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¥ 1. Survival area of the skin flaps += + « = = = « = = « « « « ¢ .
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A random pattern skin flap =+ s e e e e e e e e
Application of the microneedle on the skin flap = = = = - - -
Survival area of the flap measured by VISITRAK® - - - - -
Laser Doppler flowmetry =« + + « « « = = =« « « « « « « « .
Vessel formation of the central area of the flap - - - - + -
Number of vessels of critical zone of the skin flaps.

Laser Doppler flux of mcroneedle with heparin groups - -
Laser Doppler flux value of control and experimental groups
Correlation between Doppler flux and survival rate - - - - -

Flap NECTOSIS = * = = = = * o =+ o o o o o« o o o« & o o o o =
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I35 2(n=5) | el &S 1o dF @] = A $HYH k5 3 W
ul A v E8 (MTS(Microneedle therapy system); Unison
Medical, Korea) & 7} A& ztzF 3 3 =935tk
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xeke e A 5, dAl dde Al wa #5-0 black nylon =
Abgste]l W FEerdth (Fig. 1), o] wf, IiS F3st o= oFzo] Ajo]
T Btk vAl vkE (2ol 500 m, 27 250 wm)o]
=22 ujAvkE E32] (roller body width 21.5 mm, 8 microneedles/disc, 25 discs (total
needle: 200/unit), Union Medical®) (Fig. 2)& 33 A=A Zolo| st 3 W
Agattt vAvbE Eee 3 9 kR AR gEor A WA P& A Esgith
2] ZRH, stFel 4 3] Suds v dge] A% ZEsHv v AL
Aol k= LXE Ué—iri’iﬂ, WA T F 8 44 I3 AE WAS FHrtskloh
T AL FYdA AstrZ shda, g AE ddS
T Sl $%§ A5l A VISITRAK®(Smith & Nephew co) (Fig. 3) o2
o] AE HAS SAsta, AA A WA A BEES Tkt
o= suglo] 3 PO vAE= JFS %*—13}71 kel Z+ 9o 9%
9 =, FUdHE 10x10 mr *374 <> alu}%’é]%ﬂiﬁ(Hematoxylin & Eosin)
E dokirh. 100 vl &elM =4 &3
-4 ﬂi 5 “ﬂrﬂ% %Zé_& 5 3 AW ARlE FERIE A st
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A dae AE A, SAEY Fds dEges
A He Add mekel Addglel ¥ dHE W e BT
gto]  =AE AT we, v 3 AHE #EY HFow #oly
#] (Periscan® PF 5010, Perimed ) (Fig. 5)& A3 X ZH (probe 407-1)&
Abg-eto] Je] 7|A R, Fel 2o BRE S5k 99 ¥R (Blood
perfusion) = 2240l 9 FX(concentration of the moving blood cells) &
g9 Ht &5 (velocity) & H3 ghoz, dojd mZes oldd A7 Adas
=435t @9 PU(perfusion unit) 2% YelAct z+ 9 AFAHAEE 55
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7} Group & ¥ AE WAS YT ¥ AETES FIAHE D). 21 % (mr)
Control Microneedle Heparin Mlcr§;?§§le+ Mlcaoel;iler?rlle *
1 45 (33.8) 54.8(41.1) 58.7(44.0) 56(42.0) 65.2(48.9)
2 39(29.3) 46.9(35.2) 52.6(39.5) 55.9(41.9) 69.4(52.1)
3 50.2(37.7) 53.8(40.4) 59(41.1) 50.1(37.6) 73.5(55.1)
4 47(35.3) 55(41.3) 54.8(45.8) 58(43.5) 59(44.25)
5 48.5(36.4) 52(39.4) 61(42.9) 53(39.8) 68(51)
mean®tSD  45.9(34.5) =4.33 52.5(39.4) =3.35 57.2(42.9) £3.42 54.6(41) £3.08 67.0(54.4) £5.39

3t 1. Survival area of the skin flaps
< 33 w8 w2l w9 R =
I HEow Fu §F 24
5 9 2 v 2l
Zetla, v#e
33 mheElelAl 25 migE dld
A vES
el skA (p<0.01)
2553k 9w =
Holtprt = 1 A=
xotdth(Fig. 7). dizx=aa 7t
TZ8E o] 835l PU(perfusion unit) =
LS AT (O
A BT ¥ 2]
correlation 0.667) (Fig. 9). <%

o)
shHA 2l
E
B 7rat7] el

S =z A+
/\3164

}\gLEE

<

S EEES
ERTHE D).

zkol7b i3t (Fig. 6).

ZRE!

] 2] A]

5 =
T

<

[e]
5 g

F49

B2 o, g 93 FYeMe= 77 A i
3k vk (Fig.10).

dorliA df7t 543] g

=

dFo]

o= St =

E¥3 159

AL R

F7F BA

5)°lA dF/7}F
AE WA

Agstg o, o
3 vhele
3
314

o
T

L,

TE
o]

3

3wl nH et
F 2 QA FU 1F
sge] HAb
-
8 U BIHE W] AEEFL
e oE g

R IC S SE N B
£ 2%l 5% A Fol BF
Zhsgow, £% A9 B
WA d5E

H
OOLTPJ 21T =

f
jal*

o of\ o

A A

-1 = Fo

15

R

=

N
==
ol
-

rlr

Do

i

¥y

=2

s
rlr

&gﬁani
2

J
oo

ﬂ
¥
)Y

oA 5



Kd)

g2 HAIF (mucopolyssacharide) 24 F8  F
AAFo TN XFEZFWO EFNIOCT WHIPH= ZAS WAste] T
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AEjel ol=W H¥ I AME Tt Fioldl FAS Fo4 A9 JE
EAow Qg = Folm 7, o] HEIHE (fibronectin) ¥ ZHg3te] I AIE
gkl Wal Al Aol ekl @ FA4 AYS xAEstsd Bolske
Aoz  dEA okt =, dgEe]  FITAH  5Aol wdF  wiA-
2] 7] leukocyte—mediated free radical) €42 FA2A 71t A9, ¥ 79
=& PN E 71HE AARARR2 7] A1+ (oxygen free radical scarvenger)
A g2 Aoz 491 v 79 998 i v dgas 1Y
4 3] F 200IU/kg/day & Fosldow, 532 A 2.7 ¥} F71e) v AEE9
718 B Y, HX e Fugy) Qo9 del] &9¥E 400, 800/kg/day & A
HF (osmotic pump) &  o]&ste] AHAHow  Fsilewl pTT 7F FAY
1.5 W7k Z7hE A v AEEL F7HE Q00 A9 =48 9)R v
oS Aal Folsk Afoe AAFEHRIE Fxleto] AFdFIol I EL
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<Abstract>

The Effect of Topical Application of Heparin

on Skin Flap Survival

Eun Jung Yang
Department of Medicine
The Graduate School, Yonsei University

Directed by Professor Sug Won Kim

The objective of this study was to evaluate the effect of heparin for viability of random-
pattern dorsal flap in hairless mouse. Twenty-five male hairless mice were randomly
divided into five groups. A caudally based random dorsal flap, measuring 1.5x5cm, was
used; five served as controls(Groupl), Group 2(n=5) received only microneedling, Group
3(n=5) only heparin, Group 4(n=5) microneedle with saline, and Group 5(n=5)
microneedle with heparin to the flap during 7 days. After 1 week, flap survival rate was
measured. Mann-Whitnety U test and Kruskal-Wallis statistical analysis of survival
relationships was performed. The number of the capillaries was compared between the
experimental and control group with respect to neovascularization after heparin
application using imaging analysis program under hematoxylin-eosin stain and capillary
blood flow were measured by laser doppler flowmetry. Heparin with microneedle treated
mice were significantly better flap viability and microvascular flop than in controls
(average flap area survival 67 % and 54.4mr' respectively; p<.01). Positive correlation
was shown between flap survival rate and laser doppler flux value at first day after
surgery. Increased number of the blood vessels could be observed but was not
statistically significant. Heparin had a slight beneficial effect on flap viability and capillary
flow but may not induce significant angiogenesis by topical application.

Key words: Heparin, Topical application, Microneedle
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Fig. 1. On the back of the hairless mouse, a random pattern skin flap, measuring 1.5x5cm, caudally
based, was elevated (above) and sutured back in place (below).

Fig. 2. Application of the microneedle on the skin flap of the hairless mouse

Fig. 3. Survival area of the flap was measured by VISITRAK® (Smith & Nephew, co). VISITRAK®
uses digital true area measurement for accurate wound tracking.

Fig. 4. Laser Doppler flowmetry, Periscan® PF 5010, Perimed(left). Measurement of the
microvascular flow of the skin flap on the back of the hairless mouse with laser doppler straight
probe with miniholder(right).
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rin applied group(right) in the
critical area. Arrows indicate capillaries. Only sparce vessels were seen in control group and
inflammatory cells were accumulated. A better increase in the number of capillaries is seen in group
5.
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Fig. 6. Number of vessles of critical zone of the skin flaps. No significant increase was seen in the
experimental groups.
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Fig. 7. Laser doppler flux value of microneedle with heparin experimental group. More prominent
drop in oxygenation immediately after surgery, followed by slight increase in oxygenation over time.
Baseline values were not recovered in the center and tip of the flap.
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Fig. 8. Laser doppler flux value of control and heparin experimental group in central zone. Average
flux of the microneedle with heparin group was higher than other experimental groups.
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Fig. 9. Correlation between laser doppler flux value(relative value) and survival rate of the flap at 1%

day postoperatively. Positive correlation was shown and laser doppler could help the early detection
of the ischemic skin flap.

Fig. 10. Congestion over the entire flap was seen at 1% day after surgery(left) and distal flap
necrosis was shown at 6™ postoperative day(right).
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