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EVALUATION OF BALANeED SALT SOLUTlON IN 


KERATOM I LEUSIS 


lOSE 1. IlA IlH AQUE R M. 

Bosot';·CoJombi;, 

In Ihis sl udy Ihe aim "'as lo e\ al uale Belanced Sal! Solution- in keralom ileu· 
~ i ;;1 a., 11 subsli tule {ur a 50lulioll o{ no rmal saline (or Ihc \\ashing illld Ihawing o( 
corneal lens lissue. This sululion con lllins Ihe I'(."{!uin.'¿ [)lisie sa lts for culli \'aling 
living lissues in vit ro. It is i!olonic. possesses Ihc lIeCCC;;IH) ion! {or ccllular 
melubolislll a nJ is weakl} bufferoo lo Ihe pH of Ihe ocula r fluids. 

Slud ics by i'Olllcrul Ullll O\'Crlllun2 IInd Merri ll. Flcmi nl;: al1d Ci ra rdl demon· 
slra le<1 Iha l Bala llced Sa lt 501ul; 01l .Iid nol damn;,;e Ihe cornea I or intra ocula r 
lissues, whereas lhe 0.9 pcrccnl so(lium chlo ride sul uliol1 showed J umage in vivo 
/lnd in vi l ro. These studit'S, tugelher wi th olher rclaled publi shed results 4.5.6, 
cncoumge(1 ¡he aulhor lo eval uule Uulanccd Sult 50lulion as un irrigating sotutioll 
in keralomileusis. 

Kemlomileusi! is /l1l int cnelltion cnrried oul 011 u hcalt hy cornea in order lo 
modi fy ils rdrucli \'c l)(Jwcr ami Ihus corred se\'ere ddee!! o f rcfruclioll of Ihe 
ere. The opcrution cotlSiSI! o f lhe fo llow;ng sleps: 

1. 	 ReS(."Clion uf Ihc lUllerior hl)crs of lhe curllea. IOblllilli ng a disc of 
cornea l lissue) . 

2. 	 F'rec1.ing o r Ihe disco 

3. 	 Op,I", ' ,""1,," .1,10, ,1;" lO! ,he " o,"" '''le. ICo " ",,' ,1,,", ,,,,,). 
4. 	 Thaw in;:. 

5. 	 Hepus ition ing o r lhe cornea l li~ue len". 
6. 	 Suluring corneal lis!ue ren~ ;nl o place. 

- SU 1J l. lietl h)' Alron L"J¡oraIQrie•• l 'lr ., Forl '«'orlh , Teu~. 
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In per formillg a keralomileusis cclls of Ihe co rnea) ¡mrench )'ma are Irll urnatizcJ 
by the !Celion and by Ihe soluliol1 ell1ployed for lavage s nd Ihaw ing of Ihe l issuc. 
In order lo minimize Ihe damaging effccl proo uced hy irrigaling solu lions, Olllal1ccd 
Salt So)utioll WIIS evalualed as a po~siblc rcplacemcnl ror norma l saJinc il1 Ih is 
proccd ure. 

On Ihe olhe r ha nd, Ihe cha racle rislics of Ihi ~ proce<lure allow surfa.....,'!! o f Ihe 
irrigated seclioll lo be in mulual conlacl ( inlerful.:e) in Ihc celllcl" o f a Iransparclll 
medium (Ihe com en) whieh perrnils ils observal ion umlef Ihe microscol>C nl1ll Ihe 
s! il lamp from Ihe fírsl posloperali \c da)'. 

This ope rative procedure re~mb)es a n allterior Ja mellar keral oplasty with lile 
advallluge from a biologiclI l poin! o f \' iew of bei ng all aUlopla sty but with Ihe 
disad \'anlage of Ihe lissue ha ving lo be frozen lo make il firm enouf!h lo be g round 
lo Ihe des ircd oplica! refrncli on wh ich impo~s an addili onal tru uma lo lile cor
neal cclls. 

Qne of Ihe problerns arising frolll Ihis intervenl ion is Ihe presence in Ihe inlerface 
of opaque obj ects which d iminish Ira nsparcncy of Ihe co rnen . These o\l1Ici tics 
ma y come from : 

a ) Ihe a ir 

b) Ihe ope rali ve ficld including gauze nnd coll on sponges 

e) Ihe sulures 

d ) Ihe 1lle<licinal nnd cleansi ng solulio ll!~ 

e) rellla ins of ncc rolie cells from Ihe surgica l secli oning proce(!u res a nd 
med ici na l solul ioos. 

f) interlamcllar arcas of infeclion of a mycolic or bacle rial o rigino 

Fo re ign bodies IIre \' isiblc frolll Ihe fi rsl postoperati ve day und pro(!uce opaeilies 
!lim ila r lo lhose found in lamella r keraloplasty. The opaci lies l>Ceome aeeenlualed 
during the COUf5e of Ihe second II"I.'t:k due lO lissue reacliollS which ure cn used br 
Iheir presence. Upon rcso rption of lile irritating subslunces 0 1" when Ihe)' bccomc 
cnglol)(.·d , lile Opllcilies dimin isil an(1 di sa ppcar. 

Opaci lie!l due lo cellu lnr nt.-cros ig a re (Iiffuse a mi aplM:a r cl ur ing Ihe second 
week ; they are almosl complcte\y rea bsorbed in llu.: follow ing weeks. Thosc re· 
8ulling from inft.-clion are dense. loc.alizcd and hu ve u cha raclerislic appt:urallce. 

To avoid Ihe above problems we hn\'e for several )ea rs cl iminaled Ihe use of 
talculll powder in Ihe 01M:raling room, substiluled plastlc surgiclI l drapes for those 
made of clOlh , used pol}'v in r l spollge! . a nd brushes mude of pille marli n huir in 
place of gauze and eollon lampons. \Ve have co\'ered denuded surfaces wilh s¡>Ceial 
p roteclo rs a nd hu\'c use<¡ a nli biolics syslemica lly. These measures hü\'e red uce<1 
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the number of foreign bodies and areas of infection eonsiderab! y that we had' 
pre\'iously expericnced. 

There remain t!iree IImill sources of opac ities ill Ihe interface, namcly. 

al eell ular remains 

bl fo reigll bodies broughl in by washing soJulions, air and inslruments. 

e) fi bers carrie<! by sulure th reads, 

We reasoncd lhal Ba lulH.:cd Sult SOlulioll wilh ils isoh)'dric and c)' tophilic pro· 
perties would red uce Ihe opacil ics due lo cellular necrosis. In addilion, lhe facl 
thal il eould be used direcll )' fr am the origina l conta iner, a pliable plastic hott le, 
"hould red uce the introduclioll of fo reigll bod ies in Ihe inlerface, To this end we 
proceeded lo employ Ihis sol uli oll in len conseculive cases of keratomi!cusis and 
compared Ihe resu lts oblained wilh ten cases, also consecUlive, in which no rma l 
sali ne was used. 

The B..1 laneed Sal! SoJ ulioll was used d ireclly fro lll the slerile plastic bott le in 
which il ,,'as supplied by means of a sil ver, gold or stainless stee! canula, It was 
used in irrigati ng Ihe corneal disc after rellloval, the corneal tissue lens a nd the 
cornea! section surface. Al Ihe end of surgery il was used for final cleansing 
irrigation of the inter face altcr Ihe co rnea l lens had heen sulured in place, The 
so lution was warmed lo 379 e for use in Ihuw ing out Ihe froze n eo rneal lens a lter 
opl ical cu tting, The normal s.1line so!utioll was plaeed in a r elri dish and Ihen 
aspiralcd inlo u s)'Tinge to irrigate lIle tissues during Ihe various operal ive phascs. 

The palienls were examined by sli t lamp during the poslope rati ve and recover)' 
periods as ind icale(! be1ow, using the following criteria fo r cvalualing Ihe /lew drllg: 

11) llTl..'Scnce of foreign bodics jll Ihe interface 

b ) presence of cellu lnr detritus. 

PHESENCE OF rOHEIGN saDIES IN THE INTERFACE 

In the cases in which BlIlanced Sa lt Sol utioll was used as per the surgieal 
procedu res previously indi ca le(l , lI'e were able lO ve ri f)' Ihe follow ing: 

Case NQ 1- Very sca ree fo reign bodies (powder ) 

Case NQ 2-Absenec of fore ign bodies 

Case N9 3 - Two Emall fore ign bodies of Illetall ic IUiler (probably frol,1l 
sorne instrument ). 


Case NI! 4 - Abscnee of foreign bodies 


Case NQ 5 - Scarce g rai lls of powdcr 
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Case N'~ 6 - Absc/lce of fore¡~ n bodie!l 


Case i"\9 7 - Abscnce of fo rcign bodies 


Case NQ 8 - Abscnce of fnreig n bod ie!! 


Case NQ 9 - A fiber 1 111111 in length \ po~sibl y frorll thc sutu res) 


Case NQ 10 - ALscnce oC fore igu bodies. 


PH ES ENC E OF CELLI'LAH DETIIITUS OBSEHVED DUHING TI-lE SECON)) 

POSTOPEHAT IVE W~:EK BY EX/\MI NATION \"{HI-I TIIE MI CHOSCOPE 


AN O SLIT LAMP. 


~,Case Clcur interflll.-e 

Ca!le J\Q 2 - Interface ",it], !lome cd lu lur detritus 

Case N' :3 - Clcur interface exccpt u sma ll infer ior ex terntll ZOllC of 
upproximutcl)' 1 mm wit h ccl lu lur dchris. 


Case Nf! 4 - Clear in terface 


Case i"\f! 5 - Cleur inh:rface 


C. se NQ 6 - Clear inh:rfucc 


Cuse N':> i Clear interfuce 


Cose NQ 8 - Cleur interface 


Cose NQ 9 - Clea r interface 


C. se NI,! 10 -- Clea r interface. 

CQNTHOL CI\ SES 

Ten consecul i\c CUR'S of kerfl tomi leusis \\cre u!!C<1 as control cases. In tl lt.'Se 
l;at ienls normal su line solution ",as uscd in the \'lIrious OIJCTnt il'c procedurcs. 

Cuse NO? 1 - 1·1·3 1.706 u) Abscllcc of foreifill budies. 

b) Some detritus j ll thc interface. 

Case NQ 2 - 1'1-50.952 u) Man}' foreign hod ic! in the intcrfat.-e. 

h) 	 Cellu lllr det rit u» in the in terfu ce. 
Irrigati oll \Vas necC!sa ry on Ihe lllh 
tlu)' 10 eliminatc it. 

Case NQ 3 - 11 ·50.900 a ) Intcrla mclla r fore ign hodie~. 

b) Cell ular detri tus in the interface. 
Irr igation on Ihe 20th day to elimi nate 
Ihe detritus. 
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Cuse N'? 4  11 ·51.012 

Case NQ 5  H·24.370 

Case NQ 6  1-1 ·50.869 

Case N<,> 7  ¡·¡·51. 252 

Case N? R H·1 7 . 365 

Case NQ 9  H·N.311 

Case NQ 10  H·51.146 

a) ALumlant forcign bodiC!!. 


b ) J\.Iuch cellular rema ins. Intcrface was 


washed on Ihe 30th dar. 

a ) lnlerlamcllar forcign bodic!. 
b) Ccllular rellluins. Hcq uired irrigalioll 

on the 12th da)'. 

a) Absencc of forc ign bodics. 

L) Abscnce of ccllulur rcma ins. 

a) l\bscncc of foreign bodics. 

b ) Very scarce ccllu1ar nccrosis. 

a ) Abscllcc ()f forcign hodics. 

b ) SJight intcrlamellar necrosis. 

a ) l\bscncc of foreign bodies. 

b ) Absencc of cellular necrosis. 

a ) Two intcrlamellar filaments. 
b) Absencc of ccHular necrosis. 

TABLE I 

NO I~MA L SA Ll NE SOLUTION BALANCEO SALT SOLUTlON 

Case Foreign 
IJodics 

Cel/ular 
RClllai/! s 

foreign 
llodies 

Ce/lular 
Remai'ls 

NQ 1 

NQ 2 

NQ 3 
NQ 4 

NQ 5 

N9 6 

NQ 7 

NQ 8 

NQ 9 

NQ 10 

---

+ + +
+ +-
+ ++ -
+ + -
+ --
--  -

---

---
+ --

+ + -
+ ++ -
+ ++
+ + +
+ + -
+ + -
+ + -
+ +-
+ --
---

+ --
---

+ --
- --
---

---
---

---

+--
---

-
---

+ + -
+ + -
---

+ --
+ --
---
-- -

+ --
- --
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HESULTS OF COM PAHAT IVE STUDY 

In Table I wc hu vc schenwtieally compiled the reslllts fo r Ihe stud y ""h ieh may 
he summari1-e<1 as fo llo\Vs: 

\Vith thc use of the lIorllló.ll su llne solution both lile lIumber of inlerlamellnr 
foreign Lo<lies a nd the (JlHlnli l ies of opacities <Iuc to cellular necrosis \Vere so 
plentiful that in cases 2. 3. 4 al\(l 5 il was necessary lO earry out irrigatioll of the 
interface in Ihe Vostopcrutive eourse. TIlis was proLaLly due to the fact that lile 
no rlllal saline solution ",as exposed lo the air when Iransferred from its origina l 
fla sk lo the Petri dis\¡ and from it to tlle syr ingc. 

[n cases in whieh Balanced Sall Solution ",as lIsed Ihere was a minimum numo 
ber of fo reign Lodies which l\"ere apparently from other origino The npacities due 
to cellular necrosis \Vere so fe", Ihat it was IIOt ncce~sary in uny of Ihe cases lo 

Postol>crativcly irrigutc Ihe interface. 

CONCLUSION 

FrOIll th is study il is COllcl udcd thuI Bttlunced Su l! Solul ion is chemically less 

Iraumalic to the cclls than normal sal ine solUlion. lIs mauner of prevaralion and 
paekaging permits direct application of Ihe solution \\,i¡holl l contamination b y the 
atmosphere, reducing considerubl} lile introduction of forcign bodies into the su r· 
g icaJ \\'ound. [n no case in whicl! Balance<! Salt Sol ution \\'as used \Vere processes 
of septic origi n observed. 

HEFERENCES 

1. 	 llARRAQUEH, JOSE l., M. 1).: Ne...· A" I'r()ud, lor !lle Sur, ica l Corre<:liOIl 01 Myopia. 
Pre.eUle.! hl Fir~1 1m. Conl. on i\lYOI,ia, Ne .... York Cil )', Sel,lcmbcr 19M. Profc~~ i O l] al 
" re.s In ~. C"¡cago, E. U. 

2. 	 I'OMEn AT, C. lit. amI QVEBMAN, H. R.: Eleelrolytes and Pluma Expallder~: t. 
The Reaetion of Human Celh in Perlu. ion Chambers ...·ith J>lm~e Contra SI, Time.lal>se 
Cine Re<:ord•. Zlod,r. Zdlfor$<· h .. 45:2.17, 1956. 

3. 	 lIIERRIL, D. L , FLEM ING, T . C. 8 ...1 GIRARD, LOUl S J., 1II . D.: T l,e EffedS of 
I'hy~io l or; i r Bula'H"cd Sall So lutioll . 'llld Norm,,1 5u line on Inlruoru lur aud Exlraorlllar 
Tissne@. Am. J. OI, lnlo., '10:5, 1960. 

4. 	 GIIlARI), LOUlS J., ,\l. 1). and NEELY. W., M. 1).: The Eva lllal ioll of Zoly;;e in 
Calaraet Extract;oll. NQ 11 of a ser iu of res~rch reprinU published hy AIe.m Labora. 
l o ri e~. lil e.., Fort Worlh. Teu., 1959. 

5. 	 U,\RPER, J. Y. a",1 POMERAT, C. M.: In Vit ro Obscn'utions on the Belul\' ior of 
Conjllnct i"al snd Corneal Cel ls in Helalion 10 Eleclroly l e~. Am. J. O.,lnh., 46: 269, 1958. 

6. 	 GIRARI), L J ., f) UKES, C. D. ond FLEM ING. T. C. Cytox ic Studies of Cerlain 
Ophthalmic Dro ,. in Ti.sue Cultu re. Pre;;enle.! al [mero Congo Ollhth., Br u.seJ8, 
Sel>lember 1958. 

224 

http:lIorlll�.ll



