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Introduction
Today cataract surgery with the implantation of a multifo-

cal IOLs can be also refractive procedure designed to patients 
who want to be spectacle independent. Multifocal IOLs are 
thought to engage the simultaneous vision principle in which 
separate near and distance images are superimposed on the 
retina. The brain selects the image it wants to see. However, 
the patients with multifocal IOLs have to accept the visual side 
effects that may occur like halo and glare, especially at night. 
Multifocal IOLs provide good uncorrected visual acuity for all 
distances, they are better than monofocal IOLs and presbyopic 
human lens. In 1997 FDA approved the Array SA40N refractive, 
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Summary: Purpose: To evaluate the visual outcome, spectacles independence, contrast sensitivity (CS), subjective symptoms, patient sa-
tisfaction and complications three and 12 months after cataract surgery with bilateral ReZoom multifocal refractive intraocular 
lens (IOL) implantation.

 Patients and methods: This study comprised 40 eyes of selected 20 patients who had uneventful cataract surgery with bilateral 
implantation of ReZoom (AMO) multifocal IOL. Three and 12 months after bilateral surgery binocular uncorrected, the best cor-
rected distance, near and uncorrected intermediate visual acuities (VA), spectacle independence, the best corrected binocular 
distance (with and without glare), near photopic CS, subjective symptoms, patient satisfaction and complications were evalu-
ated.

 Results: Three and 12 months after surgery all patients had binocular uncorrected distance visual acuity (VA) of 0.5 or better; 
the best corrected distance VA was 1.0 in all cases. Three months after surgery, the mean binocular uncorrected intermediate 
VA was J4.10. The mean binocular uncorrected and the best corrected near VA were J3.10 and J1.70 respectively.

 Total spectacle independence and independence for distance, intermediate and near vision were achieved in 65%, 100%, 95% 
and 70% of patients respectively. The best corrected binocular distance and near CS were within normal limits. The most frequ-
ent subjective symptoms were mild glare and halo (65% – 13/20 of patients).Total vision satisfaction was very high (9.6/ 10). 
There were no postoperative complications.

 One year after surgery, statistically significant improvement occurred in the best distance corrected near VA (p<0.04), pho-
topic distance best corrected CS without glare for 12 cycl/deg (p<0.03) and in the level perception of glare/halo (p<0.02) in 
comparison to the results from 3 months follow-up. The rest of analyzed parameters was unchanged. No complications were 
noticed except posterior capsule opacification in four patients one year after surgery who needed YAG laser treatment.

 Conclusion: Bilateral ReZoom multifocal IOL implantation was effective in selected cataract patients, providing very good uncor-
rected distance, intermediate, and near visual acuities as well as very high level of patient satisfaction.

 Longer than three months of the neuroadaptation time after bilateral surgery is necessary to obtain significantly better visual 
function results.

Słowa kluczowe: operacja zaćmy, ReZoom IOL implantacja, funkcja wzroku, objawy subiektywne, zadowolenie pacjentów, powikłania.
Key words: cataract surgery, ReZoom IOL implantation, visual outcome, subjective symptoms, patient satisfaction, complications. 

PRACE ORYGINALNE

multifocal IOl which opened a new area in the field of cataract 
surgery and presbyopic correction. Numerous studies’ results 
and also our experiences (1,2,3) have demonstrated safety and 
effectiveness of the Array IOl in correcting vision for different 
distances. In 2005 year FDA approved a second-generation 
multifocal, refractive IOL – ReZoom (Advanced Medical Optics). 
The refractive surface is based on the hydrophobic acrylic plat-
form incorporating the OptiEdge design. The ReZoom (6 mm 
optics diameter) is a three-piece, distance dominant and zonal-
progressive lens with wide range of diopters power ranging 
from +6.0 D to +30.0 D. The five concentric, refractive zones 
provide multifocal vision: zones 1,3,5 are distance dominant; 
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zones 2 and 4 are near dominant, and an aspheric transition be-
tween zones provides balanced intermediate vision. When com-
pared with the Array IOL, the distance and near zone areas of the 
Rezoom IOL have been modified to decrease unwanted halos in 
low light conditions without affecting good distance and near vi-
sion (4). One of the important issue of multifocal IOL implantation 
is neural adaptation for patients to adapt to changes in the opti-
cal component of the visual system. The longer phase of neural 
adaptation that can take from several moths to a year has been 
demonstrated in trials of aspheric versus spherical IOLs, multifo-
cal IOls and refractive corneal surgery (5-9). In those studies, the 
patient satisfaction level was much better at the end of 1 year 
than a few weeks after surgery, even though there has been no 
optical change during this period. Optimal neural adaptation time 
necessary for receiving the best visual function results after bi-
lateral ReZoom lenses implantation is not known. That is why 
the goal of our study was to evaluate and compare the visual 
outcome, spectacle independence, contrast sensitivity, subjec-
tive symptoms, patient satisfaction and complications three and 
twelve months after cataract surgery with bilateral ReZoom mul-
tifocal refractive intraocular lens implantation.

Patients and methods
Forty eyes of selected 20 patients (women/ men – 8/12; 

mean age 57.9 ± 7.8 years; mean of the best corrected distance 
visual acuity – 0.7±0.3; mean of spherical equivalent (SE) – 
-0.3 D ± 1.2 D) undergoing uneventful cataract (mean LOCS III 
NO3, NC3) surgery with bilateral implantation of ReZoom (model 
NXG1) multifocal IOL. The second eye was operated 4 weeks af-
ter first one. Inclusion criteria were: range of age 40-70 years, 
bilateral cataract, preoperative keratometric cylinder less than 
1.0 D, no preexisting pathology other than cataract, no myopia 
and patient’s motivation for spectacle independence. The target 
refraction was emmetropia or low hyperopia (0 to +0.25 D). 
Lens power was assess with ultrasound or IOL Master. For IOL 
power calculation the SRK/ T or Hoffer Q were used.

Surgical technique
Cataract surgery (divide and conquer or phacoaspiration 

technique for lens extraction) was performed by one surgeon in 
topical anesthesia (Alcaine) through temporal, clear corneal in-
cision (2.8-3.0 mm). Capsulorhexis diameter was approximately 
5 mm. Multifocal ReZoom IOL was implanted using an unfolder 
into the capsular bag.

Outcome measures
Three months and one year after binocular cataract surgery 

with ReZoom implantation ophthalmological evaluation was 
performed including: binocular uncorrected and best corrected 
distance VA, binocular uncorrected intermediate (60 cm) VA, 
binocular uncorrected and distance corrected near visual acuity 
at 30 cm (UCDVA, BCDVA – Snellen Chart; UCIVA, and UCNVA, 
BCNVA – Jaeger Chart) and complications. Photopic (an illumi-
nation of 85 cd/ m²), binocular, best distance corrected contrast 
sensitivity (with and without glare) was measured with spatial 
frequencies 3, 6, 12, and 18 cycles per degree (CSV-1000 test, 
VectorVision). Absolute values of log contrast sensitivity were 
obtained for each patient, and the spatial frequency and means 

and standard deviations were calculated. Patients were asked 
to grade spectacle independence, subjective symptoms and vi-
sual satisfaction.

Patient’s satisfaction was assessed using a subjective TyPE 
questionnaire (10).

Statistical analysis
Statistical analysis of the results was performed using Sta-

tistica software. The visual acuity, contrast sensitivity, post-
operative refraction and patient’s satisfaction results 3 and 
12 months after surgery were compared using Wilcoxon test. 
A p value less than 0.05 was considered statistically significant.

Results
Three and one year after surgery, the mean spherical equiv-

alent was +0.20 D ± 0.50 D and +0.20 D ± 0.40 D, respec-
tively. This difference was not statistically significant.

Distance vision
Three months postoperatively, the mean binocular uncor-

rected distance visual acuity (UCDVA) was 0.97 ± 0.10 ( range 
0.5-1.0). Binocular UCDVA of 1.0 (20/20) was achieved in 85% 
of patients, 0.8 (20/25) or better in 100% patients.

One year after surgery, the mean binocular UCDVA was 0.94 
± 0.14 (range 0.6-1.0) and this value did not differ significantly 
from binocular UCDVA three months postoperatively (Fig. 1).

Three months postoperatively, the mean binocular best cor-
rected distance visual acuity (BCDVA) was 1.0 ± 0.00. All pa-
tients achieved BCDVA of 1.0 (20/20) which continued up to 
twelve months after surgery.

Near vision
Three months after surgery, the mean binocular uncorrected 

near visual acuity (UCNVA) was J3.10 ± 2.50 (range J10-J1). 
Binocular UCNVA of J1 or better was achieved in 45%, of J2 or 
better in 65% and of J4 or better in 75% of patients. All patients 
had UCNVA of J10 or better.

Fig. 1. Distance uncorrected and the best corrected binocular visual 
acuity 3 and 12 months after surgery (n = 20 patients).

Ryc. 1. Nieskorygowana i najlepiej skorygowana obuoczna ostrość 
wzroku do dali 3 miesiące i 12 miesięcy po operacji (n = 20 
pacjentów).
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One year after surgery, the mean binocular UCNVA was 
J2.20 ± 2.14 (range J8-J1) and was better in comparison to 
3 months follow-up result (J2.20 ± 2.14 versus J3.10 ± 2.50), 
albeit this difference was not statistically significant (Fig. 2).

Three months postoperatively, the mean binocular distance 
corrected near visual acuity (DCNVA) was J1.70 ± 1.16 (range 
J6-J1). Binocular DCNVA of J1 or better was achieved in 60%, of 
J2 or better in 85%. All patients had DCNVA of J4 or better.

One year after surgery, the mean DCNVA was J1.15 ± 0.37 
(range J2-J1) and was significantly better in comparison to three 
months follow-up result (J1.15 ± 0.37 versus J1.70 ± 1.16; 
p<0.037) (Fig. 2). Binocular DCNVA of J1 was achieved in 85% 
of patients. All patients had DCNVA of J2 or better.

Intermediate vision
Three months after surgery, the mean binocular uncorrected 

intermediate visual acuity (UCIVA) was J4.8 ± 2.45 (range 
J10-J1). Binocular UCIVA of J2 (20/25) or better was achieved 
in 30% of patient, of J4 (20/32) or better in 50%, J6 (20/40) or 
better in 80%. No patients had uncorrected intermediate acuity 
worse than J10.

One year after surgery, the mean binocular UCIVA was 
J4.4 ± 2.39 (range J10-J1) and was better in comparison to 
3 month follow-up result (J4.4 ± 2.39 versus J4.8 ± 2.45) but 
this difference was not statistically significant (Fig. 3).

Spectacle independence
Three months after surgery, all patients (20/20) were spec-

tacle independent for distance vision, 95% (19/20) for interme-
diate vision, 70% (14/20) for near vision. On the survey, 65% 
(13/20) patients did not wear spectacles for regular daily activi-
ties. Twelve months after surgery, level of spectacle indepen-
dence was the same (Fig. 4).

Contrast sensitivity
Three and 12 months after surgery, mean of binocular photopic 

CS for distance (with and without glare) was between normal li - 
mits in comparison to normal population in age of 50-75 years (11).

One year postoperatively, the mean of the best corrected 
binocular distance photopic CS without glare was significantly 
better at 12 cpd (1.71 ± 0.12 versus 1.83 ± 0.12; p<0.026). At 
3, 6 and 18 cpd contrast sensitivity 3 and 12 months postope- 
 ratively did not differ significantly (Tab. I).

Fig. 2. Uncorrected and the best distance corrected binocular near 
visual acuity 3 and 12 months after surgery (n = 20 patients).

Ryc. 2. Nieskorygowana i najlepiej skorygowana obuoczna ostrość 
wzroku do bliży 3 miesiące i 12 miesięcy po operacji (n = 20 
pacjentów).

Fig. 3. Uncorrected binocular intermediate visual acuity 3 and 
12 months after surgery (n = 20 patients).

Ryc. 3. Nieskorygowana obuoczna pośrednia ostrość wzroku 3 mie-
siące i 12 miesięcy po operacji (n = 20 pacjentów).

Fig. 4. Spectacle independence 3 and 12 months after surgery 
(n = 20 patients).

Ryc. 4. Niezależność od okularów 3 miesiące i 12 miesięcy po opera-
cji (n = 20 pacjentów).

Spatial frequency (cpd) 
(mean + SD)/
Częstotliwość 

przestrzenna (cykli na 
stopień) (średnia ± SD) 

 3 months 
postoperati-

vely/
3 miesiące 
po operacji

 12 months 
postoperati-

vely/
12 miesięcy 
po operacji

 p (Wilcoxon test) 
p/ (test Wilcoxona) 

3 1.96 + 0.12 1.93 + 0.08 p = NS

6 2.07 + 0.14 2.15 + 0.07 p = 0.049 (NS)

12 1.71 + 0.12 1.83 + 0.12 P = 0.026

18 1.23 + 0.17 1.13 + 0.16 P = NS

Tab. I. Comparison of the mean best corrected binocular distance 
photopic contrast sensitivity without glare 3 and 12 months 
after surgery (n = 20 patients).

Tab. I. Porównanie średniej najlepiej skorygowanej obuocznej fotopo-
wej czułości kontrastowej do dali bez olśnienia 3 miesiące i 12 
miesięcy po operacji (n = 20 pacjentów).
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Three and 12 months after surgery, the mean of the best 
corrected binocular distance photopic CS with glare were not 
altered (Tab. II).

Subjective symptoms
Glare
In the one year follow-up, the frequency of patients without 

glare was almost the same in comparison to the three months 
after surgery 75% (15/20) versus 70% (14/20). Severe glare was 
not observed. One year after surgery, improvement in glare se-
verity perception was detected. There was no moderate glare. 
In one patient moderate glare completely disappeared, in two 
subsequent patients moderate glare was reduced to mild glare.

Halo
One year after surgery reduction in perception of halo was 

seen. No halo reported 40% (8/20) of patients and this result 
was better in comparison to 3 months after surgery 20% (4/20) 
of patients. One year postoperatively there was no severe halo 
and the frequency of moderate halo was reduced in comparison 
to three months postoperatively – 5% (1/20) versus 25% (5/20) 
of patients. In two patient moderate halo was reduced to mild 
halo; in one subsequent patient moderate halo disappeared.

Twelve months after surgery, reduction of work difficulties con-
nected with glare/ halo was observed in comparison to 3 months 
follow-up (0.35 ± 0.49 versus 0.60 ± 0.82), albeit this difference 
was not statistically significant. One year postoperatively statisti-
cally significant reduction of the glare/ halo level perception was 
obtained (0.75 ± 0.55 versus 1.40 ± 0.99; p<0.018). What is 
worth to note, the level perception of glare/ halo as well as work 
difficulties connected with glare/halo were low.

Patient Satisfaction
One year after surgery total vision satisfaction was very high 

and did not differ significantly from those seen 3 months after sur-
gery (9.65 ± 0.58 versus 9.60 ± 0.82; p = NS). Satisfaction from 
distance and near vision as well as work difficulties in the near and 
distance 3 and 12 months after surgery were on the same levels.

Complications
Three months after surgery there was no postoperative 

complications. One year postoperatively, the only complication 
was significant posterior capsule opacification (PCO) in 4 pa-
tients treated successfully by Nd: YAG capsulotomy.

Discussion
Our experiences with bilateral ReZoom IOL implantation 

suggest that this procedure is effective and safe in selected 
cataract patients, providing good or very good vision at all dis-
tances, a high patients satisfaction and low complication rate 
what is consistent with data from other studies (12-16).

Much less is known about optimal neural adaptation time 
necessary for receiving the best visual function results after bi-
lateral multifocal lenses implantation.

The results of the study performed by Goes F. (17) suggest 
that neural adaptation in majority of patients occurs within the first 
6 weeks after surgery, some may require more than 3 months. 
Some patients continues to improve distance, intermediate and 
near vision for at least 6 month after multifocal IOl implantation. 
A minority of patients (less than 5%) never adapt. Another stu dies 
indicate that reasonable adaptation time to multifocal IOLs may 
take up to one year (18). Knowledge about optimal neuroadapta-
tion time after multifocal IOL implantation is very important from 
clinical point of view. The patients should know, when they can 
expect reduction or disappearance of photic phenomena, surgeons 
should know when to suggest explantation of the multifocal IOL.

That is why the goal of our study was to determine a pos-
sible changes in visual function between 3 and 12 months after 
cataract surgery with multifocal ReZoom IOL implantation.

Twelve months postoperatively, we did not observe signifi-
cant changes in binocular UCDVA, BCDVA, UCNVA, UCIVA and 
spectacle independence in comparison to 3 months follow-up 
(Fig. 1-4). Significant difference was found when we com-
pared results of binocular DCNVA. One year after surgery sig-
nificant improvement of binocular DCNVA (Fig. 2) was achieved 
(p<0.037) in comparison to the results 3 months after surgery.

One year after surgery, total vision satisfaction was un-
changed but decrease of frequency and severity of unwanted 
subjective symptoms were obtained (perception level of glare/ 
halo and work difficulties connected with glare/ halo) in com-
parison to 3 months follow-up.

When we analysed binocular photopic distance contrast 
sensitivity with and without glare (Tables I, II), twelve months 
postoperatively significant improvement was obtained only for 
the binocular BCDVA without glare for 12cpd. The other parame - 
ters of CS were not altered.

One year postoperatively, the only complication was mild 
posterior capsule opacification in 4 patients which was a cause 
of the quality of vision reduction (hazy vision). We decided 
to perform Nd: YAG capsulotomy because we knew that our 
patients were initially happier with their vision. The PCO was 
treated successfully by Nd: YAG capsulotomy. YAG laser capsu-
lotomy may need to be performed much earlier in patients with 
multifocal IOLs because of the specialized optics.

Summarising our results, the improvement of visual func-
tion (especially better near vision and reduced frequency and 
level of glare/ halo) was detected 12 months after bilateral Re-
Zoom implantation in comparison to 3 months – follow-up.

Probably, the main cause of this improvement is neural adap- 
 tation which takes more than 3 months for patients with Re-
Zoom IOls implantation.

The neural adaptation is a process that take place as the 
brain adapts over time to changes in the visual information be-

Spatial frequency (cpd) 
(mean + SD)/

Częstotliwość prze-
strze nna (cykli na 

stopień) (średnia ± SD)

3 months 
postoperati-

vely/
3 miesiące 
po operacji

12 months 
postoperati-

vely/
12 miesiące 
po operacji

 p (Wilcoxon test)/ 
p (test Wilcoxona)

3 1.75 + 0.17 1.78 + 0.09 p = NS

6 1.92 + 0.12 1.92 + 0.09 p = NS

12 1.55 + 0.19 1.55 + 0.11 p = NS 

18 1.11 + 0.20 0.99 + 0.15 p = NS

Tab. II. Comparison of the mean best corrected binocular distance 
photopic contrast sensitivity with glare 3 and 12 months after 
surgery (n = 20 patients)

Tab. II. Porównanie średniej najlepiej skorygowanej obuocznej foto-
powej czułości kontrastowej do dali z olśnieniem 3 miesiące 
i 12 miesięcy po operacji (n = 20 pacjentów).
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ing supplied by the eye’s optical component. The main role in 
neural adaptation plays the ‘software’ localized in the occipital 
cortex of the human brain which works as the best image en-
hancing-computer. Neural adaptation allows patients to detect 
higher quality images than we can expect from multifocal IOLs.

The mechanism involved in the neuroadaptation to MIOLs hve 
not been adequately studied. There is no understanding of the ad-
aptation processes that occur possibly due to the change in refrac-
tive needs in pseudophakes. Neuroplasticty is known to occur with 
changes in synapses (synaptogenesis) and neuronal connections 
as well as by the generation of the new nerve cells (neurogenesis) 
(19). The dopaminergic systems in the brain hs been shown to 
play important role in the neuroadaptation process (20).

There are two types of temporal neural adaptation: quick 
phase (few seconds or minutes) and longer phase lasting from 
several months to a year. The longer phase of neural adapta-
tion has been demonstrated in trials of aspheric versus spheri-
cal IOLs, multifocal IOls and refractive corneal surgery (5-9). In 
these studies, the patients’ satisfaction level was much better 
at the end of 1 year than in few weeks after surgery. Com-
plaints of halos, glare and dysphotopsia were common in the 
early postoperative period. By the end of the year the majority 
of the patients with multifocal IOls were happy with their vision 
and were adapted to new optical conditions.

Those observations are in agreement with the results ob-
tained in our study which suggest that neuroadaptation time 
longer than several months after bilateral ReZoom IOL implanta-
tion is necessary to obtain significantly better visual function 
results.

Patients satisfaction with multifocal IOLs is difficult to pre-
dict. Assessing personality traits, expectations, exclusion of pa-
tients with eyes disease other than cataract, and signs of early 
memory impairment or neurologic disease may be beneficial in 
obtaining desired outcomes.

Total spectacle independence in patients with multifocal 
IOLs implantation may be achieved with advanced technology 
of these lenses and with further better understanding of neural 
adaptation process as well. Discovery of the objective methods 
of neural adaptation measurement is necessary for appropriate 
patients’ selection for multifocal IOL implantation.
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