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THE USE OF COLD IN THE SURGERY OF THE LENS 

BT 

CAMPOS DA PAZ NETO, M. D. 

l'l.lroduction 

The use 01 extremely low temperalures in cerlain kínds ol treatmenls, either 

~urgical or cl ínical , is a rt.'!!ource widely emp~oycd in Ophthalmology. 

Thc firsl experilllcnls with low tempcratures il. Ihis fi eld dates back lo 1910, 
when Schollar reported a Ilumber oí cases oí cicatrization of chorioretinitis 
through lhe freezing of the sclerotic of rabbits with carbo nic snow. In 1933, 
Bieui published Ihe results of his researches on Ihe comparali ... e effects oí 
episclera l dialhermo-coagulation, thermo·cuagulation and c ryoca ustication, having 
lried lo determine Ihe intraocular temperalures aíter these d ifferenl kinds of 
techniqu t>S_ In 1935, Deub chmann experimented with lhe application of dry ice 
to obtain adhesive chorioretin it is in cases ol delachm:'-1l1 of ,he relina, and reporto 
ed satisfactory results. 

In 1963, Kelman and Cooper surveyed Ihe immediate a nd delayed eHects of 
the freezing of tissues, with the purpose of bcuer asses~ing its pos~ibi!ilies in 
cryo·ophthalmic surgery. They found that lhe solidj[jcation of Ihe tissues could 
be promplly obtaincd, and could also be mainlained as long as lhe temperalure 
was kept below Iheir freez iug point, Ihis depending on several faclors among 
which stooo out their water contenl. Such freczing usua lly occurred al a few 
degrees Iwlow ()9 C. Thc fluids conta ined in lhe blooo or Iymph vcssels were 
frozen, ami the blooo started fl owing again aÍler ceasing Ihe freezing. In other 
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words, the blood had been hemolysed. This proccss took p~ace, howevcr, 0111 )' 
in the vesseJs of broader caliber for lhe capila ries underwenl definit ive oh!truc
tion . In tissues not vascularizerl , such as thosl' of Ihe lens, a homogent'ous hall 
was promptly formed, lhe tip of th e su rgical 1001 ernploye(J finn l)' adhering to 
the lens tissues. 

The delayed effects of freezing, especially when it last!>d too long or was too 

intense, generall)' meant the asscptic necrosis of the cells, ice cr)'stal s being 
formed insirle Ihem, Ih is bl·ing due ei ther lo the rupture of lhei r membranes or 
lo changes in lhe eleclrol )' tic cquili brinm of thc cytoplasllI. Ca pil!ar obstruetioll 
pla)'ed a major role in the cr)'ogen ic necrosis uf vascularized tissues_ Yel :;uch 
delayed d fe cls compa red favonrably with Ihose of di(llhermo.coagulatioll_ The 

cryogenic choriordin itis is tOllay em ployed in Ihe surgery of the retina since a 
unifonn degree of pigmentation is obta ined, an d Ihe vessels of broader ca!iber 

are not impaired. The cr)'u-lermic ¡rausclera! of thc ehoriordina is graduall )' 
replaci ng lhe lechni(!nes of dialherrnic anJ phulo-eoagnla tion . The shortcomings 
of heat ( temperatuCt·s may be as high as 1000 Ciare obvions : its transmis~iOIl 

lo lhe vi treous body is liable to provoke the retraelion of the lalter, besicles being 
apt lo cause Ihe fo rmalion uf vilreous retinian bridle~ whieh, aeeording to sorne 
authors, would acco n!)t for a Jurge HU/nber of rcl apses. The faet Ihal cryo-surgery 
spares the broader vesscls in both the ehoroid and ¡he retina, thus IHC\'enti ng 
the impairing of remote lissucs, a!so repre~ents an asset of such leeniq ue_ 

The procedure is likely lo be extended lo olher type~ of surger )'. lu glaucoma. 
fo r instauee, il may indieaterl with measu rable cr)'ogen ic nccrosis of Ihe sclcrolic. 
Plerygium would be another ficld fo r the app!icalion of eryo-surgery ueeording 

lo the specialists whu have an expericucc in ils possibililies. As regards herpetic 
keratitis Krwawiez reports good results in a substantiaJ number of cas~s . We 
have thus far d ealt with only a few ca~('s of that ~o rt ( twenl )'. five) , uilhough 
we can report fairl y satisfactor y results. 

IntracapsuJar e:'(/ rac/ion of c(l/arac/ 

The arguments against intracapsular extraetion of the lens belong 10 the pasl 
since moderll Ophthalmolog)' no more lakes Ihen into eonsideratioll. How~:ver. 

in spite of ever)' technieal and taetieal developrm:nt, Ihe in iracapsular exlraetion 
of catarae! in adulls and/ or aged p¡¡ti ents still ha~ lo faee eerlain h indranee5 

which prevent lolal ex traclion of lhe cap~uJe in a hundred per ccnl of ca ~es. 

There are sorne cases in which an extn:me fra gility uf Ihe cf)'stalloid (fol" exam

pIe, in hipermature cataraets with degeneration of the eapsule ) when it is impos
sibil' an effective grip_ and Ihe capsule is somctimes to ril when Iweezers are 
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appliecl, no matter how devclopl~d thd r model ¡s, or how l.:a refuH y they migh! 
he handled . Furthermore, such capsules a re not slrong enough lo perrnil lhe 
employment of a cupping.glass. The exlreme distension of lhe lt' n ~ may somcl imes 
render diUicult or irnpossiblc ils being g rippcd with I"'t.'eze r~, and Ihe pUllclion 
of lh e capsulc with Ihe ti)) uf ti vrry thin nccdlc musl be une!ertake/l , a rcsource 
nol always erowned wilh sueccss. Subluxalt'd eala raels o ft en presenl problerns 
which are hard lo cope with by means of tweezers or cupping·glasscs; in either 
ease il is necessary lo cxert a pressure upon Ihe lens, which ¡s expeeted lo riele! 
lo it. This ma )' make lhe grippin~ of thr l e l1 ~ ralher prccariou B, he[id ~!:! cllvolving 
Ihe rie.k for cata raet lo bt, lO unk inlo Ihe vilrpoue bod y, and Ihe added r isk of 
101010 of subsla nce of lhe latter. 

The fael thal thl' er)'o-exlraelor rcqUl reo huI Ihc conlact of ¡Is t ip against lhe 
a nterior erystalloid , withouI l'xerling Ihc slighest pressun' lIpon it , when are 
presenl Ih" risks of Ica ring a distended Of degeneralcd cap!lule a nd j or tolal 
subluxalion of Ihc 1(·n8, woul(1 suffiee lo I"ank ¡he eryo·extraclor far above thc 

ul il izalion of ¡II'CClCrS and cupping.glassc!>. Wilh Ihe eryo·extracto r it is possible 
to inerease Ihe pt:rcenl agr of intraea psu!ar extra elions. It also has in its favour 
¡he cireumslance Iha! no pressure al a ll against Ihe cyehall is exerled in order 
to prornole the ruplllrr of the :wnllla . Nor i .~ il necess[\ r}' 10 use alphachimolrip. 
sine to facilitatc sl!ch purpose. Thc freezing: of Ihe small a rea in II'hich the lip 
of Ihe cryo.extraclor hecomes in conlael wilh the lens is followcd by a unioform 

and progressive retra .::lion of Ihe capsulc, whirh ¡s hed from ¡ti' zonula r adheren· 
ces wilhout applieali lln of un )' oth er rcsources. Wilb in a few s~onds (ten in 
average), il is possible to ¡lUll lhe lens, whieh is ex lraclcd lI' ith a sliding motion . 

Once removed, Ihe grooves of the eU l'su:a r retraeli on ca n be scen by the naked 
eye, and Ihe)' converge towards Ihe poinl where lhe ice ba ll hus been formeO. 
Through such ice ball Ihe len5 will remain firmly adhered to Ihe tip of the efyo, 
exlractor. The firmness of this err o'capsu lar adherence is in facl rema rkable, 
and il increas!.'s wilh prolonged eontacl. 

We have lIsed since 1963 Ihe mooel of eryo·ex tractor dc" ised by Krwaw iez, 
Ihe speeialisl lo whom , in our opinion, shou ld be credited ¡he prcsenl·day dcvelop. 
ment of Cryo·Oph¡halmology. Wc have inlroduced some modificalions in ¡he 
original cr yo·extractor of ¡his Po: ish surgeon. a ltering i l~ formal und changing 
Ihe proccdurelO fOf itlO sleri lizalion alld freczing. It must be emphasi7.ed , however. 
that nothing has been ehangc<1 as regards Krll'3wicz's original conceplioll . 

We sterilize the eyo·extractor hy ma inla ining it iJl a fo rmolized recipicnl, ils 
freezing is ohtaining by plungi ng it dirccll y into dry ice (carhon ic 5now ). Five 
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minutes are ellough for utilization of thl' eryo·extractor after its having been 
put in contact with the dry ice. 

More modern tools are now available, which can do without dry ice. The 
units devised by Kelman for the surgery of detachment oí the retina and for 
Ihe surgery oí the lens are mosl up.to.date. We íavouT Kecler's model, which 
provides the requircd low lemperature by means of the use oí CO2 . Such ¡nstru· 
ment can be utilized in cases of detaehment oí the retina and those of eataract 
cxtraclioll as well. 

HOII! we ullderlake lile CfrO· exlraction 01 calaract5 

A) The e5sential steps of the anesthesia (sedation ) and of the surgieal aet 
will be described helow. 

The suecess of ophthalmological surge ry, especially illtra·ocular, requires the 
following eOllditiollS: 

1) An absolute immobility of the palienl, during alld after Ihe operal¡on; 

2) Intraocular h ypotensioll during Ihe operalion ; 

3) A guiel post·surgical period with ~edaliun and absence of vomiling. 

We favour general anaesthesia, aod the lechlligue we ¡:m ploy consi~ts of indue· 
tion with barbiturics, re~axing wilh curarization, intubation and ventilation wilh 
a Takaoka respiralor, and , finall )', vaporízation with ancslhetic Ether íor Ihe sake 
uf analgesia. 

Wilh Ihe employmellt of curarízation, muscular tomel!y is abolished; and 
through perfeet ventilatíon , namel)' normo.ventilation, CO~ is lowered to a nor· 
mal level, whieh SL'Cures ¡he non·emergence of the hipcrcapllia syodrom whose 
symptoms (increase of intraocular pression, vomiting, psycho·molor agitatíon) 
are absolutely eounler·indicaterl in ophthalmo!ogica! surgery. 

Such technique provides immobility during: and aÍlcr the operation, as well 
as a quiet post·surgieal periodo Vomiling is reducing to a minimum, and the 
patient recovers consciousness fiftecn lo Ihirl)' minutes aftcr the anaesthesia is 
overo 

For eryo·extraction wilh Ihe Krawicz·stool, or with some other model such 
as Keeler's any technique for the opening of Ihe anterior chamber }lroves satis
factory, being onl)' required the keratotomy al half·circumfereoce in order that 
the cornea mighl be easily lifted before Ihe conlacl of the cryo·extractor tip with 
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lhe crystalloid is altempled. We always make lhe inil ial IUCISlon wilh a spear. 
und enlarge it wilh a pair of scissors. The previous corneo·sclero·conjuncli\'al 
shou ld be al 12 o'clock. TOlal, peripherical or no iridectomy is praclised. The 
cryo·exlractor tip musl con tuct ti\(' crystalloid al a poinl as possiblc to Ihe uppcr 
timit of ils circumference. 

When Ihe er yo·extractor louches the capsule and lhe proper lissul..'S, freezins 
takes place within a few seconds, and this is fell ana seen by tlle surgcon: a whitisll 
aTea is formea around the poi ni of conlact, and a firm adhe rence immed ialely 
occurs. In order lo make possiblc Ihe exlraclion of lhe lens by ;:.lid ing, il wi1l 
be necessary only lo mainlai n sucll conlacl for aboul len seconds, nol being 
rcquirl-d Ihe use of alphachimolripsinc. With Ihe retractiOIl of lhe capsule as a 
result of its lreezillg, ils zO/lula r adhcrcnces arc Joosened. Lateral ana/ or Totating 
movemcnts wilh Ihe cryo.extractor, as recommendcd by Krwawicz, are unnecessary. 
\Ve never attcmpt Ihem. \Ve think that , in case 01 particularl)' weak capsulcs, such 
movemenls are liable to provoke Iheir rupture. Once establ ishea the aahesion, 
il wil[ not give way, as we ha ve men/ionea. 1t may happen thal Ihe whole capsule 
is extracled while the len;:. tissue remaills in .situ. It .....m Ihcn be TCIllO\'ed with 
Ihe cryo-extractor itselr. or with a hook. by exert ing pressure 811(1 counter· 
pressure. 

Afler Ihe extraclion, Ihe iris is replaccd ana the incisión is sUlun:d, usually 
\Vi th 5\' \'el1 corneo·sclero·conjunctival slitches. Air is injected into Ihe anteri or 
chamhcr. 

Ollr Stati.stic.s 

We began lo employ Krwaw icz's crro.extractor in Match 1963. and have t1ms 
fa r unclertaken 970 operalions lI'ilh such proced urt'. We have ~ucceded in obtaining 
inlracapsula r extractions in 941 cases (97 7<) . 

427 cases were of senile co rl ico a nd cortico'lluclea r cataracts, compflsmg 
incipienl, hypermature and malure forms. 425 intracapsulllr extraclion wcre 
oblained (99,570 ) . 234 cases lI'ere of senile hypomalure calaracts, being oblaincd 
224 intracapsular extraclions (95,77 70 ) . 108 cases wcre of Morgania n catarac15, 
and 104 illtracapsular eXlraclion~ lI'ere obtailled (96,3%) . 

60 cases ""ere oí senile tumescellt calaracls, being oblnined 58 total cxlractions 
(96,7 % ). 

I la cases were of cataracls wil h allending complicatiolls (Ihis group comprisea 
3 l cascs oí posl.uveilis, 8 cases of postaelachmenl of lhe retina , 26 cases of ¡rido· 
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cyclitis with ulterior synechias, 24 eongenital cases of late development - the 

patients being over 30 years of age- 13 cases of post-glaucoma, and 8 cases 
of h igh myopia). For thi s whol e group, 99 instracapsular extractions were 
obtajned (90 % ). 

In 15 cases oí subluxated cataracts, with absence of vitreous body in the anterior 
chamber, total extraction was ohtained in every instanee, without any further 

complications. 

In 16 cases oí traumatic eataraets (patients with ages rang ing from 22 to 39) 
total extraction was obtained in al! oí them. 

Concerning complications which occurred during the surgica l ad , we report 
38 losses of Ihe vitreous body, and 7 inslance5 of massive hemorrhaege in the 
anterior chamber. 

As regarcls complications verified during the post-5urg ical periocl, obviously 
not inherent with the procedure, we report the following ones : 11 instances of 
iris hernia; 34 oí pupil discentratioll; 13 of glaucoma; 24 of retarclation in the 
forming of the anterior chamber; 35 of ulterior hyphema. Not a single oc· 
currence of iníeetion ever took place. 

718 cases out oí the 970 were operated on with total iridectomy (740/0 ) ; 

194 withoul iridectomy (20 %); and Ihe remainder 58 with pcripherical iridee
tomy. We íavour, in general, total iridectomy becausc of thc safety it p rovides 
to the post-surgical ppriod, as well as for the rath!'r small occurrence of post· 

ea!arac! glaucoma. 

Conclusions 

l . Cryo·surgery has opened up new and interesting possibilities íor eye 
surgery. 

2. Wi¡h respcet to detachment of the retina, the prospects are promising. As 
regards glaucoma and pterygium , the procedure remains stilJ unconclusive. 

3. Cryo·extraction of cataraet is a brilliant achievement. It has definitely 
impo~ed it5eH as the the best procedurc to those wishing to improve their 
statisties of total extraction. 

Tumescent eataracts, those with degenerated or extramely thin capsules, as 
well as subluxated cataracts, either hypermature or not, find in the eryo-extractor 
teehnique a procedure apt to sccure nearl )' cent per eent oí intracapsular 
extractions. 
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5. Cryo·therapy of Herpelic keratilis is anothcr great field opened to the 
new lechnique. Our expcrience wilh 25 cases (87 % of good results) have 
convinced us of ils eflectiyencss. 

SUMMARY 

The Cold in the Surgery 01 the Len., 

The Aulhor analyses Ihe advanlagc!i of the use of low lemperatu re in surgery, 
especially in Ophlhalmology. Based on his pe~onal experience, already wide 
enough (970 cases), he ackllowledges to be an enthusiast of the intracapsular 
extractioll of Ihe cataract th rough th e Freezing method. He uses the Krwawicz's 
cryo.extractor with personal rnodirications, and underlines the ayantages of such 

a method oyer those req uiring tweczcrs and cupping·glases, in case if hypermature, 
Morganian, and subluxatcd eatafacls, as wel! as those wi th degenerated capsu~es 

his slalisl ics record , up lo now, 97% of intracapsular extraclions, whieh ind ude 

lhe cases lhat permitted hirn lo gel acquainled with Ihe melhod. 
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