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Summary . The 24-hour preservation of amputated rabbit limbs was investigated by
perfusion with oxygenated fluorocarbon emulsion (Fluosol-43) using an extracorporeal
circulation system. Eighteen limbs amputated at the thigh were immediately stored in
ischemic condition at 4°C for one hour, and were perfused at 10°C for 21 hours. In 12 limbs,
replantation was initiated at the period of 22 hours, and recirculation commenced at the
time of 24 hours after amputation.

In all cases, the viability of gastrocnemius muscle was conflrmed by the evoked
potential (M-wave) which was observed at the time of 24 hours after amputation. All
rabbits survived more than 9 hours after the limb replantation, and 6 rabbits were alive over
4 months until their sacrifice. In histological examination of muscular tissue through the
light and electron microscopes, severe atrophic change was not observed in spite of the
denervated condition.

The following conclusions were obtained :

1) It is possible to preserve an amputated limb for 24 hours without serious damage,
under perfusion with fluorocarbon emulsion at 10°C,

2) In major limb replantation after 24-hour preservation under FC perfusion, the limb
can be totally alive, and the survival of the host is secured without replantation toxemia.

Index Terms
amputated limb preservation, perfusion, fluorocarbon emulsion, evoked electromyography,

limb replantation
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Fig. 1. Schematic drawing of perfusion system for
rabbit limb.
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20%Fluosol-43 (3 FV-+F#&, LT FC L#&3)
% B\~ 7o, % © 8 % 12 Fluosol - 43 (perfluor-
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Table 1. The constitutions of Fluosol-43 (from tech-

nical information of Fluosol-43)

FC-43 20.0 w/v%
Pluronic F-68 2.56

NaCl ) 0.60

KCl 0.034

MgCl, 0.020

CaCl, 0.028
NaHCO, 0.210
Glucose 0.180
Hydroxyethyl starch 3.0
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fiTel, BEEH3H, 7H, 14 B BREOFEHIRIM
HEIL, % GOT, LDH, CPK, K* D&£LEB LD\
THBRERTT -7 (IF 3.

8) HEEBOBRE OB

EH X BEEETV, KBEESHOEREOH®
ferBE L (118D,

7. % G

R 0 R & U, FIHRME BE ¥728
ETREW X BHANDEE Y BT 5 e d i BFE 2 (F
B U A, FRIEHE 2 KBREM 3 0 1 icis T KERED
IR, 1 ADBTF#IR, KEREL2EL CEW LcBic, M
REIUIBELIcE %, BN, KEXEDICHERES L,
BICTHES L b #EERETF 7 ABEE L,

D 28 3BECHENX VERZHERL CEEEE
PO CTHRERE LI (4 FD,

2) iRl W&3H, 7H, 14 B HKEOHHIKML
wEE L, I GOT, LDT, CPK, K* D&HEB LD\
TMEHREXTT -7 @I,

& x

1 BESHROZR
O L2 e o THEEEM YT -k, 6 NIRE 18
» REFFOSOREDT, ERIER L EDIDILER
THET, £T4 » AU EAEF U Mo 5 Fid4T 9K




(614) s

B EEFELEY, 2 X1 BAK, 1 FX2HEKE, 1
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Fig. 2A°

Fig. 2B

Fig. 2. Limbs at the time of 2 weeks after replan-
tation following 24 hours preservation.
A : Normal appearance of the limb.
B: Partial skin necrosis is seen on the thigh.
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PCO, 1o\ T IR 4% & 2 i bs o 7 (Fig. 5A,
5B, 5C, 5D, 6A, 6B, 6C & 7" 5 7 DB ITFTEI). o
RBET T 7 DOEBEE, THERTOBETHLN, 3B
FEMERRE MR A1 15°C T FCERBRFELIT - 72 25
CONEEEEBECR L,

4 VERE

ERBRRRRC S 1 2 BIRERORKE, FHER L
H/NEDFHERZ W F R 43.3 mmHg, 31.1 mmHg, 21.
0mmHg TH o 7o, BRK TR, ThZh657
mmHg, 53.1 mmHg, 31.0mmHg & EH L7,

Fig. 3. Rabbit at the time of 18 months after re-
plantation follwing 24 hours preservation.
Muscular atrophy is seen on the left hind
limb which was replantated.
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Fig. 4. M-waves recorded from gastrocnemius
muscle after 24 hours preservation.
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Fig. 6. Gas analysis of perfusate-pO,, pCO,, & pH.
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RRONBEBETH S (Fig. TA). FLBEERE T,
MR IERGLRL, MEA/NEEOMMEED R
Richt\5 (Fig. 7B).

BEEH® 2 BOKBEIC I\ TIX, perimysium DIEE,
iR OZEE, BEGRMED HB ik &R S hi- 2 (Fig.
8A), ZHIINREE L FARETH -7 (Fig. 10A), BT
HH 3B D &, HEk X AL D IESoER
BHY, BEBGHEMEOHB, MRiEoBE, RN, EHE
M, MEMREEDDSONRD -7k, BoBRERD
Dy Potc (Fig. 9A), 0 TBETH FE UK

Fig. 7B

Fig. 7. After 24 hours preservation under FC perfusion.
A : Photomicrograph of gastrocnemius muscle (hematoxylin
and eosin, x100). Size of muscle fibers is constant, and widen-
ing of endomysium is observed.
B: Electron photomicrograph of the muscle (x4000). Muscle
fibers show normal appearance, and normal microstructure of
organella and capillary can be seen.

Fig. 8A

Fig. 8B

Fig. 8. Two weeks after replantation following FC perfusion.
A : Photomicrograph of gastrocnemius muscle (hematoxylin
and eosin, x200). Muscle fibers are not constant in size, and
widening of endomysium and some fibroblasts are observed.
B: Electron photomicrograph of the muscle (x2500). Muscle
fibers show normal appearance.
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RBohic (Fig 11A), BEEATRE, &E4OHAIC X
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CIEHERBDOh, BHRIBEETH-7 (Fig. 8B,
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TR L AREThH -7 (Fig. 10B, 11B)

¥ - BMIME O BBEG CIERK TR, BESER2E
BIVIBEEOWThOERTS, LoWATH, Ak
R CIEE oM R L (Fig. 12),
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Fig. 9A

i

1% GOT, LDH, CPK & dHIEEEL D& D -
7o, itk 3 B B AR LR XRBD, 7T HERERR
TREL, 14 B B i2fiieh & 2IEREEDME & /s - 7= (Fig.
13A, B, C&7 5 7B WTERTTRITE). » Vv
L {E% 3.9~5.2 mEq/l &AM TR, HHEEBLCE
bidie o to, 2R SDEMIZHBE T AETH - 1.

8) FHEBRREOKBEESTREOBE !

KRBT, FHRCHE L CKBE M, i
EHLMLL, NEBCF 7 ABERMLCIRELR

Fig. 9B

Fig. 9. Three weeks after replantation following FC perfusion.
A : Photomicrograph of gastrocnemius muscle (hematoxylin
and eosin, x200). Muscle fibers are not constant in size, and
muscle-fiber-separation from endomysium is observed.
B: Electron photmicrograph of the muscle (x3000). Most of
muscle fibers show normal appearance.

Fig. 10A

Fig. 10B

Fig. 10. Control group, 2 weeks after operation.

A : Photomicrograph of gastrocnemius muscle (hematoxyhn'
and eosin, x200). Muscle fibers are not constant in size, and
widening of endomysium is observed.
B: Electron photomicrograph of the muscle (x3000). Normal
muscle fibers can be partially seen, but microstructure of
organella is atrophic and degenerative. Lysosomes and large
dense bodies are observed between atrophic muscle fibers.
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Fig. 11B

Fig. 11. Control group, 3 weeks after operation.
A : Photomicrograph of gastrocnemius muscle (hematoxylin
and eosin, x100). Muscle fibers are not constant in size, and
some necrotic muscle fibers are observed, with increase of

interstitial connective tissues.

B: Electron photomicrograph of the muscle (x1500). Most of
muscle fibers show normal appearance, and normal capillary

can be seen.

BEENEETH - oicd, BREORIICOWTIE,
R I o, L, BEEVBREFTS
ST BT, BEER B TESREREIELRRT
(Fig. 14A). (¥ FKROBE OEF T, Bl v -+
D% LIERIT b, R R EHEABIE I hi(Fig
14B).

¥, ERRRPCEERY 7ORE, B8, ERA
N—t+HD7 4 VE—DRR, BRAICEALCSF = —
TONBARRREDERI L W ERAL Y T L 6 5
CoWTIE, EBREIVRAL, LEOERIIZEDT
Wiz,

Z z=

FAR % & Lo BT o0 BRI AR FF 12 J8 1 % REREIRR 7 BR SR
EOWTIE, &L DBENL LIS, EFHD ZROKAEEY
BMOBEEERICE T, TORDFIOBFHLERT
SEHLUASBEEFMOBIGTH D, BHMFFR AL
O THBENLBERT S LBNTW5, AT
S AR I 313 B BRI D R 55 X OHIRE D
MLy, ERCTORFEFL2KELUAELLTWS,
FEAK® 13, 30°C TOMHMREERI FCItk 5 ERY
Tv, ERFOFEHEROBE L v, 30°C TiXREIMmMEFE
FORAL 2RHLUALERL 2,

—75, EH, FHBRYS51I, RoKBUMERICRKITS
RE -BEEROARFE, HTALLOBRKERTHS
CPK, GOT, LDH f, X OoMMEIHRELD

Fig. 12. Electron photomicrograph of a capillary, 2
weeks after replantation following FC
perfusion (x2000). Capillary shows normal
appearance.
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Fig. 13. GOT, LDH, CPK concentrations in the
blood. ' .
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Fig. 14B

Fig. 14.A: Radiograph of the femur 6 weeks after replantaton.
B: Radiograph showing abundant callus formation in spite of
displacement of fixation material.
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