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2% Lidocaine® 7tEel 7F, 754 % A3 Ao FARE # 3084 309 Atolo] A2
3 82 A 2GHA AAE AABATh dzPdE Y58 BLD P, FYD
Aol FARBIAT. T vl Al oletIel HE S47 Hele AP, A Faehd Py
of M& ZEAe Ao, Fi wiH AL Al AP 5 KFE LolRr] A B AFE A
Bt FF B2 FF v Fole F2 IS B AAE 24/ HYPY AdE F2
B 4 AN, oo vlstd Q2 2 AY FAR B4e FaFA7T TG FF9 o wg
o Zopge] SRl FHAY W2E 7T FUG T R TS 0 F ALA A
ZAHQ Aol oA @tk FAF 30dde ZE AUTAN 2719 Fast A=A F
Al el meE e Axe S/ FAG ARG 734 FEA w3 B4t a2 A
7} Arg Aoz veigrh, 289 AAFC] EFE koM nF B2 7R vk d5=
Astd AP AT B T4 rlHGAE FAE ASolE SF A9 €] 8 F e A%
g (§tA] 37:1062~1072, 1996).

= Abstract =

Lidocaine-induced Extraocular Myotoxicity after
Local Anesthesia Techniques
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After retrobulbar, peribulbar and direct muscle injection of 2% lidocaine in
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rabbit eyes, we examined the ultrastructural changes of superior and inferior
rectus muscles from 30 minutes to 30 days after injections. Physiologic saline
was injected in control group as the same method. The purpose of this study is
as followings @ (1) to determine the myotoxic effect of the anesthetic and
subsequent regeneration of muscle fibers; (2) to compare the myotoxic effects
among retrobulbar, peribulbar and direct muscle injection; and (3) to evaluate
toxic effect to optic nerve, The lesions of retrobulbar and peribulbar injection
resulted in the degeneration of the muscle fibers on the surface of extraocular
muscles, In contrast, large internal lesion were frequently observed in the
muscles that received direct injections of 2% lidocaine. No ultrastructural
damages of optic nerve were observed, With these anesthetic methods, initial
damages were restored by regeneration up to 30 days. The myotoxic effects of
retrobulbar and peribulbar injection seem to be less harmful than that of direct
muscle injection of 2% lidocaine in rabbits. This results suggest that the
intentional or accidental direct muscle injection of local anesthetics during
surgery may cause strabismus especially in elderly patients who have poor

muscle regeneration capacity (J Korean Ophthalmol Soc 37:1062~1072, 1996).
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7t JEhAY 284 973 AR A 83
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o] Az} slEE e Hele Al Sald maka
thetty, FankA ] 7 ¥ Uehe BAE
Aol BHME 7] U8 dFHL e
u o} 7hz] 413 Bz wke glvh

19853 Rainin® Carlson”9 28} €% B9}
tFdre Th v gAl F 2EHE Akt
AAZH o2l 7lFe]l A= gz 7HE
& olHzE Fa vhH YA 23 BFAe] 1 F)
2 gR1eg AZIFERAD, 2 olF o1& FHsElr] 4
3l o] FEAYEC|T AlP=A)

olo] AAEE T4 vl kA o g2y =
A A, Favky By e B4 Ale),
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Direct muscle injection, Lidocaine, Myotoxic, Peribulbar, Retro-

Hog Yolir] fgte] WAZIES] FF, FFS)
3R AW QA2 2% lidocained FAlSIA B&
3 RHAARuAes AFAHAG. adn AFH
FEe AP Al Y AAS A2 HE 2%
lidocaine& FAlet] Al 9ol nXe o
A o] EAE FolEmA B A¥E A3
o

Mz W

HF 2-3kg o5 FEGIel A% YAJLE 480}
2] 96%t AMY 19 19HE tid e Fsel

A oG E FYBI A JES] vk e ke-
tamine (10mg/kg) & rompun (1-2me/ke) & EFS
2 Efsle 28R, B dYe) AeE F
& vk oAl 2% lidocaine hydrochloridec]$d
I, Fi v FR1e 1Y gt Z
¥, 759, AF kel FAElY R, R
B okt 0.9% WRAATE FARIY. 2%
Lidocaine %& TF3¥wul¥e] 7% 2004/ke(0.4-
0.6ml), FF¢ekE 3004/ke(0.6-0.9ml), A
=&l FAIE A4 A2 sF 2o 4 504
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/k2(0.1-0.15ml), HEFL2 Ilo] EAF 9o
0.9% AHIdTE FY AXd FUF wyosm
FArE T, FAMLE 26-gauge, 2mE AMEE
i, PFuiHe] WL proparacaine hydroch-
loride® AH<IF AE Ealo & BEsAN
bel T dste] FaAlbEE ARIAA FAb
A3, 79 vhAE 2YE Bl 47 1504/ke
o F& stete) A9lE, sleldorm FAmlee A
YAAL, FAE e FApbeg W) gmoa
WEA 293 o wlGAE TR 3
TH FAG ASE 2ALEA A9eE dNs
3 A2 SHITE FRAstnA & Baxy
oA 3m BojW 2 FUYR WM vlHtNE =
ARIET, FAMA] TE0EH 9] R AHEo| o] o
Ae Aoz & £ UNT, FAME Huksl 2o 3
FEEo] AT BS99 ggso] A2 4% slEE
e i B K o = S Q-0 R = N 5
871 918t chloramphenicol (opticle®) Hg-oie
Aduhde] Fdein, ALY, 22 94z 58
TESATE. FAE 308, 6413, 19, 39, 59, 7
Y, 149, 30¥9) Zzt Sl E SAAA, FlEe
el FH2, A2 R NAAE Mg A
# Ate 77 93" 2N Grmass
A7) Aol o] dye BAg MYy Eog
T H A2 0. 1m9] 2% lidocained B =

1888
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AR, B 2dE gRPEeR T2 Ay
TE P § 308 Fol Qe AH T

B3 % HuAE fFRe HEE /e Y Ao
dAATE 10% 4 Z=2dde) mAHsm g4 o
AEAREE AX SAebdel Zafdt ¥ 4-6ume) uba
#E& WEY hematoxyline & eosin@A& &
AlEAct £EY FRAAdEuALos A2Y 9
A2 HUL Ix1x1me AN Ay
2.5% glutaraldehyde &< (0. 1M PBS)°o.& 1-4
TN 2413t A2AE &3, 0.1M phosphate
buffer® A& F 1% 00, o 247t T
FE AT I8 e 92 8d0 M AY
AGE2 @AY . Propylene oxides # 33t
F Lufty°d) 293 epon THEZ Eujsk 37
TAA 12417}, 45Co)A 1243, 60CoAM 48413
T BAGY EE2YE AT ToE 2L 1m
FAZ B8 ¥ toluidine blue@M-E std #at
FHE 23 o 24Ee Sorvall MT 50008
298719 Dupont tlelop2z 28 Ratsle] 3
Wael A4S Yehle 29 (40-60nm) &
AoiA gridell ¥2% § Watson™2 Reynolds?
el 9% uranyl acetatest lead citrate@ o
2494 & 4A8e Hitachi H-600% e P
dAn|Ad oz #@sigrt

Fig. 1, Control group. (@) H &
E showing regular arranged
individual muscle fibers,
surrounding by thin fibrous
connective tissue and a
amall area of blood vessels
and nerve bundles, (b) Ele-
ctron microscopic findings
reveal sarcomere formations
of myofibrils with nuclei
(N) in the subsarcolemmal
area and a few myogenic
satellite cells(S). (a: H & E
stain, original magni-
fication x40, b: TEM, ori-
ginal magnification X
3,500).
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2 o

WET - FRAIEY AeRE A vhES

HETAM 25 FHH WA g e 2R
Eol BAHeH o thtEe AazA o sl
TeE] T 8 3 AAchEEe] =8 BY
tHFig. la). FHAAANZAA L7 B98 708
7HE HAY SAAHEE] EQdgn de F
Rl Blom s 2994 9494 (myogenic

satellite cell) Eol S¥aA} (Fig, 1b).

HE8T R Afole FHHEn A 2AcE
23 fJetel FAg TollA FALE 3080 2%
thdatolo] ¥ H MRac e BREHYoH
(Fig. 2a), 7% 8 7390 FAg FAME P
gl Wyt glflchk FALR 641 RE Zzte)
FAPIY o] g AT EANN BF 4 A4
¥Eo| BYHEUD SHF Aol B4 dFAE
B &aa8] dAHNEEY &) Yehor (Fig
3a), FALE 1dele 294t 9 Al 2§ 5

» Fig, 2, Thirty minutes after dir-
g ect muscle injection of
2% lidocaine hydrochlo-
ride. (a) There is a some
area of hemorrhage with
fibrin deposits between
the muscle fibers. (b)
Note partially breaking
up Z-band(Z), dilated
endoplasmic reticulum
(E), and mild degenera-
tion of mitochondria. (a:
H & E stain, original
magnification x100, b:
TEM, original magnifica-
tion x10,000).

—

4 &.;Fig. 3. Six hours after direct

muscle injection of 2%
lidocaine hydrochloride,
(@) Activation of myo-
genic satellite cells(ar-
rows) and patchy infilt-
ration of acute inflam-
matory cells with a few
phagocytes (arrowheads)
. (b) Some area of my-
ofibril degeneration(ar-
rows) and activated
myogenic satellite cell
S). (a: H & E stain,
original magnification
x100, b: TEM, original
magnification x5, 000),

(1065)145



— oigetaat A oA 37 @ A 6 & 1996 —

T e WA Lo AHAEA 244 f4Mx
Eo] Weol A43=EAY (Fig. 4a). FAMFE 3Y+=
UYL E3FRA B43E 29 HAAMES)
W Rfe g wol 2RI AEr] AlFE o
227} ol A&EHJUN(Fig. 5a). FAME 5Y%
He 4R Aol &dsida FAHoE 2R
A X (myoblast) E°] 2o 24 F (multinu-
cleated fiber)E& ¥AJ3lg o (Fig. 6a), FAMF
Td8Ee 2/ Aol EAAn HA A&H
o] FALE 30¥cle dRTH FAlEoY 4
o2 ANz 9 vgd4E IHFE Feluid
(Fig. Ta). A7 A BE#EH Wl o
Z7 v@s Ed oW FAME onide Wi}
#2E A FUtH(Fig. 8a). Zzhe FApggql o}
2 A A Zole ZHY FAE FoME
oohde] FGRN T2 FHAF ezt el
o™ (Fig. 9a), FFHg FFo FAG BolME
299 (epimysium) # AP S RN F2 &
ZAHAL (Fig. 9b), FFHAN FAR 3LAT 14)
A HAY K FAG AL fAE SoY F
G FAAAH QYL el Bioh B
733 LPogE FAIE 3080 ZAALe nES
=ajole] WA, NYAMYY BHY 2 Ze] BB

¢l 24lo] FEENLH (Fig. 2b), FALFE 6213t
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» Fig. 4. One day after retrobul-
g bar injection of 2% lido-
caine hydrochloride. (a)
Increased myonecrosis(a-
rrows) with frequent ac-
tivated myogenic satelli-
te cells and infiltrated
some phagocytes. (b)
Markedly myofibril de-
generation with prolife-
ration of activated myo-
genic satellite cells(S).
Some macrophages(ar-
rows) is seen prominent
phagocytosis (arrowheads
). (a: H & E stain, ori-
ginal magnification X
100, b: TEM, ori-ginal
magnification x2,000),

& 294 HAAZEC E43EUn 2 T
A (Fig. 3b). FAHFE 1dole BAE 24 &
thiel] A2/ #AEd e 298 HAQHEE
o] #¥E& YA &UTH(Fig. 4b). FAFE 33U
HAE ZAANES YA Er) gAsen 294
HPAZES o] ME FYF HASAN ME
Aol IAATEE A&7 AR (Fig.
5b). FAME 5ol 294 JAAZECNAN 7
SEAZES] AxAUAN Fe& IHAPEE e
¥ $&7%5& 713 24 (sarcomere) ©] #&E S}
(Fig. 6b). FAIF Tdole 49 4R A4
He 2FEe] =] AFHIJ Y FALE 30
dole g8 AR 237 9 B3d(Fig.
7b). A1) g 2rYelEA wsle iz
Hme B w AWM E oJuigle Wt gl
(Fig. 8b).

Atgkel A fodle 2% lidoca-ined 4324 2H
FALE 3080 BEEMAHoR ZTHF chdd &
¥ 9 Hia Adte] BEAEUeH dFAXTEL A
&3 294 9442 G E JehiA esiot
(Fig. 10a). FoAzEn 33 L2AozE ZAA
A R YA o] REHoE BAHI
t}(Fig. 10b).
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FEoE 3 J9e TaoN FAR *
B 7 98 AgslE wolth aey FEe
o G FREY, UFUEF, AAEH F0o
B¥Foz dske Ao 243 o) FAbse
739 R ol AR A oA TF

Fig. 5. Three days after peribul-
bar injection of 2% lidoc-
aine hydrochloride. (a)
Band-like arrangement
of activated myogenic sa-
tellite cells, which are
formed myoblasts{ar-
rows), and some phago-
cytes. (b) Many myo-
blasts(M) and decreased
degeneration of myofib-
rils are seen. Inset shows
scattered areas of myofi-
bril synthesis in the
cytoplasm of myoblast.
(a: H & E stain, original
magnification X100, b:
TEM, original magnifica-
tion x1,500).

Five days after direct m-
uscle injection of 2%
lidocaine hydrochloride.
(a) Some area of regene-
ration in damaged fibers
and foei of multinucleat-
ed fibers. (b) Distinct
sarcomere formation (ar-
rows) in the cytoplasm of
myoblast. (a: H & E
stain, original magnifica-
tion x 100, b: TEM,
original magnification X
3,500).

& 759 vidlel o PHF R FeF dAHY
BA B HEEE UE B F U3, =EAe
F7AHQ AR, HEFE el £ = gl o)
218 tH st foe® AMH) EL FeA 7P
o g &4, FavkA ¥ levator
aponeurocsis dehis-cence 5°°] Utta AAAH &
o}, dAEQ &2 ARl ARAlel HQlel] i)
o4& Rai-nin# Carlson”ll ¢j8le =4 vl3of
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Ao elgk fAgre] B2 Avin M § ol
2 Nilsson®} Wendeberg?el 2&l xylocained}
carbocaine® a2 FAlsl] xEHHQ &
& BEaalda, ek uigl s Okland &
"o ola F el FFo| mepivacaine® FAlsto] 2
ol HEAT H4E B Ut i, 1
ol F AeigAE Vel o3 Ras ),

Lidocaine hydrochloride (diethylaminoacet-
2, 6-xylide)¥ 19489 Goldberg'¥”t 8%
xylocaine® 7}E2] z}ubo] AlMgEle] ftoz of
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Fig. 7. Thirty days after direct
muscle injection of 2%
lidocaine hyd-rochloride.
(a) Note mature appea-
rance of regenerating
mus-cle fibers, but some
foci are present mild
fibrosis and imma-ture
fibers. (b) Mature and
immature muscle fibers
are admixed. (& H & E
stain, original magnifi-
cation x40, b: TEM,
original magnification X

2,500).

lbar
lidocaine hydrochloride.
(a) Optic nerve is normal
in appearance. (b) There
is no evidence of ultras-
tructural change. (a: H
& E stain, original mag-
nification x40, b: TEM,
original magnification X
3, 000).

injection of 2%

23 g Holx] gdtim § o|F2 ¥y ¥
e 39 vk 1 el AMEEE aminoa-
cryl AR el =4 wigekAlelt}t, Lidocaine ¥ &
A vk ekl elsl ofriEl 2R & g
714& ol 7tAl s wERAe gkou A
T Catrsky F7 WEolgtn geid Uop”
. Nonaka §"& o4& €473 dgld am-
inoacrylAlel 724 w3 ekA7} MEate] AEE of
71831 membrane bind-ing siteol4 Ca++& 4|
FUE o) BAIA CatrAl7t Z718tA €W 21 dx
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2 ZAAE supercontraction® AY, calpain,
cathepsin ¥3 #<& @3 RHALE A3
713, BlhE BAE AT 2AAxe 24449
g Ze A Aotz st Bohe) Al
Ca+ Hialol] ola] viEZ=zlohYol adenosine
5’-triphosphate 44€ sl 1 d742 <4
frllel oAzt nzdEolxd 2 fe] SAE 2
e Aoz Badan ¢9e”, Benoit §'%
aminoacryl "I A7t PEEZEEolet 2R AY
A% (sarcoplasmic reticulum)W 22| Ca+ve] #

9, Direct muscle injection (a)
versus peribulbar injec-
tion(b), Three days after
injection of 2% lidocaine
hydrochloride. (a) Note
diffuse damaged fibers
with regenerative activi-
ty in the central area of
muscle bundles. (b)
Some damaged fibers
with regeneration are
mainly seen in the sube-
pimysium. {a, b: H & E
stain, original magnifica-
tion x100).

Fig. 10, Thirty minutes after di-
rect muscle injection of
2% lidocaine hydrochlo-
ride in the human. (a)
Mild hemorrhage with
fibrin deposits in inti-
mate contact with the
muscle fibers. (b)
There are partially de-
generation of myofibrils
and mild dilated endo-
plasmic reticulum in
the periphery. (a: H &
B stain, original magni-
fication X100, b: TEM,
original magnification
% 3, 000)

o F48 Hgeed 2¥AYW Car BE7)
Z7Y8t7) w&oleka et

TF ZL 759 vhH o B 5 e 7R A
A Hae & 4979 A4 ddd 38 F 29
2t Q1T SRl HEYd vElE F2 8 8l
A, Y WE Y FA Aee BaTyrt
T-F} 59 o6 vlsled Sohie] YR 3
WA WAE 7P #90c) Carlson® Rainin®
€ 2% lidocaine® # & Tl FAlet QA2
Harderiani¢l 4% Z3&4E 7IAgoin &9
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3, Carlson 5 U%ele] FF 2% lidocai-
neg FAlale] F2 FAE F49] fiehd WA
A% 2A&4E B 5 v &t Porter ¥
2 g%ol9A bupivacaine® °|&¥ FEFuH
T ojore] ©Y 2417493 E 2 e AT
fol 2FE AR WAEE B 4 Jddn s
FWol Az A3} o]’ 7HEe lidocainedt bupi-
vacaine® T¥F FAlste] et Buh ohja
Harderiand® ol8|§ 49 £goMz F4 vh3
ofAl9) EAo ZIQlshe g HMAFEE #F 8
+ Ak stgc

Zankd FAME b IUH LUEF HW
B AREY BF FARE 3080 2AHAKe [ EE
=2lole] WA 3 2YFRALL] &%, 7o 239
BEHe x4e] @A=L olHF =FARAY
o] A3 nE#Z=olke] WAL Porter €7 ¢
A A TolE Car fidel ZVEH g A&
ukgolgb e}, Carlson §'& ol#id £7]9
Zh Sds Axee &4or FHA F£E7%5E
%A € F don 9, ole &48 2R F
s v & 4+ g fFsc. B drdyze
AR IS Uz FAR Aest 3G 739 vt
ol visl &€ 47 o PR £F
19 izt o Hdsteler A9, 48 24
#& 59 A8de B 9 34 3% o
AAEES] AL B 5 JUD, ol#F Az
£ WHAE 2ARE B8l o AEFW &
s Ut BE olHF MEEL FALE i) 6
A1 Fell Jehdr] Alaglen] 24A174R] F7ts
o] 149713 A=A Okland ¥'% o8& ¢
Zuhea M TS 2HL FAE 0804 A&
5] 24A1be) 713 @kthn 3t

opF oFAlo] o MR AL 24/ 71H
el EAlshe 294 HAAME 93la] o]foz|
o, ¥ 479 A¢ o2 MEEL FAE 64
b FHelld Jehgr] AlzEi e, 3ddle @438
¥ 2949 H¥MEEol 0 Rgo g Holr] A2}
A, 5¥oe ©)E MEANA fuUE ZEAHEEC
Mg gdgsle oBg ¥g3a we A ES
THgo] $£&71%& 7 2o #AHUR, T
T 28 FYo) diiie] Hol s oy A
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£ fo] FHEE o)Fsld A&d TAHek AYH
¥ 24471 £8siol @893}, Carlson®t Rai-
nin®l] & T4 AAMEY ¥ 2R/
E4F 19 WA 3del 71 EAsta afn F
ALE 30l diZl Aol A o]fe] Ae e
geA e, AAEL] AdME 30¢4 A
o] Aol olFojgo FEAHoRE nYgE &
Aeet AY AREE & ¢ AU

FE9 P34 a3 2§ fet2e] sl Aol
& vlastd ¥ 9 £ d7dME dAR vl
o, 754 vl lalA AH oS e F
A1 Ag FASE A E JEZEd ole FAM
ol3 ekl A4 9k Wz ooz Ad
t}. Esswein® von Noorden®& #U%d & F
o #42¢ vlHlE Jele 9399 8 F 29e
FFul3, 79l FFH vl o Ao,
FFAY & npFHA] AFE JF odIWE vk
A7 BlE & USg AL, E 28
A vl A7) 2B S FE 84N FF
gopEquid Al ALY 9X), FAMY delst
ok wpEHekAe] w9 FAlEfelm e,
FAHEY7) fietel AAtgE, FAMQ Helrt
1.5 inch A =elH, 1 ¥ol E2E4E, vlFHY
A9 =/t BEFE, PRSI BEFE Y2
o ik szl ®Woln et ol § TEHNE F
o|7] fldled FRY T3 v etaH ozt
Folz A kgl Fxe] v tAle MR Ae 4
& FAteleAo] Folz AztErt

AA gkl WY B4 B A7 AL &
142 2 grle AU J4 92 WE FAE
0% AR 7B LA B 5 SUe A
=9} fFAFEETE Carlson $9% QA9 ¢k W
2 Ay FAEe o daR et o $9 vxdt
AT YA L THE Fo v]E) EFsFRcin 8
yii=g

24 vl gAl] 9 AlAA B B 79
A% AN BEE Aule 27& JEhIAAE
gkel. Carlson %o &t 9Tl BT
g AAlA, 2474 JEEd, o8 A4, g8
e olFd dEgE Fx gudu sz, ol
ARE 2%e HEE F /19 iR e &
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o 7hsdEztn Eaiiict

o422 2% lidocaine® 8% ¥ &F& FF
9 uld Fo) F2 o2 BW F YU AP
TR HPY AE F2 F 5 AU, g2
W2 A FAR e Ba987t FFU 7FS
upd el Hldte] 2rhde]l FU4F FHHANUT °f
3 gk &4e Aztel AURA F2 294
HAgAZ ofsted 2AFrel Aol olfe] ek
e e dHe Axe FF FL FF
PR Hoh A -t FARE B4t Q2
9 237t o ddee veigm, 271%9 el
7b FFG 7Y oH Ho o golizn 474d
o 933 YR ulFol & wel] THY 74
BHAAL A 7159 Bele wiviEE 448
58 7F & 754 viHA 452 Fe 9 we
v EAE fstel HF SSUE A Y 2
2] Aol EFF ot HAUFRE Ad @a}
M =4 wiHRAd A THHeE AN &F
BEAE 348 4 g 990 € £ e 4%
€.
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