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INDICATION
DEXTENZA is a corticosteroid indicated for the treatment of 
ocular inflammation and pain following ophthalmic surgery.  

IMPORTANT SAFETY INFORMATION
CONTRAINDICATIONS

DEXTENZA is contraindicated in patients with active 
corneal, conjunctival or canalicular infections, including 
epithelial herpes simplex keratitis (dendritic keratitis), 
vaccinia, varicella; mycobacterial infections; fungal 
diseases of the eye, and dacryocystitis. 

WARNINGS AND PRECAUTIONS

Prolonged use of corticosteroids may result in glaucoma 
with damage to the optic nerve, defects in visual acuity 
and fields of vision. Steroids should be used with caution 
in the presence of glaucoma. Intraocular pressure should 
be monitored during treatment.

Corticosteroids may suppress the host response and thus 
increase the hazard for secondary ocular infections. In 
acute purulent conditions, steroids may mask infection and 
enhance existing infection.

Use of ocular steroids may prolong the course and may 
exacerbate the severity of many viral infections of the eye 
(including herpes simplex).

Fungus invasion must be considered in any persistent 
corneal ulceration where a steroid has been used or is in 
use. Fungal culture should be taken when appropriate.

Use of steroids after cataract surgery may delay healing 
and increase the incidence of bleb formation. 

ADVERSE REACTIONS

The most common ocular adverse reactions that  
occurred in patients treated with DEXTENZA were: 
anterior chamber inflammation including iritis and 
iridocyclitis (10%); intraocular pressure increased (6%); 
visual acuity reduced (2%); cystoid macular edema (1%); 
corneal edema (1%); eye pain (1%) and conjunctival 
hyperemia (1%).

The most common non-ocular adverse reaction that 
occurred in patients treated with DEXTENZA was 
headache (1%).

Please see brief summary of full Prescribing 
Information on adjacent page.

© 2020 Ocular Therapeutix, Inc. All rights reserved.  
DEXTENZA is a registered trademark of Ocular Therapeutix, Inc. PP-US-DX-0193

References: 1. Sawhney AS et al, inventors; Incept LLC, assignee. US patent 8,409,606 B2. April 2, 2013. 
2. DEXTENZA [package insert]. Bedford, MA: Ocular Therapeutix, Inc; 2019. 3. Walters T et al. J Clin Exp Ophthalmol. 
2016;7(4):1-11. 4. Tyson SL et al. J Cataract Refract Surg. 2019;45(2):204-212.

*73.6% of physicians in Study 1, 76.4% in Study 2, and 79.6% in Study 3 rated DEXTENZA as easy to insert.

•  Resorbable, so no need for removal2

•  Insert can be removed via saline irrigation or 
manual expression, if necessary2

•  Physicians rated DEXTENZA as easy to insert3,4*

• Designed to deliver a tapered dose1

•  Contains fluorescein for visualization2

•  No additional components or 
assembly required2

DEXTENZA IS AN ADVANCEMENT IN STEROID TREATMENT

LEARN MORE AT DEXTENZA.COM

NOW USE UNIQUE  
BILLING CODE J1096

BIG TIME
INNOVATION1

The first and only ophthalmic steroid insert approved for the 
treatment of inflammation and pain following ophthalmic surgery

Untitled-1   1Untitled-1   1 3/17/2020   6:03:14 PM3/17/2020   6:03:14 PM



IMPORTANT PRODUCT 
INFORMATION

ARGOS® Optical Biometer

Caution: Federal (USA) law restricts 
this device to the sale by or on the 
order of  
a physician.

Indications: ARGOS® is a non-
invasive, non-contact biometer based 
on swept-source optical coherence 
tomography  
(SS-OCT). The device is intended to 
acquire ocular measurements as well 
as perform calculations to determine 
the appropriate intraocular lens (IOL) 
power and type for implantation 
during intraocular lens placement.

Intended Use: The Reference Image 
functionality is intended for use as a 
preoperative and postoperative image 
capture tool. It is intended for use by 
ophthalmologists, physicians, and 
other eye-care professionals and may 
only be used under the supervision of 
a physician.

Warnings and Precautions:

• �Only properly trained personnel 
with experience may operate the 
device and control software and 
interpret the results. 

• �Factors that influence the 
measurement of patient’s eyes 
are listed in the User Manual 
(Table 1): pseudophakic eye, 
wearing contact lenses, fixation 
problem, cornea opacity, non-
intact cornea, refractive surgery, 
blood in the vitreous humor, 
retinal detachment, keratoconus, 
asteroid   , ambient light in the 
room, and deformation of the 
corneal shape. Please consider 
the guidance provided in Table 
1 when you encounter these 
factors. 

• �Optical Radiation - This device is 
equipped with a Class 1 laser  
light source.

ATTENTION: Refer to the ARGOS® 
User Manual for a complete 
description of proper use and 
maintenance, optical and technical 
specifications, as well as a complete 
list of warnings and precautions.

© 2019 Alcon Inc.     12/19     US-ARB-1900018
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BRIEF SUMMARY: Please see the 
DEXTENZA Package Insert for full 
prescribing information for DEXTENZA 
(06/2019)

1	 INDICATIONS AND USAGE

DEXTENZA® (dexamethasone ophthalmic 
insert) is a corticosteroid indicated for the 
treatment of ocular inflammation and pain 
following ophthalmic surgery.

4	 CONTRAINDICATIONS

DEXTENZA is contraindicated in patients with 
active corneal, conjunctival or canalicular 
infections, including epithelial herpes simplex 
keratitis (dendritic keratitis), vaccinia, 
varicella; mycobacterial infections; fungal 
diseases of the eye, and dacryocystitis.

5	 WARNINGS AND PRECAUTIONS

5.1	 Intraocular Pressure Increase

Prolonged use of corticosteroids may result 
in glaucoma with damage to the optic nerve, 
defects in visual acuity and fields of vision. 
Steroids should be used with caution in the 
presence of glaucoma. Intraocular pressure 
should be monitored during the course of  
the treatment.

5.2	 Bacterial Infection

Corticosteroids may suppress the host 
response and thus increase the hazard  
for secondary ocular infections. In acute 
purulent conditions, steroids may mask 
infection and enhance existing infection  
[see Contraindications (4)].

5.3	 Viral Infections

Use of ocular steroids may prolong the 
course and may exacerbate the severity of 
many viral infections of the eye (including 
herpes simplex) [see Contraindications (4)].

5.4	 Fungal Infections

Fungus invasion must be considered in any 
persistent corneal ulceration where a steroid 
has been used or is in use. Fungal culture 
should be taken when appropriate [see 
Contraindications (4)].

5.5	 Delayed Healing

The use of steroids after cataract surgery 
may delay healing and increase the 
incidence of bleb formation.

6	 ADVERSE REACTIONS

The following serious adverse reactions are 
described elsewhere in the labeling:

	 • �Intraocular Pressure Increase [see 
Warnings and Precautions (5.1)]

	 • �Bacterial Infection [see Warnings and 
Precautions (5.2)]

	 • �Viral Infection [see Warnings and 
Precautions (5.3)]

	 • �Fungal Infection [see Warnings and 
Precautions (5.4)]

	 • �Delayed Healing [see Warnings and 
Precautions (5.5)]

6.1	 Clinical Trials Experience

Because clinical trials are conducted 
under widely varying conditions, adverse 
reaction rates observed in the clinical trials 
of a drug cannot be directly compared to 
rates in the clinical trials of another drug 
and may not reflect the rates observed 
in practice. Adverse reactions associated 
with ophthalmic steroids include elevated 
intraocular pressure, which may be 
associated with optic nerve damage, 
visual acuity and field defects, posterior 
subcapsular cataract formation; delayed 
wound healing; secondary ocular infection 
from pathogens including herpes simplex, 
and perforation of the globe where there 
is thinning of the cornea or sclera [see 
Warnings and Precautions (5)].

DEXTENZA was studied in four randomized, 
vehicle-controlled studies (n = 567). The 
mean age of the population was 68 years 
(range 35 to 87 years), 59% were female, 
and 83% were white. Forty-seven percent 
had brown iris color and 30% had blue iris 
color. The most common ocular adverse 
reactions that occurred in patients treated 
with DEXTENZA were: anterior chamber 
inflammation including iritis and iridocyclitis 
(10%); intraocular pressure increased (6%); 
visual acuity reduced (2%); cystoid macular 
edema (1%); corneal edema (1%); eye pain 
(1%) and conjunctival hyperemia (1%). 

The most common non-ocular adverse 
reaction that occurred in patients treated 
with DEXTENZA was headache (1%).

8	 USE IN SPECIFIC POPULATIONS

8.1	 Pregnancy

Risk Summary

There are no adequate or well-controlled 
studies with DEXTENZA in pregnant women 
to inform a drug-associated risk for major 
birth defects and miscarriage. In animal 
reproduction studies, administration of 
topical ocular dexamethasone to pregnant 
mice and rabbits during organogenesis 
produced embryofetal lethality, cleft palate 
and multiple visceral malformations  
[see Animal Data].

Data

Animal Data

Topical ocular administration of 0.15% 
dexamethasone (0.75 mg/kg/day) on 
gestational days 10 to 13 produced 
embryofetal lethality and a high incidence 
of cleft palate in a mouse study. A daily 
dose of 0.75 mg/kg/day in the mouse is 
approximately 5 times the entire dose of 
dexamethasone in the DEXTENZA product, 
on a mg/m2 basis. In a rabbit study, 
topical ocular administration of 0.1% 
dexamethasone throughout organogenesis 
(0.36 mg /day, on gestational day 6 followed 
by 0.24 mg/day on gestational days 7-18) 
produced intestinal anomalies, intestinal 
aplasia, gastroschisis and hypoplastic 
kidneys. A daily dose of 0.24 mg/day is 
approximately 6 times the entire dose of 
dexamethasone in the DEXTENZA product,  
on a mg/m2 basis.

8.2	 Lactation

Systemically administered corticosteroids 
appear in human milk and could suppress 
growth and interfere with endogenous 
corticosteroid production; however the 
systemic concentration of dexamethasone 
following administration of DEXTENZA is low 
[see Clinical Pharmacology (12.3)]. There 
is no information regarding the presence of 
DEXTENZA in human milk, the effects of the 
drug on the breastfed infant or the effects 
of the drug on milk production to inform risk 
of DEXTENZA to an infant during lactation. 
The developmental and health benefits of 
breastfeeding should be considered along 
with the mother’s clinical need for DEXTENZA 
and any potential adverse effects on the 
breastfed child from DEXTENZA.

8.4	 Pediatric Use

Safety and effectiveness in pediatric patients 
have not been established.

8.5	 Geriatric Use

No overall differences in safety or 
effectiveness have been observed between 
elderly and younger patients.

17	 PATIENT COUNSELING INFORMATION

Advise patients to consult their surgeon if 
pain, redness, or itching develops.

MANUFACTURED FOR: 
Ocular Therapeutix, Inc.
Bedford, MA 01730 USA
PP-US-DX-0072-V2
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BRIEF SUMMARY: Please see the 
DEXTENZA Package Insert for full 
prescribing information for DEXTENZA 
(06/2019)

1 INDICATIONS AND USAGE

DEXTENZA® (dexamethasone ophthalmic 
insert) is a corticosteroid indicated for the 
treatment of ocular inflammation and pain 
following ophthalmic surgery.

4 CONTRAINDICATIONS

DEXTENZA is contraindicated in patients with 
active corneal, conjunctival or canalicular 
infections, including epithelial herpes simplex 
keratitis (dendritic keratitis), vaccinia, 
varicella; mycobacterial infections; fungal 
diseases of the eye, and dacryocystitis.

5 WARNINGS AND PRECAUTIONS

5.1 Intraocular Pressure Increase

Prolonged use of corticosteroids may result 
in glaucoma with damage to the optic nerve, 
defects in visual acuity and fields of vision. 
Steroids should be used with caution in the 
presence of glaucoma. Intraocular pressure 
should be monitored during the course of  
the treatment.

5.2 Bacterial Infection

Corticosteroids may suppress the host 
response and thus increase the hazard  
for secondary ocular infections. In acute 
purulent conditions, steroids may mask 
infection and enhance existing infection  
[see Contraindications (4)].

5.3 Viral Infections

Use of ocular steroids may prolong the 
course and may exacerbate the severity of 
many viral infections of the eye (including 
herpes simplex) [see Contraindications (4)].

5.4 Fungal Infections

Fungus invasion must be considered in any 
persistent corneal ulceration where a steroid 
has been used or is in use. Fungal culture 
should be taken when appropriate [see 
Contraindications (4)].

5.5 Delayed Healing

The use of steroids after cataract surgery 
may delay healing and increase the 
incidence of bleb formation.

6 ADVERSE REACTIONS

The following serious adverse reactions are 
described elsewhere in the labeling:

 •  Intraocular Pressure Increase [see 
Warnings and Precautions (5.1)]

 •  Bacterial Infection [see Warnings and 
Precautions (5.2)]

 •  Viral Infection [see Warnings and 
Precautions (5.3)]

 •  Fungal Infection [see Warnings and 
Precautions (5.4)]

 •  Delayed Healing [see Warnings and 
Precautions (5.5)]

6.1 Clinical Trials Experience

Because clinical trials are conducted 
under widely varying conditions, adverse 
reaction rates observed in the clinical trials 
of a drug cannot be directly compared to 
rates in the clinical trials of another drug 
and may not reflect the rates observed 
in practice. Adverse reactions associated 
with ophthalmic steroids include elevated 
intraocular pressure, which may be 
associated with optic nerve damage, 
visual acuity and field defects, posterior 
subcapsular cataract formation; delayed 
wound healing; secondary ocular infection 
from pathogens including herpes simplex, 
and perforation of the globe where there 
is thinning of the cornea or sclera [see 
Warnings and Precautions (5)].

DEXTENZA was studied in four randomized, 
vehicle-controlled studies (n = 567). The 
mean age of the population was 68 years 
(range 35 to 87 years), 59% were female, 
and 83% were white. Forty-seven percent 
had brown iris color and 30% had blue iris 
color. The most common ocular adverse 
reactions that occurred in patients treated 
with DEXTENZA were: anterior chamber 
inflammation including iritis and iridocyclitis 
(10%); intraocular pressure increased (6%); 
visual acuity reduced (2%); cystoid macular 
edema (1%); corneal edema (1%); eye pain 
(1%) and conjunctival hyperemia (1%). 

The most common non-ocular adverse 
reaction that occurred in patients treated 
with DEXTENZA was headache (1%).

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy

Risk Summary

There are no adequate or well-controlled 
studies with DEXTENZA in pregnant women 
to inform a drug-associated risk for major 
birth defects and miscarriage. In animal 
reproduction studies, administration of 
topical ocular dexamethasone to pregnant 
mice and rabbits during organogenesis 
produced embryofetal lethality, cleft palate 
and multiple visceral malformations  
[see Animal Data].

Data

Animal Data

Topical ocular administration of 0.15% 
dexamethasone (0.75 mg/kg/day) on 
gestational days 10 to 13 produced 
embryofetal lethality and a high incidence 
of cleft palate in a mouse study. A daily 
dose of 0.75 mg/kg/day in the mouse is 
approximately 5 times the entire dose of 
dexamethasone in the DEXTENZA product, 
on a mg/m2 basis. In a rabbit study, 
topical ocular administration of 0.1% 
dexamethasone throughout organogenesis 
(0.36 mg /day, on gestational day 6 followed 
by 0.24 mg/day on gestational days 7-18) 
produced intestinal anomalies, intestinal 
aplasia, gastroschisis and hypoplastic 
kidneys. A daily dose of 0.24 mg/day is 
approximately 6 times the entire dose of 
dexamethasone in the DEXTENZA product,  
on a mg/m2 basis.

8.2 Lactation

Systemically administered corticosteroids 
appear in human milk and could suppress 
growth and interfere with endogenous 
corticosteroid production; however the 
systemic concentration of dexamethasone 
following administration of DEXTENZA is low 
[see Clinical Pharmacology (12.3)]. There 
is no information regarding the presence of 
DEXTENZA in human milk, the effects of the 
drug on the breastfed infant or the effects 
of the drug on milk production to inform risk 
of DEXTENZA to an infant during lactation. 
The developmental and health benefits of 
breastfeeding should be considered along 
with the mother’s clinical need for DEXTENZA 
and any potential adverse effects on the 
breastfed child from DEXTENZA.

8.4 Pediatric Use

Safety and effectiveness in pediatric patients 
have not been established.

8.5 Geriatric Use

No overall differences in safety or 
effectiveness have been observed between 
elderly and younger patients.

17 PATIENT COUNSELING INFORMATION

Advise patients to consult their surgeon if 
pain, redness, or itching develops.

MANUFACTURED FOR: 
Ocular Therapeutix, Inc.
Bedford, MA 01730 USA
PP-US-DX-0072-V2
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New breakthroughs and information have 
arisen from all corners of the global 
medical community in the face of 
the novel coronavirus pandemic. 
Ophthalmic research has also played 
a part. The immunomodulatory 
research on cyclosporine and corneal 
transplants conducted by Mohammed 
Ziaei, MD, an ophthalmologist 
currently practicing in New Zealand, 
and his UK-based team in 2016, was 
recently cited by researchers in China 
studying potential interventions for 
coronavirus.1 “Cyclosporine can block 
the replication of the coronavirus,” 
Dr. Ziaei says. “[The researchers] 
used my article as a reference for its 
efficacy in organ transplants as well as 
a mechanism of action.” 

The review article, published in the 
Journal of Medical Virology, states 
that “nucleocapsid protein of SARS-
CoV played an important role in the 
process of virus particle assembly and 
release, and it might also bind to hu-
man cyclophilin A. Cyclophilin A is a 
key member of immunophilins acting 
as a cellular receptor for cyclosporine 
A. Cyclophilin A has played an impor-
tant role in viral infection, either facili-
tating or inhibiting their replication. In 
addition, the inhibition of cyclophilins 
by cyclosporine A could block the rep-
lication of coronavirus of all genera, 
including SARS-CoV, as well as avian 

infectious bronchitis virus.”2

Plaquenil (hydroxycholoroquine 
sulfate) and Resochin (chloroquine 
phosphate) have also made a reap-
pearance in the news as potential 
drugs for combatting coronavirus. 
Bayer recently donated three million 
chloroquine tablets for government 
research.3 Originally used to prevent 
or treat malaria, Plaquenil is now used 
to treat inflammatory diseases, such as 
lupus and rheumatoid arthritis. Oph-
thalmologists conduct regular checks 
on these patients, since one rare side 
effect of the drug, when taken at high 
doses long-term, is retinal toxicity. 

An interventional clinical trial in 
Shanghai, begun in February, inves-
tigated the efficacy and safety of hy-
droxychloroquine for the treatment of 
pneumonia caused by SARS-CoV-2.4 
The study included 30 randomized 
participants, taking hydroxychloro-
quine 400 mg per day for five days, 
along with conventional treatments. 
Those with retinal disease were ex-
cluded from the study. The recom-
mended dosing for Plaquenil is 6.5 mg/
kg of body weight, with the maximum 
adult dosage at 400 mg daily. Results 
are pending.

Another recent study in China 
examined the antiviral activity and 
optimal dosing design for hydroxy-
chloroquine for the coronavirus. The 

researchers propose that the immu-
nomodulatory effect of hydroxychloro-
quine may be useful in controlling the 
cytokine storm that occurs late-phase 
in critically ill coronavirus patients. 
They found that hydroxycholoroquine 
was more potent than chloroquine for 
inhibiting SARS-CoV-2.5  

New research is emerging rapidly. 
A March 16, 2020 study published 
in Bioscience Trends found chloro-
quine phosphate to have “apparent 
efficacy and acceptable safety against 
COVID-19-associated pneumonia” in 
multicenter clinical trials in China.6 
A French study in a small number of 
patients found Plaquenil 200 mg three 
times daily for 10 days combined with 
azithromycin 500 mg for the first day, 
then 250 mg for four additional days 
to be effective in treating COVID-19.7

Hydroxychloroquine and chloro-
quine recently received FDA Emer-
gency Use Authorization for treating 
coronavirus in teen and adult patients.  
This will allow the millions of doses 
of the drugs that have been donated 
by pharmaceutical companies to be 
added to the country’s stockpile. This 
may help patients who depend on  
Plaquenil to control chronic conditions 
to continue to have access to the drug, 
rather than have to suffer from others 
hoarding it in an effort to treat poten-
tial cases of COVID-19.

1. Ziaei M, Ziaei F, Manzouri B. Systemic cyclosporine and corneal 
transplantation. Int Ophthalmol 2016;36:139-146. 
2. Zhang L, Liu Y. Potential interventions for novel coronavirus 
in China: A systematic review. J Med Virol 2020;92;5:479-490. 
[ePub ahead of print]
3. @BayerUS. Tweet: 12:36 PM, March 19, 2020.
4. Lu H. Efficacy and safety of hydroxychloroquine for treatment 
of pneumonia caused by 2019-nCoV (HC-nCoV). NCT04261517.

An Outbreak of Research into 
The Novel Coronavirus

Coming Next Month ...

In the March issue, we featured “Making Complications Disappear,” the first in a two-part 
series on how surgeons manage tough situations in their cataract cases. The second 
installment will appear in our May issue.
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™

INDICATIONS AND USAGE
OMIDRIA® (phenylephrine and ketorolac intraocular solution) 1% / 0.3% is added to ophthalmic irrigating solution used during 
cataract surgery or intraocular lens replacement and is indicated for maintaining pupil size by preventing intraoperative miosis 
and reducing postoperative ocular pain.

IMPORTANT SAFETY INFORMATION
OMIDRIA must be added to irrigating solution prior to intraocular use.
OMIDRIA is contraindicated in patients with a known hypersensitivity to any of its ingredients.
Systemic exposure of phenylephrine may cause elevations in blood pressure.
Use OMIDRIA with caution in individuals who have previously exhibited sensitivities to acetylsalicylic acid, phenylacetic acid 
derivatives, and other nonsteroidal anti-inflammatory drugs (NSAIDs), or have a past medical history of asthma. 
The most commonly reported adverse reactions at ≥2% are eye irritation, posterior capsule opacification, increased intraocular 
pressure, and anterior chamber inflammation.

Please see the Full Prescribing Information for OMIDRIA at www.omidria.com/prescribinginformation.
You are encouraged to report Suspected Adverse Reactions to the FDA. 
Visit www.fda.gov/medwatch, or call 1-800-FDA-1088.
References: 1. Omeros survey data on file. 2. OMIDRIA [package insert]. Seattle, WA: Omeros Corporation; 2017. 3. Al-Hashimi S, 
Donaldson K, Davidson R, et al; for ASCRS Refractive Cataract Surgery Subcommittee. Medical and surgical management of the 
small pupil during cataract surgery. J Cataract Refract Surg. 2018;44:1032-1041.

These cataract surgeons use OMIDRIA® 
(phenylephrine and ketorolac intraocular 
solution) 1% / 0.3% for less stress, pure 
success in their O.R. day1

What about you?
OMIDRIA helps your cataract surgery by inhibiting prostaglandin release to block 
inflammation and maintain iris tone, preventing miosis and reducing postoperative 
pain for your patients.2,3 Experience less stress in your O.R. day with OMIDRIA.1

OMEROS®, the OMEROS logo®, OMIDRIA®, and the OMIDRIA logo® 
are registered trademarks of Omeros Corporation.

© Omeros Corporation 2019, all rights reserved. 2019-022

The healthcare professionals portrayed in this advertisement are consultants of Omeros Corporation.
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Update on 
Beovu
Novartis’ new anti-VEGF agent Be-
ovu (brolucizumab), which received 
FDA approval in October 2019, is 
currently under a comprehensive 
product quality review after the 
American Society of Retina Special-
ists issued a warning to its members 

about several cases of infl ammation 
associated with the administration of 
the drug. 

Since its approval, more than 57,000 
vials of Beovu have been distributed in 
U.S. clinics.1 Pravin Dugel, MD, pre-
sented to the Macula Society on the in-
fl ammation cases fl agged by the ASRS. 
Findings included fi fty-seven clinician-
reported intraocular infl ammation 
events, including nine cases with signif-
icant vision loss and fi ve cases of retinal 
occlusive vasculitis, as evaluated by the 
Safety Review Committee (ongoing).2   

“A vast majority of the patients had 
had previous injections, but it’s not 
clear to me how many of them were 
treatment-naïve for Beovu,” says Sunir 
Garg, MD, partner with Mid Atlantic 
Retina and co-director of the Retina 

(Continued on page 17)

Coronavirus: The Economic Impact

In mid March, as the country waited for a fi nancial stimulus package from the govern-
ment, Review conducted an e-survey to get a sense from ophthalmologists how restric-
tions on patients and the American Academy of Ophthalmology’s recommendation to see 
only urgent or emergency cases were impacting their practices. Among the fi ndings, of the 
146 physicians who responded, 20 percent said they weren’t heeding the AAO’s recom-
mendations in order to try to keep their practices afl oat. 

In addition, a number of physicians shared the steps they’re taking to try to remain 
solvent when they can’t see their normal patient load:

• “Call patients to give them peace of mind and let them know they’re not abandoned. 
Possibly convert to telehealth exams. Your business will bounce back once this recov-
ers. But you have to follow social distancing and quarantine to stay healthy and end this 
pandemic.”

• “We’re answering calls with call forwarding to the home of our front-desk person. 
Emergencies are being answered by telephone and for dire emergencies the doctor will 
come in.”

• “Limit hours and—I hate to say it—furlough your staff, talk to the landlord about defer-
ring part of the rent, and limit ordering nonessential supplies.”

• “We are exploring telemedicine but there is limited application in ophthalmology. We’ve 
decreased partner pay to zero and hoping to restructure practice loans to interest only.”

• “Honestly? Not much [you can do] other than just biting the bullet and paying some 
semblance of salary, in a meaningful amount, to keep the hourly employees from falling 
apart. We’ll need them in a couple of months. I never stopped taking call, inpatient consults 
or trauma; there’s still that for a trickle of work. We’ve added telehealth when possible.”

• “Let staff apply for unemployment funds. Have some staff available for emergen-
cies. Have accounts receivable and payable staff come in one day per week, monitor and 
reroute faxes to staff members on laptops at home and come in one day per week for 
eRXs. Keep good communication with staff. Delay payments or doctor salaries if possible. 
Consider accessing lines of credit or obtain SBA low interest loans.”

The full survey report that was e-mailed is available in the Enews section of 
reviewofophthalmology.com.
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INDICATIONS AND USAGE
TEPEZZA is indicated for the treatment of Thyroid Eye Disease.
WARNINGS AND PRECAUTIONS
Infusion Reactions
TEPEZZA may cause infusion reactions. Infusion 
reactions have been reported in approximately 4% of 
patients treated with TEPEZZA. Signs and symptoms 
of infusion-related reactions include transient increases 
in blood pressure, feeling hot, tachycardia, dyspnea, 
headache and muscular pain. Infusion reactions may 
occur during any of the infusions or within 1.5 hours 
after an infusion. Reported infusion reactions are 
usually mild or moderate in severity and can usually 
be successfully managed with corticosteroids and 
antihistamines. In patients who experience an infusion 
reaction, consideration should be given to pre-medicating 
with an antihistamine, antipyretic, corticosteroid and/
or administering all subsequent infusions at a slower 
infusion rate.   
Exacerbation of Preexisting Inflammatory Bowel 
Disease
TEPEZZA may cause an exacerbation of preexisting 
inflammatory bowel disease (IBD). Monitor patients with 
IBD for flare of disease. If IBD exacerbation is suspected, 
consider discontinuation of TEPEZZA.
Hyperglycemia
Hyperglycemia or increased blood glucose may occur in 
patients treated with TEPEZZA. In clinical trials, 10% of 
patients (two-thirds of whom had preexisting diabetes or 
impaired glucose tolerance) experienced hyperglycemia. 
Hyperglycemic events should be controlled with 
medications for glycemic control, if necessary.   
Monitor patients for elevated blood glucose and 
symptoms of hyperglycemia while on treatment with 
TEPEZZA. Patients with preexisting diabetes should 
be under appropriate glycemic control before receiving 
TEPEZZA. 
ADVERSE REACTIONS
The following clinically significant adverse reactions are 
described elsewhere in the labeling:

• Infusion Reactions [see Warnings and Precautions]
• Exacerbation of Inflammatory Bowel Disease  
    [see Warnings and Precautions]
• Hyperglycemia [see Warnings and Precautions]

Clinical Trials Experience
Because clinical trials are conducted under widely varying 
conditions, adverse reaction rates observed in the clinical 
trials of a drug cannot be directly compared to rates in the 
clinical trials of another drug and may not reflect the rates 
observed in practice.
The safety of TEPEZZA was evaluated in two 
randomized, double-masked, placebo-controlled 
clinical studies (Study 1 [NCT:01868997] and Study 2 
[NCT:03298867]) consisting of 170 patients with Thyroid 
Eye Disease (84 received TEPEZZA and 86 received 
placebo). Patients were treated with TEPEZZA (10 mg/kg 
for first infusion and 20 mg/kg for the remaining 7 infusions) 
or placebo given as an intravenous infusion every 3 
weeks for a total of 8 infusions. The majority of patients 
completed 8 infusions (89% of TEPEZZA patients and 93% 
of placebo patients).    
The most common adverse reactions (≥5%) that occurred 
at greater incidence in the TEPEZZA group than in the 
control group during the treatment period of Studies 1 
and 2 are summarized in Table 1.  

Table 1. Adverse Reactions Occurring in 5% or More of 
Patients Treated with TEPEZZA and Greater Incidence 
than Placebo

a - Fatigue includes asthenia  
b - Hyperglycemia includes blood glucose increase  
c - Hearing impairment (includes deafness, eustachian 
tube dysfunction, hyperacusis, hypoacusis and 
autophony)
Immunogenicity
As with all therapeutic proteins, there is potential for 
immunogenicity. The detection of antibody formation is 
highly dependent on the sensitivity and specificity of the 
assay.  
In a placebo-controlled study with TEPEZZA, 1 of 42 
patients treated with placebo had detectable levels of 
antidrug antibodies in serum. In the same study, none 
of the 41 patients treated with TEPEZZA had detectable 
levels of antidrug antibodies in serum.

USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary 
Based on findings in animals and its mechanism of action 
inhibiting insulin-like growth factor-1 receptor (IGF-1R), 
TEPEZZA may cause fetal harm when administered to a 
pregnant woman. Adequate and well-controlled studies 
with TEPEZZA have not been conducted in pregnant 
women. There is insufficient data with TEPEZZA use in 
pregnant women to inform any drug associated risks for 
adverse developmental outcomes. In utero teprotumumab 
exposure in cynomolgus monkeys dosed once weekly 
with teprotumumab throughout pregnancy resulted in 
external and skeletal abnormalities. Teprotumumab 
exposure may lead to an increase in fetal loss [see Data].  
Therefore, TEPEZZA should not be used in pregnancy, 
and appropriate forms of contraception should be 
implemented prior to initiation, during treatment and for 6 
months following the last dose of TEPEZZA. 
If the patient becomes pregnant during treatment, 
TEPEZZA should be discontinued and the patient advised 
of the potential risk to the fetus.  
The background rate of major birth defects and 
miscarriage is unknown for the indicated population. In 
the U.S. general population, the estimated background 
risks of major birth defects and miscarriage in clinically 
recognized pregnancies are 2-4% and 15-20%, 
respectively.  
Data
Animal Data 
In an abridged pilot embryofetal development study, seven 
pregnant cynomolgus monkeys were dosed intravenously 
at one dose level of teprotumumab, 75 mg/kg (2.8-fold 
the maximum recommended human dose [MRHD] based 
on AUC) once weekly from gestation day 20 through the 
end of gestation. The incidence of abortion was higher for 
the teprotumumab treated group compared to the control 
group.  Teprotumumab caused decreased fetal growth 
during pregnancy, decreased fetal size and weight at 
caesarean section, decreased placental weight and size, 
and decreased amniotic fluid volume. Multiple external 
and skeletal abnormalities were observed in each 
exposed fetus, including: misshapen cranium, closely set 
eyes, micrognathia, pointing and narrowing of the nose, 
and ossification abnormalities of skull bones, sternebrae, 

carpals, tarsals and teeth. The test dose, 75 mg/kg of 
teprotumumab, was the maternal no observed adverse 
effect level (NOAEL).
Based on mechanism of action inhibiting IGF-1R, 
postnatal exposure to teprotumumab may cause harm.
Lactation 
Risk Summary 
There is no information regarding the presence of 
TEPEZZA in human milk, the effects on the breastfed 
infant or the effects on milk production.
Females and Males of Reproductive Potential 
Contraception
Females 
Based on its mechanism of action inhibiting IGF-1R, 
TEPEZZA may cause fetal harm when administered to 
a pregnant woman (see Use in Specific Populations). 
Advise females of reproductive potential to use effective 
contraception prior to initiation, during treatment with 
TEPEZZA and for 6 months after the last dose of 
TEPEZZA.
Pediatric Use
Safety and effectiveness have not been established in 
pediatric patients. 
Geriatric Use
Of the 171 patients in the two randomized trials, 15% 
were 65 years of age or older; the number of patients 65 
years or older was similar between treatment groups. No 
overall differences in efficacy or safety were observed 
between patients 65 years or older and younger patients 
(less than 65 years of age).

OVERDOSAGE 
No information is available for patients who have received 
an overdosage.

PATIENT COUNSELING INFORMATION
Embryo-Fetal Toxicity
Advise females of reproductive potential that TEPEZZA 
can cause harm to a fetus and to inform their healthcare 
provider of a known or suspected pregnancy. 
Educate and counsel females of reproductive potential 
about the need to use effective contraception prior to 
initiation, during treatment with TEPEZZA and for 6 
months after the last dose of TEPEZZA.

Infusion-related reactions
Advise patients that TEPEZZA may cause infusion 
reactions that can occur at any time. Instruct patients to 
recognize the signs and symptoms of infusion reaction 
and to contact their healthcare provider immediately for 
signs or symptoms of potential infusion-related reactions.

Exacerbation of Inflammatory Bowel Disease
Advise patients on the risk of inflammatory bowel disease 
(IBD) and to seek medical advice immediately if they 
experience diarrhea, with or without blood or rectal 
bleeding, associated with abdominal pain or cramping/
colic, urgency, tenesmus or incontinence.

Manufactured by: 
Horizon Therapeutics Ireland DAC  
Dublin, Ireland
U.S. License No. 2022

Distributed by:
Horizon Therapeutics USA, Inc.  
Lake Forest, IL 60045

TEPEZZA and the HORIZON logo are trademarks owned 
by or licensed to Horizon. 

© 2020 Horizon Therapeutics plc L-TEP-00018 01/20

For injection, for intravenous use

Brief Summary - Please see the TEPEZZA package 
insert for full prescribing information.  

Adverse 
Reactions

TEPEZZA 
N=84 
N (%)

Placebo 
N=86 
N (%)

Muscle spasms 21 (25%) 6 (7%)
Nausea 14 (17%) 8 (9%)
Alopecia 11 (13%) 7 (8%)
Diarrhea 10 (12%) 7 (8%)
Fatiguea 10 (12%) 6 (7%)
Hyperglycemiab 8 (10%) 1 (1%)
Hearing impairmentc 8 (10%) 0
Dysgeusia 7 (8%) 0
Headache 7 (8%) 6 (7%)
Dry skin 7 (8%) 0
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The fi rst and only FDA-approved
treatment for Thyroid Eye Disease (TED)

TEPEZZA decreases proptosis, diplopia,
and the signs and symptoms of TED 
without concomitant steroids1-3

Learn more at TEPEZZAhcp.com

SEE THE DIFFERENCE4

Real TEPEZZA patient treated in a clinical trial. Results shown are with no 
surgical intervention. Individual results may vary. TEPEZZA met its primary 
endpoint vs placebo in 2 randomized, placebo-controlled trials (P<0.01), 
defi ned as proptosis responder rate at Week 24 (percentage of patients with 
≥2-mm reduction in proptosis in the study eye from baseline).1-3,5

POST-TREATMENT (WEEK 24)
Proptosis: 21 mm

BASELINE
Proptosis: 25 mm

INDICATION
TEPEZZA is indicated for the treatment of Thyroid 
Eye Disease.

IMPORTANT SAFETY INFORMATION
Warnings and Precautions

Infusion Reactions: TEPEZZA may cause infusion reactions. 
Infusion reactions have been reported in approximately 
4% of patients treated with TEPEZZA. Reported infusion 
reactions have usually been mild or moderate in severity. 
Signs and symptoms may include transient increases 
in blood pressure, feeling hot, tachycardia, dyspnea, 
headache, and muscular pain. Infusion reactions may occur 
during an infusion or within 1.5 hours after an infusion. In 
patients who experience an infusion reaction, consideration 
should be given to premedicating with an antihistamine, 
antipyretic, or corticosteroid and/or administering all 
subsequent infusions at a slower infusion rate.

Preexisting Infl ammatory Bowel Disease: TEPEZZA may 
cause an exacerbation of preexisting infl ammatory bowel 
disease (IBD). Monitor patients with IBD for fl are of disease. 
If IBD exacerbation is suspected, consider discontinuation 
of TEPEZZA.

Hyperglycemia: Increased blood glucose or hyperglycemia 
may occur in patients treated with TEPEZZA. In clinical 
trials, 10% of patients (two-thirds of whom had preexisting 
diabetes or impaired glucose tolerance) experienced 
hyperglycemia. Hyperglycemic events should be managed 
with medications for glycemic control, if necessary. 
Monitor patients for elevated blood glucose and symptoms 
of hyperglycemia while on treatment with TEPEZZA. 
Patients with preexisting diabetes should be under 
appropriate glycemic control before receiving TEPEZZA.

Adverse Reactions
The most common adverse reactions (incidence ≥5% and 
greater than placebo) are muscle spasm, nausea, alopecia, 
diarrhea, fatigue, hyperglycemia, hearing impairment, 
dysgeusia, headache, and dry skin.

Please see Brief Summary of Prescribing Information 
for TEPEZZA on adjacent pages.

References: 1. TEPEZZA (teprotumumab-trbw) [prescribing information] 
Horizon. 2. Data on File. Horizon, April 2019. 3. Smith TJ, Kahaly GJ, 
Ezra DG, et al. Teprotumumab for thyroid-associated ophthalmopathy. 
N Engl J Med. 2017;376(18):1748-1761. 4. Data on File. Horizon, January 2020. 
5. Data on File. Horizon, December 2019.
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maximize
efficacy

minimize
concerns

In micro-invasive surgery, seek the micro-invasive option...
• 500,000+ Glaukos trabecular micro-bypass stents implanted and 

100+ peer-reviewed publications

• Lowest reported post-op mean IOP of any trabecular bypass stent1*

• Lowest reported rates of significant endothelial cell loss (ECL)1*†

• Lowest reported rates of peripheral anterior synechiae (PAS)1*

TransformMIGS.com   |   800.GLAUKOS (452.8567)

* In any trabecular bypass MIGS pivotal trial.
† Significant ECL defined as ≥30% ECL.

INDICATION FOR USE. The iStent inject ® Trabecular Micro-Bypass System Model G2-M-IS is indicated for use in conjunction with cataract surgery for the reduction of intraocular pressure ( IOP) in adult patients with mild 
to moderate primary open-angle glaucoma. CONTRAINDICATIONS. The iStent inject  is contraindicated in eyes with angle-closure glaucoma, traumatic, malignant, uveitic, or neovascular glaucoma, discernible congenital 
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When it comes to Acanthamoeba 
keratitis, the best treatment 

is  prevention. These insidious 
amoebae are found worldwide,1 

in virtually every environment, 
including soil, air, swimming pools, 
bottled water, domestic tap water 
and, most importantly for our 
purposes, contact lens solutions 
and paraphernalia. 

Diagnosing this condition can 
be tricky—and treatment even 
more so—as the little buggers are 
highly resistant to conventional 
antimicrobial therapies, as well 
as freezing, desiccation and the 
typical chlorine levels used for 
drinking water disinfection.2 Here, 
we’ll discuss ocular Acanthamoeba 
i n f e c t i o n ,  i t s  e p i d e m i o l o g y, 
cl inical  presentations and the 
latest methods of diagnosing and 
treating this insidious threat. 

Themes and Variations 

Though Acanthamoeba keratitis 
is relatively rare, accounting for 
perhaps 5 to 10 percent of all 
microbial keratit is ,  at referral 
centers like Tufts New England 

E y e  C e n t e r  w e  e n -
counter at least one new 
case per month (Figure 
1).  The f i rs t  case  of 
Acanthamoeba  in the 
eye was reported 1973, 
in a South Texas rancher 
with a history of right eye 
trauma.2 Subsequently, 
with increasing use of soft 
contact lenses and FDA 
approval of extended-
wear  contact  lenses , 
Acanthamoeba keratitis 
cases began to mount; 
probably 85 to 90 percent 
of Acanthamoeba keratitis 
is contact lens-associated, 
with incidence estimates 
of about one corneal 
infection in 10,000 contact lens 
wearers per year,3-6 and increasing.

Acanthamoeba  is  a genus of 
free-living bacterivore amoebae. 
They’re able to inhabit  every 
conceivable form of water source 
and supply and also have the 
especial ly  confounding abil i ty 
to morph between two evolutive 
forms :  an  ac t i ve  t rophozo i te 
form and a dormant cyst (Figure 

2A).  When faced with adverse 
environmental conditions, such 
as cold temperatures or antibiotic 
t h e r a p y,  t h e  A c a n t h a m o e b a 
trophozoite assumes its  cystic 
form, a 15- to 30-μm sphere, which 
is largely impervious to stress and 
can maintain viability for years. 
The  ac t i ve  and  reproduct ive 
trophozoites, usually 25 to 50 μm 
in size7 are often overlooked in 

We discuss the epidemiological risk factors and current diagnostic 
and therapeutic strategies for this formidable protozoan invader.

Acanthamoeba: The 
Keratitis that Won’t Quit!

Kenneth R. Kenyon, MD, and William Binotti, MD, Boston

Figure 1. Acanthamoeba keratitis with a double ring 
infiltrate and central stromal infiltration.
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Research Unit at Wills Eye Hospital 
in Philadelphia. “The mechanism of 
inflammation isn’t currently known ei-
ther.” 

In trials, the rate of inflammation 
was higher than what was seen with 
Lucentis and Eylea, says Rishi Singh, 
MD, a surgeon at the Cole Eye Insti-
tute, Cleveland Clinic, and assistant 
professor of ophthalmology at the Le-
rner College of Medicine in Cleveland, 
Ohio. “I think we were unaware that 
the inflammation was major or linked 
at all to the vascular occlusive events,” 
he says. “In previous phase III studies, 
we saw some small amount of inflam-
mation present in early ranibizumab 
studies, so there was no concern. In 
light of some of the recent CEDAR 
and SEQUOIA studies, this was less 
significant.” 

Novartis maintains that its data con-
tinue to support an overall favorable 
risk-benefit profile for the drug that 
remains consistent with or below the 
approved prescribing information. 
The prescribing leaflet states a 4 per-
cent rate of intraocular inflammation 
and a 1 percent rate of retinal artery 
occlusion. 

The rate, however, isn’t the issue, ex-
perts say. “The rate may very well be 
4 percent, but it’s the severity of some 
of the cases that’s the issue,” says Dr. 
Garg. “If it were just mild iritis, then 
we could instruct the patient about 
what to look for and how to treat it, 
which is typically done with topical ste-
roids over a short period time. The is-
sue here is that, out of the 21 cases pre-
sented at the Macula Society, nine of 
them were thought to have profound 
or significant inflammation and seven 
of them lost at least five lines of vision. 
So it’s not the rate of inflammation, but 
the severity.

“The number of artery occlusions 
was also a little strange,” Dr. Garg 
continues. “One of the things we’ve 
struggled with for all of our drugs is 
whether or not the anti-VEGF drug 

itself increases the risk of thromboem-
bolic events, such as a stroke, heart at-
tack or artery occlusion in the retina. 
The problem we’ve run into is that 
patients with macular degeneration 
are older people, and older people get 
strokes, heart attacks and artery occlu-
sions in the retina anyway. So if you do 
a study, a few patients will get artery 
occlusions and there’s some question 
about whether the artery occlusion 
rate is higher with this drug than with 
other ones, or whether it was just luck 
of the draw and it shook out that way.

“Our group published a study look-
ing at the incidence of artery occlu-
sions after intravitreal anti-VEGF in-
jections,” he says. “We found a higher 
incidence of artery occlusions in macu-
lar degeneration versus vein occlusion, 
but we had under 50,000 injections, 
and when you’re looking at something 
so rare, it’s a little hard to say with 
great confidence that the injections 
themselves contributed to it. We had 
retinal artery occlusion in one out of 
1,389 injections. Statistically, it’s a low 
incidence, but in totality with all the 
other things we’re seeing, it’s caused 
some concern among the retina com-
munity.”3

Dr. Garg himself hasn’t seen any 
cases like the adverse events reported 
in the post-marketing data for Beovu. 
He says his practice was slow to adopt 
Beovu and has done comparatively 
few Beovu injections since the com-
mercial launch. In light of the ASRS 
announcement, he says, “I’m more 
hesitant to use Beovu until we have a 
better sense of what’s happening, why 
it’s happening, who’s at risk and what 
we can do to eliminate the chances of 
these occurrences.” 

Dr. Singh says that since the an-
nouncement from the ASRS, “We 
discuss the most recent data on both 
uveitis and retinal vascular occlusive 
events with our patients. Even though 
the numbers are low, they appear to 
be higher than other market-available 
anti-VEGF cases. We give the patients 

the option of continuing on Beovu or 
switching back to their previous agent. 
About 50 percent of patients remain 
on the same course and another 50 
percent switch back. Overall, I’m im-
pressed with the drying ability and du-
rability of Beovu in our patients.”

Novartis has suggested that patients 
who’ve had previous intraocular in-
flammation may be at higher risk for 
developing inflammation after Beovu. 
For continued use of Beovu, Dr. Garg 
recommends that surgeons be hesitant 
to use it in patients with a history of 
intraocular inflammation, particularly 
if they’ve had such inflammation after 
an anti-VEGF injection. “I would also 
be very hesitant to inject both eyes 
with Beovu at the same time,” he adds. 
“If I were to use Beovu in both eyes, I 
would try to get Beovu from different 
lots, and I’d definitely stagger the in-
jections by several weeks. In one of the 
cases with severe inflammation, the 
patient presented a month after the 
most recent Beovu shot, but it wasn’t 
clear to me when the visual loss began. 
The patient may have experienced vi-
sual loss after a week and just showed 
up after a month.” 

Dr. Garg points out that there are 
likely still some unreported cases of 
Beovu-associated inflammation that 
may have seemed like flukes—perhaps 
a lid infection. “Since the presentation 
at the Macula Society, doctors have 
been sharing a few of their cases,” he 
says. “But we don’t know the exact per-
centages or the incidence of significant 
visual loss in some of these patients.” 

Nevertheless, Dr. Garg remains 
hopeful that Novartis and the retina 
community will get to the bottom of 
this. “Beovu has great value to our 
patients,” he says. “The results from 
HAWK and HARRIER were re-
ally encouraging, and we know that 
there’s a small but reasonable percent 
of patients who still have activity with 
our current anti-VEGF drugs. Their 
lesions continue to leak fluid and ex-

(Continued from page 6)

(Continued on page 49)
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microscopic smears and sections 
because of their resemblance to 
white blood cells.

An Ounce of Prevention

Given the nearly ubiquitous 
presence of  Acanthamoeba  in 
water—whether fresh water, sea 
water, tap water, bottled water, 
swimming pools or hot tubs, we 
always advise patients to remove 
contact lenses for showering and 
swimming,  especial ly  in fresh 
water.

There was an Acanthamoeba 
keratitis epidemic in the 1980s 
a f ter  the  FDA approved  the 
making of saline solution from salt 
tablets for contact lens hygiene. 
Instead of using sterile distilled 
water,  lens wearers would cut 
corners and just throw in some tap 
water, with predictably disastrous 
results. Then as now, poor contact 
lens hygiene—using home-brewed 
saline, storing lenses in tap water, 
rinsing lens cases in tap water—
remains a major contributor to 
corneal infection. And even if 
proper care methods are observed, 
the extended wear of  contact 
lenses overnight and use of ortho-
keratology lenses are additional risk 
factors.3 Even among non-contact 

lens wearers, ocular exposure to 
contaminated water supplies while 
swimming, hot tubbing or even 
aquarium cleaning can result in 
Acanthamoeba infection. 

The Great Masquerader

While most microbial keratitis, 
even among contact lens wearers, 
remains bacterial, the seemingly 
straightforward corneal infection 
that  doesn’t  respond to usual 
regimens of antibiotics must be 
suspected for the less common 
causat ive  organisms ,  be  they 
fungal,  viral  and/or protozoal. 
Hence, although the community 
standard of care remains treat-
ing with a fluoroquinolone anti-
biot ic ,  usual ly  in the absence 
of corneal smears and cultures, 
the recalcitrant cases persisting 
after perhaps five to seven days 
of treatment are suspect for the 
rarer infection sources and even 
po lymicrob ia l  in fec t ion .  Co-
infection with bacteria or herpes 
simplex virus can occur in 10 to 23 
percent of keratitis cases.8 

In such antibiotic-unresponsive 
scenarios ,  and given the con-
founding effect of antibiotic the-
rapy on establishing a diagnosis, 
the cases which are referred to 

specialized centers must 
not only be corneal cultured 
and occasionally biopsied 
but ,  important ly,  a l l  o f 
the patient’s medications 
and  top ica l  eyedrops—
especially contact lenses, 
cases and solutions—should 
be cultured, given the high 
probability of revealing the 
hidden or masquerading 
organism (Figure 2B).7 

The typical clinical pre-
sentations of Acanthamoeba 
keratitis exhibit one or more 
of three hallmark features. 
In increasing severity, the 
first is an epithelial pseudo-

dendrite,  which can resemble 
lesions caused by HSV (Figure 
3A) or subepithelial infiltrates 
(Figure 3B). The second is radial 
keratoneuritis, developing along 
inf lamed corneal  nerves  in  a 
web-l ike pattern (Figure 4A) . 
The third and most advanced is 
the ring infiltrate, resembling a 
Life Saver candy—a white ring of 
intrastromal inflammatory cells 
with a clear center (Figure 4B).

A s  A c a n t h a m o e b a e  i n v a d e 
the corneal stroma, they elicit a 
massive inflammatory response of 
white blood cells which, in their 
effort to eradicate the infection, 
inflict their own collateral damage, 
result ing in  a  loss  of  corneal 
clarity and enzymatic digestion 
of corneal tissue (stromalysis). 
Moreover, since the inflammatory 
process involves corneal sensory 
nerves, it seemingly elicits such 
excruciat ing  ocular  pa in  that 
patients often confine themselves 
to darkened rooms due to extreme 
photophobia.7 

Given the resistance of  the 
infection and the chronicity of the 
inflammatory response, therapy, 
once it’s initiated, is continued until 
complete microbial eradication 
is achieved, a process that can 

Figure 2. (A) Corneal smear showing Acathamoeba cyst (blue arrow), trophozoite (yellow arrow), and 
epithelial cells (Papanicolau, x 400). (B) Corneal scraping from contact lens shows Acanthamoeba 
cysts (PAS stain).  
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often take months. Even if the 
infection doesn’t extend beyond 
the cornea to involve the sclera, 
the inflammatory consequences 
of l imbal stem cell deficiency, 
cataract, iris atrophy and secondary 
glaucoma (consequent to PAS) 
further compromise the ocular 
surface and anterior segment.   

Complex Diagnostics 

For all referred infectious ker-
atitis cases, especially those non-
responsive to customary antibiotic 
therapies, it becomes mandatory 
to go back to square one and 
perform the full battery of corneal 
scrapings and cultures, including 
the customized approach for those 
suspect for Acanthamoeba.9  

In particular, corneal scrapings 
must be not only stained with 
Gram,  Giemsa  and  PAS,  but 
a l so  s t a ined  w i th  ca l co f luor 
w h i t e ,  a c r i d i n e  o r a n g e  a n d 
immunospecific antibodies,  as 
well as routine PAS.3,10 Moreover, 
cultures require special growth 
conditions—specifically an E. coli-
enriched medium, which must be 
observed for at least one week.

Apart from these traditional 
microbiological  modalit ies for 
diagnosis, the confocal microscope 
offers in vivo imaging of the af-
fected cornea at magnification 
of up to 800x, thereby directly 
resolving the presence of infectious 
organisms. This laser microscope 
is non-invasive and affords rapid 
diagnosis of Acanthamoeba and/
or  other  infect ions  at  ear l ier 
stages, when treatment is more 
effective. We’re able to see into 
the depths of the cornea at a very 
high magnification and obtain 
microstructural imaging at the 
cellular level; cysts are chara-
cteristically reflective and round, 
whereas  t rophozoi tes  exh i b i t 
hyperreflective ovoid or irregular 

profiles (Figure 6).11,12 
A l though  the  mic ro scope ’s 

small field of view and high mag-
nification can be misleading and 
result in a false positive or neg-
ative diagnosis,13 in experienced 
hands, it’s very helpful for diff-
erent ia t ing  between the  t ro-
phozoite and cystic forms and, 
more importantly, for localizing 
the depth of their invasion. We can 
also use it as a monitoring device to 
track response to therapy, to guide 
the tapering of medications after 
symptom resolution and to detect 
co-infection by other microbes.

Tough Treatment

I f  A c a n t h a m o e b a  k e r a t i t i s 
is difficult to diagnose, it’s even 
tougher to treat. Potentially re-
quir ing  months  to  eradicate , 
Acanthamoeba infection is very 
challenging for both the patient 
and the clinician. For starters, 
Acanthamoeba  doesn’t respond 
to antivirals or most antibiotics. 
The various classes of amoebicidal 

drugs (see Table, page 24), are 
difficult to obtain (most being 
non-FDA approved), challenging 
to formulate and toxic to use, and 
therefore difficult for patients to 
tolerate during the long course of 
treatment.  

Of the agents that are useful for 
killing the trophozoites, there are 
three groups: 1) topical biguanides, 
including chlorhexidine 0.02% 
and polyhexamethyline biguanide 
(PHMB), which are, in fact, sw-
imming pool cleaners; 2) topical 
diamidines, of which propamidine 
or Brolene 0.1% are most com-
monly used;3,14 and 3) various 
antifungal imidazoles,  such as 
f luconazole,  ketoconazole and 
voriconazole, in both topical and/
or oral routes of administration 
( see  Tab le ) . 3 The  d iamid ines 
interfere with the amoebae’s DNA 
synthesis but, while they’re OTC 
in Europe, they’re not available 
in the United States. We typically 
use some cocktail combination 
of biguanide, diamidine and/or 
imidazole, depending on clinician 

Figure 3. Early Acanthamoeba infection showing epithelial pseudodendrites (A) and 
non-specific subepithelial infiltrates (B).

Figure 4. Acanthamoeba keratitis with radial keratoneuritis (A) and ring infiltrate (B).
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preference, drug availability and 
patient tolerance. 

In contrast, Acanthamoeba cysts 
are essentially “bulletproof,” re-
maining impervious to amoebicial 
drugs. The somewhat controversial 
treatment strategy of using to-
pical steroids is beneficial  for 
preventing the drug-susceptible 
trophozoites from conversion to 
drug-resistant cysts.  However, the 
steroid balancing act is delicate, 
since the trophozoites also re-
main reproductive and steroids 
will  suppress the immune and 
inflammatory responses, possibly 
faci l i tat ing addit ional  stromal 
ulceration. Here again, the confocal 
microscope is extremely valuable 
for determining the state of the 
amoebic organisms’ concentration 
and viability, and for assessing their 
activity.

Play to Win

Acanthamoeba keratitis usually 
presents unilaterally with both 
the trophozoite and cystic forms 
present, and as soon as it’s dia-
gnosed it must be treated very 
aggressively,  according to the 
previously specified regimen. Even 
a mild, superficial infection can 

progress rapidly, and the deeper 
into the cornea the amoebae in-
vade, the more inaccessible they 
become to poorly penetrat ing 
topical drugs. Since trophozoites 
replicate quickly, it’s important to 
apply drugs hourly around-the-
clock for at least the first 48 hours. 
Nighttime drug administration can 
then be reduced, while daytime 
drops remain hourly. Based on the 
therapeutic response, and as the 
infection subsides, the medication 
frequency can be slowly tapered 
to perhaps four times a day, which 
often must be maintained for 
several months.3 

The goal  of  treatment is  to 
kill all trophozoites and cysts, as 
evidenced by clinical and confocal 
microscopic  improvement.  As 
previously discussed, judicious 
use of topical steroids may be 
beneficial both to lure trophozoites 
out of encystment and to control 
the chronic inflammatory process. 
Meanwhile, be sure to constantly 
manage ocular surface drug tox-
icity and allergy, neurotrophic 
persistent epithelial defects, and 
intraocular pressure as the in-
flammation subsides. 

Another therapeutic strategy of 
potential, but equivocal, benefit 

is corneal cross-linking (CXL), 
utilizing much the same techniques 
that  have been developed for 
keratoconus stabilization. Presum-
ably the ultraviolet light exposure 
of CXL is effective for kil l ing 
organisms located relatively super-
ficially, but with less efficacy for 
deeper-penetrated amoebae.7,9 
As results remain somewhat in-
consistent, however, further in-
vestigation is required to refine 
the CXL technique for this use.

Surgical interventions may be 
required during active therapy, 
ranging from corneal debridement 
of non-viable tissue to aid drug 
penetration, to amniotic mem-
brane disc or graft application to 
reduce inflammation and promote 
epithelial recovery, to therapeutic 
keratoplasty for anatomical re-
storation of extremely thinned 
or perforated corneas. The latter 
a lso  reduces the intrastromal 
microorganism load and prevents 
extension infection to the limbus 
and sclera, whereupon it becomes 
nearly impossible to eradicate. 
Emergent glaucoma surgery and 
extraction of intumescent cataract 
may also be required. 

Following eradication of active 
infection, anatomical and visual 
rehabilitation might require lim-
bal autograft transplantation to 
restore the damaged limbal stem 
cell population; medical treatment 
of neurotrophic keratopathy with 
nerve growth factor (Oxervate, 
Dompé); definitive cataract, glau-
coma and/or anterior segment 
reconstructive surgery; and, once 
all associated issues have been 
resolved, penetrating keratoplasty 
to replace the scarred cornea.   

After all is said and done, the 
visual prognosis for most medically 
treated patients is on the order 
of  20/100.  For eyes requiring 
penetrating keratoplasty, the risk 
factors of chronic inflammation, 

Figure 5. In vivo confocal microscopy of Acanthamoeba infection at the epithelial level (A) 
and the stromal depth (B) of the cornea; examples of clusters of cysts are marked by blue 
arrows, trophozoites by yellow arrows.
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stromal neovasularization, limbal 
deficiency, glaucoma and prior 
keratoplasty all affect the prognosis, 
but overall keratoplasty survival 
i s  approx imate ly  50  percent . 
Among successful grafts, there’s 
a 50-percent chance of attaining 
20/40 vision.15 As with other high-
risk keratoplasties, management of 
immune rejection, ocular surface 
issues and intraocular pressure 
continues indefinitely.7,9

Parting Pearls

Following are some t ips for 
particular aspects of managing 
Acanthamoeba:

• An ounce of prevention… 
As primary vision providers, edu-
cate contact lens wearers about 
the perils of poor lens hygiene, 
extended and over-extended con-
tact lens wear and ocular water 
exposure while wearing contacts. 

• Red-flag alert. Just as any 
acute contact-lens-related keratitis 
should be considered to be Pseudo-
monas until proven otherwise, any 
CL-related keratitis unresponsive 
to one week of conventional and/
or fortified topical antibiotic the-
rapy should be considered to be 
Acanthamoeba, fungal and/or viral 

and must undergo more rigorous 
diagnostic culture and imaging 
studies to verify an exact etiologic 
diagnosis. Above all, don’t delay 
by playing polypharmacy roulette: 
Referral for an appropriate eval-
uation and management should 
be on a “run, don’t walk” basis, 
since any delay vastly prolongs and 
worsens the prognosis. 

• Confirm etiology.  As the 
Acanthamoeba therapy train rolls 
on forever, specific confirmation of 
diagnosis by culture, imaging and/
or biopsy is mandatory. Remember: 
Acanthamoeba, fungus 
and even viral infections 
can produce clinically 
similar keratitis, so there 
is seldom justification 
for continuing empirical 
“ s h o t g u n  t h e r a p y. ” 
Once  d iagnos t ica l l y 
confirmed, therapy has 
to be “all-in”: aggressive, 
with multiple agents, 
i n t e n s i v e  t o p i c a l 
a p p l i c a t i o n  a n d 
recognition of potential 
medica t ion  tox ic i ty, 
g i v e n  t h e  m o n t h s 
of  therapy  required 
f o r  A c a n t h a m o e b a 
eradication. 

• “It ain’t over ’til it’s over.” 
Finally, given the long-term course 
of medical therapy plus the as-
sociated aspects of ocular sur-
face and other anterior segment 
sequelae,  the commitment of 
both clinicians and patients be-
comes  a  “BFF”  (bes t  f r i end 
forever) relationship, recognizing 
that following eradication of the 
infection, the subsequent medical 
and surgical management requires 
equally committed and vigilant 
commitment. 

In conclusion, Acanthamoeba 
keratitis, particularly among high-
ly at-risk contact lens wearers, 
remains the most difficult of corn-
eal infections to diagnose and 
treat. Maintaining a high level of 
suspicion for Acanthamoeba as the 
potential etiology for recalcitrant 
keratitis cases, referral for dia-
gnostic studies and aggressive 
pharmacologic management are 
mandatory to save such eyes from 
devastating visual loss. Although 
medical therapy is intense, toxic 
and  seeming ly  in terminab le , 
medical cures are nonetheless 
a t ta inab le .  I f  the  “co l l a tera l 

(Continued on page 73)

Anti-amoebic Medications
Agent Trade Name Manufacturer Topical Concentration

Cationic antiseptics
 Chlorhexidine 0.02%

 Polyhexamethylene biguanide Baquacil Zeneca 0.02%

Aromatic diamidines
 Propamidine isethionate Brolene Mays & Baker 0.1%

Azoles

 Clotrimazole Lotrimin Schering 1%

 Fluconazole Diflucan Roerig 0.2%

 Ketoconazole Nizoral Janssen 5% (or 200 mg oral) 

Aminoglycosides

 Neomycin Neosporin generic 10 ml/3.5 g (ointment)

Figure 6. Light microscopic view of a corneal section  
demonstrating Acanthamoeba cysts.
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• A minimally invasive device would help 
mitigate trauma and expedite recovery1

• Subconjunctival drainage is a proven 
method to achieve target IOP2

• Device design could help maximize 
outflow while minimizing hypotony3,4

• Biocompatible material that resists 
degradation could help deliver 
more-sustainable benefits3
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Large-screen, “heads-up” 3-D 
displays for ophthalmic surgery 

are not a new idea, but this technol-
ogy initially had some limitations that 
led many anterior segment surgeons 
to avoid it. Because many of the draw-
backs that were deal-breakers for an-
terior segment surgeons didn’t ap-
ply as much to retinal surgery, some 
retinal surgeons adopted the technol-
ogy. Now, proponents say the technol-
ogy has evolved, and most of those 
problems have been minimized or 
eliminated. As a consequence, some 
anterior segment surgeons are giving 
this technology a second look. 

Here, surgeons discuss their ex-
perience using this type of display, 
explain how it’s changed, and offer 
some thoughts about why the digital 
basis of this tech might allow it to help 
surgeons in novel ways.

An Optical Upgrade

Steve Charles, MD, FACS, FICS, 
founder of the Charles Retina Insti-
tute in Memphis Tennessee, and one 
of the world’s leading vitreoretinal 
surgeons, says he’s used Alcon’s Nge-
nuity system for all of his cases since 

it was introduced to the market. (Sony 
and Zeiss also make heads-up 3-D 
viewing systems; Sony’s is made in 
partnership with Haag-Streit.)

Dr. Charles notes that early ver-
sions of this technology had some sig-
nificant image latency. “The onscreen 
visual was noticeably delayed relative 
to the surgeon’s movements,” he says. 
“Today the image quality is signifi-
cantly better; the dynamic range has 
increased and the latency has been 
completely eliminated. As a result, in-
terest among both retinal and anterior 
segment surgeons has increased.”

Rom Kandavel, MD, a partner at 
the Colvard-Kandavel Eye Center 
in Encino, California, and volunteer 
clinical professor at Jules Stein Eye 
Institute in Los Angeles, recently 
got his first chance to try using a 3-D 
heads-up display to perform ante-
rior segment surgery. “At first this 
technology was presented as a way to 
improve the ergonomics of surgery,” 
he says. “That’s a legitimate point. 
But once I got to try it, I was most im-
pressed by how much better the view 
is, in almost every way.”

Surgeons note several specific 
things about the optics that they say 

are better than a traditional surgical 
microscope:

• Significantly better depth-
of-field. “Not only do you get great 
clarity, but you get it at almost every 
focal distance,” says Dr. Kandavel. 
“You can be in focus at the posterior 
capsule, the anterior capsule and the 
endothelium all at the same time. The 
surgeon can accommodate through 
those levels, and they’re all in very 
good focus.”

He points out that the optics of 
a traditional microscope limit the 
depth-of-field. “The interpupillary 
distance and the working distance re-
sult in limited stereopsis,” he explains. 
“It’s a fraction of the stereopsis you 
get looking at a 55-inch OLED screen 
from a distance of four feet. With this 
new technology you can see minute 
differences in anterior and posterior 
locations. That’s really important for 
the everyday cataract surgeon, and 
it’s also important for residents; it lets 
them accurately gauge depth while 
grooving the nucleus, and it helps 
them detect the posterior capsule 
once they begin removing pieces.” 
Dr. Charles agrees, noting that the 
Ngenuity’s stereo pair of single-chip 

Christopher Kent, Senior Editor

Proponents say this technology is becoming more viable as a 
tool for surgeons working at the front of the eye.

3-D Heads-up Displays 
& the Anterior Segment 
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cameras provide a depth-of-fi eld 4.5 
times greater than what a conven-
tional optical operating microscope 
provides.

Mike Colvard, MD, FACS, direc-
tor of the aforementioned Colvard-
Kandavel Eye Center, and a clinical 
professor of ophthalmology at the 
University of California Los Angeles 
School of Medicine, recently had his 
fi rst chance to observe this technol-
ogy being used for anterior segment 
surgery. “The depth-of-fi eld was as-
tounding,” he reports. “You’re able 
to look at the cornea, the anterior 
chamber, the anterior surface of the 
lens and the posterior aspect of the 
lens, all at the same time.”

Dr. Kandavel believes retina spe-
cialists initially adopted this technolo-
gy more readily than anterior segment 
surgeons because of that increased 
depth-of-fi eld. “It’s particularly help-
ful for macular hole repair,” he notes. 
“The digital processing of the image 
also allows the highlighting of cer-
tain structures, which is helpful when 
peeling membranes, so it caught on 
in retina fi rst. Nevertheless, the cur-
rent version of this technology holds 
a lot of promise for anterior segment 
surgery.”

• Very high magnifi cation with 
no loss of clarity. “With typical mi-
croscopes, when you start cranking 
up the magnifi cation, you often lose 
some clarity and depth-of-fi eld,” Dr. 
Colvard points out. “You don’t with 
this technology. When you increase 
the magnification, you keep the 
depth-of-fi eld and the clarity.” 

Dr. Charles agrees, noting that this 
is part of the purpose of the large 
display. “However, when using this 
system at high magnification, be-
ing at the correct viewing distance is 
crucial,” he points out. “The 55-inch 
OLED display should be positioned 
four feet from the surgeon. If you 
use a smaller display placed closer to 
the surgeon, the result is vergence-
accommodation conflict. Also, the 

surgeon should wear glasses that have 
a full distance correction +0.5 D, to 
optimize the perceived image.”

Dr. Kandavel notes that the im-
proved resolution at high magnifi-
cation is particularly useful when 
performing many MIGS procedures. 
“If you zoom in on the trabecular 
meshwork, the resolution and focus 
is excellent,” he says. “You need that 
visual clarity to work effectively in 
that space.”

• Clarity out to the edge of the 
image. “When viewing through a 
conventional operating microscope, 
the resolution decreases—and ab-
errations increase—the further you 
look from the viewing axis,” notes Dr. 
Charles. “In contrast, with this tech-
nology the cameras are matched to 
the point-spread function of the op-
tical system. That makes the image 
resolution for the surgeon just as good 
at the periphery of the image as it is in 
the center.”

• Less phototoxicity. “Because 
the image is digital, the microscope 
can be at much lower illumination 
while the screen displays the image 
at a higher level of brightness,” Dr. 
Kandavel points out. “That’s not too 
important for short cataract cases, 
but it certainly makes a difference in 
retina cases and longer anterior seg-
ment cases.”

• Individual structures can be 
digitally enhanced. Dr. Kandavel 
notes that this is another advantage 
that comes from working with a digi-
tal image. “The image can be digitally 
processed to enhance the contrast 
or brightness of any structure you 
choose,” he says.

Non-optical Advantages

The fact that the image appears on 
a large screen may bring other ben-
efi ts to this technology as well:

• Better ergonomics for the 
surgeon. Dr. Kandavel says this is 
a serious advantage that shouldn’t 
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be overlooked. “Multiple surgeons 
working in our surgery center have 
had surgery on their cervical spine 
because of the strain placed on their 
backs during surgery,” he notes. “This 
system can help keep that from hap-
pening, especially over many years of 
performing surgery. You can essen-
tially sit in whatever position you de-
sire and still have a really good view. 
Physicians always put the patient first; 

this is a technology that will help the 
physician.”

He adds that this ergonomic change 
can be especially helpful when per-
forming some MIGS procedures. 
“Right now when performing MIGS 
procedures we generally have to tilt 
the patient’s head and put on a gonio-
scope in order to achieve the right an-
gle to see the trabecular meshwork,” 
he says. “When I use the Ngenuity 

system, I put the gonioscope on and 
tilt the scope, but I don’t have to tilt it 
as much, and it doesn’t affect my head 
position because I’m just looking at a 
screen.”

• The surgeon can interact with 
the surroundings. Dr. Kandavel says 
this consequence of the heads-up dis-
play caught him by surprise. “I under-
estimated how much more interac-
tive it makes you with your operating 
room,” he says. “With a microscope, 
your peripheral vision is almost com-
pletely taken up by the oculars. With 
the heads-up display, you can see your 
scrub tech, anesthesiologist, even the 
patient’s body, all while you’re look-
ing at the screen. The whole room is 
within your visual grasp.”

• Additional information can be 
added to the screen. “For example, 
you can do a split screen with the 
ORA aberrometer,” says Dr. Kandav-
el. “Or, you can put all of your phaco 
parameters on the screen, so you can 
monitor your vacuum, aspiration and 
energy while performing the surgery. 
Then you don’t have to turn your head 
to look at another screen.” 

• It has a short learning curve. 
“I was surprised how quickly people 
take to the technology, even young 
surgeons,” says Dr. Colvard. “I 
watched third-year residents using 
this technology for the first time at 
the VA hospital; they had no trouble 
performing beautifully. So it’s some-
thing that people can adapt to very 
quickly. They weren’t struggling at all. 
Also, everybody in the room has the 
same view that the surgeon has—and 
in 3-D.”

Drawbacks

Dr. Kandavel points out a few dis-
advantages that come with switching 
to this viewing system. Most of them 
have to do with managing a large 
screen in the operating room. 

“A retina surgeon operates at the 
top of the bed, so the screen can be 

Proponents say that today’s heads-up 3-D displays have resolved many early technical 
problems, such as reducing the time lag between the surgeon’s motions and the onscreen 
image. However, using the technology for anterior segment surgery raises other practical 
concerns, such as whether to move the screen from one side of the bed to the other when 
operating on left vs. right eyes, or have the surgeon turn his or her head to look at a fixed-
location screen.
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put at the patient’s feet,” he says. “As a 
result, both the screen and the retina 
surgeon are in the same position for 
each case. In contrast, anterior seg-
ment surgeons operate left and right, 
so in order to keep the same view you 
have to move the screen from one 
side of the patient to the other—at 
least in theory. In terms of room turn-
over and efficiency, that could poten-
tially slow you down. 

“However, there are a couple of 
ways around that,” he continues. “You 
could schedule all left-eye surgeries 
in a row, then all right eyes. In that 
scenario you’d only have to move the 
screen once, or perhaps a few times a 
day. It’s also possible to operate with 
your hands in front of you while look-
ing to your left or right; that way the 
screen can remain at the patient’s 
feet, or at the top of the bed. I had 
some success doing that, but it can be 
challenging.

“There’s an optimal viewing angle, 
meaning that you want to be right 
in front of the screen,” he explains. 
“Some ovalization of the image and 
distortion occurs if you’re at a very 
oblique angle to the screen. This 
sometimes becomes an issue with an 
attending resident, because the resi-
dent will have the optimal view. The 
assisting surgeon is accustomed to 
sitting to the right or left of the resi-
dent at the apex of the patient’s head, 
but with this technology, you want to 
be located behind your resident so 
you have the same view the resident 
has. Otherwise, you’re looking at the 
screen obliquely, and you may not 
have the same depth perception they 
have. That can make it harder to help 
the resident during surgery.”

In regards to the time lag between 
the surgeon’s movements and the vi-
sual on the screen that initially dis-
couraged many surgeons from adopt-
ing this technology, Dr. Kandavel says 
the time lag has been greatly reduced. 
“It’s perceptible, but just barely,” he 
says. “In reality, we don’t generally 

move at fast enough speeds to make 
it an issue. Also, after a few cases, you 
neuroadapt to the slight delay and get 
used to it. I’ve done multiple cases in 
a row and had no problem at all.”

There’s also the issue of cost; this 
technology can cost a practice in the 
range of $90,000. Surgeons may be 
reluctant to lay out money for a new 
viewing system when they feel that 
their microscopes are already doing 
a fine job. However, Dr. Kandavel 
argues that a surgeon can make the 
numbers work if he or she is in the 
market for a new microscope.

“Regarding the cost, it appears to 
be similar to upgrading to a newer 
microscope,” he says. “In my mind, 
just getting a newer microscope is 
an incremental improvement, and 
it costs about the same as moving to 
this entirely different way of seeing 
the surgical field. With this system 
you’re getting so much more. Instead 
of making a small step forward, you’re 
making a giant leap.” (Dr. Kandavel 
acknowledges that the cost will vary 
depending on which 3-D system you 
choose to purchase.) 

What Lies Ahead

Dr. Kandavel sees the potential for 

a number of useful future develop-
ments. “For instance, because it’s a 
digital system, you can ‘lock onto’ 
structures such as the limbus or the 
iris,” he says. “You wouldn’t need a 
microscope pedal because the instru-
ment would automatically remain 
focused on the area of your choice, 
regardless of patient movement. It 
would stay in the center of your field 
of vision at all times. 

“Other even more sophisticated ad-
vances should be possible,” he con-
tinues. “At some point the software 
may be able to identify the density 
of an individual cataract piece in the 
anterior chamber in real time, based 
on how the light is passing through 
it. Then, it could interface with the 
phaco unit and modulate your energy, 
vacuum and aspiration accordingly. It 
could reduce surge and phaco power, 
all automatically. Or, it could alert you 
when you’re getting very close to the 
posterior capsule. And, if the posteri-
or capsule was suddenly sucked up to 
the aspiration tip—God forbid—the 
software would immediately release 
it, faster than a human being could 
respond. All of this is possible because 
the system is working with a digital 
signal. Right now we’re just scratch-
ing the surface.”

Dr. Colvard agrees. “One of the 
old surgical adages is: You can only fix 
what you can see,” he says. “The joke 
was, if the doctor can’t see very well, 
chances are the patient won’t see very 
well either. 

“Being able to see clearly—with 
great depth-of-field—is a tremendous 
asset,” he adds. “That’s particularly 
true with a procedure like capsulor-
hexis, and especially for a young sur-
geon.”  

Dr Charles is consultant for Alcon 
but receives no compensation relat-
ing to this product. Drs. Colvard and 
Kandavel report no financial ties to 
any company or device discussed in 
this article.

“Other even more 
sophisticated advances 
should be possible ... 
because the system is 
working with a digital 
signal. Right now we’re 

just scratching the 
surface.”

— Rom Kandavel, MD
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BiometryCover Focus 

Biometry and Formulas: 
Nailing the Outcome

Today’s technology for measur-
ing the eye and formulas for 
determining IOL power be-

fore cataract surgery are far beyond 
anything available to surgeons 20 years 
ago. Nevertheless, results for many 
cataract surgery patients still fall out-
side the range of desirable outcomes. 
Here, experts share their experience 
and advice for making the most of bi-
ometry and formulas to improve your 
patients’ postop vision.

A Bevy of Biometers

Today, clinicians and researchers 
have numerous biometers available to 
them. Kenneth J. Hoffer, MD, FACS, 
a clinical professor of ophthalmol-
ogy at the Jules Stein Eye Institute, 
University of California, Los Ange-
les, notes that he’s worked with ev-
ery optical biometer since the first 
IOLMaster became available in 1999. 
“That includes the original IOLMas-
ter from Zeiss, now referred to as the 
IOLMaster 500; Haag-Streit’s Len-
star; the Aladdin from Topcon EU; 
Nidek’s AL-Scan; Zeimer’s Galilei 
G6; Tomey’s OA-2000; the Pentacam 
AXL from Oculus; Movu’s Argos (now 
owned by Alcon); the IOLMaster 700 
from Zeiss; and two that aren’t avail-
able yet: Heidelberg’s Artemis and 
Haag-Streit’s Eyestar 900,” he says. 

“We’re currently doing a comparative 
study of the Artemis, and we should 
have those results soon.

“All of these instruments do a good 
job, although there are a few differenc-
es between them,” he continues. “The 
competition in the field is probably a 
good thing. Zeiss, for example, might 
never have created the IOLMaster 
700, moving from partial-coherence 
interferometry to swept-source OCT, 
if all of those other instruments hadn’t 
forced them to up their game. I do 
think offering swept-source OCT is an 
advantage; that’s now part of the IOL-
Master 700, the Argos and the OA-
2000, and it will be part of the Eyestar 
900 and the Artemis. But any of these 
optical biometers will give you an ac-
curate axial length measurement.”

Of course, getting an accurate 
measurement depends on more than 
just technology; the person taking 
the measurement has to know how 
to avoid potential pitfalls. Douglas 
D. Koch, MD, professor and chair 
of ophthalmology at Baylor’s Cullen 
Eye Institute in Houston, says the two 
biggest mistakes surgeons make are 
not verifying the quality of their data 
and not getting a separate measure-
ment to verify its consistency. “The 
most significant errors made by opti-
cal biometry today involve measur-
ing corneal power— in other words, 

Christopher Kent, Senior Editor
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the steep and flat meridians,” 
he notes. “Fortunately, the new 
biometers all give you a way to 
verify the quality of those corne-
al power readings. For example, 
you can look at the reflections of 
the LED mires on the cornea. 
Depending on how you set up 
the machine, they can even be 
printed out. Or, you can use the 
standard deviation of measure-
ment as a guide. Warren Hill, 
MD, looked at data from the 
Lenstar; he concluded that a 
corneal power standard devia-
tion greater than about 0.3 D is 
a red flag. Likewise, a merid-
ian standard deviation of 3.5 de-
grees or more is also a red flag.”

Dr. Koch points out that the 
IOLMaster 700 lets you look at a 
macular OCT scan to confirm that 
the measurement was taken correctly. 
(See example, above.) “The macular 
OCT scan lets you know if the patient 
was fixating adequately,” he explains. 
“You should see the umbo or the fove-
al pit clearly in the center of the OCT. 
If you don’t see a foveal pit, that means 
that either an epiretinal membrane or 
some other pathology is present, or 
the patient was not fixating correctly. 
That finding should lead to further 
investigation.”

Taking a Second Reading

Dr. Koch says that validating the 
biometry with a second reading is very 
important—especially if you’re con-
sidering a toric IOL. “Biometry can 
be wrong,” he points out. “I recall one 
case in which I took a Lenstar read-
ing on a patient; it was about 43.3 D. 
The IOLMaster 700 gave us no read-
ings at all for this patient, with obvious 
mire distortion on the printout. I went 
back and looked at a measurement 
I’d gotten with the Galilei when the 
same patient initially presented three 
months earlier. That measurement 
was 44.4 D—more than a diopter of 

disagreement, and with very different 
astigmatism measurements. 

“Upon more careful examination, 
I found dry spots on the cornea that 
were present during the Lenstar 
and IOLMaster measurements,” 
he continues. “So, I treated the dry 
eye. When I repeated the Lenstar 
and IOLMaster measurements, they 
matched the Galilei measurement. 
The moral of the story is that validat-
ing your biometry with a second read-
ing from another instrument can im-
prove the quality and consistency of 
your measurements and avoid some 
poor outcomes.”

“If you don’t have a second device, 
you can at least measure the patient 
with the same device twice,” he adds. 
“Ideally, you should measure the pa-
tient on two different occasions, per-
haps when the patient first presents, 
then on the preoperative visit. If you 
have to work with only one visit, get 
a measurement, have the patient sit 
back and blink, then get another.”

Surendra Basti, MD, a professor 
of ophthalmology and director of the 
cataract service at Northwestern Uni-
versity’s Feinberg School of Medicine, 
in Chicago, points out that it’s not 
practical to recommend that regular 

surgeons take multiple measure-
ments of most patients. “There 
will always be surgeons who 
have access to a lot of devices, 
but those surgeons are few,” he 
says. “We need to focus on what’s 
practical. All surgeons have 
a biometry device, and almost 
all surgeons have a topography 
device. If you use those—along 
with immersion biometry in spe-
cial cases—you should be fine.”

Of course, optical biometry 
may not work for every patient. 
“If the cataract is very dense, op-
tical biometry may not be able 
to provide an accurate measure-
ment,” notes Warren E. Hill, 
MD, FACS, medical director 
of East Valley Ophthalmology 

in Mesa, Arizona, who specializes in 
challenging intraocular lens power 
calculations and unusual anterior seg-
ment surgery. “In this case, immersion 
ultrasound is performed. If the patient 
is also a high-to-extreme axial myope 
with a posterior staphyloma, then an 
immersion vector A- and B-scan is 
required. This is a more sophisticated 
form of immersion biometry that mea-
sures the refractive axial length rather 
than the anatomic axial length.”

The Formula Factor

Perhaps the more daunting hurdle 
when aiming for an ideal outcome is 
plugging the biometric and refrac-
tive data into the most effective IOL 
power formula. When deciding which 
formula to use, a number of ques-
tions arise: Should you compare the 
results of multiple formulas? Should 
you use different formulas if the axial 
length is unusually long or short? And 
how should your choice be modified 
if your patient has had prior refractive 
surgery?

Dr. Koch says he still plugs the 
numbers into multiple formulas and 
compares the results. “I like to use the 
Holladay I, Holladay II, Barrett Uni-

When using the IOLMaster 700, it’s essential to review 
the swept-source OCT image (lower right corner, above) 
prior to interpreting the measurements. The image should 
center on and be perpendicular to the foveal depression.

Surendra Basti, M
D
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versal II and the Hill RBF for my cata-
ract patients,” he says. “Sometimes 
just seeing variability between the for-
mulas’ results tells you that there may 
be something unusual about the biom-
etry—a shallow anterior chamber, or a 
thick or thin lens, for example. If noth-
ing else, you can tell the patient that 
you’ve run the calculations with four 
of the best formulas, and they’re not in 
total agreement. If that only helps in 
terms of educating the patient, that’s 
still a real benefit.”

“We know that traditional formulas 
tend to leave long eyes hyperopic,” 
says Dr. Koch. “That’s why Li Wang, 
MD, and I developed the Wang-Koch 
axial length modification to use with 
the Holladay I formula. You can also 
get good results in long eyes using the 
Barrett Universal II and the Hill RBF 
2.0 formulas. Short eyes, under 22 
mm, remain a challenge. We reported 
that the best formulas only gave us a 
little more than 70 percent of these 
eyes within a half diopter.1 Interest-
ingly, the best two formulas we found 
in that paper were the Holladay I and 
Holladay II. But short eyes remain a 
problem that we really haven’t solved. 
You just have to use your best formulas 
and make your best guess. And in this 
situation, make sure the patient un-
derstands that the calculations may be 
inaccurate and he or she may be left 
with a refractive error, despite your 
doing your best.”

Dr. Hill says his preference is to 
use both the Barrett Universal and 
Hill-RBF formulas for all eyes. “When 
these two calculation methods agree, 
chances are very good that the refrac-
tive outcome will be as anticipated,” 
he says. “They also have the advantage 
of not requiring an axial length adjust-
ment for very long eyes, and they per-
form very well for short eyes.”

One Formula Fits All?

As formulas have improved, many 
surgeons are feeling less need to check 

multiple formulas. Dr. Basti says he’s 
moving away from that practice. “Over 
the years we’ve become used to the 
idea of using different formulas for 
eyes with different axial lengths,” he 
notes. “My technicians still make a 
printout showing the results using four 
formulas: SRKT; Holladay I; Holladay 
II; and Barrett. However, I find my-
self relying almost entirely on the Bar-
rett Universal II as my go-to formula. 
It does well, even in eyes with long 
or short axial lengths. It will almost 
certainly give you reliable results in 
almost every eye that you normally 
encounter.

“The one instance in which I think 
you would do well to look at multiple 
formulas,” he adds, “is in post-refrac-
tive-surgery eyes. Other than that, the 
idea of looking at multiple formulas is 
becoming less and less relevant.”

Dr. Hoffer is well-known for his 
IOL power formulas, from the origi-
nal Hoffer formula that he published 
in 1974 to the Hoffer Q that became 
available in 1993. He notes that he 
was the first to suggest using differ-
ent formulas for eyes with different 
axial lengths, in 1993. “Initially, most 
surgeons opted for finding the ‘best’ 
formula and using it on every eye,” 
he explains. “Our studies showed that 

the Hoffer Q formula worked better 
in eyes shorter than 22 mm, while it 
was equal to the Holladay I and the 
SRK/T in the medium axial length 
range, 22 to 24.5 mm. The Holladay 
I formula produced the best results in 
eyes between 24.5 and 26 mm, and the 
SRK/T was better in eyes over 26 mm. 

“Today, we have formulas using all 
kinds of approaches, including artifi-
cial intelligence,” he continues. “The 
formula that’s currently getting the 
best results is a new one created by 
Jack X. Kane, MD, in Melbourne, 
Australia. I met him five years ago 
when he was a resident. His formula 
can be used by plugging in your num-
bers at his website; he’s following the 
Holladay principle of not publishing 
the formula’s details, an approach also 
followed by Barrett and many of the 
AI formulas. He also has a formula for 
use with toric IOLs. Given the study 
results I’ve seen, both from Dr. Kane 
and independent sources, I’d recom-
mend using his formula, regardless of 
the axial length.”

Dr. Koch acknowledges that many 
surgeons today are simply relying on 
a single formula. “Many surgeons are 
just using the Barrett Universal II, 
which is a fabulous formula,” he says. 
“That’s fine. How well that will serve 

“For those of us who develop IOL power calculation methods, the Ks can be the most 
problematic aspect,” notes Warren E. Hill, MD, FACS, medical director of East Valley 
Ophthalmology in Mesa, Arizona. “A dry or unstable ocular surface is usually directly 
responsible for that. In fact, it’s difficult to overstate how much the status of the ocular 
surface can impact refractive outcomes. 

 “One easy way to identify an unstable ocular surface is to obtain a topographic axial 
curvature map, looking for multiple small, flat and steep islands,” he continues. “Of 
course, dry eye is usually one of our first thoughts when we find a poor ocular surface, 
but other factors, such as meibomian gland dysfunction, may also play a role. In our 
clinic, if we see any sign of MGD we ask the patient to do warm compresses and lid 
scrubs for two weeks prior to biometry, combined with high-quality artificial tears. If the 
patient has advanced MGD, especially if a premium IOL is being considered, we may 
also recommend that the patient undergo a LipiFlow treatment prior to biometry. 

 “After you improve the ocular surface,” he concludes, “irregular, asymmetric astig-
matism may turn into a nice bow-tie pattern, and complex aberration profiles may shift 
toward something more normal.”

—CK

The Importance of the Ocular Surface
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you depends on the patient’s expec-
tations, and your expectations. I still 
think it’s valuable to have more than 
one formula’s result to look at.”

Dr. Koch adds that there’s another 
problem that may be hindering better 
outcomes, regardless of the formula 
being used. “We may not be input-
ting the most accurate information 
about the IOLs we’re implanting, with 
regards to asphericity,” he says. “That 
information will be necessary to re-
fine those outcomes. Furthermore, 
there’s a slight variability in IOL pow-
ers. They’re supposed to be within 0.2 
to 0.3 D of labeling, and I think the 
labeled powers tend to be very accu-
rate, but it would be nice to have them 
refined even further.”

Prior Refractive Surgery

Dr. Koch says that when dealing 
with a post-refractive-surgery eye, a 
number of factors add to the chal-
lenge. “We’re still struggling with how 
to measure corneal power in this situ-
ation, and we don’t fully understand 
how previous refractive surgery af-
fects the lens position calculation,” he 
explains. “In addition, the refraction 
is more nebulous in these eyes. They 
often have a somewhat multifocal cor-
nea, so you may not be able to mea-
sure a clear endpoint. Twenty to 25 
percent of these eyes end up outside 
the ±0.5 D range, and part of that may 
reflect the mushiness of the refraction 
and refractive error.”

Dr. Koch says that getting a good 
outcome in this situation is all about 
the formulas. “If you know the pa-
tient’s prior refractive history, the 
Masket, the Barrett and the Haigis L 
formulas work well,” he notes. “We’ve 
also had good success with the OCT 
formula that was developed for use 
with the RTVue, or the next genera-
tion of that device, the Avanti. Another 
interesting advance is being able to 
measure total corneal power. With the 
IOLMaster 700, for example, you can 

measure total keratometry. But even 
using that data, we’re still not break-
ing the 80-percent accuracy mark in 
our post-LASIK calculations—at least 
based on the written reports I’ve seen, 
as well as our own data.”

“When measuring eyes that have 
undergone prior refractive surgery, 
we rely heavily on standard biometry 
in the form of autokeratometry,” says 
Dr. Hill. “In addition, we often mea-
sure these eyes with topography and 
several other methods. A number of 
different post-refractive-surgery cal-
culation algorithms have been devel-
oped for different devices, such as the 
Atlas topographer, the Pentacam and 
the RTVue. You can see how these are 
used on the ASCRS IOL calculation 
website (iolcalc.ascrs.org/wbfrmCal-
culator.aspx); for eyes with prior re-
fractive surgery, a specific calculation 
method can provide the IOL power. 
My personal preference for both prior 
LASIK and RK eyes is the Barrett 
True K method.”

“If you have information about the 
eye before and after the refractive 
procedure, both the Barrett True K 
and the modified Masket formulas will 
do well,” says Dr. Basti. “In patients 
for whom you have no prior refractive 
information, the three formulas that 
do the best are the Barrett True K No 
History, the Haigis L, and the OCT-
based formula. The OCT formula is 
useful because in post-refractive eyes 
the challenge is to estimate the true 
corneal power, and OCT can give you 
a very accurate measurement of that.”

When calculating the lens power for 

post-refractive eyes, Dr. Basti recom-
mends using the ASCRS online cal-
culator. “The ASCRS calculator asks 
you whether you have information 
related to how much refractive error 
was corrected with the prior refractive 
procedure,” he notes. “If you have that 
information, you put it in and one row 
of formulas lights up. Those formu-
las—the modified Masket and Barrett 
True K—will be most accurate in eyes 
that have had refractive surgery, if you 
have the preop information. If you 
don’t have that information, which of-
ten happens, another row of formulas 
lights up. That row includes the Bar-
rett True K No History, the Haigis L 
and the OCT-based formulas.”

Dr. Koch says he’s hopeful that ray 
tracing may lead to a breakthrough. 
“Ray tracing does a better job of incor-
porating the variable corneal power 
within the central 3- to 4-mm zone 
than the other technologies,” he points 
out. “So far, it hasn’t outdone our best 
formulas, like the Barrett True K for-
mula, but I think that’s because we’re 
not giving those ray-tracing formulas 
the best corneal power information. 
Thomas Olsen, MD, has developed a 
ray-tracing formula that’s shown some 
pretty good results. But I still don’t see 
anybody cracking the 80-percent bar-
rier. Something is still missing.”

Strategies for Success

Surgeons offer these pearls for im-
proving your outcomes:

• Know your biometry device 
well. “The better you know your bi-
ometer, the better your outcomes will 
be,” says Dr. Basti. “Every biometry 
device has recommendations from the 
manufacturer explaining how to opti-
mize its use. In fact, one of the biggest 
mistakes surgeons make is not looking 
at the quality metrics of each measure-
ment they take. 

“For example,” he continues, “the 
IOLMaster recommends that the 

“Short eyes remain a 
problem that we really 

haven’t solved.”
— Douglas Koch, MD

(Continued on page 65)
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ZERVIATE™ (cetirizine ophthalmic solution) 0.24%
Brief Summary
INDICATIONS AND USAGE 
ZERVIATE (cetirizine ophthalmic solution) 0.24% is a 
histamine-1 (H1) receptor antagonist indicated for treatment of 
ocular itching associated with allergic conjunctivitis.
DOSAGE AND ADMINISTRATION 
Recommended Dosing: Instill one drop of ZERVIATE in 
each affected eye twice daily (approximately 8 hours apart). 
The single-use containers are to be used immediately after 
opening and can be used to dose both eyes. Discard the 
single-use container and any remaining contents after 
administration. The single-use containers should be stored in 
the original foil pouch until ready to use. 
CONTRAINDICATIONS 
None.
WARNINGS AND PRECAUTIONS 
Contamination of Tip and Solution: As with any eye drop, 
care should be taken not to touch the eyelids or surrounding 
areas with the dropper tip of the bottle or tip of the single-
use container to avoid injury to the eye and to prevent 
contaminating the tip and solution. Keep the multi-dose bottle 
closed when not in use. Discard the single-use container after 
using in each eye.
Contact Lens Wear: Patients should be advised not to wear 
a contact lens if their eye is red.
ZERVIATE should not be instilled while wearing contact 
lenses. Remove contact lenses prior to instillation of 
ZERVIATE. The preservative in ZERVIATE, benzalkonium 
chloride, may be absorbed by soft contact lenses. Lenses may 
be reinserted 10 minutes following administration  
of ZERVIATE.
ADVERSE REACTIONS 
Clinical Trials Experience: Because clinical trials are 
conducted under widely varying conditions, adverse reaction 
rates observed in the clinical trial of a drug cannot be directly 
compared to rates in the clinical trials of another drug and 
may not reflect the rates observed in practice. 
In 7 clinical trials, patients with allergic conjunctivitis or those 
at risk of developing allergic conjunctivitis received one 
drop of either cetirizine (N=511) or vehicle (N=329) in one or 
both eyes. The most commonly reported adverse reactions 
occurred in approximately 1%–7% of patients treated with 
either ZERVIATE or vehicle. These reactions were ocular 
hyperemia, instillation site pain, and visual acuity reduced.
USE IN SPECIFIC POPULATIONS 
Pregnancy 
Risk Summary  
There were no adequate or well-controlled studies with 
ZERVIATE in pregnant women. Cetirizine should be used in 
pregnancy only if the potential benefit justifies the potential 
risk to the fetus.
Data  
Animal Data  
Cetirizine was not teratogenic in mice, rats, or rabbits 
at oral doses up to 96, 225, and 135 mg/kg, respectively 
(approximately 1300, 4930, and 7400 times the maximum 
recommended human ophthalmic dose (MRHOD), on a  
mg/m2 basis).
Lactation 
Risk Summary  
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milk following oral administration. Multiple doses of oral dose 
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whether the systemic absorption resulting from topical 
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NONCLINICAL TOXICOLOGY 
Carcinogenesis, Mutagenesis, Impairment of Fertility  
Carcinogenicity  
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mg/m2 basis). In a 2-year carcinogenicity study in mice, 
cetirizine caused an increased incidence of benign liver 
tumors in males at a dietary dose of 16 mg/kg (approximately 
220 times the MRHOD, on a mg/m2 basis). No increase in the 
incidence of liver tumors was observed in mice at a dietary 
dose of 4 mg/kg (approximately 55 times the MRHOD, on 
a mg/m2 basis). The clinical significance of these findings 
during long-term use of cetirizine is not known.
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micronucleus test in rats. Cetirizine was not clastogenic in the 
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Impairment of Fertility 
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64 mg/kg (approximately 875 times the MRHOD, on a  
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PATIENT COUNSELING INFORMATION 
Risk of Contamination: Advise patients not to touch 
dropper tip to eyelids or surrounding areas, as this may 
contaminate the dropper tip and ophthalmic solution. Advise 
patients to keep the bottle closed when not in use. Advise 
patients to discard single-use containers after each use.
Concomitant Use of Contact Lenses: Advise patients not 
to wear contact lenses if their eyes are red. Advise patients 
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administration of ZERVIATE.
Administration: Advise patients that the solution from one 
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CME Accredited Surgical Training Videos Now 
Available Online: www.MackoolOnlineCME.com

We are excited to continue into our fi fth year of Mackool 
Online CME. With the generous support of several ophthalmic 
companies, I am honored to have our viewers join me in 
the operating room as I demonstrate the technology and 
techniques that I have found to be most valuable, and that I 
hope are helpful to many of my colleagues. We continue to 
edit the videos only to either change camera perspective or 
to reduce down time – allowing you to observe every step of 
the procedure. 

As before, one new surgical video will be released monthly, 
and physicians may earn CME credits or just observe the case. New viewers are 
able to obtain additional CME credit by reviewing previous videos that are located 
in our archives.

I thank the many surgeons who have told us that they have found our CME 
program to be interesting and instructive; I appreciate your comments, 
suggestions and questions. Thanks again for joining us on Mackool Online CME.

Richard J. Mackool, MD

MackoolOnlineCME.com MONTHLY Video Series

Episode 52:
“Horizontal Phaco Chop 

Technique with “Penetrating” 
Limbal Relaxing Incisions”

Surgical Video by:
Richard J. Mackool, MD

MonthlyMonthly

MACKOOL ONLINE CME
CME SERIES | SURGICAL VIDEOS

Richard Mackool, MD, a world renowned anterior segment ophthalmic 
microsurgeon, has assembled a web-based video collection of surgical cases that 
encompass both routine and challenging cases, demonstrating both familiar and 
potentially unfamiliar surgical techniques using a variety of instrumentation and 
settings.

This educational activity aims to present a series of Dr. Mackool’s surgical videos, 
carefully selected to address the specifi c learning objectives of this activity, with 
the goal of making surgical training available as needed online for surgeons 
motivated to improve or expand their surgical repertoire.

Learning Objective:

After completion of this educational activity, participants should be able to:
• Employ an e�  cient technique for nucleus segmentation and an incisional 

technique to reduce astigmatism. 

Video Overview:
In this myopic patient 

with low ocular rigidity, 
I demonstrate both my 

phaco chop technique and 
simultaneous astigmatic 

correction using a pair of full 
thickness i.e. Penetrating, 
Limbal Relaxing Incisions.

Satisfactory Completion - Learners must pass a post-test and complete an evaluation form to receive a certifi cate of completion. You must listen to/view 
the entire video as partial credit is not available. If you are seeking continuing education credit for a specialty not listed below, it is your responsibility to 
contact your licensing/certifi cation board to determine course eligibility for your licensing/certifi cation requirement.

Physicians - In support of improving patient care, this activity has been planned and implemented by Amedco LLC and Review 
Education Group. Amedco LLC is jointly accredited by the Accreditation Council for Continuing Medical Education (ACCME), 
the Accreditation Council for Pharmacy Education (ACPE), and the American Nurses Credentialing Center (ANCC), to provide 
continuing education for the healthcare team

Credit Designation Statement - Amedco designates this enduring material activity for a maximum of .25 AMA PRA Category 1 
CreditsTM. Physicians should claim only the credit commensurate with the extent of their participation in the activity.

JOINTLY ACCREDITED PROVIDERTM

INTERPROFESSIONAL CONTINUING EDUCATION

To view CME video
go to:

www.MackoolOnlineCME.com

Additionally Supported by:

Glaukos
MST

Crestpoint Management

Supported by an unrestricted independent
medical educational grant from:

Alcon

In Kind Support:

Sony Healthcare
Solutions

Video and Web Production by:

JR Snowdon, Inc

Jointly provided by:

EDUCATION GROUP
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Point-CounterpointCover Focus

After 26 years of scleral fi xating 
IOLs, I continue to achieve 
excellent results by using a 

scleral-sutured technique. Yes, I 
keep on top of the innovations that 
our colleagues introduce, includ-
ing the use of haptic scleral fi xation 
championed by proponents of the 
Yamane technique. However, I still 
don’t see a reason to change my ap-
proach, nor do the results of nearly 
2,000 cases I have completed sug-
gest that I should do so.

In this point-counterpoint, my 
point is that my tried-and-true 
method is still the best one to use 
when patients experience disloca-
tion problems with their crystalline 
lenses or original IOLs.

Validating Data

To check the validity of my ap-
proach, I evaluated the results of 202 
scleral-sutured 9-0 polypropylene 
posterior chamber IOL surgeries 
that I completed between 2004 and 
2008, the data for which I presented 
at the 2017 AAO meeting. Indica-
tions for surgery included aphakia, 
dislocated/subluxated IOLs or natu-
ral lenses, corneal edema and uve-
itis/glaucoma/hyphema syndrome. 
The average time between surgery 
and data review was 10.8 years. 

This series—standardized by the 
use of data from a single surgeon—
showed overall improvement in vi-
sual acuity, minor complications (six 
intraoperative and fi ve postop), sus-
tained IOL fixation and refractive 
predictability. These results were 
all with 9-0 polypropylene (Prolene; 
Ethicon) before transitioning to 
polytetrafluoroethylene (PTFE) 
monofilament suture (Gore-Tex; 
W.L. Gore). The data revealed no 
cases of IOL tilt, suture erosion or 
unusual IOP elevation. Additionally, 
I can’t recall any of my suture-fi xated 
IOL patients needing reoperations 
related to the IOL fi xation, besides 
the few who had late polypropylene 
suture breakage. Nor have I seen 
erosions of sutures coming through 

my patients’ conjunctiva when the 
knot is buried inside the eye. 

In contrast, professor Shin Ya-
mane, MD, pioneer of the haptic-fi x-
ated technique named after him, has 
only been using his technique since 
2014. A sober look at his technique, 
which, granted, has garnered much 
excitement, shows no 10-year data 
supporting its long-term efficacy.1

Also, keep in mind that Dr. Yamane 
uses an IOL from Santen Pharma-
ceuticals (Osaka, Japan) that has an 
optic with a 7-mm diameter, which is 
1 mm greater than foldable options 
available in the United States. 

Using Yamane’s smaller-diameter 
implants increases the potential for 

Sticking with 
Scleral-Sutured IOLs
Gregory S. H. Ogawa, MD, Albuquerque, New Mexico

Point-Counterpoint: Scleral-Sutured Fixation vs. Yamane Technique

“I can’t recall any of 
my patients needing 

reoperations related to 
the IOL fi xation.”

(Continued on page 44) 
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Colleagues ask me why I choose 
the Yamane technique for 
secondary IOLs in eyes that 

have minimal or no capsular support. 
The simple answer is that the haptics 
used to fi xate the IOL are stronger 
than scleral sutures and that the Ya-
mane technique’s 3-mm incision is 
much better for the patient than the 
7-mm incision required to complete 
the scleral-sutured technique. But 
there’s more to it than that, as I’ve 
discovered while doing hundreds of 
these procedures. I’ll explain the ad-
vantages the Yamane technique can 
provide most of your patients, as well 
as challenges you need to overcome 
and contraindications to consider. 
My argument is this: Shouldn’t more 
surgeons at least start doing these 
procedures when appropriate?

Why Yamane?

For many years, surgeons in our 
practice performed scleral-sutured 
procedures, using Gore-Tex fi xation 
and a variety of foldable IOLs. We’ve 
switched to haptic fi xation, using the 
Yamane technique for most cases 
in part because of the problems 
we’ve experienced when working 
with nonabsorbable polytetrafluo-
roethylene (PTFE) monofilament 
suture (Gore-Tex; W.L. Gore), in-

cluding opacifi cation of the lens ma-
terial and exposure of the Gore-Tex 
knot. (Remember that Gore-Tex is 
not approved for use in the eye.) The 
Yamane technique meets the same 
objective as scleral-sutured fi xation, 
and it can be used by all surgeons. 

You can also use the Yamane tech-
nique with almost any three-piece 
IOL you have in the OR or on stand-
by.  Most three-piece IOLs are made 
of either silicone or hydrophobic 
acrylic material. It may be wise to 
stick with the hydrophobic acrylic 
three-piece IOLs, because using this 
material is always safe. Even if the 
patient needs vitreoretinal or corneal 
surgery, the material will stand the 
test of time.  Silicone three-piece 
IOLs can be problematic if patients 

need silicone oil placed for retinal 
detachment repair. Hydrophilic 
acrylic IOLs with hydroxyapatite 
may opacify when exposed to the 
surgical air or gas used in retinal sur-
gery, as well as lamellar keratoplasty 
(DSEK and DMEK).

Degradable Sutures

Lack of scleral suture stability has 
also been a concern for us. Polypro-
pylene (Prolene), the suture material 
that functions as a frequent alter-
native to Gore-Tex, can degrade or 
break, leading to dislocation of sec-
ondary IOLs. I’ve already needed to 
refi xate several secondary IOLs that 

Make Room for 
Yamane’s Effi ciency
Brandon Ayres, MD, Philadelphia

Point-Counterpoint: Scleral-Sutured Fixation vs. Yamane Technique 

“You can be in and 
out of the eye in 

10 minutes, reducing 
infections and OR time.”

(Continued on page 45) 
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symptoms from decentration. The 
Santen IOL also has a greater over-
all diameter than IOLs in the Unit-
ed States and offers more haptic 
material to use, potentially useful 
in larger eyes. For these reasons, 
one could argue that using Dr. Ya-
mane’s results to support the use of 
his technique in the United States 
may not be valid.

Right Setting

Besides reliable long-term results, 
practice environment also plays a role 
in my decision to keep performing 
scleral-sutured fixation of secondary 
IOLs. Here in New Mexico, where 
the number of doctors per capita is 
low, we have a population of only 2 
million people, including 1 million in 
metropolitan Albuquerque, where I 
see patients and perform surgery. If 
a patient has a problem with a lens 

or a need for a second surgery, that 
patient may have to drive up to six 
hours to get follow-up care. We also 
have a high concentration of Native 
Americans, who, by cultural norms, 
typically don’t return to see us unless 
they have more serious issues. Imag-
ine that a postop patient has part of a 
haptic beginning to push through the 
conjunctiva after use of the Yamane 
technique. Although the emerging 

Scleral-Sutured
(Continued from page 42) 

After conjunctival peritomies are created 
at the main incision location and on the far 
side of the eye, a 7-mm wide scleral groove 
must be created in a frown configuration 
(matching the 7-mm-wide optic of the IOL). A 
tunneling blade is shown dissecting anteriorly 
into clear cornea as the next step (See Figure 
1). A pointed-tip keratome and then an en-
largement keratome are needed to open the 
main incision in a corneal valve configuration. 

After a 24-ga. (0.8-mm-wide) angled MVR 
blade is used to create a pair of sclerotomies 
approximately 5 clock hours to the left of the 
middle of the main incision, and 1 clock hour 
to its right, a 7-cm piece of ePTFE (without 
needles) is placed through the eyelet on the 
lead haptic of the CZ70BD IOL (Alcon) (See 
Figure 2). The IOL is placed into the eye with 
angled tying forceps, while straight tying 
forceps take up the slack on the externalized 
suture arms that are both simultaneously held 
by the straight tying forceps (See Figure 3).

The trailing haptic is left just outside the 
eye at the main incision while a two-wrap 
throw is tied in the 7-cm suture.  A 4-cm 
piece of ePTFE is placed through the eyelet 
on the trailing haptic and then oriented in the 
same configuration as was used for the first 
haptic. Either an angled mini IOL manipulator 
in the eyelet of the trailing haptic or forceps 
grasping the haptic is used to place the trail-
ing haptic into the eye, through the pupil, then 
posterior to the iris. After externalizing the 
suture arms and securing them with a two-
wrap throw, the knot in the ePTFE suture is 

finalized, resulting in a 2-1-1-1-1 knot before 
the suture arms are trimmed.

Three interrupted 10-0 nylon sutures 
are usually sufficient to stabilize the main 
incision; then the ePTFE knots are buried into 

the eye. Purkinje images confirm IOL position 

and centration at completion of the case (See 

Figure 4). Below is a link to a 10-minute video 

of the procedure, as just described:

youtube.com/watch?v=feNAsol6MGE

Scleral-Sutured Fixation at a Glance

Figure 1. A spoon blade creating a scleral 
tunnel to a corneal valve incision through 
Descemet’s membrane.

Figure 3. Placing the IOL into the eye 
while taking up slack on the suture 
through the lead haptic.

Figure 2. One suture arm comes over 
the haptic through the eyelet, the other 
between the eyelet and optic.

Figure 4. Purkinje images indicate 
excellent IOL position and centration at 
the end.

(Continued on page 46) 
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I had sutured into patients’ scleras 
with polypropylene. A primary con-
cern with Gore-Tex, meanwhile, 
is that using this stronger material 
for scleral fixation is significantly 
more challenging than what we ex-
perience when we use the haptic 
fixation of the Yamane technique.  
Fixating with Gore-Tex also creates 
the need for more scleral incisions. 

Meanwhile, we’ve found that the 
haptics of secondary IOLs keep im-
plants in place longer than sutures. 
With the Yamane technique, you 
can take advantage of the endur-
ing longevity of fixation. Your pa-
tient benefits significantly from the 
Yamane’s approximate 3-mm inci-
sion, which won’t require a single 
suture. Also, we’re making needle 
sclerotomies, not large ones, mean-
ing patients on anticoagulants are 
less likely to experience vitreous 
hemorrhage. And we can get by 
with less anesthesia. 

Efficiency is probably the biggest 
advantage, however. Even a very 
efficient surgeon may require 20 
to 25 minutes to suture in an IOL. 
With haptic fixation, you can be in 
and out of the eye in 10 minutes, 
reducing your patient’s exposure 
to potential infections and time in 
the OR.

Special Equipment

The Yamane technique does 
require special equipment. Make 
sure you have microforceps, low-
temperature cautery and the cor-
rect needles and/or trocars. A thin-
walled 30-ga. needle, or at least 
a 27-ga. needle, is essential. Your 
equipment supplier may be able to 
provide haptic-fixation kits that in-
clude an anterior segment pressure 
maintainer, low temperature cau-
tery, a marking pen and a caliper. 

With such a kit, your scrub nurse 
doesn’t have to go picking out these 
items one at a time. 

I will say this: If you’re new to 
the Yamane technique, you’ll face 
initial challenges. If a haptic gets 
kinked when you’re trying to ma-
nipulate an implant in the eye, for 
example, that haptic will be ren-
dered useless. When trying your 
first few cases, which can be dif-
ficult, use a three-piece IOL that 
has polyvinylidenefluoride (PVDF) 
haptics. 

PVDF haptics don’t kink easily 
and are much more resilient than 
other haptics. In the United States, 
the only available three-piece 
PVDF IOL is the Zeiss CT Lucia 
602. Use it until you’ve developed 
the necessary dexterity to thread 
the haptics and manage the proce-
dure. All other three-piece IOLs 
have PMMA haptics, which you 
can eventually adapt for this tech-
nique. 

The benefits of taking this ap-
proach? When I compare scleral-
sutured fixation patients to hap-
tic-fixated patients, I always find 
that the haptic-fixated patients 
are more comfortable after sur-
gery. They also generally seem to 
recover faster and their implants 
achieve stability more quickly. 
We typically produce good re-
sults, which satisfies patients,  
because we’re using better and 
more familiar materials. Although 
applying the haptics of an IOL for 
scleral fixation is admittedly an off-
label use, we’re not using an off-
label suture, such as Gore-Tex. So 
it’s one less off-label issue we need 
to discuss with the patient as a po-
tential drawback.

Adapting the Technique

The three most important steps 

Yamane
(Continued from page 43) 

(Continued on page 46) 
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when adapting the Yamane tech-
nique are practice, practice and prac-
tice—in the wet lab before perform-
ing on patients. Make sure you can 
set up the incisions and make proper 
measurements. Otherwise, you could 
end up with a decentered implant. 
(See “Yamane Technique at a Glance” 
on page 48.) 

Your comfort is an important fac-
tor. Many of us are used to scleral-su-
ture-fixating IOLs. With the Yamane 
approach, understand that getting 
the haptic-fixated IOL spot on with 
your first try can be a challenge. I’ve 
watched beginning surgeons struggle 
for more than an hour to complete 
the procedure. So although I assure 
you that the surgery can be done in 
10 minutes, I need to point out this is 
possible only after doing many cases.

When Yamane’s Not Ideal

As effective as haptic-fixated sur-
gery may be, I find that I’m able 
to use it in only 70 percent of my 
cases of complicated IOLs. Because 
I know my own nomogram, I can 
scleral fixate in the remaining cases 
with sutures. I know I’m accurate 
when suturing with four-point Gore-
Tex in an off-label fashion like this.

 I really think that centration and 

haptic may initially feel like a minor 
foreign body sensation, it eventu-
ally could open a tract for pathogens 
into the eye, resulting in a case of  
endophthalmitis. 

We know that we won’t have the 
opportunity to perform a second sur-
gery or respond to complications eas-
ily in our setting. I’m also a surgeon 
to whom other surgeons send their 
patients for the last surgery those pa-
tients, hopefully, will need. This role 
compels me to respond accordingly. 
Currently, I wind up doing about 100 
of these procedures each year, with 
no serious IOL-related complications. 

Additional Risks

The longer you expect a patient to 
have a sclera-friction-supported IOL 
in place, the more likely the haptic 
will erode through the conjunctiva 
or loosen in the sclera. So I think 
sutured scleral fixation is especially 
important for younger patients, hold-
ing up for multiple decades of lens 
fixation. This is another reason to 
fixate with Gore-Tex, which should 
last a lifetime.

For patients in their 80s and 90s on 
anticoagulation—who would benefit 
from a smaller needle pass than is 
feasible with Gore-Tex—I often use 
Prolene sutures. Although Prolene 

degrades over time, the impact of 
suture degradation is less significant 
in this age group.

Good to Go

Like most of us, I typically do a lens 
exchange when a patient’s lens im-
plant has gotten loose or dislocated 
and the patient doesn’t have a lens 
capsule to support the secondary 
IOL. I use a reproducible approach to 
set up the procedure, make the inci-
sion and place the new implant (Alcon 
CZ70BD) right where I want it to be. 
The lens is flat and centered. Then I 
finish tying my sutures and everything 
is good to go. (See “Scleral-Sutured 
Fixation at a Glance” on page 44.)

 On the other hand, I recently 
heard a Yamane-technique expert say 
in a lecture that he needs to make 
an extra needle pass (after the initial 
two needle passes) in 30 to 40 per-
cent of his cases because the patient’s 
lens is either tilted or not centered. 
He’s quite comfortable doing this. I 
like to just do my procedure and have 
it come out the way it’s supposed to 
come out on my first try. My rate of 
making just one additional incision to 
move a suture is roughly 1 percent. 

In certain cases, such as when a pa-
tient with a dislocated IOL has a large 
glaucoma bleb affecting the cornea, 
or some other anatomic character-
istic that prevents me from making 
an appropriately-sized scleral tunnel 

incision, I may elect to harness the 
original lens implant through small 
incisions instead of replacing it. 

By passing the Gore-Tex inside 
the haptic and through the lens cap-
sule (if there’s no significant Soem-
mering material), I can refixate this 
original implant, which can be an 
effective solution.

Never Say Never?

Would I ever use the Yamane tech-
nique? I could see myself performing 
the procedure for the patient who 
has an insufficient amount of scleral 
tissue for a tunnel, prompting me 
to go through a corneal incision. In 
such a case, I could take advantage 
of the Yamane’s 3-mm incision in-
stead of the 7-mm incision required 
for CZ70BD fixation. That said, I 
haven’t encountered this situation 
yet and therefore I haven’t needed 
to switch to the Yamane technique. 
In the meantime, I’ll just keep doing 
what I’ve been doing. Why should I 
change now?

Dr. Ogawa is a partner at Eye As-
sociates of New Mexico and an asso-
ciate clinical professor of ophthalmol-
ogy at the University of New Mexico 
School of Medicine. He has disclosed 
no relevant financial relationship. 

1. Yamane S, Sato S, Maruyama-Inoue M, Kadonosono K. 
Flanged intrascleral intraocular lens fixation with double-needle 
technique. Ophthalmolol 2017;124:8:1136-1142. 

Scleral-Sutured
(Continued from page 44) 

Yamane
(Continued from page 45) 
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tilt are actually very predictable and 
better when we use scleral-sutured 
fi xation, which can be one advan-
tage of this technique that sets it 
apart. I put the IOL in, suture it, 
then tie my sutures. I usually like 
the way the implant looks. I don’t 
have to go back and move a suture 
or revise it.

Because of these factors, I’m 
mindful that scleral-sutured fixa-
tion might meet the expectations 
of premium IOL patients better 
than haptic fi xation in some cases. 
When fixating a premium IOL, I 
want to at least minimize any need 
for postop distance glasses. I can 
help the patient more from a re-
fractive-target standpoint if I use 
scleral-sutured fi xation. This is gen-
erally borne out in our patient data, 
although the data vary among sur-
geons and procedures. 

I’ll also turn to scleral-sutured 
fi xation if I’m managing a compli-
cation from another surgeon, and 
I need to be as precise as possible 
with my IOL calculation. We’ll con-
sider scleral-sutured fi xation as long 
as the patient has no retinal pathol-
ogy, which we can confi rm because 
the patient undergoes a vitrectomy 
before fixation. Other essential 
prerequisites for scleral-sutured 
fixation include good corneal cell 
counts and otherwise healthy cor-
neas. 

There are a handful of other situ-
ations in which Yamane might not 
be the preferred approach:

• Disorganized anterior seg-
ment. The haptic-fixation tech-
nique would be more difficult to 
perform in the presence of exten-
sive iris damage or aniridia. During 
the Yamane technique, you’ll tend 
to rest the three-piece IOL first 
on the anterior chamber and iris 
while making your sclerotomies. 
Having no iris, or no substantial iris, 
would complicate the procedure. 
Scleral fi xation may have an advan-

tage here.
• Artifi cial iris procedure. Not 

many surgeons do this, but if you’re 
one of them, don’t involve the Ya-
mane technique, for the reasons 
mentioned above.

• Lack of conjunctival space.
You need some real estate on the 
conjunctiva to succeed with the 
Yamane technique. The best ergo-
nomic approach is to sit in a tem-
poral position at 6 and 12 o’clock 
to make the needle sclerotomies, 
thread the haptics and place the 
haptics in the anterior segment. 
Sitting in a superior position and 
making your sclerotomies at 3 and 
9 o’clock also works well. However, 
if your patient has a trabeculecto-
my, tube shunt or tube, these areas 
will already be occupied by other 
hardware, making it very diffi cult 
to shift your incisions to where you 
need them to fit. Suture fixation 
may be a better approach.

Achilles Heel 

Lens tilt and decentration admit-
tedly are the Achilles heel of the 
Yamane technique, affecting about 
30 percent of my Yamane cases (be-
sides the approximate 30 percent 
of overall secondary IOL cases for 
which I elect to perform scleral-
sutured fi xation from the outset). If 
I fi nd a lens is too nasal, or imper-
fect in any other way after fi xating 
it  with haptics, I cut the respon-
sible haptic and fixate it again. I 
don’t see the routine need to revise 
a surgery as a failure because I can 
fix the lens during the same pro-
cedure, without creating infection 
and without the patient realizing it. 
To succeed, you need to be com-
fortable revising the surgery before 
fi nishing it. I should also emphasize 
that the differences between the 
outcomes of scleral-fi xated versus 

(Continued on page 48) 
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haptic-fixated secondary IOLs are 
quite small. 

Obvious Benefits

Surgeons are paying a lot of at-
tention to the haptic fixation of the      
Yamane technique—and rightfully 
so. It’s been great for our practice, 
and I’ve come to enjoy the technique 
because of the benefits it helps me 

achieve for my patients and my sur-
gery. I just don’t want to oversimplify 
it and give the impression that the 
technique is easy and that you can do 
it with little training and practice.

Any scleral IOL fixation technique 
for a secondary IOL can be risky if 
it’s not tackled with the right levels of 
knowledge, experience and prepara-
tion. However, any surgeon who has 
a sufficient degree of commitment 
and dedication to mastering a proce-
dure can succeed with the Yamane 

technique, which I’m advocating for 
here.   

Dr. Ayres is part of the Cornea Ser-
vice at Wills Eye Hospital and Oph-
thalmic Partners of Pennsylvania. 
He’s also Co-Director of the  Cornea 
Fellowship at Wills and an instructor 
at Jefferson Medical Colleg, Thomas 
Jefferson University in Philadelphia. 
He is a Consultant for Alcon, Carl 
Zeiss Meditech and Microsurgical 
Technology.

Yamane Technique at a Glance

Figure 1. An anterior vitrectomy, being performed here, ensures that no vitreous 
is present in the anterior segment and that all retained lens material is removed.  
Triamcinolone helps visualize the vitreous strands, facilitating adequate removal.  
Centration marks are placed on the conjunctiva at 6 and 12 o’clock. Marks are 
placed 2.5 to 3.0 mm posterior to the limbus, and a 2-mm tunnel length is also 
marked on the conjunctiva.

Figure 2. A three-piece intraocular lens is placed in the anterior chamber, al-
lowing the trailing haptic to prolapse through the primary incision. In this case, 
the haptic is made out of polyvinylidene fluoride (PVDF). 

Figure 3. Here’s a view of the trailing haptic after it’s externalized by removal of 
the thin-walled needle. The haptic is carefully grasped with tying forceps and a 
terminal flange is created, using low-temperature, battery-operated cautery. With-
out touching the haptic, cautery is brought close enough to the terminal end of the 
haptic to cause it to melt and create a smooth flange.

Figure 4. The terminal flanges are shown being carefully prolapsed through the 
conjunctiva and into the scleral channels.

A brief video of the procedure can be seen at:.  https://www.youtube.com/watch?v=7ePEEOgw4Lc

Yamane
(Continued from page 47) 
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pand, and anecdotally, the 
patients that have switched 
from a previous drug to Be-
ovu seem to have a good 
response. It’s definitely go-
ing to take some time until 
we can resume using Beovu 
with great confidence, but 
by sharing our experiences, 
sharing cases and staying 
transparent, we can figure 
this out.” 

Dr. Garg and Dr. Singh have no 
relevant financial disclosures.

1. Novartis Press release
2. Screenshots of a presentation to the Macula Society by Pravin 
Dugel, MD, from Sunir Garg, MD.
3. Gao X, Borkar D, Obeid A, et al. Incidence of retinal artery 
occlusion following intravitreal antivascular endothelial growth 
factor injections. Acta Ophthalmologica 2019;e938-e939.

Sustained- 
Release  
Glaucoma  
Implant  
Approved

For the first time, American doc-
tors treating glaucoma or ocular 
hypertension have access to a sus-
tained-release implant that can offer 
many patients a way to lower their 
intraocular pressure without having 
to use drops—or at least with fewer 
drops. In early March the U.S. Food 
and Drug Administration approved 
Allergan’s Durysta implant, which 
contains 10 µg of bimatoprost, a 
prostaglandin analog. The implant 
comes preloaded into a single-use 
applicator that allows it to be inject-
ed directly into the anterior chamber. 
(The applicator must be refrigerated 

prior to use.) The drug is then slowly 
released over a period of 12 weeks—
although data from the two clinical 
trials that led to approval suggest that 
its beneficial effects may extend be-
yond that time limit.

The implant’s efficacy was tested in 
two 20-month-long multicenter, ran-
domized, controlled clinical trials in-
volving 1,122 patients with open-an-
gle glaucoma or ocular hypertension, 
with an eight-month-long follow-up 
period. (Subjects’ mean baseline IOP 
was 24.5 mmHg.) The implant’s ef-
ficacy was compared to that of twice-
daily topical timolol 0.5% drops. 
In both trials, the implant reduced 
IOP about 30 percent from base-
line (about 5 to 8 mmHg) over the 
12-week period. (The FDA approval 
states that the implant shouldn’t be 
readministered to an eye that has 
previously had one, which would 
seem to undercut its utility.)

In the two clinical trials, 27 percent 
of patients experienced conjunctival 
hyperemia; 5 to 10 percent experi-
enced such issues as foreign body 
sensation, eye pain and photophobia. 
The drug has also been reported to 
cause iris pigment changes in 1 to 5 
percent of patients; those changes 
are likely to be permanent. 

Felipe A. Medeiros, MD, PhD, 
professor of ophthalmology, direc-
tor of clinical research and vice chair 
for technology at Duke University 
in Durham, North Carolina, partici-

pated in the trials. “The 
procedure is straightfor-
ward and painless, and 
patients don’t feel any-
thing once it’s in place,” 
he notes. “As far as side 
effects, in the Phase III 
clinical trials, most of 
those occurred within 
two days. Ocular ad-
verse events such as dis-
comfort and hyperemia 
were mostly due to the 
betadine used for steril-

ization during the procedure. Patients 
with a history of angle closure or ac-
tive uveitis wouldn’t be good candi-
dates; nor would those with a history 
of diseases that may affect corneal en-
dothelial cells, such as Fuchs’.

“Patients are very enthusiastic 
about the idea of a sustained-release 
medication that provides long-term 
IOP control and potentially also im-
proves the quality of IOP control—
i.e., fewer peaks and fluctuations,” 
he continues. “Many patients have 
issues with adhering to topical medi-
cation protocols. The evidence in 
the literature points to more than 
half of glaucoma patients not being 
adherent. In addition, many patients 
have coexisting conditions that make 
it difficult to administer drops; they 
have to rely on their partners or rela-
tives to administer them. Durysta 
may also help in these situations.”

Other possible benefits (or draw-
backs) to this approach to treatment 
should become apparent as doctors 
use it. “In a preliminary post-hoc 
analysis from the Durysta Phase III 
clinical trials, we found that patients 
randomized to Durysta had slower 
rates of visual progression over time 
compared to those on timolol,” Dr. 
Medieros notes. “This may indicate a 
better control of IOP. We’re now col-
lecting raw visual-field data from all 
of the sites that participated in these 
trials to conduct more extensive anal-
yses of the data.”  

An instructional image provided by Allergan describes the operation of 
the Durysta sustained-release implant’s delivery device.
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Adjustable IOLsCover Focus 

Adjustable IOLs: Lights, 
Lasers and Lock-ins

Refractive IOL implantation still 
poses many challenges today. 
Meeting patient goals and ex-

pectations, achieving consistent and 
accurate results with theoretical for-
mulas and counseling patients about 
their options are just some of the hur-
dles refractive surgeons face.1 

Adjustable IOL technology, how-
ever, may be able to offer some so-
lutions. RxSight’s (formerly Calhoun 
Vision) Light Adjustable Lens (Rx-
LAL), which received Food and Drug 
Administration approval in the fall of 
2017, and the developing Perfect Lens 
femtosecond laser technology are two 
promising advances in this field. Both 
of these technologies are able to alter 
the refractive characteristics of an im-
planted IOL after surgery in order to 
achieve a customized, patient-specific 
refraction. Adjustable IOL technology 
may also enable the delegation of pre 
and postop counseling to ODs and 
increase bilateral same-day sequential 
cataract surgery volume.1 Two-part 
modular IOLs offer another possible 
option. Here, we’ll take a closer look 
at these adjustable IOL technologies 
and how they work.

Outlook

Surgeons say that adjustable IOLs’ 
potential for customization after 

they’re implanted will bring peace 
of mind and represent a significant 
step forward. “Being able to adjust 
refractive error, treat astigmatism 
and add or ‘erase’ multifocality in 
an accurate manner is exciting,” says 
Y. Ralph Chu, MD, founder of Chu 
Vision Institute in Minnesota and a 
member of the Perfect Lens scien-
tific advisory board. 

Adjustable IOL technology has the 
potential to improve many cataract 
outcomes, but one population that’s 
particularly well-suited to postop 
adjustments is those who have had 
previous refractive surgery. “It’s very 
hard to do lens power calculations on 
previous refractive surgery patients, 
particularly radial keratotomy,” says 
Sydney Tyson, MD, MPH, of Wills 
Eye Hospital in Philadelphia. “The 
greatest patient benefit is probably 
knowing that you’ll have the best re-
sult you can possibly have with a mini-
mum amount of effort on both the 
surgeon’s part and the patient’s part,” 
he says. “Right now, if patients pay 
a certain amount of money to get a 
certain result, it doesn’t necessarily 
guarantee that outcome.

 “Everyone is anatomically differ-
ent, and there’s a lot of variability in 
proper lens placement,” Dr. Tyson 
continues. “If we can efficiently fine-
tune a patient’s vision postoperatively, 

Christine Leonard, Associate Editor

An update on new 

technology for 

making postop 

IOL adjustments.
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then we’re not as dependent on theo-
retical formulas for lens power calcu-
lations. We don’t really know where 
the lens is going to sit inside the cap-
sular bag when we implant it—it could 
be a little anterior or a little posterior 
or even be tilted—and that’ll change 
the patient’s prescription, particularly 
with premium lenses, which magnify 
misses more than monofocal lenses.

“Classically, we would do adjust-
ments by laser vision correction af-
ter the fact, or sometimes in extreme 
cases, a lens exchange,” Dr. Tyson 
explains. “But those are costly, and in 
the case of LASIK, you’re working on 
the cornea to make adjustments. For 
lens exchanges, you have to go back 
into surgery, and it’s another proce-
dure with the risk of infection and the 
associated complications.” 

Experts say there’s still a significant 
percentage of patients with missed 
target refractions.2 A 2018 multi-
center data study of 282,811 cases 
reported to the European Registry of 
Quality Outcomes for Cataract and 
Refractive Surgery between January 
2014 and December 2015 found that 
the biometry prediction error within 
0.5 D was achieved in only 72.7 per-
cent of the cases. A biometry predic-
tion error within 1 D was achieved 
for 263,015 eyes (93 percent).3 The 
authors reported that risk factors 
such as poor preoperative CDVA, 
ocular comorbidity and previous eye 
surgery were related to poor refrac-
tive outcomes. 

Similarly, a 2014 retrospective study 
of 1,275 cataract surgeries performed 
in 2010 at Massachusetts Eye and Ear 
Infirmary reported that 94 percent 
of cases (1,196 surgeries) achieved 
outcomes within 1 D of the target 
refraction.4 The authors note that the 
refractive outcomes at the academic 
teaching institution were higher than 
average international benchmarks. 

From a market opportunity stand-
point, adjustable IOL technology like 
Perfect Lens, which can adjust almost 

any IOL, may become one of the 
biggest growth areas in ophthalmol-
ogy, predicts Kevin M. Miller, MD, 
professor and Kolokotrones chair of 
ophthalmology at the David Geffen 
School of Medicine at UCLA, and 
member of the Stein Eye Institute. “I 
think there’s a bigger potential for this 
technology than we saw with LASIK 
and PRK, because there are so many 
more people it would apply to. There 
are already millions of people in the 
United States with lens implants, and 
not all of them see perfectly. They can 
get glasses to correct their residual 
refractive errors, or they could have 
a noninvasive procedure to adjust 
their implants so they wouldn’t have 
to wear glasses. If the cost wasn’t too 
high—maybe the difference between 
a $300 pair of glasses and a $1,000 
procedure—then many patients 
might opt for the procedure.”

IOLs Today

Current IOL technology still in-
volves unwanted optical phenomena.
Furthermore, surgeons must still esti-
mate surgically-induced astigmatism, 
effective lens position and posterior 
corneal astigmatism. ASCRS points 
out that posterior corneal astigma-
tism is a significant knowledge gap 
in the field. According to the ES-
CRS 2018 Clinical Survey, only 65 
percent of surgeons consider PCA 
in their toric power calculations.5 In 
the ASCRS 2018 Clinical Survey, 17 
percent of respondents don’t think 
it’s clinically significant (versus 27 
percent of non-U.S. respondents), 
35 percent believe there’s no good 
way of measuring it and 29 percent 
don’t know how to calculate PCA or 
understand its significance. 

As for intraoperative aberrom-
etry, about 60 percent of respon-
dents stated they have no plans to 
use it, and only 3 percent of re-
spondents currently use it on all 
cataract patients.6

The Options: Modular IOLs

Modular IOLs include a base unit 
implanted in the capsular bag and an 
exchangeable optic. Changing out the 
optic to improve refractive accuracy 
requires an additional trip to the OR 
and a second incision. Modular IOL 
systems allow for adjustments of the 
optic throughout a patient’s life. Toric 
optics can be rotated and realigned 
and multifocals can be exchanged for 
monofocals if patients fail to neuro-
adapt.7

Modular IOLs tend to be bulkier 
than traditional IOLs because they’re 
a two-piece system, but surgeons can 
achieve a great deal of accuracy and 
predictability with modular IOLs be-
cause effective lens position isn’t much 
of an issue, says Dr. Tyson. “We fill the 
bag completely with a silicone sub-
stance. When the lens is replaced, we 
know exactly where it is, as opposed 
to a traditional IOL, which could be 
in one spot or another, depending on 
where it finally ends up.” 

Several modular IOLs are in de-
velopment or currently available, like 
the Juvene (LensGen, Irvine, CA), a 
biomimetic device with the ability to 
change curvature to mimic the eye’s 
natural lens, and the Harmoni Modu-
lar IOL (Alcon).

The Options: RxLAL

RxSight’s RxLAL is currently the 
only FDA-approved light adjustable 
lens on the market. Its slit lamp-
based light delivery device technology 
is built to adjust its own specialized 
IOL—a three-piece foldable silicone 
monofocal light-adjustable lens that’s 
implanted through a 2.8-mm clear 
corneal incision with a proprietary in-
jector.1 The overall diameter is 13 mm 
with a 6-mm optic, squared poste-
rior optic edges, round anterior edges, 
and blue poly(methyl methacrylate) 
modified-C haptics with posterior op-
tic-haptic 10-degree angulation. The 
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Adjustable IOLs

IOL is available in powers 
from +10 to +30 D; in 1-D 
increments from +10 to +15 
D and +25 to +30 D; and in 
0.5-D increments from +16 
to +24 D.2 The IOL can 
be modifi ed up to a total 
of 3 D of cylinder and 2 
D of sphere.2

Vance Thompson, MD, 
of Vance Thompson Vision 
in Sioux Falls, South Da-
kota, one of the FDA-mon-
itored sites for the RxLAL, 
says the light adjustable 
lens is ideal for those who 
aren’t candidates for mul-
tifocality but want a pre-
mium lens, as well as for 
those who don’t wish to risk glare and 
dysphotopsias and those who desire 
precision monovision or precise dis-
tance vision with reader glasses.  

“Currently, we estimate the effec-
tive lens position and incisional heal-
ing in our calculations,” Dr. Thomp-
son says. “In addition to those two 
big variables, our inability to precisely 
measure posterior corneal astigma-
tism makes cataract surgery less ac-
curate than we would like it to be. 
LASIK is often used for fi ne-tuning, 
but there are a lot of patients who’d 
rather have their optic fi ne-tuned than 
their cornea. Now, when we explain 
to patients why implants aren’t as ac-
curate as LASIK, we can offer them a 
new implant where fi nal effective lens 
position and fi nal astigmatism won’t 
matter once healing has taken place, 
because for the fi rst time ever, we can 
customize the power of the implant 
inside their eye to their desired vision 
for the remainder of their life.”

The photoreactive silicone of the Rx-
LAL has two unique features, explains 
Dr. Miller. “The first is the mobile 
molecules. You can think of the lens as 
‘half-baked’—it’s not completely po-
lymerized in the manufacturing pro-
cess, so there’s some silicone material 
that’s not locked in. Most of the time, 

when you bake silicone, you po-
lymerize the entire thing and 
lock in the refraction, but for 
the RxLAL, about 10 per-
cent of the lens isn’t locked, 
and that 10 percent has a 
photosensitizer attached to 
it, so that when UV light 
hits it, it polymerizes. The 

second special feature is the 
heavy UV-blocking back layer. 

You don’t want to shine intense 
UV light into the eye while 

treating this lens and 
cause retinal damage.” 

The light adjustments 
are done with a specifi c 
wavelength of UV light 
(365 nm).2 Each light 

treatment lasts approximately 20 to 
30 seconds, depending on the type of 
treatment, while the fi nal lock-in ad-
justment treatment is longer. “It’s im-
portant that patients remain still and 
look straight ahead,” Dr. Miller notes.

“The lens is implanted like any stan-
dard cataract lens,” he continues. “It’s 
silicone, so it’s very springy inside the 
eye and opens up quickly. Once the 
lens fi nds a stable place in the eye a 
few weeks after surgery, the patient 
is placed in front of the light delivery 
device for adjustments and the fi nal 
lock-in.”

Doctors tend to feel comfortable 
with the RxLAL because it’s implant-
ed just like any other IOL, says Dr. 
Thompson. Similarly, the light adjust-
ments function a bit like LASIK. “In 
laser vision correction, if we want to 
increase the power of the cornea, we 
treat the outside part of the cornea to 
bring more curvature to the center,” 
he says. “With a light adjustable lens, 
to increase power, or lessen hyperopia 
or increase myopia, you illuminate the 
center of the lens by photopolymer-
izing the macromers in the center. 
When the unpolymerized macromers 
diffuse from the periphery to establish 
equilibrium, you get an increase in 
curvature in the center. If you want 

to decrease power, or lessen myopia, 
you would treat the outside portion of 
the lens and photopolymerize those 
macromers so the unpolymerized 
macromers in the center will migrate 
toward the periphery, for a negative 
lens effect. 

“You can also do this in a toric fash-
ion,” Dr. Thompson adds. “It’s very 
specifi c math. Anything you can math-
ematically describe, you can do with 
light adjustability in a very accurate 
fashion. Once you achieve the desired 
power and the patient decides that’s 
the vision they want, you irradiate the 
whole lens equally to consume all of 
the unpolymerized macromers and 
polymerize the lens. The lock-in is a 
power-neutral treatment and doesn’t 
change anything.”

Light Treatments

The RxLAL is FDA-approved for 
three or four light treatments over a 
one-to-two-week period 17 to 21 days 
after surgery.8 The RxLAL recipient 
is also required to limit his or her UV 
light exposure for the duration of the 
fine-tuning phase by wearing polar-
ized UV-blocking glasses both indoors 
and outdoors to ensure the adjusted 
refraction isn’t affected by ambient 
UV light. 

“It’s very important that patients 
wear their UV protective glasses, 
which come in both clear and sun-
glass options,” says Dr. Thompson. 
“We start the adjustments at three 
weeks postop. Typically it’s three ad-
justments, at least 48 hours apart, so 
you can pretty much do a full adjust-
ment with a Monday, Wednesday, 
Friday schedule. Then there are two 
lock-ins in the following week, and it’s 
fi nished.”

Setting patient expectations is im-
portant for these adjustment visits—
which some surgeons worry could 
be onerous—since these visits aren’t 
brief. At each exam, patients will un-
dergo refraction and measurements 

The RxLAL is a three-
piece, foldable silicone 
monofocal IOL.

RxSight
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before the adjustments and dilation 
for five visits. “You’re doing two- or 
three-hour visits, and you want to plan 
accordingly,” Dr. Thompson says. “At 
the same time, patients are getting 
the vision they want for the rest of 
their life with a procedure that doesn’t 
touch the cornea, and without the 
risks associated with LASIK or PRK. 
It’s amazing when you hit your true 
refractive endpoint.”

Benefits & Results

Surgeons familiar with the technol-
ogy say that, in addition to the ability 
to fine-tune the postop refraction, the 
RxLAL offers some other benefits in 
terms of the mechanics of the proce-
dure and the results.

• Short learning curve. Com-
pared to PRK and LASIK, adjust-
ing the RxLAL has a relatively small 
learning curve. “One of the things that 
intimidates doctors first getting in-
volved in the premium lens journey is 
having a patient with leftover correc-
tion who isn’t fully satisfied and needs 
some fine-tuning on the cornea,” Dr. 
Thompson says. “[Laser refractive sur-
gery] is a whole other discipline that 
a lot of doctors may not want to add, 
along with the expensive technology. 
With the RxLAL, it’s just your typical 
cataract surgery and typical postop 
care. Setting up a patient for the light-
delivery device with a focusing lens 
on the cornea looks a lot like you’re 
getting ready to do a YAG laser. You 
center the beam, enter the correction 
into the computer and deliver it.” 

• Precision. Yassine Daoud, MD, 
chair of ophthalmology at Howard 
County General Hospital and assistant 
professor of ophthalmology at Johns 
Hopkins University School of Medi-
cine remarks that the RxLAL’s FDA 
clinical results were fairly compara-
ble to the accuracy we see in LASIK 
and PRK. The Phase III FDA clinical 
study for the RxSight in subjects with 
pre-exisitng corneal astigmatism in-

cluded 600 patients, and 91.8 percent 
of patients achieved a result within 
0.5 D of the target. “This is remark-
able,” he says. “That’s 20 percent more 
within half a diopter [compared to the 
benchmark outcomes of 75 percent 
within 0.5 D].” All of the patients in 
the RxLAL study saw 20/40 or better 
postop uncorrected. This is compa-
rable to surgeons’ results from LASIK 
in studies such as the FDA’s PROWL-
I and -II.9  

• Long-term results. While the 
RxLAL has been available in the Unit-
ed States only since 2017, it’s been 
available in Mexico and Europe since 
2008. A study published this year in 
the Journal of Cataract and Refractive 
Surgery of a seven-year follow-up and 
clinical evaluation of the RxLAL after 
cataract removal found that the 61 
patients (103 eyes) with the lens had 
stable refraction, good visual acuity 
and no IOL-associated pathologies. 
Additionally, the UV light exposure 
from adjustment and lock-in treat-
ments wasn’t found to cause any ad-
ditional endothelial damage.2 Rabbit 
models irradiated at one, two, three 
and five times the expected maximum 
UV irradiation doses have shown no 
retinal toxicity after near-UV light ex-
posure up to five times, which is the 
expected maximum light treatment 
dosage for adjustment and lock-in of 
the RxLAL.10

RxLAL Limitations

RxSight says it launched the RxLAL 
in about 30 sites across the United 
States. To date, the company says the 
light adjustable lens accounts for about 
half of the premium procedures per-
formed at the sites. In addition to the 
usual issues with selling patients on 
premium lenses and their increased 
cost, surgeons note a couple other is-
sues that might slow down widespread 
use of the lens.

• All those postop visits. One of 
the reasons posited as to why more 

surgeons aren’t implanting the lens is 
that many of them worry that the num-
ber of follow-up treatments and time 
investment for patient and physician 
may be burdensome. “Our current 
IOL formulas achieve very reason-
able outcomes,” Dr. Daoud says. “So 
why would a heavy-volume surgeon 
or any clinical specialist want to offer a 
procedure that may not be covered by 
insurance or would require a patient 
to wear sunglasses for a few weeks or 
return for four or six additional visits 
to fine-tune their prescription? In the 
meantime, we have ways of correct-
ing significant residual refractive error 
with LASIK or PRK.”

• Dilation requirements. “You 
need to be able to dilate to 7 mm for 
the adjustment,” Dr. Thompson says. 
“And that’s to give you a little bit of in-
surance, if you will, because the beam 
we’re using to make the adjustment 
is 5.5 mm in diameter. So if the optic 
is perfectly centered on the pupil, 5.5 
mm is all you need, but not every-
body’s lens is centered perfectly in 
their pupil. We like them to be dilated 
to 7 mm so we can ensure that we’re 
going to be able to light-adjust the 
whole optic.

“Sometimes, if there’s dilation fa-
tigue, we use stronger drops or a pled-
get soaked in dilating drops,” says Dr. 
Thompson. “But if we got them to 
dilate to 7 mm in their consult, we’ll 
get them to dilate to 7 mm again; we 
just might have to work harder at it. 
I wouldn’t recommend using the Rx-
LAL in a patient if you can’t dilate 
them pharmacologically to 7 mm. 
They wouldn’t be a good candidate.” 

A possible solution would be to de-
crease the treatable area to 5 mm, sug-
gests Dr. Miller. “If they made a 6-mm 
lens with a central 5-mm treatable 
area, we could treat more patients 
who have smaller pupils or dilation 
problems. There wouldn’t be as many 
molecules to move around, so you 
wouldn’t get quite the same amount 
of change in lens power and you might 

Adjustable IOLs
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lose a diopter or so, but there’d be 
many more small-pupil patients for 
whom you could implant the lens and 
offer treatment.”

Future RxSight Developments

The current LAL technology is a 
one-time adjustment that’s locked in, 
but a continuously adjustable option is 
possible. “It’s called two-photon tech-
nology,” Dr. Miller explains. “Right 
now, patients need to wear UV-block-
ing glasses so the atmospheric UV 
light doesn’t affect the lens in their eye 
and adjust it in a random fashion. With 
two-photon technology, there would 
be two very specific wavelengths of 
light that hit the lens at the same time, 
which are, from my understanding, 
not available in sunlight, so patients 
wouldn’t have to worry about refrac-
tive effects on their lens. 

“In this scenario, you could implant 
someone with a LAL and bring them 
in for adjustment, adjust them, and 
then leave the rest of the molecules 
in the lens untouched and in reserve 
for a future treatment, if need be,” 
he continues. “The current FDA ap-
proval is for the adjustments and per-
manent lock-in procedure, but future 
iterations of the RxLAL could include 
a continuously adjustable version.”

The Options: Perfect Lens

Perfect Lens is a specialized fem-
tosecond laser that can modify a stan-
dard hydrophobic acrylic lens that’s 
already implanted inside the eye. To-
ricity, asphericity, spherical aberration 
and multifocality can be achieved in a 
brief office procedure, says the com-
pany. Additionally, the Perfect Lens 
technology can manufacture IOLs 
with customized prescriptions for pa-
tients ex vivo.  

“Every year we do a survey from 
ASCRS and ESCRS, and what we’ve 
found is that the third most common 
reason for requiring an IOL exchange 

is incorrect lens power,” says Nick 
Mamalis, MD, ASCRS president and 
professor at the University of Utah 
School of Medicine. He’s currently 
researching for Perfect Lens. “Even 
with improvements in measuring and 
calculating the implants, we still end 
up with refractive surprises. Perfect 
Lens will be a good way of correcting 
misses without having to exchange an 
IOL or put in a piggyback lens.”

Use of femtosecond lasers to change 
refractive indices of materials has been 
studied for years.11,12 Along with oph-
thalmic inventor Stephen Q. Zhou, 
Perfect Lens executive vice president, 
COO and physicist Ruth Sahler and 
vice president and physicist Josef Bille 
discovered a process by which existing 
molecules within a polymeric material 
become hydrophilic inside an intra-
ocular lens.13 When immersed in an 
aqueous medium and exposed to fem-
tosecond laser radiation, polymeric 
material gains the ability to undergo a 
hydrophilicity-based refractive index 
change.14 

The Perfect Lens technology has 
mainly been tested on hydrophobic 
acrylic, since it’s the most widely-used 
material in lenses in the United States, 
but it could in theory work on hydro-
philic acrylic, says Dr. Mamalis. At 
present Perfect Lens doesn’t work on 
silicone, but Dr. Chu says it could be 
made to. “Right now, most of the work 
has been done on acrylics,” he says.

Dr. Mamalis explains how the Per-
fect Lens laser technology works. 
“Perfect Lens is a type of femtosecond 
laser, but it has very low power and 
a very fine focus. The laser creates a 
focal change in the lens’ hydrophilic-
ity, so it doesn’t change the surface of 
the lens, it changes its subsurface (50 
microns below the surface),” he says. 
“Changing the hydrophilicity changes 
the refractive index of the lens itself 
in the focal area. We do this with a 
technique called phase wrapping. In-
stead of changing the entire curva-
ture of the lens, we have concentric 

rings of phase wrapping where a tiny 
change in the polymer itself creates a 
significant change in the power of the 
whole lens. So we’re only treating a 
very small portion of the lens at a time, 
just underneath the surface.”

Dr. Chu explains that treating the 
inside of the lens in different patterns 
modifies refractive error, astigmatism 
and multifocality. “It all depends on 
the pattern,” he says. “One of the ben-
efits is that this procedure doesn’t af-
fect the cornea. Your patient lies down 
and there’s a cone that engages the 
eye. The laser is focused precisely into 
the lens. Performing a Perfect Lens 
procedure is very similar to LASIK in 
that it’s kind of a one-shot procedure. 
There aren’t any additional follow-up 
visits for fine-tuning adjustments.” 

An in vivo Perfect Lens treatment is 
a very brief procedure. “You dock the 
laser to the eye as if you were going to 
laser for cataract surgery, but achiev-
ing the amount of correction takes less 
than a minute or so,” says Dr. Mama-
lis. “Maybe up to a minute and a half. 
It’s not a long procedure. Theoreti-
cally it could be done in an outpatient 
surgical suite; you wouldn’t have to 
go to the main operating room. The 
greatest patient benefit is the fact that 
you could correct their vision without 
having to resort to a secondary sur-
gery. This would eliminate the need 
for IOL exchange, piggyback IOLs, or 
having to do a LASIK or PRK on the 
cornea to correct vision.”

“I think the idea of a patient being 
able to ‘try on multifocality’ or ‘try on 
reading vision’ is pretty attractive,” Dr. 
Chu says. “If a patient tries a multifo-
cal lens, it’s nice for him or her to know 
that there’s a technology that could be 
used to modify the multifocality with-
out having to go back inside the eye 
and to the OR.”

Perfect Lens can lock-in a custom-
ized refraction for a patient, but that 
doesn’t mean the patient must keep 
that vision for life. In theory, Perfect 
Lens technology might be able to 
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modify a lens up to 20 times, says Dr. 
Miller. “Light is applied to only a very 
thin sliver of the lens,” he says. “The 
treatment changes the structure of 
the acrylic molecules and thus the hy-
drophilicity of the material to either 
attract or repel more water in an in-
finitesimally small portion of the lens. 
At a later date, if a patient develops a 
refractive error, you could simply treat 
a different sliver of the lens—though 
you might have to keep track of which 
portion you’ve already treated, since 
you can’t treat the same sliver twice. 
To add or take away multifocality, you 
simply do the inverse of what you did 
previously, just like putting a +2 D 
lens in front of an eye with a -2 D 
lens. Since the average person lives 
10 to 11 years after cataract surgery, 
you wouldn’t need to re-treat the lens 
too often. About two or three treat-
ments would be good for life, if they’re 
needed at all.” 

“On the bench and in the laboratory, 
we’ve been able to change the lens up 
to several diopters,” Dr. Mamalis says. 
“The adjustments made are within 
a tenth of a diopter of the intended 
correction.15 It’s very precise.” For 
the experimental study of femtosec-
ond laser-created refractive lenses, 
the Perfect Lens study group used 
a standard hydrophobic model (EC-
1Y), a femtosecond laser, an acoustic-
optic modulator, beam-shaping optics, 
a scan system and an objective lens 
to create the refractive index change 
within the IOL. Building a refractive 
index shaping lens within an IOL us-
ing a femtosecond laser lets the IOL’s 
refractive properties be altered.15 
Studies on rabbit models, specifically 
pigmented rabbits, showed no signs 
of retinal toxicity or corneal or endo-
thelial damage.16 Perfect Lens is ap-
proaching human trials soon. 

Will Biometry Still Matter?

With new technology for modifying 
refraction postoperatively and poten-

tially eliminating refractive surprises, 
some wonder what effect this will have 
on the perennial cycle of innovation in 
preop biometry, but surgeons say that 
biometry is still key to accurate IOL 
implantation. “We might be reach-
ing the limits of what biometry can 
do,” notes Dr. Chu. “Biometry has 
improved so much recently.”

“Biometry won’t become obsolete 
because we still need to get into the 
general ballpark for IOL power,” Dr. 
Tyson says. “You have to know where 
to shoot so you can minimize the 
amount of adjustment afterward.”  

“Postoperative lens adjustments 
will complement biometry,” adds Dr. 
Mamalis. “It’s not like you’re going to 
put a 20-D lens in everybody and just 
correct it. Get as close as you can with 
biometry, and if there’s a significant re-
fractive error left after the eye’s healed 
from surgery, then this technology 
could adjust that.”

Dr. Miller predicts a slow end to 
biometry innovation if technologies 
like RxLAL and Perfect Lens come 
into wide use. “I don’t think the light 
adjustable lens is going to be the end, 
since it’s not continuously adjustable 
right now. For the Perfect Lens, if this 
can be turned into a continuous treat-
ment throughout a patient’s life, it’ll 
depend on how much lens change can 

be achieved. Super-accurate formulas 
would then become superfluous—just 
get it close enough and adjust from 
there once the patient has reached 
refractive stability. Biometry just won’t 
need to be super accurate.” 

Drs. Tyson and Daoud have no 
financial disclosures. Dr. Miller has 
no financial relationships but notes 
that he was an investigator for Rx-
Sight (when it was Calhoun Vision). 
Drs. Mamalis and Chu are on the Per-
fect Lens scientific advisory board. 
Dr. Thompson discloses relationships 
with RxSight, Alcon and Johnson & 
Johnson. 
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With phase wrapping, a refractive index-
shaping lens is treated inside an existing, 
implanted IOL. By targeting slivers of 
concentric rings, the laser (green) 
polymerizes the lens’ subsurface, changing 
the lens’ hydrophilicity and refractive index.
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Vitreous FloatersFeature 

Daring to 
Treat Floaters 

Call it a case of mounting evi-
dence eating away at popular 
wisdom. The use of YAG la-

ser vitreolysis and vitrectomy to treat 
vitreous floaters has always seemed 
nearly off-limits to most right-thinking 
ophthalmologists. But more retinal 
specialists and some anterior seg-
ment surgeons are moving away from 
blanket views of pathologies, learning 
more about the nuances of these visu-
al disturbances and intervening with 
improved techniques and technolo-
gies when treatment seems necessary.

In this report, they share their rea-
sons and strategies—and precautions 
to take to ensure that you proceed 
with care.

Considering Vitrectomy

Retinal specialists say vitrectomy re-
mains the conventional—if not widely 
used—treatment for vitreous float-
ers. Before deciding to operate, they 
continue to carefully consider risks 
for complications, such as cataract for-
mation, glaucoma, endophthalmitis, 
retinal tears, retinal detachment, hy-
potony, choroidal effusion, supracho-
roidal hemorrhage, vitreous hemor-
rhage, cystoid macular edema, optic 
neuropathy and phototoxicity.1,2,3 With 
these assessments in mind, Chicago 
retinal specialist Jennifer Lim, MD, 

says she always takes a hard look at the 
need for treatment when responding 
to the many patients who come to her 
with complaints of vitreous floaters, 
including high myopes and those with 
a history of vitreous detachments.

“The patients I treat with vitrec-
tomy have chronic floaters that 
haven’t abated, usually for at least four 
months,” says Dr. Lim, Marion H. 
Schenk chair in ophthalmology, direc-
tor of the retina service and vice-chair 
for diversity and inclusion at the Uni-
versity of Illinois-Chicago College of 
Medicine. “I first want to make sure 
they’re not accommodating to their 
symptoms. I also want to find out if 
the floaters are affecting their adult 
activities of daily living, such as caus-
ing difficulty reading or driving. For 
extremely troubled patients who re-
port symptoms that haven’t neces-
sarily been in concert with my exam 
findings, I’ve asked them to undergo 
psychological assessments to confirm 
that they’re not affected by anxiety 
disorders or some form of psychologi-
cal condition.”

Dr. Lim points out that some pa-
tients with chronic vitreous floaters or 
large Weiss rings can’t perform their 
jobs, especially when sharp vision is 
needed. Multiple floaters in the mid 
to posterior vitreous can cause dif-
ficulty in reading, driving, computer 
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usage and concentration, she notes.
 “These are the patients I will oper-

ate on,” she notes. “As a retinal spe-
cialist, I’ve done a lot of vitrectomies. 
Admittedly, though, I haven’t done a 
lot of “floaterectomies.” But I’m now 
more amenable to doing them than I 
was three years ago. When indicated, 
the procedure is extremely gratifying 
and helpful to the patient. In fact, I 
just did one of these procedures yes-
terday.”

To qualify a patient for this surgery, 
Dr. Lim has learned to use objective 
data, borrowing from some of the 
techniques developed by Jerry Sebag, 
MD, FACS, senior research scien-
tist, Doheny Eye Institute/UCLA and 
professor of clinical ophthalmology, 
at UCLA’s David Geffen School of 
Medicine. Dr. Sebag, also founding 
director of the VMR Institute for Vit-
reous Macula Retina in Huntington 
Beach, California, has advanced the 
use of pars plana vitrectomy to treat 
visually-significant vitreous opacities 
that create what he calls the “visual 

phenomenon of floaters”—but only 
in clinically significant cases, which 
he describes as vision-degrading myo-
desopsia.4

He says he uses the National Eye 
Institute Visual Function Question-
naire, followed by a vitreous floaters 
functional questionnaire he has devel-
oped that’s “more specifically related 
to the impact of floaters on patients’ 
well-being and quality of life.”5 Dr. 
Sebag explains that he also measures 
contrast sensitivity function to iden-
tify patients who might benefit from a 
vitrectomy. He and other researchers 
have discovered that opacities in the 
vitreous body following PVD in older 
patients and in association with myo-
pic vitreopathy in younger patients 
degrade the contrast sensitivity func-
tion by an average of 91 percent.6,7,8,9

Dr. Sebag says he also relies on the 
“overlooked” value of ultrasonogra-
phy, which he says can identify struc-
tures in the vitreous that help explain 
degradation of the contrast sensitiv-
ity function and the patient’s level 

of unhappiness and poor quality-of- 
life.10,11,12

“When findings are abnormal, I’m 
comfortable clearing patients for 
symptom-remedying surgery and rec-
ommending vitrectomy,” states Dr. 
Sebag. 

The “flip side” of using these mea-
sures is that this approach can be used 
to confidently rule out treatment for 
patients, he notes. “Lots of people 
have floaters, but fewer have vision-
degrading myodesopsia,” he says. “I 
can legitimately tell a patient, ‘Your 
case is not sufficiently severe for ther-
apy because your contrast sensitiv-
ity function is not as bad as what we 
usually see in patients who do need 
therapy.” (Dr. Sebag explains his ap-
proach in “Straight from the Cutter’s 
Mouth: A Retina Podcast,” Dec. 12, 
2017, linked here by permission of 
the publisher. retinapodcast.com/epi-
sodes/2017/12/12/episode-78-vision-
degrading-vitreopathy-with-dr-jerry-
sebag) 

Documenting Floaters

 Like Dr. Sebag, Dr. Lim uses con-
trast sensitivity testing to determine 
if a patient may be a candidate for a 
vitrectomy. “It’s helpful that we can ac-
tually document the effects of vitreous 
floaters in these ways,” she says. “I se-
riously consider treating patients who 
are significantly bothered by cloudy 
floaters, especially when their poste-
rior hyaloid face is thickened or partly 
opacified, causing them to experience 
a film over their vision that won’t go 
away.”

So far, she says she’s avoided com-
plications in patients she’s treated.  
“During the past five years, in the 
fewer than 10 floaterectomies that 
I’ve performed, no patient has devel-
oped cataracts,” she says. “Keep in 
mind these patients tended to be on 
the younger side. And if they’re older, 
many have already had their cataracts 
removed.” Every case is an exercise in 

Figure 1. Ultrasound of central vitreous 
opacities and PVD.

Figure 2: Scanning laser ophthalmoscopy 
image of vitreous opacities causing vision-
degrading myodesopsia.

Figure 3. Top row: 
Vitreous images 
showing, left to right, 
aging changes from 
youth to middle age to 
old age.
Bottom row: From 
left to right, young 
vitreous, PVD and 
ultrasound of PVD 
with Weiss ring.
(Sebag J: Vitreous and Vision 
Degrading Myodesopsia. Prog 
Ret Eye Res 2020 Mar 6:100847. 
(in press))

Vitreous Floaters
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caution, she notes, especially for high 
myopes, who are at increased risk of 
retinal tears and detachments.

 “When you’re trying to induce a 
PVD intraoperatively, you risk induc-
ing tears at the vitreous base, along 
with a retinal detachment,” she says. 
“But fortunately I haven’t had any 
cases of postop endophthalmitis, or 
any tears or retinal detachments inter-
operatively.”

Dr. Lim believes that YAG laser vit-
reolysis, the only alternative to vitrec-
tomy and observation, may be worth 
exploring because of the recent prom-
ise it’s shown.13,14 “If we had a YAG 
laser in our office, I might consider 
trying it on an ideal patient, such as 
one who has had cataract extraction 
and who has a Weiss ring,” she says. “I 
wouldn’t use the laser for small float-
ers. I’m still dubious about the laser to 
some extent, though, because it cre-
ates lots of tiny floaters.”

Clarifying Floaters

One of the challenges of float-
ers is understanding their diverse 
levels of significance, according to                     
Chirag Shah, MD, MPH, a partner 
at Ophthalmic Consultants of Boston.  
“Floaters can appear as rings, wisps, 
sheets, squiggles or other patterns in 
the central or peripheral vision, vary-
ing widely in terms of how they affect 
patients and how clinicians respond to 
them,” he says.

When evaluating vitreous float-
ers, Dr. Shah rules out retinal tears, 
hemorrhage, inflammation and other 
pathologies that could be at the root 
of the problem. He also makes sure 
the floaters match the symptoms his 
patient reports. “A discrepancy be-
tween what I see and what the patient 
expresses might indicate that the pa-
tient is overreacting to his floaters and, 
thus, might not be a good candidate 
for treatment,” he says.

If a patient reports significant float-
ers that correlate with symptoms—

and the patient is sufficiently both-
ered by the floaters—Dr. Shah follows 
the patient closely. “I tell the patient 
that, over time, the brain can often 
adapt and ignore those floaters. This 
approach is, by far, the safest option 
for floaters.”

He notes that most of his patients 
neuroadapt and cope with the floaters, 
prompting him to monitor them in the 
long term. “I try to reassure these pa-
tients,” he adds. “It’s very uncommon 
that I recommend further treatment 
for floaters, such as a YAG laser treat-
ment or vitrectomy.”

Beyond Reassurance

Dr. Shah takes a different course 
when he determines that patients are 
coping with very bothersome symp-
toms. “Again, the appearance of their 
floaters has to match their symptoms,” 
he says. “We discuss the options of 
observation, YAG laser vitreolysis and 
vitrectomy. If they have discrete float-
ers that continue to disrupt their lives, 
such as a Weiss ring, I’ll refer them for 
YAG vitreolysis.”

 Sheets of floaters, diffuse floaters 
and excessive numbers of tiny float-
ers also pose a challenge that may re-
quire a vitrectomy. Dr. Shah turns to 
vitrectomy only two or three times a 
year for vitreous floaters. “I empha-
size the downsides to the patient, such 
as a guaranteed risk of cataract for-
mation and a small but real risk of a 
retinal tear and retinal detachment, 
as well as risks of infection, bleeding 
and anesthesia,” he says. “I send them 
home with literature and tell them to 
do their homework so that they know 
what they are getting into. If you can 
avoid doing a vitrectomy and satisfy a 
patient with YAG vitreolysis, that is by 
far the safer way to go.”

Dr. Shah recently joined one of 
his partners, Jeffrey Heier, MD, to 
oversee a six-month randomized con-
trolled trial of 52 patients who either 
underwent YAG laser vitreolysis or 

weren’t treated.14 “There was no risk of 
infection, and only a very low risk of el-
evated intraocular pressure in patients 
treated with YAG vitreolysis,” he says. 
“There was also a low risk of worsen-
ing floaters by fragmenting them into 
smaller pieces with the laser, instead 
of vaporizing them. It’s important to 
emphasize that the risks were less than 
the risks of vitrectomy.”

The risks of YAG vitreolysis include 
glaucoma, retinal tear, retinal detach-
ment, cataract from striking the lens 
with the laser and retinal damage from 
striking the retina, says Dr. Shah. To 
minimize risks of lens or retinal dam-
age, he recommends ensuring a safe 
distance between the focal point of 
the laser and the retina and crystal-
line lens. In his study, he required the 
Weiss ring floater to be 5 mm posterior 
to the posterior capsule of the crystal-
line lens and 3 mm anterior of the 
retina, as measured by B-scan.

Bullish on Vitreolysis

I. Paul Singh, MD, a glaucoma and 
anterior segment specialist in Racine, 
Wisconsin, has offered laser vitreol-
ysis to dozens of unhappy patients. 
He accepts referrals from Dr. Shah in  
Boston, as well as from referring phy-
sicians all over the world.

“If a patient isn’t a good candidate 
for a vitrectomy, then vitreolysis can be 
a good option,” says Dr. Singh, presi-
dent of the Eye Centers of Racine and 
Kenosha. He performs about 10 YAG 
laser vitreolysis procedures per week, 
in addition to his 25 cataract surger-
ies and regular visits with glaucoma 
patients. “In the case of a Weiss ring, 
for example, laser floater treatment 
can be fantastic,” he continues, not-
ing that this treatment typically in-
volves an average of only 1.2 sessions. 
“We’ve found more than 90 percent of 
patients who undergo this treatment 
are very happy. Surgeons can easily 
identify good candidates and correlate 
signs and symptoms. If, for example, a 
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patient has a solitary lesion, an opacity, 
such as Weiss ring, or a mass, the laser 
can help, especially for patients who 
are phakic or pseudophakic and who 
don’t want to undergo a vitrectomy.”

 Dr. Singh says YAG laser vitreolysis 
poses “very low relative risks,” noting 
that, in one series of 1,264 cases, he 
recorded an adverse event rate of 0.8 
percent, which included seven IOP 
spikes, two phakic lenses that were 
struck by the laser and one retinal 
hemorrhage. 

 “Four patients had a history of uve-
itis that didn’t worsen and 27 had dia-
betic retinopathy and didn’t develop 
macular edema,” he notes. “Four pa-
tients developed vitreomacular trac-
tion that resolved immediately.”

 Enough Evidence?

Despite these positive results, many 
leading retinal specialists say claims 

that YAG laser treatments can resolve 
floaters remain to be substantiated and 
that, currently, only vitrectomy has any 
proven value.15,16 Dr. Sing says he’s 
well-acquainted with this perception. 
“The problem is that, until recently, 
we didn’t have great technology to 
more efficiently and safely take care of 
significant vitreous floaters,” he notes. 
“The conventional YAG lasers that we 
used in the past were designed for 
posterior capsulotomy and iridotomy 
treatments. They provided a limited 
view of the posterior vitreous, mak-
ing it difficult to identify floaters and 
membranes to target. The risk of dam-
age to surrounding ocular tissue is also 
greater if you’re not able to visualize 
the posterior vitreous.”

He notes that conventional YAG 
lasers have had non-coaxial illumi-
nation towers, which provided illu-
mination from a source that was dif-
ferent than the optical system. “The 
light was oblique and, as a result, we 
couldn’t see behind the capsule very 
well. Identifying many of the clinically 
significant and symptomatic floaters 
wasn’t possible.”

Another limiting factor of conven-
tional lasers was that energy delivery 
wasn’t optimized, he adds. “The la-
ser used now has a truncated energy 
beam,” he points out. “So, less energy 
is needed to create optical breakdown. 
In general, the previous studies done 
on YAG vitreolysis were done with 
energy settings that were entirely too 

low,” he continues. “We’re talking 
about 1 mJ or 2 mJ. You can actually 
go up to 4 mJ, 5 mJ, 6 mJ or even 7 
mJ, depending on where a floater is 
located. Also, the previous laser treat-
ments were done with 20, 30, 40, 50, 
60 or 100 shots. Often, you actually 
need to use 400 or 500 shots, depend-
ing on the floater itself. So people who 
have some skepticism about the YAG 
laser for treatment of vitreous float-
ers seem to be clinging to concerns 
from many years ago. Recently, we’ve 
presented a lot of compelling data on 
safety and efficacy at the AAO and 
ASCRS meetings.”

Cutting-edge Vitrectomy

Dr. Sebag, the West Coast clinician 
and researcher who introduced con-
trast sensitivity function testing and 
ultrasonography to the preop assess-
ment of potential vitrectomy patients, 
doesn’t refer his patients for YAG la-
ser vireolysis treatment. But he does 
use vitrecomy more aggressively than 
most. When deciding to operate, he 
says he takes careful steps to minimize 
risk and complications. The surgery is 
performed at an ambulatory surgery 
center under retrobulbar anesthesia. 
The concept of “less is more” is the 
guiding principle of the intervention. 

 “I use a 25-ga. instrument, since 
I don’t see any advantage to 27-ga. 
instruments in this setting,” he says. 
“The procedure is sutureless. Two as-
pects of the vitrectomy are especially 
important. First, I don’t induce a sur-
gical PVD in an individual who doesn’t 
already have one, in order to prevent 
an increased risk of iatrogenic retinal 
tears, but also to avoid increasing in-
travitreal pO2 levels too much. Studies 
show that following PVD, pO2 levels 
rise, and that’s what contributes to lens 
opacification and cataract formation.11 

Second, I leave 3 or 4 mm of gel 
vitreous intact behind the lens. This is 
because vitreous contains antioxidants 
that mitigate the effects of reactive 

Feature Vitreous Floaters

Figure 4. Fundus photo showing floaters 
prior to YAG laser vitreolysis. 

Figure 5. Six months after YAG laser 
vitreolysis, the patient’s myopic vitreopathy 
progresses, with worsening floaters.  A 
fluffy caterpillar-like floater in the inferior 
vitreous cavity, or a so-called “floater duet,” 
is shown.

Figure 6. The patient elects to undergo pars 
plana vitrectomy, after which he reports 
100-percent improvement in his floaters.
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oxygen species that induce the cross-
linking and protein aggregation in the 
crystalline lens that lead to cataract 
formation.”11 

Studies have shown that the in-
cidence of post-vitrectomy cataract 
surgery is markedly lower following a 
limited vitrectomy as opposed to ex-
tensive vitrectomy with PVD induc-
tion—as low as 16.9 percent with an 
average follow-up of 32 months, Dr. 
Sebag notes.6,12

“To minimize risks, I’ve employed a 
limited vitrectomy,” continues Dr. Se-
bag. “Some would call it a core vitrec-
tomy. Basically, I remove the central 
vitreous that contains the opacities. In 
some individuals, the posterior vitre-
ous contains opacities. And I do go 
down close to the fundus, which is 
also very important to characterize 
preoperatively with ultrasound and 
OCT, showing me what’s going on in 
the preretinal posterior vitreous that 
may require attention. 

I have about three or four dozen 
patients in their 20 and 30s, myopes 
who have myopic vitreopathy in the 
posterior vitreous, which is the cause 
for their vision-degrading myodesop-
sia. They’ve all done very well without 
forming cataracts now, six to seven 
years after their procedures.” 

Minimizing Iatrogenic Breaks

When evaluating the data from 
some 200 of these cases, Dr. Sebag 
says about 22 percent underwent la-

ser or cryoretinopexy three months 
preoperatively. “When I recognize lat-
tice with erosions or holes or other 
lesions that I think would put the pa-
tient at too much risk for a vitrectomy, 
we’ll offer them preop prophylactic 
treatments,” he notes. “I think that 
has resulted in our low, 1.5-percent 
incidence of postop retinal tears and 
detachments.”

That said, Dr. Sebag offers this 
precaution: “Prophylactic laser isn’t 
necessary on every patient. Just a 
careful peripheral fundus exam with 
scleral depression is enough to iden-
tify cases that need prophylaxis.

 “I don’t use the YAG laser to treat 
vitreous opacities, as there are no 
studies to date that prove efficacy,” 
he adds, “although the most recent 
study suggests that a prospective ran-
domized trial using objective quan-
titative outcome measures is war-
ranted.”9,17,18

New Possibilities

Ophthalmologists expect to keep 
pushing the envelope on vitreous 
floaters. Concern over quality of life 
and the increasing reach of therapeu-
tic approaches will drive change. 

 “One recent experience I had with 
a patient demonstrates at least one 
example of new ways to respond to 
floaters,” says Dr. Shah in Boston. 
(See Figures 3, 4 and 5 on page 60.) 
“The patient had floaters that I tried 
to treat with YAG laser vitreolysis in 
our clinical trial. His myopic vitre-
opathy progressed, and he developed 
worse floaters.”

Next, Dr. Shah says he offered 
to perform a vitrectomy on the pa-
tient, which helped clear his floaters 
and left him completely satisfied. “I 
don’t think we lose much, if anything, 
by trying this type of step-wise ap-
proach, from observation to YAG vit-
reolysis to vitrectomy,” he concludes. 
“Managing floaters is different than it 
used to be.”  

Dr. Lim is involved in grants/re-
search for Genentech, Regeneron, 
Graybug, Stealth, Chengdu Kanghong 
and Alderya. She’s a consultant for 
Novartis, Ophthea, Aura Biosciences 
and Santen, and she receives hono-
raria for meetings from Alcon and Al-
lergan. Dr. Sebag is a former consul-
tant to ThromboGenics, Johnson & 
Johnson and Roche. Dr. Shah provides 
speaking and research services to El-
lex. Dr. Singh is a consultant for Ellex, 
Allergan, Alcon, B+L, Aerie, Ivantis, 
Sun, Shire, New World Medical, Sen-
simed and Zeiss.
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Figure 7. A Weiss ring before it’s treated 
with YAG laser vitreolysis.
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Performing cataract surgery on 
glaucoma patients often involves 

challenges beyond those we’d en-
counter with a healthy patient. 
That’s especially true if the patient 
has a pre-existing trabeculectomy or 
tube shunt. To achieve a successful 
outcome with these patients we need 
to devote more time and thought to 
the surgery, and utilize more of our 
intraoperative skills. 

The potential problems associated 
with performing cataract surgery 
on a glaucoma patient are typically 
the result of anatomical factors. For 
example, previous inflammatory 
episodes may have left the pupil 
reluctant to dilate, possibly with 
posterior and/or anterior synechiae. 
An overhanging bleb sometimes 
obscures our view, requiring us to 
change our incision sites and possibly 
necessitating the removal of excess 
bleb tissue. If a tube is present, its 
position can be problematic; it may be 
affecting the cornea or cataract, and 
it may interfere with our view during 
the procedure. (In some cases, we 
may be able to work around the tube; 
in some cases we may need to shorten 
it.) (See examples, facing page.)

These eyes also have more post-
operative issues than a healthy eye 
would. Postoperative inflammation is 
not uncommon, and that can lead to 
bleb failure. It can also cause postop 
pressure spikes, resulting in the need 
for more glaucoma medications. One 
study found that patients who had 
prior functional blebs undergoing 
even uncomplicated cataract surgery 
could see intraocular pressure rise by 
3 mmHg.1

The message is clear: Operating 
on a patient with glaucoma isn’t your 
typical cataract surgery. Here, I’d like 
to offer some suggestions for steps 
you can take that will help to ensure 
an optimal outcome when working 
with one of these patients.

Before the Surgery

When you realize you’re examining 
a cataract patient who has either a 
tube shunt or a trabeculectomy bleb, 
you should consider several issues:

• What’s the stage of the disease? 
Many choices you need to make will 
be based around whether the disease 
is controlled or uncontrolled. For 
example, if the patient is on one or 

more medications and the angle 
anatomy is clearly open, especially 
nasally, one could consider combining 
the cataract extraction with a mini-
mally invasive glaucoma surgery to 
gain additional IOP lowering and 
potentially reduce the need for med-
ications. The stage of the disease 
(mild, moderate or severe) can help 
dictate which MIGS procedure one 
should choose.  

• Check the angle with goni-
oscopy. This may reveal a specific 
problem that’s contributing to 
uncontrolled IOP. For example, if 
you see appositional angle closure 
with peripheral anterior synechiae, 
this can alert you to the need to 
combine the cataract surgery with 
goniosynechiolysis. (You’ll find a 
video that describes this technique 
at the following link: aao.org/
annual-meeting-video/role-of-
goniosynechialysis-trabecular-bypass-
proce.)

• Look carefully at the condition 
of the cornea and the pupil. If the 
corneal endothelium has significant 
guttata, as in Fuchs’ Dystrophy, one 
can make additional efforts to protect 
the cornea intraoperatively with 

Glaucoma patients often present extra challenges during cataract 
surgery. An expert offers helpful strategies.

Tubes, Trabs and  
Cataract Surgery

Constance Okeke, MD, MSCE, Norfolk, Virginia
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extra use of a dispersive viscoelastic; 
you should also counsel the patient 
preoperatively on the potentially 
longer time for corneal healing and 
visual recovery. Additionally, if the 
pupil shows signs of irregularity 
and poor dilation, you should plan 
for the possibility of needing extra 
steps to achieve pupil expansion 
intraoperatively.

• Consider adding a MIGS pro-
cedure to the cataract surgery. Al- 
though this might not make sense 
for every patient with a tube or bleb, 
many patients would benefit from 
additional IOP lowering, as noted 
above, and studies have confirmed 
that this can happen when a MIGS 
procedure is performed after a tube 
shunt or trabeculectomy.2,3 A MIGS 
procedure can also help to stabilize 
eye pressure and limit the possible 
pressure spikes that can occur 
following this type of surgery in these 
patients. In addition, many patients 
would be grateful for being able to 
use fewer drops every day, a common 
benefit of MIGS. 

When deciding whether to add a 
MIGS procedure, three factors are 
key:

— Is the pressure currently 
controlled? If not, adding a MIGS 
procedure makes very good sense. 

— If the pressure is under control 
with medications, how many medi-
cations is the patient using? If the 
number of drops is minimal, there 
may be less need for adding a MIGS 

procedure. On the other hand, if the 
patient is taking multiple drops every 
day, that’s a good reason to consider 
the benefit of adding a MIGS 
procedure. 

— Does the eye have at least 180 
degrees of viable angle tissue available 
for the MIGS procedure? Without this 
condition, many MIGS procedures 
would be off the table.

In terms of which MIGS to con- 
sider, I’ve used various procedures, 
including goniotomy procedures 
such as Trabectome, Kahook Dual 
Blade and gonioscopy-assisted trans- 
luminal trabeculotomy, stents (inclu- 
ding iStent and Hydrus), canaloplasty 
such as ABiC with iTrack, and con-
junctival stents like the Xen. I’ve 
seen good eye pressure reduction 
with all of them. I’ve also had suc-
cess combining canaloplasty and 
goniotomy procedures, as in the 
Omni procedure. In short, you have 
many options to consider that can 
potentially help your patient.

• Make sure the patient has rea-
listic expectations. Patients with a 
pre-existing tube or trab may assume 
that their cataract surgery outcome 
will be the same as their friends’ 
outcomes, when in fact their situation 
is considerably more complex. (The 
worst scenario is a patient who’s 
20/20 but is still unhappy because he 
thought the visual difficulties caused 
by the glaucoma were going to be 
eliminated by the cataract surgery.)

To avoid an unhappy patient 

postop, I recommend:
— Always show the patient his or 

her visual field preoperatively. This 
helps to drive home the reality that 
the patient has problems that cataract 
surgery can’t correct.

— Discuss the possibility that the 
patient may need fewer glaucoma 
medications, especially if you’re add-
ing a MIGS procedure. This benefit 
may help offset any dismay the patient 
feels after learning that the surgery 
won’t cure the glaucoma. 

—Explain that the prior glaucoma 
surgery could fail. While this may 
be unlikely, it’s better to warn the 
patient that it’s within the realm of 
possibility. Also, be sure to explain 
that additional steps may be required 
intraoperatively and postoperatively 
in the unlikely event that this should 
occur. 

• Choose an appropriate intra-
ocular lens. Factors that should influ- 
ence your choice include the stage 
of the disease (especially in terms 
of the visual field); the condition 
of the ocular surface; and whether 
the patient has astigmatism. Many 
surgeons choose aspheric IOLs for 
these patients because of contrast 
sensitivity issues. However, these 
patients can be candidates for astig-
matic correction via a toric IOL or a 
limbal relaxing incision, especially if 
they’re interested in reduced spec-
tacle dependence and their glaucoma 
surgery has been stable for some time. 

Because these patients have less-

Challenges you may encounter when performing cataract surgery on a glaucoma patient are frequently anatomical. They include poor 
pupil dilation as a result of previous inflammatory bouts (above, left); an overhanging bleb that obscures the surgeon’s view (center); and 
issues relating to the position of a tube shunt (right).
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than-perfect visual fields, they’re 
generally not good candidates for 
extended-depth-of-focus or multifocal 
lenses; the glaucomatous damage may 
be encroaching on central fixation. 
Monovision should be considered  
cautiously in patients who have sig-
nificant field loss in one or both eyes.

Intraop and Postop

During and after the surgery, these 
strategies will help ensure a good 
outcome:

• Use topical drops and intra- 
cameral medication for anesthesia. 
This will avoid the risk of a hemor- 
rhage that’s associated with a retro-
bulbar block. 

• Be flexible about your incision 
sites, to avoid the bleb. You’ll be 
moving instruments in and out of 
those incisions, so they need to be 
well away from the bleb to ensure it 
isn’t inadvertently damaged.

• If an overhanging bleb is 
interfering with visualization, 
excise it. Leon Herndon, MD, 
taught me a simple technique that 
involves using a 57-degree blade to 
excise the bleb and approximate it 
to the limbus. (See picture, right.) 
Excising the bleb in this manner 
creates a clean break that allows 
better visualization both for the 
cataract surgeon and for the patient 
postoperatively.

• If a bleb is margin-
ally functioning, con-
sider needling it with  
or without 5-FU intr-
aoperatively or post- 
operatively.  This ap-
proach has been described 
in the l i terature,  and 
can be helpful in some 
patients with marginally-
functioning blebs who 
are being considered for 
cataract surgery.

• If an existing tube 
shunt is problematic, con- 
sider shortening it. If the 

tube is long, close to the cornea or 
pressing against the cataract, you’ll 
need to shorten it. I sometimes use a 
Sinskey hook through a paracentesis 
to stabilize the tube and then use 
intraocular scissors to cut the tube 
shorter. I then use Utrata forceps to 
remove the tube piece from the eye.

If you perform this maneuver, be 
sure to use copious amounts of Vis-
coat to protect the endothelium. Re-
apply midway through the procedure 
if you have any concerns.

• Check the patient frequently 
after surgery. Be on the lookout for 
IOP spikes and any sign of a hyphema. 
Aggressive inflammation control is 
advisable; that may require the use 
of low-concentration steroids like 
loteprednol, as well as increased use 
of NSAIDs. (I like to use the once-a-
day NSAIDS two or three times a day 
to help reduce the need for steroids.) 

I also watch for bleb failure and use 
gonioscopy to monitor for peripheral 
anterior synechiae formation in the 
angle with any MIGS procedure.

Staying the Course

Performing cataract surgery on a 
prior tube or trabeculectomy patient 
presents challenges beyond those 
associated with a healthy patient. To 
address those challenges effectively, 
devote extra time, thought and prepa-
ration to your preop evaluation; make 
sure you address patient expectations 
before surgery so that any issues 
that arise won’t lead the patient to 
believe you did something wrong; and 
consider adding a MIGS procedure 
to the cataract surgery. MIGS pro-
cedures can help lower IOP, limit 
the risk of IOP spikes, reduce the pa- 
tient’s medication burden and re- 
lieve medication-related ocular sur-
face disease.

These strategies should help you 
achieve the best possible outcomes 
when working with a patient who has 
a pre-existing trab or tube, and reduce 
the likelihood of an unhappy patient 
postoperatively.  

Dr. Okeke is an assistant professor 
of ophthalmology at Eastern Virginia 
Medical School in Norfolk, and 
a glaucoma specialist and cataract 
surgeon at Virginia Eye Consultants. 
She produces educational glaucoma 
videos on her iGlaucoma YouTube 
channel. She is a consultant for 
Aerie, Alcon Laboratories, Allergan, 
Bausch + Lomb, Ellex, Glaukos, MST, 
Novartis, Reichert, Santen, Sight 
Sciences and Sun Ophthalmics.

1. Swamynathan K, Capistrano AP, Cantor LB, WuDunn D. Effect 
of temporal corneal phacoemulsification on intraocular pressure 
in eyes with prior trabeculectomy with an antimetabolite. 
Ophthalmology 2004;111:4:674-8.
2. Bussel I, Kaplowitz K, Schuman J, Loewen N. Outcomes of 
ab-interno trabeculectomy with the Trabectome after failed 
Trabeculectomy. British J Ophth 2015; 99:2:258-262.
3. Mosaed S, Chak G, Haider A, Lin K, Minckler D. Results of 
Trabectome surgery following failed glaucoma tube shunt 
implantation: Cohort study. Medicine (Baltimore) 2015; 
94:30:e1045.

If an overhanging bleb is problematic, it 
can be excised using a 57-degree blade to 
approximate it to the limbus.

When a bleb is present, it may be necessary to be flex-
ible about your incision sites. With instruments going 
in and out, proximity could result in damage to the bleb.
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measuring beam go from the cornea 
to the fovea. The instrument gives you 
a swept-source-OCT image that shows 
the trajectory of the beam; it can con-
firm that the patient was looking at 
the correct spot and the measurement 
was taken accurately. In contrast, older 
versions of the IOLMaster such as the 
IOLMaster 500 let you see the light 
reflections on the cornea. If those re-
flections are crisp, that indicates that 
the measurement was reliable.” 

“The best way to do biometry is to 
follow the validation guidelines that 
have been developed for each biome-
ter,” notes Dr. Hill. “Validation criteria 
are available for both the Haag-Streit 
Lenstar and the Zeiss IOLMaster. 
[Dr. Hill assembled those criteria for 
both companies.] Surgeons need to 
avoid simply ‘button pushing’ and ac-
cepting everything at face value, be-
cause a measurement is only as good 
as our ability to know what it means. 
I’ve seen numerous cases in which a 
refractive surprise was traced back to 
some problematic aspect of the preop-
erative measurements that could have 
been identified if validation criteria 
had been applied. As carpenters like to 
say, measure twice and cut once.”

• If the axial length measurement 
is different between the eyes, check 
the measurement with immersion 

biometry. “Axial length is the biggest 
determinant of lens power, so even 
a small error can lead to a significant 
error in the lens power you pick,” says 
Dr. Basti. “A difference in axial length 
between the two eyes of more than 
0.3 mm is a red flag. The eyes might 
simply be different, but there could be 
something else going on. In that situa-
tion it’s prudent to take another mea-
surement using immersion biometry.”

• If implanting a toric lens, also 
use topography. “You can’t just use 
the astigmatism measurement taken 
by the biometer,” notes Dr. Basti. 
“With high astigmatism, a current opti-
cal biometry device will likely give you 
accurate an spherical power, but if you 
want to measure the astigmatism for 
a toric lens, it’s prudent to also use a 
topographer—especially a device such 
as the Pentacam, Galilei or Cassini 
devices—that can help factor in the 
posterior corneal astigmatism.”

Looking Ahead

Not surprisingly, the existing popu-
lar formulas continue to be improved 
and refined. “Later this year, version 
3.0 of the Hill-RBF artificial intelli-
gence IOL power calculation method 
will be released, first as an on-line cal-
culator and later within the EyeSuite 
software of the Haag-Streit Lenstar,” 

says Dr. Hill. “This update is the culmi-
nation of one and a half years of work 
in cooperation with 44 study sites in 
22 countries, with some of the world’s 
most accomplished cataract surgeons 
contributing data. Version 3.0 will now 
take into account the influence of the 
white-to-white measurement, lens 
thickness, central corneal thickness 
and gender.”

Dr. Hoffer is also preparing to re-
lease his latest update. “Later this year 
we’ll be releasing the Hoffer QS for-
mula,” he says. “Refinements in this 
new formula are producing results on a 
par with the Barrett Universal II.”

Of course, no matter how good your 
biometry and formulas are, some pa-
tients will inevitably miss the intended 
mark. For those patients, new tech-
nologies that offer the possibility of 
changing IOL powers postop may save 
the day. “The FDA-approved RxSight 
light-adjustable lens is a neat technol-
ogy,” notes Dr. Koch. “The problem is 
that it’s expensive. It’s not for the aver-
age patient. I’m cautiously optimistic 
about the upcoming technologies that 
use femtosecond lasers to modify al-
most any IOL that’s already inside the 
eye; they’ll allow us to implant afford-
able IOLs in our patients and tweak 
them postoperatively, if the patient 
desires. However, those options are in 
much earlier phases of development.” 
(For more on these technologies, see 
the feature on p. 50.)  

Dr. Koch is a consultant for Carl 
Zeiss Meditec, Alcon, Johnson & John-
son Vision and Perfect Lens. Dr. Hill is 
a consultant for Zeiss, Haag-Streit, Al-
con, Omega Ophthalmics, Optos and 
Veracity Surgical. Dr. Hoffer earns 
name trademark royalties from com-
panies that include his formulas in 
their devices, for ensuring they’re pro-
grammed accurately. Dr. Basti has no 
financial ties to any device mentioned.

1. Gökce SE, Zeiter JH, Weikert MP, Koch DD, Hill W, Wang 
L. Intraocular lens power calculations in short eyes using 7 
formulas. J Cataract Refract Surg 2017;43:7:892-897.

Douglas D. Koch, MD, professor and chair of ophthalmology at Baylor’s Cullen Eye 
Institute in Houston, explains that if the patient ends up with an imperfect result despite 
his best efforts, he has some general criteria for how to proceed. “If the error is more 
than +1 D or -2 D, I’d probably exchange the lens rather than resort to laser refractive 
surgery,” he says. “If the laser correction is between -2 and +1 D, the treatment won’t 
alter the corneal asphericity to any great extent, so that would probably be the way to go.

“The only time I might not exchange the lens when the refractive surprise exceeds 
those boundaries is when I don’t understand the outcome,” he continues. “It makes no 
sense to replace the lens if you’re not sure what’s going on. If the patient ends up 1.5 D 
hyperopic, and you repeat the calculations and all of the formulas say the patient should 
have ended up with -0.5 D of myopia, then you have a mystery. Was the IOL misla-
beled? Is the effective lens position off for some reason? If the reason for the outcome 
is unknown, replacing the lens may or may not change the result. In that situation I’m 
more inclined to recommend corneal refractive surgery, because at least I’m addressing 
a known refractive error.”

—CK

Dealing With a Postoperative Refractive Surprise
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Most cataract surgeons say con-
sistency is their top goal when 

creating a capsulorhexis. Then, with 
furrowed brow, they may explain the 
inevitable need to adopt variations to 
ensure reproducible and stable long-
term results in this era of premium 
refractive IOLs.

Sound familiar? Here, surgeons 
offer insights you can use to establish 
a baseline approach and respond on 
short notice when circumstances in 
the OR dictate a need to do so.

Taking Control

Mark Kontos, MD, a senior partner 
at Empire Eye Physicians, which has 
offices in eastern Washington and 
northern Idaho, says he uses a cys-
totome to maximize the chances of 
making a perfectly centered capsu-
lorhexis.

 “I like to use the cystotome be-
cause it gives me more control,” he 
says. “When I’m creating the capsu-
lorhexis, I don’t rush. I look at the 
visual axis of the patient to get an 
idea of the size I’m trying to achieve. 
I maintain control of the edge and 
maintain good visibility. I can keep 

the casulorhexis exactly the size I 
want it to be, usually a standard of 4.8 
to 5 mm.”

For patients willing to pay extra as 
part of their refractive package, Dr. 
Kontos offers to do their capsulorhex-
is with the Catalys femtosecond laser. 
“The laser is best at ensuring absolute 
uniformity, helping me create a well-
centered capsulorhexis,” he says. “It 
puts me at the leading edge. I set pa-
rameters, and an OCT unit built into 
the laser measures the capsulorhexis. 
By default, based on the way the laser 
does the procedure, I’m centered 
over the capsular bag.”

In some cases, when a patient has 

a high angle kappa, for example, he 
adjusts the laser to slightly decenter 
the capsulorhexis. “The thing that’s 
nice about the laser is that you can do 
a capsulorhexis in less than a second,” 
says Dr. Kontos. “So, you don’t have 
to worry about a lot of variability. 
When you have complete control of 
the whole process, it allows you to do 
just about anything you want in terms 
of sizing and location.”

Avoiding Risks

Uday Devgan, MD, FACS, FRCS, 
a partner at Specialty Surgical Cen-
ter, Beverly Hills, California, cautions 
against making a capsulorhexis that’s 
too small—in most cases. “For an 
optic size of 6 mm in diameter, we 
want a capsulorhexis that’s 5 to 5.5 
mm in diameter so that it overlaps for 
a full 360 degrees,” says Dr. Devgan, 
also chief of ophthalmology at Olive 
View UCLA Medical Center.  “Mak-
ing a smaller capsulorhexis will only 
make the nucleus removal more chal-
lenging and will result in a smaller 
effective optic size when the anterior 
capsular rim opacifies with time.”

Dr. Kontos adds that a capsulorhex-

Edited by Arturo Chayet, MD

Sean McKinney, Senior Editor

Learn the best strategies to use when you need to go small, 
large or somewhere in between.

How to Right-size  
Your Capsulorhexis
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Figure 1. Microincision capsulorhexis for-
ceps are used to create a capsulorhexis.
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is made too small is destined for un-
wanted contraction. “In capsular con-
traction syndrome, the capsule might 
start at 4 mm and contract down to 
3 mm or 2 mm over time,” he says. 
“This can result in fibrosis, putting a 
lot of strain on the zonules and caus-
ing dehiscence. The lens could end 
up shifting and becoming dislocated 
after you finish the surgery. This can 
potentially impair vision and create 
the need for an anterior YAG laser 
procedure for you to resolve postop 
symptoms.”

Large capsulorhexis size isn’t an 
absolute protection against risk, 
however. Dr. Devgan notes that you 
need to know when a small capsu-
lorhexis is actually indicated. “You 
want a smaller capsulorhexis when 
another surgery—such as DMEK, a 
glaucoma tube shunt procedure or a 
pars plana vitrectomy—is performed 
concomitantly,” he says. “We want to 
prevent the optic from escaping from 
the capsular bag during these com-
bined procedures.” 

Although you typically want to 
make the capsulorhexis overlap the 
lens optic by about 0.5 mm all the 
way around the optic, Richard Hoff-
man, MD, who practices in Eugene, 
Oregon, says you may discover a need 
to slightly increase or decrease the 
overlap in some cases. “The risk of 
making your capsulorhexis too large 
is that you’ll have a greater chance 

of seeing your rhexis move out to the 
equator and then losing it,” says Dr. 
Hoffman. “The risk of making it too 
small—which is easy to do—can be-
come more clear when you do the hy-
drodissection steps. You may find that 
the fluid has a difficult time getting 
around a dense lens, and you can ac-
tually blow out the posterior capsule.” 

When doing a routine capsulorhex-
is, Dr. Hoffman says he makes sure 
he puts enough viscoelastic into the 
patient’s eye to keep the lens from 
from prolapsing forward. “I also use 
a microincision capsulorhexis forceps 
to help create the capsulorhexis,” he 
adds. “It has millimeter marks on the 
cannula so that when I put it in the 
eye, I can hold it over the anterior 
capsule and visualize what a 5-mm 
size would be.

“When I do the capsulorhexis, I 
usually start in the center and per-
forate the lens,” he says. “I’ll cut out 
about 2 to 3 mm with the blade of the 
forceps. Then I’ll just grab that flap 
and rotate it around. Most surgeons 
do their capsulorhexis through the 
coaxial wound, which is about 2.2 to 
2.5 mm. That works fine in normal 
eyes.” In a high-risk eye, he adds, 
he starts with a smaller opening and 
spirals out to the size that he wants. 

Avoiding Intraocular Issues

Dr. Kontos warns that a capsu-
lorhexis can get so over-sized that it 
risks creating an intraocular issue. “A 
large capsulorhexis can get into the 
zonules,” he says. “It’s hard to tell at 
times how much the zonules have 
moved to the center of the capsule. 
You can’t always see them. Some-
times, when you’re making a large 
capsulorhexis and you get into where 
the zonules are attached, inside the 
capsular structure, it’s very easy for 
the capsulorhexis to radialize and no 
longer function as a continuous, cir-
cular capsulorhexis.”

Another potential issue: If the cap-

sular edge doesn’t overlap the edge of 
the lens, this means the rhexis is too 
large, he points out.

 “It can lead to instability of the lens 
inside the bag,” he says. “Sometimes, 
as the capsule contracts, if a portion 
of the lens is not overlapped by the 
circumference of the capsule, then 
that part of the lens can pop out of the 
capsule, and the capsule can contract 
behind it. That can lead to malposi-
tion of the lens inside the bag, and 
sometimes those forces can move the 
lens in any given direction. That, in 
turn, could lead to a refractive shift or 
astigmatism.”

If these or other issues arise while 
you’re still in the patient’s eye, Dr. 
Kontos urges you to take a calm prob-
lem-solving approach as you continue 
your procedure. “For example, if you 
feel like the capsulorhexis is extend-
ing beyond where you want it to be, 
add viscoelastic and direct the cap-
sule in the direction that you want—
and the size that you want it to be,” 
he says.

 “If you realize you’ve made your 
capsulorhexis too small, or you think 
you’re making it too small, just con-
tinue what you’re doing and complete 
the capsulorhexis,” Dr. Kontos adds. 
“Then you can go back and make a 
bigger capsulorhexis around the one 
that’s too small, instead of trying to 
make the original capsulorhexis big-

Figure 2. A 360-degree anterior capsule 
overlap reduces the incidence of posterior 
capsule opacification.

Figure 3.  For this patient, a 6-mm optical 
zone mark has been placed on this cornea 
to yield a 5.13-mm capsulorhexis.
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ger at the end of your first attempt, 
potentially creating an irregularly 
shaped capsulorhexis.”

Pseudoexfoliation Challenge

Pseudoexfoliation syndrome pos-
es a familiar and unique challenge 
when making a capsulorhexis. “I rec-
ommend making a sufficiently large 
capsulorhexis of at least 5 mm in di-
ameter for these patients, since they 
tend to get capsular phimosis,” says 
Dr. Devgan. Bringing the cataract 
partially out of the capsular bag can 
help minimize stress on the zonules 
while you disassemble the nucleus, 
he adds.

Dr. Hoffman says he’s comfortable 
creating a capsulorhexis of 7 mm for 
his pseudoexfoliation-syndrome pa-
tients, especially when a dense, rock-
hard cataract is involved. “I think 
it’s safer to do the case through a 
capsulorhexis of this size,” he notes. 
For posterior polar cataracts, when 
the patient’s capsule is at high risk of 
rupturing, Dr. Hoffman says he tries 
to make the capsulorhexis about 5 
mm. “That way, if the posterior cap-
sule ruptures, you have the option 
of putting a three-piece lens in the 
ciliary sulcus and the optic cap, cap-
turing the optic through the anterior 
capsulorhexis to stabilize the lens,” 
he points out.

Impact on IOL Calculations

Surgeons recommend that you 
carefully consider the impact of your 
capsulorhexis on your IOL calcula-
tions.

“Remember these calculations 
are based on a best estimate of 
where the lens sits inside the bag, 
the effective lens position” says 
Dr. Kontos. “A number of factors 
affect this. The impact of the cap-
sulorhexis won’t be the same if it’s 
a different size every time.”

Evidence suggests that the ef-
fective lens position is altered by 
these variations, he continues. “If 
you’re going to use an A-constant to 
personalize your lens calculations, 
then you have to insist on a capsu-
lorhexis that’s uniform every time. If 
not, you really can’t have a reliable 
A-constant that’s personalized for 
what you’re trying to accomplish.”

Dr. Devgan notes that a lens cal-

culation depends on three simple 
factors. “You have the keratometry, 
the axial length of the eye and the 
exact location in the eye where the 
IOL will sit,” he says. “Where will it 
sit? Will it be it 3 mm back? Or 3.2 
mm, 3.5 mm or 4 mm back? Shift-
ing the lens even a fraction of a mil-
limeter will change the refractive 
outcome a lot. All of the formulas 
have different ways of trying to fig-
ure out the effective lens position.

 “If you have a rhexis that’s not 
going to hold the lens securely, then 
there’s no way of really determining 
where the lens will sit in the eye,” he 
concludes. “So I’m going to make a 
consistent rhexis in every case. My 
rhexis going to overlap the optic. It’s 
going to hold it securely in place. 
Then I’ll have a lot more accuracy in 
determining the effective lens posi-
tion, and therefore a more accurate 
calculation.”

Your Signature

Dr. Devgan encourages his col-
leagues to look at each capsulorhex-
is as a part of their legacy.

 “The capsulorhexis is an impor-
tant part of your signature that you 
leave in every eye,” he says. “Even 
decades after your surgery, a fel-
low doctor will be able to examine 
that eye and see the results of your 
handiwork. A centered and precise 
capsulorhexis will securely hold the 
IOL optic in position for the most 
accurate refractive outcome over 
time.”   

Dr. Kontos is a consultant for Zeiss, 
Sun, Allergan and Johnson & John-
son Vision. Dr. Devgan is the owner 
of Catataractcoach.com, a free online 
education site. He’s served as a con-
sultant and speaker for Alcon and 
Bausch + Lomb, and he’s  a principal 
for LensGen and IOLCalc.com. Dr. 
Hoffman is a consultant for Micro-
Surgical Technology.

Figure 5. The Zeiss Callisto automatically 
measures and creates a target zone for 
capsulorhexis.
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Figure 4. A Catalyst OCT-guided femtosecond laser is used to create a capsulorhexis.
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Wills EyeWills Eye Resident Case Series

Edited by Rebecca Russ Soares, MD, MPH

Presentation

A 79-year-old Caucasian woman developed blurred vision and fl oaters in her left eye, which progressed over the 
course of several months. Past ocular history was unremarkable. At the time of initial evaluation by a local retina 
specialist, she denied having headache, eye pain or photophobia. Examination was notable for dense vitreous cellular 
reaction in the left eye. The patient received an injection of sub-Tenon’s triamcinolone and was started on topical 
difl uprednate three times daily for presumed infl ammatory vitritis with no improvement in her visual acuity. She pre-
sented to the Wills Eye Hospital Ocular Oncology Service one month later for a second opinion.

Medical History

The patient’s past medical history was notable for polymyalgia rheumatica and rheumatoid arthritis (treated with 
prednisone), atrial fi brillation, hypothyroidism, chronic obstructive pulmonary disease, gastrointestinal refl ux disease, 
hypertension and diverticulitis. She had a complex oncologic history that included colon cancer treated with partial 
colectomy and chemotherapy 15 years prior and cutaneous malignant melanoma of her back that was locally excised 
six years earlier. Additionally, she was diagnosed with patch/plaque-stage mycosis fungoides (MF) at age 56 years, 
which progressed to tumor stage, requiring initiation of systemic therapy and local radiation, though there was never 
nodal or visceral involvement. Family history was remarkable for multiple cancers among siblings, including gastric, 
central nervous system, bone and prostate. The patient disclosed a history of prior tobacco use totaling 80 pack-years. 

Medications at the time included amlodipine, apixaban, sotalol, diclofenac, fl uticasone/salmeterol, levalbuterol, 
furosemide, levothyroxine, pantoprazole, famotidine, prednisone, bexarotene and alprazolam.

Examination

On presentation to Wills, visual acuity was 20/60 in the right eye and CF at 8’ in the left eye. Pupils were equal, 
round and reactive in each eye. There was no af-
ferent pupillary defect. Extraocular motility was 
full bilaterally. Intraocular pressure was 12 mmHg 
OU. Anterior segment evaluation revealed moder-
ate nuclear sclerosis OU. There was 4+ cell noted 
in the anterior vitreous in the left eye (Figure 1A). 
On ophthalmoscopic examination bilateral macular 
drusen were noted (Figure 1B). Fundus examina-
tion was otherwise unremarkable in the right eye. 
Ophthalmoscopic examination of the left eye dem-
onstrated diffuse vitreous opacities with 2+ vitreous 
haze and without clinically evident retinal, subretinal 
or choroidal infi ltration. A choroidal nevus was docu-
mented in the left macula. 

Anand D. Gopal, MD, Arman Mashayekhi, MD, Tatyana Milman, MD, Michael Abendroth, MD, and Carol L. Shields, MD

Blurred vision and fl oaters bring a 79-year-old woman to the Wills 
Eye Hospital Oncology Service. 

What is your diagnosis? What further workup would you pursue? The diagnosis appears on p. 70.

Figure 1. (A) Slit lamp photograph of the left eye in retroillumination 
revealed cell in the anterior vitreous. (B) Fundus examination of the left 
eye demonstrated diffuse vitreous cell and haze without clinically evident 
retinal, subretinal or choroidal infi ltrate.
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The differential diagnosis for insidious-onset vitritis in an 
elderly patient is broad and should include infectious and 
inflammatory etiologies as well as neoplastic conditions that 
may masquerade as vitritis. Infection, particularly in light 
of this patient’s relative immunocompromise secondary 
to chronic oral corticosteroid use and mycosis fungoides, 
should be excluded. Infectious etiologies to consider in-
clude bacterial or fungal endophthalmitis, HIV, tubercu-
losis, Lyme disease, toxoplasmosis, HZV/VZV, Bartonella 
and syphilis. Inflammatory conditions causing posterior or 
intermediate uveitis may present similarly, and include 
sarcoidosis and multiple sclerosis. Finally, neoplastic condi-
tions such as vitreoretinal lymphoma should be considered, 
particularly in an older patient with prior oncologic history.

Serologic evaluation of the following were negative or 
non-reactive: HIV 1/2 antigen/antibody; Lyme IgG/IgM; 
Quantiferon Gold; Toxoplasma IgG/IgM; Bartonella hense-
lae; and quintana IgG/IgM. FTA-ABS testing was equivocal; 
though given the patient’s low risk profile, it was interpreted 
as non-reactive. Erythrocyte sedimentation rate was 57 (ref-
erence range 0-29 mm/hour). Complete blood count, com-
prehensive metabolic panel, ACE level, LDH, and murami-
dase level were all within normal limits. Optical coherence 
tomography revealed small sub-retinal pigment epithelial 
deposits in both eyes consistent with drusen (Figures 2A 
and B). B-scan ultrasonography demonstrated dense vitritis 
in the left eye, consistent with clinical examination (Figure 
3). Skin evaluation disclosed pruritic, erythematous scaly 
patches and plaques on the patient’s lower legs, consistent 
with active mycosis fungoides (Figure 4).

Given the patient’s age and important oncologic history, 
primary attention was directed toward evaluation for intra-
ocular dissemination of systemic malignancy. The patient 
underwent therapeutic and diagnostic pars plana vitrectomy 
with vitreous biopsy. Cytopathologic examination of a vitre-
ous specimen from the left eye revealed variably sized atypi-
cal lymphocytes with markedly folded, irregular nuclear 
contours, scant to abundant cytoplasm and frequent mitotic 
figures and apoptotic bodies (Figures 5A and B). Immuno-

histochemical staining revealed CD3 positivity and absence 
of CD20 expression. There was aberrant co-expression of 
CD4 and CD8 and loss of CD7 expression. There was no 
evidence of CD30+ transformed large cells (Figures 6A-
F). Examination of skin-punch biopsy performed 12 years 
earlier revealed nearly identical morphologic and immuno-
phenotypic features, confirming a diagnosis of vitreoretinal 
T-cell lymphoma arising from an MF variant of cutaneous 
T-cell lymphoma (CTCL) (Figure 7). 

The patient underwent brain MRI, which demonstrated 
areas of T2 hyperintensity in multiple brain regions, sug-
gestive of central nervous system lymphoma. Whole body 
PET-CT confirmed CNS uptake, but didn’t show visceral 
involvement. Peripheral blood flow cytometry was negative 
for circulating neoplastic T cells. Repeat ophthalmoscopic 
examination one month after vitrectomy revealed new vitre-
ous cell in the right eye, in addition to persistent vitritis in 
the residual vitreous skirt of the left eye. She was referred 
to Medical Oncology and initiated on six cycles of high-dose 

Workup, Diagnosis and Treatment

Resident Case Series

Figure 5. (A) Cytologic evaluation of the vitreous aspirate demon-
strated a cellular specimen with a mixed population of cells in a 
background of necrosis. (B) Higher magnification photomicrograph 
highlights the cellular constituents of the aspirate, predominantly 
composed of small to medium sized lymphocytes and dendritic 
macrophages with occasional multinucleation. Several lympho-
cytes had markedly atypical nuclei with prominent nuclear folds 
and grooves, lending the nucleus a “cerebriform” or “flower cell”-
like appearance. Also present were atypical mitotic figures and 
apoptotic bodies. [stain: hematoxylin-eosin; original magnification 
x100 (A), x250 (B)]
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Figure 2. Optical coherence tomography of the right (A) and left (B) 
eyes revealed small sub-retinal pigment epithelial detachments. Figure 3. B-scan ultrasonography 

of the left eye showing dense 
vitreous opacity inferiorly and 
posterior vitreous detachment.

Figure 4. Examination of the pa-
tient’s skin disclosed erythema-
tous scaly patches and plaques 
on the lower extremity, consis-
tent with her known history of 
mycosis fungoides.
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Intraocular lymphoma can initially manifest in the eye 
itself, arise in the setting of prior primary CNS lymphoma, 
or less commonly can be a manifestation of disseminated 
systemic lymphoma.1 Dissemination of systemic lymphoma 
most frequently involves the uvea; vitreoretinal involvement 
is uncommon.1 Most intraocular lymphomas are of B-cell 
origin and intraocular involvement by T-cell lymphoma is 
exceedingly rare.2,3 A recent review of 29 cases of T-cell 
lymphoma with involvement of the eye found the mycosis 
fungoides-subtype of cutaneous T-cell lymphoma to be 
most frequent (27.6 percent).4

The cutaneous T-cell lymphomas comprise a heteroge-
neous group of lymphoproliferative disorders characterized 
by predominant localization of neoplastic T cells to the skin, 
though visceral sites may become involved with disease pro-
gression. Mycosis fungoides, which accounts for 44 percent 
of cutaneous T-cell lymphomas, typically follows an indolent 
course with five-year survival rates approaching 90 percent.5 
Mycosis fungoides presents classically with pruritic ery-
thematous cutaneous patches that, over time, can progress 
to infiltrative plaques and nodular tumors. Patients are 

typically older age (median age at diagnosis: 55 to 60), more 
frequently male and Caucasian.5 Clinical staging of mycosis 
fungoides is based on the following: extent of cutaneous 
disease; presence of lymph node and visceral involvement; 
and identification of circulating neoplastic cells in the blood. 
Treatment is stage-dependent, ranging from topical corti-
costeroid therapy and phototherapy for early stage mycosis 
fungoides (cutaneous patches or plaques only, stage IA to 
IIA) to the use of systemic therapy with immunomodulatory 
agents, such as interferon and oral retinoids; and chemo-
therapeutics, including methotrexate, for cases of refractory 
early-stage and more advanced disease (skin tumors greater 
than or equal to 1 cm, stage IIB to IVB).6  

Ophthalmic manifestations of cutaneous T-cell lympho-
ma are rare. A comprehensive study of 2,155 patients with 
cutaneous T-cell lymphoma revealed ophthalmic abnor-
malities in fewer than 2 percent of them.7 These included 
cicatricial eyelid ectropion (0.8 percent), retinal infiltration 
(0.09 percent) and optic nerve involvement (0.05 percent).7 
In a review of 29 cases of biopsy-confirmed disseminated T-
cell lymphoma of the intraocular structures, the median age 

Discussion

systemic methotrexate for presumed CNS involvement by 
disseminated cutaneous T-cell lymphoma. Four months 
later, after completion of systemic methotrexate therapy, the 
patient was noted to have increased vitritis in the left eye 
(Figures 8A and B). There was no evidence of lymphoma 
in the right eye. She received serial injections of intravitreal 
methotrexate (400 ug/0.1 ml) to the left eye with clearance 
of vitreous cells after three injections. Repeat brain MRI 
at eight months post-CNS diagnosis demonstrated a new, 
3-cm lesion in the right basal ganglia. The patient elected to 
pursue hospice care and passed away from her disease ap-
proximately 10 months after initial ophthalmic presentation.

Figure 6. Immunohistochemical studies demonstrated expression 
of the T-cell marker CD3 (A) by the atypical lymphocytes. There 
was aberrant loss of CD7 expression (B). Immunostain for CD20 
was negative, consistent with absence of B-cells (C). There was 
aberrant co-expression of CD4 (D) and CD8 (E). CD30 immunostain 
(F), obtained to exclude large cell transformation, was negative. 
Based on these morphologic and immunohistochemical find-
ings, a pathologic diagnosis of vitreoretinal T-cell lymphoma, 
cytomorphologically and immunophenotypically compatible with 
intraocular involvement by cutaneous T-cell lymphoma/mycosis 
fungoides, was made. [stains: CD3 (A), CD7 (B), CD20 (C), CD4 (D), 
CD8 (E), CD30 (F); original magnification x250 (A), x100 (B-F)]

Figure 7. Prior skin biopsy demon-
strated intraepidermal proliferation of 
atypical lymphocytes morphologically 
and immunophenotypically identical to 
that seen on vitreous biopsy (immuno-
histochemical stains not shown) [stain: 
hematoxylin-eosin; original magnifica-
tion x100].

Figure 8. (A) Ophthalmoscopic examination six months after vitre-
ous biopsy and shortly after completion of high-dose systemic 
methotrexate reveals persistent vitreous cells in the left eye. (B) 
A vitreous string of pearls was noted nasally in the left eye on slit 
lamp examination. 
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at intraocular diagnosis was 57 years. 
Intraocular manifestations were noted 
at a mean of 76 months following skin 
diagnosis.4 Eye findings on presenta-
tion included vitritis (66 percent) and 
non-granulomatous anterior uveitis 
(45 percent). Differentiating between 
T-cell and B-cell vitreoretinal lympho-
ma isn’t possible based on clinical eye 
examination alone; it requires biopsy 
with histopathology and immunohis-
tochemistry.

Vitreoretinal T-cell lymphoma has 
the potential to masquerade as intraoc-
ular infection or inflammation. Hence, 
diagnosis requires a high degree of 
clinical suspicion. Findings on optical 
coherence tomography can include 
fine hyperreflective sub-retinal pig-
ment epithelial deposits, correspond-
ing to hyperautofluorescence on fun-
dus autofluorescence imaging.8 While 
clinical examination and imaging stud-
ies can guide diagnosis, the gold stan-
dard remains cytopathologic examina-
tion of an intraocular sample, which 
can be obtained via vitreous aspiration 
or pars plana vitrectomy. Advantages of 
vitrectomy over needle biopsy include 
therapeutic potential to improve vision 
and maximization of the diagnostic 
yield.8,9 Nevertheless, non-diagnostic 
vitreous specimens aren’t uncommon 
and may necessitate additional sam-
pling. Further, presence of reactive in-
flammatory cells, necrosis and cellular 
debris may complicate cytopathologic 
evaluation.8 In a retrospective case se-
ries of 33 eyes with suspected intra-
ocular lymphoma that underwent vit-
rectomy, the positive predictive value 
of cytopathology was 100 percent and 
negative predictive value was just un-
der 61 percent.10 These findings indi-
cate that a negative vitreous specimen 
doesn’t exclude intraocular lymphoma 
and repeat sampling may be necessary.

Morphologically, neoplastic T cells 
appear as medium to large lymphoid 
cells with irregular nuclear contours 
and scant cytoplasm.8 Immunohisto-
chemical studies reveal CD3 positivity 

and absence of CD20 staining. Mo-
lecular testing and flow cytometry can 
be used adjunctively to improve diag-
nostic accuracy. In cases of suspected 
disseminated lymphoma from known 
systemic (or extraocular) primary, mor-
phologic, immunophenotypic and, 
when available, molecular genetic 
comparison of intraocular specimen 
to primary tumor, as in this case, may 
aid in confirming the final diagnosis. 
Subsequent MRI of the brain with or 
without cerebrospinal fluid sampling 
is recommended to assess for CNS 
involvement in confirmed cases of in-
traocular lymphoma.1

Given the rarity of disseminated 
vitreoretinal T-cell lymphoma, there 
are no guidelines for therapy. Most ap-
proaches are based on data from pa-
tients with primary vitreoretinal B-cell 
lymphoma. Radiation therapy, intravit-
real chemotherapy and systemic che-
motherapy, alone or in combination, 
have been described.11 Among patients 
with vitreoretinal B-cell lymphoma 
without concurrent CNS manifesta-
tions, development of CNS disease has 
been shown to occur at a similar fre-
quency when comparing those receiv-
ing systemic treatment and those re-
ceiving intraocular treatment alone.11 
Intravitreal injection of methotrexate 
is a common and effective treatment 
choice.11 

In a series of 44 eyes with biopsy-
proven vitreoretinal lymphoma (either 
B- or T-cell type), injection of intravit-
real methotrexate achieved intraocular 
clearance of malignant cells following 
a mean of six injections; however pa-
tients are advised to undergo a full year 
of injections for a complete course.12 
Toxicities were few, and included cor-
neal epitheliopathy, cataract progres-
sion and neovascular glaucoma.12 More 
recently, use of intravitreal melphalan 
has been described as having the po-
tential to achieve intraocular control 
with fewer injections.13 Despite the 
efficacy of intravitreal therapy, patients 
often succumb to the burden of CNS 

or systemic disease. Overall, prognosis 
is poor for patients with intraocular 
T-cell lymphoma with a mean survival 
of 21.7 months after intraocular diag-
nosis.2

In summary, a 79-year-old woman 
with a longstanding history of cutane-
ous T-cell lymphoma on systemic oral 
therapy presented with several months 
of progressive blurred vision and float-
ers in the left eye. Pars plana vitrecto-
my with vitreous biopsy demonstrated 
malignant T cells morphologically and 
immonophenotypically similar to those 
seen on skin biopsy 12 years earlier, 
confirming a diagnosis of vitreoretinal 
T-cell lymphoma arising from cuta-
neous T-cell lymphoma. Subsequent 
imaging demonstrated CNS disease, 
and the patient was initiated on sys-
temic chemotherapy with high-dose 
methotrexate. Although resolution of 
intraocular lymphoma was achieved 
with serial injections of intravitreal 
methotrexate, the patient succumbed 
to progressive CNS disease.   
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damage” of ocular surface, cornea, 
cataract and glaucoma don’t prove 
insuperable, then anatomical and 
visual recovery are feasible. Truly, 
desperate times call for desperate 
measures. 

Dr. Kenyon is a clinical professor 
of ophthalmology at Tufts Uni-
versity School of Medicine/New 
England Eye Center and is a fac-
ulty member at Harvard Medical 
School  and the Schepens Eye 
Research Institute. Dr. Binotti 
is a clinical research fellow at 
Tufts/New England Eye Center, 
currently investigating anterior 
segment imaging modalities.
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Dr. Yeu encounters other postop is-
sues. “Besides excessive sun exposure, 
I also see haze from poor adherence to 
topical steroids,” she notes. “Higher-
diopter treatments (more than 5 D) 
can also have the tendency to raise po-
tential issues. I turn to mitomycin-C 
0.02% for six to 12 seconds—and for 
longer periods for higher-power treat-
ments and retreatments (such as after 
I am performing PRK over LASIK).” 

In Search of Perfection

Despite the progress surgeons have 
made in surface ablation procedures, 
they’re quick to say there’s room for 
improvement. “If you customize care 
for each patient and respond to their 
needs with the latest information in 
mind, you should do well with surface 
ablation,” says Dr. McDonald. “Our 

surface ablation outcomes are much 
better now, in every way, and they’ll 
only continue to improve.” 

Dr. McDonald is a consultant to 
Orca, the makers of the Epi-Clear de-
vice. Dr. Yeu consults with Alcon, Aller-
gan, Bausch+Lomb/Valeant, J & J Vi-
sion, Merck, Novartis, Ocular Science, 
Ocular Therapeutix, OcuSoft,  Shire, 
Sight Sciences, Sun Pharma, Topcon, 
and Zeiss. Dr. Manche is a consultant 
for Allergan, Avedro, Zeiss and J&J Vi-
sion. He provides sponsored research 
for Allergan, Alcon, Avedro, Zeiss, J&J 
Vision and Presbia. He owns equity 
in RxSight and Vacu-Site. Dr. Epstein 
reports no relationships.
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XIIDRA® (lifitegrast ophthalmic solution), for topical ophthalmic use 
Initial U.S. Approval: 2016 
BRIEF SUMMARY: Please see package insert for full prescribing information. 
  1  INDICATIONS AND USAGE 

Xiidra® (lifitegrast ophthalmic solution) 5% is indicated for the treatment 
of the signs and symptoms of dry eye disease (DED). 

  4  CONTRAINDICATIONS 
Xiidra is contraindicated in patients with known hypersensitivity to  
lifitegrast or to any of the other ingredients in the formulation [see 
Adverse Reactions (6.2)]. 

  6  ADVERSE REACTIONS 
The following serious adverse reactions are described elsewhere in the 
labeling:  
•   Hypersensitivity [see Contraindications (4)] 
6.1 Clinical Trials Experience 
Because clinical trials are conducted under widely varying conditions, 
adverse reaction rates observed in clinical trials of a drug cannot be 
directly compared to rates in the clinical trials of another drug and may 
not reflect the rates observed in practice. 
In five clinical studies of DED conducted with lifitegrast ophthalmic solu-
tion, 1401 patients received at least one dose of lifitegrast (1287 of which 
received lifitegrast 5%). The majority of patients (84%) had ≤ 3 months  
of treatment exposure. One hundred-seventy patients were exposed to  
lifitegrast for approximately 12 months. The majority of the treated patients 
were female (77%). The most common adverse reactions reported in  
5%-25% of patients were instillation-site irritation, dysgeusia, and reduced 
visual acuity.  
Other adverse reactions reported in 1%-5% of the patients were blurred 
vision, conjunctival hyperemia, eye irritation, headache, increased lacri-
mation, eye discharge, eye discomfort, eye pruritus, and sinusitis. 
6.2 Postmarketing Experience 
The following adverse reactions have been identified during post-approval 
use of Xiidra. Because these reactions are reported voluntarily from a pop-
ulation of uncertain size, it is not always possible to reliably estimate their 
frequency or establish a causal relationship to drug exposure. 
Rare cases of hypersensitivity, including anaphylactic reaction, broncho-
spasm, respiratory distress, pharyngeal edema, swollen tongue, and urti-
caria have been reported. Eye swelling and rash have been reported [see 
Contraindications (4)]. 

  8  USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 
Risk Summary 
There are no available data on Xiidra use in pregnant women to inform 
any drug-associated risks. Intravenous (IV) administration of lifitegrast to 
pregnant rats, from pre-mating through gestation Day 17, did not produce 

teratogenicity at clinically rele vant systemic exposures. Intravenous 
administration of lifitegrast to pregnant rabbits during organogenesis pro-
duced an increased incidence of omphalocele at the lowest dose tested,  
3 mg/kg/day (400-fold the human plasma exposure at the recommended 
human ophthalmic dose [RHOD], based on the area under the curve 
[AUC] level). Since human systemic exposure to lifitegrast following ocu-
lar administration of Xiidra at the RHOD is low, the applicability of animal 
findings to the risk of Xiidra use in humans during pregnancy is unclear 
[see Clinical Pharmacology (12.3) in the full prescribing information].  
Data 
Animal Data 
Lifitegrast administered daily by IV injection to rats, from pre-mating 
through gestation Day 17, caused an increase in mean pre-implantation 
loss and an increased incidence of several minor skeletal anomalies at 
30 mg/kg/day, representing five, 400-fold the human plasma exposure at 
the RHOD of Xiidra, based on AUC. No teratogenicity was observed in the 
rat at 10 mg/kg/day (460-fold the human plasma exposure at the RHOD, 
based on AUC). In the rabbit, an increased incidence of omphalocele was 
observed at the lowest dose tested, 3 mg/kg/day (400-fold the human 
plasma exposure at the RHOD, based on AUC), when administered by  
IV injection daily from gestation Days 7 through 19. A fetal no observed 
adverse effect level (NOAEL) was not identified in the rabbit.   
8.2 Lactation 
Risk Summary 
There are no data on the presence of lifitegrast in human milk, the effects 
on the breastfed infant, or the effects on milk production. However, sys-
temic exposure to lifitegrast from ocular administration is low [see Clinical 
Pharmacology (12.3) in the full prescribing information]. The develop-
mental and health benefits of breastfeeding should be considered, along 
with the mother’s clinical need for Xiidra and any potential adverse effects 
on the breastfed child from Xiidra. 
8.4 Pediatric Use 
Safety and efficacy in pediatric patients below the age of 17 years have 
not been established. 
8.5 Geriatric Use 
No overall differences in safety or effectiveness have been observed 
between elderly and younger adult patients. 
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Indication
Xiidra® (lifi tegrast ophthalmic solution) 5% is indicated for the 
treatment of signs and symptoms of dry eye disease (DED). 

Important Safety Information
Xiidra is contraindicated in patients with known 
hypersensitivity to lifi tegrast or to any of the other 
ingredients. 

In clinical trials, the most common adverse reactions
reported in 5-25% of patients were instillation site irritation,
dysgeusia and reduced visual acuity. Other adverse
reactions reported in 1% to 5% of the patients were blurred
vision, conjunctival hyperemia, eye irritation, headache,
increased lacrimation, eye discharge, eye discomfort, eye
pruritus and sinusitis.

To avoid the potential for eye injury or contamination of the 
solution, patients should not touch the tip of the single-use 
container to their eye or to any surface.

Contact lenses should be removed prior to the 
administration of Xiidra and may be reinserted 15 minutes 
following administration.

Safety and effi cacy in pediatric patients below the age of 17 
years have not been established.

References: 
1. Xiidra [prescribing information]. East Hanover, NJ: Novartis 
Pharmaceuticals Corporation; November 2019. 2. TFOS DEWS II 
Research Subcommittee. Report of the Research Subcommittee of the 
Tear Film & Ocular Surface Society Dry Eye WorkShop II (2017). Ocul 
Surf. 2017;15(3):269-649. 3. FDA approves new medication for dry eye 
disease. FDA News Release. July 2016. https://www.fda.gov/news-
events/press-announcements/fda-approves-new-medication-dry-eye-
disease. Accessed March 17, 2020. 4. Food and Drug Administration. 
Electronic Orange Book. https://www.fda.gov/media/71474/download. 
Accessed March 17, 2020.

There’s no FDA-approved 
therapeutic equivalent.2,4

Check out patient resources, 
insurance coverage, and 
more at Xiidra-ECP.com

Xiidra, the fi rst in a class of LFA-1 antagonists 
for Dry Eye Disease, is a prescription eye 
drop FDA-approved to treat both signs 
and symptoms of the disease.1,3

Xiidra is the only lymphocyte function-associated antigen-1 
(LFA-1) antagonist treatment for Dry Eye Disease1,2

THERE’S NO
SWIITCHING THIS

For additional safety information, see accompanying Brief Summary of Safety Information on the adjacent 
page and Full Prescribing Information on Xiidra-ECP.com. 
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