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ABSTRACT

Advanced technology or premium intraocular lenses  have been
developed to meet the patient expectations of perfect distance
and near vision without the need for spectacles. Careful patient
selection is critical when implanting these implants. This brief
review focusses mainly on multifocal and toric IOLs and their
application and limitations in patients with glaucoma.
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INTRODUCTION

All of us would have come across patients with glaucoma
complaining of decreased vision. On visual acuity
assessment, some have reduced vision while some may have
excellent visual acuity, sometimes even 20/20.

Studies have shown that, although these patients may
have good visual acuity, their complaints are genuine, as
they often have decreased contrast sensitivity—an important
visual function for day-to-day activities.1,2

Contrast sensitivity is the ability to detect differences
between shades of light and dark and discern sharp edges.
Evidence reveals that decreased contrast sensitivity is
correlated with visual field loss in patients with glaucoma
and the disease affects contrast sensitivity preferentially as
compared with visual acuity.1

These days’ patients with glaucoma, just like their
nonglaucoma friends and folks, have growing expectations
for a full range of vision and decreased dependence on
glasses after cataract surgery.

What Happens with the Aging of the Lens?

The decrease in visual acuity and contrast sensitivity that
occurs with age is partially caused by changes in the lens
related to increased wavefront aberration. In youth, the lens
balances for the positive spherical corneal aberration by
inducing negative spherical aberration; however, as the
senility creeps over the lens, this decreases until the point
when the lens itself also produces positive spherical
aberration. It has been hypothesized that an IOL that would
correct for corneal spherical aberration would increase
contrast sensitivity in the pseudophakic eye.

Is There a Solution?

Potential of an intraocular implant to affect contrast
sensitivity, scotopic/mesopic vision, visual field testing, and
structural imaging, as well as for anatomic features relevant
to glaucoma patients, such as small pupils and capsular and
zonular issues, to affect vision outcomes must be taken into
account when choosing an IOL.

Great advancements have taken place in the field of
cataract surgery and intraocular implants in the past few
decades. Traditional IOLs are spherical and monofocal. The
newer ‘premium IOLs’; aspheric, multifocal, accommo-
dating and toric lenses offer an edge over the traditional
ones.

There is currently a paucity of scientific literature as
regards multifocal and newer accommodative IOLs in
patients with concurrent ocular disease and patients with
glaucoma.

How Premium IOLs may help Contrast
Sensitivity in a Glaucomatous Eye?

These lenses reduce spherical aberrations, and thus, decrease
the glare, halos, and other optical phenomena that give rise
to patients’ complaints. Moreover, these IOLs have been
shown to increase contrast sensitivity in patients in which
they were implanted. This situation may be of special
importance in patients with glaucoma, as they are already
suffering from decreased contrast sensitivity.

Aspheric IOLs: A number of studies have shown that
aspheric IOLs improve both mesopic and scotopic contrast
sensitivity,3-12 whereas some studies have shown
improvement only in contrast sensitivity under mesopic
conditions,13-15 and still others have shown no improvement
in contrast sensitivity,16,17 although some only evaluated
patients under scotopic conditions.18

Blue-filtering IOLs: The impact of blue-filtering IOLs on
contrast sensitivity has been variably reported to have shown
no difference in contrast sensitivity,19-21 to a subjective
increase in contrast perception.22 Another study revealed
an increase in contrast sensitivity in patients with diabetes;23

while others have reported an improvement at the lower
spatial frequencies24 and at the middle spatial frequencies.25

Multifocal IOLs: Multifocal IOLs (MFIOLs), on the other
hand, cause a decrease in contrast sensitivity which is worse
for near as compared to distance. The mesopic contrast
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sensitivity is worse than photopic, and the loss is greater at
higher vs lower spatial frequencies following multifocal IOL
implantation. This decrease in contrast sensitivity is
considered to be more so with refractive than diffractive
IOLs.

Patients implanted with the AcrySof ReSTOR26,27

(Alcon Laboratories, Fort Worth, Texas, USA) vs the
AcrySof SA60AT (Alcon Laboratories) were reported to
have a statistically lower monocular photopic contrast
sensitivity. ReSTOR, ReZoom (Abbott Medical Optics,
Santa Ana, California, USA) and Tecnis lenses all slightly
decreased contrast sensitivity.28 The Array multifocal IOL
(Abbott Medical Optics) has been associated with reduced
contrast sensitivity at low contrast levels.29,30

All of these analyses were performed with the previous
generation of spherical multifocal IOLs and with the advent
of aspheric multifocal IOLs; some of the loss of contrast
sensitivity may be mitigated.

Despite this, the use of multifocal IOLs in patients of
glaucoma must be with extreme caution. These lenses are
contraindicated in patients with moderate to severe disease,
and extreme caution is advocated for patients of ocular
hypertension, glaucoma suspects as well as mild disease.

Accomodative IOLs, on the other hand, will not induce
a loss of contrast sensitivity, but the crystalens models have
all suffered from "Z" syndrome (an aberrant folding of the
IOL induced by capsular bag contraction) which seems more
frequent in patients with pseudoexfoliation, and that might
also be difficult to diagnose in eyes with small pupils.

How Structural Alterations in Glaucoma can
Influence Premium IOL Implantation?

Pseudoexfoliation is related to both glaucoma and cataract.
Patients with pseudoexfoliation have a tendency to have a
poor response to pharmacologic dilation and may have
weakened zonules, which may manifest as iridodonesis,
phacodonesis or lens subluxation/dislocation. These factors
increase the risk of intraoperative zonular dialysis and
postoperatively these patients may have an increased risk
of not only posterior capsular opacification but also capsular
phimosis and IOL dislocation.31,32 Patients with PXF may
have higher pressures in the postoperative phase.33

Toric IOLs might also not be successful in patients with
an unstable capsular bag, or pseudoexfoliation and/or weak
zonules, as the lens and bag may rotate or tilt once implanted,
altering the patients vision. There is a potential error if a
toric IOL is implanted at the same time a glaucoma
procedure is done, since a glaucoma surgery might induce
keratometric changes depending on sutures and their
tension, and further changes may occur if those sutures are
removed or lysed, negating any benefit from the toric

implant.
In some cases especially those with angle closure

glaucoma there is poor pupillary dilation and a bad quality
of pupillary function. This is particularly true of patients
who have received pilocarpine for an extended period and
in those who have undergone a laser iridotomy.

Any Effect on Imaging?

Multifocal lenses affect the monitoring of patients. A recent
study revealed that multifocal IOLs cause wavy artifacts
on optical coherence tomography images.34

Any Effect on Visual Field Assessment?

Reduced contrast sensitivity with multifocal IOLs may
depress raw values, gray scale and mean deviation values.
Further, increased glare may reduce the sensitivity.
Frequency doubling technology perimetry is less likely to
be affected as the target size is larger and hence less
dependent on patients’ refraction.

Patients with a diffractive MFIOL have been shown to
have a clinically significant reduction of the visual
sensitivity as assessed with SAP size III and size V. The
reduction seems to be related to the multifocal design of
the IOL rather than to pseudophakia. The reduction
interferes with the assessment of common eye diseases, such
as glaucoma and comes on top of the decline of visual
sensitivity due to normal aging or age-related eye diseases,
thus potentially accelerating visual impairment.35

Does Pupil Size Alter the Decision to Put a
Premium IOL?

In some patients long-term medical therapy induces pupil
rigidity, and in these cases, it is better to avoid multifocal
IOLs if pupil diameter is less than 3.5 mm. However,
diffractive multifocal IOLs, which are not pupil-size
dependent, can be considered in patients with miosed pupils.

Irregular pupil shape in eyes which have had an angle
closure attack may increase the photopic symptoms.

Which Glaucoma Patients are Potential
Candidates for a Multifocal IOL?36

Glaucoma suspects and ocular hypertensive patients with
no disk or visual field damage who have been stable.
• Glaucoma patients with early or mild visual field damage

that has been controlled and stable.
• Patients with a level of glaucoma in the fellow eye that

is similar, and not severe, advanced or progressive.
Due to paucity of scientific evidence in the form of large
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trials on the impact of MFIOL’s in glaucoma, decisions
regarding the implantation of a multifocal IOL in a glaucoma
patient should be tailored as per the patients’ motivation
and the rate of progression of glaucoma. Thus, while it is
not wise to implant a multifocal IOL in a patient with
advanced disease the benefits of multifocality should not
be denied to a patient who is motivated for the same and
has a controlled stable disease.37

REFERENCES

1. Hawkins AS, Szlyk JP, Ardickas Z, Alexander KR, Wilensky
JT. Comparison of contrast sensitivity, visual acuity, and
Humphrey visual field testing in patients with glaucoma. J
Glaucoma 2003 Apr;12(2):134-138.

2. Stamper RL. Psychophysical changes in glaucoma. Surv
Ophthalmol 1989 Feb;33 Suppl:309-318.

3. Packer M, Fine IH, Hoffman RS, Piers PA. Prospective
randomized trial of an anterior surface modified prolate
intraocular lens. J Refract Surg 2002 Nov-Dec;18(6):692-696.

4. Mester U, Dillinger P, Anterist N. Impact of a modified optic
design on visual function: clinical comparative study. J Cataract
Refract Surg 2003 Apr;29(4):652-660.

5. Kershner RM. Retinal image contrast and functional visual
performance with aspheric, silicone, and acrylic intraocular
lenses. Prospective evaluation. J Cataract Refract Surg 2003
Sep;29(9):1684-1694.

6. Packer M, Fine IH, Hoffman RS, Piers PA. Improved functional
vision with a modified prolate intraocular lens. J Cataract
Refract Surg 2004 May;30(5):986-992.

7. Tzelikis PF, Akaishi L, Trindade FC, Boteon JE. Spherical
aberration and contrast sensitivity in eyes implanted with
aspheric and spherical intraocular lenses: a comparative stuxdy.
Am J Ophthalmol 2008 May;145(5):827-833.

8. Mester U, Kaymak H. Comparison of the AcrySof IQ aspheric
blue light filter and the AcrySof SA60AT intraocular lenses. J
Refract Surg 2008 Oct;24(8):817-825.

9. Kim SW, Ahn H, Kim EK, Kim TI. Comparison of higher
order aberrations in eyes with aspherical or spherical intraocular
lenses. Eye (Lond) 2008 Dec;22(12):1493-1498.

10. Trueb PR, Albach C, Montés-Micó R, Ferrer-Blasco T. Visual
acuity and contrast sensitivity in eyes implanted with aspheric
and spherical intraocular lenses. Ophthalmology 2009
May;116(5):890-895.

11. Kohnen T, Klaproth OK,  Bühren J. Effect of intraocular lens
asphericity on quality of vision after cataract removal: an
intraindividual comparison. Ophthalmology 2009
Sep;116(9):1697-1706.

12. Caporossi A, Casprini F, Martone G, Balestrazzi A, Tosi GM,
Ciompi L. Contrast sensitivity evaluation of aspheric and
spherical intraocular lenses 2 years after implantation. J Refract
Surg 2009 Jul;25(7):578-590.

13. Rocha KM, Soriano ES, Chalita MR, Yamada AC, Bottós K,
Bottós J, Morimoto L, Nosé W. Wavefront analysis and contrast
sensitivity of aspheric and spherical intraocular lenses: a
randomized prospective study. Am J Ophthalmol 2006
Nov;142(5):750-756.

14. Denoyer A, Le Lez ML, Majzoub S, Pisella PJ. Quality of
vision after cataract surgery after Tecnis Z9000 intraocular

lens implantation; effect of contrast sensitivity and wavefront
aberration improvements on the quality of daily vision. J
Cataract Refract Surg 2007 Feb;33(2):210-216.

15. Nanavaty MA, Spalton DJ, Boyce J, Saha S, Marshall J.
Wavefront aberrations, depth of focus and contrast sensitivity
with aspheric and spherical intraocular lenses: fellow-eye study.
J Cataract Refract Surg 2009 Apr;35(4):663-671.

16. Muñoz G, Albarrán-Diego C, Montés-Micó R, Rodríguez-
Galietero A, Alió JL. Spherical aberration and contrast sensitivity
after cataract surgery with the Tecnis Z9000 intraocular lens. J
Cataract Refract Surg 2006 Aug;32(8):1320-1327.

17. Su PY, Hu FR. Intraindividual comparison of functional vision
and higher order aberrations after implantation of aspheric and
spherical intraocular lenses. J Refract Surg 2009
Mar;25(3):265-272.

18. Kurz S, Krummenauer F, Thieme H, Dick HB. Contrast
sensitivity after implantation of a spherical versus an aspherical
intraocular lens in biaxial microincision cataract surgery. J
Cataract Refract Surg 2007 Mar;33(3):393-400.

19. Falkner-Radler CI, Benesch T, Binder S. Blue light-filter
intraocular lenses in vitrectomy combined with cataract
surgery: results of a randomized controlled clinical trial. Am J
Ophthalmol 2008 Mar;145(3):499-503.

20. Wirtitsch MG, Schmidinger G, Prskavec M, et al. Influence of
blue-light-filtering intraocular lenses on color perception and
contrast acuity. Ophthalmology 2009 Jan;116(1):39-45.

21. Mester U, Holz F, Kohnen T,  Lohmann C, Tetz M.
Intraindividual comparison of a blue-light filter on visual
function: AF-1 (UY) versus AF-1 (UV) intraocular lens. J
Cataract Refract Surg 2008 Apr;34(4):608-615.

22. Eberhard R, Roberti P,  Prünte C. Intraindividual comparison
of color perception and contrast sensitivity with and without a
blue light-filtering intraocular lens. Eur J Ophthalmol 2009
Mar-Apr;19(2):235-239.

23. Rodríguez-Galietero A, Montés-Micó R, Muñoz G, Albarrán-
Diego C. Blue-light filter intraocular lens in patients with
diabetes: contrast sensitivity and chromatic discrimination. J
Cataract Refract Surg 2005 Nov;31(11):2088-2092.

24. Yuan Z, Reinach P, Yuan J. Contrast sensitivity and color vision
with a yellow intraocular lens. Am J Ophthalmol 2004
Jul;138(1):138-140.

25. Niwa K, Yoshino Y, Okuyama F, Tokoro T. Effects of tinted
intraocular lens on contrast sensitivity. Ophthalmic Physiol Opt
1996 Jul;16(4):297-302.

26. Souza CE, Muccioli C, Soriano ES, Chalita MR, Oliveira F,
Freitas LL, Meire LP, Tamaki C, Belfort R Jr. Visual
performance of AcrySof ReSTOR apodized diffractive IOL: a
prospective comparative trial. Am J Ophthalmol 2006
May;141(5):827-832.

27. Vingolo EM, Grenga P, Iacobelli L, Grenga R. Visual acuity
and contrast sensitivity: AcrySof ReSTOR apodized diffractive
versus AcrySof SA60AT monofocal intraocular lenses. J
Cataract Refract Surg 2007 Jul;33(7):1244-1247.

28. Ravalico, G. Bilateral implantation of Tecnis ZM900 or
ReSTOR diffractive IOLs versus ReZoom multifocal IOL.
Presented at the Annual symposium of the American Society
of Cataract and Refractive surgery. USA: Washington DC;
2006 Jun.



Premium IOLs in Glaucoma

Journal of Current Glaucoma Practice, May-August 2013;7(2):54-57 55

JOCGP

54

Parul Ichhpujani et alREVIEW ARTICLE

Premium IOLs in Glaucoma
Parul Ichhpujani, Shibal Bhartiya, Anuj Sharma

10.5005/jp-journals-10008-1138

ABSTRACT

Advanced technology or premium intraocular lenses  have been
developed to meet the patient expectations of perfect distance
and near vision without the need for spectacles. Careful patient
selection is critical when implanting these implants. This brief
review focusses mainly on multifocal and toric IOLs and their
application and limitations in patients with glaucoma.

Keywords: Glaucoma, Intraocular implant, Multifocal IOL, Toric
IOL.

How to cite this article: Ichhpujani P, Bhartiya S, Sharma A.
Premium IOLs in Glaucoma. J Current Glau Prac 2013;7(2):
54-57.

Source of support: Nil

Conflict of interest: None declared

INTRODUCTION

All of us would have come across patients with glaucoma
complaining of decreased vision. On visual acuity
assessment, some have reduced vision while some may have
excellent visual acuity, sometimes even 20/20.

Studies have shown that, although these patients may
have good visual acuity, their complaints are genuine, as
they often have decreased contrast sensitivity—an important
visual function for day-to-day activities.1,2

Contrast sensitivity is the ability to detect differences
between shades of light and dark and discern sharp edges.
Evidence reveals that decreased contrast sensitivity is
correlated with visual field loss in patients with glaucoma
and the disease affects contrast sensitivity preferentially as
compared with visual acuity.1

These days’ patients with glaucoma, just like their
nonglaucoma friends and folks, have growing expectations
for a full range of vision and decreased dependence on
glasses after cataract surgery.

What Happens with the Aging of the Lens?

The decrease in visual acuity and contrast sensitivity that
occurs with age is partially caused by changes in the lens
related to increased wavefront aberration. In youth, the lens
balances for the positive spherical corneal aberration by
inducing negative spherical aberration; however, as the
senility creeps over the lens, this decreases until the point
when the lens itself also produces positive spherical
aberration. It has been hypothesized that an IOL that would
correct for corneal spherical aberration would increase
contrast sensitivity in the pseudophakic eye.

Is There a Solution?

Potential of an intraocular implant to affect contrast
sensitivity, scotopic/mesopic vision, visual field testing, and
structural imaging, as well as for anatomic features relevant
to glaucoma patients, such as small pupils and capsular and
zonular issues, to affect vision outcomes must be taken into
account when choosing an IOL.

Great advancements have taken place in the field of
cataract surgery and intraocular implants in the past few
decades. Traditional IOLs are spherical and monofocal. The
newer ‘premium IOLs’; aspheric, multifocal, accommo-
dating and toric lenses offer an edge over the traditional
ones.

There is currently a paucity of scientific literature as
regards multifocal and newer accommodative IOLs in
patients with concurrent ocular disease and patients with
glaucoma.

How Premium IOLs may help Contrast
Sensitivity in a Glaucomatous Eye?

These lenses reduce spherical aberrations, and thus, decrease
the glare, halos, and other optical phenomena that give rise
to patients’ complaints. Moreover, these IOLs have been
shown to increase contrast sensitivity in patients in which
they were implanted. This situation may be of special
importance in patients with glaucoma, as they are already
suffering from decreased contrast sensitivity.

Aspheric IOLs: A number of studies have shown that
aspheric IOLs improve both mesopic and scotopic contrast
sensitivity,3-12 whereas some studies have shown
improvement only in contrast sensitivity under mesopic
conditions,13-15 and still others have shown no improvement
in contrast sensitivity,16,17 although some only evaluated
patients under scotopic conditions.18

Blue-filtering IOLs: The impact of blue-filtering IOLs on
contrast sensitivity has been variably reported to have shown
no difference in contrast sensitivity,19-21 to a subjective
increase in contrast perception.22 Another study revealed
an increase in contrast sensitivity in patients with diabetes;23

while others have reported an improvement at the lower
spatial frequencies24 and at the middle spatial frequencies.25

Multifocal IOLs: Multifocal IOLs (MFIOLs), on the other
hand, cause a decrease in contrast sensitivity which is worse
for near as compared to distance. The mesopic contrast

	 29.	 Steinert RF, Post CT Jr, Brint SF, Fritch CD, Hall DL, Wilder LW, 
Fine IH, Lichtenstein SB, Masket S, Casebeer C, et al. A prospective, 
randomized, double masked comparison of a zonal-progressive 
multifocal intraocular lens and a monofocal intraocular lens. 
Ophthalmology 1992 Jun;99(6):853-861.

	 30.	 Vaquero-Ruano M, Encinas JL, Millan I, Hijos M, Cajigal C. AMO 
Array multifocal versus monofocal intraocular lenses: long-term 
follow-up. J Cataract Refract Surg 1998 Jan;24(1):118-123.

	 31.	 Lumme P, Laatikainen L. Exfoliation syndrome and cataract 
extraction. Am J Ophthalmol 1993 Jul;116(1):51-55.

	 32.	 Shingleton BJ, Heltzer J, O’Donoghue MW. Outcomes of 
phacoemulsification in patients with and without pseudoexfoliation 
syndrome. J Cataract Refract Surg 2003 Jun;29(6):1080-1086.

	 33.	 Levkovitch-Verbin H, Wilner HZ, Burla N. Intraocular pressure ele-
vation within the first 24 h after cataract surgery in patients with glau-
coma or exfoliation syndrome. Ophthalmology 2008;115:104-108.

	 34.	 Inoue M, Bissen-Miyajima H, Yoshino M, Suzuki T. Wavy horizontal 
artifacts on optical coherence tomography linescanning images 
caused by diffractive multifocal intraocular lenses. J Cataract Refract 
Surg 2009 Jul;35(7):1239-1243.

	 35.	 Aychoua N, Junoy Montolio FG, Jansonius NM. Influence of 
multifocal intraocular lenses on standard automated perimetry test 
results. JAMA Ophthalmol 2013 Apr;131(4):481-485.

1Assistant Professor Glaucoma Services 
2Glaucoma Faculty, 3Junior Resident,

1,3Department of Ophthalmology Government Medical 
College and Hospital, Chandigarh, India

2Department of Ophthalmology, Fortis Memorial, Research 
Institute, Gurgaon, Haryana, India

Corresponding Author: Parul Ichhpujani, Assistant Professor 
Glaucoma Services, Department of Ophthalmology Government 
Medical College and Hospital, Chandigarh, India, e-mail: 
parul77@rediffmail.com

	 36.	 Ahmed, IK.; Teichman JC. Multifocal IOLs and glaucoma: how 
much is too much? In: Chang DF, editor. Transitioning to refractive 
IOLs: the art and science. Thorofare, NJ: Slack Incorporated; 2008. 
p. 384-385.

	 37.	 Paletta Guedes RA, Paletta Guedes VM, Aptel F. Multifocal, 
toric and aspheric intraocular lenses for glaucoma patients. J Fr 
Ophthalmol 2011 Jun;34(6):387-391. (Fre).


