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i\n important problem in ophllllllmology is tlle muinlcna nec o r corneal trans­
parenc)'. Corneu! opucit ics account ror more blindncss Illun an)' otllcr single COII· 
dition in most of Ihe wodd. It is t..'S tinmt(.-d tlml in underde\'elopcd counlrie.!! 
abou t onc-sixth or those Iha l ure blind have sca rred co rneas ( l ) . \Ve still hu\'c 
llJ[m)' ga ps in our knowlcllge cu ncerning fuelors Ihal go\'ern melabo!ism , transo 
parene)', degenerut ioll (11](1 vuscU!Ul'iza lion of cornea! tissuc, 

l\-luny agenls, phunlluccuticu!s ami lechniqucs have bce n used JI) Il'cating 
co rnen! disense wi lh \'8I'y ing deJ:; I'(''Cs of sueces. In the lasl fe\\' )'ears r: r)'ocauter)' 
IUls Lx.'CII inlroOU{:ed in ophth3!molog)'. after having becn usc<1 with a mC3sure or 
success in severa! ol he r ficlds o r med icine a nd surgeq. To da le, cryo· techniqucs 
in ophlhalmo!ogy have been almo!!! exclusi\'eI)' con fincd lO cUlaracl exlractions 
und reli na! delachmenl surger)'. 

T lli.'; Si ud) wa~ ulldertak.::n to determine ,he eUect of frt'Czing, in \' i\'o 011 
Ihe norr11al rabbil cornen, bolh from a cliniea! ami a plltho!ogical \'iewpoint and 
tu nsccl'tll in whcthel' litis lechni(IlIC has any pOlenlinl Ihcrupcutic possihi li lics. 
MelhOfls 

, MixcJ rabb its of 1 to 3.5 kg, lI'ere used as subj ec!s, The ¡lI1ima]s were anes· 
thctized wilh in!ra\'enous so<lium pentoba l'bita l ulld topicu] ophlhainc inslilled 
in Illc eres. A freezing Icsion or the cornea was proouced by holJi ng Ihe tip of 
Ihe Cooper LiJ](le (2) cryogcnic probe (4 mm. in d iamcte r ) in conlad wit h the 
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cornea for ti perio<l of 5 to 10 seconds ( Fil;. 1), unlil u g rO$$ whitc icc Imll 
wns SCCIl ( Fil;. 2 ). The an imnls wcrc cxamilll..-d dail ), for ¡he firsl week both with 
loupe and slil Itlmp, sud nI Icasl Ihree times weekl )' Iherell fler. Pholograph$ tao 
ken al appropriale in lervtl ls. 

Fi g. The Ireez i ,, ~ pro" " Dl'l,l ied IQ Ihe cemer 01 Ihe rabbil 
cornea. 

Fi g. 2 Ice hall ~ee ll inu )lediulcly uJIer re"u.l\'u l of che freezing 
prolle Irolll Ihe cornea. 

Animals were sacrificed al inlervals vaq'ing from O minut es lo 2 months from 
Ihe time of proouclioll of Ihe lt.'$iolls. The eyes were remo\'ed wilh greal care and 
were fixed l{)% neutra l formn li n dehyd rated and embcddCtI in l)3raffin in Ihe 
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usual manner. Semi·serial sections were maJ e through the area of the lesions. 
The lissues were then staine(1 with hematoxylin and eosin. 

Three arbitra r)' tcmperatures were selected ·1920 c., ·500 c., and ·100 C. Le· 
siolls produced in Ihe right cornea I\'ere alwa ys central and in lhe left cornea, 
superior and peripheral. 

In Ihe ·1920 C. group, ra bbi ts were sacrificed al O hou rs, 8 hours, 24 liours, 
48 hours, 4 da }'s, I week, 2 weeks, 3 wecks, J monlh , and 2 monlhs. 

In Ihc .509 C. group, rabb its we rc sacrificcd al 8 hours, 30 hours, 48 hours, 
5 days, 1 week, 2 weeks, 1 monlh , 6 weeks and 2 monlhs. 

In Ihe · L09 C. grou p, ra bbits were ;;acrifieed al 8 liours, 24 hours, 3 days, 
5 da)'s, 1 wcek, 16 da }' ~ , 1 monlh, and 2 months. 

The experiments were te rm inaled 11\'0 monlhs a fter !he production of the 
lesiolls. 

Fig. 3 Central Icsion seco 6 honrs I'osl·injury al _1 929 C. N OI" 
Ihe ",one of cenln, t dondine~s " ",1 ti,,: incre3scd vas­
,'nblril }" uf Ihe i r is. 

Resulls 

A latcnt pcriod of approx ima tcl y 2 hou rs ex i ~ teJ Lct weell Ihe lime lile cornea 
lI'as louched wilh Ihe freez ing probe and Ihe appcarancc o f cornea! cloudincss 

, due lo edema which was !ocalized lo Ihe corueal stroma (Fig. 3) . In Ihe interim , 
Ihe cornea rcma ined perfectly clear. Tlle epi thelium, denuded afler ini tial COII· 

tad with lhe probe covcrc(1 over Ihe sile of Ihe lesio/\ ( i. C., the lesioll did nol 
slain lI'i!h fluorcscein ) in al! inslances after 24 to .)6 hours. Thc endolhelium 
regeneraled between 24 and 48 hours posl. inju ry in Ihe .109 C. series ami -50<:' 
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C. series ami betwecn 48 anJ 96 hours 1Il Ihe ·192\> C. series. [n a[[ inslanees 
Ih e cpi lheliulll ami endothcliulll recoverc(l more rapidl y !han did the slrornal 
cclb. 

Pcrip hcra[ Icsions hea b l El ightl y fa ster and exhibi led a g rcaler inflammatory 
response Ihan cenlral les ions.\Vilh Eome of Ihe per ipheral lesions, va sculariza · 
lioll oeurrcd inlo Lbe periphcral comea aL lh t; s ilt; of Ihe k siun. uut fO I" di stan· 
t;es nol excce(lin g 1 Of 2 IllIll S . This did nol intcrfere with t he daril }" or delllrges· 

• 
" 	 Cenl ral l e~ion . 8 honrs posl.injurr al ·L n 9 c. Therc io all 

ah. enee of e¡úIlJelium and "ndolhe liul!I ", ilh " (!t:crcaged l1umb"r 
of SIro ,,,,,] cc lls. Thcr" i ~ "" ir,..r"" , ,,d curvalur" of the anlerior 
.~urfare ",ith moderate slrornul ede",,,. The epithelial ce~ 1 5 are 
slart il1g lo spread out over It,,, dcnuded arCa ( X 25) . 

cencc mcchan islllS o f the com ca. In pigmenled eyes wi¡h pe riphcra[ co rneal le· 
s ions, a locali7.en (lcpiglllcnt ed sector of Ihe anLe rior surfact; of Ihe iri s in proxi. 
mil )' wilh ¡he co rnea] lesion was nolt.:d 4 lO 5 (la ys af te !" Ihe lesioll was p ro(lu· 

red and al all Ihree lempera lures I Figs. 10 and 1.1 l. 

Al! cells in a full thickness ~ectioJl of the co rnea (epithel ium , s lrollla. and 
endothelium ) cou ld he deslro yed hy freezing (Fi gs 4 and 5 ) . The strOlllal cells 
died h y nuclear fra gmentalion. Central cornea l [e.sions ":ere repairecl prima ril)' 
hy undanwgcd sl rOllHl! cc ll s ( Fig. 6 ), peripheral COrtlcal lesiulLS were repaired 
hy undalllaged slrolllal cells and wandering Illacrophages. In Ihe ·l92Q C. series. 
revarativc uctil'il y was ~ I r ollges t Lelweell 4 Hlld 7 da r s. wilh complete heali ng in 
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nI] insla nce .. after 2 lI'eell' . In ,he -5()Q C., . eries, reparali ",c oeti",i ty was slrongest 
bel,"cen 2 and 7 da}'s, lI'i th complete healing mosll)' afler 1 week. In Ihe -1()Q C. 
series, reparnlive aelivily "'as slrongcsl between 1 amI 5 day!!, lI'i lh complete hen_ 
Jing in 1111 instanccs after I weck. 1\'1051 cornens regnim:d ¡hcir normal clinical 
and hislolog ic appcarallcc ( Fi g. 7) . 

• 
Fig ..~ 	 C"ntrul I" ~ i ,, n _ 21 hQnr~ l,m;l-injnry al _1929 C. The epith"Hum 

io Qne "<l lt I"YH in lhickness. Th" stroma i ~ to tldly nceJlubr and 
mark"dly ed<l 'IlUlOU ti. The endolh"lium i . 6tH I uhs,ml. [) ~Sc<lm"I '8 
ItlcbrH'Ul 8h"W8 I'ul c· hy blain¡ng (X,IO) . 

Infoclion was /lot found wi¡h nn)' of the freezing lesions. 

111 a prelimi nar)' sturl y. one ere o f caeh ra bbi! was usee! as a control. ; OIlC 

of Ihese control e)'es showed nn )' demollslrable ehange as Ihe resuh of Ihe freezint; 
of Ihe opposile eye. 

IJiSC /I.u;OIl 

Se,'eral carlier investi galors (3, 4 , 5 ), who did Hol use Icm pera lures 10ll'er 
!lmH ·7St! C. produce<! fl'eezi ng l e~ions on norma l hea lihy TIIbb it co rneas withoul 
lea l' ing un )' residual corncal opacil )' a l' significanl change in an y olher portion 
of Ihe inlcrnaJ or exlernn] eye. Th is "Iml)' is Ihe fin,l lO use such lo\\' lempera­
tures (· L9z<:' C.I and lo not e simila rilies and di ffcr<:nces bclween Ihe cenlral and 
periphera l co rneal lesions ni thc same aml 111 {Iiffercnl Icml>cralurcs. 
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Fig. 6 	 Central les ion _ 4 day;; Jlod-injury al -1929 C. The epilhclium i$ 
3 10 4 ce ll lu)·er" in lhi("kne ~~. SOllle , Irolllu l cclb fro m lile normal 
peripherlll ,·o rne" I",ve ",i grll led inlo Ihe inju n,d cenlral ~rea. 
T he cndothe liu m appears normal. There i~ moderale ed e ma of 
Ihe strOIllH hUI no diSlortion of lhe I"mell"r a rd, ile,·l ll re (Xi5 ) . 

Fi g. 7 Cen lr,,1 le~i on - 2 weeks l"'sl.i njurr 111 -1921;1 C. T l le "ome" i ~ 
'·01111, lclcly norma l. S0111e arld~,·I . pre~e nl . IX IOO ) . 



In Ihe .1929(., series. re¡mralivc aClivily W3S strongest belween " 3nd 7 
da ys, wilh complcte he.,li llg mosll )' by 1 week (""ilh 3 exeeplions . al! occurring 
in cclll rnllesions). One ere ni 1 \\'eek shoIVe<1 posterior stromal c10 udiness Of .. lit 
Inmp tJxaminati OIl. Hnn on hi slologic eX3 minalion Ihi~ cloudincss IVas interpreted 
as (Itle either lo elldolheliu l rcduplicalion Of ofgani1.ation of influllllllalor )' cx u· 
dale on Ihe p031erior surfacc of Ihe cornea . ( Fig. 8). Anolher eye showcd mid o 
slromal slI'dling al 1 wet:k alld II':IS perfeell)" norm31ul2 IIt:cks. ¡\lIother ere showe(¡ 
midstrornal edema al Ihe eml of 6 weeks. W e (lo nol 11II1'e u Sl:ll isfnclory expla llll . 
lion as lo why Ihe5e ch:lIIgcl! occurrOO. In Ihe . I()Q e series. re¡).,uative aClivit)' 
II'OS strongesl bclln:cn I anrl 5 (la y". wit h complelely normal corneas by 7 da)'s. 

F i l! . 8 (.,,, In! Ie~i"" . ! we..,k 1." ,;I .inj"r~· al .509 C. NOI., lb., pO~l erjor 
cornea l !urface. Thje ma\' he or~anizeú ¡nfl.:tnuJlator)· exudale or 
enoolhdiul hn}cr l.! u~ju.· ' X 100) . 

In all insla llCl..'5 reg"rdJess o f lemperature Of lhe si le o f Ihe Icsioll, cpitheliulll 
covc red over lhe site of Ihe lellio n after 24 to 36 hou rs. The enclolhclium regenerated 

bclween 24 (Inri 48 hours pOSI.illj ury in Ihe ·10 C. serie! (l Jld .509 C. series alld 
hclll'ccn 48 aud 96 hou!"!! iJl lile ·1929 C. series. HcaH ng in all the cellular la ren! 
gcuerllJlr was a lillle fa sler witlt peripllt~ral Ihan wilh the cen tral lesions. Tlti s fae· 
tor was a function of proximi lr lo Ihe perilimbal \'essels; the doser the lesioll 
\IUS lO Ihe blood ~ uppl r. the flu ickcr Ihe heaHng; lhe farlher from Ihe bl ood l\upply, 
Ihe louger Ihe healillg. 

\Vilh Ihe cenlral lesioll.... heaJi ng took place wilhthoul uny vu.scularizalion. 
Two wceks after Ihe I~io/l s II"C fe produeed (with one excepti on . midslromal 
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edcma al 6 weeks ), aH lhe corneas Were c1ca r and glislening and lhc rest of 
Illc eye wa s 1I0rmal alld unchange(1. For Ihe firsl '13 fo 72 hours Ihere were mín i. 
mal illllammatory changcs in Ihe anleri or and posteri or chumber as e\'idellcefl 
b y Ihe slit 18mp changes 811(1 Ihe microscopic chanflcs in lile iris, ciliar}' body 
aud ciliary proccsscs. 'rhc centra! cornea! !esio ll S wcn.: mo~ 1 rli stanl from 11 blood 
supply alld this could ex pla in lhe minima] inflaml11lltorr changes despitc Ihe 
sevcrity of Ihe corllca! illsult. 

\Vilh Ihe periphem l !esiolls. heali llg was 11 lillle faster thall willl lile co­
rrcspol1ding centra! lesiolls. In nI ! in ~ tances Ihe peripheral !c~ions Ilctded, Icu\'ing 
a clear cornea. In few eyes, minima! \'II&:u!a l"Ízation occulTed ¡nlO the per ipherll! 

Fi g. 9 	PerilJhcru l I c~ion - 8 hour! po~t IlIJurr ;" -1929 C. Thcre ;s " 
l' el' \,Y cellul~ r ¡nfi!trll le ( llOl )'~) ill Ihe ¡11jured 61r01l111. The el';_ 
Ihe liul11 and endoll,cliu 111 are abseul. NOI.: 11,,: " a, r ular changes 
in Ihe iris. (Xl:>). 

cornea al Ihe site oí lhe lesion, bul fo r dislances, nol excecding I or 2 miliS. 
fr om Ihe ¡¡mbal margin o This minima! dcgrec of \'asculariZA tion did no! in lerfe re 
lI'i th !he c1ari ly or delurgesccllce of Ihe corllea . Thcre was a grea ler inflamma· 
lor}' response with Ihe periphcral ( rig. 9 ) Ihan wilh Ihe (;cntra ! le~ ions. This 
wn ~ evidenccd b)' inereuscd pcrilimha! va~C U!H r aud eellu!ar responSes, conside· 
rA bie anterior chamber exudate. segmcnta! iris hypercmia and suuepi ¡hcl ial cde­
ma of Ihe eiliary proccsscs - mosl marked in 1m area closesl lO Ihe co rneal !esion, 
bul slill di lIuse throughoul. An inlercsling findi ng. ",ill! pigmenled CJ)'es wus 
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l'i l!. 10 Normul irj~ "f pil!m~n l(l d ru},h it . (X200 ). 

f'il. JI 	 Note ,1(lpi ~ "' cnt ;. l i on of ~ nlerior ~lI r r;. re 0 1 id. dosesl 10 perí. 
1)lu~ rlll corne~ J le~ io,, ~. 'Thh WH$ Doled 3 lo 5 ¡fay~ afl er injuf\' 
( X2QtJ ). 
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Ihe presence of a loca lizeJ depigmeflled seclor of Ihe anlerio r surface of Ihe 
iris in proximity wilh lile periphcral corneal Icsion ami firsl nolcd 4 lO 5 Jll )'S 
after Ihe lesion was produceJ. Th is fi ndi n::; has a150 been observed by several 
olher invcstignlors (6, 7) ( Figs. 10 and 11 ) . 

Although Ihefe has been a recen! upsurge of inlcresl in cryotechniqucs he· 
ca use of Ihe availabili ly o f more refi lled frt:ez ing instruments, il is Iv early lo pre· 
dicl the practicol applicalioll of in vivo frccz illg of Ihe cornea. 

SUl1lmary 

Cenlral anrl I>cripheral frt.'ezing corneal Ics ion.. were prod uced using a Cool>c r 
Linde (2) cryogcnic probe 4 mm. in Jiameler. Th rt.'C groups of rabhils ",ere used, 
produeing Icsions at 3 differenl lempcralu res - l9"19C., . SQ9C., . 1()QC. The ex pe· 
rimcnls were conclu(lerl 2 IlIonlhs afler Ihe l e~ io ll ~ weTe pro(luccd. 

Applicnlioll of Ihe prol>e to Ihe rabbil 's cornea fo r S lo 10 seconds resulted 
in a loca!izeJ ice ball which (lisappcured 5 lo JO secolHJs after Ihe probe \V U! 
remo\'t.-d. The cornea , ill il iaJly clear. g radual l)' bcClIlI1C clou(l)' 1V:: lO 2 hou rs later, 
a~ Ihe slroma became cdemll lous. 'X' hell Ihe edema subsided. Ihe cornea rcsumed 
jI.;; normal clarity. 

On hislologic examinalion , all of Ihe cclls of Ihe cornea, including Ihe epilhc. 
lial , stromal and cnd olhelial cell!;¡ wCl'e destroyed in lile IIren thal ha(1 becn frozeu ; 
the degree of cellular destruclion hei ng directy proportiolla l lO lhe degree of 
red uctioll ol ¡he lempe ralure. The cornea! lamcllae II nd intercellula r substa nce (!in 
1101 apl>ear to be pcrmanelllly da maged by Ihis procedure. Eighl hours a fl er frccz ing, 
Ihe corncas al ull lemperatllrClI were edemalous, a nd by 2'1. hour! remnants o l Ihe 
slromal cclls had disapl>carcd in Ihe II rea of Ihe lesio n. Al . 1929 C. Ihe s11'o11111 \\'Il S 

complelel y acellular, al .50Q C. an occasional scattered stroma l cell wus seen, and 
nt · IOQC., lIome slromal cells ",erc secn in Ihe posterio r 1/ 3 of Ihe slTomll. Hea lill¡; 
\'orie(l with Ihe temperature al which the lefion was produccd. At · 1920 c., Tepu· 
rat¡ve acti \' it )' was slrollgcsl bet weclI I allll 5 day! wilh complete hCllling uft er I 
wt.'Ck. Central lesions were repuired b)' wa nrlering macrophagcs ¡¡ nd undul11ugcd 
stroma l cells. 
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