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Experimental study on the effects of local irrigation

and systemic administration of heparin for the microvascular
anastomosis of the femoral artery in rabbits
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1. Exposure of the Femoral artery c®cccecceccecceccccccccccccel]
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2. Crushing injury with smooth needle holder

3. After lidocaine application for bmins seeccescecsccccecc)]

4. After vascular anastomisis with 10-0 Ethilon <®***********21

Ha. Control group : Normal patency  ccccecsccccccccccccccccc))

5b. Control group : Decreased patency ccccccccssecccccecccc)?

5(-:. Control group : OCCIUded oooooooooooooooooo00000000000022

ba. Experimental group I : Normal patency  **cc*cce**ec***23

6b. Experimental group I : Decreased patency  ®***********23

7a. Experimental group II : Normal patency  ®*ce*ceeceece*23



Fig. 7b. Experimental group Il : Decreased patency <®***********23

Fig. 8a. Experimental group III : Normal patency sececccecccc)f
Fig. 8b. Experimental group III : Decreased patency  =®®*°***°°* 24
Fig. 8c. Experimental group III : Occluded sececccesccccecces DA

Fig. 9. Hematologic steps leading to vascular thrombosis.****** 10
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ABSTRACT

Experimental study on the effects of local irrigation
and systemic administration of heparin for the microvascular
anastomosis of the femoral artery in rabbits

Kim Dong-Joo
Advisor : Prof. Kim Su-Gwan
Department of Oral and Maxillofacial Surgery

Graduate School of Chosun University

Introduction : Despite the technical development of micro—anastomosis,
there are considerable risks of failure because of the thrombosis. The
failure rate of the free flap and digital replantation has been reported to be
5-10% and 15-30% each. The important factor of the successful
microvascular surgery 1s not only the surgical technique but also the
medical inhibitory procedure against the thrombus formation. Arteriotomy
was carried out after the intentional injury on the vessel. Then the artery
got local irrigation with heparin or systemic application by IV administration
of heparin. The purpose of this study is to compare the histological patency
rates of the anastomosis of the femoral artery.

Materials and methods : The 12 rabbits which weigh about Z2Zkg were
included in this study. Both right and left femoral arteries of them were
cut. The group with no damage on the vessel, saline irrigation , and
micro—anastomosis was control group. The group with crush injury on the
vessel, saline irrigation, and micro—anastomosis was experimental group I.
The group with crush injury, saline irrigation, 100U/ml heparin irrigation,
and micro—anastomosis was experimental group II. The group with the same
treatment as the experimental group II and additional systemic application

by 100U/kg heparin IV administration was experimental group III. The



histological patency rates were compared.

Results : The patency rate of control group 30 minutes and 3 days after
the anastomosis was 100% and 83% each. That of experimental group I and
II 30 minutes and 3 days after the anastomosis was 100% and 100% each.
That of experimental group IlI was 100% and 83% each.

Conclusions : No significant corelation of the patency rate was shown In
the study on the effects of local irrigation and systemic application of
heparin for the microvascular anastomosis of the femoral artery of the
rabbit. However, the patency rate had tendency to reduce as longer time of
surgery took, Increased bleeding was observed after systemic application of
heparin. The obvious damage on the crush-injured vascular endothelium
was detected by the histologic examination of the micro-anastomosed area.
Also, some vessels which got crush injury showed thrombi attached to the
vascular endothelium. But no preventive effect of heparin against thrombus

formation was observed.
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nAER $Eo wge gYHARoklH 2 EHAL olFE UAEO FHAG,
1960d H=ZE digital replantationA]ol] & wHAEHES 0] Hi FH o]Fq
1970l free flapo A TF-94 259 o5& ATty ATt ol gt
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II. 435 € WUy
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2-2.5kge| AT FF 7t 12vigE AREETE mAl 28 Fede FEdv
A (Zeiss OPMI 1-F;25x; Carl Zeiss Stiftung, Heidenheim/ Jena, Germany),
double microvascular approximator clamp with suture holding frame(S & T
Marketing LTD, Newhausen am Rheinfall, Switzerland), "|Al$<7]7(S & T
Marketing LTD, Newhausen am Rheinfall, Switzerland) 2 10-0 Ethilon
(W1770; Ethicon, Johnson & Johnson intl.,, European Logistic Centre,
Lenneke, Belgium) &3AHE o] &3}t
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gzz o vteel # £= qEsHe 29 = 4 Agsz T Adee v
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AP IE MR A 95 OEEH GUEde ke F oAUl 47 49
F FaAHRL Gl v BREFS AP T
A9 I hEe) &, $F dEEel uENe He F A9ste] 100U/mle)
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heparing ©o] &3t d& ff T24HE Algst T nAdd E¢S A3 &
AE T 7R F, 5 U sHol| ¢4e&EAS 7M1k & Zdsto] heparines
ol &3t d U IFAaAH H rAd® B34S A3 1A17F del 100U/Kgol

heparing F9 FoI3t &
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0.3mg/kg?] Zoleton®} 1mg/kg? xylazine HClE =3%slo] =& FASIe] Al
vlHE { =353tk Calcium tioglycollate AXE FF AdF F9o =
g2 AAsta HEedo® A5t Fednde] AokE F3 stE
(superficial inferior epigastric artery)®] &AF-olA AMa|Ath7tA1e] F9 =3
& telste] A A AFE midthigh7bA] #9-5 dHE SRS ==si00h. 242
o] 9o AL e Imm Wl A vH(Fig. 1).

FHol 24g 71817] 98] Reichel 570] AM8% crush injury & AHE-EIS
ol dEsHe 23 2 A H double microvascular approximator clamp
with suture holding frame(S & T Marketing LTD, Newhausen am Rheinfall,
Switzerland) & &8t gos 1HET F clamps /‘}Olc’ﬂ AAAZiTE Smooth
jaw needle holderZ M| WA FYulF| 72 1023 291 & 3% F= Wyo=z
Z}z} 3X}Efﬂ Ade VG0 EA AFEHAED
B AEst 3] BEHS A%e & =
Zeiss Stiftung, Heidenheim/ Jena, Germany)ollA microscissorsZ <48 dE#
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Johnson & Johnson Intl., European Logistic Centre, Lenneke, Belgium)& ©]
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guide suture® 43l 7 Atelol] 374e] &2 Aldsto] 1239 Fo2 2
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PR S ge Aldsisih A9 29 AAE AL F F 30%3F gauze
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A. 71E€& AAZEF (Table 1,2)

TOAY $HEE % £F F vascular clampE A A 7HA 9] EEHAIE
ceFRer, 2 AN S FAH R g dd
dol AT = Azro]l AojAFE JEES #AsATHp=0.007)(Table 3).
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dro]l #EHARFig. 5). 4 [Tl F6709 EE oM dAdez 4=

=

A IToldes & F 3<44 B2 39 drjdgazde F6719 ddol dA
A
o

3
23kt vl =gk FHo] dAFH dHHB Y FAVE #EEATHFig. 7). A3 1IT
ANAE ZF6719 A F 470 FAHT MEAHE BoH, e 9o Y
Tl g #HA, aeln & s e ozte] RUA #AE Hols dA
o] B ATHFig. 8).
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hZz7o] HlE Crushing injuryE Al8st A= EF g WA
(degeneration)AA& How, dFoME Wuete] FArte #AZFHUY T3 &
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Table 1. Comparison of vascular patency after crushing injury with or

without heparin treatment

Group Case No. Side  Time(min) Patency (%)
left 34 99
Control 1 right 54 0
9 left 27 96
right 29 98
3 left 32 97 H
right 27 86
. left 39 94
Experimental I 4 right 32 96
5 left 32 97
right 31 96
6 left 38 68
right 34 99
left 31 98
Experimental II 7 right 38 99 H
8 left 41 98
right 37 99
9 left 29 72
right 41 99 B
Experimental III 10 left 29 99
right 41 99 B
11 left 25 99 B
right 39 0 B
left 29 86
12 .
right 35 98 B

(H: Hematoma B: Bleeding)

Table 2. Comparison of vascular patency after crushing

without heparin treatment (Statistical evaluation)

injury with or

Mean Std. Deviation
Control 79.33 29.14
Experimental I 91.66 11.70
Experimental 1I 94.16 10.87
Experimental III  80.16 39.60
Total 86.33 27.85
(P=0.740)
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Table 3. Time and patency correlation

Mean Std. Deviation Sig.(P value)
Time 34.33 6.41 0.007
Patency 86.33 27.85 0.007
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E4€ T2 gl 2Aske mAgd 245 909 davd] dEEE
2 olnl B& AT Holgo miggd B3] A5 AAH Al
A EAsks kA we Aotk e 2 942 el F M #Aol =
geo] dojupl Ak A MAE AR Ao defvs dav SHE
GAste dave SR FFon, 7 MAs AdFAol 2Ast= fibrinogen?]
fibrin strandZ°] Zdgko|rh. o] dF o= 9 F 74 #HHel 44 514
OS2 oA olg]gh g WA viAEY 2] 4T didE EE

Aot ez mgE® £330 platelet thrombus

O .
massE FAEHA "t o]813F mass?t fibrind A AFA ATEA HE o
SHA|
A3A 7 aHQ] WY fibrin A4S WA s Aol

=
=
o) 94& xdaly
(Fig. 9.

Fig. 9. Hematologic steps leading to vascular thrombosis.

Endothelial injury ‘

O

Circulating Platelet Coagulation
platelets Adhesion Cascade

Fibrinogen

Platelet Fibrin Clot j
Aggregation (Red Thrombosis)

\“/

Thrombosis
(White Thrombosis)

Anti-Thrombin Il
(Heparin)

Heparin& 191639 McLeano] <3 7/Ed=Eon, iy 374 Adsie
fibring targetO. 2 3l= antifibrin agento] tH®. Heparin®] 1/3< antithrombin
el ase 34 =12, heparin/ATIHI BFA = L1122} Xlla, Xla, [Xa, Xa g
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I IMa(thrombin)& v &3t Al7]Al @t Thrombin® A= §IQAR}F Ve VIII
o] &ol JAE FaA goezA Fen adE YA g’

Heparin®] Fol& g3 WA EA 30-750087H4] 55 7] wio] o a3y
o 23 Zgo] dojuA FrH'?. o] & heparin®] FAAMHo] F3}HH<l o]
7= s, e &4 e I ete] XH7)7H5<t heparing E @
Hate 9 a4 o mAER B £t nAdRe HEES 3§
AA7171 A3 BHHE AlFHE sHAl HH, ole FEFHY A debriE A
ate o 4o daugel digk Aok AlTsA "o AE gdo s 4 gol
AHEEE A AE é}"é—’r—% lactated Ringer's solution®]®?”, 4= Hx]3}
T EEA e EES FAA77] 984 heparing FIbeto] ALREHA H AT,
Heparin =2 A2 A| Vo”#?l o] e Cox 59 rate] F3EH mdS
T A ATl 100U/mle] heparin &4 A A7 AHTH BlaLste] 79
sHAl MEE e Hoy, 10U/mle folst zte]& Holx| gFgkoH,
250U/mlz}+ 500U/mle] heaprin £4L2 AXAHQA WH3IIE 01:7](PTT>1OOS)5}
100U/ml¥} Hlwate] 7E&e] folgh atolg& HolA e¥skas Hiskginh o
S AFE 53 = ZF4& AAHA oA heparing %—E‘E% 100U/mlY & =
3Foith. 3FAI9E heparin T4M 2] &3 blood flowel &) 719 a8& &
2 7 o, oy IaAH Zde fis oJEs AAgt ai €9 =%
Al I

A

o nlo
= o

b}

R

I= BEel dawe] Po] 308 Ul sbg wol WAISA HH, o]
gol ojubx] ow, AAuct AR gl of W2 ojupl Hof Baw
A3 ol @ee nIARHY. nAgRrEA AT £ 9t Fhe =
Agds FA8A0s e & Yok Kim 527 278484 EG4% A 10
2ol 713 ol WAHT 2084 Fastel FRAFHS R 4841%0] F23

Heparm oA Ao 3k a3t tha] Daset Miller 22 100U/ml9] heparin
gue Ao WA aRFYLe Busch #hEYl Rumbolo 57& d¥
T 7<A #Est A3} heparin £89] ITAhMH o EE TS HolH
orgre o BTl T3k Khouri V¢ free flape Al&o]%-o] =4 heparin
AdE JFES 77]i1xl %L%% E_LOPOﬂU} = N@«] A3} A= Rumbolo<}t



49 GROR A% A%E Bt P} GEFAN L. 48 WEAN Ui
Aol N HAA T, o= &4kl oF A WA BRI R Baseld 2
B2 Azl tet B AN FANAS B dun WAL BAY 2
3}oRE 95%0l e o NBL FAS%E BES HAAW FHIRONA 68%9)

dHWNE e AAE Holv 3, AF IwolA Bo = S 423}
v g€, agla A7 lITelA 86%° ToUWHES Hole & Afe uFo
Arasdo] #EHE 4 #2E F AT ol WY &4l o3 ol
FHES BT e 2HeE F5 F O A7 FHuEs 53 ol
gt A7 BaF Aow AT T arterial inversion graft 2 3 W
o] #o]HE ol&3 AA T F o AT dH WY S T 2PH AT
T oEe e ZoE Agdn.

Heparin®] 7215

3] Jackson 5°V& 100-150U/Kgs FHAAE AAS
I, 45804 508t /] ZES
50U/Kg% &= fg &4% A Th Viastoust Earle 5°7& E7]9] 2 v‘ﬂmﬂoﬂﬁ
Aol 1000U9] heparing AU FogozA fE&gd &
Ao E_J_é]—oﬂ\ﬂ- Cooley E%Y& 3l¥o] £3F0 2 160U/KeS FAAR} xﬂﬂ 10
Aol FojgtozM O crush injury ZolA /&g F4LS 7HHgoY &
FPAE dolBgS Busgth Pugh 52 81219 AAA] heparin®] HAZH
FoArloll 66%° FAFA EFo]l PFAHEMNSES HAIGTE E AT 247
of d# T 2/elA EF9 IS BET & Ak T 579 dHeA 5F

[
o A&EE =de BEL F U%den, 2o dojuy= 1—5—8— A 1=

2AH)Y 4700 EdelA daEAE AAT F
A AEEHE g0 #FEHIAH. o]+ crush injury®E 3 E@ —E?EL’\M] %?’}tﬂv
o] AojA &= A A heparin® &g Zgo] oJg AR HT 2 AP
oA heparin AAIF o] oJF HE& 54 P golE F gATh

Roger$} KhouriS*Vd| syl 1% 3ol v EdHS 3l flap transferE
A etes AFEES tIdoE A4 9 /‘}*(lﬂr flape] A3 &l diste], A F7
of &%, FABESY flape] AT E thoted ALt A2 925 A =
A HAA1H © 2 heparin, aspirin, dextran 40(Macrodex)s 2 Fo]3F 7 %o 25
2 22%0100H, & A ofF¥ Fokg shA &2 A5l 4.6%9 AiMEs B
of & o7} gles EIASHIth E3E heparin 895 o]&3 AW AHE
85%(4935d =+ 417F#DAA AFFHALH, HHELEL heparin TF°] 4.1%,
heparin A& & A Ps}A] Fe T1EFS] 3.9%E HO heparin &A1 He] Ersh

9
op
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T t}. 18] 3 heparin €422 wound & A|H 3

< o Asfj&o] 3.9%, MAA &g AFl 4.4%] AHES B o] E3 a3
1 H o] AA1AH O & heparing T3 32 = = A}

o] 46%(484<52 & 2257 @)oller, A3E&<S heparin T FEolA 4.3%
= o A& 4.1%0 H] H Z zol7h fles Haskglth

] E}Qi % —ﬁr"ﬂ AXN A 07 heparine] Fol® & 124584 8.9%9 A&

= HA. ol= = Fl flapell A7F AAA TO%H 37t @ob Asfge] E7
U2 Ao Httn Busgitt. 22Ho® 5L A9 TR &, FoIA
2ol W AEETe ofud FRAAE He 7 flled, = F ¥kl £

2 )4 Fol heparin®] ﬁﬁroﬂ st Ao A Tl
A orolt} o]= RohrichS°Vo] B 13t fibirn &3
dAS AT ¢ AeS B 3}% &= D}Eﬂr Rohrlch«] 2] & of| A

7N =

=t
crush injury® F+ ®Ho| gk 23 75”—]1’0”7‘14 %‘Q% xoste] #HE7|E
A S AF7 2o Aoz AlsHTh
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Control group : Occluded (H&E stain, X40)

Experimental group I : Normal patency (H&E stain, X40)
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Experimental group II : Normal patency (H&E stain, X40)
Experimental group II : Decreased patency (H&E stain, X40)
Experimental group III : Normal patency (H&E stain, X40)
Experimental group III : Decreased patency (H&E stain, X40)
Experimental group III : Occluded. (H&E stain, X<40)
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