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Purpose
Pha co emul si fi ca tion with the use of cry stal li ne lens is cur ren tly 

the me thod of cho ice in ca ta ract sur ge ry. 
De ve lop ment has be en to ward less trau ma tic sur ge ry which 

le ads it self to mo re ra pid vi su al re co ve ry. The pur su it of per fec tion 
in sur gi cal tech ni qu es led to the cre ation of la ser -b ased lens extrac-
tion sys tems, which ena ble lens extrac tion thro ugh a 1 mm in ci sion 
(1,2). This me thod did not be co me wi de ly ac cep ted until re cen tly, 
per haps due to the dif fi cul ties in vo lved in at temp ting to re mo ve 
ve ry hard nuc lei with this tech ni que (3). 

In the last few years ul tra so und pha co emul si fi ca tion al so ena-
bled lens extrac tion thro ugh an in ci sion of less than 2.00 mm (4). 
As a re sult of the chan ges in pha co emul si fi ca tion pa ra me ters it 
be ca me po ssi ble to emul si fy the nuc leus with a sle eve less pha co tip 
wi tho ut cau sing wo und burn. The in tro duc tion of fol da ble in tra ocu-
lar len ses that fit in to such small in ci sions are a si gni fi cant com po-
nent of this me thod. 

The pur po se of this pa per is to pre sent our tech ni que and our 
pre li mi na ry re sults on pha co emul si fi ca tion per for med thro ugh two 
19 gau ge pa ra cen te ses. 

Materialandmethods
This pro spec ti ve stu dy com pri sed 15 con se cu ti ve pa tients (ten 

wo men, 5 men) tre ated by one sur ge on. Ca ta racts we re dia gno sed 
in 15 ey es. Bi ma nu al pha co emul si fi ca tion thro ugh two pa ra cen te-
ses was per for med in each of the 15 ey es. The sur gi cal tech ni que 
was si mi lar to that de scri bed by Tsu ne oka et al. (4). Lo cal ane sthe sia 

was used in all ca ses. At the be gin ning of the sur ge ry two pa ra cen-
te ses we re ma de with a 19 gau ge mi cro vi tre ore ti nal ka ra to me. 
Then the an te rior cham ber was fil led with vi sco ela stic sub stan ce 
and con ti nu ous cu rvi li ne ar cap su lor he xis was cre ated with a bent -
tip ne edle, thro ugh one of the pa ra cen te ses. This was fol lo wed by 
hy dro dis sec tion and hy dro de li ne ation. Next bi ma nu al ca ta ract pha-
co emul si fi ca tion was per for med. A sle eve less pha co emul si fi ca tion 
cut ter was in ser ted tho ugh one pa ra cen te ses, and a „chop per” with 
in fu sion was in ser ted thro ugh the se cond. All sur ge ries we re per for-
med with OS 3 pro du ced by Oer tli. 

The fol lo wing pa ra me ters we re em ploy ed: ul tra so und po wer: 
40%, ma xi mum aspi ra tion pres su re: 250 mmHg, flow ra te: 18-24 
ml/min, length of ul tra so und pul se: 12 ms (pul se ra te 8/sec, US-pu-
ls e- ratio 10%). 

After suc cess ful pha co emul si fi ca tion of the nuc leus, bi ma nu al aspi-
ra tion of re si du al cor tex was per for med. Sub se qu en tly the an te rior 
cham ber was fil led with vi sco ela stic ma te rial and a fol da ble soft acry lic 
lens („Acri -Smart”) with an optic dia me ter of 5.5 mm was in jec ted in to 
the cap su lar bag. The in jec tor was pres sed aga inst the in ci sion, but was 
not in tro du ced in to the an te rior cham ber. Just be fo re lo ading of the soft 
acry lic lens, the ul tra -small in ci sion was en lar ged to 1.8 mm. The 
ma neu ver used when in tro du cing the lens is shown in fi gu re 1. 

Fi nal ly, vi sco ela stic sub stan ce was re mo ved from the an te rior 
cham ber by stro mal hy dra tion of the in ci sion. The to tal ti me of 
ul tra so und use was cal cu la ted for each pa tient. 

Fol lo w-up la sted at le ast 3 mon ths. All pa tients we re mo ni to red 
one day after sur ge ry, then one we ek la ter, and after one, three and 
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six mon ths. The in flam ma tion ra te, cor ne al ede ma and best cor rec-
ted vi su al acu ity we re re cor ded. 

For com pa ri son a gro up of 25 con se cu ti ve pa tients (17 wo men, 
8 men) was cre ated. The se pa tients we re tre ated with co nven tio nal 
pha co emul si fi ca tion thro ugh a cle ar cor ne al in ci sion 2.5-4.00 mm 
wi de. The in tra ocu lar lens was either in jec ted in to the eye (12/25 
ey es) or in tro du ced with the help of a pin cet te. 

All pa tients had cor ne al astig ma tism me asu red be fo re sur ge ry, 
then one we ek and three mon ths after sur ge ry. The me asu re ments 
we re per for med with ke ra to me ter KM 500 pro du ced by Ni dek. The 
in du ced astig ma tism ana ly sis was ba sed on si nus and co si nus law 
de scri bed by Nay lor and by de com po si tion law de scri bed by Na es-
ser and mo di fied by Ol son. 

Results
The me an age in the tre ated gro up was 63 years (ran ge 45 to 89 

years) and in the con trol gro up 64 years (ran ge from 49 to 92 years). 
No se rio us com pli ca tions ap pe ared. The best cor rec ted vi su al 

acu ity me asu red one we ek after sur ge ry was 0.88 (0.6-1.0). In the 
con trol gro up the best cor rec ted vi su al acu ity was 0.66 (0.4-1.0). 

The in du ced astig ma tism one we ek after sur ge ry was 0.39 Dpt 
(0.17-0.57 Dpt) and 0.28 Dpt three mon ths after sur ge ry by 
pa tients by whom bi ma nu al pha co emul si fi ca tion was per for med. In 
the con trol gro up the in du ced astig ma tism one we ek after sur ge ry 
was 0.76 Dpt (0.12-1.6 Dpt) and three mon ths after sur ge ry 0.68 in 
the gro up with in tra ocu lar lens in tro du ced with an in jec tor and 1.29 
Dpt (0.01-2.37 Dpt) in the gro up with in tra ocu lar lens in tro du ced 
with pin cers and three mon ths after sur ge ry 0.88 Dpt. 

No sta ti sti cal ly si gni fi cant chan ges in cor ne al cu rva tu re we re 
ob se rved du ring the 3 mon ths pe riod in the tre ated gro up. 

The ana ly sis of to tal ul tra so und usa ge ti me was in the tre ated 
gro up 3.7 sec (0.6-9.5 sec) and 31.4 sec (13-62 sec) in the con trol 
gro up. 

In flam ma tion was ob se rved in ne ither ca se. Cle ar cor ne al in ci sion did 
not le ak thro ugh the ob se rva tion ti me. Wo und burn was not ob se rved. 

Discussion
The de ve lop ment in ca ta ract sur ge ry over the past de ca de ena-

bled lens extrac tion thro ugh an in ci sion smal ler than 2.0 mm. The 
most com mon com pli ca tion after this ty pe of sur ge ry used to be 
wo und burn, which co uld cau se astig ma tism or in flam ma tion. To 
re du ce this ty pe of si de ef fect so me sur ge ons tried to use dif fe rent 
tip ty pes and tried dif fe rent po si tions of the tip in the in ci sion, from 
which the cen tral po si tion ob se rved to be the le ast in va si ve (5). 
Others pro po sed en lar ging the in ci sion 1 gau ge when com pa red 
with the pha co tip (6,7) or using an er bium: YAG la ser (8). It was 
al so pro po sed that in fu sion so lu tion co uld be used to di sper se the 
he at (3,9). Fi nal ly it was shown that per for ming pha co emul si fi ca-
tion in pul se mo de can so lve this pro blem (9). Ano ther com pli ca-
tion con nec ted with bi ma nu al pha co emul si fi ca tion was de sta bi li-
za tion of the an te rior cham ber, but this can be re so lved with 
in cre ased pres su re in the in fu sion li ne or thin wal led tu bing in the 
ir ri ga ting chop per (14). So scia and co wor kers ha ve pro ven in expe-
ri men tal work that this me thod is sa fe and do es not cau se si gni fi-
cant in cre ases in tem pe ra tu re in the an te rior cham ber. They used 
the Whi te Star pha co emul si fi ca tor So ve re ign pro du ced by Al ler gan 
(10,11,12,13). Bra ga -M ele and co wor kers con fir med this da ta 
using the ma chi ne Mil le nium pro du ced by Bausch and Lomb Sur gi-
cal. Al so cli ni cal pa pers pu bli shed in the last few years de scri be 
smal l-i nc ision bi ma nu al pha co emul si fi ca tion as an use ful tech ni-
que. The first trials of this tech ni que we re per for med by Ha ra and 
Ha ra in 1984 (14). This me thod was in tro du ced in to cli ni cal prac ti-
ce on a wi der sca le by Aga rval and co wor kers (15) thro ugh an 0.9 
mm in ci sion and Tsu ne oka and co wor kers (2001, 2002) thro ugh an 
1.4 mm (19 g) in ci sion (16,17). A li mi ting fac tor in the fur ther 
im pro ve ment of bi ma nu al pha co emul si fi ca tion was the lack of len-
ses that wo uld fit in to such small in ci sions. Tsu ne oka en lar ged the 
in ci sion to 4.1 mm be fo re im plan ting a fol da ble soft acry lic lens. In 
his next pa per he de scri bed an im pro ve ment of this me thod, that 
ena bled in tra ocu lar lens im plan ta tion thro ugh a 2.2 mm in ci sion 
(18). Our pre li mi na ry re sults con firm the da ta ob ta ined by other 
au thors. Pha co emul si fi ca tion of the lens is po ssi ble thro ugh an 1.4 
mm in ci sion Acri Smart len ses are an im por tant com po nent of this 
me thod and po ssi ble to in ject thro ugh an in ci sion of less than 2.00 
mm. It ena bles fur ther re duc tion of in du ced astig ma tism. It se ems 
al so of gre at im por tan ce that the pul se mo de of ul tra so und used 
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Ryc. 1. Usu wa nie so czew ki po przez fa ko emul sy fi ka cję przez dwa wej ścia 
do oka. 

Fig. 1. Pha co emul si fi ca tion thro ugh two pa ra cen te sis. 

Ryc. 2. Wpro wa dze nie zwi jal nej so czew ki we wnątrz gał ko wej przez cię cie 
o sze ro ko ści 1,8 mm. 

Fig. 2. Implantation of foldable in tra ocu lar lens thro ugh a 1.8 mm in ci sion.
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re du ces the to tal ul tra so und use ti me, as pre vio usly sta ted by 
Ba do za and co wor kers (19). This re du ces such a se rio us com pli ca-
tion as wo und burn. Ano ther ad van ta ge of bi ma nu al mi cro pha co-
emul si fi ca tion over stan dard pha co emul si fi ca tion is a sta ble an te-
rior cham ber, ob ta ined by mi cro in ci sions, thro ugh which it was 
im pos si ble for vi sco ela stic ma te rial to le ave the eye. Ho we ver, it is 
al so mo re dif fi cult for flu ids to en ter the eye, be cau se 20-ga uge 
ir ri ga ting chop pers li mit flu id in flow. This di sa dvan ta ge can be 
easi ly mi ni mi zed by ma xi mi zing the in fu sion and pla cing the in fu-
sion bot tle on a se pa ra te in tra ve no us po le set as high as po ssi ble 
(20). It is a go od re so lu tion if the sur ge on wants to work at high 
aspi ra tion. Re cen tly an aspi ra tion flow -r estri cting me thod was 
de scri bed, which per mits to work on lo wer va cu um set tings as well 
(Sta ar Cru ise Con trol De vi ce) (21). The third ad van ta ge de scri bed 
pre vio usly by Brau we iler (22) is the po ssi bi li ty to re mo ve sub in ci-
sio nal cor tex easi ly. It can be ob ta ined by swit ching the en tran ce 
in ci sions for ir ri ga tion/ aspi ra tion. 

It se ems that the ma jor pro blem con cer ning small in ci sion pha co-
emul si fi ca tion is the lens si ze. It is still ne ces sa ry to en lar ge the ul tra -
small in ci sion just be fo re lens in tro duc tion. Per haps tech no lo gi cal 
ad van ces in the ne ar fu tu re will ena ble pro duc tion of in tra ocu lar 
len ses that wo uld fit thro ugh in ci sion of less than 1.2 mm. For exam-
ple Cal ho un Vi sion is de ve lo ping in jec ta ble po ly mer len ses (23). 

In conc lu sion it must be sa id that this tech ni que se ems to be 
use ful and in vo lves less com pli ca tions than co nven tio nal pha co-
emul si fi ca tion. It co uld be a de ve lop men tal fac tor in fu tu re ca ta ract 
sur ge ry. 
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