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INTRODUCTION

Newer methods of ocular anesthesia have emerged to complement the ad­

vanced techniques and instrumentation of modern - day cataract surgery. Local anes­

thesia has become preferable to general anesthesia for cataract surgery. The advan­

tages of local anesthesia are well known and include: more rapid arnbulation, the

ability to perform the procedure a" an outpatient. avoidance of complications asso­

ciated with general anesthesia, and quicker surgery (Patel et al., 1996).

Methods of local anesthesia for cataract extraction include: retrobulbar, peri­

bulbar. subconjunctival, and sub-Tenon application of local anesthetic solution

(Ducker et al., 1991). Retrobulbar anesthesia has been associated with a number of

potentially serious complications including inadvertent globe perforation, retrobul­

bar hemorrhage, orbital infection, central retinal artery occlusion, damage to the op­

tic nerve, intravascular or intrathecal injection, postoperative diplopia and ptosis

(Morgan et al., 1988). Peribulbar anesthesia eliminates the risk of optic nerve trau­

ma, and lessens the chance of retrobulbar hemorrhage. However, the risk of globe

perforation still remains (Kimble et al., 1987). Topical and intracameral anesthesia

are new options for pain control in modern cataract surgery. Topical anesthesia has

been shown to be a safe and effective alternative to retrobulbar and p«.ibulbar anes­

thesia (Duguid et al., 1995). Topical anesthesia provides adequate anesthesia for

phacoemulsification, with immediate recovery of visual acuity after surgery. How­

ever, the significant downfall of this technique lies in its failure to provide adequate

motor and sensory anesthesia, when only topical drops are used. This may lead to an

increased risk of intraoperative complications due to unrestricted eye movement

and insufficient pain control. The lack of optic nerve blockade may also result in
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intolerance of the microscopic light (Fukasaku and Marron, 1994; Kreshner,

1993). Subconjunctival and peribulbar anesthesia have been recommended as sup­

plements to topical anesthesia. (Anderson, 1995).

Intracarneral anesthesia has also been introduced as a possible method for pro­

viding additional anesthetic effect to topical anesthesia. Injection of the anesthetic

agent into the anterior chamber is reported to be beneficial in reducing patient dis­

comfort during surgery (Karp et at, 2001). Intracarneral techniques have included

the injection of preservative - free lidocaine hydrochloride I% or preservative-free

bupivacaine hydrochloride 0.5% into the anterior chamber prior to phacoemulsitica­

tion. Since these drugs are not formulated for intraocular use, there is a concern

about the efficacy and safety of this technique. particularly possible toxicity to the

corneal endothelium (Karp et al., 2001).

Although clinical studies have claimed no adverse effects of this technique. ad­

equate laboratory studies have yet to be performed to determine the possible unto­

ward effects for intracameral anesthesia on the corneal endothelium (Kim et al.,

1998).

The aim of this work was to evaluate the direct effect of intracameral injection

of the commercially available lidocaine hydrochloride on the rabbits' corneal endo­

thelium viability and ultrastructure.

MATERIALS AND METHODS

This study was done on 54 eyes of 27 pigmented rabbits. Their weight ranged

between 1.25 and 2 kg.

A rabbit model was chosen because of the gross morphologic similarities be­

tween rabbit and human corneas. All animals were healthy and free of clinically de­

tectable ocular abnormalities.

The rabbits were anesthetized using intramuscular injections of kctamine hy­

drochloride (35 mg / kg hody weight) and xylazine 2% (5 mg / kg body weight).

The rabbits were divided into three groups. each group containing nine rabbits

(18 eyes). An operating microscope was used; a wireless lid speculum was placed to

separate the eyelids. The anterior chamber was entered in the superior temporal

quadrant through paracentesis site using 27 gauge needle attached to one ml, tuber­

culin syringe. Half a milliliter of the following solutions was injected into the anteri­

or chamber:

Group 1 :
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Lactated Ringer's solution was injected (control group).

Group 2:

I% lidocaine hydrochloride (xylocaine 1%) was injected. prepared by dilution

of xylocaine 2% using lactated Ringer's solution.

Group 3:

2% lidocaine hydrochloride (xylocaine 2%) was injected (the concentration

available commercially).

The injections were done in both eyes of all rabbits. Great care was taken 10

avoid touching the corneal endothelium, iris or lens. A cotton tip applicator was

pressed against the wound 10 prevent wound leak as the 27 gauge needle was with­

drawn.

All animals were kept in the animal house in Kasr El-Aini Hospital. Cain' Uni­

versity. The animals were divided into 3 sets. each made of 9 rabbits (18 c~ -x), 13
rabbits (6 eyes) from each group]. The sets were sacrificed after I hour. 2 houi '. and

3 days after the anesthetic injection. After death. the eyes were enucleated and the

corncoscleral buttons were removed.

The corneal buttons were examined using light microscopy, after preparation of

paraffin sections and staining with Hematoxylin and Eosin.

The corneal buttons were also examined using transmission electron micro­

scope after putting the buttons in a fixative solution of 4% glutraldehyde, then were

put in phosphate buffer. then were transferred to buffered osmium tcrraoxidc, then

dehydrated and stained with uranyl acetate and lead citrate.

RESULTS

Light microscopy of the corneal endothelium of the eyes in group (I). (the con­

trol group), showed normal features after one hour from the injection of lactated

Ringer's solution in all eyes. Examination of the eyes of the same group after two

hours, showed transient and mild changes in the form of mild swelling or the endo­

thelial cells. These changes disappeared after three days, and the endothelial cells re­

turned to normal viability (Plate 1).

Transmission electron microscopy revealed normal endothelium one hour after

injection. Few vacuolations appeared ill the cytoplasm of the endothelial cells two

hours after injection, and then the cells returned 10normal three days after the injec-
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lion (Plate 2).

In group (2), in which the eyes of rabbits were injected with 1% xylocaine,

light microscopy of the corneal endothelium showed normal configuration, when ex­

amined one hour after injection. There was mild swelling of the nuclei accompanied

with cytoplasmic vacuolations in most of the eyes two hours after the injection.

These changes were reversible, and appeared only in few eyes after three days (Plate

3).

Transmission electron microscopy revealed, healthy endothelium 1 hour after

injection. However, 2 hours following injection, there were some early nuclear man­

ifestations of degeneration in the form of condensed peripheral chromation with in­

terruption of the nuclear envelope, accompanied with cytoplasmic rarefaction in few

corneas. Three days aftcr injection. no abnormalities were detected (Plate 4).

In group (3), in which the eyes of rabbits were injected with 2% xylocaine (the

concentration available commercially), light microscopy of the corneal endothelium

showed swollen nuclei accompanied with cytoplasmic vacuolations, when examined

one hour after injection, in most of the cases. These changes had increased after two

hours from injection. Irregularities of the cell membrane appeared with fragmenta­

tion of the nuclei. These changes were persistent and even increased after three days

from injection. There were separation and death of the cells. In all eyes of this

group, stromal edema was also present (Plate 5).

Transmission electron microscopy revealed, swelling of the endothelial cells,

with focal loss of microvilli, one hour after injection. Two hours after injection,

there was marked cellular degeneration in the form of degenerated and fragmented

nuclei which appeared electronically dense, with rarefaction of the cytoplasm and

ill-defmed organelles. These nuclear and cytoplasmic degenerations were persistent

and even exaggerated in all eyes three days after injection (Plate 6).
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I t tatc ( l )  : l . ight  photomicrographs ol  endotht l l ia l  cc l ls  r r f  rahhi ts ' r : ( ) rntrs i r r jcctcd intracamerr t l ly  wi th
Ringc,r;s :tolutiorr icorrtrol groirp). (ll & Il I l0O0)
I.'ig. (f - A) :Slrowirrg n,rniirl iiprpcarorrcc of corneal endothelial cclls <ne h<ur. lttcr irtjcctitrr of Ringer's
roiirtitxr intrr rhc ;mtrrirrr chrnrhrJr. 

'fhc 
cndothe'lial cc'lls app'rr flat with llat healthy ilticlci ili ld thin intact

cytoplasnr (anows).
Hig.-( f  -  B) ;Shou' ing nl i ld  cdcnl i t tous cndothL' l ia l  cc l l r ,  wi th swol len nucle i ,  two hours af ter  in ject i tur
(arow),
Fig, (1 - C) ;Showing conlcal cndothclial cells afier three days Irom injeclion' thtr
lo relum to its nomral fealures with tlisappcarancc ol-crlcnra (arrou')

rndothclial cclls slart
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Plute (2) iTransnrission electrcn rnicrograph of conreal endghclial cells of rahbits' comcas injected intrn-
cirmerallv with Rinsers solution (control crouD).cirmerally with Ringers solution (control group).
Fig. {2 - A) :Showing nomral hcalthy nuclcus (n). normtl cytoplasnr (c), and microvilli (Vi), one hour, af-
lcr lnJcctlon of
Iris. {2 - B) rsl

lnJcctlon of Ringers solulim rnto thd anterior chanrher. (x 4000)
t. (2 - B) lShowing slightly swollen nuclerts (n), crlrrnahrus r:ytoplasm (c), in ndditirn ld the prescncc
ew vacuolct (v), two hrurs alier iniection. (x 3000)

Irig. {2 - B)
o[ few vacuolct (v), two h{ilrs alier injection.
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Plrtc (3) :Light phctcnricrcryraphs tf tndothelial cells of rahhitt' ccmeirs iujected intracaruerally with l7o

lirlocnine Hel.
iig. ii'. ,ii *itt"wing lrealthy endothelial cells (arrow).one hour after injection'

Fle, t3 , B) :ShowinEi 
"O.n 

utorJ.nOoGlial cllls ^n.l swollcn nuclei (arrow! twa hours after injection'

*l"tft itr" upp.otu."* Jf small cyt.rplasmic vacuoles (v)'

Fil(i: Aifffi"irv. iiJr'iitl.ltion the prcvious'cirange* disappearcd and the endothelial cells become

nomral (arrou).
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Plate (4) lTmnsmission electron microgmph of comeal endothelidl cells of rabbirs' comcas injecred intra-
cimerally with l7o lidocaine Hcl. : '

llg. t't - A) :Two hours after injection. the eudotlrelial cells showing early nuclear degeneration with con-
dcnsetl.peipheral chromatin (margination) with intemrption of rhe fructeir-envei;p tnTi,ra swollen rniio-
chondrin (nr). (x 3000)
Fis. ('1.' I) ;Thrce days after injection, tlre endothelial cells rhowing nomral nucleus (n) an.l no-ial cytol
plasm (c). (x 2ftm)
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Plate (5) :Light phtxornicrographs ofendothelinl cclls of rabbits'comcfls injected intracanre.rally.u'ith ^27c
lidocainc IIel-' (ll & li x lffio)
Ftg. (5 - A) :One hour after injcction, the endothclial cclls are edcftillou$, and the nuclci art condensed
{arrow). Thc cvtoolasnr showing nrultiplc vacuoles (v).
FIS. tg- B) r'lwo'houm aller in-jection, nrost of the entlothclial cells showr'd dcglareraled cytoplasnr with
large vircuolcs (v) tlrat destructed thc cell wall. The nrrclci are pyknotic and shrunken (arrow)'
FIi. (5 - C) lThn:c days afier injection, Ihe endorhelial cclls nrc cmpletely occupied with laqge sized vac'
uoles (v), and the nuclei art fragnrcnted (anow hcrrd).
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Itlate (6):'lhurstrtissirtrr elcctron micrographs o[conreal enrlothclial cells of rabbits'comcas injectctl irr-
trncitrllerillly with 2% litkrcaine Hel.
Iiig. 16 - A) ;Ont'hour aticr irrjection, thc endothr'liirl cells are swollen wilh patchy cytoplasrrric degenera-
tiorr (tl) antl thc nuclei lr:gin to di$inlcgftrle (n). (.\ 6000)
I'ig. (6 - li) l 'fwo hours aller tlter injectitn, thc cntlothelial trclls show dcgcnemted and irresular nuclei (n).'Ilre cytoplasnr hal nrultiple densc hodies, wlrich are mo$t lrr'obahly lysosonres (d) antl many vacurtles of
diffcrcnt sizes (v). (x 6000)
F ig. (6 - C) l'l}rcr' tlitys alier irrjection, lhc nuclei of thc cndothelial cclls are degenr'rated, lrngnlcnled ilnd
appcared electrouically densc (n). Thc cytoplasm ir highly rarified antl full of dcgenerated ill-dcfined or'-
girnelles. (x 6000)
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DISCUSSION

Although topical anesthesia has been shown to be equally effective as retrobul­

bar anesthesia for cataract surgery, the concern of intraoperative pain and patients'

discomfort led the ophthalmic surgeons to experiment with various techniques for

providing supplemental anesthesia (Patel et at., 1996). Most of the topical anesthetic

agents used in ophthalmic parcticc. appear to have the same duration of action on

the ocular surface. which is approximately 15 - 30 minutes. If cataract surgery will

take longer time. supplemental anesthesia should be considered (Judge et at, 1997).

A peribulbar or even retrohulbar anesthesia can be added. However. this might

generate unwanted external pressure on an open globe. Additional anesthetic drops

can be added or inrracameral supplementation can he considered. If the latter two

options arc chosen. the surgeons need to be concerned about the possibility of endo­

thelial toxicity from any anesthetic agent that enters or is injected inside the eye

(Judge et at, ]997),
Increasing numbers of ophthalmologists are using intracarneral anesthesia to

supplement the topical block. They may repeat the injection or add additional anes­

thetic a~cnt to the irrigating solution to keep the patient comfortable. II '.\as reported

that intracameral anesthesia decreased pain at various points during surgery and af­

ter surgery (Duguid et at, 1995; Patel et al., 1996; Gills et al., 1997; Martin et al.,

199H). The introduction of intrucarncrat Iidocuine as an adjunct to topical anesthesia

for routine cataract extraction has begun without laboratory evaluation and safety

studies on the corneal endothelium. The technique involves the injection of 0.1 - 0.5

ml of I% of unprescrved lidocaine through an anterior chamber paracentesis site af­

ter administering topical anesthesia and before entering the eye. After viscoelastic is

injected. the corneal wound is constructed and capsulorrhexis is performed. Phaco is

initiated. For additional anesthetic effect. intracamcral lidocaine injection of the

same dose is repeated through the paracentesis site (Kim et al., 1998). While lido­

caine is the most common used anesthetic agent for intracamcral anesthesia, some

surgeons have tried variations of the technique by using different dosages and con­

centrations of lidocaine, different anesthetic agents (as tetracaine and bupivacaine),

and different delivery methods (as with irrigating solution) with comparable success

(Kim et at, 1998).

This study tested the possible affection of rabbits' corneal endothelium using

different concentrations of lidocaine Hcl, Lidocaine Hcl used in this study was pre­

served with methyl paraben (I mg / ml), since the unprescrved solution was not
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commercially available. The rabbit model was used in this study due to gross mor­

phological similarity between rabbit and human corneas, the lower cost, and the gen­

eral familiarity of the medical community with it. However, the rabbit corneal endo­

thelium may regenerate after injury, in contrast to human endothelium in which the

recovery after insult occurs by growing in size and migration of endothelial cells

(Osten and Davanger, 1984). However, the specimens in this study were examined

after three days maximally which is insufficient duration for endothelial regenera­

tion which starts seven to ten days after injury (Oslen and Davanger, 1984).

In the current study, no viscoelastic agent was used, and the anesthetic solution

injected into the anterior chamber was not washed out or diluted as in actual surgery,

These conditions allowed studying the worst-case scenario, to detect the maximum

toxic eefects that might result from the contact between the anesthetic agent and the

corneal endothelium, In this study. lidocaine HcI was preserved with methyl paraben

(l mg / ml), The results showed that. the use of IVII) lidocaine HcI was associated

with insignificant changes. Two hours after injection. minimal pathological changes

were detected. These changes were reversible and disappeared after three days.

These results agreed with the results of other studies (Kim et al., 1998; Heuer­

mann et al. 2002). Kim et al, (1998) evaluated the effect of preservative free lido­

caine 1% on the corneal endothelium of human and rabbit corneas perfused with ei­

ther lidocaine I% or a control solution. Both human and rabbit corneas had transient

reversible edema that disappeared rapidly (Kim et al., 1998). It was also reported

that, the tong-term postoperative endothelial cell course showed that topical anesthe­

sia with an intracameral injection of unpreserved lidocaine 1% is a safe alternative

to peribulbar anesthesia (Heuermann et al., 2002).

On the other hand. in this study injection of 2% lidocaine was associated with

marked damage of the rabbits' corneal endothelium. These changes were evident in

the specimens examined one hour after injection, in the form of swelling of the nu­

clei. vacuolations of the cytoplasm, and even beginning of necrosis of the cells.

These changes were more obvious two hours after injection. in the form of nuclear

fragmentation with cytoplasmic vaeuolations. In addition, transmission electron mi.

croscopy revealed. more progressive and irreversible changes after three days.

These results also agreed with the results of other studies. It was reported that

preservative free lidocaine was injected intracamerally in concentrations of 0.02%,

0.2% and 2%. Scanning electron microscopy revealed no abnormal findings in the

eyes injected with either 0.02% or 0.2%, but the eyes injected with lidocaine 2%

showed irregular hexagonal endothelial cells and significant loss of microvilli
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(Kadonosono et aI., 1998). Eggeling et al. (1000) exposed porcine corneas to pre­

servative free lidocaine Hcl 1%. 5% and 10% for 60 minutes. Lidocaine 1% in con­

tact with the endothelium for 60 minutes did not cause any significant corneal endo­

thelial damage. However. significant endothelial loss was observed with lidocaine

5% and 10% (I<:ggelinget al., 1000).

It was also reported that. intracarneral injection of 0.5% tetracaine Hcl did not

produce any significant corneal changes in rabbits. However. injection of 4% lido­

caine Hcl, 0.75% bupivacaine HcI, and 0.5% proparacaine Hcl produced significant

corneal thickening and opacification (Judge et al., 1997).

With respect to both the experimental and clinical use of intracameral lido­

caine. close attention must be paid to the specifics of the anesthetic agent used. Lid­

ocaine is manufactured by a number of companies in varying concentrations. and

with different vehicles and preservatives. These vehicles and preservatives them­

selves can induce cytotoxic changes to the endothelium (Kim et at., 1998). It was re­

ported that. intracameral injection of bupivacaine Hcl 0.75%. which was preserved

with methyl parabcn (I mg / ml), resulted in significant rabbits' corneal endothelial

toxicity as assessed by pachymctry and corneal clarity. Injection of I : 10 dilution of

the same agent failed to produce any significant changes in corneal thickness or clar­

ity (.Judge et al., 1997). On the other hand, other anesthetic agents as proparacaine

and tetracaine arc only available in their preservative form. The preservative is ben­

zalkonium chloride (0.0 1%). Injection of benzalkonium chloride into the anterior

chamber at concentrations of 0.025% and 0.05% had been found to cause irreversi­

ble corneal edema (Britton et at, 1976). However, intracamcral injection of 0.5%

preserved tetracaine HcI did not produce any significant corneal changes in rabbits.

On the other hand. injection of 0.5% preserved proparacainc Hcl produced signifi­

cant corneal thickening and opacification (Judge et at, 1997).

There is some evidence of possible retinal toxicity, specifically electroretino­

graphic changes following intracamcral injection of lidocaine or bupivacuine, These

changes were reported to be transient and dose dependent (Karp et at, 2001).

In conclusion, the results of this study showed that. lidocaine 1% has no harm­

ful effects on the cOTllC<11 endothelium of rabbits; higher concentrations can be asso­
ciated with endothelial toxicity. It is recommended that, the minimal amount and

concentration of intracameral anesthesia to be used based on the surgeon's surgical

technique and the patient needs. Further studies arc required in humans to study the

effect of intracarneral anesthesia particularly in cases of abnormal corneal endotheli­

um.
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SUMMARY

Intraocular anesthesia has the potential to become a popular and wide spread

supplementary technique used in phcoemulsification. It may allow the surgeons to

make the conversion to phaco easier. Surgeons also can start broadening patient cri­

teria, making patients more eligible for topical anesthesia. Intracameral anesthesia

also may prove beneficial in complicated cases, involving iris prolapse or vitreous

loss, in which topical anesthesia alone may be inadequate. Therefore. the effects of

intracameral lidocaine on the corneal endothelium as well as the specifications of

lidocaine used deserve particular attention. The growing usc and popularity of intra­

cameral lidocaine will demand proper knowledge of these specifications and the po­

tential effects on the endothelium before wide spread clinical use.

This study aimed at evaluating the effect of intracameral lidocaine on the rabbit

corneal endothelium. This study included S4 eyes of 27 pigmented rabbits. These

eyes were divided into three groups. In the first group. lactated Ringer's solution was

injected into the anterior chamber. and was considered as a control. In the second

and third groups. I% and 2% lidocaine were injected into the anterior chamber. Cor­

ncas were examined after one hour, two houri> and three days using light microscopy

and transmission electron microscopy. Endothelial degenerations were prominent in

the eyes injected with 2% lidocaine. while minimal reversible changes were noticed

in the eyes injected with I % lidocaine.

In coclusion, lidocaine I% has no harmful effects on the corneal endothelium

of rabbits; higher concentrations Can be associated with endothelial toxicity. While

short-term studies seem to indicate the safety of I % lidocaine. there are stiII many

questions, about the long-term effect on the corneal endothelium as well as the pos­

sibility of retinal toxicity. It is recommended that. the minimal amount and concen­

tration of intracamerul anesthesia to be used based on the surgeon's surgical tech­

nique and the patient needs. Further studies arc required in humans to study the

effect of intracumcr.rl anesthesia particularly in cases of abnormal corneal endotheli­

um.
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