylin-Eosin #¢£ > Elastica van Gieson 3£, B BEL, RREOTA ZFER UL, 1%t
BTV, EERMEE T L, FRITATHBEREL, TAa—ADO ERRIITHEK
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Fig. 3. Ring anastomosis

(Above) The vessel end is pulled through the ring.

{(Middle) Then it is everted 90 degrees and hooked
on the ring-pins.

(Below) The rings are interlocked by pin-in-hole
mechanism.
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itk 6 BFH 16.1ml/ 57, #R30:8FH 17.3 ml/ 5
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Table 1. Patency Rates for 1.0 mm Absorbable
Ring Anastomosis
(Rabbit’s Femoral Artery)

Time Period (week) No. Patent Patency Rate

1 6/6 100%
2 6/6 100%
6 6/7 86%
30 6/8 75%
Total 24/27 89%

N N (Minutes)
10 11 12 13 14 15 16 17

Fig. 4. Anastomotic Time

Table 2.  Arterial Volumetric Flow

Group Volumetric Flow (ml/min:Mean-+SD)

Interval N=6 N=¢6 N=7 N=8 Average

Pre-op 16.347.47  14.945.88  17.345.85  21.045.08 | 17.8:16.68
Post-op 12.444.59  12.346.40  12.945.49  15.4F4.53 | 13.445.29
Post-op 1 week 13.8+5.86 13.8+45. 86
Post-op 2 weeks 12.645. 27 1 12.645. 27
Post-op 6 weeks 15.148.60 : ! 15.148.60
Post-op 30 weeks 17.34+4.34 | 17.344.34

N:Number of case, SD:Standard Deviation
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4. ARAKI (Photo. 4)

ERFER RPN D o I E 2B TEE L,
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BT CEBICEET B LT, #3008 TRIY
Y v IREERERREN, RF U LABDOE L DR
BELT R, CUiREKcEDLh T, NEHHE
CEEFTIEEIN T, ErolEea+3

Pre-op Post-op (immediatc) 12 6 30(week) FEIITD ORI~ oo Efo, BIREY 1T Bz

Time Interval (Post-op) REMBIZLVBREIATEY, ZoB&#EKICLY

Fig. 5. Blood flow. MESKIEE NI b0, MELSBIRERICTE L
Bar: Standard Deviation LD d ot

Photo. 4. Photographs of the anastomotic site.

a.

o 6 T

The anastomotic site immediately after operation. There is no leakage at the anastomotic
site.

. After one week. The rings are covered with thin connective tissue.
. After two weeks. The rings color become white.

After six weeks. The rings become smaller and embedded in fibrous tissue.

. After 30 weeks. The rings are completely absorbed. The residual stainless pins (arrow)

seem to have no influence on the vessel.
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Photo. 5. Light microscopy of a longitudinal sec-
tion of a ring anastomosis at one week. (H&E,
X 32 original magnification) The anastomotic cleft
(arrow) lays between the paired rings. R:ring L:
lumen
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Photo. 6. Light microscopy of an anastomosis at

two weeks. (H&E, X16 o0.m.)

a . Thereis an atrophy of the vessel wall inside the
anastomotic rings.

b. The intimal hyperplasia is present at the prox-
imal and distal exits of the rings. (H&E, X80
o.m.) R:ring L:lumen
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Photo. 7. Light micrograph at six weeks.

a. The thickness of the vessel wall recovered. (H&E, x16 o.m.)

b . Details from residual fragments of the rings. (H&E, X160 o.m.) The cells of the reaction
are macrophages, fibroblast and giant cells.

¢. The internal elastic lamina is not reconstituted. (Elastica van Gieson, X 16 o.m.) R:ring

L:lumen Arrow:anastomotic site
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b

Photo. 8. Light micrograph at 30 weeks.

a. Nearly complete absorption has taken place. (H&E, X 16 0.m.)
b. The thickness of the vessel wall is the same as the normal level. (H&E, X80 o.m.)
c. The internal elastic lamina is not reconstituted. (Elastica van Gieson X 16 o.m.)
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Photo. 9. Scanning electron micrograph at two weeks.

a. The anastomotic cleft is clearly visible. (x52 o.m.)

b . Details from the anastomotic site. (3380 o.m.) Notable is the absence of a cellular reaction
consisting of leukocytes, platelets and erythrocytes. R:ring L:lumen

a8 e ' b
Photo. 10. Scanning electron micrograph-at 30 weeks.

a. There is no depression at the anastomotic site (between arrows) and the site is completely
endothelialized. (x950.m.)

The lumen is smooth and covered with a continuous layer of endothelial cells. (X820 o.m.)
L:lumen

73
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Fig. 6. Cross section of the interlocking pin-in-
hole mechanism.

(Left) Original straight pin and hole.

(Right) Modified pin and hole.
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Table 3. Advantages of the Ring Anastomosis

Ring Anastomosis

Easy to perform

Fast

No foreing material in vessel lumen
100 percent intima-to-intima contact
No leakage at the anastomotic site
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Mechanical Anastomosis Using An Absorbable Ring
Hiroaki KIMURA

Department of Orthopaedic Surgery, Hiroshima University School of Medicine
(Director:Prof. Yoshikazu IKUTA)

Purpose: The purpose of this study was to analyze patency and determine histology of vessels anastomos-
ed using an absorbable ring device.

Materials and Methods: We used an L-lactic acid/glycolic acid (70/30 mole %) copolymer as the material
for our absorbable ring device. The internal diameter of the ring was 1.0 mm, and the ring had six stainless
steel pins and six holes alternately placed. The device was used to perform an anastomosis in the femoral
artery of 27 rabbits. Anastomosed vessels were assessed for patency using an electromagnetic flowmeter.
Anastomosed vessels were harvested for histologic evaluation by light and scanning electron microscopy at 1,
2, 6 and 30 weeks.

Results: The ring was completely absorbed at 30 weeks, with a patency rate of 89% (24/27). No
statistically significant difference was recorded between preoperative and postoperative arterial volumetric
flow. At 2 weeks, the thickness of the vessel wall inside the device was only about 40% of normal, but the
thickness had returned to normal by 30 weeks; the internal elastic lamina was not reconstituted. Scanning
electron microscopy demonstrated no depression at the anastomotic site at 30 weeks.

Conclusion: We have developed a new absorbable ring device to perform vascular anastomoses which may
solve some problems associated with rigid rings.





