
Essentials in Ophthalmology
Series Editor: Arun D. Singh

Jorge L. Alió
H. Burkhard Dick
Robert H. Osher   Editors

Cataract 
Surgery
Advanced Techniques for Complex and 
Complicated Cases



Essentials in Ophthalmology
Series Editor

Arun D. Singh, Cleveland Clinic Foundation, Cole Eye Institute,
Cleveland, OH, USA



Essentials in Ophthalmology aims to promote the rapid and efficient transfer 
of medical research into clinical practice. It is published in four volumes per 
year. Covering new developments and innovations in all fields of clinical 
ophthalmology, it provides the clinician with a review and summary of recent 
research and its implications for clinical practice. Each volume is focused on 
a clinically relevant topic and explains how research results impact diagnostics, 
treatment options and procedures as well as patient management.
The reader-friendly volumes are highly structured with core messages, 
summaries, tables, diagrams and illustrations and are written by internationally 
well-known experts in the field. A volume editor supervises the authors in 
his/her field of expertise in order to ensure that each volume provides cutting- 
edge information most relevant and useful for clinical ophthalmologists. 
Contributions to the series are peer reviewed by an editorial board.

More information about this series at https://link.springer.com/bookseries/5332

https://springerlink.bibliotecabuap.elogim.com/bookseries/5332


Jorge L. Alió • H. Burkhard Dick 
Robert H. Osher
Editors

Cataract Surgery 

Advanced Techniques for Complex 
and Complicated Cases



ISSN 1612-3212     ISSN 2196-890X (electronic)
Essentials in Ophthalmology
ISBN 978-3-030-94529-9    ISBN 978-3-030-94530-5 (eBook)
https://doi.org/10.1007/978-3-030-94530-5

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2022
This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, 
whether the whole or part of the material is concerned, specifically the rights of translation, 
reprinting, reuse of illustrations, recitation, broadcasting, reproduction on microfilms or in any 
other physical way, and transmission or information storage and retrieval, electronic adaptation, 
computer software, or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this 
publication does not imply, even in the absence of a specific statement, that such names are 
exempt from the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in 
this book are believed to be true and accurate at the date of publication. Neither the publisher nor 
the authors or the editors give a warranty, expressed or implied, with respect to the material 
contained herein or for any errors or omissions that may have been made. The publisher remains 
neutral with regard to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editors
Jorge L. Alió
Division of Ophthalmology
School of Medicine
Miguel Hernandez University
Alicante, Spain

Cornea, Refractive and Cataract  
Surgery Unit
Vissum Miranza Alicante, Spain

Robert H. Osher
Cincinnati Eye Institute
University of Cincinnati
Video Journal of Cataract, Refractive & 
Glaucoma Surgery
Cincinnati, OH, USA

H. Burkhard Dick
Ruhr University Eye Clinic
Bochum, Germany

https://doi.org/10.1007/978-3-030-94530-5


v

Cataract surgery remains the most common ophthalmic procedure performed 
worldwide. Intravitreal injections are a close second, but they are often per-
formed by a retinal sub-specialist. Cataract surgery remains the bread and 
butter of the comprehensive ophthalmologist, the cornea sub-specialist, and 
the glaucoma sub-specialist, and is also frequently performed by our retina- 
vitreous and pediatric sub-specialist colleagues. In 2020, as many as 4,000,000 
cataract surgeries were performed in the USA and nearly 28,000,000 glob-
ally. In spite of those large numbers, every year there are more patients suf-
fering from reduced vision that could be corrected with cataract surgery. If 
the 8 per 1000 population cataract surgeries performed each year in Europe is 
the appropriate number, we would need to increase cataract surgery proce-
dures performed per year in the world to twice that done today, or 56,000,000 
per year, to fully meet the demand.

At ophthalmology meetings worldwide, attendance at educational pro-
grams that relate to cataract surgery are dominant. While many patients with 
cataract present without significant co-morbidities, over 50% have one or 
another additional diagnosis that make the surgery more complex. Ocular 
surface disease(OSD), especially dry eye disease and blepharitis/meibomian 
gland dysfunction, impacts over 50% of the senior population presenting with 
cataract. While not a significant factor intraoperative, it is critical to manage 
OSD in the preoperative period to achieve good biometry and rapid and high- 
quality recovery of vision. Glaucoma or ocular hypertension is present in 
15–20% of patients with cataract. Some evidence of macular disease, often 
only uncovered with ocular coherence tomography, is observable in at least 
another 25%. Corneal topographic abnormalities are common. One or another 
systemic disorder including diabetes mellitus, hypertension, and arterioscle-
rotic vascular disease are more often present than absent in the patient over 
age 65. A multitude of other co-morbidities, from keratoconus to axial myo-
pia, all impact the cataract surgeon’s plan and their patient’s intraoperative 
and postoperative course. When I see a patient with a visually significant 
cataract, I expect to place one or more other diagnosis in my clinical record 
in nearly every case. This makes management of the complex and compli-
cated cataract patient more the rule than the exception.

It takes years of training and experience to become expert at managing the 
broad array of complexities that challenge us cataract surgeons every week. 
To help us better prepare, Professor Jorge Alio, MD, of Spain, Professor 
Burkhard Dick, MD, of Germany, and Robert Osher, MD, of the United 
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States, have joined together with a rare group of surgeons who are superb 
teachers and highly experienced in the management of complex and compli-
cated cataracts. The end result is the book Cataract Surgery in Complicated 
and Complex Cases. This book is recommended reading for every cataract 
surgeon, from trainee to master surgeon. It is a book that belongs on every 
cataract surgeon’s desk, and it will be opened frequently in the course of 
everyday practice.

 Richard L. Lindstrom, MD
Founder and Attending Surgeon: Minnesota Eye Consultants

Minneapolis, MN, USA

Adjunct Professor Emeritus: University of Minnesota  
Department of Ophthalmology, Minneapolis, MN, USA

Visiting Professor: University of California Irvine  
Gavin Herbert Eye Institute, Irvine, CA, USA
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When I look back at my career, it’s hard for me to believe that I performed my 
first cataract surgery as a second-year resident at the Bascom Palmer Eye 
Institute in Miami, Florida, in 1978. It seems like yesterday! Although phaco-
emulsification had been introduced by Charles Kelman, MD, almost a decade 
before, it was still very unpopular and “off limits” to the residents. It seemed 
so obvious to me that a smaller incision would reduce the risk of complica-
tions, and I would sneak up to the operating room in the evening and practice 
emulsifying the lens in Eye Bank eyes. I waited until Dr. Ed Norton, our 
famous chairman, was supposed to be out of town and then scheduled a 
patient to be the first phacoemulsification performed by a resident at Bascom 
Palmer. I am still haunted by the fact that in a middle of a case, I heard Dr. 
Norton’s voice over my shoulder say “Bobby, this better go well!” Had it not, 
I would probably be engaged in the practice of neuro-ophthalmology today.

It has been amazing to witness the evolution of small incision cataract 
surgery over the last four decades. Incisions have shrunk, sutures are gone, 
and patients can return to their normal activities almost immediately. 
Innovations are the hallmark of this subspecialty, and every year, we see the 
debut of sophisticated diagnostics, better IOL formulae, improved machines, 
new intraocular lens options, novel devices and instrumentation, and safer 
surgical techniques. I cannot imagine a subspecialty that has had more excit-
ing changes, and I am so grateful that I went into ophthalmology rather than 
proctology!

Cataract surgeons have hit the jackpot for other reasons. What could pos-
sibly be more satisfying than taking a patient who is legally blind and giving 
them the opportunity to enjoy crystal clear vision the day following surgery. 
Our patients are extremely happy and appreciate the recovery of the gift of 
sight. Our work is delicate and rarely marred by complications. How lucky 
we are to have chosen this subspecialty!

Yet even with unprecedented surgical success, every cataract surgeon will 
eventually encounter anxiety-provoking challenging cases. Cataract surgeons 
are familiar with challenges. We have learned to tackle the mature lens, the 
white lens, and the loose lens. We have tamed the once-dreaded posterior 
polar cataract. We are comfortable managing very large eyes and very small 
eyes as well as coexisting corneal, retinal, and glaucoma comorbidities. Small 
pupils can be managed by pharmacologic or mechanical solutions, and dam-
aged irises can be reconstructed almost as good as new. While complications 
are less frequent today than ever before, they still happen. However, the cata-
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ract surgeon can achieve excellent outcomes in both challenging and compli-
cated cases by sound knowledge, meticulous preparation, and skillful 
dexterity.

I am honored to serve as a co-author of this book with Drs. Jorge Alio and 
Burkhard Dick. Each of these extraordinary surgeons has spent his career 
making cutting-edge contributions and has devoted an enormous amount of 
time to teaching colleagues how to perform better and safer cataract surgery. 
I am confident that this book will expand the expertise of the reader and 
enhance the joy that every cataract surgeon should experience throughout his 
or her career.

 Robert H. Osher, MD  
Professor of Ophthalmology

University of Cincinnati
Cincinnati, OH, USA

Medical Director Emeritus
Cincinnati Eye Institute

Cincinnati, OH, USA

Editor, Video Journal of Cataract,  
Refractive & Glaucoma Surgery

Cincinnati, OH, USA
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Key Elements in the Risk 
Evaluation

Wen Fan Hu, Marissa Larochelle, Randall Olson, 
and Jeff Pettey

 Introduction of Key Elements 
in the Risk Evaluation

Preoperative risk assessment is fundamental for 
surgical planning, for intraoperative decision 
making, and for the patient’s informed consent 
and pre-procedure counseling. Eliciting critical 
elements of a patient history and performing the 
appropriate physical examination are fundamen-
tal to our roles as physicians and surgeons. While 
diagnosing cataract is elemental, clearly elucidat-
ing and evaluating risk requires a well-developed 
skillful approach.

Edward Deming, a renowned engineer and 
statistician, famously quipped: “Every system is 
perfectly designed to give the result that it does.” 
When surgeons fail to identify key risk factors in 
cataract evaluation, it is more likely to due to sys-
temic flaws, rather than a lack of knowledge or 
skill in examination. A flawed systemic evalua-
tion may be due to overreliance on physician 
extenders or a hurried or lackadaisical approach. 
In short, a high level of knowledge about risk fac-
tors for complicated cataract surgery is only as 
good as your system of evaluation.

While the chapter will focus on areas of medi-
cal knowledge and technical skill, one would be 
well served to thoughtfully evaluative your sys-
tem’s ability to identify or miss key risk factors in 
complex cataract surgery.
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The University of Utah John A. Moran Eye Center, 
Salt Lake City, UT, USA
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Supplementary Information The online version con-
tains supplementary material available at [https://doi.
org/10.1007/978- 3- 030- 94530- 5_1].

Bullet Point
• Preoperative risk assessment is funda-

mental to safe and efficient ocular 
surgery.

• A systematic approach to surgical eval-
uation is the primary safeguard against 
errors and missed diagnoses to guide 
surgical care.

• A thorough history with focus on past 
ocular history can identify obstacles to 
routine and uncomplicated surgery.

• Each step of the slit lamp and ophthal-
mic exam can identify unique risk fac-
tors for each surgical patient.

• Identifying improvements in your sys-
tematic approach to surgical evaluation 
will lead to improved surgical results 
and patient outcomes.
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 Risk Assessment

Risk assessment is the process of identifying and 
evaluating elements of risk and determining 
whether these risks outweigh the potential benefit 
of an intervention. The benefit of cataract surgery 
to a 20/15 emmetrope with a faint congenital 
cataract clearly does not outweigh the risks, 
while a “count fingers” cataract, even in the set-
ting of pseudoexfoliation and intumescent 
 cataract, is an entirely different calculation. 
However, inherent to both of these examples, 
every other patient who presents for surgery is 
the imperative to identify risk.

Once identified, the level of risk will vary for 
each surgeon, depending on their skillset and 
experience. Surgical educators frequently refer-
ence the Dreyfus model of skill acquisition to 
describe the learning curve of cataract surgeons. 
Novice surgeons painstakingly dissect and evalu-
ate each step of surgery as if they were distinctly 
unique procedures. While expert surgeons seam-
lessly flow through surgery with nary a conscious 
thought given to hand position, approach angle, 
or instrument nomenclature. Similarly, experi-
enced surgeons effortlessly evaluate the risk- 
benefit ratio as they glean the relevant elements 
of the history and physical examination.

However, as risk assessment becomes more 
intuitive and surgical cases routine, surgeons 
themselves risk becoming numb to important ele-
ments in risk assessment. As a surgeon’s experi-
ence and skill grow, the relative importance of a 
detailed risk evaluation may take on less impor-
tance. We caution surgeons to remain vigilant in 
identifying risk and thoughtfully contemplating 
risk, as even the most experienced and skilled can 
best mitigate risk when armed with all available 
risk factors before they declare themselves dur-
ing the surgery.

Our discussion is not a full review of all poten-
tial history and examination findings, rather a 
focused discussion on key and relevant findings 
for the preoperative cataract risk assessment.

 History

 History of Present Illness

Vision loss from age-related cataract develop-
ment is classically characterized by slowly pro-
gressive, painless vision decline. Subjectively, 
patients report decreased visual acuity, increased 
glare, and an increased need for light over the 
course of years. There are, however, exceptions 
to this classic presentation, many of which high-
light elements of potential increased periopera-
tive and intraoperative risk for the cataract 
surgeon.

Cataract development is associated with 
aging, smoking, and ultraviolet exposure, and 
most patients present after the age of 50 [2]. 
Furthermore, cataract development is usually 
bilateral, though there may be mild-to-moderate 
asymmetry in the degree of cataract formation. In 
patients where there is rapid onset of vision loss, 
significant asymmetry in the degree of cataract- 
related vision change, or cataract formation in a 
young patient, the surgeon must search for alter-
native etiologies, such as trauma (Fig. 1.1), prior 
intraocular surgery, uveitic disease (Fig. 1.2) and 
its first-line therapy, and corticosteroids (whether 
topical, periocular injection, or oral). All of these 
entities can induce or accelerate cataract forma-

Fig. 1.1 Traumatic cataract following blunt trauma
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tion. Of note, some patients may report a “pseudo- 
sudden” onset of vision loss where they abruptly 
notice vision loss despite the low vision being 
present for months or years. Often, this is more 
common if there is asymmetric disease and the 
better-seeing eye is suddenly occluded. 
Attributing this type of vision loss to cataract is a 
diagnosis of exclusion only after a full ophthal-
mic evaluation.

Cataract formation itself is a painless process. 
However, cataracts may cause secondary pain 
due to mechanical intraocular pressure elevation 
as seen with phacomorphic glaucoma or lens 
subluxation from trauma or zonular laxity 
(Fig. 1.3), or due to inflammation or inflammation- 
induced IOP elevation in phacolytic or phacoan-
tigenic glaucoma. A prior history of redness and 

eye pain in an eye with cataract should also 
increase suspicion for an underlying uveitic 
process.

 Past Ocular History

Ocular Trauma A history of trauma demands 
special attention, particularly in the setting of 
acute cataract. Any history of facial trauma, peri-
orbital hematoma, or direct eye injury can greatly 
increase the risk of intraoperative complications. 
Zonulopathy (Figs.  1.4 and 1.5) is most fre-
quently encountered complication from closed 
globe injuries, although its severity varies widely. 
Given that zonulopathy may not be detectable in 
even the most detailed exam, eliciting even 

Fig. 1.2 Fibrin ring on anterior capsule in an eye with a 
history of uveitis

Fig. 1.3 Acute traumatic dislocation of crystalline lens 
into anterior chamber

Fig. 1.4 Inferior subluxation of lens in setting of mature 
cataract and zonulopathy

Fig. 1.5 Lateral subluxation of lens in setting of blunt 
trauma

1 Key Elements in the Risk Evaluation
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remote histories of trauma alert the surgeon to 
potential intraoperative zonulopathy. Traumatic 
cataracts can also be intumescent and increase 
risk of complications during anterior capsu-
lorhexis creation.

Uveitis A history of uveitis can affect preopera-
tive, intraoperative, and postoperative manage-
ment significantly. Preoperatively, patient may 
have a history of fluctuating macular edema, 
which can affect biometry measurements of axial 
length. Additionally, there are many sequelae of 
uveitic disease that may present intraoperative 
surgical challenges, including but not limited to 
band keratopathy, posterior synechiae, pupillary 
membrane, and fibrotic lens capsule. Finally, 
postoperatively, these patients are at increased 
risk for flares of their uveitic disease and postop-
erative CME. Different types of uveitis confer 
different levels of risk. Eyes with juvenile idio-
pathic arthritis (JIA)- associated uveitis have a 
high risk of forming posterior synechiae to the 
implanted intraocular lens, which can lead to 
pupillary membranes, IOL displacement, cocoon-
ing of the IOL, and ultimately pupillary block 
glaucoma [3]. To minimize the risks associated 
with cataract surgery in uveitis patients, general 
consensus within the uveitic community is to 
attain minimum of 3  months of disease quies-
cence whenever possible prior to proceeding with 
surgery [8, 9]. Furthermore, surgeons may con-
sider preoperative topical corticosteroids and 
NSAIDs, a perioperative oral corticosteroid burst 
or periocular steroid injection, and/or intraopera-
tive IV steroids. Herpetic ocular disease is a spe-
cific uveitic entity in which the surgeon should 
consider starting, or increasing, the dose of sys-
temic antiviral medication perioperatively.

Glaucoma In patients with glaucoma, it is criti-
cal to assess the severity of their glaucoma and 
susceptibility of the optic nerve to further eleva-
tions in intraocular pressure. In mild-moderate 
cases of glaucoma, combined MIGS surgery 
should be considered. In more severe cases, par-
ticular care should be taken to avoid prolonged 
elevated intraocular pressure intraoperatively 
during phacoemulsification, as well as during 

femtosecond laser-assisted suction application, if 
applicable. Cataract surgery in patients with 
pseudoexfoliation glaucoma also requires spe-
cific attention to zonulopathy. Postoperatively, all 
glaucoma patients should be monitored more 
closely for elevations in intraocular pressure.

Diabetic retinopathy  – Fluctuating macular 
edema can affect axial length biometry measure-
ments prior to surgery. Furthermore, cataract sur-
gery can induce or exacerbate cystoid macular 
edema, particularly in patients with existing dia-
betic retinopathy. Surgeons should consider use 
of topical NSAIDs perioperatively if it is not used 
routinely for their cataract surgery patients.

Corneal Disease Multiple corneal disease enti-
ties can cause corneal opacities leading to diffi-
culty with intraoperative visualization. Trypan 
blue can be used to improve visualization during 
surgery. Additionally, the severity of Fuchs’ 
endothelial dystrophy should be assessed as to 
the need for a combined endothelial transplant 
procedure. Care must be taken intraoperatively to 
decrease phacoemulsification energy and fre-
quent application of dispersive viscoelastic to 
protect the endothelium.

High Myopia For patients with high myopia, 
it is critical to ascertain any history of prior 
ocular procedures, such as refractive surgery 
or prior retinal surgery (see below). Refractive 
targets may be unpredictable in axial myopes 
and IOL choices may be limited. Furthermore, 
myopia- associated macular disorders, such as 
choroidal neovascular membranes and their asso-
ciated retinal edema, macular schisis, or staphy-
loma, may impact axial length measurements. 
Intraoperatively, patients with high myopia often 
exhibit deep anterior chambers and large, floppy 
lens capsules. Furthermore, they are prone to 
anterior chamber instability and lens-iris dia-
phragm retropulsion syndrome during surgery. 
Toric intraocular lenses are more prone to rota-
tion in patients with high myopia, and may ben-
efit from a capsular tension ring to help stabilize 
the IOL.  Both at baseline and postoperatively, 
patients with high myopia are at increased risk 
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for retina tears and detachment compared to the 
emmetropic patient, with postoperative rates of 
retinal detachment reported at between 0.4 and 
5.0% [4]. Careful postoperative dilated fundus 
examinations should always be performed.

 Past Ocular Surgical History

A history of ocular surgery can result in compro-
mised ocular structures, corneal opacity, or any 
number of complicating factors for surgery. 
Identification of risk factors and preparation with 
capsule stains, iris or capsule stabilization mea-
sures, or specialized instrumentation can greatly 
improve the likelihood of successful surgery.

Prior Retinal Surgery Retinal surgery (whether 
scleral buckle or vitrectomy) and prior intravit-
real injections all affect cataract surgery. In 
patients with a history of vitrectomy, intraopera-
tive fluid dynamics change, leading to a floppy 
posterior capsule that tends to come forward. 
Special caution should be taken if the patient 
develops an acute cataract soon after PPV given 
concern for posterior capsule violation. Similarly, 
surgeons should be vigilant in patients with 
repeated intravitreal injections to be aware of 
possible posterior capsule weakness. There may 
also be fibrosis of the posterior capsule which 
may be better treated with YAG capsulotomy 
after surgery than polishing during surgery. In 
instances where silicone oil is or has been present 
in the eye, attention should be paid to the biome-
try and IOL calculations. Specifically, one must 
note whether the axial length was acquired on the 
silicone oil setting, and whether the IOL calcula-
tions are intended for permanent silicone oil 
placement or eventual removal of silicone oil. 
With silicone oil, intraoperatively, there can be 
intraoperative posterior pressure. Furthermore, 
presence of silicone oil can obscure the red reflex 
and use of trypan blue should be considered. In 
patients with prior scleral buckle surgery, refrac-
tive outcome can be difficult to predict, and con-
sideration should be given to the status of the 
fellow eye to avoid anisometropia.

Prior Corneal Surgery Prior refractive surgery, 
such as LASIK or PRK, is an important consider-
ation for IOL counseling, particularly regarding 
refractive outcomes and higher-order aberrations. 
IOL selection should be considered in the context 
of offsetting spherical aberrations. In patients 
with prior RK or PKP, the cornea is weakened at 
the prior incisions or graft-host junction. 
Decreasing intraocular pressure and fluid flow 
during surgery and being prepared for possible 
wound dehiscence are critical. Special attention 
to corneal opacities and the endothelial examina-
tion also directs surgical planning from capsule 
stains to unique surgical approach to allow visu-
alization through small corneal windows of view. 
In patients with RK, PKP, or prior endothelial 
transplants, a scleral tunnel can be considered to 
place the wound further from the graft-host junc-
tion and/or to avoid prior incisions (Video 1.1).

Prior Glaucoma Surgery In patients with prior 
glaucoma tube shunt or trabeculoplasty, the loca-
tion of the prior surgery must be taken into 
account, and wound location may need to be 
adjusted accordingly to avoid intersecting the 
conjunctival bleb or intraocular hardware. 
Gonioscopy should be performed to assess 
patency of bleb ostium or positioning of tube 
structures and the depth of the anterior chamber. 
These cases warrant close evaluation of the irido- 
lens- bag complex stability, corneal clarity, and 
pupillary dilation. Pachymetry and specular 
microscopy should also be performed where 
there is concern for endothelial dysfunction.

 Past Medical History

Cataract surgery is considered an elective sur-
gery, and as such, the surgeon must be cognizant 
of the patient’s overall systemic health in order to 
fully assess the risks and benefits of undergoing 
anesthesia and surgery. There are many systemic 
diseases and medications that the surgeon must 
consider regarding anesthesia, preoperative plan-
ning, intraoperative complication, and postopera-
tive concerns.

1 Key Elements in the Risk Evaluation
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Anesthesia While cataract surgery is done 
under minimal anesthesia, there are nevertheless 
risks associated with even light sedation. Patients 
with cardiac or pulmonary disease such as CHF 
or COPD are at increased risk for hypoxia. 
Additionally, patients with a history of substance 
abuse may require more sedation than usual or 
react to anesthesia in an unexpected manner. If a 
surgeon elects for local anesthesia with a retro-
bulbar or peribulbar block, he/she should be 
aware of a patient’s anticoagulation status. If 
anticoagulation cannot be stopped, sub-Tenon’s 
block can be considered if topical anesthesia is 
insufficient. Finally, while uncommon, there may 
be reasons to elect general anesthesia for cataract 
surgery, such as in pediatric patients, patients 
with severe anxiety, or patients with intellectual 
disability.

Positioning  – Because cataract surgery is so 
delicate and precise, patients need to be able to 
remain still for the duration of surgery. Supine 
positioning during surgery can be challenging for 
patients with back pain, neck pain, other spinal 
issues (particularly kyphosis), or large body habi-
tus. Holding still may also be an issue for a patient 
with tremor (such as in Parkinson’s disease), rest-
less legs syndrome, or chronic cough. Finally, 
patients with claustrophobia may require creative 
arrangement of the sterile drape during surgery.

Intraoperative Challenges Patients with cur-
rent or prior use of alpha-blockers (such as for 
prostate disease or nephrolithiasis) are at risk for 
intraoperative floppy iris syndrome. Additionally, 
young patients have a very elastic capsule that 
tends to run out during capsulorhexis creation 
and may have very soft nuclei, and pediatric 
patients may require a posterior capsulotomy at 
the time of surgery.

Postoperative Concerns Patients with diabetes 
are at increased risk of postoperative 
CME.  Furthermore, patients with allergic con-
junctivitis, intellectual disability, or self-injurious 
behavior may rub at their eyes and potentially 
reopen wounds; thus, it may be prudent to suture 
wounds in these situations.

 Past Surgical History

While past non-ocular surgery generally does not 
affect cataract surgery, it is valuable to know if a 
patient has had prior issues with anesthesia.

 Family History

General ocular family history and any family his-
tory of complications during eye surgery can help 
the surgeon understand the patient’s expectations 
and/or fears regarding surgery. Family history 
regarding prior adverse reactions to anesthesia 
should also be elicited.

 Social History

Understanding a patient’s occupation and hob-
bies helps to guide appropriate lens choice and 
target refraction for cataract surgery. Alcohol or 
recreational drug use may affect a patient’s 
response to intraoperative sedation, and smoking 
may cause chronic cough that can be difficult to 
control intraoperatively.

 Review of Systems

A patient’s health is dynamic. Thus, it is critical 
to reassess for any changes to a patient’s general 
health on the day of surgery. Acute respiratory 
illness, abnormal vital signs, and unanticipated 
severe anxiety are just some of the reasons that 
may warrant postponing surgery or significantly 
changing the surgical or anesthetic plan.

 Physical Examination

Unique among surgical specialists, ophthalmolo-
gists are able to directly visualize the affected tis-
sue prior to an initial incision. The vast majority of 
essential information for surgery can be identified 
on slit lamp examination, with supplemental infor-
mation gleaned from imaging modalities. A con-
sistent and meticulous system of evaluation is 
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paramount, and time spent improving your system 
of evaluation will likely yield more than reading 
every existing book chapter on the ophthalmic 
examination. The most common approach for slit 
lamp evaluation is an anatomic approach moving 
from the external examination progressing through 
each ocular tissue from anterior to posterior.

 General Appearance

Much can be learned about a patient through sim-
ple observation of the patient during history- 
taking, in the exam chair, and how they position 
in the slit lamp. Body habitus, resting tremor, 
kyphosis, and neck mobility are just some of the 
factors that are important to consider 
preoperatively.

 Visual Acuity
With experience, clinicians are able to correlate 
cataract severity with expected visual acuity. 
When visual acuity is significantly worse than a 
cataract would indicate, care should be taken to 
identify additional pathology or amblyopia 
responsible for vision loss.

 Intraocular Pressure
Elevated intraocular pressure, especially if asym-
metric, needs evaluation prior to cataract surgery. 
This includes gonioscopic evaluation of the angle 
specifically looking for signs of trauma (angle 
recession or cyclodialysis) or prior uveitis 
(peripheral anterior synechiae) which may affect 
cataract surgery planning and risk assessment. 
Typically, it is recommended to have intraocular 
pressure controlled, in the normal range prior to 
elective cataract surgery. Certain circumstances 
require proceeding with surgery despite high or 
low pressures such as refractory phacomorphic 
glaucoma or chronic hypotony. Intraocular pres-
sure far outside of the normal range may affect 
how the eye behaves during the initial incision.

 Pupil Examination
Iris corectopia or coloboma may indicate con-
genital or acquired pathology. Corectopia in par-
ticular may indicate iridocorneal endothelial 

syndrome, epithelial downgrowth, trauma, or 
prior herpetic uveitis.

Any asymmetry in pupil size and reactivity 
should be thoroughly evaluated. Presence of an 
afferent pupillary defect indicates additional ocu-
lar pathology that warrants assessment.

Pupil asymmetry due to a history of intraocu-
lar inflammation, trauma, and ocular ischemia is 
particularly relevant to cataract risk assessment. 
Pupil asymmetry, greater in bright light, indicates 
the larger pupil has a relative inability to con-
strict. A common cause of impaired constriction 
is traumatic mydriasis. Conversely, a smaller 
pupil that fails to dilate appropriately can be a 
clinician’s first clue to the presence of posterior 
synechiae or a pupillary membrane. Poor pupil-
lary dilation may also be associated with pseudo-
exfoliation and zonular weakness. Sub-optimal 
pupillary dilation may require intraoperative epi-
nephrine and ketorolac, or a mechanical pupil 
expansion device.

 Extraocular Motility

Any deficit in extraocular motility should be 
properly assessed before cataract surgery. A 
slight asymmetry in ductions could have resulted 
from prior muscle restriction related to orbital 
trauma and may raise the surgeon’s suspicion for 
other trauma-related surgical challenges.

Misalignment of the eyes can also be a sign of 
prior trauma, childhood strabismus, or amblyopia 
that may limit visual outcomes after surgery.

 Confrontation Visual Fields

Abnormalities in confrontation visual field test-
ing may signify retina or optic nerve pathology 
that needs to be addressed prior to surgical 
intervention.

 Red Reflex

The etiology of any asymmetry of the red reflex 
should be elucidated prior to surgery with a full- 

1 Key Elements in the Risk Evaluation
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dilated exam. If media opacity (whether due to 
corneal, lenticular, or vitreal opacities) precludes 
adequate view of the fundus, ultrasound evalua-
tion is recommended to rule out retinal detach-
ment, ocular mass, or other posterior pathology.

 External Structures

 Orbit and Eyelid

Preoperatively, significant blepharitis should be 
treated, as this increases the risk of endophthal-
mitis. Similarly, lid malpositions such as entro-
pion or ectropion may cause significant ocular 
surface pathology, leading to inaccurate 
biometry.

The anatomy of the orbit and eyelids can pose 
specific challenges during surgery. For example, 
enophthalmia or a deep brow may not be compat-
ible with superior incisions, such as for a scleral 
tunnel. Additionally, individuals with small pal-
pebral fissures may have difficulty tolerating a 
full-size lid speculum during surgery, and a 
smaller size, such as a Miyoshi lid speculum, 
should be used.

The surgeon must also be aware of the ten-
dency for pooling of fluids within the orbit caus-
ing visual distortions. Finally, proptosis, orbital 
adipose tissue prolapse, or very tight lids may 
predispose to positive pressure and anterior 
chamber shallowing during surgery.

 Conjunctiva Sclera

Patients with prior conjunctival surgery, such as 
trabeculectomy or glaucoma tube implant, may 
necessitate altering the placement of corneal 
wounds. Furthermore, areas of scleral thinning 
may indicate prior episodes of scleritis.

 Cornea

Careful evaluation of the cornea is essential to 
cataract surgery planning and risk assessment. 
Something as seemingly benign as superficial 

punctate keratitis or dry eye may alter corneal 
topography and decrease the reliability of intra-
ocular lens calculations. A corneal scar can pres-
ent intraoperative challenges by impeding 
visualization at the microscope or may hint at 
prior ocular trauma or herpetic disease that can 
alter surgical risk.

The presence of a pterygium can affect IOL 
choice, wound position, and timing of surgery. 
Pterygia causing significant astigmatism may 
require excision prior to surgery, and if planned, 
pterygium surgery should be done prior to cata-
ract extraction with sufficient time for the corneal 
topography to stabilize. Similarly, anterior mem-
brane dystrophy may cause significant astigma-
tism, which can be reduced or eliminated by a 
superficial keratectomy prior to proceeding to 
cataract surgery.

Band keratopathy, calcium deposits in the 
sub-epithelium, Bowman’s layer, and the anterior 
stroma, is important for risk assessment during 
cataract surgery for several reasons. While some-
time idiopathic, its presence often denotes a con-
current disease whether systemic (renal disease, 
hyperparathyroidism) or ocular (chronic uveitis 
or keratitis) of which the surgeon should be 
aware. If the corneal opacity is visually signifi-
cant, removal with chelation may be required 
before cataract surgery, and ample time for the 
corneal surface to stabilize is necessary.

A detailed examination of the corneal endo-
thelium is essential. The presence of keratic pre-
cipitates can indicate prior uveitis, whereas fine 
pigment such as Krukenberg’s spindle may indi-
cate pigment dispersion glaucoma. Surgeons 
should look carefully for corneal guttae as spe-
cial attentions are warranted when operating on a 
patient with Fuchs’ endothelial corneal dystro-
phy (FECD). FECD confers a higher risk of cor-
neal decompensation after cataract surgery, 
especially in the presence of microcystic corneal 
edema, stromal thickening (central corneal thick-
ness greater than 640 microns), and low endothe-
lial cell counts [6]. These patients may benefit 
from combined cataract surgery with endothelial 
keratoplasty. At minimum, patients should be 
counseled about the increased risk of corneal 
decompensation, and the surgeon should take 
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extra care intraoperatively to protect the endothe-
lium by repeatedly injecting dispersive viscoelas-
tic and minimizing phacoemulsification energy 
above the iris plane.

Patients with keratoconus present an inter-
esting challenge for cataract surgeons both 
preoperatively in terms of accurate astigma-
tism and IOL power estimation and intraop-
eratively if corneal thinning and scarring are 
present. Corneas with advanced keratoconus 
are thinner and floppier which can increase 
likelihood of wound leak. Surgical techniques 
to address this include a well-constructed 
clear corneal incision with placement of a 
corneal suture, or a sclerocorneal tunnel to 
reduce change in corneal shape. Some experts 
advise choosing the placement of the corneal 
incision based on the location of scarring and 
peripheral corneal thickness, as follows: the 
main incision should be placed 90 degrees 
apart from the scar location while avoiding 
the quadrant with the steepest and thinnest 
cornea. The surgeon’s view during cataract 
surgery can be compromised in cases with 
moderate to advanced keratoconus due to 
image distortion from scarring or steep K’s – 
utilization of capsular staining dye is recom-
mended to aid in visualization [1].

In cases of prior cornea transplant, whether 
full-thickness penetrating keratoplasty, endothe-
lial transplants, or any form of transplant, careful 
assessment of corneal clarity, with focus on the 
layer of opacity, can guide intraoperative man-
agement. Any corneal opacity may warrant cap-
sule stain, while superficial opacities such as 
Salzmann’s nodules or thickened epithelium 
may be removed to improve the surgeon’s view. 
Special attention to the endothelium should be 
given as discussed above. The depth, size, and 
centration of the transplanted tissue give critical 
cues to operative planning to avoid intersecting 
the graft tissue or detaching endothelial grafts. 
Surgical incisions should be made at appropriate 
clock hour or depth to allow adequate clearance 
from grafted tissue. Consideration may be given 

to specific viscoelastics, phacodynamic settings 
and instrumentation to minimize trauma to the 
graft.

 Anterior Chamber

Depth Very shallow or deep anterior chambers 
present unique challenges during cataract sur-
gery. A shallow AC limits the physical space for 
instruments and manipulation within the eye. 
This can increase the risk of iatrogenic damage to 
ocular structures such as corneal endothelium or 
iris. It can also change the angle of approach for 
instruments, potentially complicating the capsu-
lorrhexis or phacoemulsification steps of surgery. 
Furthermore, risk of iris prolapse is greater given 
the proximity to the wound. In patients with shal-
low anterior chamber depth, care should be taken 
to avoid a short wound that is too posterior, and 
one can consider a more cohesive viscoelastic to 
maintain anterior chamber depth. Unusually deep 
chambers also make aspects of cataract surgery 
more challenging and are more susceptible to 
reverse pupillary block when infusion is intro-
duced to the eye. To avoid deterioration of the 
surgeon’s view from instruments distorting cor-
neal tissue, surgeons should avoid long corneal 
incisions and to allow easier access to sub- 
incisional manipulations.

Cell/Flare Careful examination of the anterior 
chamber for cell or flare indicative of active intra-
ocular inflammation is crucial before signing a 
patient up for cataract surgery. A minimum of 
3 months with no active inflammation is associ-
ated with better outcomes among uveitic patients 
undergoing cataract surgery. Rare circumstances 
require proceeding with surgery before this 
period of quiescence is achieved such as refrac-
tory uveitis in a child with a cataract in the 
amblyogenic stage, or cataract obstructing view 
to retina in a case of unknown inflammatory or 
infectious etiology. In these instances, aggressive 
topical steroids or systemic steroids if appropri-

1 Key Elements in the Risk Evaluation
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ate are often utilized to control inflammation in 
the perioperative period.

 Iris

Various iris findings can increase intraoperative 
and postoperative risk. Iris tears may indicate 
prior trauma. Presence of posterior synechiae, 
iris nodules, or a pupillary membrane indicates 
prior uveitic disease. Iris atrophy specifically 
points to a herpetic etiology. Poor dilation limits 
visualization and increases risk of complications 
during surgery. Furthermore, poor dilation, along 
with peripupillary transillumination defects and 
fibrillar material, may signal pseudoexfoliation 
syndrome and zonular weakness.

There are several intraoperative techniques to 
aid in dilation, such as intracameral pharmaco-
logic dilation, viscodilation, stretching of the iris 
tissue with various instruments, and placement of 
iris hooks or a pupil expansion device, which will 
be discussed separately in a later chapter. 
Pupillary membranes may require peeling or cut-
ting with intraocular forceps (Video 1.2)

 Lens

Capsule The ideal anterior capsulorhexis is con-
tinuous, curvilinear, round, and centered. 
However, certain situations may make creating 
the perfect capsulorhexis more challenging. In 
adolescents and young adults, the capsule is more 
elastic with a tendency to run out during surgery; 
thus, the force vector applied during capsu-
lorhexis creation must be directed more centrally 
or even reverse to the direction of the rhexis. In 
patients with uveitis, the anterior capsule may be 
focally or diffusely fibrotic, and in patients with 
traumatic violation of the anterior capsule with 
leakage of lens protein, the capsule may have run 
out already. Trying to create a continuous curvi-
linear capsulorhexis may require an irregularly 
shaped capsulorhexis. If the extent of fibrosis is 
significant and the capsulorhexis cannot be torn, 
or if the capsule has run out from traumatic viola-
tion, cutting the capsulorhexis with microscissors 
may be necessary (Fig. 1.6), though this may pre-

dispose to areas of weakness and possible ante-
rior capsular tears (Video 1.3). Finally, both 
presence of pseudoexfoliation material on the 
anterior capsule and older age increase the risk of 
encountering zonular weakness during surgery.

Cataract Type and Grade Careful evaluation of 
the type and severity of cataract will help a sur-
geon plan for potential intraoperative challenges. 
Dense nuclear sclerotic lenses will require addi-
tional phacoemulsification energy during sur-
gery, and care should be taken to protect the 
corneal endothelium. In extremely dense brunes-
cent cataracts, extracapsular extraction may be 
preferred. Significant cortical spoking may inter-
fere with the red reflex and trypan blue staining 
will help highlight the anterior capsule. Finally, 
in posterior polar cataracts, there is a risk of a 
weak posterior capsule, and hydrodissection 
should be avoided and hydrodelineation per-
formed instead.

Intumescent Bowing forward of the anterior 
capsule with a shallow chamber, particularly in 
the context of a white cataract, suggests intumes-
cence and high intracapsular pressure. These cata-
racts are at high risk of anterior capsular run- out 
during capsulorhexis creation. Multiple tech-
niques can help decrease this risk. First, trypan 
blue is an absolute must. Use of a more cohesive 
viscoelastic will also help maintain the anterior 
chamber pressure. Additionally, decompression 
of the lens can be taken with a 27 g needle through 
the paracentesis, prior to creating the main wound 

Fig. 1.6 Traumatic ocular injury with iridodialysis and 
with anterior capsule fibrosis and posterior synechiae

W. F. Hu et al.
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(Video 1.4). This allows the anterior chamber 
pressure to be maintained. Alternatively, the main 
wound can be created and the capsule and lens 
directly decompressed with the phacoemulsifica-
tion tip, or a double rhexis can be created, with the 
first smaller rhexis to decompress the lens and 
release the fluid trapped in the posterior intralen-
ticular compartment, followed by a second, larger 
rhexis to achieve the final desired size [5].

Donesis Phacodonesis signifies zonular weak-
ness, such as from pseudoexfoliation or trauma. 
Subtle signs on exam may suggest focal zonular 
weakness, including decentration of the fetal 
nucleus, focal iridodonesis, visualization of the 
lens equator in eccentric gaze, and presence of a 
gap between the iris border and the anterior sur-
face of the crystalline lens [7]. For zonular weak-
ness, capsular hooks, a capsular tension ring, 
Ahmed segment, or Cionni ring may be utilized 
to support the capsule during and after surgery.

Lens Subluxation Subluxation of the lens may 
indicate trauma, Marfan’s syndrome, or homocys-
tinuria (Fig. 1.7). Depending on the extent of sub-
luxation, capsular hooks, a Cionni ring, or sutured 
Ahmed segment may be necessary. Additionally, 
combined surgery with retina may be necessary if 
there is significant vitreous prolapse, loss of zon-
ule support, or need for primary fixated IOL.

 Vitreous

Presence of vitreous cells and haze may reveal 
underlying uveitis, whereas presence of vitreous 
hemorrhage may indicate prior trauma or prolif-
erative diabetic retinopathy. Presence or absence 
of PVD may also impact appropriate counseling 
of patients regarding of expectations of postop-
erative floaters.

 Optic Nerve

Evaluation of the optic nerve is critical to deter-
mine glaucoma risk. If workup indicates glau-
coma, the patient may benefit from a combined 
MIGS procedure. In the presence of severe glau-
coma, susceptibility to transient elevated IOP 
during surgery should be assessed.

Presence of optic nerve pallor, drusen, optic 
nerve pit, optociliary shunt vessels, or other 
pathology should be evaluated prior to surgery.

 Fundus

A careful fundus examination is required in all 
patients prior to cataract surgery. It may alert a 
surgeon to any potential intraoperative challenges 
such as signs of prior trauma, or postoperative 
risk of cystoid macular edema, or retinal detach-
ment. Furthermore, attention should be paid to 
the macular exam as it may alter appropriate 
counseling of postoperative outcome expectation 
and IOL choice.

 Conclusion

There are several key factors that can be gleaned 
from a patient’s history and careful examination. 
Perhaps the most important step to decrease 
patient risk is a systematic approach to identify 
unique risk factors. As your current system is per-
fectly designed to give the results you achieve, a 
periodic evaluation of your approach is time well 
spent. All surgeons would agree that  intraoperative 
surprises are unwelcome. With a systematic and 
conscientious practice in place to evaluate a 

Fig. 1.7 Inferiorly subluxed lens with visible superior 
zonules

1 Key Elements in the Risk Evaluation



12

patient’s risk factors, surgeons can plan accord-
ingly and often reduce the likelihood of an 
adverse outcome.
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Take-Home Notes
• Re-evaluating your systemic approach 

to the ophthalmic history and physical 
examination will improve your preop-
erative risk assessment.

• Ensure your process includes a surgery 
specific history and your referring pro-
viders and surgical staff are educated in 
relevant past medical and ocular history 
elements.

• Special focus on the anterior chamber 
anatomy including gonioscopy can alert 
surgeons to past trauma or potential 
ocular comorbidities.

• Ocular motility testing including cover 
and cross-cover testing should be per-
formed to identify patients at risk for 
postoperative diplopia.

• Preoperative ancillary testing such as 
ocular coherence tomographic imaging 
of the macula can identify comorbidities 
affecting patient outcomes.
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Technology and Devices Involved 
in Cataract Surgery in Special 
Cases

Mark Packer 

 Introduction

In this chapter you will learn my approach to 
addressing cataract in eyes with a history of 
radial keratotomy, small pupil, a need for intra-
ocular lens exchange, corneal endothelial cell 
compromise, and patients with kyphosis. These 
approaches reflect my personal experience with 
techniques and technology that I have found to be 

useful in addressing difficult and challenging 
cases. Of course, other surgeons may prefer dif-
ferent approaches, and it is left to the reader to 
weigh and consider a variety of methods. Cataract 
surgery remains at least as much art as science, 
and the development of skill and judgment is a 
lifelong pursuit.

 Status Post Radial Keratotomy

Patients with a history of corneal refractive sur-
gery, including radial keratotomy (RK), photore-
fractive keratectomy (PRK), and laser in situ 
keratomileusis (LASIK), present unique chal-
lenges to the surgeon, not the least of which is 
their demonstrated desire for excellent vision 
without glasses or contact lenses. These patients’ 
expectations for emmetropia as well as presby-
opia correction after cataract surgery must be 
tempered by the limitations of our diagnostic 
measurements, power calculations, and intraocu-
lar lens designs.

The presence of radial, arcuate, and other 
types of incisions in the cornea poses particular 
challenges in surgical technique. The goal is to 
enter the anterior chamber without bisecting any 
of the preexisting corneal incisions, which have a 
propensity to split open if interrupted. If a radial 
incision does split, it will often require suture 
repair, most commonly using 10–0 nylon. When 
multiple radial incisions have been placed close 
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together, avoiding them can be a challenge. In 
these cases, the use of bimanual microincision 
(BMMI) surgical techniques can help avoid 
problems.

Using a 1.4  mm diameter diamond blade 
allows entry with 20-gauge instrumentation, 
including a phaco and irrigation tips (Duet, MST, 
Redmond, WA) such as those demonstrated in the 
attached video (2.1). The use of slit beam retroil-
lumination (Carl Zeiss Meditec, Dublin, CA) is 
also highlighted to facilitate removal of posterior 
capsular cortical material. The IOL is then 
implanted through a fresh, 2.4 mm clear corneal 
incision placed between two radial incisions. 
Careful stromal hydration and Seidel testing are 
performed to ensure that all incisions are sealed. 
Sometimes, stromal hydration can lead to gaping 
of neighboring radial incisions. In order to avoid 
this problem, which can lead to temporary irrita-
tion and distorted vision, observe the nearby 
radial incisions while performing stromal hydra-
tion and discontinue hydration at the first sign of 
a gap appearing along the epithelial surface over-
lying the radial incisions.

 Zonular Weakness

Ranging from mild pseudoexfoliation syndrome 
without significant compromise to lens stability 
to ectopia lentis with severe lens dislocation, 
zonular weakness poses challenges to the cata-
ract surgeon. The capsular tension ring (CTR) 
and its various modifications have proven of ines-
timable value in conquering these difficulties. 
Insertion of a CTR may be accomplished most 
conveniently with an injector; alternatively, it 
may be placed using forceps. In either case, the 
leading tip of the CTR should be introduced into 
the capsule in the area of zonular weakness, such 
that it pushes against the weakened fibers and 
avoids further stretching or tearing of zonular 
fibers.

Although signs of zonulopathy are often dis-
cernible at the time of preoperative slit lamp 
examination, there are occasions when subtle 
signs may be missed, and an unexpected problem 
is encountered intraoperatively, as seen in the 

attached video (2.2). In this case, zonular weak-
ness revealed itself during the initial instillation 
of OVD, as the lens moved laterally and posteri-
orly in response to the increasing pressure in the 
anterior chamber. Early placement of the CTR 
helped to stabilize the lens and achieve success-
ful cataract extraction and IOL implantation 
without complications. In addition, the long-term 
presence of the CTR helped to stabilize the IOL 
postoperatively.

Occasionally, when zonulopathy is minimal, 
lens extraction may be accomplished without the 
CTR, and the ring can be implanted after comple-
tion of cortical cleanup. The advantage of this 
approach is that removal of the cortex is routine. 
If the CTR is placed prior to removal of cortex, a 
modification of technique is necessary because 
the ring may actually trap cortical material 
against the capsular equator. In this situation, 
engaging the cortex anteriorly with the aspiration 
port and then performing tangential stripping is 
effective. Attempting to strip cortex centripetally 
will meet with resistance in this situation. The 
modified Henderson CTR is designed with undu-
lations to facilitate cortical removal.

Construction of the capsulorhexis is challeng-
ing in the presence of a weakened zonule because 
the forces that keep the capsule on stretch during 
the procedure are lacking. One approach to 
avoiding complications of capsulorhexis is to 
instead use a femtosecond laser to construct a 
capsulotomy [1].

 Small Pupil

A small pupil must be enlarged enough to permit 
safe capsulorhexis or capsulotomy (in the case of 
femtosecond laser-assisted cataract surgery) and 
lens extraction. An important device in this regard 
is the pupil ring, such as the Malyugin ring (MST, 
Redmond, WA). The Malyugin ring, which is 
available in both 6.25  mm and 7.00  mm sizes, 
consists of a flexible plastic wire with four spiral 
corners that engage the pupil margin. The injec-
tor allows insertion and removal through a small 
incision. When injecting the ring, it is most con-
venient to engage the distal pupil margin first, 
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and then capture the pupil margin to the left and 
right sequentially. The proximal pupil must often 
be captured by manipulating the ring with a hook.

When posterior synechiae prevent straightfor-
ward enlargement of the pupil, these synechiae 
must first be broken by viscodissection using a 
dispersive OVD agent. Another instance where 
the pupil ring cannot be directly applied is the 
fibrotic pupillary margin or membrane, which 
does not stretch. These stiff membranes must first 
be stripped from the pupil margin using appropri-
ate forceps. Bleeding may occur during this pro-
cedure and can be tamponaded with additional 
OVD.

Other approaches to small pupil management 
such as stretching can result in tearing the pupil-
lary sphincter and a mydriatic pupil. If an 
enlarged pupil causes unwanted optical side 
effects such as glare, or results in an untoward 
cosmetic appearance, a pupilloplasty can be per-
formed [2].

 IOL Exchange

There are multiple reasons why an intraocular 
lens must be exchanged for another. Many times, 
this procedure is performed for a refractive sur-
prise, although implanting a piggyback lens or 
performing a corneal refractive procedure may 
provide a more predictable result. However, in 
the case of unwanted optical side effects from a 
multifocal or extended depth of focus IOL, 
exchange is the only viable course. Exchanging 
an IOL early in the postoperative course prior to 
capsular fibrosis is relatively straightforward and 
involves simply instilling a dispersive OVD agent 
beneath the edge of the capsulorhexis. As the 
OVD fills the capsular bag, the IOL will prolapse 
anteriorly where it can be safely bisected with 
microscissors (Packer Chang IOL Cutters, MST, 
Redmond, WA) and the halves can be pulled out 
of the eye through a clear corneal incision.

Later in the postoperative course, even years 
after the initial surgery, IOL exchange can still be 
accomplished, but greater care must be taken to 
preserve the now fibrotic capsule. Again, the pro-
cedure begins with instillation of a dispersive 

OVD beneath the margin of the capsulorhexis; 
however, the anterior capsule may be somewhat 
firmly adherent to the anterior surface of the IOL 
optic, so that a 25-gauge or smaller needle must 
be used first to insinuate itself between the cap-
sule and the lens, gently elevate the capsule, and 
thus create a space for instillation of the 
OVD.  The dispersive OVD should then be 
directed along the arms of the haptics, in the case 
of a C-loop design IOL. The critical step is free-
ing the haptic arms from the capsular equator. 
Using a micro forceps to grasp the IOL and 
attempt to pull it free from the bag, one must 
carefully observe the capsule itself to insure that 
one is not ripping the zonular fibers away from 
their attachments to the ciliary body or to the cap-
sule rather than freeing the IOL.

Sometimes, releasing the haptics from the 
capsule is not possible. In this case, amputation 
of the haptics is necessary. One should attempt to 
cut the haptics as far peripherally as possible, to 
ensure that they do not reside within the visual 
axis, i.e., they are not centripetal to the margin of 
a physiologically mydriatic pupil. Particular 
IOLs are more prone to requiring haptic amputa-
tion because of their designs, including Crystalens 
and Trulign Toric IOLs (Bausch + Lomb, 
Rochester, NY) and AcrySof IOLs (Alcon, Ft. 
Worth, TX).

Following successful explantation, with an 
intact capsular bag, the new IOL is implanted in 
standard fashion. The fibrotic capsule, now 
expanded by viscodissection of the old IOL, will 
not again undergo contraction as it did after the 
primary surgery. Thus, the effective lens position 
of the new IOL is less predictable. One approach 
to achieving greater predictability is to select an 
IOL with a large overall diameter, such that it 
will come to rest at the capsule equator.

 Kyphosis

Sometimes the challenges to successful surgery 
are not related to ocular anatomy, but rather to 
systemic conditions. For example, the inability of 
a patient to lie flat disrupts the routine approach 
to cataract surgery and requires adaptation on the 
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part of the surgeon and the entire surgical team. 
Extreme kyphosis is one example of this situa-
tion. As shown in the attached video (2.3), the 
approach taken is to utilize an adjustable surgical 
bed and perform surgery with the patient practi-
cally sitting up. This approach makes the sur-
geon’s viewing angle quite unfamiliar, 
particularly during capsulorhexis construction. 
One must proceed slowly and carefully in this 
novel environment; nevertheless, a successful 
outcome will be all the more appreciated. A simi-
lar approach has been described by Kooner and 
Barte [3].

 Macular Degeneration

Although macular degeneration does not pose a 
particular challenge for lens extraction and IOL 
implantation, it does mean that the outcome with 
a standard IOL will not necessarily involve an 
improvement in visual acuity. Nevertheless, cata-
ract surgery may be indicated, even in the setting 
of advanced macular degeneration, in order to 
improve peripheral vision. In these cases, it is 
critical to provide a detailed informed consent so 
that the patient does not have unreasonable 
expectations. Performing a potential acuity test 
may help inform the patient’s decision in this 
setting.

Alternatively, special optical devices such as 
the implantable miniaturized telescope (IMT, 
VisionCare, Saratoga, CA) may be indicated in 
this population. As shown in the attached video 
(2.4), the IMT is a large intraocular device that 
requires not only an incision far beyond the 
dimensions of today’s routine small incision cat-
aract surgery but also a surgical iridectomy to 
prevent pupillary block. Given the requirement 
for a large incision, one might surmise that an 
older technique such as extracapsular cataract 
extraction might be appropriate. However, the 
risk of damage to the capsular bag with this older 
surgical technique precludes its use. Therefore, 
the optimal approach is to perform standard small 

incision, or, in this case, bimanual micro-incision 
and cataract surgery, and then enlarge the clear 
corneal incision for implantation. Of course, an 
incision of this size requires suture closure.

 Corneal Endothelial Cell 
Compromise

Various situations can result in compromise to 
the corneal endothelium. Most commonly, loss of 
endothelial cells is associated with Fuchs dystro-
phy; however, prior intraocular surgery, includ-
ing glaucoma and vitreoretinal procedures, may 
also be associated with endothelial cell loss. The 
corneal endothelium represents a “canary in the 
coal mine,” i.e., an early warning of future 
decompensation. With today’s endothelial trans-
plantation techniques, the risk/benefit ratio has 
shifted toward intervention.

Visual inspection at the slit lamp and corneal 
pachymetry do not always provide a meaningful 
approximation of corneal endothelial cell density 
and function, because these findings do not show 
changes until the cell density is severely reduced. 
Even with a density of 500 cells/mm2, the cornea 
will often maintain clarity and thickness within 
the normal range. In the setting of prior intraocu-
lar surgery or endothelial dystrophy, specular 
microscopy can be helpful in providing meaning-
ful information to the surgeon and the patient 
regarding the expected outcomes of cataract 
surgery.

One of the times when corneal pachymetry 
can be helpful to understand outcomes is on post-
operative day 1, when the change in pachymetry 
is highly correlated with the loss of endothelial 
cells [4]. Essentially, corneal edema and swelling 
in the immediate postoperative period indicate 
damage to corneal endothelial cells. The expected 
loss of endothelial cells due to cataract surgery is 
about 10 percent, although there is a wide range 
that depends on multiple factors, not the least of 
which is surgical technique. Risk factors for cor-
neal endothelial cell loss include the following:
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• Diabetes mellitus [5].
• Age >70 years [6].
• Shorter axial length (<23 mm) [7, 8].
• Shallow anterior chamber depth [9].
• Higher-grade nuclear sclerosis [10, 11].
• Higher ultrasound energy utilization as 

reported by cumulative dispersed energy 
(CDE) or effective phaco time (EPT) [12, 13].

The primary approach to protecting the corneal 
endothelium during lens extraction and IOL 
implantation is the use of appropriate dispersive 
OVD agents. In addition, surgical techniques which 
reduce the amount of ultrasound energy released in 
the eye will help to preserve the endothelium. In 
this regard, chopping techniques eliminate the need 
to make grooves in the lens material and reduce 
ultrasound use. Authors have also shown that the 
use of femtosecond laser- assisted cataract surgery 
may reduce endothelial cell loss [14]. Endocapsular 
phacoemulsification, rather than operating in the 
anterior chamber, is also useful in this setting.

 Conclusion

The cataract surgeon benefits from many innova-
tive technologies and techniques that have 
evolved over the years since Sir Harold Ridley 
implanted the first intraocular lens on February 8, 
1950, and Charlie Kelman filed the first patent for 
phacoemulsification on July 25, 1967 [15]. It 
behooves surgeons to continually update their 
files and improve their approaches to difficult and 
challenging cases.
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Take-Home Notes
• In eyes with a history of radial keratot-

omy, the goal is to enter the anterior 
chamber without bisecting any of the 
preexisting corneal incisions.

• Use of a pupil expander ring can convert 
a difficult case with a small pupil into a 
relatively routine procedure.

• Later in the postoperative course, even 
years after the initial surgery, IOL 

exchange can still be accomplished, but 
great care must be taken to preserve the 
now fibrotic capsule.

• Patients with challenging postural issues 
such as kyphosis can be managed 
through creative collaboration with sur-
gery personnel to achieve adequate 
positioning for surgery.

• Use of appropriate OVD agents repre-
sents the key to protecting the corneal 
endothelium during lens extraction and 
IOL implantation.
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The Hard Cataract

Angela Verkade and Kendall E. Donaldson

 The Preoperative Evaluation

The preoperative evaluation should always begin 
with the establishment of rapport and trust. It is a 
time of education for both the physician and the 
patient. The patient needs to be educated regard-
ing what a cataract is and what is involved in 
cataract surgery, whereas the surgeon needs to be 
educated on the patient’s history, expectations, 
and visual potential. This is particularly impor-
tant in cases that may be complex or may involve 
a prolonged postoperative treatment course. 
Understanding the history of vision loss and any 
other prior confounding events (such as trauma, 
surgery, amblyopia, or other ocular disease) are 
key determinants of a patient’s final visual out-
come and may play a role in lens choice at the 
time of surgery. A patient with a rapid rate of 
vision loss or unilateral loss of vision should 
make the surgeon suspicious for other underlying 
conditions (such as chronic uveitis, retinal 
detachment, or an intraocular malignancy). Many 
patients present with a misconception that cata-
ract surgery will fix other underlying conditions, 
such as the visual distortions from an epiretinal 
membrane or the foreign body sensation associ-
ated with their dry eye condition. Thus, providing 
a reasonable expectation for the outcome of the 
surgery is of utmost importance in the earliest 
portion of the consultation in order to eliminate 
postoperative dissatisfaction. It is not uncommon 
for patients with a purely brunescent nuclear cat-
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aract to have best corrected vision that is 20/40 or 
better. Ideally, in these patients, if a protracted 
course of recovery is anticipated, they should be 
counseled on the potential for delayed visual 
recovery, temporary worsening of vision, or 
extended need for drops postoperatively. Of 
course, we can’t always anticipate the exact post-
operative course, but we need to do our best to set 
reasonable expectations for our patients 
preoperatively.

The preoperative exam should include grading 
of the nuclear density. Developing a systematic 
approach to grading the lens prior to surgery 
allows for the surgeon to accurately predict surgi-
cal complexity. Using a standardized classifica-
tion modality such as the Lens Opacities 
Classification System III eliminates subjective 
evaluation in order to facilitate consistent 
 preoperative grading. Furthermore, standardized 
classification allows for consulting services and 
other surgeons to objectively communicate when 
referring a patient to higher levels of care in the 
setting of complex cataract removal [1]. Notation 
of color and opalescence of the nuclear cataract 
as well as identification of any associated poste-
rior capsular or cortical component can help the 
surgeon determine if additional tools, such as try-
pan blue, may be required during surgery. While 
the LOCS III classification system is well 
accepted, some newer systems have attempted to 
utilize computer algorithms, quality of retinal 
imaging, as well as anterior segment optical 
coherence tomography, to determine the cataract 
grade [2].

Initial evaluation should also include a thor-
ough eye exam, as dense or hypermature cata-
racts are often associated with a variety of 
comorbid conditions. These comorbid conditions 
are key determinants of visual outcome as well as 
the rate of recovery. Their detection preopera-
tively also allows time for creation of appropriate 
patient expectations, as well as time for the sur-
geon to prepare to have any anticipated tools 
available at the time of surgery. Corneal examina-
tion, in particular notation of guttae, corneal 
edema, and corneal scars, is of paramount impor-
tance. Corneal scarring may be suggestive of pre-

vious trauma or inflammation, and notation of 
this is key in order to determine potential for 
delayed healing or diminished best corrected 
visual acuity after surgery. A full dilated preop-
erative exam provides a wealth of information to 
prepare the surgeon for the case. Maximum 
degree of dilation should always be documented 
preoperatively in the chart. Any pupillary irregu-
larities (such as transillumination defects or syn-
echia) should also be well-documented. In 
addition, by having the patient look to the far 
periphery in each meridian can sometimes dem-
onstrate zonular discontinuities or irregular 
movements of the lens that can be associated 
with a zonular weakness. Pigment on the anterior 
lens capsule or on the corneal endothelium can 
also be a sign of prior intraocular inflammation or 
pigment dispersion which may be associated 
with zonular fragility. It is important to note any 
signs of pseudoexfoliative material on the lens 
capsule, zonules, or pupillary margin so as to 
anticipate abnormal zonules in surgery. In addi-
tion, occasional vitreous prolapse may occur in 
an area of zonular discontinuity. Such patients 
may require a capsular tension ring, iris hooks, 
capsular hooks, or vitrectomy. Additionally, these 
patients may have a higher risk of pupillary block 
due to hydration of the vitreous during phaco-
emulsification through the open zonular 
apparatus.

In patients with a history of prior ocular sur-
gery, the eye may behave in a less predictable 
manner. Many of our patients undergo serial 
intravitreal injections for macular degeneration, 
vascular occlusions, and diabetic retinopathy. On 
rare occasions, these patients have experienced 
needle penetration of the posterior capsule, which 
could lead to a dropped lens at the time of surgery 
(Fig. 3.1), In addition, many patients have under-
gone a vitrectomy in the past which may result in 
zonular compromise and/or weakening of the 
integrity of the posterior capsule. In these cases, 
the posterior capsule tends to be more friable and 
can prolapse anteriorly more easily toward the 
end of surgery. Similarly, our glaucoma patients 
who have undergone prior trabeculectomy or 
tube shunt surgery are at risk for lower endothe-
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Fig. 3.1 Intraoperative 
optical coherence 
tomography scan 
revealing a violation of 
the posterior capsule. 
(LenSX, Alcon, Geneva, 
Switzerland)

lial cell counts and a higher incidence of postop-
erative corneal edema. It is best to recognize 
these issues preoperatively in order to be pre-
pared to manage any potential surgical and post-
surgical challenges.

Obtaining a thorough systemic history is also 
imperative because it can help elucidate any risk 
factors for “intraoperative floppy iris syndrome” 
(IFIS). Any history of hypertension or current 
treatment with alpha blockers, finasteride, benzo-
diazepines, or antipsychotics can affect degree of 
pupillary dilation [3]. These medications pose a 
potential risk for pupillary constriction and irreg-
ular iris behavior, characteristic of IFIS [4, 5]. 
Floppy iris syndrome may be associated with a 
higher risk of complications including vitreous 
loss, corneal edema, and damage to the iris dur-
ing phacoemulsification. Other systemic disor-
ders to consider include those with underlying 
inflammatory or autoimmune conditions. These 
conditions may place the patient at risk for pro-
longed inflammation after dense cataract removal. 
In these cases, one should consider preoperative 
pulse steroids or intraoperative subconjunctival 
injection versus intracameral injection of steroid, 
in addition to the typical prolonged topical ther-
apy in the postoperative period.

 Preoperative Testing

We are very fortunate to have an expansive array 
of technology that assists us in the preoperative 
evaluation of the cataract patient. Over the past 
decade, increasing importance has been placed 
on achieving emmetropia, by correction of both 
the spherical and astigmatic portion of the 
patient’s refractive error. With premium lens 
technology, many surgeons are offering their 
patients an opportunity to upgrade to either 
monofocal or multifocal astigmatism correction. 
This has caused preoperative topography and/or 
tomography to become a standard component of 
the preoperative evaluation. In many patients, 
these tests can help facilitate the diagnosis and 
treatment of ocular surface disease in preparation 
for cataract surgery. Several studies have shown 
that the preoperative regularization of both the 
amount and the axis of astigmatism can be sig-
nificantly altered by dry eye syndrome and other 
forms of ocular surface disease [6]. Corneal 
topography and placido disc technology also aid 
with the diagnosis and grading of anterior base-
ment membrane syndrome, Salzmann’s nodular 
degeneration, and any irregularities that may 
have been induced after prior refractive surgery. 
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In many cases, this may lead to pretreatment with 
a superficial keratectomy 6–8 weeks before cata-
ract surgery in an attempt to make the corneal 
surface more regular and optimize it for intraocu-
lar lens measurements. In such cases, cataract 
surgery is delayed until the topography is deemed 
stable.

Preoperative specular microscopy is an essen-
tial tool for a variety of patients, but it is espe-
cially useful in patients with mature cataracts. In 
anticipating the increased need for high energy 
expenditure during surgery, a preoperative assess-
ment of endothelial cell count and cell integrity is 
very helpful in setting expectations for rate of 
recovery and for the potential need for endothe-
lial transplantation in rare cases [7–9].

Immersion A scan and intraocular lens (IOL) 
biometry are fundamental for lens power calcula-
tions needed in cataract surgery. Dense cataracts 
may not be amenable to IOL biometry due to the 
increased lens density; thus, it is common to 
revert to immersion A scan technology in these 
cases. In addition, if the preoperative view to the 
posterior segment is poor, a B scan ultrasound is 
an effective modality for elucidating integrity of 
the posterior segment, often ruling out retinal 
detachment, choroidal masses, and severe optic 
nerve cupping.

The ultimate goal of the preoperative assess-
ment is to anticipate all of the intraoperative and 
postoperative potential needs and to communi-
cate any limitations to the patient, so that both the 
surgeon and the patient can be best prepared 
throughout the cataract surgery and recovery 
experience. Any potential needs should also be 
shared with the operating room (OR) team in 
order to plan for the type of anesthesia, the length 
of case, any vitrectomy instrumentation, or other 
tools that may be required so as to avoid inconve-
niencing staff with unexpected needs throughout 
the case. More challenging cases, including 
dense cataract with their potentially complicated 
demands, should be placed toward the end of the 
surgical day, to avoid lengthening the wait time 
for other patients while also alleviating some 
degree of surgeon stress.

 Intraoperative Tools and Techniques

 Tools

As previously mentioned, successful surgery 
begins long before the patient enters the operat-
ing room, with proper preoperative testing and 
the gathering of any tools that may be needed 
during the case. Appropriate anesthesia for a 
complex case may deviate from the routine topi-
cal lidocaine gel. For any case in which a poten-
tial vitrectomy may be needed, the case duration 
may be prolonged, or if extensive iris manipula-
tion and repair may be involved, a block consist-
ing of either 2% or 4% lidocaine, with or without 
Marcaine, should be administered.

Trypan blue is one of the most commonly 
used tools to facilitate visualization, thus making 
the removal of a dense cataract safer and faster. 
Since dense cataracts may be associated with 
limited pupillary dilation, there are a variety of 
tools that can be used to expand the pupil. These 
include intracameral injection of preservative- 
free 1% lidocaine with phenylephrine, adding 
epinephrine to the irrigating solution, or placing 
intraoperative 1.0% phenylephrine/0.3% ketoro-
lac in the irrigating solution (Omidria, Omeros, 
Inc.). On occasion, despite these interventions, it 
may be necessary to use other forms of mechani-
cal pupil dilators, including mechanical expand-
ers, rings, and hooks. Synechialysis may be 
indicated in some cases in which adhesions have 
formed between the anterior lens capsule and the 
iris, resulting in a small, fixed pupil. A small 
pupil can often make it difficult to stain the ante-
rior capsule entirely with trypan blue. One tech-
nique the surgeon may use is staining with trypan 
blue prior to pupillary enlargement. The surgeon 
may then wash the trypan from the anterior 
chamber but reserve some for later re-staining. 
Subsequently, one may employ their chosen 
method of pupillary dilation solutions or devices. 
If the initial stain was insufficient and a cohesive 
ophthalmic viscosurgical device (OVD) was 
used, the surgeon can then either remove the 
OVD from the anterior chamber followed by 
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reinjection of trypan blue, or they may use the 
trypan blue cannula to “paint” the stain between 
the OVD and the anterior capsule. If there is any 
concern for zonular weakness, a small amount of 
OVD can be injected in the area of weakness in 
order to create a barrier for trypan blue leakage 
into the posterior chamber. If the surgeon does 
not have access to trypan blue (or in addition to 
trypan blue), radiofrequency diathermy may be 
used to create a continuous curvilinear capsulor-
rhexis in the absence of a red reflex. Diathermy is 
particularly useful in the setting of elastic cap-
sules as seen in pediatric cases or in fibrotic cap-
sules which may have a tendency to tear 
irregularly. A technology called Zepto (Mynosys 
Cellular Devices, United States), when inserted 
through the main incision, uses a small amount of 
suction to adhere to the anterior capsule com-
bined with electrical pulses delivered through a 
nitinol ring and offers a circular capsulorrhexis 
without the need for trypan blue or a red reflex 
[28]. Zepto technology can facilitate creation of a 
capsulotomy of a perfect size and shape while 
reducing the risk of radialization of a tear in an 
irregular capsule (which is commonly associated 
with mature cataracts).

In any case requiring prolonged operating 
time, especially in the setting of a dense cataract, 
or extra manipulation of the nuclear material, it is 
wise to stop and replenish dispersive OVD mul-
tiple times throughout the case to provide protec-
tion for the corneal endothelium. Replenishing 
OVD will also help to maintain the anterior cham-
ber stability. It is important to use a “goldilocks” 
approach to refilling the anterior chamber with 
OVD, as over-pressurizing the anterior chamber 
may cause iris prolapse through the wounds or 
tension on fragile zonules. Additionally, overfill-
ing with a dispersive OVD may cause clogging 
of the phacoemulsification tip, thereby increasing 
energy and heat release in the anterior chamber, 
which may cause endothelial damage. Our advice 
is to use just enough OVD to fill your working 
space or cover the corneal endothelium. This is 
particularly important in cases involving dense 
cataracts, due to the greater energy expenditure 

for nuclear disassembly without the added heat 
generated from OVD clogging the phacoemul-
sification tip. In addition, these lenses are often 
removed in the context of a compromised work-
ing space as a result of compression of anterior 
chamber depth associated with the progressively 
enlarging lens. The surgeon must pay particular 
attention when disassembling a dense lens and 
using the second instrument to prevent nuclear 
fragments from propelling against the corneal 
endothelium in order to prevent postoperative 
corneal edema and long-term endothelial damage.

Another useful tool is the miLOOP device 
(Carl Zeiss Meditec, Germany), which consists 
of a nitinol filament that can essentially “lasso” 
the nuclear material and cleave it into planes. 
Cleaving the cataract prior to phacoemulsifica-
tion can significantly reduce ultrasound time and 
energy expenditure during the case [10]. 
Additionally, the miLOOP may be helpful in 
cleaving the leathery posterior plate often associ-
ated with dense lenses. In an extremely dense 
lens, it may be helpful to debulk the nuclear 
material first with phacoemulsification to create 
more working space before inserting the miLOOP 
device. A thorough hydrodissection and hydrode-
lineation facilitate movement and rotation of the 
nucleus which also create space for the miLOOP 
device [11]. Some surgeons prefer to use this 
device simply to create an initial cleavage plane 
and complete the rest of the nuclear cleavage 
manually. However, others will repeat the 
miLOOP maneuver multiple times to subdivide 
the nuclear material into multiple segments 
before attempting manual removal. Care should 
be taken to maintain central positioning of the 
device throughout use to avoid placing any addi-
tional stress on the zonules.

We are often unable to predict with 100% cer-
tainty if a patient will need a vitrectomy. However, 
at times we can anticipate this need based on our 
preoperative exam and, with this anticipation, 
may arrange for a retina specialist to be on 
standby if such a need were to occur. Many ante-
rior segment surgeons are also skilled at both 
anterior vitrectomy and limited pars plana vitrec-
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tomy, which becomes useful for complex cases. 
A vitrectomy may be planned in special scenar-
ios, including the need for posterior decompres-
sion with a pars plana approach in the setting of a 
dense cataract with short axial length (nanoph-
thalmos). Additionally, vitrectomy may be 
planned if there is any concern for posterior cap-
sular violation in any patient with a history of a 
posterior polar cataract, intravitreal injections, 
trauma, or posterior segment surgery. If a vitrec-
tomy is performed, it is helpful to use dilute intra-
vitreal or intracameral triamcinolone for 
visualization of any residual vitreous at the end 
of the case.

In mature cataracts with an unstable zonular 
complex, it is often still possible to place an intra-
ocular lens (IOL) in the capsular bag with the use 
of a capsular tension ring or with sutured capsu-
lar segments [12]. If the surgeon does not feel 
comfortable placing a single-piece IOL in the 
bag, other alternatives include a three-piece IOL 
in the sulcus with or without optic capture. Optic 
capture is preferred for better lens stability within 
the sulcus when possible. If the entire bag com-
plex is compromised, one may suture a three- 
piece lens to the iris or place an anterior chamber 
IOL. These fixation techniques are less desirable 
in younger patients, those with a history of endo-
thelial compromise, or those with a history of 
uveitis. Lenses may also be secured to the sclera 
using the Yamane technique or a glued IOL tech-
nique or with sutures such as Gore-Tex or 
Prolene.

 Surgical Techniques

 Femtosecond Laser Pre-fragmentation 
of the Lens
The use of a femtosecond laser for pre- 
fragmentation of the lens in preparation for 
phacoemulsification is a technique which has 
been shown to significantly reduce the energy 
required for phacoemulsification [13, 16–18]. 
This conservation of energy has been shown rela-
tive to traditional phacoemulsification with all 
available laser platforms [9, 13]. Reducing the 
energy of phacoemulsification may preserve 

endothelial cells and may be associated with a 
more rapid visual recovery [8, 19]. There are 
multiple femtosecond platforms available, but 
when pre-fragmenting the rock-hard cataract, it is 
best to utilize a system that allows for multiple 
line fragmentation patterns (Fig.  3.2). Multiple 
line fragmentation may require more femtosec-
ond energy due to the more intricate fragmenta-
tion pattern, but the increased femtosecond 
energy used to pre-fragment the lens will ulti-
mately allow for less ultrasound energy when 
removing the dense cataract. Additionally, use of 
a femtosecond capsulotomy allows for consistent 
capsulotomy size when visualization is poor. 
Furthermore, the capsule can always be stained 
with trypan once surgery is started. An invariably 
round and precisely sized capsulotomy may save 
the surgeon in cases of posterior capsular rupture 
or complex nuclear removal allowing for optic 
capture and a more stable lens at the end of the 
case. The femtosecond laser capsulotomy also 
allows for visualization of centration as it allows 
for assessment of capsulotomy size and centra-
tion in reference to the pupil center and approxi-
mation based on the optical coherence 
tomography imaging of the lens itself [27]. The 
surgeon may elect to decenter the capsulotomy in 
reference to the pupil if there is irregular or poor 
dilation in order to allow for estimated centration 
over the lens center, ultimately providing ade-
quate anterior capsule override over the IOL edge 
[27] (Fig. 3.2).

 The Capsulorrhexis

If a femtosecond platform is not available, atten-
tion should be drawn to the accurate sizing of the 
capsulorrhexis in a dense lens. Sizing becomes 
important in the rock-hard cataract for a multi-
tude of reasons. Too small of a capsulorrhexis, 
and the surgeon may have difficulty removing 
large dense fragments for phacoemulsification, 
or they may incidentally place undue tension on 
the anterior capsule when manipulating frag-
ments with instruments, thus causing an anterior 
capsular tear. And while a large capsulorrhexis 
can make nuclear removal easier, the surgeon 
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Fig. 3.2 Femtosecond laser lens fragmentation patterns. The first image demonstrates a grid or cube pattern. The sec-
ond and third image demonstrate both cylindrical and pie/spoke patterns, with the third photo exhibiting fewer cuts

may have difficulty getting proper overlap of the 
anterior capsule over the lens optic, which may 
cause the optic to prolapse. Additionally, too 
large of a rhexis may prevent the surgeon from 
stabilizing a three-piece lens in the sulcus with 
optic capture. While a 5.0 to 5.5 mm rhexis diam-
eter allows for sufficient lens-capsule overlap of 
most lenses, the surgeon can enlarge the rhexis to 
just under 6.0 if needed for a dense lens. A rhexis 
just under 6.0 mm in diameter allows the surgeon 
to utilize optic capture of the 6.0 mm lens optic in 
most cases. There are multiple tools available to 
aid in sizing of the capsulorrhexis including cir-
cular corneal markers, a ring light source pro-
jected through the operating microscope, and 
capsulorrhexis forceps with a marked edge for 
estimation [14]. Other tools that may become 
useful when creating the capsulorrhexis in the 
rock-hard cataract include intraocular forceps 
and scissors, as frequently, dense nuclear cata-
racts can be associated with anterior capsular 
fibrosis. These areas of fibrosis should be incor-
porated into the capsulorrhexis when able, but if 
there are areas of fibrosis along the path of the 
rhexis edge, intraocular scissors and forceps can 
be used to complete the tear through these fibrotic 
zones [15].

 Hydrodissection

After creation of the “goldilocks”-sized capsulor-
rhexis, it is important to proceed with gentle but 

complete hydrodissection in the rock-hard cata-
ract. Often dense nuclear cataracts may be asso-
ciated with a thin layer of outer cortex or 
seemingly no remaining cortex at all, which 
leaves only a large dense nucleus filling the 
majority of the capsular bag. This creates little 
space for fluid waves and promotes the risk of 
posterior capsular blowout during hydrodissec-
tion. Gentle fluid waves with delicate decompres-
sions in multiple quadrants prevent the risk of 
fluid buildup posterior to the lens and avoid the 
risk of sudden decompression through the poste-
rior capsule [15]. Often it is impossible to hydro-
delineate in ultra-dense cataracts, but if able, the 
surgeon may attempt limited hydrodelineation to 
create a shell of epinucleus to protect the poste-
rior capsule during removal of the dense nuclear 
core.

 Nuclear Removal

As with a standard cataract extraction, removal of 
the dense nuclear material can be performed in a 
number of ways. As stated previously, femtosec-
ond nuclear fragmentation and the miLOOP 
device can allow for decreased phacoemulsifica-
tion energy required during nuclear disassembly. 
There are instruments available to divide the lens 
into smaller pieces for removal without the use of 
sculpt mode. There are “prechoppers,” which are 
designed to fragment the nucleus prior to inser-
tion of the phacoemulsification probe, thereby 
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reducing ultrasound energy used during removal 
of the dense cataract. Prechoppers like the 
Aguilar Prechopper (Katena Products, United 
States) and the Akahoshi Prechopper (Katena 
Products, United States) have thin blades at the 
tip that are combined with a “jaw-like motion,” 
which when inserted into the nucleus will pene-
trate and crack the nucleus with minimal zonular 
stress and no ultrasound power. If the surgeon is 
more comfortable with using a chopper com-
bined with the phacoemulsification probe, it is 
important to keep in mind the dense lens fre-
quently has adherent nuclear fibers and often a 
leathery posterior plate. Choosing a chopper with 
a more tapered or thinner tip becomes useful for 
penetration of the hard cataract for chopping. 
Some examples include the Nagahara Chopper, 
Chang-Seibel, or the Hwang chopper (Katena 
Products, United States).

There are multiple customizations that can be 
made when choosing a phacoemulsification 
probe tip when approaching the rock-hard cata-
ract. The surgeon may choose a curved or angled 
probe over a straight probe as it requires less 
torque of the wound and angulation within the 
surgeon’s hand to allow for deeper grooves. The 
bevel may also be customized to have a 0 to 60 
degree cut. The larger the degree allows for more 
surface area available for nuclear removal but a 
sharper edge to the probe. Additionally, the diam-
eter of the probe may range from 19 to 23 gauge. 
The larger diameter probes allow for a higher 
flow rates and less vacuum when removing frag-
ments but require a larger incision for use.

Some surgeons advocate first sculpting a wide 
but deep central groove to create space and allow 
for the first hemi-nuclear crack. This first groove 
must be deep enough in order to allow for split-
ting of the posterior plate, but always keeping in 
mind there is often very little lens cortex to pro-
tect the posterior capsule from ultrasound energy. 
The divide and conquer technique is certainly 
helpful to continue to create space within the cap-
sular bag by making wide and deep grooves 
within each quadrant. This technique may allow 
for less zonular stress if the forces are placed tan-
gentially. There is a tradeoff to the divide and 
conquer technique, as more ultrasound energy is 

required for sculpting each quadrant than that 
which is expended with chopping techniques. 
Both horizontal and vertical chop can be used to 
disassemble the dense lens. Chopping allows for 
mechanical splitting of the lens to be used in 
place of ultrasound energy, thereby decreasing 
total ultrasonic energy expenditure within the 
eye. Additionally, chopping allows for the sur-
geon to cleave the lens into smaller and smaller 
pieces for removal. In exceedingly dense lenses, 
vertical chopping maneuvers may be limited if 
the surgeon is unable to impale the nucleus and 
may place unwanted stress on the zonular fibers. 
Horizontal chopping in very dense lenses may 
place stress on, or cause tears in, the anterior cap-
sule when trying to place the instrument periph-
eral to the lens [15]. No matter the choice of 
nuclear disassembly, it is important to be method-
ical when removing a dense nuclear lens.

Most dense cataracts require a longer surgical 
duration than the standard cataract removal. 
Maintaining a balanced and stable anterior cham-
ber can mitigate risks such as wound burn and 
posterior capsular rupture in these complex sur-
geries. Equilibrium in these cases, requires fluid 
influx into the anterior chamber is equivalent to 
egress from the wounds. Multiple variations can 
be made during surgery in order to maintain ante-
rior chamber stability. It is not only important to 
test the phacoemulsification hand piece outside 
the eye before wound entry but to also observe 
the phacoemulsification device on insertion into 
the anterior chamber. As OVD is removed, if the 
lens iris diaphragm “bounces” or there is shal-
lowing with aspiration and phacoemulsification, 
the surgeon must make adjustments to their fluid-
ics. Some systems allow the surgeon to raise the 
bottle height to allow for an increased inflow, 
while other systems require an increase in the 
maintained intraocular pressure target [15]. A 
leaky wound can be a source for rapid egress of 
fluid and loss of anterior chamber stability. 
Ensuring the appropriate wound size for your 
phacoemulsification hand piece and sleeve is of 
utmost importance to prevent leakage to create a 
stable anterior chamber environment for phaco-
emulsification. If the wound is too tight around 
the phacoemulsification sleeve, you are at risk for 
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Settings Longitudinal 

Ultrasound 

(%)

Burst 

Mode

(on 

time/off 

time 

ms)

Pulse 

Rate

(Pulse

per 

second)

Torsional 

Ultrasound

(%)

Vacuum

(mmHg)

Asp 

Flow 

(cc/min)

IOP 

(mmHg) 

Sculpt 0 - - 100 135 28 65 (88)

Chop 50 80/25 - 0 575 35 65 (88)

Quad 0 - 30 80 525 40 65 (88)

Epinucleus 0 - 10 25 425 35 65 (88)

Cortex - - - - 600 45 60 (82)

Polish - - - - 18 8 60 (82)

Visco - - - - 700 55 55 (75)

Fig. 3.3 Author’s phacoemulsification settings for “dense cataract mode”. (Centurion, Geneva, Switzerland)

poor egress of fluid and a potential resultant 
wound burn. The surgeon should be aware of the 
centration of their phacoemulsification probe 
within the wound. They should maintain a sym-
metric distance of the probe from the walls of the 
wound in order to prevent occlusion of irrigation 
through the sleeve when compressed against the 
walls of the wound. Occlusion of irrigation and 
proximity of the probe against the walls of the 
wound increase the risk of wound burn. If the 
chamber continues to shallow with increasing 
IOP or bottle height, the surgeon should stop and 
carefully inspect for any posterior capsular rup-
ture or a “tense” eye suggestive of hemorrhagic 
choroidal or hydration of the vitreous space.

Other settings that may be manipulated during 
phacoemulsification of the dense cataract include 
vacuum, aspiration, and ultrasound power. Again, 
it is critical to keep in mind that any changes to 
ultrasound parameters require a balancing change 
to other settings. Increases in aspiration and vac-
uum settings for the dense cataract will also 
increase the amount of fluid required to irrigate 
throughout the case, but it is important to keep in 
mind that this will often cause quicker loss of 
OVD [15]. Judicious replenishing of OVD main-
tains endothelial health, but care must be taken 
not to overfill so as to not clog the 
 phacoemulsification tip and risk thermal burn of 
the incision [15].

Phacoemulsification ultrasonic parameters 
can also be customized according to the density 

of nuclear material (Fig. 3.3). Surgeons that pre-
fer sculpting the dense cataract often increase 
longitudinal ultrasound power and duty cycle 
during this stage [20]. This allows for more effi-
cient debulking of the dense lens. As with normal 
sculpting, vacuum and bottle height/IOP remains 
low to normal. For segment removal, often vac-
uum levels are increased in order to maintain 
“holdability” of the lens fragments within in a 
small working space. In this stage, often aspira-
tion is increased in order to allow pieces to easily 
flow to the phacoemulsification tip and subse-
quently bottle height/IOP rise in order to main-
tain a stable chamber [20]. The duty cycle, or the 
percentage “on” time of ultrasound energy, is fre-
quently increased anywhere from 40% to 80% 
for a brunescent cataract [20].

Phacoemulsification machines depend on a 
pumping mechanism by which fluid is moved 
throughout the machine. Phacoemulsification 
machines are based on either a peristaltic or ven-
turi pump system or a combination of the two. A 
thorough understanding of the phacoemulsifica-
tion device allows the surgeon to adjust settings 
in order to maximize efficiency dependent on 
lens density. When using peristaltic devices in the 
setting of a rock-hard cataract, one may want to 
lower vacuum parameters in order to avoid a pro-
longed rise time in the phacoemulsification tub-
ing, thereby reducing a sudden surge once the tip 
is no longer occluded. Fortunately, inflow and 
outflow tubing compliance has been progres-
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sively optimized in order to create a low-surge 
environment characterized by soft inflow tubing 
with high compliance and rigid outflow tubing 
with low compliance. This creates an environ-
ment in which the inflow is greater than the out-
flow which maintains anterior chamber volume 
and stability while reducing surge. Some phaco-
emulsification machines allow for combined per-
istaltic and venturi settings in order to better 
control vacuum levels without reliance on occlu-
sion of the phacoemulsification tip.

Most surgeons prefer ultrasound burst mode 
or ultrasound pulse mode over continuous mode 
for these cases, so as to reduce total ultrasonic 
energy and allow for cooling between energy 
deliveries (Fig.  3.4) [15]. Pulse mode not only 
allows for cooling between pulses but also 
decreases cumulative ultrasound energy over 
time, allowing the surgeon to adjust the amount 
of energy delivered based on the lens density. 

Burst mode allows the surgeon to control how 
frequently a particular quantity of ultrasound 
power is being delivered over a certain period of 
time. This allows for delivery of more frequent 
bursts in order to pulverize a large piece of 
nuclear material. Less frequent bursts are applied 
when burying into a large piece for improved 
mobility or for breaking apart smaller lens pieces. 
Both burst and pulse mode allow for customiza-
tion of ultrasound energy depending on lens den-
sity and lens material remaining in the case, thus 
allowing for overall reduced energy utilization 
due to efficiency of energy delivery. Utilizing 
other modes of energy delivery such as torsional 
and elliptical patterns of the phacoemulsification 
tip may reduce chatter often seen with longitudi-
nal phacoemulsification in the rock-hard lens 
[15]. Lastly, we advise every surgeon to learn 
about their own personal phacoemulsification 
machine and settings prior to approaching com-
plex cataracts. Understanding how to alter these 
settings can help to avoid intraoperative 
complications.

While the evolution of phacoemulsification 
has allowed the cataract surgeon to tackle some 
extremely dense lenses, occasionally the surgeon 
may encounter a cataract that is not amenable to 
phacoemulsification. When the preoperative 
assessment of cataract density warrants excessive 
ultrasound energy, cataracts often deemed “black 
cataracts,” employment of the manual small- 
incision cataract surgery (MSICS) technique may 
allow for better rehabilitation and quicker visual 
recovery. This technique utilizes a 5.5 to 7.5 mm 
superior scleral tunnel incision, often triplanar in 
nature, that when made properly acts as a self- 
sealing wound. The initial entry into the anterior 
chamber from the tunnel incision is made with a 
standard keratome single-entry incision. After 
the wound is made, routine steps are performed 
such as injection of OVD and creation of the cap-
sulorrhexis, provided the rhexis is adequately 
sized to about 6.5 mm. Then after completion of 
the capsulorrhexis, the entry into the anterior 
chamber is enlarged to match the scleral tunnel, 
and hydrodissection is performed to prolapse the 
lens into the anterior chamber. The nucleus is 
then expressed through the scleral tunnel wound 

Fig. 3.4 Ultrasound power modes. Phacoemulsification 
continuous mode provides a continuous build of ultra-
sound energy as the pedal is depressed in foot position 3. 
Phacoemulsification burst mode allows for the same 
amount of ultrasound energy to be applied with each 
burst. The bursts become more frequent with further 
depression of the foot pedal into position 3. Similar to 
continuous mode, phacoemulsification pulse mode allows 
for the ultrasound energy to build with further depression 
into position 3, but the pulses allow for ultrasound “off 
time” between each pulse. https://millennialeye.com/
articles/2017- sept- oct/phaco- power- fundamentals/. 
Figure reproduced with permission of Kate Xie, MD; 
Sumit “Sam” Garg, MD; and Bryn Mawr Communications. 
Xie K, Garg S. Phaco power fundamentals. MillennialEYE. 
September/October 2017 (accepted for use)
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by a variety of mechanisms. The surgeon can 
express the lens material using an irrigating lens 
loop cannula, OVD, or manual expression with a 
hook or cannula [21]. Most surgeons will use 
extra OVD or an anterior chamber maintainer in 
this stage in order to protect the corneal endothe-
lium and maintain anterior chamber stability. 
Then, the cortex is removed with irrigation and 
aspiration using the phacoemulsification machine 
or a Simcoe cannula [21]. The IOL can then be 
delivered into the capsular bag. Advantages of 
the MSICS technique include lesser or equal 
astigmatism rates when compared to traditional 
phacoemulsification, less operative time, and less 
energy expenditure inside the eye when com-
pared to phacoemulsification [21, 22]. The disad-
vantages include a larger incision size, which 
may predispose to high risk of infection or wound 
leak, and iris damage if there is premature entry 
into the anterior chamber when creating the 
scleral tunnel [21]. It is important to weigh all 
risks and benefits in the preoperative period when 
a patient presents with a very dense cataract, as 
other techniques such as MSICS may benefit 
both the patient and surgeon when performed 
correctly.

Less commonly used techniques include both 
traditional extracapsular cataract extraction 
(ECCE) and supracapsular phacoemulsification. 
While these techniques are used infrequently, 
knowledge of these methods may come in handy 
when approaching a dense cataract with very 
poor zonular support. Surgeons may even con-
sider consultation with a retina specialist for pars 
plana lensectomy in rare cases, but some may be 
limited by specialist availability. With extracap-
sular cataract extraction, a limbal entry wound is 
made and the standard steps such as OVD injec-
tion and capsulorrhexis are performed. The lim-
bal wound is enlarged often to roughly 10 mm in 
length. Hydrodissection is performed, and the 
lens nucleus is delivered through the large limbal 
incision. Disadvantages of this technique include 
large incision size that often requires multiple 
sutures for closure and induction of astigmatism 
due to wound tension. This technique may 
become useful if there is evidence of scleromala-
cia preventing a scleral tunnel incision, as seen in 

MSICS, or if the lens appears remarkably unsta-
ble such that the surgeon anticipates need to 
remove some, or all, of the capsular complex 
with the lens. In supracapsular phacoemulsifica-
tion, the standard steps of phacoemulsification 
are performed up to hydrodissection. The goal in 
this technique is to swiftly hydrodissect the lens 
nucleus, so as to prolapse the lens into the ante-
rior chamber and remove the lens material in 
total, with phacoemulsification starting at the 
prolapsed lens margin. With this technique, one 
must create a large capsulorrhexis to aid in lens 
prolapse. Additionally, the surgeon must use 
copious OVD, as corneal edema is a common 
complication due to direct damage from lens- 
cornea touch and to the delivery of ultrasound 
energy in close proximity to the endothelium. 
These techniques may be used as a last resort 
when there is concern for significant capsule/
zonular instability preventing the surgeon from 
using standard phacoemulsification. Luckily, 
with the advent of the MSICS technique and cap-
sular stabilizing devices such as capsular hooks 
and segments, these techniques are rarely used.

 Wound Integrity

After successful removal of the rock-hard cata-
ract, ensuring wound closure is exceedingly 
important to prevent hypotony, endophthalmitis, 
or IOL instability. It has been demonstrated in the 
literature that complex cataract extraction with 
prolonged operative time, vitrectomy, or exces-
sive wound manipulation, particularly in the 
dense cataract, is a setup for poor wound closure 
[23]. Apart from the standard stromal hydration, 
placement of a 10–0 nylon suture at the main 
wound or usage of corneal sealant may prevent 
these complications. Regardless of the method of 
wound closure used, assurance of wound integ-
rity and avoidance of wound leak significantly 
reduce postop morbidity after dense cataract 
extraction. In addition, these cases are at higher 
risk of wound burn given the additional ultra-
sound energy required for phacoemulsification. 
If a wound burn occurs, wound closure may be 
very difficult to achieve, even with sutures. Fibrin 
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glue with or without a bandage contact lens may 
be helpful to ensure adequate closure, thus reduc-
ing the risk of infection.

 Postoperative Care

Frequently after dense cataract removal, there 
can be a protracted course of corneal edema fol-
lowing surgery [24]. Patients with preexisting 
corneal dystrophy or degenerations, particularly 
those with Fuchs’ endothelial dystrophy, are at 
increased risk of corneal decompensation after 
dense cataract extraction. The surgeon can 
attempt to mitigate this risk by instituting an 
extended regimen for topical steroid after sur-
gery. Not only is it often necessary to administer 
a longer course of topical steroid but also to 
administer more frequent steroid in the immedi-
ate postoperative period. Hourly topical steroid 
application in the first few days after surgery with 
a slow taper over a matter of 6 to 8 weeks is often 
required when there is evidence of significant 
corneal decompensation after surgery. It is impor-
tant to monitor these patients every 2 to 3 weeks 
to avoid a steroid response with elevated 
 intraocular pressure so that one can initiate treat-
ment before damage to the optic nerve. Though 
every attempt may be made to support the endo-
thelium both during surgery and after, pseudo-
phakic bullous keratopathy is a common 
indication for partial thickness corneal endothe-
lial grafting [24].

There is also a higher risk of postoperative cys-
toid macular edema (CME) after complex cata-
ract removal [26]. This risk increases with addition 
of other predisposing conditions such as diabetes, 
vein occlusions, use of prostaglandin analogs, and 
uveitis [26]. Some studies have shown that peri-
operative use of topical nonsteroidal anti-inflam-
matory drugs (NSAIDs) in addition to 
postoperative use can lower the risk of cystoid 
macular edema (CME) after cataract removal 
[25]. Along with topical steroids, often the post-
surgical use of NSAIDs may be required for sev-
eral months in the setting of CME.  While the 
incidence of postoperative CME after cataract 
extraction is low, suspicion should remain high in 

patients who are not correctable to 20/20  in an 
otherwise normal eye, as often the peak incidence 
of CME is around 4 to 6 weeks after surgery [26]. 
In these patients, we recommend screening with 
retinal optical coherence tomography (OCT), as 
commonly these cases can be subtle and difficult 
to appreciate on dilated fundus exam alone. The 
appropriate anticipation of these postoperative 
complications can avoid patient disappointment 
and dissatisfaction after complex cataract removal.

 Conclusion

The modern ophthalmologist has a multitude of 
tools and techniques at their fingertips in order to 
tackle the removal of the rock-hard cataract. The 
proper surgical planning and anticipation of all 
possible complications allows the surgeon to feel 
more comfortable with the once dreaded dense 
cataract extraction. While not every case will 
require every tool or technique listed in this chap-
ter, we hope that one or more of those mentioned 
may become helpful if standard techniques fail. 
Collaboration and communication between the 
surgeon and the clinical team, as well as between 
the surgeon and the patient, is essential for a suc-
cessful surgical outcome with the rock-hard 
cataract.

Take-Home Notes
• The proper preoperative evaluation of 

the dense cataract can set up a surgeon 
for success once in the OR.

• The ophthalmologist has a multitude of 
tools available for successful avoidance 
of complications during dense cataract 
removal.

• Phacoemulsification of the dense cata-
ract requires skilled and thoughtful 
technique during each and every step.

• Surgical complications can easily occur 
in even the most experienced hands, but 
it is important to anticipate these com-
plications in order to be prepared to cor-
rect them.
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Intumescent Cataract 
and Preventing the Argentinian 
Flag Sign

Gabriel B. Figueiredo and Carlos G. Figueiredo

 Introduction

The white cataract can be a challenge even to the 
experienced surgeon. Particularly, the creation of 
a continuous curvilinear capsulorhexis is tricky 
due to the increased endolenticular pressure. 

Further challenges the surgeon may face include 
absence of the red reflex, shallow anterior cham-
ber, and zonular fragility. Secondary glaucoma 
can develop through multiple mechanisms, and 
the adequate pre- and postoperative management 
is required.

 Etiology

This chapter is aimed at the white cataract caused 
by aging. A white cataract can also rapidly 
develop following either ocular trauma (see 
Chap. 9) or iatrogenic puncture of the capsular 
bag.

 Senile White Cataract

The senile white cataract is a type of mature cata-
ract in which lens proteins denature and break 
down into smaller particles, increasing the num-
ber of osmotically active particles in the capsular 
bag. This osmotic gradient draws fluid into the 
bag (which is a semipermeable membrane) until 
the hydrostatic pressure within the bag balances 
the osmotic pressure. This process of lens hydra-
tion leads to a significant increase of the volume 
within the capsular bag.
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Bullet Points
• Creation of a continuous curvilinear 

capsulorhexis in the white cataract is a 
challenge even for the experienced oph-
thalmic surgeon.

• Staining of the anterior capsule is 
mandatory.

• Different subtypes of the white cataract 
present different risks.

• The surgeon must always be attentive to 
the anterior segment pressure gradient – 
capsular bag vs anterior chamber.

• Glaucoma is often associated with the 
intumescent cataract.
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 Comorbidities

 Glaucoma

Two pathophysiological mechanisms can lead to 
high intraocular pressure and secondary glau-
coma in eyes with white cataract.

 Phacomorphic Glaucoma
Phacomorphic glaucoma is a consequence of the 
excessive increase in lens thickness, causing 
obstruction of the trabecular meshwork by (1) the 
mass effect of the thickened lens physically 
crowding the posterior chamber and pushing the 
iris anteriorly and/or (2) totally or partially 
obstructing the physiological flow of the aqueous 
from the posterior chamber into the anterior 
chamber through the pupil due to the pupil border 
touching the anterior capsule, trapping aqueous 
in the posterior chamber, and consequently caus-
ing the peripheral iris to bow forward.

 Phacolytic Glaucoma
Tiny proteins arising from the lens protein dena-
ture process can leak through the capsular bag 
into the aqueous. These proteins then precipitate 
a secondary glaucoma as phagocytizing macro-
phages and inflammatory debris, and the proteins 
themselves obstruct the trabecular meshwork.

 Preoperative Management

Before proceeding to dilated exam, a thorough 
investigation for angle closure must be per-
formed. Initially, the patient should be asked 
about previous symptoms compatible with epi-
sodes of angle closure  – acute or intermittent 
ocular pain. Next, the surgeon should look for 
indirect signs of narrow angle on slit lamp exam 
including shallow anterior chamber and periph-
eral iris bowing, pupil atony/hypotony, iris atro-
phy, pigment deposition on the anterior capsule 
or endothelium, and anterior lens capsule opaci-
ties (glaukomflecken), findings suggestive of pre-
vious acute angle closure. Finally, one should 
always perform gonioscopy looking for an 

occludable angle – when the posterior trabecular 
meshwork is seen for less than 90° of the angle 
circumference; identifying the presence of 
peripheral anterior synechiae (PAS) is suggestive 
of previous angle closure. Once an occludable 
angle is diagnosed or there is suspicion of previ-
ous acute angle closure, a laser peripheral iri-
dotomy should promptly be performed.

The mature, opaque lens makes fundus 
examination and axial length measurement 
through optical biometers impossible. Therefore, 
both A- and B-scan should be performed for 
axial length measurement and gross retinal 
changes, respectively. The mature cataract often 
slowly develops in an eye with previous 
impaired visual acuity, and the surgeon should 
attempt to figure out why the patient waited so 
long before seeking help. History of previous 
low vision, whether amblyopic or acquired, 
should be investigated for proper counseling. A 
potential acuity meter test can be performed, but 
the results are often misleading and the true 
visual acuity potential can only be assessed after 
surgery is performed.

 Subtype Classification

The white cataract presents different features 
according to the stage [1] (Table 4.1) (Video 4.1). 
Correct subtype diagnosis is crucial for proper 
surgical management.

 Pearly White Cataract

A big, hydrated nucleus is found in the pearly 
white cataract. Whitish fluid can be either absent 
or present in low to moderate amount. Several 
shades of white can be found on the anterior sur-
face of the lens during slit lamp exam (Fig. 4.1). 
The anterior cortex may have a “frothy” appear-
ance and a “flare” can occasionally be seen. 
Increased convexity of the anterior capsule is an 
indirect sign of the presence of fluid within the 
capsular bag and consequent increase in endolen-
ticular pressure.
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Table 4.1 Feature comparison of white cataract subtypes

Pearly white
MorgagnianWithout fluid With fluid

Nucleus Big Big Small
Fluid Absent Low to moderate Abundant
Endolenticular 
pressure

Normal to minimally elevated High to extremely high High

Equatorial 
block

Yes Yes No

Independent 
endocapsular 
spaces

No Yes No

Fig. 4.1 Slit lamp picture of a pearly white cataract. Note 
the multiple shades of white throughout the anterior sur-
face of the lens

 Equatorial Block
Equatorial block occurs in the pearly white cata-
ract with liquid. The fluid builds up within both 
the anterior and posterior subcapsular spaces, 
anteriorly and posteriorly to a large nucleus. This 
liquid accumulation leads the anterior and poste-
rior capsules to bow anteriorly and posteriorly, 
respectively; consequently, the equatorial capsu-
lar bag is compressed against the nucleus, 
 preventing the fluid from freely circulating 
between the two subcapsular spaces (Fig.  4.2). 
This process leads to the emergence of two inde-
pendent hyperpressoric spaces within the capsu-
lar bag

 Morgagnian Cataract

Morgagnian cataract is the most advanced stage of 
the white cataract, when most, or all, of the cortex is 
liquefied. The capsular bag is filled with a yellowish 
milky fluid and the small but very hard nucleus 
floats freely in the bag. On slit lamp exam, the ante-
rior surface of the lens presents a homogeneous 
milky yellowish aspect, and the brown nucleus can 
occasionally be seen inferiorly (Fig. 4.3).

 Surgical Procedure

 Surgical Principles

The biggest challenge the anterior segment sur-
geon faces when approaching a white lens is the 
continuous curvilinear capsulorhexis. Several 
techniques have been described and we lack sci-
entific consensus on the most appropriate one; 
different experienced surgeons have different 
techniques of choice to deal with the white cata-
ract. Given the description of all of those tech-
niques in a single chapter is not feasible, the 
author presents his preferred technique, based in 
his own personal surgical experience. 
Nevertheless, whichever technique one chooses, 
there are some fundamental surgical principles 
the surgeon should always keep in mind.

4 Intumescent Cataract and Preventing the Argentinian Flag Sign
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Fig. 4.2 (a) Illustration of a pearly white cataract demon-
strating the equatorial block. Note the equatorial portion 
of the capsular bag compressed against the nucleus and 
the consequent accumulation of fluid in both the anterior 
and posterior subcapsular spaces. (b) Trapped fluid can 

clearly be identified in the anterior subcapsular space in 
an anterior segment OCT image of a pearly white cataract; 
although optical image capture of the posterior portion of 
the capsular bag is not possible, it is safe to assume a simi-
lar configuration is present

Fig. 4.3 Slit lamp picture of a morgagnian cataract. Note 
the homogeneously milky yellowish anterior surface of 
the lens

Fig. 4.4 Intraoperative picture demonstrating the injec-
tion of trypan blue under an air bubble in the anterior 
chamber of an eye with a white cataract to stain the ante-
rior capsule. Trypan blue can also be injected directly into 
the anterior chamber without an air bubble

 Capsule Staining
The white, opacified lens blocks the intraopera-
tive red reflex. Therefore, the use of a capsular 
dye is mandatory to correctly identify the ante-
rior capsule during creation of the capsulorhexis. 
The most utilized dye is trypan blue ophthalmic 
solution 0.06% [2]. The dye can be injected undi-
luted into the anterior chamber with or without an 
air bubble (Fig.  4.4). The anterior chamber is 
then washed after a few seconds with balanced 
salt solution, or directly with viscoelastic. 
Although staining of the anterior capsule is man-
datory, trypan blue decreases elasticity of the 
capsule [3], which contributes to the increased 
risk of anterior capsule radial tear.

 Pressure Gradient
The tendency for capsular tears to extend cen-
trifugally toward the equator of the bag is due to 
a hydrostatic/hydrodynamic principle: the ante-
rior segment pressure gradient  – the difference 
between the anterior chamber and capsular bag 
pressures. The increased endolenticular volume 
leads to increased endolenticular pressure, caus-
ing the distension of the capsular bag and conse-
quent increased convexity of the anterior capsule; 
the greater the convexity of the anterior capsule, 
the greater the tendency of the flap to run cen-
trifugally. Simultaneously, as soon as the anterior 
capsule is pierced and a communication is cre-
ated between the capsular bag and the anterior 
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chamber, the content of both spaces will flow 
according to the pressure gradient, from the space 
of higher pressure to the space of lower pressure, 
until the pressure is equalized. Because the endo-
lenticular pressure is greater than the intracam-
eral pressure, the lenticular fluid will flow from 
the capsular bag into the anterior chamber, push-
ing the nucleus against the anterior capsule. 
Therefore, the surgeon should always be attentive 
to the fundamental principle of keeping the ante-
rior chamber highly pressurized up until the cap-
sulorhexis has been created and the endolenticular 
and intracameral pressures have been equalized.

 Hydrodissection
Hydrodissection is contraindicated in a white 
lens. It is simply unnecessary in the morgagnian 
cataract, while it is a risk in the white pearly cata-
ract. Due to the equatorial block present in the 
latter, the fluid injected under pressure reaches 
the posterior subcapsular space where it is 
trapped (Fig.  4.5). The additional increase in 
pressure in the posterior subcapsular space can 
lead either to a radial tear of the anterior capsule 
or even the explosion of the posterior capsule.

 Capsular Fibrosis
In mature and hypermature cataracts, the anterior 
capsule may undergo degeneration, with deposi-
tion of calcium or the development of focal dense 
plaques. Ideally, when creating the capsulorhexis, 
the surgeon should direct the tear around these 
abnormalities. If not possible, then the surgeon 

can cut across the plaque with small gauge scis-
sors. Multiple cuts can be performed across the 
plaque; however, one single and continuous cut 
should be made when clear capsule is being cut 
both when entering and exiting the plaque, to 
avoid the creation of zones of weakness.

 Pearly White Cataract

The adequate surgical approach depends on the 
presence or absence of fluid within the capsular 
bag (Video 4.2). Even though one can look for 
signs of endolenticular liquid during slit lamp 
exam as discussed previously, this will be con-
firmed intraoperatively once the anterior capsule 
has been pierced. While there are multiple meth-
ods of initiating the procedure, we prefer the fol-
lowing steps:

• Make two corneal paracentesis at 12 and 6 
o’clock.

• Inject trypan blue into the anterior chamber.
• Wash out the trypan blue and overfill the ante-

rior chamber with viscoelastic to keep it 
highly pressurized.

• Puncture the anterior capsule with a cysto-
tome (Fig. 4.6a).

• Attentively watch for white fluid leaking out 
of the bag and proceed accordingly (Fig. 4.6b).

 Pearly White Cataract Without Fluid
Endolenticular pressure is normal or just slightly 
elevated in this stage. The surgeon should keep 
the anterior chamber pressurized with OVD and 
perform the capsulorhexis with his or her routine 
technique.

 Pearly White Cataract with Fluid
This is the lens with the greatest risk for a radial 
capsular tear. Besides the elevated endolenticular 
pressure, there is also the presence of equatorial 
block and two independent and pressurized sub-
capsular spaces. Once the anterior capsule is 
open and the anterior subcapsular space pressure 
is equalized with the anterior chamber pressure, 

Fig. 4.5 Illustration of hydrodissection in a lens where 
equatorial block is present. Note that the BSS, injected 
under pressure, accumulates in the posterior subcapsular 
space. (BSS balanced salt solution)
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Fig. 4.6 Intraoperative pictures of the initial steps in a 
pearly white cataract. (a) The anterior capsule is pierced 
under a highly pressurized anterior chamber. (b) The sur-

geon must then attentively watch for any white fluid leak-
age from the capsular bag and proceed accordingly

Fig. 4.7 Illustration of the anterior capsule piercing in a 
pearly white cataract with fluid. Note that the fluid in the 
anterior subcapsular space flows into the anterior chamber 
until the pressure in these two compartments is equalized; 
meanwhile, the fluid trapped in the posterior subcapsular 
space pushes the nucleus anteriorly against the anterior 
capsule

the fluid trapped in the posterior subcapsular 
space pushes the nucleus anteriorly against the 
anterior capsule (Fig. 4.7). The greater the gradi-
ent pressure between the posterior subcapsular 
space and the anterior chamber, the greater the 
force exerted by the nucleus onto the anterior 
capsule. The following steps have been proven 
safe and effective in our approach to this chal-
lenging cataract:

• Create a “mini-rhexis” (2.5–3.0  mm) with 
small gauge forceps through one of the para-
centeses (Fig. 4.8a). If visualization of the flap 
gets clouded by the white fluid, clear the cen-
tral area by injecting more viscoelastic.

• Use bimanual irrigation and aspiration to aspi-
rate the fluid in the anterior subcapsular space. 
Next, use the aspiration handpiece to mobilize 
the nucleus posteriorly and peripherally, 
breaking the equatorial block and allowing the 
fluid in the posterior subcapsular space to flow 
anteriorly and be aspirated (Fig. 4.8b).

• Make the temporal main incision.
• Create a new flap using small gauge scissors 

(Fig. 4.8c).
• Enlarge the capsulorhexis to the desired diam-

eter (Fig. 4.8d).
• Proceed with surgery according to surgeon’s 

routine (Video 4.3).

 Morgagnian Cataract

Even though endolenticular pressure is usually 
elevated in these lenses, equatorial block is not 
present and pressure equalization can be achieved 
more easily.

• Create one paracentesis.
• Inject trypan blue into the anterior chamber.
• Wash out the trypan blue and overfill the ante-

rior chamber with viscoelastic to keep it 
highly pressurized.

• Puncture the anterior capsule with a 27 g nee-
dle attached to a 3 cc syringe (Fig. 4.9a).

• Aspirate the endolenticular fluid (Fig. 4.9b).
• Refill the capsular bag with OVD separating 

the anterior and posterior capsules while 
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Fig. 4.8 Intraoperative pictures of key surgical steps in a 
pearly white cataract with fluid. (a) Creation of a “mini- 
rhexis” around 3 mm in diameter with a small gauge for-
ceps through the paracentesis to avoid viscoelastic burping 
out. (b) Decompression of the capsular bag by aspiration 
of the fluid both in the anterior and posterior subcapsular 

spaces using bimanual irrigation and aspiration, the 
nucleus is balloted posteriorly and peripherally to break 
the nuclear block decompressing the posterior compart-
ment. (c) Creation of a new anterior capsular flap. (d) 
Enlargement of the capsulorhexis to the desired diameter

a b

Fig. 4.9 Intraoperative picture (a) before and (b) after the aspiration of the fluid with a 27 g needle in a morgagnian 
cataract

 creating some counterpressure to facilitate the 
capsulorhexis.

• Create the temporal main incision.
• Create the capsulorhexis to the desired 

diameter.
• Proceed with surgery according to surgeon’s 

routine (Video 4.4).

 Potential Complications

 Argentinean Flag Sign

The most common complication in white cata-
racts is the radial tear of the anterior capsule, 
known as the Argentinean flag sign (Fig. 4.10). 
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Fig. 4.10 Intraoperative picture of the Argentinean flag 
sign

Take-Home Notes
• Creation of a continuous curvilinear 

capsulorhexis (CCC) is a challenge in 
the white cataract due to the elevated 
endolenticular pressure.

• Always stain the anterior capsule.
• During creation of the CCC, the surgeon 

should keep the anterior chamber highly 
pressurized to counterbalance the endo-
lenticular pressure.

• The pearly white cataract with fluid is at 
the greatest risk for Argentinean flag 
sign due to presence of the equatorial 
block. The surgeon should keep in mind 
that the risk is only diminished once the 
posterior subcapsular space pressure has 
been alleviated.

• Angle closure and secondary glaucoma 
are often associated with the intumes-
cent lens and should be managed 
accordingly.

To manage this complication, the surgeon can 
either (1) create a new flap with small gauge scis-
sors in both “hemi-capsules” and create two 
“hemi-rhexis” or (2) resume opening the anterior 
capsule with the can opener technique with a cys-
totome. Next, one should proceed with phaco-
emulsification carefully, in a slow motion fashion 
with low parameters  – “slow phaco” [4]. The 
radial tear might extend around the equator into 
the posterior capsule; therefore, the surgeon must 
remain vigilant for posterior capsule rupture 
signs (see Chap. 9).

 Posterior Capsule Rupture

The posterior capsule, previously distended by 
the increased endolenticular volume, may be 
flaccid and with a tendency of “trampolining” 
anteriorly during phacoemulsification. Dispersive 
viscoelastic should be used to keep the posterior 
capsule posteriorly, and adequately sized inci-
sions are mandatory to avoid BSS leakage during 
phacoemulsification.

 Zonulopathy

Zonulopathy is frequently associated with these 
mature lenses. The surgeon should attentively 

look for signs of zonular fragility during preop-
erative evaluation. Further information on the 
management of weak zonules can be found in 
Chap. 9.
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Pediatric Cataract

H. Burkhard Dick

 Epidemiology and Pathology

Cataract presenting at birth or during early child-
hood is generally termed congenital and consti-
tutes a major threat to a normal development of 
the visual system. Pediatric cataract is a global 
yet treatable cause of blindness and visual impair-
ment. The global prevalence of congenital cata-
ract is estimated to be about 4.24 per 10,000 with 
the highest prevalence in Asia and with an 
increasing tendency [1]. There is a large variety 
of etiological causes which in many cases will 
remain unknown. About half of congenital cata-
racts are believed to be caused by mutations of 
the protein-coding genes involved in building the 
structure of the lens [2]. Major causes are mater-
nal infections such as toxoplasmosis, rubella, 
cytomegalovirus, herpes virus, and syphilis 
(TORCHS) as well as the exposition of the 
mother-to-be against certain toxic agents such as 
alcohol and probably aspirin [3]. Lens opacifica-
tions that appear in older children are usually 
caused by systemic and eye diseases, among the 
latter in particular uveitis, as well as by trauma 
and by exposure to drugs, most importantly to 
corticosteroids [4, 5].

There is a broad spectrum of morphology in 
pediatric cataracts, from minor punctate opacifi-
cation to central opacities and complete, dense 
cataracts of the entire lens. Such total cataracts 
are not unusual in patients with Down syndrome 
and in cases when the mother was infected with 

H. B. Dick (*) 
Ruhr University Eye Clinic, Bochum, Germany
e-mail: burkhard.dick@kk-bochum.de

5

Supplementary Information The online version con-
tains supplementary material available at [https://doi.
org/10.1007/978- 3- 030- 94530- 5_5].

Bullet Points
• The global prevalence of congenital cat-

aract is estimated to be about 4.24 per 
10,000.

• In pediatric cataract surgery, the surgeon 
faces a morphology widely different 
from an adult patient: the capsule is 
extremely elastic, the cornea and sclera 
usually lack any noteworthy rigidity, 
and the nucleus is soft rather than hard.

• Primary posterior capsulotomy or cap-
sulorhexis (PPC) is regarded as a neces-
sary precaution to prevent posterior 
capsule opacification.

• The femtosecond laser is able to per-
form primary anterior and posterior 
with high accuracy and predictability.

• Glaucoma and inflammation are the 
most common postoperative 
complications.
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rubella. Anterior subcapsular cataracts are in 
general seen in patients with uveitis and atopic 
skin conditions as well as following trauma and 
irradiation. Partial opacities, generally described 
as wedge-shaped cataracts, are seen in diseases 
like neurofibromatosis type 2, Stickler syn-
drome, and Fabry’s disease. Posterior subcapsu-
lar cataracts are typically steroid-induced or a 
consequence of radiotherapy for ocular and peri-
ocular tumors. Unilateral cataracts in particular 
are associated with persistent fetal vasculature 
(PFV) [6].

A unique form of pediatric cataract is the one 
caused by galactosemia which may present as 
posterior subcapsular cataract or with small 
nuclear opacifications. Unlike all other pediatric 
cataracts, this one is reversible by dietary modifi-
cation [7].

 Timing of Cataract Surgery

In cataract surgery, caring for pediatric patients 
confronts the surgeon with a unique situation. 
While adult cataract patients can expect a remain-
ing lifespan measured in years or probably a 
decade or two and the emphasis in planning the 
operation is on best possible visual acuity, prefer-
ably without glasses and increasingly with the 
demand for good visual function in far, interme-
diate, and near distances at the same time (which 
has given rise to multifocal, EDOF, and other 
sophisticated IOL designs), the goal in young 
children is different and even more challenging. 
The surgeon has to initiate a long process that 
ensures the child’s normal visual development 
and in doing so will determine the visual perfor-
mance and thus the vision-related quality of life 
of the young patient for an extensive time period, 
given today’s life expectancy of something close 
to a hundred years. The responsibility is high and 
so is the demand for meticulous planning  – of 
surgery and of all the other steps that have to be 
taken by ophthalmologists and other specialists 
over the next couple of years.

Choosing the time to operate upon a newborn 
or a very young child always means weighing the 
risks and the benefits. After early surgery, mas-

sive axial elongation and a substantial myopic 
shift can be expected. Operating at a very young 
age, however, increases the likelihood of the 
major postoperative complication, glaucoma. 
Glaucoma and other postoperative complications 
occur at a much higher incidence when surgery 
takes places at an age younger than 4 weeks [8]. 
Waiting too long, on the other hand, can result in 
deprivation and consequently in amblyopia. A 
general recommendation might be – with all nec-
essary caution – that unilateral congenital cata-
ract is operated upon 4 to 6 weeks after birth and 
bilateral cataract between 6 and 10 weeks [9].

Whether bilateral cataracts should be operated 
simultaneously has been a matter of intense 
debate for quite a while. Arguments in favor of 
removing both cataracts in one session are a 
reduction of the anesthesia-related risk of com-
plications (or even mortality), the reduction of 
hospital admissions, and the chance to achieve an 
improved visual acuity and binocular vision 
faster. Medicolegal reasons are points made 
against simultaneous surgery as are the risks of 
bilateral postoperative complications (like the 
worst-case scenario, endophthalmitis) and the 
inability of the physician to change his or her sur-
gical plans for the second eye if complications 
should arise over time after surgery of the first 
eye [10]. When operated on different days, the 
time interval between both surgeries should be 
kept to a minimum.

To sum it up: the uncomfortable choice the 
cataract surgeon is facing is between the pitfalls 
of operating too early and operating too late. It is 
widely accepted knowledge that every additional 
week of waiting to a certain degree reduces the 
risk of glaucoma – and at the same time increases 
the risk of amblyopia [11].

 Pre- and Intraoperative 
Considerations

As the saying goes, children are no downsized 
adults. This is particularly true for very young 
and their eye. Almost all of its anatomical struc-
tures are very different from the eye of a 
70- something cataract patient: the capsule is 
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extremely elastic, the cornea and sclera usually 
lack any noteworthy rigidity, the nucleus is soft 
rather than hard, and increased pressure from the 
vitreous can be expected.

In many respects, pediatric cataract surgery is 
different from adult cataract surgery on (in gen-
eral) order patients. Removing the natural lens at 
a time when the eye and in particular the lens are 
still growing influences the development of the 
child’s visual system profoundly. While elderly 
patients undergoing the procedure in most cases 
have been presbyopic for a long time (and often 
these days expect a cure from this condition by 
choosing an accommodative or any other kind of 
IOL that gives them at least a resemblance of 
accommodation), pediatric cataract surgery ren-
ders the child presbyopic for the rest of his or her 
life – or until the time in probably the intermedi-
ate future when true accommodation can be 
restored by some revolutionary, currently still 
unknown, technique. Wearing bifocal lenses will 
be part of the child’s postoperative life, a fact the 
parents or caretakers should be thoroughly 
informed about.

In general, two small corneal or limbal inci-
sions suffice; larger incisions are, of course, 
required if an IOL implantation is planned. The 
use of viscoelastic agents is helpful to prevent the 
collapse of the anterior chamber. Staining with 
trypan blue is essential in visualizing the anterior 
capsule in eyes without the red reflex; it might 
also diminish the elasticity of the capsule. 
Primary posterior capsulotomy or capsulorhexis 
(PPC) is regarded as a necessary precaution to 
prevent posterior capsule opacification (PCO) 
which in children develops rapidly and in almost 
100% of our youngest patients. Manual PPC, 
however, is a challenging technique and not 
exactly well liked by many cataract surgeons. 
Performing it with the femtosecond laser is a 
viable and valuable alternative, where available. 
In a young child’s eye, the likelihood of self- 
sealing is poor; therefore, sutures are more often 
than not required.

The lens can in most cases be removed by 
aspiration or vitrectomy cutter; the employment 
of phacoemulsification is only rarely necessary. 
After aspiration of the lens, posterior capsulot-

omy and anterior vitrectomy are performed. 
Removal of the central posterior capsule is war-
ranted because of the almost violent development 
of opacification in younger children. Another 
technique frequently applied to lessen the chance 
of PCO is polishing the lens capsule in an attempt 
to restrict lens epithelial cell migration and pro-
liferation [12].

There are a number of children in a peculiar 
situation with special needs and the necessity for 
some additional preoperative considerations. A 
group of young patients with a higher incidence 
of childhood cataract than the general population 
are those with Down syndrome. As Saifee et al. 
have stated based on their surgical experience, 
cataract extraction in pediatric patients with 
Down syndrome does not appear to have a higher 
rate of surgical complications than does cataract 
surgery in the general pediatric population [13]. 
There is no reason to assume that laser cataract 
surgery in these patients might be less effective 
or less safe than in children without this condi-
tion. Of particular concern for the anesthesiolo-
gist involved in the operation, however, is the fact 
that congenital heart comorbidities are common 
(92.3% in the cohort described by Saifee et al.) in 
children with Down syndrome.

Patients with Marfan syndrome are another 
special case: they may need surgery of the lens 
without actually suffering from cataract. Their 
vision is often compromised by a subluxation of 
the lens that may render the visual axis aphakic, 
by irregular astigmatism from the lens periphery, 
and also occasionally from lens opacity. Lens 
removal with capsule fixation and intraocular 
lens (IOL) implantation is a valuable strategy to 
address these problems. However, like in the 
younger infants with congenital cataract, chal-
lenges with manual capsulorhexis result from the 
high elasticity of the capsule which has a ten-
dency toward posterior tears, damage to the zon-
ules from stress during manipulation, and the fact 
that the desired position for capsulorhexis is off 
center, all too often resulting in increased intra-
operative complications for these patients who 
undergo surgery at a relatively young age [14].

If PFV, also known as persistent hyperplastic 
primary vitreous, is present, the surgical tech-
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nique has to be adapted to this pathology which, 
as Self et al. rightfully have pointed out, particu-
larly in case of bilaterality may be associated 
with systemic disorders that should be further 
investigated. Depending on the morphology, cap-
sule vitrectorhexis combined with lens aspiration 
may be required. If active blood vessels are to be 
found in this structure, intraocular diathermy 
may be required. IOL implantation may be pos-
sible in mild cases of PFV, but a number of com-
plications such as vitreous hemorrhage, retinal 
detachment, and corneal decompensation might 
occur early during or following surgery; typical 
late complications are glaucoma, re- opacification, 
and even phthisis. Eyes with congenital cataract 
and persistent hyperplastic primary vitreous have 
a less favorable prognosis than those with cata-
ract alone [11].

At the end of surgery, antibiotics are usually 
injected into the anterior chamber and steroids 
are also applied, either inside the anterior cham-
ber or under the conjunctiva. In cases where the 
eye is left aphakic, some surgeons insert a contact 
lens at the conclusion of the operation, while in 
most cases, this is done a couple of days after 
surgery [15, 16].

 Primary and Secondary IOL 
Implantation

One of the most controversial aspects of pediatric 
cataract surgery is to decide whether an intraocu-
lar lens should be implanted at the time of cata-
ract surgery. Both IOLs and surgical techniques 
have immensely improved over the last two 
decades. The surgical procedure of implantation 
is hardly regarded a hurdle anymore. In general, 
IOL implantation in children older than 2 years 
has widely become the norm. In younger chil-
dren, the propensity to inflammation has to be 
taken into account as has the small capsule size 
which in neonates has a diameter of just about 
7 mm [11]. Some experts suggest that in children 
younger than 7  months, the eye should be left 
aphakic and a contact lens will be worn; the sec-

ondary implantation of an IOL is suggested to 
take place before or shortly after entering ele-
mentary school. The Infant Aphakia Treatment 
Study (IATS) in which 114 children younger than 
7 months either received a primary IOL or were 
left aphakic and were then outfitted with contact 
lenses did not show a significant difference in 
visual acuity between both groups 5 years after 
surgery. Glaucoma as the most common compli-
cation was slightly more common in the contact 
lens group (35%) than in the IOL group (28%) 
[17]. In a secondary analysis of patients enrolled 
in this study, it turned out that delayed – i.e., sec-
ondary – IOL implantation which was performed 
at a mean age of 5.4 years resulted in a more pre-
dictable refractive outcome at 10  years of age 
though the range of refractive error was still con-
sidered to be relatively large [18]. The re- 
opacification of the visual axis in children 
younger than 2 years appears to be more common 
in pseudophakic than in aphakic eyes [19, 20].

In favor of primary implantation, it can be 
argued that every new intervention and thus any 
new anesthesia poses a risk for young children, 
particularly for those with comorbidities which 
are not uncommon among newborns with con-
genital cataract. Another factor is patient – and 
parents – compliance which is crucial in contact 
lens wear. Whether coping with contact lenses 
like fulfilling the hygienic requirements poses 
more stress for the parents than caring for child 
with an IOL has been cast into doubt by IATS 
which demonstrated higher stress levels in the 
latter group, most possibly due to additional 
interventions after primary IOL implantation 
[21]. A study from the USA contradicted the 
results of IATS and reported a relatively low rate 
of adverse events (21%) over a mean follow-up 
in patients that received primary IOL implanta-
tion at an age of 7 to 22 months. The group, how-
ever, was relatively small with 14 eyes if 10 
patients [22].

It is difficult to give an overall recommenda-
tion when – and when not – to perform a primary 
IOL implantation; this will always be an individ-
ual decision which is to a large degree based on 
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the support the child has at home, i.e., the compe-
tence and compliance of parents or caretakers. 
We are very reluctant to implant an IOL in chil-
dren 6 months and younger. Even when perform-
ing primary implantation in older children 
(>2 years), one has to be aware that further surgi-
cal interventions are highly probable. Among the 
different materials, hydrophobic acrylate might 
probably offer the best solution given the long 
life expectancy of those young patients. 
Multifocal lenses are an option only in eyes that 
have fully grown, like at an age of 12 years and 
beyond. It should be kept in mind that currently 
there is no multifocal IOL for sulcus 
implantation.

The current IOL formulas have been devel-
oped for adults, not children. The Barrett formula 
has proven to be more reliable than other formu-
las [23, 24]. The ideal target refraction seems to 
be a slight myopia – very young infants are focus-
ing on near objects like their toys, their rattle, or 
their mother’s face. IOL implantation seems to be 
preferable when the cooperation necessary in 
dealing with contact lenses seems to be question-
able. Bag-in-the-lens is an option in very young 
children – though challenging for the surgeon – 
which leave the anterior hyaloid membrane intact 
while otherwise an anterior vitrectomy is 
unavoidable. The latter, however, paves the way 
for the genesis of what is commonly called apha-
kic glaucoma, caused by an overpowering of the 
anterior segment, most of all the anterior cham-
ber angle and the trabecular meshwork by the 
continuous liquefaction of vitreous. This patho-
genesis is basically prevented when the vitreous 
is left intact. However, it is generally postulated 
that posterior capsulotomy and anterior vitrec-

tomy are indispensible in pediatric cataract sur-
gery to prevent PCO (as far as is possible). 
Regarding visual outcome, a recent meta- analysis 
by Chen et al. focusing on children younger than 
2  years at the time of cataract surgery found a 
better visual acuity in those with primary IOL 
implantation but  – as expected  – also a higher 
prevalence of PCO [25].

 Pediatric Cataract Surgery 
with the Femtosecond Laser

The introduction of the femtosecond laser into 
cataract surgery and the establishment of laser 
cataract surgery (LCS) have provided ophthal-
mologists with a new technology that has some 
advantages (at least from the view of those sur-
geons who use it) over manual procedures which 
seems to be particularly true for capsulotomy. 
Employing the femtosecond laser in pediatric 
cataract cases is, like so many interventions in the 
youngest patients, an off-label procedure. There 
are some requirements in pediatric cataract sur-
gery that the surgeon has to be aware of before 
planning the intervention: the surgeon will 
encounter soft eye tissues and there will be a high 
degree of difficulty calculating the intraocular 
lens (IOL) power (Figs. 5.1 and 5.2). Chances of 
PCO (posterior capsule opacification) develop-
ment in a relatively short timespan after surgery 
are not only high, but the occurrence of that com-
plication is almost guaranteed. Finally, the sur-
geon must be able to perform vitrectomy.

The femtosecond laser has been used in a 
growing number of cases of pediatric cataract by 
specialized centers like the Bochum University 

Fig. 5.1 Overview of the OR for LCS in pediatric cataract surgery: the femtosecond laser is placed in the same room. 
A specialized anesthesia team has patient warming tools available as well as an anesthesia machine for kids
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Fig. 5.2 The LCS system offers complete sterility in order to perform the complete procedure including redocking 
under sterile conditions

Fig. 5.3 Pediatric patient eye is docked under the femto-
second laser system

Eye Clinic, and the experience so far is a gener-
ally very positive one (Fig. 5.3). Unlike in cata-

ract surgery of adults, the laser is not employed 
for lens fragmentation (this is done by phaco-
emulsification) but primarily to achieve a perfect 
capsulotomy which is so essential when primary 
IOL implantation is intended (Fig. 5.4).

Docking the femtosecond laser to the eye is 
the first step that is different from the same proce-
dure in an adult – and a reminder that children 
indeed are no small grown-ups. Since none of the 
femtosecond laser systems were created for the 
treatment of small children, placing the interface 
between the laser and the globe can be difficult. 
Fortunately, at least one company so far has 
introduced a smaller interface especially for 
patients with tight palpebral fissure with a diam-
eter of 12 versus the regular 14.1 mm (Fig. 5.5).

Performing the anterior capsulotomy with the 
laser in pediatric cases will probably be appreci-
ated by every surgeon who ever tried manual con-
tinuous curvilinear capsulorhexis (CCC) in 
infants and small children. Their capsule tends to 
be extremely elastic and their intravitreal pres-
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Fig. 5.4 Light microscopy of the pediatric anterior cap-
sular edge after laser-assisted capsulotomy demonstrating 
a very smooth cut edge

Fig. 5.5 Liquid optic interface diameter size matters in 
pediatric cataract surgery in order to allow sufficient 
docking even in the youngest patients

Fig. 5.6 The anterior capsulotomy diameter increases 
directly after performing LCS in a pediatric eye

sure to be much larger than can be expected in an 
adult. Furthermore, children’s pupils in general 
dilate rather poorly. Manual CCC thus is quite 
difficult in children. Besides the capsule’s elastic-

ity, the vitreous pressure which moves the entire 
lens anteriorly contributes to the problems that 
can lead to the “runaway rhexis,” an inadvertent 
extension out to the lens equator. The failure rate 
to create an intact CCC has been reported by 
Vasavada et al. to be up to 80% [26].

Like in adult femto-cataract surgery, the inter-
face is placed on the eye and vacuum is activated. 
The computer software creates a  three- dimensional 
treatment plan based on the laser platform’s 
imaging system. After the capsule and iris safety 
zones have been confirmed, the laser is activated. 
Usual settings would be, for instance, 4-μJ pulse 
energy and an incision depth of 600  mm. The 
whole anterior capsulotomy takes hardly more 
than one second. The laser then is undocked and 
removed. With anterior capsulotomy as a crucial 
step in the operation and for postoperative visual 
recovery, in the first pediatric laser cataract sur-
gery (LCS) cases, an optimal circularity of fem-
tosecond laser-created anterior and posterior 
capsulotomies was found. The size of the capsu-
lotomy, however, did initially not turn out as 
planned because of the aforementioned elasticity. 
There was considerable widening of the capsule 
opening immediately after laser treatment 
(Fig.  5.6). Particularly in very young children, 
the capsulotomy diameter tends to turn out larger 
than planned. This led to the development of the 
Bochum formula which has proven its value in 
correcting for that aberration (Figs. 5.7 and 5.8). 
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capsulotomy enlargement factor = 1.34 + (–0.09 * age)

programmed diameter =
aimed diameter

(1.34 + (–0.009 * age))

A certain capsulotomy diameter can be achieved with the following formula:

Fig. 5.7 Bochum ormula to calculate the capsulotomy 
diameter for the lasing depending on the actual patient’s 
age

Fig. 5.8 View through the OR microscope: intraoperative 
measurement of the achieved capsulotomy diameter after 
LCS using the Engel device (Geuder, Germany) Fig. 5.9 Anterior and posterior capsulotomy perfectly 

centered and aligned to each other (before implantation of 
a bag-in-the-lens intraocular lens; the anterior vitreous 
surface is kept intact)

Fig. 5.10 Careful movement of the BIL haptics into the 
anterior and posterior capsule under OVD protection

Fig. 5.11 BIL is positioned and fixed by the capsules 
after LCS in pediatric cataract

Based on clinical experience with cases of pedi-
atric cataract, the Bochum laser formula for pedi-
atric cataract has the potential to become a 
valuable tool in achieving safe anterior and pos-
terior capsulotomies of an exact precalculated 
diameter [27].

After performing laser capsulotomy and 
undocking, surgery of the lens is completed on 
the same bed, which is permanently mounted to 
the laser. Two 1.2-mm clear corneal side port 
incisions are made at 10 and 2 o’clock with a 
paracentesis knife. Trypan blue may be used to 
stain the anterior capsule for visibility. After oph-
thalmic viscosurgical device (OVD) injection, 
the free-floating capsulotomy disc is removed 
with forceps. The lens cortex and nucleus are 
removed with bimanual irrigation/aspiration 
(I/A). The anterior chamber is filled with OVD, 
and the side ports were hydrated and closed with 
11–0 nylon suture where necessary in order to 
achieve absolutely watertight incisions. The same 
sterile patient interface is used to dock the eye 
again.

At present, there is no software adapted for 
posterior capsulotomy, which makes it necessary 
to position the treatment zones manually. Three- 
dimensional OCT scanning of the posterior cap-

sule allows manual aiming of the laser using the 
adjustment option. The treatment parameters for 
the posterior capsulotomy are usually 4-mJ 
energy and an incision depth of maximum 
1000 μm; treatment time can be expected to be 
between 2 and 10 seconds. Following undocking, 
a microforceps is used to remove the posterior 
capsule disc without tearing. The vitreous face is 
not cut by the laser while performing posterior 
capsulotomy (Figs. 5.9, 5.10, and 5.11). Finally, 
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cautious 23-gauge central anterior vitrectomy 
can be performed bimanually through the side 
ports without removing the peripheral or poste-
rior vitreous. In general, an experienced surgeon 
can expect a treatment time in pediatric laser 
cataract surgery of 15 to 30 minutes [28, 29].

 Postoperative Management

Finishing surgery is just the first step in dealing 
with pediatric cataract. The children require a 
thorough follow-up, and among the complica-
tions that will in all likelihood manifest are at the 
foremost postoperative inflammation and poste-
rior capsule opacification (PCO). To take a look 
from the bright side: cystoid macular edema 
(CME), so frequent in adult patients, is extremely 
rare in young children.

Following surgery, suppression of the inflam-
matory response that is so pronounced in young 
children and in those whose cataract is due to 
uveitis is a mainstay of medical treatment. 
Topical corticosteroids are usually employed for 
up to 6 weeks and in tapering dosage. The steroid 
regimen, however, can contribute to the rises in 
intraocular pressure which are so frequently seen 
in these children. In addition, an adrenal suppres-
sion can happen in young children even under 
topical steroid therapy which requires close 
cooperation with an endocrinologist. The inser-
tion of punctum plugs may reduce systemic 
absorption and thus systemic adverse events in 
when applying steroid eye drops [30, 31].

Besides PCO, the occurrence of glaucoma is 
the foremost ocular pathology that requires a 
sometimes intense treatment and that threatens 
the visual results which successful pediatric cata-
ract surgery hopes to achieve. It can be divided 
into early-onset secondary glaucoma which is 
usually caused by vitreous pupillary block or 
peripheral inflammation and can to a certain 
degree be prevented by modern surgery tech-
niques and anti-inflammatory medications. Late- 
onset postoperative glaucoma is regarded as a 
secondary open-angle glaucoma of unknown 
pathogenesis in which probably trabeculitis and 
toxic agents released from the vitreous may play 

a role. In a major systemic review and meta- 
analysis based on a total of 892 eyes, primary 
IOL implantation was associated with a low 
long-term incidence of secondary glaucoma 
(9.5%) than in eyes with aphakia and secondary 
IOL implantation (15.1%). While there was no 
significant difference in eyes with unilateral cata-
ract between those with primary and those with 
secondary implantation, there was a distinctively 
higher glaucoma incidence in patients with bilat-
eral congenital cataract who had primary IOL 
implantation (6.7%) compared to those with sec-
ondary IOL implantation (16.7%).The fear of 
inducing secondary glaucoma should not influ-
ence the decision to perform pediatric cataract 
surgery in any way since such a delay may result 
in irreversible vision loss. Glaucoma, if it occurs, 
can and should be treated either with IOP- 
lowering medication or by surgical procedure. 
IOP measurement should be a major parameter in 
the long-term follow-up of children following 
cataract surgery [32].

The operation is the first step to visual recov-
ery for a child with cataract, to be followed by 
long-term care provided by the ophthalmologist. 
The parents (or caretakers) must be educated 
about the need for continuous follow-up so that 
complications like inflammation, glaucoma, and 
posterior capsule opacification can be detected 
and treated as soon as they arise, and refractive 
errors can be corrected and amblyopia therapy 
pursued. Children with congenital cataract or 
acquired early childhood cataract must be cared 
for by a multidisciplinary approach in which spe-
cialists of all aspects of neurodevelopmental and 
visual function must be involved.

 Conclusion

Pediatric cataract surgery is performed under the 
sword of Damocles: done too early, the risk of 
complications, most of all glaucoma, inflamma-
tion, and re-opacification, rises; done too late, 
amblyopia looms. Modern techniques and equip-
ment, however, can overcome the problems the 
very young eye poses, and with appropriate surgi-
cal procedures and a meticulous and sometimes 
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interdisciplinary postoperative management, good 
visual outcomes can be achieved. Our clinical 
experience convinces us that the femtosecond laser 
can play a valuable role in making this intervention 
precise, safe, and effective. We are probably just in 
the early stages of pediatric LCS and a number of 
issues have to be resolved. Pediatric cataract sur-
gery might be the ultimate challenge for the sur-
geon: the results may last for almost a century.
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The Unstable Lens in the Adult 
Patient

M. Victoria De Rojas Silva

 Introduction

Zonular compromise poses serious challenges at 
every step of cataract surgery. The continued 
refinement of phacoemulsification techniques 
and platforms and the development of novel 
devices for capsular bag stabilization, together 
with a thorough understanding of the challenges 
of subluxated lens, as well as their management 
strategies, allow to approach these cases with 
more safety and better outcomes through a 2 to 
2.2  mm microincision, resulting in a rapid and 
safe visual recovery.

It is of paramount importance for the decision- 
making during surgery, to know the etiology of 
the condition, regarding mainly its stable or pro-
gressive nature, as surgical strategy will change. 
An exhaustive preoperative exploration and plan-
ification is mandatory, as well as a deep under-
standing of the mechanical challenges that this 
surgery poses to the surgeon together with the 
knowledge of each of the alternatives to stabilize 

the capsular bag, how each of them works, and 
how they can be combined.

 Etiology

Subluxated lens is the term used to refer to any 
displacement of malposition of the crystalline 
lens of whatever cause or association.

The causes of lens subluxation are multiple 
and they have been classified based on differ-
ent criteria. From the surgical point of view, the 
most important issue to consider is whether the 
condition is progressive or not [1]. For example, 
in trauma, which is the cause of more than 50% 
of cases [2] (Fig. 6.1), we know that the remain-
ing zonules are healthy so that further increase 
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Fig. 6.1 Traumatic lens subluxation, with 180° of zonu-
lar dehiscence
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in zonular damage is not expected, neither dur-
ing surgery nor afterward. The opposite occurs 
in pseudoexfoliation (Fig.  6.2), a progressive 
condition in which the surgery poses significant 
challenges, because of the generalized weak-
ness of the zonules, together with the possibility 
of progression of the subluxation over the years 
(in-the- bag IOL dislocation) [3, 4]. The progres-
sive nature of the disease in this and other cases 
(Marfan (Fig.  6.3), etc.) may change the sur-
geon’s decisions during surgery, regarding scleral 

fixation to secure the capsular bag even in cases 
in which that fixation is not needed according to 
the degree of zonular dehiscence during surgery, 
due to the uncertain evolution in the future.

Another important point to consider regarding 
the etiology is the association of some conditions 
with systemic alterations that can be potentially 
severe (Marfan and cardiac involvement, cardio-
vascular abnormalities) [1, 2, 5].

The causes of lens subluxation are summa-
rized in Table 6.1 [1].

a b

Fig. 6.2 (a) Pseudoexfoliation is characterized by gener-
alized zonular weakness. Usually, significant subluxation 
is not observed, but frequently, pseudophacodonesis is 
observed before pupil dilation or anterior chamber asym-

metry is detected. (b) Rarely, lens subluxation is observed, 
as in this case in which, in addition to present pseudoexfo-
liation, a blunt trauma triggered the subluxation

Fig. 6.3 Superior subluxation and elongated zonular 
fibers in Marfan syndrome

Table 6.1 Causes of lens subluxation

Traumatic
Endogenous

Hereditary Marfan syndrome
Homocystinuria
Weill-Marchesani syndrome
Deficit of sulfite oxidase
Essential idiopathic familial 
ectopia
Retinitis pigmentosa

Acquired 
conditions

Uveitis, myopia, glaucoma

Pseudoexfoliation
Iatrogenic Iridectomy, trabeculectomy, 

vitrectomy
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 Preoperative Evaluation

A detailed preoperative evaluation is mandatory, 
beginning with the anamnesis, including family 
history, any relevant trauma, and onset and types 
of visual symptoms. Since several hereditable 
syndromes have associated systemic anomalies, 
patients should be referred to their primary physi-
cian for systemic examination and metabolic 
workup (Marfan syndrome, homocystinuria, etc.) 
[1, 2, 5]. Also, in these hereditable conditions, 
family should be informed. The main symptom is 
the decrease of visual acuity.

Ocular examination should include anterior 
and posterior segment. Both near and distant dis-
tance corrected visual acuity should be deter-
mined, keeping in mind that the patient may best 
see with an aphakic correction if the lens is mark-
edly subluxated. The patient must be examined 
under full pupil dilatation in the slit lamp before 
surgery to evaluate the extent of zonular defi-
ciency, since the surgical strategy for the man-
agement of subluxation will depend on the 
number of hours of zonular dehiscence [6] 
(Figs. 6.4 and 6.5).

The exact degree of zonular loss, location of 
defect, and presence or absence of vitreous in the 
anterior chamber should be noted. The position 
of the crystalline lens at the slit lamp and in the 
supine position should be compared. Gravity 
pulls lens downward and the defect is usually 
noticeable. An inferior subluxation is a sign of 
extreme zonular weakness and often indicates 
360 degrees of zonular insufficiency combined 
with the effect of gravity [2, 5]. If available, ultra-
sound biomicroscopy and anterior segment OCT 
are specially useful for zonular and angle assess-
ment in patients where the pupil fails to dilate, 
and the UBM has the advantage of being per-
formed in supine position, which is the position 
during the surgical procedure [7]. Zonular weak-
ness is not always evident at first glance. Of 
course phacodonesis (Video 6.1), better per-

Fig. 6.4 Traumatic subluxated contusive cataract after 
blunt trauma, involving more than 180° of zonular fibers

a b

Fig. 6.5 (a) Inferonasal zonular deficiency in primary gaze position, involving apparently one quadrant. (b) The full 
extension of zonular dehiscence is better observed in extreme gaze

6 The Unstable Lens in the Adult Patient
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ceived without dilating the pupil, is the main sign 
of impaired zonules. Other signs of zonular 
 deficiency include iridodonesis, visibility of lens 
equator in extreme gaze positions (Fig. 6.5), scal-
loping of the lens capsule or flattened lens edge 
(Fig. 6.6), higher space between the iris and the 
lens, and herniated vitreous. A subtler sign of 
zonular weakness is the asymmetry in anterior 
chamber depth; either a shallow or hyperdeep 
anterior chamber may be caused by zonular 
dehiscence (Fig.  6.7). Biometry, with the mea-
surement of anterior chamber depth, can confirm 
anterior chamber depth asymmetry between eyes.

In traumatic cases, any damage of the anterior 
capsule must be noted and recorded. The density 
of the cataract should be evaluated, since, together 
with the extension of zonulopathy and the etiol-
ogy, it will dictate the surgical strategy. Any vitre-
ous prolapse should be recorded, since vitrectomy 
will be needed to accomplish the case [6].

Gonioscopy is performed to detect any devel-
opmental defects, pseudoexfoliative material, 
and deformities secondary to trauma or as a 
sequela of subluxation. The fundus examination 
is done to look for lattice degeneration, cyclitic 
membranes, retinal detachment, or posttraumatic 
pathology. Retinal detachments occur in 10% of 
eyes with Marfan syndrome, and any evidence of 

retinal tears, breaks, or tufts should be treated 
prior to performing the elective cataract surgery. 
If opaque media preclude fundus examination, 
B-scan ultrasonography is indicated. Also, the 
presence of uveitis, glaucoma, corneal edema, 
and amblyopia should be noted. High IOP may 
be related to pseudoexfoliation, vitreous pro-
lapse, or angle trauma with recession. An endo-
thelial cell count is advisable before surgery 
since either trauma or vitreous prolapse may 
damage the endothelium. Traumatic cases may 
be associated with damages in other structures, 
recession, iris trauma, or retinal involvement.

Even with a detailed exploration, the full 
amount of zonular dehiscence may not be 
detected, or the dehiscence may worsen during 
surgery (pseudoexfoliation), so the surgeon must 
be ready to face different scenarios, and the 
proper instrumentation should be available. The 
surgeon must be familiar with intraoperative 
signs that alert about zonular deficiency, in case it 
has not been detected preoperatively (Fig. 6.8):

• Radial folds when puncturing anterior capsule 
(Fig. 6.8a).

• Movement of the lens during capsulorhexis 
(Video 6.2), hydrodissection, or 
hydrodelineation.

• Difficulty to rotate the nucleus.
• Excessive posterior displacement of the lens 

when irrigation starts; hyperdeep chamber.
• Ovalization of the capsulorhexis margin.
• Visibility of the capsule equator (Fig.  6.8b) 

(Video 6.2).
• Vitreous prolapse in the area of dehiscence 

(Fig. 6.8c) (Video 6.3).

It is of paramount importance to obtain an 
informed consent from the patient before cataract 
surgery, considering the risks and complicated 
nature of surgery, the possibility of changing 
plans intraoperatively, as well as the need for 
postoperative monitoring and follow-up.Fig. 6.6 Scalloped or flattened lens edge, which indicates 

that adjacent remaining zonular fibers should be healthy
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Fig. 6.7 Traumatic cataract, without evident subluxation 
at first glance. (a, b) The anterior chamber depth shows 
asymmetry between eyes, (c) measuring 0.75 mm in the 
right eye and (d) 2.04 in the left eye as Pentacam display 
shows. (e, f) Scheimpflug images showing the forward 

displacement of the lens in the right eye as compared to 
the fellow eye. (g) Two Ahmed segments (arrows) com-
bined with a capsular tension ring were necessary to stabi-
lize the capsular bag. h) Anterior chamber depth increased 
to 3.21 mm after surgery

a

c

b
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Fig. 6.7 (continued)
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 Instrumentation

During cataract surgery of subluxated lenses, sta-
bilization of the capsular bag is needed; we need 
to stabilize the bag in the anterior to posterior 
axis and also to distend the posterior capsule cen-
trifugally. Depending on the stage of the surgery, 
we will need one of them or both.

Several devices exist that may help for this 
two purposes, and the surgeon should know 
which function each of them serves better in 
order to utilize them properly. Hooks, capsu-
lar tension rings, and related endocapsular 
devices for scleral fixation have become very 
useful tools in the armamentarium of cataract 
surgeons.

g

h

Fig. 6.7 (continued)

6 The Unstable Lens in the Adult Patient



60

a b

c

Fig. 6.8 Intraoperative signs of zonular weakness. (a) 
Capsular folds or wrinkles of the anterior capsule during 
capsulorhexis (arrow). (b) Visibility of the capsular bag 

equator during surgery (white arrow). (c) Vitreous pro-
lapse into the anterior chamber

 Hooks

 Iris Hooks
Iris retractors can be placed at the capsulorhexis 
edge over the area of zonular weakness to stabilize 
the loose capsular-zonular complex during surgery.

Flexible iris hooks may stabilize the capsular 
bag by providing a counterforce to that applied 
by the surgeon and provide anterior to posterior 
stabilization of the bag, but they do not expand 
the capsular fornix. They can be useful as an aid 
in the completion of the capsulorhexis, hydrodis-
section, and nuclear rotation. They do not trap the 
cortex as the capsular tension ring [5, 6, 8, 9] 
(Fig. 6.9) (Video 6.2).

However, close attention must be paid to the 
risk of inadvertent dislocation and resultant ante-
rior capsule tear. The capsulorhexis margin must 
be of adequate size and excessive tension on the 
hook should be avoided [10].

Sometimes the outer extreme of the hook, the 
one that is outside the eye, contacts with the 
blepharostat or the lids, and rotates, inducing a 
torsion in the capsulorhexis margin, posing the 
risk of an anterior capsule tear. If the outer 
extreme of the hook contacts with any surface of 
the surgical file, it should be cut.

An important point to consider is that if hooks 
are needed as a counter-traction during capsu-
lorhexis creation, the hooks should be placed at 
least 2 to 3 clock hours from the leading edge of 
the capsulorhexis to avoid tractional forces that 
will cause the leading edge to extend peripherally 
toward the bag equator [6].

 Capsule Hooks
Capsule hooks, in contrast to iris hooks, support 
the bag by its equator, not the capsule margin, 
thereby keeping the bag distended and also 
reducing the likelihood of aspiration of the bag 
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a b

Fig. 6.9 (a) Iris hooks can be placed to hold the capsulorhexis edge and provide anterior to posterior support (vertical) 
during surgery. (b) Intraoperative photograph at the end of phacoemulsification and cortical aspiration

Fig. 6.10 Capsule hooks are another alternative. In con-
trast to iris hooks, capsular hooks support the bag by its 
equator, not the capsule margin, thereby keeping the bag 
distended and also reducing the likelihood of aspiration of 
the bag equator as the lens material is evacuated. However, 
they are too large and may interfere with surgical maneu-
vers, and differently from iris hooks, they cannot hold the 
iris if it would be necessary

equator as the lens material is evacuated 
(Fig. 6.10).

A system of titanium or plastic capsule 
retractors with hooked ends, which are elon-
gated enough to support the peripheral cap-
sular fornix as well as the capsulorhexis, was 
designed (reusable (Duckworth and Kent Ltd., 
Hertfordshire, England) or a single use design 
(Impex, Staten Island, NY), MST capsule retrac-
tors (MicroSurgical Technology Inc., Seattle, WA, 
USA)) [5, 8, 9].

In any case, the tension of the hooks must be 
enough to stabilize the capsular bag, but one 
should not try to completely recenter the bag by 
hooks alone, as they may damage the opposing 
zonular fibers or place undue stress on the cap-
sulorhexis during phacoemulsification.

In our experience, the length of the capsule 
hook which is intended to support the bag from 
the capsule equator is too large and exceeds the 
capsulorhexis margin, interfering with the 
maneuvers during phacoemulsification, and thus, 
it is the author’s preference to use flexible iris 
hooks. The latter can be used to hold the pupil-
lary margin as well if needed.

 Capsular Tension Rings

 Conventional Capsular Tension Rings
The standard capsular tension ring (CTR) is an 
open-ring structure made of PMMA. This com-
pressible circular ring has an oval-shaped cross 
section with two smooth-edge end terminals. 
The “ski ramp” design of the end terminals aids 
to avoid entrapment of the capsular equator on 
insertion and also allows for placement of sec-
ondary instrumentation [11, 12] (Fig. 6.11).

The CTR are available in various sizes accord-
ing to their diameter. The most common, the 
Morcher ring, has three sizes based on their 
uncompressed diameter [10]:
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Fig. 6.11 Conventional capsular tension ring

Type Uncompressed diameter Compressed diameter
14 12.3 mm 10 mm
14 C 13 mm 11 mm
14 A 14.5 mm 12 mm

The selection of capsular ring size is based on 
capsular bag dimensions, with larger bags requir-
ing larger CTR. The size of the bag correlates 
with axial length and corneal diameter, and these 
two parameters may be used for CTR size selec-
tion [13, 14].

However, it is our experience and that of other 
authors that the use of the larger size of the ring 
may be chosen since overlap of the end terminals 
is needed to provide for complete circumferential 
support, although it may be more challenging to 
insert. Several studies support the efficacy and 
safety of CTR in cataract surgery [12].

Because the diameter of the CTR is larger than 
that of the capsule bag, the centrifugal forces 
inherent within the ring expand the capsular 
equator and buttress areas of poor zonular sup-
port, providing equal distribution of support from 
remaining zonules. The CTR re-expands the cap-
sular bag, provides counter-traction, and tautens 
the posterior capsule intraoperatively. By dis-
tending the posterior capsule, the CTR prevents it 
from being aspirated into the phaco tip or the I/A 
tip. The CTR also recruits tension from existing 
zonules and redistributes the forces to the remain-
ing weaker zonules, thereby stabilizing the entire 
zonular apparatus [5, 6, 9, 11, 12, 15]. The CTR 
also plays a role in keeping the vitreous in the 

posterior chamber, because of the seal it creates 
by the distension of the capsular bag toward the 
periphery. This added support of the CTR may 
also help to recenter a mildly subluxed capsular 
bag to avoid decentration and dislocation. 
However, they do not provide anterior to poste-
rior support, and standard CTR fail to recenter 
severely subluxed capsular bags, and do not pre-
vent progressive zonular loss [3, 4]. In these situ-
ations, scleral fixated devices like the modified 
CTR or the capsular tension segment are more 
appropriate.

The implantation of a CTR is contraindicated 
if there is an anterior radial or posterior tear of the 
capsule [5, 6, 9, 11, 12, 15].

There is some controversy about the optimal 
timing of CTR insertion. Early implantation of 
the CTR may facilitate phacoemulsification, 
reducing the risk of aspirating a floppy posterior 
capsule, since it is stretched by the CTR. However, 
as a drawback, the entrapment of cortical mate-
rial by the CTR in the capsular bag fornix may 
hinder its removal. Also, if a posterior capsule 
tear or complete zonular dehiscence occurs dur-
ing lens extraction, the early placed CTR is a risk 
factor for dislocation into the vitreous cavity. 
Furthermore, CTR implantation before cataract 
removal may result in further iatrogenic zonular 
damage. Ahmed et al. showed, using the Miyake- 
Apple video camera, that, in terms of minimizing 
further zonular stress and damage and capsular 
destabilization, the ideal timing for CTR place-
ment is after lens extraction and decompression 
of the capsular bag [16].

Insertion and rotation of a CTR in the capsular 
bag in the presence of crystalline lens is challeng-
ing and results in significant zonular stress and 
capsular bag displacement as confirmed in the 
Miyake-Apple study, running the risk of intraop-
erative or postoperative capsular bag dislocation 
[16]. This risk is likely increased with denser cata-
racts. Jacob et al. reported on the use of CTR in 21 
eyes with mild to moderate zonular dialysis in 
which the CTR was placed prior to phacoemulsifi-
cation and found a 9.5% incidence of clinically 
significant extension of zonular dialysis [17].

One dictum that is followed by many surgeons 
is to place the CTR “as late as you can, but as 
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soon as you must” (Rosenthal K, Personal com-
munication, circa 2005) [6], or in other words, 
“as late as safely possible” [6, 8] (Video 6.4).

How to implant a CTR (Fig.  6.12) (Video 
6.2)?

Implantation of the CTR may be performed 
manually (authors’ preference) or with an injec-
tor [5]. Forceps are necessary in order to use a 
modified capsular tension ring which has append-
ages. The injector is only useful for the standard 
capsular tension ring. The injector delivers the 
ring in the center of the anterior chamber, avoid-
ing the pressure of the CTR against the capsu-
lorhexis margin.

A complete and intact capsulorhexis is a man-
datory prerequisite in order to implant a 
CTR. The capsular bag must be fully distended 

with a cohesive ophthalmic viscosurgical device 
(OVD) [5]. The CTR must be inserted in the 
direction of the zonular deficiency and with an 
acute angle, in a tangential direction, to avoid 
radial pressure from the leading eyelet on the 
equator. We strongly advise to place a suture in 
the leading hole of the CTR. The suture has two 
functions. First, it can be used to retrieve the 
CTR in case of capsular tear or disinsertion, and 
second, if a fold at the equator occurs during the 
dialing of the CTR, pulling the suture through 
the main incision will help to disengage the CTR 
from the fold (Video 6.5). A Lester hook may be 
introduced trough the lateral paracentesis to 
avoid the contact of the CTR with the capsu-
lorhexis margin and decrease the tension over it 
while dialing the ring (Video 6.2).

a b

c d

Fig. 6.12 Maneuvers to implant a capsular tension ring. 
(a and b) The capsular bag must be fully distended with a 
cohesive OVD. The CTR must be inserted in the direction 
of the zonular deficiency and with an acute angle, in a 
tangential direction, to avoid radial pressure from the 
leading eyelet on the equator. We strongly advise to place 

a suture in the leading hole of the CTR. (c and d) A Lester 
hook may be introduced through the lateral paracentesis 
to avoid the contact of the CTR with the capsulorhexis 
margin and decrease the tension over it while dialing the 
ring
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Fig. 6.13 (a) During capsular tension ring insertion, an 
extension of the zonular dehiscence may occur, specially 
in cases of generalized zonular weakness, as in pseudoex-
foliation. In this case of pseudoexfoliation syndrome, an 
increase in the area of zonular deficiency was noted dur-
ing insertion. The ring was dialed until this eyelet was 

adjacent to the area of zonular disinsertion, and the 
prolene suture that had been threaded through the leading 
eyelet was used to suture the ring to the scleral wall after 
creating a Hoffman pocket, without violating the integrity 
of the capsular bag. (b) Postoperative appearance

In order to minimize the stress on the residual 
zonules in these eyes with already extensive zon-
ule loss, a Sinskey hook may be introduced in the 
leading eyelet, supporting it away from the equa-
tor, in order to avoid stress on the damaged zon-
ules, facilitating the dialing of the CTR during 
implantation. When more than half of the CTR 
has been introduced, the eyelet is disengaged 
from the Sinskey hook. A fishtail technique using 
a suture has been also described [18, 19].

Complications of CTR implantation include 
inadvertent anterior capsule tear, posterior dislo-
cation of the capsular tension ring, intraoperative 
dislocation after early CTR placement, and 
increase in the extension of zonular deficiency 
during implantation (Fig.  6.13). Jacob et  al. 
reported intraoperative extension of dialysis in 
9.52% of eyes, and in one case, conversion to 
pars plane vitrectomy to remove nuclear frag-
ments luxated in the vitreous [17]. Regarding 
tears in the margin of the capsulorhexis, Praveen 
et al. showed that this prevented implantation of a 
CTR in two eyes [20].

The implantation of a CTR does not change 
refractive outcome and modification of IOL 
power calculation was unnecessary [12].

 Cionni Ring
The standard CTR is unable to provide intraop-
erative support and center the capsular bag in 
situations of severe zonulolysis (more than 4 h). 
Alternatives included suturing the standard CTR 
through the capsule bag (Fig.  6.14) with the 
added risk of creating a capsular tear [1, 5].

In 1998, Cionni designed the modified CTR 
which allows the surgeon to suture the CTR to the 
sclera. The modified CTR (Morcher GmbH, 
Stuttgart, Germany) has one (model 1-L or 1-R) or 
two fixation eyelets attached to the central portion 
of the ring which protrude 0.25 mm forward from 
the body of the CTR, sitting in front of the anterior 
capsule, preserving the capsular bag’s integrity on 
suturing [1, 5, 8, 21, 22] (Fig. 6.15a–c).

A double arm 9/10 polypropylene suture on 
straight needles is pre-placed in the fixation eye-
let. Polypropylene 10/0 is not recommended 
given the risk of hydrolyzation over time with a 
roughly 5- to 10-year survival time [23]. Another 
alternative is polytetrafluoroethylene CV-8 suture 
which is off-label and has cumbersome needles 
or the use of 9/0 polypropylene. The modified 
capsular tension ring is injected just under the 
anterior capsule. The modified CTR is rotated 
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Fig. 6.14 Scleral fixation of a conventional CTR with 
prolene sutures through a Hoffman pocket. The docking 
needle punctures the capsular bag, and thus, this maneu-
ver poses the risk of inducing a capsular tear. (a) In a case 
of high myopia and pseudoexfoliation, phacoemulsifica-
tion had been carried out holding the capsular margin and 
the iris with iris hooks. A CTR is implanted using the fish-
tail technique in order to decrease further damage in the 

zonular apparatus. (b) In spite of all these measures, after 
removing the OVD from the anterior chamber, an inferior 
zonular dehiscence was evident (arrow indicates the CTR 
at the equator of capsular bag). (c) Using the technique 
described by Crandall [25], the CTR and the inferior 
PMMA haptic were sutured to the sclera. (d) Intraoperative 
view at the end of surgery showing a centered IOL (note 
the good centration of the capsulorhexis margin)

until the eyelet is situated at the area of greatest 
zonular dehiscence. A scleral flap, Hoffman 
pocket [24], or scleral groove is created adjacent 
to the area of dehiscence, and using an ab externo 
technique similar to that described by Ahmed and 
Crandall [25], the sutures are placed 1.5 mm pos-
terior to the limbus. The suture ends are tied 
adjusting the tension so that the IOL remains cen-
tered (Fig. 6.16) (Video 6.6). An alternative tech-
nique using 6/0 polypropylene for sutureless 
scleral fixation of MCTR has been recently 
described [26].

Cionni ring either with one or two eyelets has 
been shown to be useful in the management of 

severe subluxated traumatic cataracts [15]. 
Excellent long-term capsule centration and 
scleral support was reported with this device [22, 
27–29].

The most frequent complication of modified 
CTR is posterior capsule opacification. Other 
complications include late IOL decentration, ele-
vated intraocular pressure, pigment dispersion, 
mild iritis, and CME [29].

Malyugin modified Cionni ring so that it could 
be delivered into the bag using an injector 
(Morcher GmbH), by moving the fixation ele-
ment to the very tip of the ring. This makes the 
device completely retractable into the injector, 
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Fig. 6.15 (a–c) Cionni modified capsular tension ring with one or two fixation eyelets. (d) Malyugin modified capsular 
tension ring

subsequently allowing it to be inserted into the 
eye in a very controlled manner [30] (Fig. 6.15d).

 Scleral Fixation Devices
The possibility of directly suturing a conven-
tional CTR inserted in the bag to the sclera with 
a loop of suture around it has been described, but 
it poses the risk of causing a posterior capsule 
tear. Currently, different options to perform 
scleral fixation of the bag are available which 
respect the bag  – apart from the already men-
tioned modified capsular tension rings  – and 
include the capsular tension segment (CTS), the 
Assia anchor, and the T-shaped and the endocap-
sular glued segment.

 Ahmed Segment
Designed by Ahmed in 2002, this special device 
combines the concept of the modified CTR and a 
capsular retractor. It is a PMMA segment of 120° 
of arc, with a modified element (appendage with 
an eyelet) that can be sutured to the sclera if 
needed, or can be hooked with an iris hook during 
phacoemulsification. The difference from hooks is 
that one segment distends 120° of arc of the capsu-
lar bag, and at the same time, provides anterior to 
posterior stabilization (Fig. 6.17) [11, 12].

However, the segment must be complemented 
with a CTR, since the distension of the bag in 
120° is not enough to prevent posterior capsule to 
be aspirated by the phaco tip.
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Fig. 6.16 Implantation of Cionni ring. (a) Two prolene 
sutures are placed, one through the leading eyelet and the 
other through the fixation eyelet. The suture placed on the 
fixation eyelet must be passed toward the sclera adjacent 
to the area of zonular dehiscence, before inserting the ring 
into the anterior chamber. Double needles are inserted 
into a nesting needle using an ab externo technique simi-

lar to that described by Crandall [25]. (b) The ring is 
inserted pointing toward the area of dehiscence and dialed 
until the fixation appendage is in front of the area of zonu-
lar deficiency, (c–e) taking care that the appendage 
remains over the capsulorhexis after the implantation. (f) 
Final appearance with good centration of the intraocular 
lens
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Compared to CTR implantation, Miyake- 
Apple video analysis of CTS placement shows 
minimal zonular stress on insertion prior to lens 
extraction (A).

The CTS has several advantages (Videos 6.2, 
6.3, 6.7, 6.8, 6.9, and 6.10). Differently from the 
modified CTR or the Malyugin ring, it can be 
implanted without sutures, and sutures may be 
placed later if scleral fixation is needed. It can be 
used just for vertical support during surgery, 
instead of hooks, and be easily removed at the 
end, or it can be sutured at the end of surgery. It 
is fixated with an iris hook at the beginning of 
surgery to provide vertical support, instead of 
placing several iris hooks, in the area of capsular 
deficiency. Only one hook will be necessary to 

fixate it, with the added benefit of the capsular 
tension induced by the 120° arc of ring; and it is 
possible to place it at the beginning of surgery, 
when implanting a conventional CTR would be 
challenging and would pose the risk of increasing 
the dehiscence. The implantation of the segment, 
after viscodissection of the space between the 
capsule and the peripheral cortex, is easier and 
less risky since a dialing technique is not neces-
sary. When used for intraoperative support, an 
inverted iris retractor (by a paracentesis) is placed 
through the eyelet acting as a coat hanger to sup-
port the capsular bag in the area of zonular weak-
ness [11, 12]. When the segment is used early in 
a case, OVD is placed under the anterior capsule 
leaflet, and a space is created between the cortex 
and the capsule equator in the quadrant of inter-
est. The segment is then slipped into the bag for-
nix, with the fixation element remaining anterior 
to the capsulorhexis. A flexible iris retractor is 
used to stabilize the segment, placing the hook 
through the Ahmed fixation eyelet (Fig.  6.18) 
[11, 12]. The risk of dislodgement and anterior 
capsular tear is less likely with CTS than with 
flexible iris or capsule retractors.

Multiple CTS devices may be used in a similar 
fashion, allowing to customize the surgery for 
cases of severe weakness (Fig.  6.7g) (Video 
6.2a), and to address circumferential support, a 
CTR may be implanted in conjunction with an 
already positioned CTS which is the author’s 
preference. The CTS provides enough support to 
implant also an artificial iris implant within the 
capsular bag (Video 6.10).

Several studies provide evidence of the safety 
and efficacy of the use of modified CTR or CTS 
with CTR for the management of subluxated cat-
aract both in adults and pediatric patients 
[31–33].

Fig. 6.17 Ahmed segment (CTS)
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Fig. 6.18 Ahmed segment implantation in a case of trau-
matic subluxation. (a) 180° of zonular dehiscence. (b) 
Capsulorhexis is performed with the aid of an iris hook. 
(c, d) Viscodissection between the capsular bag and the 
cortical material. (e, f) Implantation of the capsular ten-
sion segment; the central eyelet must remain anterior to 
the capsule. Differently to Malyugin or Cionni ring, a 
dialing technique is not necessary to implant the device. 

(g) An inverted iris retractor is placed through the eyelet 
acting as a coat hanger. (h) Phacoemulsification. (i) 
Insertion of the capsular tension ring. (j) The CTS is 
removed from the capsule equator and is placed vertically 
in the middle of the anterior chamber. (k) The eyelet is 
threaded with the suture (l) creating a loop around it [25]. 
(m) Final appearance

a b

c d

e f

g h
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 Other Devices
Other alternatives to fix the capsular bag and to 
provide vertical support include the Assia anchor, 
the Yaguchi hook, and the glued endocapsular 
tension ring.

The Assia anchor (capsular anchor) is a flat 
intraocular PMMA implant that consists of a cen-
tral rod positioned in front of the anterior capsule 

and two side arms positioned behind the anterior 
capsule. It is sutured to the sclera [34] (Fig. 6.19).

The T-shaped ending Yaguchi hook is a flexi-
ble T-shaped device made of 5–0 polypropylene 
attached to a curved needle which is sutured to 
the sclera. The contact portion is bent at 1.25 mm 
and the end bifurcates in a T configuration to 
form a 3.75 mm footpad [35].

i j

k l

m

Fig. 6.18 (continued)
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The glued endocapsular tension ring (Epsilon 
Eye) is a one-piece device made of polyvinyli-
dene fluoride with three parts: arms on either side 
to expand the fornix, a Malyugin-type scrolled 
mechanism to engage the capsulorhexis, and a 

haptic that goes through the sclerotomy to anchor 
the device, and thereby the capsular bag, to the 
sclera by means of fibrin glue-assisted sutureless 
transscleral fixation of the bag [36].

Either the CTS or any of these devices provide 
only focal support of the capsular bag, and they 
neither do not distend the capsular bag equator 
nor provide circumferential distribution of forces, 
and thus, they should be combined with conven-
tional of modified CTR.

In order to perform scleral fixation, we use 
an ab externo technique similar to that described 
by Ahmed and Crandall [25]. Once both sutures 
are externalized, the IOL is implanted, and with 
the globe pressurized, suture tension should be 
titrated to achieve maximal IOL centration. The 
sutures and knots can be placed under scleral 
flaps, in a Hoffman pocket [24], into a scleral 
groove, etc. according to the surgeon’s prefer-
ences since no system has proven to be supe-
rior. A sutureless technique has been reported 
for the scleral fixation of Ahmed segment using 
5/0 prolene [37]. We have used a modified 
approach to use 6/0 prolene docked into a 30 g 
ultrathin wall needle (C, D) (Figs. 6.7 and 6.20) 
(Video 6.2).

Fig. 6.19 Assia anchor

a b

Fig. 6.20 Surgery of a subluxated cataract – preoperative 
and postoperative details are shown in Fig.  6.7  – with 
implantation of a CTR and two CTS which were fixated to 
the sclera using flanged 6/0 prolene without knots. We 
have used a personal modification of the technique previ-
ously published in order to use a 6/0 prolene into a 30 g 
needle, instead of using 5/0 prolene into a 26 g needle. (a) 
After implanting the CTR, a CTS is inserted into the ante-
rior chamber, and one extreme of 6/0 prolene is threaded 
through the eyelet and docked into the barrel of a 30 g 

ultrathin wall needle which has been inserted 2 mm from 
the limbus. (b) After externalizing that extreme of the 
prolene, the same maneuver is repeated with the other 
extreme to create a loop around the eyelet. (c) The intra-
ocular lens is implanted and another CTS is implanted 
with the same technique 180° apart from the first one. The 
appropriate tension is applied to obtain good IOL centra-
tion, and the tops of the prolene suture are cut and flanged 
using a cautery. The flanged tops are buried into the sclera. 
(d) Final appearance
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 Our Surgical Strategy

The surgery of a subluxated lens faces two 
mechanical challenges. Firstly, the vertical stabil-
ity of the lens is compromised by the lack of 
zonular support, and secondly, the distension of 
the posterior capsule is altered by the lack of 
zonular fibers.

At the beginning of surgery, the main prob-
lem is the vertical support, that is, keeping the 
lens in the proper horizontal plane, and that is 
best achieved through the use of iris hooks, or 
Mackool hooks or CTS implantation. They hold 
the lens without risking the increase in the zonu-
lar deficiency induced by the early placement of 
a CTR, specially in hard lenses, while dialing 
the CTR.  During hydrodissection, and phaco-
emulsification, the bag is full and will not col-
lapse until the last phase of phacoemulsification 
when most of the lens material has been 
removed. Also, the nuclear fragments them-
selves can be used to keep the posterior capsule 
far from the phaco tip [38].

Once the cataract has been emulsified, and 
depending on the course of hydrodissection, a 
CTR may be safely implanted to distend the pos-
terior capsule and avoid its aspiration through the 
phaco tip. At that time, all or almost all of the 
cortical material must have been removed and in 
any case, implanting the CTR without the 
nucleus, induce less stress over the zonules than 

the implantation before the phacoemulsification, 
dialing it through the resistance of the bag full of 
lens content.

Once the CTR is in place, the surgeon must 
decide whether to fix the bag to the sclera or not. 
The decision will depend on the extension of the 
dehiscence (more than 4 hours of deficiency usu-
ally will need scleral fixation to get appropriate 
centration of the bag) and on the progressive or 
stable nature of the condition. The scleral fixation 
of the bag may be performed by means of a modi-
fied CTR, the CTS, the Assia anchor, etc. accord-
ing to surgeon’s preferences.

Our preference is to use a CTS at the beginning 
of surgery since its insertion does not pose any 
risk regarding the increase in the zonular dehis-
cence, and it provides not only the vertical sup-
port but also some distension of the bag in a 120° 
area. If entrapment of cortical material occurs, it 
can be disinserted, cortical aspiration can be car-
ried out, and it can be implanted again later. Once 
most of the cortical material has been aspirated, a 
CTR is implanted, as the CTS do not fully distend 
the capsular bag, and finally, if necessary, the 
CTR will be fixated to the sclera. And additional 
CTS may be combined if required, depending on 
the extension of zonular deficiency (see below). 
The combination of the CTS and CTR allow to 
address vertical support or bag distension sepa-
rately, as required, differently from modified CTR 
(Videos 6.2, 6.3, 6.7, 6.8, 6.9, and 6.10).

c d

Fig. 6.20 (continued)
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 Surgical Algorithm

The surgical strategy will depend on the exten-
sion of zonular dehiscence and the cause of the 
deficiency, regarding whether it is progressive or 
not. Traumatic cases usually have healthy zon-
ules outside the area of the dehiscence, while in 
congenital cases, as Marfan or adult onset cases 
such as pseudoexfoliation and retinitis pigmen-
taria, further damage of the zonules is expected 
with time.

We use the following algorithm in cases of 
zonular deficiency [1, 5, 6, 8]:

Extension of zonular 
dialysis Management
Mild (<4 h of zonular 
dehiscence)

One CTR

Moderate (4–8 h of 
zonular dehiscence)

One CTR
Hooks or CTS during 
surgery
Scleral fixation at one point

Severe (>8 h of zonular 
dehiscence)

Hook or CTS, CTR, scleral 
fixation at two points

However, this strategy must be adjusted 
according to the profile of zonular weakness (sta-
ble or progressive) and the density of the 
nucleous.

The surgeon may choose to perform scleral 
fixation in mild case of Marfan, since it will 
surely progress. The implantation of a CTR does 
not halt the progression of zonulopathy in pro-
gressive cases; however, it facilitates refixation of 
the capsular bag IOL complex.

The management of very dangling lenses if 
they are soft may be accomplished by lensec-
tomy, from a pars plana approach, followed by a 
secondary implant (Fig.  6.21) (Video 6.11). 
Severe cases of dehiscence with very hard cata-
racts may require intracapsular approach, as 
sometimes happens in pseudoexfoliative patients 
with important phacodonesis and very hard nuc-
leous (Fig. 6.22).

Even after a detailed preoperative exam, 
unpredictable surprises may occur during surgery 
in these cases, so the necessary material must be 
available and the surgeon must be ready to use 

a b

c d

Fig. 6.21 Pars plana lensectomy (a, b) and secondary flanged IOL implantation in a case with severe phacodonesis 
(c–f)
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Fig. 6.23 The main incision must be performed in the 
area opposite the zonular dehiscence

e f

Fig. 6.21 (continued)

Fig. 6.22 Intracapsular extraction in a case of pseudoex-
foliation with severe pseudophacodonesis and dense cata-
ract. After the cataract extraction, a retropupillar iris claw 
lens was implanted

different strategies to face different degrees of 
zonular weakness (B).

 Surgical Technique

 Anesthesia

These cases should be performed under peribul-
bar anesthesia, as additional maneuvers, difficult 
to perform under topical anesthesia, may be 
required during surgery and the duration of sur-
gery is usually longer [9].

 Incision

The main incision must be performed in the area 
opposite the zonular dehiscence (Fig.  6.23) 

(Video 6.3) as long as the surgeon is comfortable, 
or 90° apart [5, 6, 9]. Whether scleral fixation of 
a modified CTR or Ahmed segment is planned in 
advance, the Hoffman pockets, or conjunctival 
peritomy and scleral flaps, must be performed 
before the corneal incision. Also, if vitreous is 
present in the anterior chamber and insertion of a 
trocar is going to be done in pars plana, it should 
also be inserted before performing the corneal 
incision.

 Vitrectomy

Vitreous may be present in the anterior chamber, 
specially in traumatic cases. Anterior vitrectomy 
must be carried out before capsulorhexis 
(Fig. 6.24) (Video 6.3) [6, 9]. This procedure may 
be accomplished from a pars plana approach or 
form a limbal approach, always using a different 
incision for the vitrector and for the infusion. 
Triamcinolone-assisted vitrectomy is performed 
until no vitreous is identified in the anterior 
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a b

c d

Fig. 6.24 (a) Traumatic subluxated cataract. (b) If vitreous prolapse is detected in the anterior chamber, a triamcino-
lone assisted anterior vitrectomy must be performed before capsulorhexis creation (c, d)

chamber. A dispersive OVD is placed over the 
area of zonular dehiscence to tamponade the vit-
reous in the posterior chamber.

In addition, the implantation of a CTR also 
contributes to control the vitreous prolapse 
through the area of zonular dehiscence, since it 
expands the bag and the tension of the CTR 
together with the use of CTS or iris hooks that lift 
the bag against the iris, seal the anterior chamber 
from the vitreous cavity. The creation of this seal 
between the AC and the vitreous helps to prevent 
further vitreous prolapse and aqueous misdirec-
tion during phacoemulsification [15].

 Capsulorhexis

The capsulorhexis is a critical step in any phaco-
emulsification, and entails facing several difficul-
ties in cases of subluxated cataracts. First, the 

counterforce produced by the normal zonules is 
lacking in the area of dehiscence. This is the rea-
son of radial folds and movement of the lens dur-
ing the capsulorhexis. Second, the lens is 
decentered, exposing the equator of the lens, 
while the opposite area of the lens is hidden 
behind the iris, making it difficult to achieve a 
centered capsulorhexis.

The use of trypan blue is advisable, not only 
because it enhances visualization during the cap-
sulorhexis but also to identify the margins of the 
rhexis during the rest of the surgery. The dye 
must be applied after the injection of an OVD 
and under it, to limit the uncontrolled spread of 
the dye that could reach the area of zonular 
dehiscence and the vitreous cavity, obscuring the 
red reflex. In the ultimate soft-shell technique, a 
viscoadaptive OVD is used to coat the endothe-
lium, and balance salt solution is then injected 
onto the lens surface below the OVD, creating a 
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low viscosity working space where the trypan 
blue dye is added [39, 40] (Fig. 6.25) (Videos 6.3 
and 6.10).

During capsulorhexis, we find big wrinkles 
on the quadrant of the zonule weakness, because 
the zonules cannot readily counteract the pull-
ing force created by capsulorhexis forceps 
(Video 6.2).

In cases of mild decentration, it is possible to 
perform a centered capsulorhexis without diffi-
culties. The anterior capsule must be punctured 
in an area away from the dialysis, and once the 
flap of the anterior capsule is formed, it is grasped 
and the tractions are performed in the direction of 
the dehiscence, not against it, in order to avoid 
the extension of the zonular insufficiency [5, 6] 
(Fig. 6.26) (Video 6.2).

In cases of moderate decentration in which it 
is difficult to obtain a centered capsulorhexis, 

a b

c d

Fig. 6.26 (a–c) The anterior capsule must be punctured 
in an area away from the dialysis, and once the flap of the 
anterior capsule is formed, it is grasped and the tractions 
are performed in the direction of the dehiscence. (d–f) 
The counterforce produced by the normal zonules is lack-
ing in the area of dehiscence. When using hooks as 

counter- traction during capsulorhexis creation, the hooks 
should be placed at least 2 to 3 clock hours from the lead-
ing edge of the capsulorhexis to avoid tractional forces 
that will cause the leading edge to extend peripherally 
toward the bag equator

Fig. 6.25 Capsular dye must be applied below using the 
ultimate soft-shell technique
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once the initial flap is created and part of the cap-
sulorhexis is performed, iris hooks can be placed, 
which engage the margin of the rhexis, and trac-
tion is created to center the lens, so more of the 
anterior capsule surface is exposed, and better 
centration for the rhexis is possible. When using 
hooks as counter-traction during capsulorhexis 
creation, the hooks should be placed at least 2 to 
3 clock hours from the leading edge of the capsu-
lorhexis to avoid tractional forces that will cause 
the leading edge to extend peripherally toward 
the bag equator (Fig. 6.26) (Videos 6.2, 6.8, and 
6.10). A Lester hook can be used as an alternative 
to mobilize the subluxated lens [6].

In some cases of very loose zonules, the lack 
of zonular tension makes it impossible for the 
needle to penetrate the anterior capsule. In these 
cases, a bimanual approach must be performed to 
initiate the rhexis. A coaxial forceps is used to 
grasp a fold of the anterior capsule, while the 
needle punctures the anterior capsule near the 
fold to be able to initiate the flap of the rhexis. In 
some cases, capsulorhexis must be completed 
with two micro capsulorhexis forceps to provide 
counter-traction as required [41] (Fig.  6.27) 
(Video 6.12).

Capsulorhexis diameter should be between 5 
and 6 mm, taking care to keep at least 2 mm from 
the capsulorhexis margin to the equator, minimal 
distance required to keep a CRT or segment into 
the capsular bag.

 Hydrodissection 
and Hydrodelineation

Properly performed hydroprocedures are manda-
tory to allow the free rotation of the nucleus in 
the bag, thereby decreasing zonular stress. 
Multiquadrant cortical cleaving hydrodissection 
followed by hydrodelineation should be carried 
out. Also, bimanual rotation of the nucleous is 
strongly recommended to equally redistribute the 
stress on the zonules (Video 6.8). The difficulty 
found during rotation of the nucleous can give us 
an idea about the extension of the zonulopathy, 
since the larger the zonulopathy, the more diffi-
cult it will be to rotate the nucleous.

 Phacoemulsification

Although some authors recommend that soft nuc-
leous be phacoemulsified in the anterior cham-
ber, at a suprascapular level, to decrease stress on 
the zonules, the maneuver of prolapsing the nuc-
leous through the rhexis toward the anterior 
chamber poses some stress on the bag, and ante-
rior chamber phacoemulsification may damage 
the endothelium [1, 6]. Phacoemulsification of 
soft lenses within the bag does not usually cause 
significant traction on the zonules. For the 
remaining cases, direct chop and stop and chop 
are the nucleofracture techniques that induce less 

e f

Fig. 6.26 (continued)
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a b

c d

e f

Fig. 6.27 (a) Pronounced folds appeared when trying 
unsuccessfully to puncture the capsule to initiate the 
rhexis, due to extensive and generalized zonular weak-
ness. (b) A capsulorhexis microforceps was used to grasp 
a fold to create a counter-traction while puncturing the 
capsule with the needle holder with the other hand, using 

a bimanual approach. (c, d) Capsulorhexis was com-
pleted. (e, f) Iris hooks which were already dilating the 
pupil were transferred to the capsulorhexis margin hold-
ing at the same time the iris and the capsular bag and 
phacoemulsification could be carried out uneventfully
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Fig. 6.28 Phaco-chop is the nucleofracture technique 
that induces less stress on the zonules. The use of slow 
motion phacoemulsification is highly recommended

Fig. 6.29 Tangential aspiration of the cortical material 
using I/A tips toward the dehiscence minimizes traction 
on the zonules

stress on the zonules (Fig. 6.28) (Videos 6.2 and 
6.3) [9]. Regarding the parameters, the use of 
slow motion phacoemulsification is highly rec-
ommended. In this technique, all the parameters 
of the equipment, ultrasound energy, aspiration 
rate, flow rate, and bottle height or pressure are 
kept to the minimum value with the purpose of 
decreasing turbulences in the anterior chamber 
and subsequently, inducing less stress on the zon-
ules [42].

During phacoemulsification, the nuclear frag-
ments themselves can be used as a scaffold to 
avoid the forward movement of the posterior cap-
sule which is the result of lack of tension because 
of the absence of counteraction of zonular sup-
port [38].

 Cortical Aspiration

The greatest amount of traction on the zonules is 
induced during cortical aspiration.

This step is facilitated by a prior hydrodissec-
tion as most of the cortex will be dissected from 
the capsule during this maneuver. Another rec-
ommendation is to perform tangential aspiration 
with the irrigation/aspiration (I/A) tip, stripping 
tangentially toward the dehiscence rather than 
away from it (Fig.  6.29) (Video 6.13). In these 

cases, the use of bimanual I/A tips is highly 
advisable, since they allow access to any merid-
ian, according to the place where incisions are 
made. Also, residual recalcitrant cortical material 
can be mobilized after IOL implantation, when 
dialing the intraocular lens, and be aspirated 
afterward. We can also direct the irrigation flow 
to a point far from the dehiscence to reduce the 
risk of the BSS penetration toward the vitreous 
cavity resulting in a misdirection syndrome [1, 5, 
6, 9].

The difficulty to perform cortical aspiration 
varies greatly from one case to another, depend-
ing on the extension of zonular dehiscence, and 
the presence of a CTR inside the bag or not.

If implantation of a CTR was required before 
cortical aspiration, part of the cortical material 
will remain entrapped behind the CTR. If the I/A 
tip aspirates and performs traction of the superior 
and inferior part of cortical material, it will form 
a loop around the CTR and it will be impossible 
to remove it. Instead, traction should be exerted 
on the material either above or below the CTR, in 
a tangential fashion.

If no CTR has been implanted, and when per-
forming traction on cortical material, even with a 
tangential direction, either the lens equator 
becomes visible or the posterior capsule, which 
has no tension due to absence of zonular support, 
tends to come toward the I/A tip; thus, the implan-
tation of a CTR is recommended, since we are 
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running the risk to rupture the posterior capsule. 
We have to balance the risk of continuing I/A 
step without the CTR, against the difficulty of 
removing the cortical material entrapped behind 
it once it is implanted. Usually, the second sce-
nario is better. One useful procedure is trying to 
perform viscodissection of cortical material 
before implanting the CTR. Then it is not surpris-
ing that a higher percentage of posterior capsule 
opacification has been found in cases of implan-
tation of Cionni ring [29].

Injection of dispersive OVD several times 
may also help to keep backward a floppy poste-
rior capsule; however, we would rather recom-
mend a CTR implantation. Both during 
phacoemulsification and cortical aspiration, it is 
of paramount importance to fill the anterior 
chamber with OVD, before removing the phaco 
tip or the irrigation from the eye, in order to keep 
a pressurized anterior chamber; otherwise, we 
run the risk of facing vitreous prolapse (Videos 
6.2 and 6.8).

“While complete cortical removal is a noble 
and appropriate goal, excessive efforts to remove 
small strands should not risk capsular or zonular 
damage” [6].

 Intraocular Lens Implantation

If the capsular bag is stable after the completion 
of I/A aspiration with a CTR, the intraocular lens 
is implanted within the bag.

If a Cionni or Ahmed segment has been 
implanted, it is important to implant the lens 
before tying and adjusting the tension of the 
suture of the device, since proper centration of 
the lens will be easier to achieve.

Regarding the type of the intraocular lens, we 
should consider whether the subluxation is pro-
gressive or not. If the subluxation is the result of 
a trauma, and proper centration of the capsular 
bag is achieved after surgery, any type of lens 
could be implanted, including toric and multifo-
cal or EDoF lenses, although with these three 
types of lenses, we must be very sure that the 
case fulfills other requisites to implant these 
lenses.

The use of toric and multifocal lenses will 
be considered only in very selected and ideal 
cases [6].

We would recommend to choose a highly bio-
compatible material and design. With this pur-
pose in mind, a single-piece hydrophobic acrylic 
intraocular lens with C-shaped haptics and slow 
unfolding is the best choice. A three-piece hydro-
phobic acrylic intraocular lens is a good choice 
also, and some years ago, it was the design of 
choice since the PMMA haptics could be 
implanted in the meridian of zonular dehiscence 
as counter-traction. In recent years, with a CTR 
in place and scleral fixation if required, a single-
piece intraocular lens is adequate, since the cen-
trifugal tension induced by the CTR is enough to 
keep the capsular bag distended.

 Femtosecond Laser Role

Femtosecond laser may be used to perform the 
capsulorhexis in certain cases of subluxated cata-
racts [43, 44]. It is able to get a circular rhexis as 
well as liquefy the lens, perhaps decreasing the 
risk of further zonular damage, but this theoreti-
cal benefit has not been demonstrated. However, 
it will not be possible to perform the capsu-
lorhexis in very decentered lenses, and excessive 
tilt of the lens may make a complete rhexis diffi-
cult [43, 44].

Take-Home Message
• The approach and algorithm for the 

management of subluxated cataract will 
be based on the extension of zonular 
dehiscence, its etiology – that will deter-
mine whether it is progressive or not – 
and the density of the cataract. An 
exhaustive preoperative examination is 
mandatory.

• Stabilization of the capsular bag is 
needed in two ways: anterior to poste-
rior axis and centrifugal distension. 
Hooks work providing vertical support, 
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IOL Implantation 
with Zonulopathy

David F. Chang

Zonulopathy challenges the cataract surgeon by 
making virtually every surgical step more diffi-
cult, and by creating potential problems with the 
long-term capsular fixation of IOLs [1–10]. 
Common risk factors that predispose eyes to 
zonular weakness include pseudoexfoliation, 
prior trauma, advanced age, ultrabrunescent cata-
racts, and prior intraocular surgery, such as pars 
plana vitrectomy. Less common risk factors 

would be conditions such as Marfan syndrome, 
retinopathy of prematurity, retinitis pigmentosa, 
and myotonic dystrophy. Because of the progres-
sive nature of the associated zonulopathy, it can 
be argued that cataract surgery in pseudoexfolia-
tion eyes should be performed at the earlier end 
of the elective surgical window.

 Preoperative Signs of Zonulopathy

The presence of a traumatic angle recession, 
mydriasis, iridodialysis, and vitreous herniation 
is invariably associated with traumatic zonulopa-
thy. Suspicion should also be high with a history 
of traumatic hyphema. In the absence of preop-
erative phacodonesis or visible zonular dialysis, 
however, the extent of zonular weakness is usu-
ally not known until the initiation of surgery. 
Marques identified subtle signs of zonular weak-
ness that include a wider iridolenticular gap 
(space between the iris and the anterior lens sur-
face), a decentered nucleus, focal iridodonesis, 
and visibility of the peripheral lens equator upon 
lateral gaze [11].

With pseudoexfoliation, the zonulopathy is 
progressive, and the whitish deposits are found 
not only on the zonules but also on the posterior 
iris surface and pupillary margin. Therefore, 
smaller pupils are often associated with more 
advanced zonulopathy. Likewise, a brunescent 
nucleus is frequently accompanied by weak zon-
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Top Five Challenges
• Avoid anterior capsule tear out due to 

capsular pseudoelasticity.
• Avoid zonular dialysis during hydrodis-

section or phaco.
• Avoid posterior capsular aspiration or 

tear during cortical cleanup.
• Prevent capsulorrhexis contraction 

postoperatively.
• Attain long-term IOL centration and 

stability.
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ules. The most ominous sign with pseudoexfolia-
tion, however, is a shallow anterior chamber 
despite a normal axial length; this invariably indi-
cates extremely weak zonules [4, 9]. One should 
consider a retrobulbar or peribulbar anesthetic 
block in cases carrying the higher risk of capsular 
rupture or dehiscence.

 Capsulorrhexis

Performing the capsulorrhexis serves as a zonular 
stress test and provides the first opportunity to 
physically assess the presence and degree of 
zonulopathy [12]. Normal circumferential zonu-
lar tension puts the anterior capsule on stretch 
and provides peripheral counterfixation as the 
flap is maneuvered. With diffuse zonular laxity, 
the anterior capsule is not taut and may be diffi-
cult to incise with the cystotome, as though the 
needle was dull (Fig. 7.1). If the needle tip indents 
rather than incises the central anterior capsule, a 
halo-shaped light reflex may be seen. The lack of 
normal centripetal zonular tension may cause 
anterior capsule wrinkling as the cystotome or 
forceps advance the flap (Fig. 7.2). With extreme 
zonular weakness, the entire lens may start to 
move along with the cystotome or capsule 
forceps.

The more elastic the capsule is, the more dif-
ficult it is to control how it tears because it will 
first stretch before abruptly splitting radially. 
This natural elasticity is seen with the thin pedi-

atric anterior capsule or adult posterior capsule. 
With insufficient, circumferential zonular trac-
tion, a capsule that is not taut will exhibit “pseu-
doelasticity” [12]. This means that although the 
anterior capsule is of normal adult thickness, it 
mimics the elastic behavior of a thin, elastic cap-
sule. The lax and pliant peripheral anterior cap-
sule tends to move along with and in the same 
direction as the flap; the capsular tear is difficult 
to control and will tend to veer radially. In addi-
tion to regrasping the flap more frequently with 
capsule forceps, the Little capsule tear out rescue 
technique is frequently necessary to control a tear 
that wants to escape radially because of weak 
zonules and pseudoelasticity [13].

A larger-diameter capsulorrhexis will facili-
tate nuclear and cortical removal, but it is much 
harder to control and complete in eyes with cap-
sular pseudoelasticity. With weakened zonules 
the more peripherally the tear advances, the more 
it wants to veer radially. By comparison, a 
smaller-diameter capsulorrhexis is much easier 
to control and increases the ability to rescue a 
peripherally escaping tear. Because use of capsu-
lar retractors or a capsular tension ring (CTR) 
requires a continuous curvilinear capsulotomy, 
the overriding importance of achieving an intact 
capsulorrhexis dictates erring on the side of a 
smaller diameter that can be secondarily enlarged 
after the CTR and IOL have been implanted. 
Optimal visualization of the peripheral capsular 
region is important, and small pupils should be 
mechanically enlarged with retractors or an 
expansion ring.

Fig. 7.1 Case with pseudoexfoliation and small pupil. 
The anterior capsule is lax and the cystotome needle tends 
to indent rather than incise the capsule

Fig. 7.2 The anterior capsule laxity causes folds to form 
as the cystotome pulls on the flap
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 Hydrodissection

Upon successful completion of the capsulor-
rhexis, loose zonules still pose multiple problems 
for the phacoemulsification and cortical aspira-
tion steps. The nucleus is more difficult to rotate 
if zonular counterfixation of the capsular bag is 
deficient. One should always suspect significant 
circumferential zonular weakness if, despite 
proper hydrodissection, the nucleus does not spin 
easily [12]. With pseudoexfoliation, overly 
 forceful attempts to rotate a brunescent nucleus 
may shear the zonules and cause a large zonular 
dialysis.

Although one can attempt to employ two 
instruments to bimanually rotate the nucleus, the 
safest strategy is to insert capsule retractors to 
facilitate nuclear rotation in the face of signifi-
cant diffuse zonulopathy (Figs. 7.3, 7.4, and 7.5). 
By fixating the capsular bag to the eye wall, cap-
sule retractors provide the necessary counterfix-
ation and limit further zonular stress during 
nuclear rotation and disassembly.

 Capsular Tension Rings

PMMA capsular tension rings partially compen-
sate for a weakened zonular apparatus in several 
ways [14–26]. Using forceps or an injector, the 
ring can be inserted at any stage following com-
pletion of the capsulorrhexis [27, 28] (Fig. 7.9). 

If there is a focal zonular dehiscence or weak-
ness, the ring can redistribute mechanical forces, 
such as those of nuclear sculpting or IOL inser-
tion, to areas of stronger zonular support. 
However, this benefit is lost if there is diffuse 
entire circumferential zonulopathy.

A second advantage is that centrifugal internal 
pressure applied by the ring makes the flaccid 
capsular bag tauter. This can reduce redundant 
capsule folds, forward trampolining of the poste-
rior capsule, and inward collapsing of the capsu-
lar fornices toward any aspirating instrument tip. 
In the absence of a CTR, the stiff PMMA haptics 
of a three-piece foldable IOL can provide some 
of the same benefits during cortical aspiration. In 
addition, the IOL optic can block a floppy poste-
rior capsule from vaulting toward the IA tip in the 
subincisional area.

Fig. 7.3 Double-stranded capsule retractors (Chang 
Modification, Microsurgical Technologies, Redmond, 
Washington) are inserted through paracentesis incisions in 
four quadrants to support the capsular bag

Fig. 7.4 The capsule retractors hook the capsulorrhexis 
edge without excessive tension. The rounded tip will not 
perforate through the capsular fornix and will not allow a 
CTR to pass through the terminal loop

Fig. 7.5 Nuclear rotation is performed after inserting the 
capsular retractors
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The final benefit of a CTR is to mechanically 
counter progressive postoperative capsular con-
traction. Normally, centrifugal zonular tension 
resists capsulorrhexis shrinkage as the capsular 
bag contracts, but severe zonulopathy can lead to 
capsulophimosis. Excessive or asymmetric cap-
sular contracture can decenter the IOL and fur-
ther weaken the remaining zonules. This is a 
likely contributing factor in spontaneous late 
 dislocation of the entire capsular bag with pseu-
doexfoliation [10, 29].

CTRs pose two potential disadvantages. 
Significant compression is required to implant 
the ring into the capsular bag. By deforming or 
displacing the bag CTR insertion may further 
weaken or shear remaining zonules. CTRs should 
never be inserted in the presence of an anterior or 
posterior capsule tear because of this compres-
sive force. Compared to manual methods, using a 
CTR injector can reduce decentering capsular 
forces as the ring is implanted [27] (Fig. 7.10). 
CTRs may also impede cortical aspiration by 
pinning and trapping cortex in the capsular for-
nix. CTR insertion can be delayed until after the 
cortex has been removed by using capsule retrac-
tors to stabilize the bag during phaco. The 
Henderson modified CTR has a scalloped con-
tour that facilitates cortical removal following 
placement and can be considered when a CTR 
must be implanted prior to cortical aspiration 
[30].

 Capsule Retractors

In addition to enlarging a small pupil, flexible iris 
retractors can be used to support the capsular bag 
in the presence of severe zonulopathy [31–34]. 
Merriam first described using self-retaining iris 
retractors through paracentesis openings to hook 
and fixate the capsulorrhexis [31]. However, 
because the hooked ends are very short and flex-
ible, iris retractors will tend to slip off of the ante-
rior capsulotomy edge during phaco and will not 
support the equator of the capsular bag.

Richard Mackool designed the “Capsular 
Support System” (Impex, FCI Ophthalmics, Inc., 
Marshfield Hills, MA) with capsular hooks that 

are elongated enough to support the peripheral 
capsular fornix and not just the capsulorrhexis 
edge [35]. In this way, the retractors function as 
artificial zonules to stabilize the entire bag during 
phaco and cortical cleanup. Unlike capsular ten-
sion rings, capsule retractors provide support for 
the bag in the anterior-posterior direction and do 
not trap or ensnare the cortex. MicroSurgical 
Technology’s (MST; Redmond, WA) disposable 
nylon capsular retractors are a newer alternative 
to the Mackool design. They feature a double- 
stranded design that creates a loop at the tip, 
which will not puncture through the equatorial 
capsule.

Capsule retractors can be inserted through 
limbal stab incisions at any stage including mid-
way through the capsulorrhexis step (Fig.  7.3). 
Anywhere from one to four retractors may be 
deployed, depending on the extent and location 
of zonular weakness. By anchoring the bag to the 
limbus, the improved anteroposterior support and 
rotational stability facilitate hydrodissection and 
nuclear rotation. The self-retaining capsule 
retractors are also strong enough to center and 
immobilize a capsular bag that is partially sub-
luxated due to a zonular dialysis. They also 
restrain the peripheral anterior and equatorial 
capsule from being accidentally aspirated and 
dehisced by the phaco or IA tip.

As a single strategy for preventing capsular 
complications due to severe zonular deficiency, 
capsule retractors are significantly more effective 
than a CTR [12]. The CTR redistributes instru-
ment and mechanical forces across the strongest 
and intact zonules. Therefore, the greater the 
zonular defect or deficiency is, the less effective a 
CTR is at stabilizing the bag. If, after first insert-
ing capsule retractors, the unsupported equatorial 
regions of the capsular bag tend to collapse 
inward toward the phaco tip, a CTR can be 
inserted to distend the equator of the bag to its 
proper anatomic configuration.

Although the tip of the capsule retractor is 
dull, it is possible for the hooks to tear the capsu-
lorrhexis margin during surgery. A key objective 
is to support the capsular bag without excessive 
tension and stretching of the capsulorrhexis 
(Fig. 7.4). There is a tendency to overtighten the 
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capsular retractors because their tension is ini-
tially adjusted with a soft eye. Inserting the phaco 
tip with irrigation suddenly displaces the nucleus 
and capsular bag posteriorly, which effectively 
tightens the retractors further. After inserting the 
phaco tip, it is therefore important to momen-
tarily assess whether the capsule retractors have 
become so taut that they tent the capsulorrhexis 
edge. If so, they should be loosened slightly so 
that the anterior capsular rim does not tear during 
phacoemulsification.

 Nuclear Emulsification

Fragile zonules are very prone to further damage 
during nuclear disassembly and emulsification. 
In addition, poor capsular bag stability increases 
the risk of capsular rupture. Surgeons must there-
fore avoid causing excessive nuclear movement 
with sculpting, chopping, or rotation. Phaco chop 
significantly reduces the stress placed on the zon-
ules and capsule by replacing sculpting and 
cracking maneuvers with the mechanical force of 
the chopper instrument pushing centripetally 
against the phaco tip [12]. Because of the cen-
trally directed instrument forces, horizontal 
chopping is particularly effective at avoiding 
nuclear tilt or displacement (Fig. 7.6). After ini-
tially bisecting the nucleus, one should attempt to 
elevate each hemi-nucleus out of the capsular bag 
where it can be further fragmented or emulsified 
within the supracapsular space.

During nuclear fragment emulsification and 
cortical cleanup, one should anticipate that defi-
cient centrifugal zonular tension will result in 
greater posterior capsule laxity than normal. The 
flaccid posterior capsule will tend to trampoline 
toward any aspirating tip as the last nuclear frag-
ments, epinucleus, and cortex are removed. 
Because the nuclear bulk will initially mask this 
situation, one must be more vigilant as increas-
ingly more nucleus is removed. A pre- 
programmed vacuum setting that usually avoids 
post-occlusion surge with routine cases may not 
be safe with a lax posterior capsule that is lacking 
normal centrifugal zonular tension. Therefore, 
consider decreasing the vacuum to lower than 
normal levels to prevent trampolining of the cap-
sule (Fig.  7.7). Finally, repeatedly inflating the 
capsular bag with a dispersive OVD will stretch 
and tense a flaccid posterior capsule to prevent it 
from vaulting toward the aspirating instrument as 
the final fragments and epinucleus are aspirated 
[12]. Guarding the phaco tip by placing the hori-
zontal chopper tip beneath it is another strategy. 
These safety measures are especially important if 
there is little or no epinuclear shell present.

 Cortical Cleanup

Safely aspirating and stripping cortex from its 
capsular attachments requires that the posterior 
capsule be taut. With deficient circumferential 

Fig. 7.6 Horizontal phaco chop bisects the nucleus with 
minimal capsular stress

Fig. 7.7 Capsule retractors restrain the peripheral capsu-
lar fornix from being aspirated by the phaco tip. The vac-
uum setting is lowered for the epinucleus due to greater 
capsular laxity caused by insufficient centrifugal zonular 
stretch
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zonular tension, the lax posterior capsule tends to 
cling to epinucleus and cortex that is being aspi-
rated. Inadvertently aspirating the more pliant 
anterior capsule may cause a zonular dialysis. 
Redundant capsular folds can be easily ensnared 
by the aspirating instrument or snagged by a cap-
sule polisher. Effective hydrodissection is critical 
because the more easily lens material separates 
from a floppy capsule, the less likely it is for the 
capsular folds to be aspirated. Stripping the cor-
tex tangentially rather than radially helps to dis-
tribute the tractional forces across as large an area 
of zonules as possible (Fig. 7.8).

Continually reinflating the capsular bag with a 
dispersive OVD is an excellent strategy for 
removing cortex from a floppy bag. This will 
place both anterior and posterior capsules on 
stretch and prevent a pliant posterior capsule 
from trampolining toward the aspiration port. In 
this situation, cortical aspiration can be per-
formed either with or without irrigation (dry 
technique). Dispersive agents are preferable to 
cohesive viscoelastics because they better resist 
aspiration.

Bimanual IA instrumentation provides several 
advantages in the presence of weak zonules. The 
ability to alternate between two aspirating ports 
improves access to the subincisional cortex, 
which is especially challenging to remove if the 
capsulorrhexis diameter is small and the poste-
rior capsule is lax. A dual port system also means 

that the aspirating port can be kept facing the cor-
nea rather than toward the equator of the capsular 
bag. Without a constraining infusion sleeve, the 
surgeon is better able to reach across to the oppo-
site equatorial quadrants where the aspirating 
port can be safely blocked with cortex before 
vacuum builds. Finally, in the presence of a zonu-
lar dialysis, the ability to dissociate the irrigating 
and aspirating tips can help to prevent misdirec-
tion of irrigating fluid through the zonular defect.

If possible, CTR insertion should be delayed 
until the cortex has been removed [12, 27]. Fully 
expanding the capsular bag with OVD prevents 
the leading CTR tip from snagging or perforating 
posterior capsular folds during its insertion. Brian 
Little has described the fish tail method of reduc-
ing zonular stress when inserting a ring without 
an injector [28]. As mentioned earlier, using an 
injector has the advantage of introducing the 
CTR into the capsular bag without excessively 
stretching the capsulorrhexis [27]. One can either 
load the ring manually with a reusable metal 
injector or use a pre-loaded, disposable plastic 
injector (Morcher) (Fig.  7.9). The injector tip 
should be positioned as far peripherally within 
the bag as possible in order to minimize lateral 
displacement of the capsular bag as the ring 
emerges (Fig. 7.10). If used, capsular retractors 
should be left in place to stabilize the bag and 
counter the lateral decentering forces of the CTR 
as it is injected [36]. The retractors can then be 
removed prior to IOL implantation (Fig. 7.11).

Fig. 7.8 Unlike a CTR, capsule retractors do not trap the 
cortex. Tangential stripping motions are employed with 
abnormal counterfixation caused by focal or diffuse 
zonulopathy

Fig. 7.9 The CTR is loaded with an injector and place-
ment is delayed until after cortical removal
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Fig. 7.10 The CTR is inserted with the injector tip aimed 
toward the peripheral bag to minimize lateral bag dis-
placement with the expansion of the ring. The capsule 
retractors further stabilize the bag against the decentering 
forces of the CTR implantation

Fig. 7.11 The capsule retractors are removed prior to 
IOL implantation

Fig. 7.12 A three-piece hydrophobic acrylic IOL (Sensar 
AR40, J&J Surgical) is implanted into the sulcus because 
of severe diffuse zonulopathy

 IOL Selection and Implantation

With any significant zonulopathy, intracapsular 
IOL implantation should be combined with a 
CTR. The objective is to prevent capsulophimo-
sis, reduce progressive centripetal zonular stress 
caused by capsulorrhexis contraction, and pre-
vent IOL decentration caused by asymmetric 
capsular fibrosis [9, 10, 37]. With pseudoexfolia-
tion even mild evidence of zonulopathy should 
warrant CTR placement because of the likelihood 
of progressive zonulopathy. Although a CTR 
alone may not prevent late bag-IOL dislocation, 
it affords the surgical option of suture fixating the 
ring to the sclera should bag subluxation occur in 
the future [38–43]. With a zonular dialysis or 
severe zonulopathy, a variety of intracapsular 

devices can be sutured to the sclera to enhance 
long-term capsular bag support. These include 
the Cionni and Malyugin CTR modifications 
(Morcher), the Ahmed capsular tension segment 
(Morcher GmbH, Stuttgart, Germany), the Assia 
Anchor, and others [44–48]. Scleral suture fixa-
tion is more surgically demanding and requires 
that the device be available in the operating room.

An underutilized alternative to implanting 
these devices is to place a three-piece foldable 
IOL in the ciliary sulcus [37](Figs. 7.12, 7.13, 
7.14, 7.15, and 7.16). The haptics will abut 
against the ciliary body and provide supplemen-
tal two-point fixation that is independent of the 
zonular complex. This will stabilize the bag 
against inertial IOL displacement forces gener-
ated by lateral saccadic eye movements. These 
forces would otherwise be born solely by the 
abnormal zonular complex. If sulcus IOL place-
ment is elected because of severe zonular weak-
ness, a CTR should still be implanted to prevent 
capsulorrhexis contraction with progressive 
zonular dehiscence postoperatively. While both 
haptics remain in the sulcus, capsulorrhexis-optic 
capture will also prevent capsulophimosis, IOL 
decentration (if the capsulotomy is centered), and 
late rotation of the haptics through an occult 
zonular defect. In addition, the same IOL power 
selected for intracapsular fixation can be used. 
However, capsulorrhexis-optic capture will often 
trap OVD behind the optic. The distended capsu-
lar bag may produce a myopic shift due to the 
more anterior axial optic location, requiring a 
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Fig. 7.13 The trailing haptic is dialed into the ciliary 
sulcus

Fig. 7.14 OVD behind the optic is removed with the IA 
tip, prior to capsulorrhexis-optic capture

Fig. 7.15 The haptics are rotated so that they abut against 
the nasal and temporal ciliary body prior to capturing the 
optic with the capsulorrhexis

Fig. 7.16 The haptics remain in the ciliary sulcus, while 
the optic is captured with the capsulorrhexis

Nd:YAG posterior capsulotomy to empty the dis-
tended capsular compartment. To prevent this, 
after the IOL haptics are positioned in the sulcus, 
the IA instrument tip should displace the optic 
laterally in order to evacuate most of the OVD 

from within the capsular bag (Fig. 7.14). If pos-
sible, the IOL is then rotated so that the haptics 
are aligned along the 180-degree axis, prior to 
capturing the optic with the capsulorrhexis 
(Fig.  7.15). This allows the haptics to stabilize 
the capsular bag from lateral saccadic decenter-
ing forces. Single-piece foldable IOLs should not 
be placed in the sulcus, and the haptics are too 
short to provide supplemental two-point 
fixation.
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Take-Home Notes
• Use capsule retractors to support capsu-

lar bag.
• Horizontal phaco chop reduces zonular 

stress; try elevating heminuclei out of 
the capsular bag.

• Expand capsular bag with dispersive 
OVD to prevent trampolining.

• Delay CTR implantation until after cor-
tical removal.

• Implant three-piece IOL in sulcus if 
there is diffuse zonulopathy.
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Cataract Surgery in Eyes 
with Ocular Surface Problems 
and Severe Dry Eye

Christoph Holtmann and Gerd Geerling

 Part 1

 Definition of DED and Epidemiology

Dry eye disease (DED) is a very frequent diagno-
sis in ophthalmological practice and often 
impacts patients’ quality of life. It is accompa-
nied by instability and increased osmolarity of 
the tear film and inflammation of the ocular sur-
face [1]. According to the Tear Film & Ocular 
Surface Society (TFOS), DED is defined as a 
“multifactorial disease of the ocular surface 
characterized by a loss of homeostasis of the tear 
film, and accompanied by ocular symptoms, in 
which tear film instability and hyper-osmolarity, 
ocular surface inflammation and damage, and 
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Top Five Bullet Points
• Dry eye disease (DED) and cataracts are 

often comorbid conditions. Severe ocu-
lar surface disease (OSD) can be associ-
ated with inflammatory conditions such 
as graft-versus-host disease (GvHD) or 
mucous membrane pemphigoid (MMP). 
These are often treated with steroids, 
which in turn are cataractogenic.

• The decision to perform cataract surgery 
in patients with severe DED has to bal-
ance the functional impairment due to 
cataract-induced loss of vision against 
the risk of preoperative (e.g., challeng-
ing biometry), intraoperative, or postop-
erative complications.

• Intraoperative considerations have to 
address, e.g., reduced intraocular visi-
bility, with associated risk of complica-
tions, measures to avoid additional 
ocular surface damage such as from 

mechanical manipulation, or light- and 
medication-associated toxicity.

• Postoperatively, frequent application of 
unpreserved lubricants, avoidance of 
epitheliotoxic topical NSAIDs, and 
intensive follow-up to diagnose and 
treat complications early are 
recommended.

• With proactive management and intense 
perioperative therapy, a good outcome 
with improved visual acuity can be 
achieved also in comorbid cataract in 
patients with severe DED.
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neuro- sensory abnormalities play etiological 
roles” [2]. DED has a rising prevalence of up to 
75% in some populations. Its risk factors include 
age, female gender, Sjögren’s syndrome, contact 
lens wear, Meibomian gland dysfunction (MGD), 
ethnicity, and other genetic factors [3]. Likewise, 
cataract is an age-associated leading cause of 
vision loss. In the USA, it alone is responsible for 
about 60% of all Medicare costs related to vision 
[4]. The effect of age-related cataract and DED 
can be expected to grow in aging populations. 
Given the overlapping demographics, it comes as 
no surprise that dry eye and cataracts are often 
comorbid conditions [5].

 Causes of Ocular Surface Problems/
Severe Dry Eye

Severe DED is often caused by systemic condi-
tions. Primary Sjögren’s syndrome or a secondary 
cause such as rheumatoid arthritis, systemic lupus 
erythematosus, granulomatosis with polyangiitis, 
as well as sarcoid or graft-versus-host diseases 
(GvHD) can lead to ocular surface problems [2]. 
Non-Sjögren tear deficiencies can be caused by 
trachoma, cicatricial mucous membrane pemphi-
goid with ocular involvement, neurotrophic kera-
topathy, or long-term contact lens use.

 Causes of Cataract in DED

As these chronic diseases progress, patients are 
often treated long term with systemic and topical 
steroids. With increased longevity, those patients 
are more likely to suffer from chronic inflamma-
tion and encounter late therapy-associated side 
effects, such as clinically significant cataract [6]. 
De Melo Franco et  al. found that in chronic 
GvHD patients, posterior subcapsular cataract 
was the most common type of cataract, reflecting 
the high incidence of systemic corticosteroid use 
in these patients [6]. Additional reasons for the 
development of cataracts in severe DED patients 
can be associated chronic intraocular inflamma-
tion or previous surgery such as penetrating 
keratoplasty.

 Impact of Cataract Surgery on DED

Many patients who have undergone cataract sur-
gery complain of dry eye and symptoms of irrita-
tion postoperatively [7, 8]. These surgery-related 
symptoms have multiple causes: reduced tear 
breakup time (TBUT), squamous metaplasia of 
conjunctiva, phototoxic damage caused by micro-
scope light, epithelial damage caused by frequent 
irrigation, decreased corneal sensitivity, as well 
as elevated inflammatory cytokines in tears [7, 9, 
10]. The ocular surface is prone to damage from 
exposure and dryness during the surgery as well 
as intra- and postoperative application of preser-
vative containing eye drops, inducing corneal 
epithelial toxicity [11–13]. A reduction in con-
junctival goblet cell density as well as an impair-
ment of Meibomian gland function due to 
inflammation, bacterial colonization, and/or 
preservative- containing postoperative medica-
tion are also present after cataract surgery [5, 14]. 
Corneal incisions as well as limbal relaxing inci-
sions induce localized damage to the corneal 
nerves with subsequent reduced corneal sensa-
tion [15]. Phacoemulsification itself can affect or 
interrupt the neurogenic response of the ocular 
surface and decrease tear secretion volume [8]. 
Ophthalmologists should be mindful of the 
numerous detrimental intraoperative effects of 
cataract surgery on the ocular surface [3, 16].

 Impact of DED on Cataract Surgery

 Preoperatively
The decision to perform cataract surgery in 
patients with severe DED has to balance the func-
tional impairment due to cataract-induced against 
OSD-related loss of vision against the risk of 
intraoperative or postoperative complications 
[17]. Visual function of patients with severe DED 
becomes abnormal due to an expanded interblink 
interval (e.g., with reduced blinking reflex), 
resulting in epithelial irregularity and even cor-
neal scars, all generating higher-order optical 
aberrations and loss of contrast sensitivity lead-
ing to significant visual impairment [18, 19]. 
Therefore, it is crucial to determine whether the 
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visual acuity is reduced because of severe DED 
or due to cataract preoperatively. While visual 
acuity usually fluctuates in DED, vision loss due 
to cataract is slowly progressing, but not fluctuat-
ing. When taking the patient’s history, this should 
be addressed. In patients with Sjögren’s syn-
drome, for example, surface asymmetry index, 
mean astigmatism, and potential visual acuity 
improve after instillation of artificial tears [20]. 
Other measures to improve visual acuity include 
the use of rigid gas permeable contact lenses 
[21]. Limbal or scleral contact lenses in particu-
lar allow for tear exchange under the contact lens 
and improve the patients’ visual acuity in addi-
tion to reducing symptoms related to severe DED 
by decreasing tear evaporation [21–23].

If the ocular surface is not stable prior to sur-
gery, intensive topical as well as systemic therapy 
may be necessary. Besides lubricants, anti- 
inflammatory agents play a major role in the 
treatment of moderate-to-severe DED because of 
the critical role of inflammation in the pathogen-
esis of OSD [15]. The most beneficial effect of 
steroids is the rapid onset of action and making 
them first choice in circumstances that immediate 
response is intended [12]. There is evidence that 
the addition of cyclosporine drops is beneficial 
and may be a useful adjunct in patients with pre-
existing DED, sparing steroids in the long term, 
but being associated with a sometimes strong ini-
tial burning sensation [3, 24]. Autologous serum 
functions as a biological tear substitute and is 
able to stabilize the ocular tear film and ocular 
surface [25–28]. The concept of temporary or 
permanent occlusion of one or both puncta to 
retain tears on the ocular surface by blocking 
their drainage is another option [29]. With pres-
ent Meibomian gland dysfunction, treatment 
regimens include the regular use of warm com-
pressors, lid margin hygiene, treatment of demo-
dex, and the use of systemic tetracycline 
antibiotics as well as topical azithromycin [3, 
29]. The use of food/nutritional supplements in 
this context is seen controversial: While some 
studies report improved dry eye symptoms and 
ocular surface conditions (e.g., after vitamin D 
supplements [30]), scientific evidence is not 
strong enough to recommend the supplementa-

tion of omega-3 and omega-6 fatty acids in the 
treatment of severe DED [31–33].

Preoperative treatment of Meibomian gland 
dysfunction with vectored thermal pulsation 
before cataract surgery prevents the decline of 
TBUT postoperatively [34]. Surgical treatment 
for severe DED includes amniotic membrane 
transplantation in the presence of a persistent epi-
thelial defect and, if needed, an oral mucosa graft 
for fornix reconstruction [3]. Severe diseases 
such as ocular cicatricial pemphigoid should be 
controlled for a minimum of 1 year before pro-
ceeding to cataract surgery [15, 17].

Lens Power Calculation
Even in healthy corneas, tear film surface regu-
larity and corneal power readings change signifi-
cantly following the addition of eye drops, such 
as sodium fluorescein [35]. Preoperative plan-
ning is even more difficult in severe DED since 
the precision of biometry varies in this patient 
group. There is more variability in average K 
readings and anterior corneal astigmatism in 
DED patients with a hyperosmolar tear film 
resulting in significant differences in intraocular 
lens (IOL) power calculations [36]. Osmolarity 
in the hyperosmolar group was 327.8 +/− 10.5 
(mOsml/I.) versus 301.1 +/− 4.9 (mOsml/I.) in 
the normal group. In the hyperosmolar group, 
10% had a difference of calculated IOL power of 
more than 0.5 diopters, the highest difference 
being 5.5 diopters, while the difference in the 
normal group was less than 0.5 diopters in all 
cases. Intensive preoperative hourly preservative- 
free topical lubricant therapy as well as an oint-
ment overnight with the goal of improving the 
corneal staining to obtain accurate preoperative 
diagnostic imaging improves biometric IOL 
power calculation [37, 38]. Especially in cases of 
suspected or obvious DED, repeat IOL power 
calculations are advisable to ensure a stable 
biometry. Placement of a self-retaining cryopre-
served amniotic membrane (PROKERA; Bio- 
Tissue, Miami, FL, USA) for 1  week has been 
advocated in more severe DED for the same pur-
pose. Optical biometry should then be performed 
within 24 hours of amniotic membrane removal 
[37, 39].
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Choice of IOL
The corneal tear film is the major refractive plane 
of the eye, and therefore its integrity is very 
important when choosing a lens implant. The 
choice of the intraocular lens (IOL) regarding its 
functionality (monofocal, multifocal, EDOF) 
will depend on the severity of tear film and ocular 
surface alterations as well as the patient’s desires. 
Foldable preloaded monofocal aspheric IOLs 
will be the standard choice. However, adjust-
ments need to be taken in complicated cases, e.g., 
posterior capsular rupture, anterior vitrectomy, 
and instable anterior capsulorhexis edge. As 
astigmatism is more prone to fluctuate in DED, 
toric IOLs or multifocal intraocular lens implan-
tation is not recommended [40]. While there is no 
clear definition of when to avoid toric or multifo-
cal IOLs, it seems sensible not to implant IOLs 
with advanced features, as patient expectations 
should be guarded in severe DED, e.g., persistent 
punctate keratopathy with 2 to 3+ staining 
according to the Oxford grading [41]. In the 
unlikely case that spectacle independence is 
demanded by the individual patient, despite 
severe burden of DED, the surgeon should clearly 
highlight the limitations of and advise against 
such lens implants.

Dysphotopsia and loss of contrast sensitivity 
are an issue with multifocal, less so with enhanced 
depth of focus (EDOF) IOLs even in the absence 
of chronic and severe ocular surface disease [42, 
43]. The data on this topic is limited; however, 
ocular comorbidities such as severe DED limit 
reaching target refraction of multifocal or EDOF 
IOL implantation and increase patient dissatis-
faction due to blurry or foggy vision both for dis-
tance and near, as well as complaints attributed to 
residual refractive error (57%) and exacerbation 
of DED postoperatively [41]. In a larger cohort of 
399 patients with DED, only 3.36% of implanted 
IOLs were aspheric multifocal, 2 (0.48%) 
aspheric toric, and 2 (0.48%) aspheric toric- 
multifocal IOLs [44].

Timing of Surgery
The timing of surgery must also be chosen care-
fully. Postponing cataract surgery due to antici-
pated intraoperative complications is likely to 

make things more difficult. Progressive lens den-
sity will require more use of ultrasound energy 
with an increased risk of damaging the corneal 
endothelium. Also the OSD may progress and 
further reduce intraocular visibility, thus further 
raising the risk for complications or making 
phacoemulsification impossible [45, 46]. Hence, 
we favor earlier intervention, when accommoda-
tion is no longer substantial, DED chronic and 
potentially worsening as in patients with ocular 
involvement of mucous membrane pemphigoid 
(MMP) [17]. However, cataract surgery may 
also carry the risk of exacerbating any underly-
ing disease, as in MMP. Therefore, a careful sur-
gical plan considering grade of cataract and 
severity of DED is paramount. Kato et al. recom-
mend that patients with severe DED, e.g., 
Sjögren’s syndrome or GvHD, should not 
undergo cataract surgery during the winter 
because the cold and dry environmental condi-
tions may increase DED [47].

 Intraoperatively

Anesthesia
Preoperative frequent application of anesthetics 
and mydriatics eye drops may further reduce 
intraocular visibility in eyes with DED and 
should be avoided. Intracameral mydriatics and 
anesthetics are now available and should be pre-
ferred. Their use has been found to also improve 
postoperative results, as they are associated with 
a reduction of DED symptoms at 8 and 30 days 
postoperatively [11, 48]. Although in mild dis-
ease topical anesthesia is an option, in more 
severe cases, care should be taken to minimize 
risks with a para- or retrobulbar block to ensure 
anesthesia and akinesia. General anesthesia is 
usually preferable in the most complex cases 
with poor intraocular visibility and a history of 
previous intraocular surgery. This also avoids any 
toxicity from topically applied anesthetics and 
preserves epithelial health as best as possible.

Surgical Preparations
To ensure preoperative antisepsis, the application 
of povidone–iodine 5–10% to the cornea, con-
junctival sac, as well as periocular surface for a 
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Fig. 8.1 Placement of lid everting transpalpebral 4.0 silk 
sutures instead of using a speculum in a patient with 
severe shortened conjunctival fornices

Fig. 8.2 Trypan blue dye staining of the anterior lens 
capsule helps to better visualize the anterior capsular edge 
(blue arrow) during capsulorhexis especially in cases with 
corneal opacifications or very dense cataracts

minimum of 3  min is recommended [49]. 
Shortened conjunctival fornices can make the 
placement of a speculum complicated or even 
impossible. To overcome this, we use lid everting 
transpalpebral 4.0 silk sutures (see Fig. 8.1) [17]. 
If a corneal pannus or superficial scar reduces 
intraocular visibility, a superficial keratectomy 
may be required, but this should be balanced 
against the risk of inducing a persistent epithelial 
defect with the risk of corneal ulceration.

Incision
When placing the incisions, minimal conjuncti-
val handling is paramount, especially in patients 
with underlying conjunctival inflammation at 
risk of exacerbation such as MMP [17]. 
Whenever possible corneal or limbal incisions 
are preferred, while scleral incisions, requiring 
conjunctival recession, should be limited for 
cases with expected necessity for a large intra-
ocular access, either for lens removal via manual 
excision or special, large diameter (i.e., non-
foldable) implants. For the choice between tem-
poral and superior access, we prefer to place the 
clear corneal incision under the upper lid, as this 
is protected by the eyelid and has a lower impact 
on postoperative corneal sensitivity, i.e., reduces 
the risk of postoperative neurotrophic keratopa-
thy [50]. Nonetheless, the pattern and density of 
the regenerated corneal nerves are rarely restored 

completely, as the subepithelial nerve fiber 
plexus is reduced and nerve fiber regeneration is 
inhibited due to the absence of Bowman’s layer 
and to several vacuoles in the superficial stroma 
[51]. Main nerve density and nerve branches 
density continue to be significantly lower com-
pared with normal corneas at least 10 years post-
operatively [52].

Adjunctive Measures
Intraoperatively, the use of methylcellulose on 
the corneal surface minimizes epithelial trauma. 
The tear film parameters and ocular surface 
health benefitted from this adjunctive measure 
especially in patients with dry eye, male sex, and 
if surgery was prolonged [53]. Trypan blue dye 
staining of the anterior lens capsule can help to 
better visualize the anterior capsule especially in 
cases with corneal opacifications or very dense 
cataracts (see Fig. 8.2) [44, 54].

Exposure to light from the operating micro-
scope should be limited as it is also associated 
with postoperative dry eye [55]. The production 
of reactive oxygen species due to phototoxic 
effects of operating microscope may lead to devi-
talization of corneal and conjunctival epithelial 
cells and squamous metaplasia of the conjuncti-
val epithelium and results in a decrease in con-
junctival goblet cell density [56]. A decreased 
aqueous tear production, a decreased expression 
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of mucin, as well as an increased interleukin 
1-beta expression in tears were found in an ani-
mal model (rabbit) which supports a phototoxic 
effects on the ocular surface and tear film [57]. To 
further improve visualization in severe corneal 
opacifications, different types of illumination 
have been described: transcorneal oblique, chan-
delier anterior chamber endoillumination, chan-
delier retroillumination, or intracameral dynamic 
spotlight illumination [58]. Endoillumination can 
be used in eyes with moderate-to-severe keratop-
athy for capsulorhexis but also during phaco-
emulsification, posterior capsule polishing, and 
visualization of the IOL [44, 59]. Basically, the 
surgeon should be familiar with and prepared to 
try various approaches, when needed.

Lens Removal
During phacoemulsification, the cumulative dis-
sipated energy should be kept as low as possible, 
as DED parameters decline with higher energy as 
well as with an increase in operating microscope 
light exposure time [60]. The use of more ultra-
sound energy leads to damage not only of the 
 corneal endothelium, but subsequently with bul-
lous keratopathy also of the stromal keratocytes 
and epithelium, as well as the nerve plexuses 
leading to signs of dry eye. Sahu et al. reported in 
a cohort of 100 consecutive patients without a 
control group that the use of more ultrasound 
energy was associated with a reduction of 
Schirmer test results from 17.46  mm preop to 
12.30 mm 2 months postop (p < 0.001) and BUT 
from 16.11 seconds to 11.48 seconds p < 0.001) 
[60]. In general, phacoemulsification is reserved 
for patients’ removal with adequate media clarity 
and good pupillary dilatation. Manual small- 
incision cataract surgery (MSICS) and extracap-
sular cataract extraction (ECCE) are back-up 
techniques for eyes with significant corneal opac-
ity or hard cataract. The combination of cataract 
surgery with other measures (e.g., bandage con-
tact lenses, punctum plugs) may be necessary in 
severe DED to prevent early and late complica-
tions, such as superficial punctate keratopathy, 
(persistent) epithelial defect, conjunctivalization, 
neovascularization, opacification, and keratiniza-
tion, symblepharon formation, as well as eyelid 

complications (e.g., trichiasis) [22, 61]. Ideally, 
surgery should be performed by an experienced 
surgeon, who is not only skilled in a variety of 
different cataract procedures (phacoemulsifica-
tion with endoillumination, MSICS, or ECCE) 
but also able to address the ocular surface (e.g., 
AMT, tarsorrhaphy). In case of intraoperative 
complications (e.g., a dropped nucleus), a nearby 
vitreoretinal surgeon is required.

The role of the femtosecond laser-assisted 
cataract surgery (FLACS) in severe dry eye is 
poorly investigated. While it may be possible that 
the applied vacuum in an aspirating speculum (in 
order to apply suction to the eye for subsequent 
stabilization) damages conjunctival goblet cells, 
overall objective dry eye parameters (such as 
OSDI, corneal fluorescein staining, breakup time, 
and tear meniscus height) remain unchanged 
3  months after FLACS [62, 63]. However, Yu 
et  al. found that patients with preexisting DED 
who had FLACS had more severe ocular surface 
staining than those having conventional surgery 
[64]. The use of an aspirating speculum as in 
FLACS aggravates DED after removal cataract 
surgery [65]. Furthermore, corneal opacifications 
in DED may prevent optical coherence tomogra-
phy (OCT) analysis and cause the laser beam to 
be disturbed leading to an incomplete capsulot-
omy as well as to unpredictable corneal access 
and nucleus fragmentation [66, 67]. Given the 
absence of any benefit and the additional costs of 
FLACS compared with conventional phacoemul-
sification in large randomized controlled trials, 
this new technique cannot be advocated in severe 
DED with poor visualization [68].

IOL Placement
IOL fixation depends on the severity of the case. 
Capsular bag placement is intended in most 
cases. However, due to a higher incidence of 
other previous intraocular interventions or intra-
operative complications (e.g., due to limited vis-
ibility), the surgical plan may have to be adjusted 
and special IOL fixation may be necessary. 
Hence, the availability of the correct power of iris 
fixated or scleral sutured IOLs must be ensured 
before embarking on cataract surgery in such 
cases.
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 Postoperatively
The risk of potentially sight-threatening compli-
cation following cataract surgery such as persist-
ing epithelial defect/erosion leading to a corneal 
ulceration and perforation is much higher in 
severe DED [69]. The incidence of postoperative 
corneal melts in a GvHD cohort undergoing cata-
ract surgery can be up to 1/3 of the cases [70, 71]. 
In preexisting inflammation (e.g., in ocular 
MMP), it is important to maximally suppress 
inflammation preoperatively, given that inflam-
mation typically increases after surgery [15] 
resulting in a prolonged use of postoperative 
medications. Topical NSAIDs are associated 
with a higher incidence of corneal complications 
such as corneal ulceration or perforation and 
should thus be prescribed judiciously in patients 
with severe DED [69]. However, only six cases 
of sterile corneal melt with perforation following 
cataract surgery are reported in the literature so 
far, and all showed additional risk factors such as 
rheumatoid arthritis, Sjögren’s syndrome, and 
DED [69]. Topical NSAIDs should be minimized 
or even avoided completely in patients with 
severe DED [11, 15], although they may be 
required to treat cystoid macular edema (CME) 
[47], which was reported to be the most common 
postoperative complication in a GvHD cohort 
undergoing cataract surgery [6].

Postoperative Routine Management
Postoperative routine management should con-
sist of the preoperative DED therapy regiment 
[11] plus preservative-free, topical antibiotics 
and steroids [13]. All patients should be advised 
that even after successful cataract surgery, visual 
acuity may fluctuate due to DED. Additional sup-
port might be necessary to gain best postopera-
tive visual acuity and reduce glare by using 
cut-off filter spectacles or gas permeable scleral 
lenses [21].

Complications
In general, the risk of complications of cataract 
surgery in severe DED is increased. Using a 
multivariable analysis, ocular comorbidities 

such as DED were a significant risk factor for a 
poor outcome after cataract surgery [72]. Ocular 
surface disease and systemic immunosuppres-
sion are major, often associated, risk factors for 
the development of acute postoperative endo-
phthalmitis, as is poor personal hygiene [49]. 
This is likely to be due to an increased microbial 
load on the ocular surface [73]. Besides preop-
erative adequate treatment of DED, an increased 
frequency of postop follow-up visits is recom-
mended to promptly diagnose and treat possible 
complications such as infectious endophthalmi-
tis [15, 74].

Secondary cataract, although not reported in 
the literature with an increased rate in DED, 
remains a postoperative frequent problem, since 
ND:YAG capsulotomy will be more challenging 
again due to reduced visibility. Surgical posterior 
capsulotomy, conducted either before IOL 
implantation or later using a 25 vitrector via a 
pars plana port, can be performed alternatively.

Even though corneal ulceration with a perfo-
ration is a rare complication, this scenario can 
present even 1 year after successful cataract sur-
gery and may require amniotic membrane trans-
plantation and an emergency keratoplasty, e.g., in 
combination with tarsorrhaphies or other mea-
sures [6]. As complications can occur even sev-
eral months after cataract surgery, DED patients 
need a longer duration of follow-up [11].

 Conclusion

Cataract surgery in the face of DED remains 
challenging. As comorbid DED is very frequent 
in the age group seeking cataract surgery, a basic 
assessment of DED for all patients may be con-
sidered and is recommended by some authors [3, 
11]. However, with special attention to intraop-
erative adjustments as well as proactive pre- and 
postoperative management and intense therapy, a 
good outcome with improved visual acuity and 
associated quality of life even in the group of 
patients who are suffering substantially from 
severe DED can be ensured [11].
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 Part 2

 Recommendations

 Preoperatively
 1. Take a proper patient history.
 2. Diagnose DED with OSDI, Schirmer test, 

Meibomian gland expression, corneal sensi-
tivity, corneal +/− conjunctival staining at the 
slit lamp, and probing and flushing the lacri-
mal drainage system and check for lid 
abnormalities.

 3. Treat DED according to the severity of the 
diseases.

Medically: preservative-free lubricants, 
anti-inflammatory agents (topical steroid and 
cyclosporine), autologous serum, bandage 
contact lens, punctum occlusion, use of warm 
compressors, lid margin hygiene, and treat-
ment of demodex, topical azithromycin, and 
systemic tetracycline antibiotics if needed.

Surgically: correct lid malposition, tarsor-
rhaphy, AMT, reconstruct fornices using oral 
mucosa.

 4. Stable disease prior to surgery.
 5. Educate patients about the importance of ther-

apy adherence, frequent follow-up visits after 
surgery, and limited visual prognosis due to 
DED and possible exacerbation of DED after 
surgery.

 6. Intensify the use of lubricants prior to IOL 
calculation.

 7. Choose a foldable preloaded monofocal 
aspheric IOL; be prepared to change the 
choice of IOL intraoperatively.

 Intraoperatively
 1. Choose para- or retrobulbar block or general 

anesthesia if available/needed.
 2. Apply povidone–iodine 5–10% to the cornea, 

conjunctival sac, as well as periocular surface 
for a minimum of 3 min.

 3. Limit the microscope light exposure during 
surgery and consider endoillumination.

 4. Do not use an aspirating speculum/femtosec-
ond laser.

 5. Place larger corneal incisions under the upper 
lid.

 6. Use methylcellulose on the corneal surface to 
minimize epithelial trauma.

 7. Use trypan blue dye to better visualize the 
anterior capsule.

 8. Keep cumulative dissipated energy during 
phacoemulsification low.

 9. Be able to convert to MSICS or ECCE as 
needed.

 Postoperatively
 1. Avoid the use of topical NSAIDs as a single 

agent.
 2. Continue preoperative preservative-free DED 

therapy.
 3. Reduce follow-up intervals to diagnose com-

plications early.
 4. Add cut-off filter spectacles or gas permeable 

scleral lenses to improve best-corrected visual 
acuity.

 Part 3

 Case and Video

A 61-year-old male patient presented to the 
Department of Ophthalmology for cataract sur-
gery on the left eye. His past medical history 
included GVHD after bone marrow transplanta-
tion due to a mantle cell lymphoma. During the 
course of his systemic treatment, he had 
received long-term immunosuppression with 
methylprednisolone and cyclosporine. His 
severe ocular surface disease including recur-
rent epithelial defects was managed with 
repeated AMT, symblepharolysis, and allogenic 
limbal stem cell transplantation. To prevent an 
immunoreaction, he was on systemic steroids 
and mycophenolate mofetil. Preoperatively, his 
best-corrected visual acuity was 0.2 (dec) in his 
right and 0.02 (dec) in his left eye with a left 
corticonuclear cataract. The ocular surface 
prior to surgery was intensively treated with 
topical dexamethasone, 0.1% ciclosporine, as 
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well as autologous serum eye drops and pro-
tected with a soft bandage contact lens. The 
lower puncta were occluded with silicone plugs 
and the upper puncta by cautery.

Intraoperatively, due to persistent fornix 
shortening and symblephara, a speculum could 
not be placed, and lid everting sutures (silk 6–0) 
in combination with limited symblepharolysis 
were used (see Video 8.1, 0:03 sec.). The main 
corneal incision was placed under the upper lid 
at the 2 o’clock position (0:48 sec.). Intracameral 
trypan blue dye was used to improve the ante-
rior lens capsule visualization through the 
opaque cornea (0:54  sec.). Capsulorhexis was 
performed using a cystotome and forceps under 
high magnification with reduced light exposure 
(1:01 sec.). Further surgery included hydrodis-
section (1:32  sec.), phacoemulsification using 
a horizontal chop technique with a cumula-
tive dissipated energy of 9%s (1:36  sec.), and 
bimanual irrigation and aspiration of cor-
tex (2:54  sec.). To protect the corneal sur-
face, methylcellulose was applied repetitively 
(3:28  sec.). Due to suspected posterior capsu-
lar rupture, intracameral triamcinolone was 
administered (3:33  sec.) to enhance visualiza-
tion during anterior vitrectomy (3:45 sec.) and a 
three-piece IOL implanted in the ciliary sulcus 
(3:52 sec.) (4:14 sec.). Finally, any intracameral 
ophthalmic viscosurgical device (OVD) was 
removed with bimanual irrigation and aspiration 
(4:38 sec.), the corneal incisions secured with a 
10–0 nylon interrupted suture (4:40  sec.), and 
the lid everting sutures removed at the end of 
surgery (4:57  sec.). Postoperatively, the visual 
acuity increased to 0.05 only, but he reported 
a much- improved visual field. Postoperative 
topical therapy included dexamethasone 2x/d, 
0.1% ciclosporine 1x/d, ofloxacin 3x/d, autolo-
gous serum 8x/d, and systemic mycophenolate 
mofetil 500 mg 2x/d.

This case illustrates the challenging nature of 
cataract surgery in the face of severe DED with 
resulting limitations of intraocular visibility and 
the measures available to overcome these and 
manage intraocular complications.
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Cataract Surgery in Stevens-
Johnson Syndrome 
and Pemphigoid Diseases

Volkan Tahmaz, Philipp Steven, 
and Claus Cursiefen

Cicatricial diseases of the eye constitute a group 
of mostly complex immune-mediated entities 
that can induce severe changes to the ocular sur-
face including (recurring) conjunctivitis, corneal 
epithelial defects, ulceration, corneal scarring, 
formation of symblepharon, ankyloblepharon, 
and keratinization of the cornea [1, 2]. These 
changes to the ocular surface can  – besides a 
reduction in visual acuity  – lead to especially 
challenging conditions for cataract surgery and 
require adaptation of appropriate techniques and 
strategies. Additionally, proper calculation of the 
intraocular lens to be implanted can be challeng-
ing due to severe (irregular) astigmatism and 
severe dry eye.

To find the most suitable approach to each of 
these conditions, one must first understand the 
similarities and especially differences of different 
cicatrizing eye diseases and their individual char-
acteristics. The first group can be summarized as 
blistering skin diseases with either autoimmune 
or drug-induced etiology, the latter including 
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Bullet Points
This chapter will discuss how cicatricial 
diseases of the ocular surface impact cata-
ract surgery with regard to:

• Which diseases cause scarring of the 
ocular surface and adnexae

• To what extent medical and/or surgical 
therapy might be necessary in prepara-
tion for cataract surgery

• How pre- and perioperative care need to 
be adjusted

• Which intraoperative strategies can be 
employed to increase safety and opti-
mize outcomes

• How aftercare should be arranged to 
minimize risk of postoperative 
complications
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Stevens-Johnson syndrome (SJS) and toxic epi-
dermal necrolysis (TEN). Both are considered to 
be entities of the same spectrum and resemble 
severe epidermolytic adverse drug reactions of 
the skin that differ only by the amount of body 
surface affected and both initially present with a 
cutaneous rash, erythema, and erosions, typically 
at the trunk, face, palms, and soles. Involvement 
of the oral, ocular, and genital mucosa occurs in 
over 90% of cases [3]. The second phase is char-
acterized by large epidermal detachments that 
can be fatal depending on extent. Late stages can 
show hypo- or hyperpigmentations of the skin, 
nail dystrophies, or Sjögren-like syndromes. 
Drugs that have been associated with SJS and 
TEN include allopurinol, carbamazepine, sulfa-
methoxazole, lamotrigine, and NSAID of 
oxicam- type. The exact underlying mechanism is 
not fully understood; however, histopathological 
examination of affected skin shows apoptosis of 
keratinocytes followed by necrosis [4]. From an 
ophthalmologist’s perspective, SJS and TEN can 
be seen as acute diseases that may inflict signifi-
cant damage and scarring to the ocular surface 
(Fig. 9.1), but come to a halt after the active phase 
and are not expected to show further progression 
afterward. Still, the acute phase can inflict devas-
tating damage to the ocular surface and adnexae, 
leading to a cascade of complications needing 
surgical intervention. Figure 9.2 shows a case of 

severe SJS, in which conjunctival scarring and 
chafing of the eyelashes had, despite multiple 
surgical corrections of the eyelids and amniotic 
membrane transplantation, lead to recurring cor-
neal erosions and subsequently terminal damage 
to the cornea with extensive vascularization. In 
such a high-risk setting with vascularization of 
the cornea and impaired ocular surface integrity, 
keratoplasty bears little chance of functional and 
anatomical success. Ultimately, the eye had to be 
supplied with a keratoprosthesis (Boston KPro).

On the other side of blistering skin diseases, 
the ocular cicatricial pemphigoid (OCP, Fig. 9.3) 
is the most prominent representative of 
autoimmune- mediated entities. It is regarded as a 

Fig. 9.1 Right eye of a 51-year-old female patient with 
severe symblepharon due to Stevens-Johnson syndrome. 
The condition manifested itself 6 years prior to this pic-
ture as a suspected reaction to azithromycin or 
sulfonamide- type antibiotics

Fig. 9.2 Left eye of a 64-year-old male patient with 
Boston keratoprosthesis after severe Stevens-Johnson 
syndrome and consecutive scarring of the ocular surface 
and eyelids

Fig. 9.3 Left eye of a 33-year-old female patient with 
ocular cicatricial pemphigoid. Besides the conjunctival 
scarring (green arrows), a significant keratinization of the 
conjunctiva (blue arrow) can be seen. These pathological 
changes to the ocular surface are typical of both OCP and 
SJS and demonstrate that severe diseases of the ocular 
surface usually include a keratoconjunctivitis sicca
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subset of the systemic autoimmune disease 
benign mucous membrane pemphigoid (MMP), 
in which the primary manifestation affects the 
ocular mucosa. The underlying mechanism is 
characterized by deposition of IgG, IgA, and 
C3  in the epithelial basement membrane with 
consecutive inflammation and subepithelial blis-
tering; however, there is a wide array of antigens 
that have been identified and linked to bullous 
pemphigoid and other pemphigoid diseases [2, 
5]. In contrast to SJS and TEN, OCP needs to be 
regarded as a chronic progressive disease 
(Fig.  9.4) that may very well show a spike in 
activity after mechanical trauma like surgery.

Apart from blistering skin diseases, cicatricial 
changes to the ocular surface can also be signs of 
rosacea or decade-long eye drop use (“pseu-
dopemphigoid”) [6], long-term complication of 
thermal or chemical burns [7], or a manifestation 
of chronic ocular graft-versus-host disease 
(GvHD, Fig.  9.5) [8, 9]. When examining a 
patient with scarring of the ocular surface prior to 
cataract surgery, these diagnoses need to be kept 
in mind, and the exact etiology of scarring needs 
to be specified before operating on the eye. 
Inquiry about patient history is the first step to 
narrow down the possible causes. For example, 
most patients will be able to recall if they ever 
experienced a violent adverse drug reaction or 

underwent allogeneic stem cell transplantation, 
which would lead to the probable diagnosis of 
SJS/TEN or GvHD, respectively. Rosacea can 
usually be diagnosed by clinical examination 
through an ophthalmologist specialized in the 
field of ocular surface disease or by a dermatolo-
gist. Establishing the diagnosis of OCP, however, 
is usually not possible based on clinical features 
alone, making serology and direct immunofluo-
rescence microscopy and follow-up eye exams to 
detect progression necessary [5], at least prior to 
establishing a systemic immunosuppressive ther-
apy. For monitoring ocular disease course, regu-
lar measurements of fornix depth in upper and 
lower eyelids at three locations (nasal, temporal, 
and middle part) using a fornix scale or standard-
ized slit-lamp pictures every 3–6  months are 
highly recommended, as in particular reduction 
of upper fornix depth cannot be detected unless is 
has progressed extensively.

A precise etiologic classification is not only 
essential for the general therapy of the underlying 
disease but also to precondition the eye, as soon 
as cataract surgery becomes necessary. A suffi-
cient medical therapy preceding and following 
cataract surgery is as essential as optimal surgical 
performance despite more challenging condi-
tions. This often includes a separate surgical pre-
treatment to enable access to the eye or to reduce 
corneal opacities using Excimer PTK (Fig. 9.6) 
or lamellar keratoplasty.

Fig. 9.4 Right eye of an 87-year-old male patient with 
ocular cicatricial pemphigoid (OCP). If existing sym-
blepharon spare the visual axis, cataract surgery may be 
performed without manipulating the scar tissue in order to 
prevent a “rebound effect” by triggering scarring through 
mechanical manipulation

Fig. 9.5 Right eye of a 49-year-old male patient with 
conjunctival scarring due to chronic ocular graft-versus- 
host disease after hematopoietic stem cell transplantation

9 Cataract Surgery in Stevens-Johnson Syndrome and Pemphigoid Diseases
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Fig. 9.6 Left eye of the patient in Fig. 9.3. If the visual 
axis is compromised by conjunctival scarring, the corneal 
surface has to be restored surgically, before cataract sur-
gery can be planned. Usually, the most sensible approach 
is to perform either lamellar keratectomy alone or com-
bined with lamellar keratoplasty (deep anterior lamellar 
keratoplasty, DALK)

Regarding cataract surgery in patients suffer-
ing from cicatricial diseases of the eye, there is 
little published evidence to rely on due to rarity 
of the underlying diseases. However, the most 
reasonable surgical approach for all aforemen-
tioned diseases can be broken down into three 
general principles with some additional recom-
mendations for each individual disease.

As soon as cataract surgery is indicated, the 
first step is to rigorously prepare the ocular sur-
face for cataract extraction, in terms of anatomi-
cal conditions, ocular surface inflammation, and 
tear film stabilization. The latter is also very rel-
evant if optical methods for IOL calculation shall 
be used [10]. This may require previous eyelid 
surgery to correct misalignment of eyelid mar-
gins or chafing of the eyelashes and, if necessary, 
treatment of ankyloblepharon or lagophthalmos 
beforehand. In the presence of corneal scarring, 
surgical or laser therapy might be advisable 
before any intraocular surgery. Conjunctival sur-
gery may be necessary, if extensive scarring 
impairs access to the cornea and hinders safe 
cataract surgery (Fig. 9.7). For patients with an 
underlying systemic autoimmune disease, espe-

cially OCP, stable systemic immunosuppressive 
therapy must have been established before plan-
ning ocular surgery. In our clinic, these patients 
must present with a history of stable disease for 
at least 6  months, documented by fornix mea-
surements (e.g., using a fornix ruler; see Fig. 9.8), 
before being cleared for surgery. Naturally, emer-
gency indications present an exception to this 
rule. In most severe cases with corneal thinning 
and significant risk of  perforation, tectonic repair 
via (preferably lamellar) keratoplasty might be 
necessary while keeping in mind that corneal sur-
gery inherently bears higher risk in patients with 
cicatricial diseases [11]. Should penetrating kera-
toplasty become necessary, a triple procedure 
might be the most sensible approach in order to 
spare the patient two separate surgical proce-
dures. In patients with presumed aggressive ocu-
lar surface disease and consecutive corneal and 
conjunctival epitheliopathy and barrier dysfunc-
tion, preoperative treatment with autologous 
serum eye drops might be beneficial in order to 
reduce ocular surface inflammation and improve 
wound healing, which has been proven beneficial 
in ocular surface diseases like GvHD [12], 
although robust evidence for this approach in 
blistering skin diseases is limited [13]. 
Additionally, aggressive lubrication using preser-
vative-free artificial tears and intensive anti-
inflammatory therapy with topical steroids and/or 
cyclosporine eye drops is recommended 
preoperatively.

The second principle of cataract surgery in 
cicatricial eye diseases applies to the intraoper-
ative approach: due to possible resurgence of 
ocular surface inflammation following surgery, it 
is imperative to inflict as little mechanical trauma 
to the cornea as feasible while altogether sparing 
the conjunctiva, if possible. This can be achieved 
by favoring clear corneal over sclerocorneal 
incisions, utilizing a minimally invasive tech-
nique and optimizing machine settings in order 
to reduce the duration of nuclear fragmentation 
and fragment removal. Often, a normal lid spec-
ulum cannot be used due to symblepharon, so 
that the lids have to be retracted surgically, e.g., 
using silk 5-0 sutures. In general, duration of 
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a b

c d

Fig. 9.7 (a) 89-year-old female patient with ocular cica-
tricial pemphigoid (OCP). If there is insufficient corneal 
insight, the first step is to reconstruct the corneal surface 
by removing corneal scarring (b), perform lamellar kera-

toplasty (c), and put a placeholder with an amniotic mem-
brane on the eye to prevent further scarring (d). Cataract 
surgery can now be planned as a separate procedure

surgery should be as short as possible to prevent 
further desiccating stress to the ocular surface, as 
our experience shows higher rates of corneal 
complications with longer surgical procedures. 
This can primarily be achieved by assigning 
experienced surgeons to these cases. To reduce 
the inherently increased risk of postoperative 
infection, sutures may be placed in all paracente-
ses, especially if surface traction due to residual 
symblepharon still exists. In addition, temporary 
placement of a soft bandage contact lens under 
antibiotic coverage may speed epithelial healing 
if epithelial defects occurred [14]. When lid and 
surface preparation are combined with cataract 
surgery, general anesthesia may be preferred 
over topical anesthesia. In all eyes with signifi-
cantly reduced visibility, trypan blue or equiva-
lent staining dyes should be used to increase 
safety. Irrespective of possible sutures to all 

paracenteses as mentioned above, clear corneal 
incisions should always be sutured with traction 
to the ocular surface in these cases to reduce the 
risk of postoperative endophthalmitis.

The third general principle applies to postop-
erative management, where patients with cicatri-
cial diseases should receive glucocorticoid eye 
drops in higher frequency compared to normal 
eyes and depending on preoperative disease 
activity. Depending on ocular surface inflamma-
tion activity, even preoperative application of 
topical steroids might be considered, especially 
in ocular GvHD. A temporary pretreatment with 
topical steroids for 4 weeks has been shown to 
significantly reduce the risk for dry eye disease 
induced by desiccating stress (e.g., cataract sur-
gery) in normal eyes [15]. Systemic immunosup-
pressive therapy should be intensified, if 
necessary, and patients should be more closely 
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a b

Fig. 9.8 (a) Fornix ruler for exact measurement of fornix changes in cicatricial diseases (“Messschablone nach Prof. 
Steven,” Si Us Instruments GmbH, Berlin, Germany), (b) Application

monitored in order to detect and treat inflamma-
tion peaks and conjunctival scarring early on. 
Aggressive lubricating therapy with preservative- 
free eye drops is mandatory in all these eyes, ide-
ally for a prolonged period. Systemic antibiotics 
such as doxycycline can be given in eyes with 
severe blepharitis (preoperatively, if necessary).

In addition to these general principles, some 
specific recommendations apply to singular enti-
ties in the spectrum of cicatricial eye diseases. In 
patients status post SJS or TEN, the active dis-
ease has usually ceased at time of cataract sur-
gery, and reactivation of the underlying process is 
not to be expected (postoperative worsening in 
these cases is usually caused by decompensation 
of ocular surface disease and not reappearance of 
the actual immunological process that caused the 
disease in the first place). OCP, on the other hand, 
needs to be regarded as chronically present and 

can actually be triggered by mechanical trauma 
like surgery. In these cases, we strongly recom-
mend not to perform surgery before a period of at 
least 6  months without progression in fornix 
measurements. If there is progression, systemic 
immunosuppressive therapy should be revised by 
a dermatologist or rheumatologist and escalated, 
if necessary. In GvHD, which also shows chroni-
cally progressive features, disease activity should 
be monitored via corneal fluorescein staining, 
and surgery should be planned, when staining has 
improved or stabilized.

Postoperatively, patients with preexisting con-
ditions of the ocular surface require more inten-
sive and more frequent care with regard to higher 
risk of complications such as delayed-onset epi-
thelial defects, intraocular or surface-level infec-
tions, wound leakage, or spikes in inflammatory 
activity. These complications need to be diag-
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nosed as early as possible and treated aggres-
sively. Especially the potentially devastating 
complication of endophthalmitis is more likely in 
patients with ocular surface disease and needs to 
be anticipated [16].

As a general consideration for patients with 
cicatricial diseases, the necessity for cataract sur-
gery should be evaluated more critically than in 
regular eyes because of the mentioned complicat-
ing factors that put the patient at higher risk of 
limited vision gain or even vision loss after sur-
gery. Only if the cataract affects the patient’s 
visual quality of life and a significant benefit is to 
be expected from surgery, the procedure should 
be planned. The patient should be well informed 
about the planned procedure and the risks linked 
to the individual case and give informed consent 
beforehand. However, despite the high-risk set-
ting and surgically challenging nature of these 
cases, no patient should be withheld cataract sur-
gery if he can be expected to gain visual function 
and quality of life.
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Take-Home Notes
• The presence of cicatricial changes to 

the ocular surface greatly impacts tim-
ing, planning, execution, and aftercare 
of cataract surgery.

• Accurate identification of the causative 
disease is essential prior to surgery in 
order to anticipate whether the proce-
dure may trigger a disease reactivation.

• In cases with extensive scarring, it may 
be necessary to perform reconstructive 
eyelid, conjunctival, and/or corneal sur-
gery first to enable safe cataract surgery 
as a second-step procedure.

• Chronic inflammatory diseases respon-
sible for ocular surface scarring must be 
sufficiently suppressed prior to cataract 
surgery.

• Postoperative follow-up must be ade-
quately frequent to detect and treat com-
plications as early as possible (these 
occur more often after normal cataract 
surgery).
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Cataract Surgery in Keratoconus

Jorge L. Alió and Francesco D’Oria

 Introduction

Keratoconus (KCN) is an ectatic corneal disease 
that leads to decreased vision due to progressive 
corneal thinning with the consequent alterations 
in corneal geometry and biomechanics and a 
reported annual incidence of approximately 
1:7500 or 13.3 new cases per 100,000 [1].

It has been described that KCN patients are 
more prone to develop cataract compared with 
non-KCN patients and at a younger age than the 
general cataract populations, due to association 
with atopy and use of some medications [2]; 
nuclear cataract is the most common variant [2, 
3]. Therefore, as these patients age, cataract 
becomes a more probable etiology for their low 
vision, and cataract surgery may be necessary.

In this chapter preoperative, intraoperative, 
and postoperative problems that surgeons may 
encounter when treating a KCN patient requiring 
cataract surgery will be discussed.

 Preoperative Evaluation: How 
to Evaluate the Postop Vision 
and How Relevant Is the Cataract 
for the Vision of the Patient?

Despite numerous advances in cataract surgery 
regarding lens calculation, lens design, as well as 
phacoemulsification procedures and techniques, 
one of the main problems of clinicians is attributing 

Bullet Points
• How to evaluate visual impairment due 

to cataract in a keratoconus patient?
• Which IOL power calculation formula 

is superior in eyes with steep and irregu-
lar corneas?

• How to avoid intraoperative surgical 
problems with the correct preoperative 
planning?

• Which type of IOL should be implanted 
in a keratoconic eye?
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Table 10.1 Clinical findings in a sample of patients with different degrees of keratoconus (defined by the level of 
visual limitation)

Sex/
age Sim-Km

Internal astigmatism 
(diopters)

RMS 
coma-like 
(μm) Q8mm Pachymetry

CDVA 
(estimated) Grade

CDVA 
(real)

M/32 49.82 4.3 4.37 −1.07 458 0.4–0.6 III 0.5
F/16 47.24 2.94 3.49 −0.53 478 0.6–0.9 II 0.8
M/17 44.82 0.96 2.07 −0.31 497 >0.9 I 0.98
M/19 61.79 6.1 5.6 −1.87 410 <0.2 IV 

plus
0.15

F/25 49.5 3.58 3.7 −1.05 469 0.4–0.6 III 0.5
F/21 44.65 1.07 1.74 −0.17 493 >0.9 I 1
F/31 48.34 3.03 2.85 −0.71 482 0.6–0.9 II 0.86
M/53 45.7 1.54 2.06 −0.34 507 >0.9 I 1
F/26 52.53 3.71 4.35 −0.85 463 0.4–0.6 III 0.54
M/52 56.08 4.72 4.58 −1.4 441 0.2–0.4 IV 0.38

Abbreviations: CDVA corrected distance visual acuity, Sim-Km mean corneal power in the 3.0 mm zone, Q8mm mean 
asphericity in an 8.0-mm-diameter corneal area, RMS root mean square

what is the real influence of the cataract on the 
visual acuity of KCN patient. It is difficult to 
assess how much the corneal ectasia on one hand 
and the evolution of the cataract on the other 
affect the visual acuity, to be able to provide the 
patient with the best possible preoperative infor-
mation and to estimate the postoperative visual 
recovery.

In 2011, Alio et al. [4] developed a new clas-
sification system based on characterization of 
almost 800 cases of KCN in which visual, refrac-
tive, topographic, aberrometric, and biomechani-
cal parameters were evaluated. By integrating the 
different data, four groups were formed, each 
representing a different degree of visual limita-
tion, as follows: Group 1, corrected distance 
visual acuity (CDVA) better than 0.05 logMAR; 
Group 2, CDVA between 0.05 and 0.19; Group 3, 
CDVA between 0.19 and 0.40; and Group 4, 
CDVA worse or equal to 0.40.

They have demonstrated that visual deteriora-
tion in KCN patients can be consistently 
explained by biomechanical and corneal topo-
graphic alterations, as CDVA is significantly cor-
related with changes in keratometric values, 
corneal hysteresis and corneal resistance factors, 
as well as aberrometric measures, and these 
parameters significantly differ between groups. 
Therefore, starting from the knowledge of the 
topographical, biomechanical, and aberrometric 

corneal parameters, it is possible to determine the 
degree of visual impairment and therefore esti-
mate the postoperative visual recovery. Table 10.1 
shows a sample of KCN patients where the 
degree of visual limitation can be derived from 
the topographic, biomechanical, and aberromet-
ric parameters and thus corresponds to the real 
level of CDVA.

Nevertheless, periodic evaluations to check 
the progression of the KCN (measured by 
changes in K values, astigmatism, pachymetry, 
corneal hysteresis, or visual acuity) and the cata-
ract are strongly recommended before making 
any surgical decision, to confirm the stabilization 
of the disease before to proceed with the cataract 
surgery.

 Planification of the Surgical 
Technique and Preventing Surgical 
Problems in the OR

Cataract surgery in KCN can be technically chal-
lenging depending on the degree of the disease: 
early stages can be handled like normal surgery, 
while advanced stages of the disease require spe-
cial precautions. The wound creation, although 
now irrelevant in healthy corneas especially with 
the novel micro-incisional cataract surgery 
(MICS), can cause an effect that is difficult to 
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predict in ectatic and thin corneas, with the con-
sequent increase in the surgically induced astig-
matism and the changes in corneal shape. The 
choice of the main incision should be made pre-
operatively, according to the peripheral corneal 
thickness and the astigmatism axis. In the com-
mon case of infero-temporal cone, the main inci-
sion should be placed superiorly or 
supero-temporal. Vice versa, in those rare cases 
with a superior steep cone, the main incision 
should be placed temporally [5]. The incision 
should also be made as close as possible to the 
limbus to avoid areas of corneal thinning [6]. In 
advanced KCN eyes with very thinned corneas, 
less prone to resist to surgical trauma, a well- 
constructed two-step sclerocorneal wound is 
advisable to reduce the risk of postoperative 
wound leak and to induce less change in corneal 
shape [5].

Additionally, clear corneal wounds are more 
prone to leak after surgery due to the different 
biomechanical behavior of these corneas: one 
suggestion is to suture the clear corneal incisions 
to ensure wound apposition [7]. A further prob-
lem is represented by poor intraoperative visual-
ization, secondary to high astigmatism or stromal 
scarring in more advanced cases. The subsequent 
intraocular image distortion and the lack of visual 
perspective are the main problems during capsu-
lorhexis, phacoemulsification, and I/A.  To 
improve visibility, considering that the diffuse 
light source employed by the surgical microscope 
provides the surgeon with a worse view com-
pared with the slit-lamp examination, it can be 
useful to spread ophthalmic viscoelastic device 
on the corneal surface: however, in advanced 
cases, it may not be uniformly dispersed on the 
cornea. For that purpose, Oie et  al. [8] recom-
mend the use of rigid gas-permeable (RGP) con-
tact lens to maximize intraoperative vision. In 
corneas with advanced disease and very poor 
transparency, a combined DALK-cataract sur-
gery is advisable. In this scenario, surgical plan-
ning is imperative, to decide if performing or not 
the corneal graft surgery at the same setting of the 
cataract surgery: the sequential approach to 
DALK and cataract surgery in a two-step proce-
dure might be beneficial to avoid endothelial 

damage [9, 10]. The use of capsular staining dye 
is also recommended to enhance capsular visual-
ization during continuous curvilinear capsu-
lorhexis in cases of poor red reflex.

We report the case of a 51-year-old keratoco-
nus patient who had implantation of intrastromal 
corneal ring segment (ICRS) to reduce the cor-
neal astigmatism followed by implantation of a 
phakic posterior chamber IOL (pc-IOL) to cor-
rect the residual refractive error. One year after 
pc-IOL implantation, she developed an anterior 
subcapsular cataract that required a bilesenctomy 
(Fig. 10.1). Her CDVA prior to the cataract sur-
gery was 0.42, despite an estimated CDVA 
according to the RETICS classification between 
0.6 and 0.9. We performed a bilesenctomy with 
pc-IOL extraction followed by MICS and mono-
focal toric IOL implantation (see Video 10.1 
illustrating the surgery). The IOL power was cal-
culated using the Barrett Toric calculator. 
Extreme caution was taken during the surgery to 
implant the toric IOL in the correct axis and to 
avoid the risk of postoperative wound leakage 
(given the instability of the ectatic cornea) by 
suturing the corneal wound: the suture was even-
tually removed after 2  weeks. Her final CDVA 
after the cataract surgery was 0.7, in agreement 
with the topographic and aberrometric condition 
of the cornea.

 Intraocular Lens Calculation 
Targeting the Right Power

The peculiar optical structure of KCN explains 
the interest that this condition has in clinical 
practice as regards the calculation of the IOL 
power. This measurement in patients with KCN 
has a significant variability of refractive results 
due to the optical properties of the cornea, the 
inhomogeneity in the depth of the anterior cham-
ber, and the lower accuracy in the detection of the 
axial length. These limits are partially reduced by 
the ongoing development of technology and data 
science that can improve the accuracy of IOL 
selection.

Hashemi et al. [11] examined the repeatability 
of keratometry measurements with five different 
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Fig. 10.1 A 51-year-old female keratoconus patient. (a) 
Preoperative slit-lamp image showing the anterior sub-
capsular cataract following the phakic posterior chamber 
IOL implantation. (b) Anterior segment OCT image 
showing the intrastromal corneal ring segment placement 
and an anterior opacity in the crystalline lens. (c) 

Postoperative appearance of the eye. (d) Corneal topogra-
phy showing a paracentral cone with posterior elevation 
and reduction in the corneal thickness. (e) Early postop-
erative corneal topography showing the increased astig-
matism in the supero-temporal meridian related to the 
corneal suture at the site of the main incision

devices based on five different measurement tech-
niques (Pentacam, Eyesys, Orbscan, IOLMaster, 
Javal manual keratometer) in 78 eyes with different 
grades of KCN. The study found that in patients 
with K values, up to 55.0 D keratometry readings 
had good repeatability among all the devices and 
Pentacam had the highest repeatability, while 
Orbscan had the lowest. In Group 3 (K > 55D), all 
five devices had low repeatability. The same 
authors found that the lowest mean absolute error 
was obtained with the SRK/T formula in patients 
with mild to moderate KCN and SRK/T and SRK 
II formulas in patients with severe KCN [11].

Vergence formulas use up to six biometry 
parameters, introducing a series of modifications 
to know how IOL power changes with the varying 
corneal curvatures and axial lengths of the eye 
[12]. Recently, Savini et al. [13], comparing five 
different formulas, showed that SRK/T is the 
most accurate formula, yielding an acceptable 
percentage of patients with a prediction error 

within ±0.5 D, which reached a rate of 61.90% in 
eyes with a grade I KCN. The outcomes reported 
by the authors were even worst in eyes with more 
advanced degrees of the disease, suggesting cau-
tion when targeting any refractive outcome in 
eyes with preoperative K value higher than 48 D 
[13]. This finding agrees with what has been 
observed by our research group in a previous 
study that showed a higher refractive accuracy 
when the SRK/T formula was used [14] and prob-
ably depends on the fact that the SRK/T tends to 
overestimate the IOL power in eyes with steep 
corneas [15]. Such overestimation can be useful 
in eyes with keratoconus since it counterbalances 
the average trend toward hyperopic refraction 
observed with most formulas. Moreover, the axial 
length (AL) was, on average, relatively high, and 
it was longer than 26.0 mm in 34.1% of eyes. This 
might be another factor contributing to the good 
performance of the SRK/T because this formula 
has been shown to be one of the most accurate in 
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long eyes [16]. Alio et  al. [14] showed that the 
axial length had a stronger correlation with the 
final spherical equivalent than the preoperative 
keratometry in ten KCN patients who had MICS 
with toric IOL implantation.

Reitblat et al. [17] analyzed the performance 
of commonly used IOL power calculation for-
mulas in a subgroup of eyes with steep corneal 
geometry (K > 46D). They found that IOL power 
calculations for eyes with an average K value 
greater than 46.00 D yielded myopic prediction 
errors with the SRK/T and Hill-RBF formulas 
and hyperopic errors with Haigis and Olsen-C 
formulas. Compared with all other formulas, the 
SRK/T showed a higher systemic error. The 
authors described then a new regression formula 
for K value adjustment to be used with the 
SRK/T formula (optimized K = −1.91 + 1.05 x 
measured K), in order to reduce the refractive 
error using the SRK/T formula for IOL power 
calculation in eyes with extreme corneal mea-
surements (K > 46 D).

The Barrett Universal II is becoming 
accepted as one of the most accurate IOL for-
mulas in use today, contributing to its increas-
ing popularity among surgeons. The formula 
is based on a theoretical model eye and retains 
the positive correlation of AL and keratometry 
to ACD.  Importantly, the Barrett Universal II 
is able to maintain its accuracy across a wide 
range of ALs and ACD [15].

Newer methodologies are being applied to 
IOL calculation with promises of improved accu-
racy. As opposed to vergence-based equations, 
the Olsen formula uses both exact and paraxial 
ray tracings of optical light through the refractive 
media in the eye, including the specific optics of 
a particular IOL, to derive the postoperative posi-
tion of that lens [18]. In the Olsen formula, the 
lens constant is no longer related to AL and cor-
neal power but to the characteristic of the crystal-
line lens and the dimension of the anterior 
chamber. In the 2020 study of 10,930 eyes, the 
Barrett Universal II had larger overall mean abso-
lute errors compared with the Olsen formula and 
Hill-RBF (2.0 version) calculator and was com-
parable with the AL-adjusted Holladay 2 for-

mula. However, when analyzed by different 
categories of AL, the Barrett had less error than 
Olsen and Hill-RBF 2.0  in long eyes (AL 
>26.0  mm) and is equivalent to the Olsen for 
medium eyes (22.0–26.0 mm) [19].

We should expect a poor refractive result with 
a higher hyperopic shift in eyes with advanced 
KCN (stage II or III), based on three major moti-
vating reasons [13]. First, calculating the corneal 
power with the standard keratometric index 
(n = 13,375) can lead to erroneous results. This 
fictitious index can be correctly used to achieve 
the refractive power of the whole cornea based on 
just the anterior corneal curvature, but only on 
the condition that the ratio between the anterior 
and posterior corneal curvature is within normal 
limits: in KCN eyes, the standard keratometric 
index overestimates corneal power [20, 21]. 
Second, keratometers and corneal topographers 
provide measurements of corneal curvature that 
might be inaccurate because of asymmetry of 
corneal curvature. Every keratometer, in fact, 
assumes that the corneal curvature is constant 
along a given meridian, but this is not the case in 
most keratoconic eyes [13]. Third, keratoconus 
can alter the usual relationship between corneal 
curvature, anterior chamber depth, and IOL posi-
tion, thus reducing the accuracy of any formula in 
predicting the effective lens position.

 Intraocular Lens Choice

A very important moment in the intraoperative 
planning is the choice of the IOL to be 
implanted. Whenever planning cataract surgery 
in a KCN eye, the surgeon will have to decide 
whether a toric IOL is more suitable than a 
monofocal IOL.

Hashemi et al. [22] reported the results using 
an AcrySof toric IOL in 23 eyes of 17 patients 
with KCN and cataract. They showed that toric 
IOLs improved vision and refraction in all types 
of KCN including mild, moderate, and even 
severe KCN; however, in case of severe KCN, the 
refractive outcomes had less predictability. 
Similarly, Nanavaty et  al. [23] showed that the 
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use of pseudophakic toric IOL in KCN cataract 
patients was effective and resulted in an accept-
able and stable vision in patients with mild and 
moderate KCN.  Alio et  al. [14] retrospectively 
evaluated 17 keratoconic eyes of 10 patients who 
underwent MICS and reported a significant 
improvement in UDVA, CDVA, and cylinder but 
not in the sphere.

When considering the lower predictability and 
outcomes in severe KCN, one should take into 
account that being the astigmatism of those 
 corneas more irregular, this aspect might affect 
the final visual outcomes. Another explication is 
the possible increased postoperative rotation. 
Zhu et  al. [24] reported that postoperative toric 
IOL rotation was positively correlated with axial 
length myopia and capsular bag size. We suggest 
capsular tension ring placement whenever a toric 
IOL is to be implanted in a keratoconic eye; optic 
capture might represent an option. Another rele-
vant consideration is the asphericity of the 
IOL.  As many KCN eyes have a steep cornea 
with a large negative preoperative anterior sur-
face Q value, adding an IOL with a zero or even 
positive Q value may have a better visual out-
come [25].

In case of progression and/or keratoplasty, 
mixed implant techniques like power split 
approaches are an alternative option: the surgeon 
may implant an initial non-toric, monofocal IOL 
to correct the majority of the refractive error and 
then utilize a subsequent procedure, such as a 
secondary sulcus-supported IOL (piggyback 
IOL), to correct the residual refractive error [26]. 
In cases of eyes with keratoconus, piggyback 
IOLs may rotate significantly, and in these cases, 
a sulcus suture might be utilized to improve sta-
bility [27]. Also, multicomponent IOL (MCIOL) 
technologies are available having a basic power 
and a toric IOL attached like the new Precisight 
IOL (InfiniteVision Optics, Strasbourg, France): 
this compact IOL is composed of a hydrophobic 
base lens that serves as a docking station and an 
exchangeable hydrophilic front lens that is con-
nected to the base lens by bilateral bridge open-
ings [28]. Moreover, in situations like potential 
progression, expected corneal decompensation or 
need for keratoplasty is recommended to implant 

a “space holder” in the bag like a capsular bend-
ing ring in order to ease IOL exchange.

Other interesting commercially available IOLs 
are coming onto the market, which might be good 
options/alternatives given the potential deviation 
from target refraction in KCN patients. A small-
aperture IOL (IC-8, AcuFocus, Inc.) is one of 
such alternatives that improves vision in eyes with 
severe corneal irregularities (e.g., due to advanced 
keratoconus) using the pinhole effect [29]. 
Selected cases of keratoconus could be treated by 
a new intraocular pinhole device (XtraFocus, 
Morcher), which can be safely implanted either in 
the sulcus or in the bag [30, 31]. Finally, light 
adjustable lens (RxSight Inc., Aliso Viejo, 
California, USA) is a foldable, posterior chamber 
three-piece silicone lens that has been explored as 
a potential advancement in improving postopera-
tive visual outcomes after cataract surgery, being 
able to adjust spherical power from −2.00 to 
+2.00 D and cylindrical power from −0.75 to 
−2.00 D by 0.25 D increments [32].

KCN patients, even with a forme fruste KCN, 
represent an important contraindication to multi-
focal IOL, given the high amount of high-order 
aberration (especially coma) and the consequent 
poor visual outcomes if an IOL with an advanced 
multifocal optic is implanted.

 Postoperative Complications: 
Management of Postoperative 
Residual Astigmatism

Patients should be aware of the possible inaccu-
racies in IOL measurements because of KCN and 
understand that a subsequent medical or surgical 
treatment may be necessary because of poor 
postoperative refractive outcomes and postopera-
tive residual astigmatism.

Irregular astigmatism of the cornea obviously 
persists, or sometimes even worsen, after sur-
gery: many patients might require RGP or scleral 
contact lens in order to correct the residual astig-
matism and thus achieve the best visual and 
refractive outcome. A deep evaluation and fitting 
of the contact lens is recommended after surgery, 
as the corneal surface may have changed [6, 8].
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ICRS is a refractive technology that flattens 
the central cornea by an arc-shortening effect 
on the corneal lamellae structure which improves 
the optical quality of the cornea and the visual 
acuity [33]. ICRS have been extensively used in 
the management of ectatic corneal conditions, 
such as KCN, pellucid marginal degeneration, 
and post-laser in situ keratomileusis corneal ecta-
sia [34, 35], and might represent an effective 
issue in the correction of postoperative 
 astigmatism in cataract KCN patients. Another 
use of this device is represented by the sequential 
ICRS first and IOL implantation thereafter: 
Alfonso et  al. [36] reported it to be a safe and 
effective procedure with good visual and refrac-
tive outcomes in the treatment of patients with 
KCN and cataract. IOL calculation in KCN cor-
neas with ICRS in place can be difficult with a 
more variable refractive outcome. We reported an 
interesting difficult case of a 61-year-old high-
myopic patient with a grade IV KCN (assessed 
according to the visual impairment [4]) who has 
been implanted with an ICRS (Fig.  10.2) to 
reduce the corneal astigmatism and had devel-

oped cataract. His CDVA was limited to 0.3 
(−22, −3.50 @175°). After using the ASSORT 
software to evaluate the residual ocular astigma-
tism and thus help in the surgical planning, we 
implanted a Rainer RayOne -10D IOL, using the 
SRK/T formula, aiming to a myopic target. 
CDVA after surgery was 0.36 (+5, −4 @ 165°) 
with a further improvement in BCVA up to 0.8 
with a rigid gas-permeable contact lens.

Finally, refractive surprises following cataract 
surgery in KCN eyes can be managed by per-
forming a photorefractive keratectomy (PRK) 
[37]; nevertheless, to be performed with safety, 
PRK should be advised only in stable cases of 
KCN, without progression over the last 2 years, 
and with a maximum grade I/II of the disease 
[38]. PRK is recommended to be customized for 
coma, to reduce corneal high-order aberrations 
and possibly improve postoperative CDVA [39]; 
alternative choices would be piggyback with iris- 
fixated PIOL or sulcus-fixated PIOL.  When 
choosing between keratorefractive procedure and 
intraocular option, one should consider that the 
eye is reopened maybe with a wide incision.

Fig. 10.2 Corneal topography showed an infero-temporal paracentral corneal steepening in the right eye, with a Kmax 
of 67.98 D and a corneal thinning point of 370 μm

10 Cataract Surgery in Keratoconus
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 Conclusion

Cataract surgery in KCN requires extensive pre-
operative evaluation to obtain the best visual 
result for the patient. Ophthalmologists must 
know the exceptional difficulties related to the 
peculiar characteristics of these eyes, so that they 
can choose the best IOL of adequate power, to be 
able to deal with any intraoperative complica-
tions, and to be able to correct without difficulty 
any residual postoperative refractive error. In 
conclusion, the preoperative evaluation of the 
patient represents the fundamental moment: it is 
necessary to evaluate the real incidence of the 
cataract in the visual impairment of the patient, 
referring to the theoretical functional limit of the 
eye considering the topographical and aberro-
metric conditions of the cornea. The IOL power 
should be calculated using those formulas that 
have a greater accuracy. Intraoperatively, the cor-
neal incision should be made as close as possible 
to the limbus and in the steepest meridian, 
implanting a toric IOL, if suitable, to correct the 
high astigmatism. The suture of the corneal 
wound may be required in advanced cases, given 
the higher risk of postoperative leakage in ectatic 
corneas.
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Cataract in Cases with Previous 
Corneal Graft Surgery; High 
Astigmatism

Mitchell Weikert and Anirudh Mukhopadhyay

 Introduction

Cataract formation is often associated with ocu-
lar conditions that necessitate corneal transplan-
tation. Sometimes the underlying pathology that 
caused corneal opacification or decompensation 
also causes opacification of the crystalline lens, 

such as with severe and/or prolonged infectious 
keratitis or chronic uveitis. In other instances, 
cataract development follows corneal transplan-
tation and may be related to the utilization of 
intracameral gas or other iatrogenic traumas. As 
such, cataract surgery in the setting of corneal 
transplantation, whether sequential or concur-
rent, presents a variety of challenges, one of 
which is the management of astigmatism. While 
several of these considerations are common to all 
corneal transplantation techniques, many are spe-
cific to the type of corneal transplantation. As 
such, this discussion will address the pre-, intra-, 
and postoperative factors to consider in these 
patients and will be organized around the major 
varieties of corneal transplantation: conventional 
penetrating, anterior lamellar, and endothelial 
keratoplasty.

 Conventional Penetrating 
Keratoplasty (PKP) and Cataract 
Surgery

The choice of transplantation technique is 
directly related to the corneal pathology and its 
visual impact. While penetrating keratoplasty 
(PKP) was the mainstay for many decades, the 
advent of improved anterior and posterior lamel-
lar techniques has led to a substantial reduction in 
its use [1]. While still common, today PKP is 
typically reserved for corneal pathologies that 

Top Five Issues with Cataract Surgery in Eyes 
with Corneal Graft Surgery and High 
Astigmatism
• Should cataract surgery be performed at 

the time of or subsequent to corneal 
transplantation?

• What specific issues accompany biom-
etry and intraocular lens calculations in 
patients with corneal transplants?

• How must cataract surgery technique be 
modified for eyes that require or have 
undergone corneal transplantation?

• What techniques are available for man-
aging astigmatism in patients with cor-
neal grafts?

• What is the best choice for astigmatism 
correction in eyes that have undergone 
corneal transplantation?

M. Weikert (*) · A. Mukhopadhyay 
Baylor College of Medicine, Houston, TX, USA
e-mail: mweikert@bcm.edu

11

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-94530-5_11&domain=pdf
https://doi.org/10.1007/978-3-030-94530-5_11
mailto:mweikert@bcm.edu


124

involve the full thickness of the cornea, compro-
mising both the stroma and endothelium, or con-
ditions where a lamellar technique cannot be 
successfully performed, e.g., advanced keratoco-
nus with a history of hydrops. When a cataract is 
present and the patient has elected to proceed 
with a PKP, the surgeon’s next decision is whether 
to perform each procedure concurrently or 
sequentially.

 Concurrent PKP and Cataract Surgery

Full-thickness corneal transplantation combined 
with cataract removal and intraocular lens (IOL) 
implantation is often called a “triple procedure.” 
A triple procedure can be quite successful and 
carries the single-surgery benefits of reduced 
anesthesia, a single exposure to infectious risk, 
faster visual rehabilitation, lower cost, etc. 
However, these benefits are accompanied by 
other significant surgical challenges.

Due to limited visibility, the cataract is often 
removed “open sky” after the host cornea is 
excised. This open anterior chamber creates an 
unequal pressure gradient with unopposed vitre-
ous pressure. The excessive posterior pressure 
behind the crystalline lens increases the risk for 
capsulorhexis loss, posterior capsule rupture, or 
even expulsive hemorrhage [2]. Even with suc-
cessful capsulorhexis creation and extracapsular 
delivery of the lens, the typically convex poste-
rior capsule can make cortical removal and lens 
implantation more difficult. A small capsu-
lorhexis aided by trypan blue staining is recom-
mended, along with implantation of a three-piece 
IOL. Yokokur et al. described the use of retrolen-
ticular illumination with a chandelier to facilitate 
capsulorhexis creation in a closed anterior cham-
ber prior to corneal trephination [3]. Their rate of 
successful capsulorhexis was 86% in the chande-
lier group vs. 30% in the non-chandelier group. 
Core vitrectomy prior to a triple procedure has 
also been shown to increase the success of IOL 
implantation with reduced risk of vitreous pro-
lapse and reduced operative time [4, 5].

One major challenge associated with simulta-
neous PKP and cataract surgery is the choice of 

IOL power. The refractive power of the cornea 
following PKP is extremely unpredictable, which 
can translate into high postoperative refractive 
prediction errors (RPE) [6, 7]. Since the refrac-
tive power of the donor cornea and the true effect 
of the corneal sutures are unknown, the surgeon 
is left to estimate the corneal power in the IOL 
calculations. Choices include using the average 
corneal power of the fellow eye or the selection 
of a fixed value based on prior experience. Either 
method is inherently subject to significant error. 
In addition, since the donor cornea is sutured in 
place, there is substantial risk of high postopera-
tive astigmatism that may also be irregular. This 
unpredictability can also result in a high level of 
anisometropia following suture removal. 
Shimomura et al. found less than 50% of eyes to 
have RPEs within ±2 diopters (D) following a 
triple procedure, as compared to 91% when cata-
ract surgery followed PKP [4]. For these reasons, 
whenever possible we prefer to perform cataract 
surgery after PKP once the graft is adequately 
healed and all the sutures have been removed.

 Sequential PKP and Cataract Surgery

While sequential PKP and cataract surgery has 
the disadvantages of slower visual rehabilitation, 
additional surgical exposure, higher cost, and the 
potential for endothelial damage, in our opinion, 
these are far outweighed by its increased safety 
and improved refractive outcomes. Since PKP 
sutures can have major effects on corneal refrac-
tive power and astigmatism levels, it is recom-
mended to perform cataract surgery after all of 
the corneal sutures have been removed [6, 7]. If 
this is not possible, the patient should be care-
fully counseled on the potential for future refrac-
tive unpredictability.

Cataract surgical technique typically requires 
minimal alteration due to the presence of the 
transplant, but some points are worth noting. 
Care should be taken when constructing surgical 
incisions to avoid the graft-host junction (GHJ). 
This often results in “shorter” incisions that are 
more prone to leaking and are at higher risk for 
iris prolapse. In addition, the biomechanical 
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forces associated with the GHJ may also reduce 
the ability of incisions to self-seal. Therefore, it is 
recommended that incisions be sutured if there is 
any question of their integrity. A scleral tunnel 
may be considered in eyes with a large diameter 
graft. The corneal transplant may also produce 
some optical distortion, typically in the mid- 
periphery near the GHJ. This slight compromise 
in visualization may be offset by the use of trypan 
blue capsular stain, even in the presence of an 
adequate red reflex. A dispersive ocular viscosur-
gical device (OVD) is preferred over the cohesive 
variety, as it will be better retained during the 
cataract surgery to protect the corneal endothe-
lium. Den et al. found an average endothelial cell 
loss of 31% 1  year following cataract removal, 
with a steady decline through the first 6 months 
after surgery [8]. Finally, these eyes are often 
associated with additional ocular pathology, such 
as posterior synechiae, glaucoma, zonular loss, 
and mature cataracts, and are more likely to need 
additional tools and instrumentation, such as try-
pan blue, capsule support devices, and pupillary 
expansion devices.

 Astigmatism Management

As noted previously, posttransplant corneas 
(more commonly post-PKP or ALK) often 
require management of high levels of astigma-
tism, which may also be irregular. This is due to 
several factors, including wound healing, vascu-
larization, suturing technique, graft size, and 
donor tissue characteristics [6, 9–12]. While sev-
eral options are available to manage astigmatism, 
it is crucial to accurately set patient expectations 
prior to surgery so that they understand they will 
most likely require additional measures to 
achieve their best postoperative vision.

Selective suture removal is one technique to 
adjust astigmatism [13, 14]. Once the cornea has 
adequately healed, corneal topography or tomog-
raphy can be used to guide suture removal along 
the steep corneal meridians. If regular astigma-
tism is achieved and total astigmatism is reduced 
to a level that is correctable with glasses that are 
tolerated by the patient, suture removal may be 

halted. However, the patient should be counseled 
that their sutures may degrade with time and their 
astigmatism may change with subsequent 
removal. Posttransplant patients frequently toler-
ate spectacle correction of higher astigmatism 
levels, especially if they have bilateral grafts. 
Eyeglasses also carry the additional benefit of 
eye protection, which is especially important fol-
lowing PKP or DALK, due to the unavoidable 
weakness of the GHJ.

Contact lenses are a mainstay of refractive 
correction, both for astigmatism and ametropia, 
following corneal transplantation. If the astigma-
tism is regular and relatively low, toric soft con-
tact lenses may be sufficient to achieve functional 
vision. However, if the corneal astigmatism is of 
high magnitude and/or irregular, rigid gas- 
permeable (RGP) lenses may be required. 
Unfortunately, RGP contact lenses are often dif-
ficult to fit and poorly tolerated by patients, due 
to discomfort or difficulty with insertion/removal 
[15]. Scleral contact lens technology has 
advanced significantly in the last several years 
[16]. Scleral lenses have several advantages when 
compared to RGP lenses: they are typically more 
comfortable since they vault over the cornea, 
they contribute to ocular surface health by main-
taining constant lubrication, and they can be fit 
over highly irregular corneas with substantial 
improvement in visual acuity and quality 
(Fig. 11.1).

Irregular astigmatism and contact lens intoler-
ance are quite common in this patient population, 
often limiting practical improvement in their 
visual function. Small aperture optics is a rela-
tively new approach to management of irregular 
astigmatism. By blocking nonparaxial light rays, 
pinhole apertures reduce the effect of corneal 
aberrations and increase depth of focus. The 
XtraFocus pinhole intraocular implant (Morcher, 
GmbH) is an opaque, black, round-edged device 
with a 1.3-mm central aperture designed for 
placement in the ciliary sulcus in a piggyback 
fashion [17]. The device has a 6-mm optic, a total 
length of 14 mm, and is transparent to infrared 
light. While the device prevents indirect ophthal-
moscopy, infrared-based examinations such as 
optical coherence tomography or laser scanning 
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ophthalmoscopy are still possible permitting 
postoperative retinal examination. Although the 
device is not currently available in the United 
States, it has been shown to significantly improve 
both objective and subjective distance and near 
visual acuities in patients with irregular astigma-
tism following PKP, without associated compli-
cations, such as uveitis-glaucoma-hyphema 
syndrome.

Arcuate keratotomy (AK) or corneal relaxing 
incisions (CRI) can also be used to reduce corneal 
astigmatism during or after cataract surgery 
(Fig.  11.2). Incisions can be placed manually 
along the steep corneal meridian using a cali-
brated diamond blade or femtosecond laser [18–
23]. They can be single or paired and are typically 
made to a depth of 90% in the cornea stroma. The 
incisions flatten the cornea along the meridian of 
the incision and steepen the cornea 90 degrees 
away, otherwise known as coupling. Their effect 
is dependent on many factors, including length 
and depth. Published nomograms are available 

and are clinically applicable in eyes that have 
undergone DSAEK or DMEK. However, uncer-
tain force vectors associated with the GHJ follow-
ing DALK or PKP create unpredictable results 
that do not obey these nomograms. Because of 
this, we recommend a conservative approach 
starting with small, paired incisions of approxi-
mately 45 degrees. If adequate reduction is not 
achieved, they can be enlarged by 10–20 degrees 
over two to three intervals until the desired effect 
is achieved or the incision length reaches 90 
degrees. While generally safe, CRIs can be sub-
ject to gape and should be avoided in patients who 
have undergone keratoplasty to treat ectatic cor-
neal degeneration, such as keratoconus.

Laser refractive surgery is another option for 
treating astigmatism in eyes following corneal 
transplantation and cataract surgery and has the 
additional benefit of treating any associated ame-
tropia. Laser in situ keratomileusis (LASIK), 
laser-assisted subepithelial keratectomy 
(LASEK), and photorefractive keratectomy 

a b

c

Fig. 11.1 Management of astigmatism and surface irreg-
ularity post-PKP with a scleral lens. The Placido-based 
topographic image (a  – left) demonstrates irregular 

oblique astigmatism. The slit-lamp images show the 
scleral lens (b – top right) and its vault over the corneal 
surface (c – bottom right)
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(PRK) have all been used for this application 
[24–28]. PRK and LASEK are more commonly 
employed since they do not require the creation 
of a flap. The use of mitomycin C is recom-
mended to reduce the risk of haze formation, and 
success has been seen with conventional, wave-
front-guided, and topography-guided treatments. 
LASIK can also be used to treat refractive errors 
and can be performed in one or two steps. 
Concurrent flap creation and excimer ablation 
(one step) carry a decreased risk of complications 
such as epithelial ingrowth but is associated with 
decreased refractive predictability. Conversely, 
flap creation followed by laser ablation (two 
steps) produces better refractive results since the 
patient’s refractive error is allowed to stabilize 
after flap creation. However, the two-step method 
does carry a higher risk of flap complications. If 
corrective laser surgery is considered, an accept-
able improvement in visual acuity should be 
demonstrable with refraction prior to treatment.

Toric IOLs can be implanted to manage cor-
neal astigmatism following transplant surgery in 
certain circumstances (Fig. 11.3). If the corneal 
astigmatism seen on corneal topography/tomog-
raphy after PKP or ALK is regular, the patient 
accepts the astigmatic correction in their refrac-
tion (despite the presence of the cataract), and the 
corneal endothelial cell count is at least 1500–
2000 cells/mm2, then toric IOL implantation is a 
reasonable consideration. If the astigmatism is 

irregular or there is a chance that the patient will 
need a repeat keratoplasty in the future, a non- 
toric IOL is preferred. If contact lens correction 
is still needed following cataract surgery, it will 
be much more difficult to properly fit the patient 
if a toric IOL was implanted, as a toric RGP or 
scleral lens would be required. If the corneal 
astigmatism exceeds the maximum level cur-
rently available in toric IOLs (6.0 D at the IOL 
plane, approximately 4.0 D at the corneal plane), 
then corneal relaxing incisions can be used to 
supplement the correction.

 Anterior Lamellar Keratoplasty 
(ALK) and Cataract Surgery

Anterior lamellar keratoplasty (ALK) refers to 
the corneal transplantation technique where some 
portion of the anterior corneal stroma is removed 
and replaced. The primary advantage of ALK is 
preservation of the host endothelium with the 
associated elimination of endothelial rejection, 
the most common type of corneal graft rejection. 
ALK comes in several varieties: manual dissec-
tion via blade, femtosecond laser-assisted, man-
ual shearing along a collagen lamella (“grip and 
rip”), and the big bubble technique of Anwar and 
Teichmann [29, 30]. The challenges pertaining to 
cataract surgery in this patient population are 
very similar to those seen with PKP.

a b

Fig. 11.2 Placido-based topographic image of a cornea 
post-PKP before (a  – left) and after (b  – right) arcuate 
keratometry. Paired incisions (60 degrees in length, 600 

𝜇m in depth) were placed just anterior to the GHJ. Note 
the reduction in astigmatism from 5.50D to 2.13D
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 Concurrent ALK and Cataract Surgery

ALK is performed in eyes where corneal pathol-
ogy has produced some level of opacification and 
irregularity, compromising the view for cataract 
surgery. Authors have described concurrent cata-
ract surgery following removal of the anterior 
cornea with the big bubble technique and before 
placement of the donor graft [31–33]. While 
achievement of a big bubble can be challenging, 
Zaki and colleagues found that cataract surgery 
can be safely performed if a type 1 bubble is 
obtained with preservation of Dua’s layer. If only 
Descemet’s membrane remains following lamel-
lar dissection, they found the risk of rupture dur-
ing cataract removal to be excessively high. Even 
with successful concurrent ALK and cataract sur-
gery, the surgeon and patient are still faced with 

uncertain postoperative corneal power and astig-
matism, leading to a significant risk of high 
refractive prediction errors. For these reasons 
which are similar to those of PKP, we prefer 
sequential cataract surgery in patients who’ve 
undergone ALK.

 Sequential ALK and Cataract Surgery

Cataract surgery in patients with prior ALK is 
essentially identical to cataract surgery in post- 
PKP eyes. The technical challenges relating to 
the view, IOL selection, and the need for addi-
tional tools are the same (as described previ-
ously). One area where they may differ is in the 
risk of endothelial cell loss. Acar et  al. found 
greater endothelial cell loss following cataract 

a b

c

Fig. 11.3 Toric IOL implantation in cataract surgery fol-
lowing PKP. The Placido-based topographic image (a  – 
left) demonstrates somewhat irregular astigmatism. 
Sim-K measurements underestimate astigmatism when 
compared to the central 3-mm zone (3.70D vs. 5.55D). 

Intraoperative aberrometry before (b – top right) and after 
(c – bottom right) toric IOL implantation demonstrates the 
reduction in refractive astigmatism. The postoperative 
uncorrected visual acuity was 20/25
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surgery in post-PKP eyes as compared to post- 
DALK eyes (44% vs. 11%) at 1 year following 
cataract surgery [34]. Of note, the rate of endo-
thelial cell loss in the DALK eyes was the same 
as that seen in eyes with no history of kerato-
plasty. Den et al. also found a lower rate of endo-
thelial cell loss in post-DALK vs. post-PKP eyes 
(11% vs. 31%) at 1 year after cataract removal. 
They found that endothelial cell loss in the DALK 
group stabilized at 1 month, while the PKP group 
continued to experience cell loss in the first 
6 months following cataract removal.

The options available for astigmatism man-
agement during or following cataract surgery in 
patients with a history of ALK are the same as 
with PKP and include eyeglasses, contact lenses, 
selective suture removal, arcuate keratometry, 
laser refractive, and toric IOLs. Please refer to the 
prior discussion.

 Endothelial Keratoplasty (EK) 
and Cataract Surgery

The most common modern endothelial kerato-
plasty (EK) techniques include Descemet strip-
ping automated endothelial keratoplasty 
(DSAEK) and Descemet membrane endothelial 
keratoplasty (DMEK). These techniques are 
reserved for patients with corneal pathologies 
that only involve the endothelium and Descemet’s 
membrane, such as Fuchs’ endothelial dystrophy 
or bullous keratopathy. They have multiple 
advantages when compared to PKP, including 
reduced rejection risk, smaller incisions, fewer 
sutures, and quicker visual rehabilitation. And 
since both procedures result in minimal alteration 
to the corneal surface, they produce significantly 
lower levels of surgically induced astigmatism. 
As with PKP and ALK, EK is known to increase 
the risk of cataract progression [35–37]. The risk 
of needing cataract surgery following EK 
increases with age, with a rate of 55% for those 
older than 50 and 7% for younger patients. Thus, 
cataracts are commonly seen in patients who 
need or have already undergone DSAEK or 
DMEK and present unique issues worth 
addressing.

 Concurrent EK and Cataract Surgery

Out of all the keratoplasty techniques available, 
DSAEK and DMEK are most amenable to con-
current cataract surgery. In contrast to PKP and 
DALK, standard cataract surgery can be per-
formed immediately prior to EK, with a closed 
anterior chamber and normal fluidics. In cases of 
Fuchs’ dystrophy or mild corneal decompensa-
tion, the surgeon will experience little to no com-
promise of their surgical view. A few alterations 
in surgical technique will facilitate performance 
of the subsequent EK.

The paracenteses and main surgical incision 
should be shorter as to avoid contact with the 
donor cornea post insertion. This permits the sur-
geon to easily enter with their cannulas to man-
age the gas fill and gas-fluid exchange. A cohesive 
OVD is recommended for the cataract surgery 
since it can be easily removed prior to donor 
implantation. Retained OVD can be trapped in 
the interface between the donor and host corneas, 
increasing the risk of detachment. The anterior 
chamber often shallows during EK, purposefully 
in the case of DMEK, so a smaller capsulorhexis 
is recommended to decrease the risk of the IOL 
prolapsing out of the capsule. A miotic agent 
should be used to constrict the pupil after OVD 
removal to minimize donor contact with the IOL, 
which can damage the donor endothelium. An 
inferior peripheral iridotomy (PI) is recom-
mended to minimize the risk of postoperative 
intraocular pressure spikes due to pupillary block 
by the gas bubble. If a preoperative laser PI was 
not performed, a PI should be created following 
pupil constriction with a vitrector, needle, or 
blade using the surgeon’s preferred technique. An 
intraoperative PI does increase the risk of bleed-
ing and hyphema, but this does not appear to 
adversely affect surgical outcomes [38]. However, 
anticoagulant discontinuation prior to surgery is 
still recommended when medically possible.

Hyperopic shifts in corneal refractive power 
are seen with both DSAEK and DMEK. DSAEK 
grafts are thinner in the center relative to the 
periphery and act as a “minus lens.” [39, 40] 
While DMEK grafts are very thin (approximately 
15 𝜇m) and uniform in thickness, patients still 
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experience a hyperopic shift. This shift is lower 
in magnitude as compared to DSAEK.  It is 
assumed that, preoperatively, the cornea is more 
edematous centrally so that when the edema 
clears, the cornea thins more centrally relative to 
the periphery causing the hyperopic shift 
(Fig. 11.4). Due to these shifts, a refractive target 
of −0.75 to −1.25 D is recommended for cataract 
surgery in DSAEK and − 0.5 to −1.0 D in DMEK 
[41–44]. Finally, hydrophilic acrylic IOLs should 
be avoided in these cases since they are prone to 
opacification/calcification following exposure to 
intracameral gas, including air, SF6, or C3F8 
[45–47].

 Sequential EK and Cataract Surgery

In cases of severe endothelial dysfunction, cor-
neal edema may preclude an adequately clear 
view for cataract surgery. In these cases, EK can 
be performed first with cataract surgery to follow 
once healing is complete. In addition to improv-
ing the surgical view, it should also be easier to 
obtain accurate keratometry following EK. While 
a myopic refractive target is still required for 
sequential cataract surgery in DSAEK eyes, no 
such target is needed in DMEK eyes. Since the 

thin DMEK graft is uniform in thickness, once 
the postoperative edema clears, keratometry 
measurements will accurately reflect the refrac-
tive power of the cornea.

 Astigmatism Management

As with the other forms of keratoplasty, the same 
options are available to manage astigmatism in 
DMEK or DSAEK eyes. However, toric IOL 
implantation following DMEK or DSAEK 
deserves additional consideration. While DMEK 
corneas may experience changes in astigmatism 
early in the postoperative period, once the graft 
attaches and any edema clears, corneal power can 
be accurately measured, and the risk of irregular 
astigmatism induction is very low. Repeat DMEK 
would also be expected to have minimal effect on 
long-term astigmatism levels. Thus, toric IOLs 
are a reasonable consideration in this population. 
If concurrent DMEK and cataract surgery are 
considered, it is best to restrict the use of toric 
IOLs to patients with more than 1.75 D of regular 
astigmatism due to poor refractive predictability 
in milder cases [48, 49].

While the risk of irregular astigmatism with 
DSAEK corneas is generally low, it can occur 

a b

Fig. 11.4 Placido-based topographic image of a cornea pre- (a – left) and post-DMEK (b – right). The topography 
demonstrates improved astigmatism regularity with a change in the location of the steep meridian

M. Weikert and A. Mukhopadhyay



131

with thicker grafts, irregular trephinations, and 
decentered graft placement. Accurate measure-
ment of total corneal astigmatism following 
DSAEK can also be more challenging since the 
posterior corneal curvature is altered by the 
lamellar transplant. Since intraoperative aber-
rometry measures total ocular astigmatism 
including the posterior cornea’s contribution, it 
may provide some benefits in toric IOL selection 
in this patient population. Finally, if the patient 
undergoes a repeat DSAEK, astigmatism mea-
surements can change significantly. For these 
reasons, toric IOL use in conjunction with 
DSAEK surgery should be employed with 
caution.

 Conclusion

Cataract surgery in conjunction with or following 
keratoplasty can be quite successful. The surgical 
approach will vary depending on the type of ker-
atoplasty, as will the decision to perform the pro-
cedures concurrently or sequentially. As each 
approach carries certain advantages and disad-
vantages, the surgeon and patient will both ben-
efit from careful assessment and surgical 
planning. Keratoplasty is often associated with 
postoperative astigmatism, and multiple options 
are available for its management. Thorough 
counseling before and after keratoplasty is essen-
tial to optimize patient understanding and 
satisfaction.
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Cataract Surgery in Eyes 
with Fuchs Endothelial Corneal 
Dystrophy

Theofilos Tourtas, Julia M. Weller, 
and Friedrich E. Kruse

 Introduction

Clinical evaluation of the corneal endothelium is 
of high importance when screening patients for 
cataract surgery. Slit-lamp examinations should 
be accompanied by endothelial microscopy to 
exclude endothelial pathologies. Corneal guttae 
are the most common endothelial disorder in can-

didate cataract patients. The clinical significance 
of corneal guttae without edema is often underes-
timated. The quality of vision in early stages of 
Fuchs endothelial corneal dystrophy (FECD) 
with corneal guttae is impaired way before devel-
opment of corneal edema. The first symptoms are 
glare, reduced contrast sensitivity, and color 
vision, mainly when the lighting conditions are 
bad. Several studies have confirmed that corneal 
guttae cause an additional decrease in contrast 
sensitivity, as well as an additional increase in 
stray light in cataract patients [1–3]. These 
parameters are not routinely tested in cataract 
patients. It is therefore crucial to inform patients 
before cataract surgery about the presence of cor-
neal guttae, which may lead to inferior results 
after surgery.

 Cataract Surgery in Eyes with FECD: 
When to Do It and How

The decision when to perform cataract surgery 
only, combined cataract surgery with kerato-
plasty, or a staged procedure (first cataract sur-
gery or first keratoplasty) in eyes with FECD can 
be challenging even for experienced corneal 
surgeons.

Among the various types of keratoplasty, 
lamellar corneal surgery is used in patients 
with FECD because endothelial keratoplasty 
(EK) allows for a layer specific correction of 

T. Tourtas · J. M. Weller · F. E. Kruse (*) 
Department of Ophthalmology, Friedrich-Alexander- 
University of Erlangen-Nürnberg, Erlangen, Germany
e-mail: friedrich.kruse@uk-erlangen.de

12

Key Issues
• Take always a closer look at the endo-

thelium when planning a cataract sur-
gery in order to avoid inferior results 
after surgery

• Strategy for decision-making regarding 
cataract surgery only or combined with 
endothelial keratoplasty in eyes with 
FECD

• Challenges in IOL calculation in com-
bined cataract surgery with endothelial 
keratoplasty

• The role of femtosecond laser-assisted 
cataract surgery in eyes with FECD

• What complications to expect and how 
to deal with them when performing cat-
aract surgery in eyes with FECD
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the corneal pathology. There are two forms of 
EK a corneal surgeon can choose from: In 
Descemet stripping automated endothelial kera-
toplasty (DSAEK), a thin lamella of posterior 
corneal stroma is transplanted along with 
Descemet membrane and endothelial layer, while 
in Descemet membrane endothelial keratoplasty 
(DMEK), only Descemet membrane and endo-
thelium are exchanged. Due to the better visual 
results, DMEK is generally preferred over 
DSAEK.

In case of moderate cataract and confluent 
guttae with corneal edema, it is mandatory to per-
form cataract surgery combined with 
EK. Otherwise, endothelial decompensation with 
bullous keratopathy can be provoked by cataract 
surgery alone.

The following three scenarios can be 
encountered:

 1. Moderate cataract with mild corneal guttae

Phacoemulsification is known to affect the 
corneal endothelium, and corneal decompensa-
tion can occur postoperatively even if the guttae 
appear to be relatively mild prior to surgery. This 
can be explained by the pathophysiology of 
FECD, in which not only the (clinically visible) 
guttae occur but endothelial cells are reduced in 
number, have an altered metabolism, and are 
reduced in viability. Preoperative biomicroscopy 
of corneal endothelial cells is mandatory in these 
cases to quantify the endothelial cell density, 
since values vary greatly in eyes with mild guttae 
(Fig. 12.1). There is no cutoff value for the pre-
diction of postoperative corneal decompensation. 
Preoperatively the surgeon has to estimate the 
risk of corneal decompensation on the basis of 
nuclear opacity (and presumed necessary dura-
tion of phacoemulsification) in relation to the 
number and morphology of existing endothelial 
cells. The patient has to be informed that in case 
of a corneal decompensation after cataract sur-

Fig. 12.1 Endothelial microscopy picture of a patient with mild corneal guttae. In this patient, cataract surgery without 
endothelial keratoplasty would be a viable option
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gery, an EK procedure might be necessary. In 
case of confluent central guttae without visible 
endothelial cells in the biomicroscopy scan, a 
combined cataract surgery with EK is usually 
recommended.

Decision-making based on central corneal 
thickness can be misleading since a thicker cornea 
does not necessarily implicate corneal edema, 
while subclinical edema can occur in corneas with 
normal thickness [4, 5]. Pentacam Scheimpflug 
tomography is a helpful tool to detect subclinical 
edema in FECD patients who will benefit from 
EK. By assessment of three structural parameters 
with the Pentacam, the risk for FECD eyes to 
require endothelial keratoplasty after cataract sur-
gery has been estimated [5]. To our knowledge, 
this is the only evidence- based approach guiding 
the decision-making process of a combined sur-
gery. Corneal thickness alone is not a useful tool 
in the decision when to perform cataract surgery 

only or combined surgery. Thus, there is no con-
sensus about a cutoff value for corneal thickness, 
e.g., 650 μm, beyond which a combined surgery 
should be performed. Instead, in cases without 
clinically visible corneal edema, the surgeon 
should take into consideration the structural 
parameters mentioned above, the extent of cor-
neal guttae, as well as the guttae-specific symp-
toms of glare and reduced contrast sensitivity. As 
a rule of thumb, we suggest to perform a com-
bined surgery in cases in which guttae are dense 
and confluent (Figs. 12.2 and 12.3).

In case of corneal guttae limited to the central 
4–5  mm of the cornea, descemetorhexis only 
(without keratoplasty) (DSO) might be a promis-
ing option in the future [6]. This procedure can be 
combined with cataract surgery, as well. The sup-
porting effect of Rho kinase inhibitors on the 
endothelial wound healing currently is investi-
gated in randomized clinical trials.

Fig. 12.2 Endothelial microscopy picture of a patient with dense and confluent corneal guttae. In this patient, cataract 
surgery with endothelial keratoplasty would be recommended
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Fig. 12.3 Retroillumination slit-lamp picture of a patient 
with dense and confluent corneal guttae

Fig. 12.4 Slit-lamp picture of a FECD patient with sig-
nificant paracentral focal edema. IOL calculation is diffi-
cult in this case which makes a staged procedure 
(endothelial keratoplasty first, cataract surgery second) 
reasonable

 2. Mild cataract with moderate corneal guttae

In phakic eyes with clinically significant gut-
tae, EK can be performed with or without simul-
taneous cataract surgery. Patient’s age and the 
remaining ability for accommodation of the eye 
are important factors for decision-making.

In patients above the age of 60, DMEK is usu-
ally combined with cataract surgery even if the 
cataract is only mild to avoid the second (cata-
ract) surgery shortly after EK [7]. In young 
patients under the age of 50, EK only is often the 
preferred choice. If DMEK only is preferred, the 
cataract-inducing effect of the steroid treatment 
after keratoplasty leading to a second surgery 
months or years after DMEK has to be discussed 
with the patient. In a recent study investigating 
the incidence of cataract after DMEK in phakic 
eyes, only 13% (35/261) developed cataract dur-
ing a follow-up of 10 years after DMEK [8]. The 
average interval between DMEK and phacoemul-
sification was 18  ±  13  months. Mean loss of 
endothelial cell density was as high as 11% in the 
first 6 months after phacoemulsification, which is 
acceptable, but higher than the natural decrease 
of endothelial cells after DMEK without addi-
tional subsequent surgery. The main advantage of 
DMEK only is the much higher accuracy of IOL 
calculation in a patient with postponed cataract 
surgery as compared to IOL calculation in a com-
bined procedure.

Also, the morphology of the anterior chamber 
should be taken into consideration when the deci-
sion to perform a combined or staged procedure 

is made. If the anterior chamber depth is less than 
2 mm, e.g., in high hyperopia, or the likelihood of 
vitreous pressure is high, a combined cataract 
surgery with DMEK is preferable even if the lens 
is clear in order to facilitate graft manipulation 
and unfolding of the graft.

 3. FECD patients with bullous keratopathy or 
focal central edema

Eyes with extensive corneal edema and cata-
ract may benefit from a staged procedure. In 
these cases, the cornea is quite cloudy and does 
not allow for a safe cataract surgery even after 
removal of the corneal epithelium. In order not to 
jeopardize the success of the cataract surgery, EK 
should be performed first. In general, cornea will 
reach a stable condition for an accurate IOL 
 calculation 3 months after EK, and a cataract sur-
gery can be safely performed.

Some eyes with FECD may develop a central 
or paracentral focal edema instead of diffuse cor-
neal decompensation (Fig. 12.4). IOL calculation 
is difficult in these eyes which makes the refrac-
tive outcome unpredictable. Although EK and 
cataract surgery might be indicated clinically, a 
staged procedure (EK first, cataract surgery sec-
ond) can be reasonable in these cases, as well. 
However, the potential to harm the corneal endo-
thelium due to the phacoemulsification under the 
graft has to be weighed against the advantage of 
a precise IOL calculation.
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 Combined Cataract Surgery 
with Endothelial Keratoplasty 
and IOL Implantation: Technical 
Aspects and IOL Calculation

When EK is combined with cataract surgery, 
phacoemulsification and IOL implantation are 
performed prior to insertion of the EK graft. The 
same primary incision site is used for delivery of 
the IOL and the graft. Special care should be 
taken to use highly cohesive viscoelastic for cata-
ract surgery in order to allow for complete 
removal of the entire viscoelastic prior to pro-
ceeding with graft insertion. An overuse of myd-
riatics before surgery should be avoided in order 
to allow best possible constriction of the pupil 
prior to EK. Intracameral acetylcholine chloride 
is used for this purpose after implantation of the 
IOL.

Many surgeons prefer to use hydrophobic 
IOLs to prevent postoperative calcification of the 
IOL associated with the intracameral air or gas, 
although the incidence of calcification of hydro-
philic IOLs after EK is very low [9]. There is no 
standard suggestion as to the lens design used 
during combined procedure. We suggest using a 
plate haptic to ensure maximum stability of the 
iris-lens diaphragm and to prevent displacement 
of the IOL during the presence of air in the ante-
rior chamber.

The biggest challenge when performing an 
EK combined with cataract surgery is the IOL 
calculation to avoid refractive surprises after sur-
gery. Even though EK is a suture-less technique, 
several studies have shown that combined proce-
dures are not neutral concerning the effect on 
postoperative refraction but cause a hyperopic 
shift. Furthermore, the refractive shift seems to 
be quite unpredictable. The effect is higher for 
Descemet stripping endothelial keratoplasty 
(DSEK) than for Descemet membrane endothe-
lial keratoplasty (DMEK) but has still a wide 
range.

The hyperopic refractive shift has been quan-
tified for both DSEK [ranged from +0.31 D (± 
2.03 D) to +1.26 D (± 0.53 D)] and DMEK 
[ranged from −1.14 D (± 1.7 D) to +0.90 D (± 1.5 
D)] [10]. Changes of the posterior corneal curva-

ture seem to have an influence on the refractive 
shift. In a fellow eye comparison, a good predict-
ability was found for the second eye when the 
refractive outcome of the first eye was used as a 
reference [11]. The refractive shift of the second 
eye seems to follow that of the first eye. We tend 
to set a myopic refractive target of about −0.75 to 
−1.5 D dependent on the curvature of the poste-
rior cornea. Nevertheless, the patient needs to be 
informed properly about the poor predictability 
of the IOL calculation in case of a combined 
surgery.

 Technical Aspects of Cataract 
Surgery Only in Eyes with Corneal 
Guttae/FECD

 1. Conventional phacoemulsification
When performing a cataract surgery in 

eyes with corneal guttae, it is advisable to use 
a highly dispersive viscoelastic during sur-
gery in order to provide the best possible pro-
tection of the diseased endothelium.

 2. Femtosecond laser-assisted cataract surgery
The role of a femtosecond laser-assisted 

cataract surgery (FLACS) in eyes with FECD 
remains controversial. The hypothesis is that 
the use of the femtosecond laser allows for 
reduction of the duration of the exposure of 
the endothelium to ultrasound and therefore 
reduces the amount of ultrasonic energy when 
compared to conventional cataract surgery. 
This allows for a more gentle handling of the 
endothelium. In a retrospective analysis of 
207 eyes with FECD, which focused on post-
operative corneal decompensation, FLACS 
did not decrease the rate of clinically signifi-
cant corneal decompensation compared with 
conventional phacoemulsification [12]. In 
contrast, another retrospective study of 140 
eyes with FECD reported reduced endothelial 
cell loss after FLACS compared to conven-
tional phacoemulsification [13]. In a small 
prospective study of 31 eyes with FECD eval-
uating endothelial cell density and central cor-
neal thickness, the outcomes were slightly in 
favor of the FLACS group compared to con-
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ventional phacoemulsification [14]. Larger 
prospective randomized studies evaluating the 
role of FLACS in FECD are necessary to con-
firm the positive effect of FLACS in eyes with 
FECD.

 Complication Management During 
Cataract Surgery in Eyes 
with Corneal Guttae/FECD

 Posterior Capsule Rupture

Complications regarding the capsular bag during 
cataract surgery can be managed well by differ-
ent options of extracapsular IOL positioning. 
However, eyes with FECD undergoing cataract 
surgery need special consideration in anticipation 
of a required endothelial keratoplasty in the 
future.

Although sulcus fixation of the IOL is often 
the preferred option for eyes with capsular com-
plications, it can affect the feasibility of the 
DMEK surgery: The air or gas bubble in the ante-
rior chamber, which is necessary for graft adher-
ence, leads to a retropulsion of the IOL with 
possible dislocation of the IOL into the vitreous 
cavity. In case of sulcus fixation of the IOL due to 
a damaged capsular bag, IOL revision with 
implantation of an iris-fixated or scleral-sutured 
posterior chamber IOL is recommended.

The exact position of the IOL should be docu-
mented because it is of high importance for the 
corneal surgeon especially in cases with pseudo-
phakic bullous keratopathy following a compli-
cated cataract surgery. Difficulties in IOL 
positioning should be communicated clearly to 
the corneal surgeon to make an adequate proce-
dure planning possible. Vitreous prolapse into the 
anterior chamber does significantly complicate 
EK. Anterior vitrectomy must be performed thor-
oughly in this case. However, extensive vitrec-
tomy should be avoided, since EK is more 
difficult in vitrectomized eyes.

In aphakic eyes, a secondary posterior cham-
ber IOL implantation is necessary. Otherwise, a 
tight DMEK roll could fall through the pupil into 
the vitreous cavity which has been described for 

DSAEK grafts in aphakic eyes [15]. The proba-
bility to lose the graft through the pupil in apha-
kic eyes is even more probable in DMEK 
compared to DSAEK since the graft is thinner 
and forms a tight roll with a diameter which is 
smaller than the constricted pupil. Furthermore, 
the air or gas bubble has no barrier to the poste-
rior segment in aphakic eyes and tends to move 
behind the iris in the early postoperative period 
after DMEK. This situation can lead to an angle 
closure but most important to a dislocation of the 
graft since there is no support of the air or gas 
bubble. DMEK has been tried in aphakic eyes by 
some surgeons, but with discouraging results: 
Graft detachment occurred in 67%, and graft fail-
ures occurred in 88% [16]. A temporary suture 
fixation of the graft in aphakic eyes as described 
in DSAEK is not possible in DMEK because of 
the fragility of the thin graft [17]. In eyes with 
anterior chamber IOLs, we recommend a two- 
step procedure: removal of the anterior chamber 
IOL and implantation of an IOL in the posterior 
chamber (iris fixation or scleral-sutured fixation) 
[18]. DMEK has been performed successfully in 
eyes with retained anterior chamber IOLs by 
some surgeons [19, 20]. However, the compro-
mising effect of anterior chamber IOLs on the 
endothelium of the graft should be considered. 
Graft survival is lower in eyes with retained ante-
rior chamber IOLs compared to secondary poste-
rior chamber IOLs [21].

 Cystoid Macular Edema

Cystoid macular edema (CME) has been shown 
to occur in 2–13% of eyes after DMEK [22–26]. 
Combination of DMEK with simultaneous cata-
ract surgery or DMEK as staged procedure  during 
the first 6 months after phacoemulsification does 
not increase the incidence of CME [24].

Inoda et  al. even found a decreased risk of 
CME in eyes with a staged procedure (DMEK 
1  month after cataract surgery) compared to 
DMEK alone, possibly because the eyes were on 
treatment with steroids and nonsteroidal anti- 
inflammatory eye drops between cataract surgery 
and DMEK [25]. Iris damage should be avoided 
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during cataract surgery in eyes undergoing 
DMEK since it is a risk factor for the develop-
ment of CME [25]. An intensified topical steroid 
regimen (hourly during the first week after 
DMEK with phaco) has been shown to reduce the 
incidence of postoperative CME significantly 
[26].

 IOL Calcification

Calcification of the IOL is a rare long-term com-
plication after DMEK in pseudophakic eyes. The 
presumed mechanism of IOL calcification is con-
tact of the air/gas bubble with the surface of the 
IOL. The number of air injections is associated 
with the occurrence of IOL opacification [9]. 
This complication has been reported in hydro-
philic acrylic IOLs first but can occur in hydro-
phobic material as well [9].

The management of IOL calcifications 
depends on the individual visual impairment. 
Although visibility of the fundus can be dimin-
ished by the calcifications, the patient might be 
impaired only mildly, and vice versa. The only 
option to treat IOL calcification consists of IOL 
removal/exchange. The possible use of IOL 
exchange has to be weighed against the risk of 
endothelial graft damage by the secondary surgi-
cal procedure. High-resolution optical coherence 
tomography might be a tool for prediction of 
stray light and visual disturbance by IOL opacifi-
cations [27].
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The Posterior Polar Cataract

Robert H. Osher

• Avoid overpressurizing the anterior chamber 
with excessive OVD.

• Hydrodelineation is preferred to hydrodissection.
• Slow-motion phaco reduces turbulence.
• The escape route concept is helpful for atrau-

matic loosening of the epinucleus.
• Maintain the chamber with OVD before with-

drawing the phaco and I&A tip.
• IOL implantation should avoid any pressure 

on the capsular bag.

When I entered ophthalmology as a resident, 
the standard of care was to follow the posterior 
polar cataract by conservative observation. 
Patients were told that they had this cataract their 
entire life and to wait until it became mature at 
which time surgical intervention would be justi-
fied. This approach seemed counterintuitive 
because the associated glare was often incapaci-
tating. I joined my father’s practice in 1980 and 
eventually accumulated more than a dozen 
patients with posterior polar cataracts for whom I 
had performed phacoemulsification with poste-
rior chamber lens implantation. I collaborated 

with Douglas Koch, MD, in Houston, a very 
close friend who shared the same opinion, and 
we combined our patients publishing the first sur-
gical series in 1990 [1]. While our frequency of 
an open posterior capsule (either congenital or 
iatrogenic) was quite high in a range of 26%, the 
patients were genuinely ecstatic with the 
improvement in their vision, especially with the 
reduction of glare.

A number of surgical principles have evolved 
which have markedly reduced the incidence of 
posterior capsule rupture. This brief chapter will 
review the surgical principles which have allowed 
us to enjoy a highly successful visual outcome 
following contemporary small incision cataract 
surgery in the patient with a posterior polar 
cataract.

 The Patient Discussion

It is necessary to invest the time to explain that 
the normal “wrapping” or “envelope” around the 
back of the lens is usually 3 or 4 microns thick. I 
like to explain that this type of cataract has a 
much thinner wrapping which is more fragile and 
may even be incomplete due to flawed develop-
ment before birth. It should be emphasized that 
this type of cataract is more challenging to 
remove and often associated with complications 
that may alter the type and location of the 
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intraocular lens to be implanted. This discussion 
should be documented in the medical record.

 Preoperative Testing 
and Biomicroscopy

Some surgeons have recommended anterior seg-
ment OCT to see if a break in the posterior cap-
sule can be identified [2–6]. While I do not 
routinely order this study, I am very careful to 
confirm that the patient actually has a posterior 
polar cataract rather than a posterior subcapsular 
cataract, based upon the location and thickness of 
the circular opacity which extends anteriorly into 
the posterior cortex. Moreover, I try to observe 
the continuity of the posterior capsule which may 
reveal a preexisting opening. Finally, I look for 
tiny opacities or “oil droplets” in the anterior vit-
reous which suggest that an opening in the poste-
rior capsule may be present.

 The Surgical Procedure: Filling 
the Anterior Chamber with OVD

While it is necessary to inject OVD into the ante-
rior chamber in order to perform a safe manual 
capsulorhexis, it is important not to overfill which 
can raise the IOP. Excessive pressure in the ante-
rior chamber can actually propel the lens con-
tents through a thin or defective posterior capsule 
into the vitreous.

 Capsulorhexis

The surgeon should be as meticulous as possible 
in centering and sizing the capsulorhexis. The 
reason for this precision is that optic capture may 
be necessary for lens fixation.

 Hydrodissection or 
Hydrodelineation

A traditional hydrodissection is contraindicated 
because the fluid wave may dissect around the 
lens and “blow out” the posterior capsule. For 

this same reason, visco-dissection is not recom-
mended. Dr. Abhay Vasavada from India has 
advocated hydrodelamination which is per-
formed by placing the cannula more centrally so 
the stream of fluid will separate the nucleus from 
the epinucleus [7]. More central injections can 
separate the fetal from the adult nucleus. By cre-
ating a trench with the phacoemulsification nee-
dle, the surgeon may also use “inside out” 
hydrodelineation where the fluid wave is started 
in the troth which will also delineate the different 
nuclear layers [8]. The key concept is to keep the 
delamination within the lens rather than allow a 
stream to generate pressure on the weakened or 
open posterior capsule. Dr. Vasavada has also 
introduced the technique of femtodelineation in 
which three nuclear cylinders are created within 
the lens surrounded by an outermost epinucleus 
[9, 10].

 Phacoemulsification

Many surgeons have published their preferences 
for removing the nucleus by phacoemulsification 
[11–14]. Most agree that the surgeon should 
remove the more central nucleus which has been 
delineated and an in situ approach is preferable 
rather than rotating or decentering the lens. Slow- 
motion phacoemulsification utilizing lower 
parameters is preferable in order to prevent turbu-
lence and a more volatile chamber [15].

 The Escape Route

I am enthusiastic about a new concept which I 
call the escape route. Once the fetal and adult 
nuclear layers have been emulsified, there is 
inevitably an epinucleus that is “stuck” because 
we have avoided hydrodissection. The strategy 
for mobilizing this epinucleus is both novel and 
effective (Video 13.1). With the phaco tip, the 
surgeon borrows into the epinucleus opposite the 
incision. It is usually soft because these patients 
are typically quite young and therefore can often 
be aspirated by the phaco needle. Then the adja-
cent cortex opposite the incision is also aspirated, 
which provides the escape route. Now it is safe to 
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hydrodissect under the capsule with either a 
straight cannula or a curved reverse cannula to 
loosen the epinucleus, especially the sub- 
incisional epinucleus. Because the fluid wave can 
easily escape through the escape route, the 
remaining epinucleus can be safely mobilized 
and then emulsified without placing stress on the 
posterior capsule.

 Cortical Removal

The surgeon may elect to use either a coaxial, 
bimanual, or dry technique to remove the cortex. 
I favor the silicone tip for micro-coaxial 
I/A. Starting with the most difficult sub- incisional 
cortex is ideal because the capsular bag is held 
open by the cortical bowl. The stubborn cortex 
has been reported to be removed by careful and 
gentle visco-dissection [16].

 Central Plaque Management

After the cortex has been removed, there is often 
an axial opacity. Under normal circumstances, 
the opacity would be removed by polishing, vac-
uuming, or dissecting the plaque off the posterior 
capsule. But given the fragile nature of the cen-
tral capsule, it is probably safest to perform a 
Nd:YAG laser in the postoperative period. 
Alternatively, a minimum aspiration technique 
can be performed by tapping on the footswitch to 
create vacuum by the re-expansion of the tubing. 
Yet if the posterior capsule tears, the surgeon 
should be prepared to perform a posterior capsu-
lorhexis, excising the abnormal central plague 
and then performing either traditional optic cap-
ture, reverse optic capture, or a variant where the 
IOL is prolapsed through the posterior capsu-
lorhexis into Berger’s space [17].

 Maintaining the Chamber

Before withdrawing the phaco or the I&A tip, the 
OVD should be injected through the stab incision 
in order to maintain a deep chamber. Otherwise, 

when the instrument is withdrawn, the chamber 
will shallow, and the anterior hyaloid may rup-
ture allowing vitreous to prolapse forward.

 IOL Insertion

It is a natural tendency to take a deep breath and 
lower one’s guard after the cataract has been 
removed. However, the surgeon must remain vig-
ilant. Any pressure against the capsular bag by 
the leading haptic may cause a severe tear in 
either the intact or open posterior capsule. One 
strategy to prevent unwanted contact is to use a 
retentive OVD like Healon 5 which keeps the 
haptics of a single-piece IOL folded over the 
optic as the IOL is being maneuvered into the 
capsular bag. After it is oriented, the haptics can 
be gently unfolded with an instrument or the I&A 
tip. The surgeon has the option of implanting a 
single-piece lens into the capsular bag, even if the 
central posterior capsule is open, as long as there 
is still sufficient peripheral support where the 
capsule is normal. Although difficult, it is advan-
tageous to convert a posterior capsular tear to a 
posterior capsulorhexis. If the capsular support is 
in question, the surgeon may either prolapse the 
optic forward achieving reverse optic capture or 
simply implant a three-piece lens into the ciliary 
sulcus displacing the optic posteriorly through 
the capsulorhexis opening achieving traditional 
optic capture. Other viable options include 
sutured iris or scleral fixation as well as intra-
scleral fixation.

 Final Maneuvers

Hydration of the incision is recommended before 
the OVD is removed from behind the optic and 
then from in front of the optic. Again, before 
withdrawing the I&A tip, the chamber should be 
maintained by injecting balanced salt solution 
through the stab incision. Acetylcholine can be 
used when the surgeon prefers to constrict the 
pupil. If the anterior hyaloid face is open and the 
surgeon is trying to keep the vitreous back, an air 
bubble may be injected and subsequently 
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exchanged in small aliquots for either balanced 
salt solution or acetylcholine. The incision is 
hydrated for a final time and its water tightness is 
confirmed.

 Conclusion

The posterior polar cataract remains a surgical 
challenge because the central posterior capsule is 
extremely thin and fragile. Multiple techniques, 
like creating an escape route, will offer the sur-
geon the best chance of achieving a successful 
outcome.
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Cataract Surgery 
in the Edematous, Partially 
Opaque Cornea and After  
Corneal Graft

Ahmed A. Abdelghany, Jorge Alió del Barrio, 
Ahmed M. Khalafallah, and Jorge L. Alió

 Introduction

Corneal pathology is a relatively common situa-
tion when facing cataract surgery in older patients 
[1]. In this scenario, we should take into account 
that visual loss is not only due to the cataract 
itself but also due to the abnormal cornea. 
Potential visual gain after cataract removal 
should be estimated, so patients can have realistic 
expectations regarding the surgery [2].

Cataract surgery in patients with corneal 
pathologies can be demanding not only because 
of difficulties with intraoperative visualization 
under the surgical microscope during surgery but 
mainly due to difficulties with intraocular lens 
(IOL) power calculation and prediction of the 
refractive outcome preoperatively. Adequate and 
careful preoperative assessment is essential in 
these patients, and a correct acquisition and 

understanding of diagnostic tools such as corneal 
topography and aberrometry are of critical impor-
tance [3].

Modern cataract surgery techniques, IOL 
technologies, and advanced methods for IOL 
power calculation allow most cataract patients to 
obtain an adequate visual and refractive outcome, 
even in the presence of corneal abnormalities [3]. 
In this chapter, we will discuss cataract surgery in 
the presence of some types of corneal patholo-
gies such as lack of adequate corneal transpar-
ency, low endothelial cell count, and eyes with a 
previous corneal graft and the management of 
such cases to try to achieve the best results 
possible.

 Cataract Surgery in Eyes 
with Corneal Opacity

Corneal opacities may be due to corneal dystro-
phies or corneal scars from previous trauma, 
infection, or inflammation of corneal tissues [4]. 
Corneal scars may preclude a proper intraopera-
tive visualization of the intraocular structures, 
and limit the postoperative visual outcome, to a 
degree depending on their location, density, and 
capacity to induce irregular astigmatism [5]. 
Peripheral corneal opacities might not interfere 
with intraoperative visualization during cataract 
surgery, but may influence the refractive outcome 
by inducing astigmatism, which should be 
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addressed preoperatively with corneal topogra-
phy [5]. When facing scars due to previous 
trauma, surgeons should examine the eye care-
fully before surgery to look for potential capsular 
or zonular damage [3].

In a similar fashion as previously discussed, 
the first thing to do when facing a cataract in a 
patient with a partially opaque cornea is to esti-
mate the potential visual gain with cataract sur-
gery and so determine if the corneal opacity 
requires prior management in the form of laser 
ablation (PTK), manual keratectomy, or kerato-
plasty. Corneal anterior segment optical coher-
ence tomography (AS-OCT) is critical for such 
purpose as it allows a precise measurement of the 
opacity depth and location and so assists in the 
choice of the optimal surgical approach to the 
opacity.

However, corneal opacities may impact the 
visual function not only because of the loss of 
transparency itself but also because of the poten-
tial induction of irregular astigmatism, and so, 
corneal topography becomes an essential tool in 
the preoperative assessment regarding corneal 
ectasias. Severely aberrated corneas may be bet-
ter considered for simultaneous corneal graft pro-
cedure and cataract surgery rather than for 
cataract surgery alone [3]. Nevertheless, simulta-
neous corneal graft (either penetrating or lamel-
lar) and phacoemulsification may be necessary 
not only to enhance the visual outcome but also 
to allow the cataract surgery itself by allowing 
sufficient intraoperative visualization of the intra-
ocular structures [4, 6, 7].

On the other hand, simultaneous keratoplasty 
and cataract surgery has many serious preopera-
tive (poor expected graft survival, no available 
corneal tissue, etc.), intraoperative (expulsive 
choroidal hemorrhage), and postoperative 
(delayed visual rehabilitation, rejection risk 
which is increased in vascularized opacities, etc.) 
drawbacks.

To overcome these drawbacks, phacoemulsi-
fication can be assisted and visualization 
improved by the use of endoscopic lights such as 
the chandelier light used for vitreoretinal surgery 
as a retroillumination-assisted torsional oscilla-
tion technique, chandelier anterior chamber 

endoillumination- assisted phacoemulsification, 
intracameral dynamic spotlight-assisted phaco-
emulsification, and endoscope-assisted cataract 
surgery or by transcorneal oblique illumination 
(which does not provide as high-quality images 
as the endoilluminators). Thus, corneal reflec-
tion and scattering are diminished, and better 
visualization is provided [8–14].

As an example of intracameral 
endoilluminator- assisted phacoemulsification in 
these patients, Yuksel E. used a 23-gauge Shielded 
Widefield Endoilluminator (Shielded Widefield 
Endoillumination; Bausch & Lomb, Inc.) which 
was inserted intracamerally through a 0.6  mm 
limbal paracentesis. This has advantages over the 
chandelier retroilluminator in that it does not 
need additional vitrectomy tools and carries no 
increased risk of retinal detachment. In addition, 
the chandelier system is not shielded, so the light 
spreads in both anterior and posterior directions, 
and in this way, the anterior spread impairs the 
view with the scattering of light from the cornea. 
In contrast to other intracameral manipulators, 
this shielded illuminator has no more risk than a 
chopper in terms of Descemet tear during its 
usage which did not occur in this study [15].

Our surgical recommendations:

• Preoperative meticulous evaluation of the site 
and density of the corneal opacity using slit- 
lamp examination, corneal topography, and 
anterior segment optical coherence tomogra-
phy (AS-OCT).

• If corneal opacity is superficial, it can be man-
aged preoperatively using phototherapeutic 
keratectomy before proceeding to cataract 
surgery.

• Noncentral dense corneal opacities should be 
considered as a main astigmatic issue espe-
cially if paracentral, and if so, preoperative 
counseling with toric intraocular lenses should 
be considered with no or little effect on visual-
ization during cataract surgery which can be 
bypassed by avoiding the area under the cor-
neal opacity, looking through a clear window 
to initiate capsulorhexis, and then completing 
it with a constant tethered force under the 
opaque area.

A. A. Abdelghany et al.



149

• In central corneal opacities of moderate den-
sity, the Shielded Widefield Endoilluminator 
and other previously mentioned endoillumina-
tion techniques should be considered. Also, 
other techniques may be helpful such as using 
2% hydroxypropyl methylcellulose (HPMC) 
to coat the cornea, red reflex enhancement, or 
capsular stain and moving the eye around to 
look through clear corneal parts.

• If corneal opacity is dense and central with a 
depth reaching or exceeding posterior stroma, 
penetrating keratoplasty (PKP) or deep ante-
rior lamellar keratoplasty (DALK) should be 
considered as a triple procedure in cases of 
dense significant cataracts or as a primary 
management of corneal opacity in cases of 
insignificant cataracts.

 Cataract Surgery in Eyes with Low 
Endothelial Cell Count and Fuchs’ 
Endothelial Dystrophy

The most common type of endothelial dystrophy 
is Fuchs’ endothelial corneal dystrophy (FECD), 
but low endothelial cell density (ECD) may also 
be present in patients with a previous history of 
corneal and/or intraocular inflammation or 
trauma [16], advanced age, diabetes mellitus 
[17], renal impairment [18], and pulmonary dis-
eases [19]. Preoperative low endothelial cell 
count is one of the most common causes for 
developing pseudophakic bullous keratopathy 
(PBK) after cataract surgery. Incidence of PBK 
increases from about 1 to 2 percent after conven-
tional cataract surgery in normal corneas and up 
to 11–24 percent in corneas with endothelial cell 
count below 1000 cells/mm2 [16].

In the presence of cataracts, deciding whether 
a patient with FECD can expect improved vision 
after cataract surgery alone remains a challenge. 
Firstly, blurred vision, glare, and loss of contrast 
sensitivity may be caused by corneal deteriora-
tion, but these can also be simply signs of a cata-
ract. Secondly, phacoemulsification may trigger 
corneal deterioration in FECD if the number of 
remaining endothelial cells drops below the criti-
cal threshold necessary to provide sufficient 

pumping activity (1500 cells/mm2). Central cor-
neal thickness (CCT) or corneal backscatter cor-
relates with disease severity and has been 
proposed to help identify risk of corneal decom-
pensation after cataract surgery in FECD [20, 21].

The recently updated American Academy of 
Ophthalmology’s Preferred Practice Pattern iden-
tifies slit-lamp biomicroscopic microcystic 
edema or stromal thickening, low central ECD, 
and a CCT greater than 640 microns as risk fac-
tors for decompensation following cataract sur-
gery [22]. However, the predictive value of these 
data has not been completely satisfactory [23, 
24]. In this scenario, novel scoring systems based 
on easily available preoperative Scheimpflug 
data have been suggested to demonstrate good 
accuracy in estimating the risk of corneal decom-
pensation after cataract surgery in FECD patients 
[25]. Arnalich et al. assessed cases preoperatively 
using multiple data including preoperative best 
spectacle-corrected visual acuity (BSCVA), a 
modified Krachmer scale for grading of Fuchs’ 
dystrophy, Scheimpflug photography (measuring 
corneal thickness (apical, pupillary, and thin-
nest), relative pachymetry, central corneal light 
backscatter: data are provided on four annular 
zones centered on the apex (0–2, 2–6, 6–10, and 
10–12  mm in diameter) from the anterior (AL 
backscatter, the anterior 120  mm), central (CL 
backscatter, from the previous point up to 60 
micrometers above the posterior surface), and 
posterior layers (PL backscatter, the deepest 60 
micrometers) and anterior chamber depth), spec-
ular microscopy, ultrasound CCT, and cataract 
grading using the Lens Opacities Classification 
System III (LOCS III). The Pentacam estimates 
for CCT are around 10 micrometers higher than 
with ultrasound, so the results of these systems 
are not interchangeable. Relative pachymetry 
performed the best of all the pachymetry-related 
parameters. A central increase greater than 7.8% 
above the normal database provides better sensi-
tivity (85%) than any CCT for 95% of specificity. 
AL backscatter at 0–2 mm zone using Pentacam 
has good sensitivity (89%) and high specificity 
(95%). Using IVCM (in vivo confocal micros-
copy) to assess corneal backscatter has lower 
sensitivity for 95% specificity [26]. In addition, 

14 Cataract Surgery in the Edematous, Partially Opaque Cornea and After Corneal Graft



150

the Pentacam module easily assesses the entire 
cornea, and scattering provides better image 
brightness than specular reflection. ECD mea-
surements were significant but did not provide 
much more information for risk assessment.

Therefore, a formula was suggested with 96% 
sensitivity and 95% specificity by using the rela-
tive increase in corneal thickness at the central 
cornea with respect to normal corneal thickness 
(relative pachymetry) and the central corneal 
backscatter at 0–2 mm zone [25]. A positive score 
value on this formula signifies that a given patient 
will progress to DMEK after cataract surgery. 
Such scoring systems ensure that patients can be 
fully informed of their predictive risk as well as 
the treatment options and allow surgeons to opti-
mize perioperative care and organize the logistics 
for a second surgery.

In order to plan for cataract surgery in eyes 
with low corneal endothelial cell count, other risk 
factors of developing postoperative PBK should 
be considered such as shallow anterior chamber, 
dense cataracts, and previous intraocular surger-
ies [4]. During surgery, careful phacoemulsifica-
tion technique using repeated dispersive ocular 
viscoelastic devices (OVD) and injection and 
ultrasound-sparing techniques such as phaco 
chop or femtosecond laser-assisted cataract sur-
gery are recommended in order to preserve the 
diseased corneal endothelium [27].

For cataract patients when the risk of postop-
erative PBK is considered very high, severe 
symptoms associated with corneal guttata are 
already present, or some degree of corneal edema 
already exists, the surgeon may perform the cata-
ract surgery just before the endothelial kerato-
plasty (EK) or simultaneously by performing a 
triple procedure (EK and phacoemulsification 
with IOL implantation) [28]. An unintended 
hyperopic result following such triple procedures 
has been reported, occasionally inducing a sig-
nificant deviation from target. In DSEK 
(Descemet stripping endothelial keratoplasty) 
triple procedures, the difference in thickness 
between the center and periphery of the DSEK 
graft induces a change in posterior corneal curva-
ture, resulting in a hyperopic shift that remains in 
the range of +0.75/+1.5D approximately, and this 

fact should be taken into account when selecting 
the IOL power [29]. When performing a DMEK 
(Descemet membrane endothelial keratoplasty) 
triple procedure, this hyperopic shift might not be 
expected, as a DMEK graft is homogeneous in its 
thickness without a negative lenticule effect as 
this does occur with DSEK.  However, some 
hyperopic shift still occurs (although to a lesser 
degree, in the range of +0.5/+1D approximately), 
and it is thought to be the result of a reversal of a 
preceding myopic shift induced by the stromal 
swelling [30]. Stromal swelling in endothelial 
disease induces flattening of the posterior cornea 
(considering that the posterior cornea produces 
negative power) which increases the net power of 
the cornea preoperatively. Postoperatively, the 
cornea returns to normal hydration status result-
ing in increased posterior corneal curvature 
which produces more negative corneal power and 
an unintended hyperopic result. Nevertheless, 
several authors have proven only a weak correla-
tion between preoperative flattening of the poste-
rior corneal curvature and unintended hyperopic 
results [31, 32]. In order to avoid such unintended 
hyperopic results, it is recommended that sur-
geons target for more myopia in DMEK triple 
procedures ranging from −0.5 to −1.0 
D.  However, the important variability in the 
severity of the corneal disease at the time of sur-
gery makes these adjustments probably not suit-
able for all eyes. A recent study reported that 
Hoffer Q, SRK/T, Holladay I, and Barrett 
Universal II formulas resulted in mean hyperopic 
errors after DMEK triple procedures, while 
Haigis formula was the only one that resulted in a 
slight myopic error [33]. In agreement with pre-
vious authors, they also found that a flatter poste-
rior corneal curvature was weakly associated 
with hyperopic shifts, indicating a poor predic-
tive value to guide surgical planning.

Performing femtosecond laser-assisted cataract 
surgery without DMEK in CCT less than 630 
micrometer and endothelial cell count exceeding 
1500 cells/mm2 has better results than conventional 
phacoemulsification cataract surgery [34]. The 
CCT remained thicker than the preoperative thick-
ness 12 months after surgery. In recent studies, the 
femtosecond cases had a thinner CCT and less 
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endothelial cell loss than the  phacoemulsification 
cases postoperatively [35]. The role of femtosec-
ond laser-assisted cataract surgery in these patients 
remains poorly defined [36]. The benefits of femto-
second laser-assisted cataract surgery include 
lower endothelial cell loss due to low total ultra-
sound time and perfect centration of the capsulot-
omy which allows multifocal IOL implantation if 
needed. The major disadvantages of femtosecond 
laser-assisted cataract surgery are the high cost and 
intraoperative miosis which can be lessened by pre-
operative topical NSAID (nonsteroidal anti-inflam-
matory drugs) [37].

Cataract surgery in such cases should be per-
formed before the cataract turns critically dense 
because dense cataracts increase the risk of pos-
terior capsule rupture which in turn increases the 
risk of future corneal transplantation even in nor-
mal corneas [38]. The negative effect of low 
endothelial count on visual acuity persists at least 
3 months postoperatively but was most obvious 
during the first 3 weeks [39].

 Preoperative, Surgical, 
and Postoperative Recommendations

• Patient should be counseled about the impor-
tance of performing cataract surgery in soft 
cataracts rather than dense ones, delayed post-
operative recovery, and possibility of corneal 
decompensation (the presence of stromal 
thickening, low endothelial cell count (less 
than 1000 cells/mm2), and microcystic 
edema).

• Due to the expected hyperopic shift mentioned 
before, the IOL power is recommended to be 
calculated with a target postoperative refrac-
tion range of between −1 and − 1.5D.

• The choice of surgical technique depends on 
the cataract density, the status of cornea, and 
the surgeon’s experience with each technique. 
Femtosecond laser-assisted cataract surgery is 
recommended if available and applicable in 
such cases.

• The soft shell technique of OVD is mandatory, 
and OVD should be periodically reinjected 

with complete removal of OVD at the end of 
the surgery to prevent acute postoperative rise 
in intraocular pressure.

• Balanced salt solution (BSS) is recommended 
to be used or other solutions containing gluta-
thione, glucose, and sodium bicarbonate with 
low-flow parameters, and staying away from 
the corneal endothelium will decrease endo-
thelial cell loss.

• A new phaco tip should be used, and longitu-
dinal phacoemulsification should be com-
bined with lateral phacoemulsification 
(transverse or torsional).

• If there is a posterior capsular tear, meticulous 
automated anterior vitrectomy is mandatory 
as well as avoidance of an anterior chamber 
IOL.

• A suture would be better than excessive stro-
mal hydration.

• Postoperative frequent steroids and hypertonic 
saline and regular follow-up visits are 
recommended.

 Cataract Surgery in Eyes 
with Previous Keratoplasty

One of the common reasons that causes impaired 
visual acuity after keratoplasty is cataract. This 
could be present before or developed after the 
keratoplasty. There are several reasons which 
cause postoperative cataract such as steroid- 
induced cataract, corneal graft rejection, or accel-
eration of a preexisting cataract [40].

There are three dominant types of keratoplasty 
[41]: penetrating keratoplasty (PK), deep anterior 
lamellar keratoplasty (DALK), and endothelial 
keratoplasty (either DSEK or DMEK).

 In Cases with Previous PK or DALK

There are three main problems:

 1. Preoperative astigmatism.
 2. The condition of the existing corneal 

endothelium.
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 Stability of the Corneal Scar at 
the Graft-Host Junction

 Preoperative Astigmatism

The underlying factors for post-PK/DALK astig-
matism are multiple and may be preoperative fac-
tors (either in the donor or the host tissue), 
intraoperative factors (like the suturing tech-
nique), or postoperative related to corneal wound 
healing [42]. To overcome the problem of post- 
graft astigmatism, different procedures can be 
done such as performing astigmatic keratotomies 
(AK) (either manual or femtosecond laser- 
assisted) [43, 44] or implanting a toric IOL [45]. 
Intracorneal ring segment implantation is also an 
alternative approach for the management of post-
 PK/DALK high astigmatism [46]. Corneal proce-
dures are not recommended to be performed at 
the moment of cataract surgery because they are 
affected by a high variability of the refractive 
outcome, and thus such procedures must be done 
at least 3 months in advance in order to obtain 
stable keratometry readings. Toric spherical IOLs 
are an alternative approach to correct residual 
corneal astigmatism at the moment of cataract 
surgery [45]. However, they should be used with 
caution, as an eventual failure of the graft (either 
due to a loss of transparency in the context of 
endothelial failure or due to a morphological fail-
ure in the context of an ectasia recurrence) and its 
replacement by a repeat PK/DLAK graft will 
completely change the refractive status of the 
cornea, and so any previous toric IOL will inter-
fere with the postoperative visual recovery of the 
patient by the underlying IOL within the bag with 
a wrong toricity [47]. Because of this, toric IOLs 
should be only considered to be used within the 
capsular bag when the risk of repeat keratoplasty 
is marginal (PK with good endothelial cell den-
sity in aged patients with low risk of rejection, 
long-standing DALKs with low risk of ectasia 
recurrence, etc.). High astigmatism (over 5D) or 
high levels of irregular astigmatism should be 
managed in advance with corneal procedures (as 
seen above) before considering the implantation 

of any toric IOL. Multifocal IOLs are not indi-
cated for such cases [48].

Nowadays, a large number of failed PK of 
DALK grafts are rescued with EK techniques 
[49]. Due to this, hydrophobic IOL materials are 
recommended since hydrophilic IOLs have been 
associated with IOL calcification and opacifica-
tion risk after EK with gas injections.

 The Condition of the Existing Corneal 
Endothelium
According to the endothelium, cataract surgery- 
related endothelial cell loss of the graft is usually 
markedly higher in transplanted corneas than in 
normal virgin eyes, and the rate of endothelial 
cell loss after cataract surgery increases up to 
44.9% at 1 year and 58% at 2 years postop, as 
reported by Kim et al. [50].

Endothelial damage can be minimized by 
decreasing the amount of ultrasound energy used 
and by protecting the endothelium with repeat 
injections of dispersive viscoelastic during sur-
gery [51–53]. For cases with very hard cataracts, 
extracapsular cataract extraction might be con-
sidered in order to cause less endothelial damage 
than phacoemulsification [54].

No clinically relevant loss in endothelial cell 
density has been found after phacoemulsifica-
tion in eyes that developed cataracts after DALK 
[52, 55].

 Stability of the Corneal Scar at 
the Graft-Host Junction
Wound healing at the graft-host junction is mark-
edly delayed due to the avascularity of the cornea 
and the long-term use of topical corticosteroids, 
so the tensile strength of a corneal wound is 
never comparable to that of normal corneal tis-
sue [56], and there is a risk of graft-host junc-
tion dehiscence during cataract surgery. 
Phaco e mulsification is generally recommended 
after suture removal is completed, and any poten-
tial high or irregular astigmatism has been man-
aged by corneal procedures, so a stable 
keratometry that could allow a precise IOL power 
calculation is obtained. However, stability of the 
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graft-host junction should be confirmed by slit-
lamp examination before surgery, especially in 
elderly patients or those with long-term use of 
high-dose topical steroids. If possible, phaco-
emulsification surgery should be performed 
1–3 months after topical steroids have been dis-
continued or tapered to a minimal maintenance 
dose.

 Cataract Surgery in Cases 
with Previous Endothelial 
Keratoplasty

Cataract surgery in cases with previous endothe-
lial keratoplasty has some advantages but also 
some potential serious complications. Advantages 
include easy IOL calculation and predictability 
of the postoperative refractive outcome without 
risk of hyperopic shift because corneal curvature 
values are stable and definitive [57, 58]. Potential 
complications include graft dislodgement, endo-
thelial trauma, and graft failure [59]. Therefore, 
if there is some degree of significant phacosclero-
sis in the presence of endothelial dysfunction, it 

is always better to perform the cataract surgery in 
advance or simultaneously to the EK (endothelial 
keratoplasty) procedure in order to avoid such 
risks. However, in young patients with no cata-
racts, particularly if accommodation is preserved, 
EK surgery should be performed without adju-
vant lensectomy, even in the knowledge that the 
surgery itself, and the postoperative use of topical 
steroids, might induce the appearance of an early 
cataract.

When cataract surgery is necessary in the 
presence of a healthy EK graft, endothelial dam-
age should be minimized by decreasing the 
amount of ultrasound energy used and by protect-
ing the endothelium with repeat injections of dis-
persive viscoelastic during surgery. DMEK has 
been reported to have a low risk of graft disloca-
tion associated with cataract surgery due to strong 
adherences of its Descemet membrane to the 
recipient posterior stroma [60]. When a DSEK 
graft is present, graft dislocation at the inner lip 
of the entry incision must be avoided [61].

The Table  14.1 below shows some results 
from two studies on cataract surgery after the 
main corneal transplants:

Table 14.1 Results of cataract surgery after the main corneal transplants

PKP [62] DALK [62] DMEK [63]

Preoperative
Postoperative 
(12 months) Preoperative

Postoperative
(12 months) Preoperative

Postoperative 
(about 
12 months)

Main endothelial 
cell density (cells/
mm2 ± SD

1833 ± 835 1257 ± 634 1694 ± 835 1505 ± 796 1535 ± 195 1158 ± 520

CDVA 0.1 ± 3.9 0.5 ± 1.9 0.1 ± 3.4 0.5 ± 1.7
Mean refraction −5.5 ± 2.0 −2.0 ± 1.0 −4.7 ± 5.7 −1.6 ± 2.1 ± 0.5 diopter of 

predicted 
emmetropia

PKP penetrating keratoplasty, SD standard deviation, DALK deep anterior lamellar keratoplasty, CDVA corrected dis-
tance visual acuity, DMEK Descemet membrane endothelial keratoplasty
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Cataract Surgery in Previous 
Refractive Corneal Surgery Cases

Kate Xie, Li Wang, and Douglas D. Koch

 Overview

Patients who have undergone prior refractive cor-
neal surgery, such as photorefractive keratectomy 
(PRK), laser in situ keratomileusis (LASIK), or 

radial keratotomy (RK), pose a unique challenge 
to the cataract surgeon. They often desire specta-
cle independence and expect excellent results 
overnight. In these patients, the majority of the 
surgeon’s task occurs outside of the operating 
room – in the preoperative evaluation, planning, 
and management of postoperative expectations.

 Preoperative Evaluation

A thorough ophthalmic examination with partic-
ular attention to the ocular surface is warranted. 
Tear breakup time, corneal staining with lissa-
mine green or fluorescein, and presence of cor-
neal haze or scarring should be noted. If a patient 
reports fluctuating vision throughout the day, this 
may reflect biomechanical instability of the cor-
nea and swelling of prior corneal incisions.

Topography or tomography should be obtained 
to identify areas of steepening or flattening and 
assess ablation centration. Patients with post- 
refractive surgery ectasia can present with a pro-
gressive change in refraction and a decline in 
quality of vision, which may mimic symptoms of 
cataract progression. A hard contact lens or 
scleral lens evaluation can help distinguish 
between corneal and lenticular contributions to 
the patient’s decline in vision. Toric IOL implan-
tation should be avoided if it is likely that the 
patient will wear contact lenses in the future. Our 
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Bullet Points
 1. In this chapter, we offer an approach to 

IOL power calculations in post-PRK, 
post-LASIK, and post-RK eyes.

 2. Key elements in the selection of candi-
dates for toric, multifocal, and extended 
depth-of-focus lenses are provided.

 3. A review of upcoming technology that 
may allow for postoperative lens adjust-
ment is discussed.

 4. Surgical pearls and intraoperative con-
siderations are also provided.

 5. Postoperative considerations and man-
agement of patient expectations are 
extensively discussed.
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topographic criteria for toric IOL implantation 
are discussed later in this chapter.

Post-radial keratotomy eyes are particularly 
prone to irregular astigmatism. A careful evalua-
tion of the patient’s ocular surface and identifica-
tion of contributing corneal scarring are 
warranted. Superficial keratectomy possibly 
combined with phototherapeutic keratectomy 
may be beneficial in some cases to reduce scar-
ring and improve irregular astigmatism prior to 
cataract surgery.

 IOL Power Calculations in Post- 
Refractive Eyes

Intraocular lens selection is arguably the most 
challenging aspect of performing cataract in eyes 
that have undergone corneal refractive surgery. In 
eyes with previous LASIK, PRK, or RK, two fac-
tors primarily contribute to challenges in IOL 
power calculations: (1) difficulties in determin-
ing corneal refractive power and (2) difficulties in 
predicting effective lens position [1].

Corneal refractive surgery changes the rela-
tionship between the front and back surfaces of 
the cornea and results in a large variation in cen-
tral corneal curvatures. As a result, the standard-
ized value used for the refractive index of the 
cornea (1.3375) is no longer accurate, and cur-
rent topography/tomography methods struggle to 
obtain accurate measurements of central corneal 
power [1]. Because many current methods for 
predicting effective lens position (ELP) rely on 
corneal power values, utilizing post-refractive 
surgery corneal power values results in inaccu-
rate ELP estimates. Post-myopic LASIK or PRK 
eyes result in flattening of the central cornea, 
resulting in falsely shallow ELP predictions and 
an underpowered IOL power estimation. This 
yields a postoperative hyperopic surprise. The 
opposite is true in post-hyperopic ablations, 
which may result in postoperative myopic 
surprises.

To improve the accuracy of IOL power calcu-
lations in post-corneal refractive surgery eyes, 
many approaches have been proposed. Methods 
utilizing solely historical data (i.e., the clinical 
history method [2], Feiz-Mannis IOL power 
adjustment method [3], and the corneal bypass 

Table 15.1 Methods using a combination of historical 
data and current corneal power values [6–9]

Methodology
Adjusted 
EyeSys 
EffRP

Corneal power modification based on the 
∆MR from the EyeSys topographer 
(EyeSys Vision, Houston, TX)

Adjusted 
Atlas Ring 
Values

Corneal power modification based on the 
∆MR from the Atlas 9000 topographer 
(Carl Zeiss Meditec AG)

Adjusted 
Atlas Zone 
Value

Corneal power modification based on the 
∆MR from the Atlas 9000 topographer 
(Carl Zeiss Meditec AG)

Adjusted 
ACCP

Corneal power modification based on the 
∆MR from the TMS topographer 
(Topographic Modeling System [TMS]; 
Tomey Corp., Phoenix, AZ)

Masket Calculates the IOL power using the 
current corneal power value and then 
adjusts it by 32.6% of the ∆MR [9]

Modified 
Masket

Hill modification of Masket formula

Barrett true 
K

Unpublished methodology

Table 15.2 Formulas using anterior corneal measure-
ment only

Formula Methodology
Wang-Koch- 
Maloney

Anterior corneal power derived from 
atlas 4-mm zone value [6]

Shammas Adjusts post-LASIK/PRK keratometry 
readings to estimate post-refractive 
corneal power [10, 11]

Haigis-L Haigis formula using modified corneal 
radius based on historical method using 
regression model [12]

Potvin-Hill 
Pentacam

Corneal power estimated from Pentacam 
TNP apex zone, axial length, and ACD 
[13]. IOL power from Shammas-PL 
formula [10]

Barrett true 
K no history

Modified version of Barrett true K that 
does not require historical data. Detailed 
methodology unpublished
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method [4]) should theoretically be the most 
accurate but are highly sensitive to errors in his-
torically obtained data [5]. Furthermore, histori-
cal data are often unavailable.

Other methods use a combination of the 
change in manifest refraction (∆MR) with cur-
rent corneal power values or current corneal 
power values alone. They are summarized in 
Tables 15.1, 15.2, and 15.3.

These formulas have been consolidated in the 
web-based ASCRS post-refractive IOL power 
calculator (www.ascrs.org). The Barrett True K 
Formula is additionally available at apascrs.org.

In a recent review of the literature of outcomes 
of cataract surgery in post-LASIK, post-PRK, 
and post-RK eyes, we found that best outcomes 
in most studies did not exceed 75% accuracy 
within ±0.5 D in post-myopic LASIK/PRK [1]. 
Studies of accuracy in post-hyperopic LASIK/
PRK tended to be slightly lower, ranging from 
38.1% to 71.9%, with no study reaching 80% 
accuracy within ±0.5 D of targeted refraction. 
Studies of post-RK eyes reported the lowest 
accuracy overall, with a range from 29% to one 
outlier study at 87.5% [1].

Our recommendation is to obtain IOL calcula-
tions using as many approaches as possible and 
to select the IOL power based on the consensus 
of multiple methods. We place more weight on 
the newer IOL power calculation formulas, such 

as the Barrett True K No History and OCT-based 
IOL formulas. In general, we aim for a spherical 
equivalent of −0.25 D in a post-myopic or post- 
hyperopic LASIK/PRK patient and − 0.50 D in a 
post-RK patient desiring a distance goal. When 
choosing between two lens powers, we will err 
closer to plano in the patient’s dominant eye.

After the patient has had surgery on the first 
eye, it is very helpful to review the post-refrac-
tive IOL calculator results for that eye when 
planning for the second eye. We will place more 
weight on the individual formula that was the 
most accurate for the first eye when planning for 
the second.

 Intraoperative Wavefront 
Aberrometry

The Optiwave Refractive Analysis (ORA) 
(Alcon Lab, Fort Worth, TX) is an intraopera-
tive wavefront aberrometer designed to calcu-
late IOL power based on aphakic refraction 
obtained intraoperatively after the cataract has 
been removed [16]. It is important to note that it 
also utilizes preoperatively measured axial 
length, keratometry, and corneal diameter. 
Estimated ELP is calculated using a proprietary 
algorithm. In 246 eyes with previous myopic 
LASIK/PRK, Ianchulev and colleagues [16] 
reported that ORA achieved accuracy of ±0.5 D 
in 67%. Fram et al. [17] reported that the ORA 
produced 74–75% of eyes with refractive pre-
diction errors within ±0.5 D.  In 52 eyes of 34 
post-RK patients, Curado et al. reported 48% of 
eyes achieving accuracy within ±0.5 D using 
ORA [18].

Measurements can be variable and can be 
influenced by intraocular pressure, the amount of 
viscoelastic fill, ocular surface variability, wound 
hydration, and pressure induced by the eyelid 
speculum. These factors should all be evaluated 
and standardized by the surgeon as much as 
possible.

Table 15.3 Formulas using both anterior and posterior 
corneal measurements

Methodology
OCT-based Net corneal power calculated from 

anterior, posterior corneal powers and 
central corneal thickness measured on 
RTVue (Optovue, Inc., Fremont, CA) 
[14]. IOL power calculation based on 
vergence formula

Total 
keratometry

Anterior and posterior corneal curvatures 
determined by a combination of 
telecentric keratometry and swept source 
OCT technology on the IOLMaster 700 
(Carl Zeiss Meditec AG, Jena, Germany) 
[15]
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 IOL Selection

 Aspheric IOL

Aspheric IOLs have been designed to compen-
sate for the inherent positive corneal spherical 
aberration (SA) in normal eyes. Normal unoper-
ated corneas have an estimated average corneal 
SA of +0.28 μm for a 6.0 mm pupil [19].

An increase in corneal SA is seen after myopic 
LASIK and PRK and RK due to central corneal 
flattening. To compensate for this, an IOL with 
negative asphericity can be selected. The greatest 
amount of negative SA in a commercially avail-
able IOL is −0.27  μm in the TECNIS series 
(Johnson and Johnson Vision, Jacksonville, FL). 
While this will not correct all positive ocular SA, 
implanting negative aspheric  multifocal IOLs in 
these eyes may result in improved contrast sensi-
tivity and intermediate visual acuity [20, 21]. In 
hyperopic LASIK/PRK eyes, central corneal 
steepening induces a negative shift in corneal SA [ 
22]. Our previous study has shown that a wide 
range of SA results with a mean near zero SA [23].

With these considerations in mind, we recom-
mend selecting IOLs with negative SA in eyes 
with prior myopic LASIK/PRK or RK and IOLs 
with zero SA in eyes with prior hyperopic 
LASIK/PRK.

 Toric IOL

Due to the presence of varying amounts of irregu-
lar astigmatism, correcting corneal astigmatism 

in post-LASIK/PRK/RK eyes can be challeng-
ing. In a recent study of toric IOL implantation in 
LASIK/PRK [24], we found that ideal candidates 
for recommending toric IOL implantation are (1) 
regular bow-tie corneal astigmatism within the 
central 3-mm zone, (2) difference of ≤0.75D in 
corneal astigmatism magnitude between two 
ocular biometers, and (3) difference of ≤15° in 
the astigmatism meridians from two biometers. 
In the myopic LASIK/PRK and hyperopic 
LASIK/PRK groups that met these criteria, 
respectively, 80% and 84% of eyes had ≤0.50 D 
postoperative astigmatism. Similarly, in 72 eyes 
with previous RK, 69% of eyes meeting these cri-
teria had ≤0.50 D postoperative astigmatism 
(unpublished data).

 Multifocal and Extended  
Depth-of- Focus IOLs

Studies have reported that implantation of multi-
focal IOLs and EDOF IOLs can have successful 
outcomes in patients with prior corneal refractive 
surgery [ 20, 25–34]. However, their preoperative 
topographic inclusion criteria were not specified. 
In our practice, we consider EDOF IOLs primar-
ily for post-LASIK/PRK eyes whose corneas 
have variation of <1 D in corneal power along 
meridians within the 3-mm central zone of the 
axial topographic map.

Figure 15.1 shows the Galilei topography of a 
70-year-old male with prior hyperopic LASIK in 
both eyes. Preoperative manifest refraction was 
+1.5  +  0.75  ×  135 OD and  +  1.5  +  0.25  ×  65 

Fig. 15.1 Dual-Scheimpflug Placido topography of a patient with prior hyperopic LASIK and extended depth-of-focus 
intraocular lenses implant
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OS. The ZXR00 EDOF IOLs were implanted in 
both eyes, targeting full-distance correction. 
Postoperatively, both eyes had UDVA of 20/20 
and near vison of J1+ with complaints of minimal 
starburst at night.

We do not routinely recommend EDOF or 
multifocal IOLs in RK eyes, as these eyes are 
especially prone to refractive error and dyspho-
topsias. A study by Martin-Escuer et al. [35] of 
multifocal IOL implantation in 17 post-RK eyes 
showed that only 29% of eyes were within 
±0.50 D of the target refraction and 53% had lost 
one line of DCVA, concluding that multifocal 
IOL implantation following RK did not result in 
good visual outcomes.

 Small-Aperture IOL

Small-aperture optics offers a different approach 
to reduce the impact of higher-order aberrations 
and achieve an extended depth of focus by using 
the pinhole effect. Recently, Shajari et al. [36] 
reported a series of 17 patients with severe 
irregular corneal astigmatism due to penetrating 
keratoplasty, keratoconus, or radial keratotomy 
who underwent implantation of the IC-8 small-
aperture IOL. All patients had improvement in 
uncorrected distance, intermediate, and near 
vision. Barnett and colleagues [37] reported a 
case of implantation of the IC-8 small- aperture 
IOL and secondary piggyback sulcus IOL in the 
nondominant right eye of a patient with bilateral 
previous RK. The dominant eye had received a 
monofocal lens implant for distance vision. 
Postoperatively, the UDVA was −0.10 logMAR 
in both eyes, and the patient did not require 
spectacles for near, intermediate, or distance 
vision.

 Future Directions: Postoperative IOL 
Adjustment

The light-adjustable lens (LAL; RxSight, Inc., 
Pasadena, CA) allows correction of residual post-
operative errors by targeted ultraviolet activation 
of lens macromers, which changes the shape of 

the IOL [38–40]. Once the target refraction is 
achieved, a lock-in treatment is performed. In 34 
eyes of 21 cataract patients with a history of myo-
pic LASIK or PRK, Brierley et al. [38] reported 
an accuracy within ±0.25 D in 74% of eyes, 
within ±0.50 D in 97% of eyes, and within ±1.00 
D in 100% of eyes.

Perfect Lens (Perfect Lens, LLC, Irvine) 
utilizes a femtosecond laser to change the 
refractive index of defined concentric zones 
within a standard IOL [41]. This allows for 
modification of an IOL’s spherical power, 
asphericity, toricity, and multifocality. This 
technology is still under development. Sahler 
et al. [41] performed an in vitro study using the 
EC-1Y IOL (Aaren Scientific, Inc., Ontario, 
CA). They were able to alter the power of the 
IOL to within ±0.1 D without compromising 
optical quality of the lens and were able to 
change the power up to 2.0 D. Similarly, 
Nguyen et al. [42] performed an in vitro evalu-
ation of CT Lucia 601PY single- piece blue 
light filtering hydrophobic acrylic IOL and 
were able to produce an accuracy of ±0.1 D for 
attempted changes up to 2.0 D.

 Surgical Considerations

A discussion of surgical pearls in the setting of 
radial keratotomy can be found in Video 1. It is 
important to avoid prior radial keratotomy inci-
sions when making the main incision or paracen-
tesis, as RK incisions may gape open with 
progressive hydration or manipulation  – espe-
cially when the corneal entry of the cataract inci-
sion intersects a radial cut. The surgeon should be 
familiar with scleral tunnel techniques to avoid 
intersection with prior radial keratotomy inci-
sions. At the close of surgery, wound hydration 
should be undertaken carefully, as it can also 
cause radial keratotomy incisions to splay open. 
In these cases, the surgeon should have a lower 
threshold for the placement of a suture.

Similar principles apply to the post-LASIK 
eye, where progressive manipulation and hydra-
tion can cause refractive shifts related to LASIK 
flap edema. Care should be taken to avoid inter-
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section of the LASIK flap when creating inci-
sions, which can result in epithelial ingrowth.

If intraoperative aberrometry is used, minimi-
zation of the amount of wound manipulation and 
hydration in the preceding steps is even more 
important, as this will affect aberrometry read-
ings. Additionally, intraocular pressure, quality 
of the ocular surface, and external pressure from 
the eyelid speculum can also affect aberrometry 
readings.

 Postoperative Considerations

Following cataract surgery, post-refractive sur-
gery patients are more prone to ocular surface 
disease and refractive error. These eyes may 
exhibit corneal flattening due to edema, resulting 
in an initial outcome that is more hyperopic than 
intended. This may take 3 months to resolve in 
the setting of RK. However, we have seen early 
but transient postoperative flattening and astig-
matic shifts in post-LASIK eyes. Prior to consid-
eration of any further intervention, topography 
and manifest refractions should be repeated until 
stable and ocular surface disease should be 
addressed. Treatment of residual refractive error 
includes LASIK/PRK enhancement, IOL 
exchange, or piggyback IOL.

 Discussion

Post-refractive surgery patients typically have 
high expectations from cataract surgery. 
Despite advances in IOL calculations and cur-
rently available technology, IOL power calcula-
tions remain less accurate in eyes with prior 
LASIK, PRK, or RK compared to previously 
unoperated eyes. Toric, multifocal, and EDOF 
lenses may be considered in select cases; how-
ever, the issue of refractive accuracy remains. A 
small-aperture IOL may be considered in highly 
aberrated corneas to improve quality of vision 
and depth of focus. A frank and thorough dis-

cussion with the patient should be undertaken 
at the preoperative visit to set appropriate 
expectations. Further advances are needed to 
improve outcomes  – we may see this in the 
form of postoperative IOL adjustment, 
improved formulas, better measurements of the 
anterior and posterior cornea, or more accurate 
prediction of ELP.

Take-Home Notes
• Obtain IOL power calculations using as 

many approaches as possible, and select 
IOL power based on the consensus of 
preferred methods, especially Barrett 
True K, Avanti OCT, Haigis L, and 
Masket.

• Consider selection of IOLs with nega-
tive spherical aberration in eyes with 
prior myopic treatment and zero spheri-
cal aberration in eyes with prior hyper-
opic treatment.

• Ideal candidates for toric lens implanta-
tion should exhibit (1) regular bow-tie 
corneal astigmatism in the central 3-mm 
zone, (2) difference of ≤0.75D in cor-
neal astigmatism magnitude between 
two ocular biometers, and (3) difference 
of ≤15 degrees in the astigmatism merid-
ians from two biometers.

• Consider EDOF IOLs primarily for 
post-LASIK/PRK eyes whose corneas 
have variation of <1 D in corneal power 
along meridians within the 3-mm cen-
tral zone of the axial topographic map. 
The role of trifocal IOLs is yet to be 
defined, but some early data are 
promising.

• Accuracy of IOL power prediction in 
the post-refractive eye is at best 80% in 
post-myopic LASIK/PRK and less in 
post-hyperopic and RK eyes. Patients’ 
expectations should be managed 
accordingly.
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Complications of Phakic 
Intraocular Lenses

Veronica Vargas, Jorge Alió del Barrio, 
and Jorge L. Alió

 Introduction

Angle-supported (AS) and iris-fixated (IF) pIOLs 
were introduced in the 1950s. Both models pre-
sented with sight-threatening complications like 
corneal decompensation and uveitis [1]. 
Therefore, in the 1980s, Baikoff and Momose 
improved the AS pIOL design, and since then, 
several models were developed . Although hav-
ing good visual outcomes [2], most of AS pIOLs 
have been phased out due to chronic endothelial 
cell density (ECD) loss. Iris-fixated pIOLs 
remain in the market with two different models 
available: the Verisyse or Artisan (non-foldable 
IOL) and the VeriFlex or Artiflex (foldable IOL) 
(Ophtec, Netherlands).

Posterior chamber pIOLs were introduced in 
the 1990s [1]. First models presented with com-
plications such as pupillary block glaucoma, pig-
ment dispersion, anterior subcapsular cataracts, 
and dislocation into the vitreous. Some models 
like the phakic refractive lens (PRL, Zeiss- 
Meditec, Jena, Germany) were phased out due to 
such complications. However, two PC pIOLs 
models are still available (and dominating pIOL 
market): the implantable collamer lens V4c and 
V5 (ICL, Staar Surgical Co, Monrovia, 
California) and the implantable phakic contact 
lens (IPCL, Care Group Sight solutions, India).

Phakic IOLs have several advantages: correc-
tion of high ametropias, higher quality of vision 
by the avoidance of corneal aberrations, no risk 

Bullet Points
• Phakic intraocular lenses are a great 

option for the correction of high 
ametropia.

• Sight-threatening complications like 
corneal decompensation were presented 
with the first phakic intraocular lenses 
models.

• Due to the improvement of the lens 
design, the presence of complications 
has decreased; nevertheless, they still 
happen.

• Intraoperative complications are usually 
related to the phakic intraocular lens 
implantation learning curve.

• Few complications can lead to the 
explantation of a phakic intraocular 
lens.
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for postoperative corneal ectasia or surface dis-
ease, and reversibility as they can be explanted at 
any time. Nevertheless, some complications like 
ECD loss and cataract development remain a 
concern for the refractive surgeon.

In this chapter, we will discuss the most com-
mon intraoperative and postoperative complica-
tions of phakic intraocular lenses.

 Intraoperative Complications

 Iris-Fixated pIOLs

Intraoperative complications are minimal and are 
often related to the pIOL implantation learning 
curve. The most frequent intraoperative complica-
tion reported by Budo et al. [3] was IOL corneal 
touch (2.7%), followed by wound hemorrhage 
(1.9%). Complications like iris prolapse and ante-
rior chamber collapse are related to large incisions 
(5.5 mm in average in case of Artisan – a not fold-
able IOL) and high vitreous pressure. The latter is 
related mostly to patient anxiety and high volume 
of retrobulbar/peribulbar anesthetic. These two 
complications are very rarely observed with 
Artiflex (foldable IOL), as the smaller incision 
required (3.2 mm) allows us to work in a closed 
system [4–6]. Surgical iris trauma may occur if the 
iris is pulled too vigorously during the enclavation 
process or while performing iridectomy, leading to 
bleeding from the iris root. Generally, this compli-
cation is avoided with gentle surgery and by per-
forming Nd:YAG iridotomy before surgery. If 
bleeding does occur during surgery, it can be con-
trolled by injecting ophthalmic viscoelastic device 
(OVD) in the bleeding site. During learning curve, 
several enclavations may be necessary in order to 
achieve the correct lens centration or alignment (in 
case of toric IOLs), and multiple enclavation 
attempts can lead to significant iris damage or even 
a full thickness iris defect, mainly in light irises 
with low pigmentation. For novel surgeons with 
this technique, brown thick irises are recom-
mended to start with in order to minimize the risk 
of iatrogenic lesion of the iris.

 Posterior Chamber pIOLs

Intraoperative complications of PC pIOLs 
include the following: surgical trauma to the 
crystalline lens, inverted IOL implantation, bro-
ken IOL, surgical trauma to the iris, and pupillary 
block [7].

Surgical trauma to the crystalline lens can 
occur if one accidentally touches the anterior 
capsule with the keratome during construction of 
the main incision. Even though the surgical tech-
nique is relatively easy, it should be performed 
with extreme caution in order to avoid any injury 
to the crystalline lens.

The most frequent cause of an inverted IOL 
implantation is an incorrect loading technique. 
This complication was more frequent with the 
first ICL models, which did not have landmarks 
on the footplates. The current ICL models (V4c, 
V5) have a landmark on the footplate, which 
makes the implantation easier. If, however, an 
inverted implantation does occur, the surgeon 
should never try to turn the lens around inside the 
anterior segment, because of the high risk of 
damaging the crystalline lens or the corneal 
endothelium. The recommended solution is to 
enlarge the incision to 3.5–4.0 mm, remove the 
phakic IOL under the protection of an ocular vis-
coelastic device, and reload it correctly [7].

Given their reduced thickness (less than 
100 μm) in the footplate and the thinnest part of 
the optic, ICLs are extremely delicate and should 
be handled with great care to avoid splits and 
tears [7].

Intraoperative pupillary block occurred with 
previous ICL models, especially if the surgeon 
did not perform preoperative iridotomies or if 
they were nonpermeable. The latest ICL version 
has a central hole in the lens optic which allows 
the flow of aqueous humor (Aquaport), so iri-
dotomies are no longer necessary [7].

Cyclodialysis cleft and ciliochoroidal detach-
ment provoked by a straightforward prophylac-
tic surgical iridectomy have been reported [8], 
although these complications are extremely 
rare.
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 Postoperative Complications

 Optical Quality: Glare/Halos

Edge effects and halos can be present in patients 
with anterior chamber (AC) pIOLs because they 
are positioned in front of the pupil. These compli-
cations are often related to poor pIOL centration 
(Fig. 16.1) or large pupil diameters [3]. In a series 
of 263 eyes, Alió et  al. reported that 10% of 
patients implanted with an AS pIOLs (models 
ZB5M, ZB5MF (Chiron, Domilens, Lyon, 
France) and ZSAL-4 (Morcher, Stuttgart, 
Germany) presented halos and glare 7 years after 
surgery [9]. Budo et al. [3] reported in a 3-year 
follow-up study that 6% of the eyes presented 
glare and 8% halos after Artisan pIOL 
implantation.

Posterior chamber pIOLs can also cause glare 
and halos in patients with large scotopic pupil 
diameters. The presence of the central hole 
(Aquaport) in the latest ICL model does not have 
a detrimental effect on contrast sensitivity, 
although it may cause positive dysphotopsia [10]. 
Perez-Vives et al. [11] reported no significant dif-
ferences in wave front aberrations between the 
ICL with the central port and the ICL without the 
port. Lim et  al. [12] reported the incidence of 
night vision disturbances in patients implanted 
with ICL V4 model 6 months after surgery: 34% 
of patients reported halos, which were signifi-
cantly related to the ICL optic diameter, the dif-
ference between mesopic pupil size and ICL 

optic diameter, and the white-to-white diameter 
of the cornea. 26% of patients reported glare, 
which was significantly related to the toricity of 
the ICL.  Nevertheless, these symptoms were 
never severe. Kojima et  al. [13] compared the 
visual disturbances at night in patients that were 
implanted with the V4c model in one eye and the 
V5 model in the other eye: the V4c model has an 
optical diameter of 4.9–5.8  mm, depending on 
the lens power, while the V5 model has a larger 
optical diameter (5–6.1 mm). Three months after 
surgery, 89% of the patients reported a change in 
night vision although the symptoms were not 
severe. They reported to see better at night and 
with less halos with the eye that received the V5 
ICL model.

Scotopic and photopic pupil size should be 
evaluated before surgery, and patients with large 
pupils should be warned about the presence of 
optic phenomena after the implantation of a pIOL 
(mainly at night). These optical phenomena rep-
resent less than 2% of the causes of pIOL explan-
tation [14].

 Pupil Ovalization

This complication is more specific for anterior 
chamber pIOLs, especially angle-supported 
pIOLs. Haptic compression of the iris root ves-
sels may lead to ischemic iridopathy and inflam-
mation, resulting in pupil ovalization (Fig. 16.2) 
[9]. The French multicenter study reported an 
overall incidence of significant pupil ovalization 
of 22.6% [15] after the implantation of the 
ZMB5M AS pIOL, while our group reported it 
in 5.9% of the cases (models ZB5M, ZB5MF, 
and ZSAL-4) [9]. Pupil ovalization is also asso-
ciated with the presence of halos, glare, anterior 
synechia, and atrophic iris changes (Fig.  16.3) 
[9, 15].

Pupil ovalization may also occur after iris- 
fixated pIOL implantation if the haptics are fix-
ated asymmetrically [16]. No cases of pupil 
ovalization have been reported with posterior 
chamber pIOLs [17].Fig. 16.1 Decentered angle-supported AC pIOL
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Fig. 16.2 Pupil ovalization in a patient implanted with an 
angle-supported AC pIOL

Fig. 16.3 Significant pupil ovalization and severe iris 
damage with iatrogenic policoria 20  years after angle- 
supported pIOL implantation

Fig. 16.4 Pigment deposits on the anterior surface of an 
Artiflex pIOL 6 months after surgery

 Pigment Dispersion

Pigment deposits may be seen with some fre-
quency after the implantation of IF pIOLs, while 
they are much less frequent after the implantation 
of ICL.  They are secondary to surgical trauma 
[16], patients are asymptomatic, and no treatment 
is required as they tend to disappear over time. 
Stulting et al. [18] reported an incidence of iris 
pigment deposits of 6.8% (45/550 eyes) during 
the few first days after the implantation of the 
Verisyse (Artisan) pIOL, but at the last follow-up 
visit (3  years after the pIOL implantation), no 
pigment deposits were reported. In a [10–]year 
follow-up study, Menezo et al. [19] reported an 
incidence of 6.57% (9/137 eyes) of pigment 
deposits in patients implanted with Artisan 
pIOL.  In a 2-year follow-up study, Dick et  al. 

reported a pigment deposit rate of 4.8% after the 
implantation of Artiflex pIOL [20] (Fig. 16.4).

Pigment dispersion syndrome is secondary to 
the chronic abrasion between the iris and the 
pIOL.  Iris pigment is released into the aqueous 
humor, which can accumulate in the trabecular 
meshwork and may increase the intraocular pres-
sure (IOP); therefore, a close observation of these 
patients is necessary. In very exceptional cases, the 
IOP cannot be controlled with medication, and the 
explantation of the pIOL is necessary [21].

 Inflammatory Reactions

Inflammatory reactions may present as giant cell 
precipitates on the IOL surface, especially after 
the implantation of IF pIOLs. Giant cell precipi-
tates are secondary to the foldable polysiloxane 
material of the Artiflex pIOL.  Patients might 
present with a decreased visual acuity, which 
improves with topical steroids [22].

No long-term inflammatory reactions have 
been reported after the implantation of PC 
pIOLs [23].

 Intraocular Pressure Elevation

 Acute Postoperative IOP Elevation

Early postoperative IOP elevation may occur if 
there is incomplete removal of OVD during sur-
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gery [24]. Therefore, we recommend to mea-
sure the IOP 1  hour after the implantation of 
any pIOL.  It is important to take into account 
that the presence of an Aquaport in the ICL 
does not prevent this complication, as the OVD 
may also obstruct the Aquaport, increasing the 
risk of pupillary block and IOP rise. If left 
untreated, severe IOP rise during the early post-
operative period can lead to an irreversible 
mydriasis (Urrets-Zavalia syndrome) and/or 
anterior subcapsular lens opacities (glaukom-
flecken) [25, 26].

The presence of an excessive vault (>750um) 
increases the risk of pupillary block in eyes 
implanted with a PC pIOL without Aquaport 
[24]. Excessive ICL vault is usually present if 
there is an overestimation of the ICL size; there-
fore, an adequate sizing is crucial to avoid this 
complication. Patients implanted with ICLs mod-
els that do not have an Aquaport (V4 model or 
hyperopic ICL) and all IF pIOLs must have a per-
meable peripheral iridotomy before surgery or an 
intraoperative surgical iridectomy in order to 
avoid a pupillary block postoperatively 
(Fig.  16.6a, b). A rare but potential source for 
pupillary block might be fibrin strands from a 
toxic anterior segment syndrome (TASS). 
Actually our group recently reported a case of 
TASS after the implantation of an ICL V4c toric 
pIOL [27]. TASS-related fibrin strands blocked 
the Aquaport hole leading to a pupillary block 
(Fig. 16.7).

 Chronic IOP Elevation

Synechia formation in patients with AS pIOLs 
can predispose to the development of chronic 
IOP elevation [16]. Alió et al. reported in a 7-year 
follow-up study that 7% of the patients implanted 
with an AS pIOL had an increase in IOP, all of 
them were successfully treated with topical med-
ication [9].

Iris-fixated pIOL, either for myopia or for 
hyperopia, did not increase IOP in a 1-year fol-
low- up study [28], although in a long-term fol-
low- up (mean follow-up 69.3  ±  52.8  months) 

study, which evaluated 1037 eyes, 5 pIOLs had to 
be explanted because of high IOP [29].

Almaki et al. [30] reported the causes of ele-
vated IOP after ICL V4 implantation. Elevated 
IOP occurred in 58 eyes (10.8%) of 534 eyes that 
were implanted with an ICL. Retained viscoelas-
tic was the most common cause (39.7%) in the 
early postoperative period (1  day postop), fol-
lowed by steroid response (37.9%) which pre-
sented 2–4 weeks after surgery. Other causes of 
high IOP were high ICL vault and pupillary block 
(10.3%) and synechial angle closure (6.9%). 
None of the eyes required glaucoma surgery to 
control the IOP.

 Corneal Endothelial Cell Loss

All pIOLs can actually cause an accelerated 
decrease in ECD (Fig. 16.5) [16, 31, 32]. A three-
year follow-up study comparing the effect of dif-
ferent pIOLs on the corneal ECD showed that the 
VeriFlex (Artiflex) pIOL induced a 25% rate of 
ECD loss, Verisyse (Artisan) a 15.7%, and ICL a 
13.4% loss [31]. Many causes for ECD loss have 
been described (especially for IF pIOLs): direct 
contact between the pIOL and the endothelium 
during implantation, a close distance between the 
central and peripheral pIOL edges to the endo-
thelium, a shallow anterior chamber depth 
(ACD), altered aqueous flow, and subclinical 
inflammation [16, 22].

A shallow anterior chamber depth (ACD) and 
a close distance between the central and periph-
eral pIOL edges to the endothelium have been 

Fig. 16.5 Early corneal edema and secondary fluid 
within an old LASIK flap interface, on a patient with an 
angle-supported AC pIOL implanted years before
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Fig. 16.7 Severe corneal edema and pupillary block with 
iris bombe on a patient implanted with a myopic toric 
ICL. This case developed a toxic anterior segment syn-
drome (TASS) 48 h after implantation, and the secondary 
anterior chamber fibrin blocked the central Aquaport of 
the IOL causing the acute and severe IOP rise and subse-
quent corneal edema

a

b

Fig. 16.6 Pupillary block after a hyperopic ICL implan-
tation due to a non-patent peripheral iridotomy (a). 
Observe the resolution of the iris bombe and ICL hyper-
vault after a reopening of the previous iridotomy with 
YAG laser (b)

described as the main risk factors for ECD loss in 
patients with IF pIOLs: [32] Shajari et  al. [33] 
reported a higher ECD loss after 4  years in 
patients implanted with an IF pIOL and an ACD 
<3.0  mm, compared to those with an 
ACD  >  3.4  mm; Eldanasoury et  al. [34] also 
reported in a long-term follow-up study a signifi-
cant ECD loss (ECD <1500cells/mm [2]) in 86% 
of the eyes implanted with an IF pIOL with an 
ACD <3.2 mm and no loss in the eyes with an 
ACD >3.5  mm. Nevertheless, some discrepan-
cies are still present among studies reporting the 
chronic ECD loss in eyes implanted with IF 
pIOLs: a 10-year follow-up study [35] reported 

no significant ECD loss after the implantation of 
IF pIOL as long as the inclusion criteria for pIOL 
implantation is strictly met; Budo et  al. [3] 
reported a mean ECD loss of 7.1% during the 
first year after IF pIOL implantation (Artisan), 
which decreased to a mean physiological loss of 
0.7% per year in the following 2 years. However, 
several studies have shown that the presence of 
an IF pIOL accelerates the rate of ECD loss: [36–
38] one study found a linear chronic endothelial 
cell loss after the implantation of IF pIOL 
(Artisan), with a mean annual ECD loss of 48 
cells/mm [2] and 61 cells/mm [2] with the myo-
pic and toric IF pIOLs, respectively [32]. A 
5-year follow-up study also reported a significant 
endothelial cell loss in a low percentage of eyes 
implanted with IF pIOLs [38].

Jonker et al. [22] reported an annual decline in 
ECD of 64 cells/mm [2] and 62 cells/mm [2] with 
the Artiflex myopia and Artiflex toric pIOL, 
respectively. After 5  years, an ECD decrease 
greater than 25% occurred in 4.4% and 4.3% of 
the eyes, respectively. 3.1% of the eyes implanted 
with the myopic model required explantation due 
to ECD loss, while none of the toric pIOLs had to 
be explanted. They did not find any correlation 
between ECD loss and ACD depth or pIOL dis-
tance from the corneal endothelium. Nevertheless, 
Jonker et al. believed that the silicone optic mate-
rial might cause subclinical inflammation leading 
to ECD loss.

A 10-year follow-up study reported an ECD 
loss of 12% after Artiflex implantation [39].

Posterior chamber pIOLs seem to cause less 
damage to the endothelial cells because there is a 
wider space between the pIOL and the corneal 
endothelium. In a 1-year follow-up study that 
included 351 eyes implanted with an ICL 
(Aquaport model), Kamiya et al. [40] reported a 
mean decrease in ECD of 0.1% ± 9.7%. Shimizu 
et al. [41] reported an ECD loss of 0.5% ± 5.4% 
5 years after the implantation of the ICL with an 
Aquaport, versus 1.2 ± 7.2% in eyes with a con-
ventional ICL (no Aquaport). Lisa et  al. [42] 
reported a decrease of 1.7% 1  year after the 
implantation of the ICL V4c model in 147 eyes.

Igarashi et  al. [43] reported an ECD loss of 
6.2 ± 8.6% 8 years after the implantation of the 
ICL V4 model.

V. Vargas et al.



171

The reported ECD loss after implantable pha-
kic contact lens (IPCL) implantation was not sta-
tistically significant after a 3-year and 1-year 
follow-up period [44–45].

Although there are no guidelines on when to 
explant a pIOL due to ECD loss, some authors 
suggest that if the ECD decreases below 1500 
cells/mm [2], the pIOL should be explanted [32]. 
Moreover, the distance between the center of the 
pIOL and the corneal endothelium should be 
greater than 1.5 mm and > 1.3 mm at the periph-
ery in order to keep a healthy endothelium [16].

On this regard, annual follow-up visits to per-
form specular microscopy and anterior segment 
optical coherence tomography are always recom-
mended after a pIOL implantation.

 Cataract

Cataract development is the most frequent cause 
for pIOL explantation [14]. Usually patients 
implanted with a pIOL have high myopia, which 
is a risk factor for the development of posterior 
subcapsular and nuclear cataract [46]. Therefore, 
most of the cataracts developed in these patients 
are secondary to high myopia and aging.

 Iris-Fixated pIOLs
Jonker et al. [29] reported in a 14-year follow-up 
study an explantation rate of IF pIOL of 12%; 
59% of the causes were secondary to cataract for-
mation. According to the authors, cataract devel-
opment was not related to the pIOL due to the 
long time between pIOL implantation and the 
presence of cataract (mean time of 181.4 months).

Cataract development after Artiflex pIOL 
implantation is extremely rare; in a 10-year fol-
low- up study, none of the patients developed 
cataract [39]. Also, in a meta-analysis by Chen 
et  al. [47], no cataracts were reported with the 
Artiflex model, while the incidence of cataract 
after Artisan pIOL implantation was 1.11%.

Most of the cataracts developed after IF pIOL 
implantation are nuclear, and no direct relation-
ship between the pIOL and cataract development 
has been clearly shown [29, 48].

 Posterior Chamber pIOLs
Cataract development is more frequent in patients 
with PC pIOLs than in patients with IF pIOLs 
due to the proximity of the pIOL to the crystal-
line lens. The most common type of cataract is 
anterior subcapsular (ASC) (Figs. 16.8 and 16.9). 
Its development is secondary to insufficient aque-
ous humor circulation, lens trauma from preop-
erative Nd:YAG laser peripheral iridotomy, and 
inflammation [49–51]. Early cataract formation 
is usually secondary to surgical trauma, while 
late-onset cataract is related to contact between 
the pIOL and the crystalline lens [47] and aging.

Sanders and Vukich [52] reported an inci-
dence of ASC of 12.6% in eyes implanted with 
the V3 model versus 2.9% in eyes implanted with 
the V4 model. Cataract development with the V3 
model was secondary to insufficient vaulting 
which leads to crystalline lens touch. The FDA 

Fig. 16.8 ASC on a patient with a PRL PC pIOL.  Its 
development is secondary to intermittent trauma of the 
pIOL to the lens during accommodation, iatrogenic dur-
ing surgery, and insufficient vaulting

Fig. 16.9 ASC on a patient implanted with an old ICL 
model without Aquaport and no residual vault, with sub-
sequent long-standing contact between the ICL and the 
anterior capsule of the crystalline lens
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study reported an incidence of ASC of 2.7% 
3 years after the implantation of the ICL V4 [53].

Due to the improvement in ICL design (V4c, 
V5 models), cataract development has decreased 
in recent years [24, 51, 54, 55]. The central port 
in the current ICL models allows the normal flow 
of aqueous humor across the anterior lens cap-
sule [54], reducing the incidence of cataract 
development. Alfonso et  al. [51] evaluated the 
prevalence of cataract after the implantation of 
three different ICL models (V4, V4b, and V4c). 
Twenty-one eyes (0.61%) implanted with the V4 
model developed cataract 3–4  years after pIOL 
implantation. None of the eyes implanted with 
the V4b or V4c model developed cataract.

The reported incidence of ASC development 
after IPCL is very similar among the studies. 
Vasadava et al. reported an incidence of 3.33%, 
and Sachdev et al. reported an incidence of 2.9% 
[44–45].

 Retinal Detachment

Myopic patients who receive pIOL implantation 
usually have long axial lengths (AL), so, they 
have a higher risk for developing retinal detach-
ment (RD). High myopia is a risk factor for rheg-
matogenous retinal detachment because of 
increased prevalence of lattice degeneration, pre-
mature vitreous liquefaction, and posterior vitre-
ous detachment [56]. The presence of an AL 
>26 mm or lattice degeneration has an eightfold 
and tenfold excess risk of RD, respectively [57]. 
The percentage of retinal detachment after pIOL 
implantation ranges from 4.8% to 2.07%, but no 
correlation has been found between pIOL implan-
tation and the development of RD. [ (58–60)] In 
some cases, RD can be managed successfully 
without the need for pIOL explantation [58–60].

 Endophthalmitis

The incidence of endophthalmitis secondary to 
pIOL implantation is extremely rare, and it has 
been reported after ICL implantation to be 1  in 
6000 [61], which is lower than the incidence of 

endophthalmitis after cataract surgery [62]. 
Coagulase-negative Staphylococcus epidermidis, 
Aspergillus, and Rhizobium (formerly 
Agrobacterium) are some of the pathogens respon-
sible for endophthalmitis after pIOL implantation. 
The range of visual acuity after proper treatment 
ranges from 20/50 to 20/20 [63–65]. In a similar 
fashion as for cataract surgery, we suggest the use 
of intracameral antibiotics at the end of surgery in 
order to minimize the risk of endophthalmitis.

Take-Home Notes
• Intraoperative complications are rare 

and usually related to the learning curve 
process.

• Visual disturbances (halos and glare) 
are usually mild and related to large 
pupils and small optic size.

• Cataract development remains the main 
reason for pIOL explantation, although 
majority of the explantations are related 
to the high myopia and age and not less 
likely to the presence of the pIOL itself.

• The risk of secondary anterior subcap-
sular cataract after PC pIOL implanta-
tion has dramatically dropped since the 
optimization of such pIOLs with central 
openings.

• Chronic ECD loss remains the main 
limitation for iris-fixated AC pIOLs; if 
implantation criteria are strictly met 
(ACD over 3  mm and ideally over 
3.5 mm), the risk for endothelial dam-
age may be similar to PC pIOLs.

• Endothelial cell density loss is the most 
common sight-threatening complication 
presented in patients with pIOLs. 
Therefore, an annual ECD count is 
recommended.

• IOP monitoring is critical immediately 
after surgery and during the first 24 hrs, 
in order to avoid severe IOP spikes in 
relation with retained OVD or pupillary 
block. Consequences of such complica-
tion could be irreversible changes on the 
iris and/or the crystalline lens.
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Safety and Visual Outcomes 
Following Phakic Intraocular Lens 
Bilensectomy

Veronica Vargas and Jorge L. Alió

 Introduction

The term bilensectomy was introduced in the 
early 2000s by Joseph Colin; it refers to the 
explantation of a pIOL at the time of cataract 
extraction [1].

All pIOLs will be explanted at some point; 
therefore, it is important to know the long-term 
outcomes and surgical technique of bilensec-
tomy. In this chapter, we will discuss the main 
causes, surgical technique, refractive outcomes, 
and complications of bilensectomy.

 Historical Overview

 Angle-Supported pIOLs

The first pIOLs were implanted in the 1950s by 
Baron and Strampelli in the irido-corneal angle [2, 
3]. Baron’s pIOL was designed to float in the ante-
rior chamber (AC), which led to frequent corneal 
decompensation. Therefore, Strampelli designed a 
new pIOL model with three points that were fix-
ated in the chamber angle. Because the haptics 
were not flexible, some complications like recur-
rent inflammation with anterior synechiae, secto-
rial iris atrophy, pupil distortion, and high 
intraocular pressure (IOP) were frequently seen 
[3]. Sight-threatening complications such as cor-
neal decompensation and the uveitis- glaucoma- 
hyphema syndrome gave a bad reputation to these 

Bullet Points
In this chapter, we will discuss the 
following:

• Frequency of phakic intraocular lenses 
explantation

• Bilensectomy surgical technique
• Refractive outcomes
• Intraoperative and postoperative 

compli cations

V. Vargas 
Cornea, Cataract and Refractive Surgery Department, 
VISSUM Alicante, Alicante, Spain 

Research & Development Department, VISSUM 
Alicante, Alicante, Spain 

J. L. Alió (*) 
Division of Ophthalmology, School of Medicine, 
Miguel Hernandez University, Alicante, Spain 

Cornea, Refractive and Cataract Surgery Unit, 
Vissum Miranza Alicante, Alicante, Spain
e-mail: jlalio@vissum.com

17

Supplementary Information The online version con-
tains supplementary material available at [https://doi.
org/10.1007/978- 3- 030- 94530- 5_17].

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 
J. L. Alió et al. (eds.), Cataract Surgery, Essentials in Ophthalmology, 
https://doi.org/10.1007/978-3-030-94530-5_17

mailto:jlalio@vissum.com
https://doi.org/10.1007/978-3-030-94530-5_17


178

Fig. 17.1 Angle-supported pIOL, observe the pupil dis-
tortion due to posterior synechiae

a

Fig. 17.2 Iris fixated phakic intraocular lens

pIOLs, and more than 60% of them had to be 
explanted [3]. In the 1980s, Baikoff and Momose 
decided to improve the AC pIOL models, and 
since then, several models of angle- supported 
(AS) pIOLs were developed (i.e., Baikoff ZB lens 
(Domilens, Lyon, France) (Fig.  17.1), NuVita 
MA20 (Bausch & Lomb, Salt Lake City, UT, 
USA), ZSAL-4/Plus lens (Morcher, Stuttgart, 
Germany), Kelman Duet Implant (Tekia, Irvine, 
CA, USA), and AcrySof Cachet (Alcon, Fort 
Worth, TX, USA)). Although having good visual 
outcomes [4], most of them have been phased out 
due to chronic endothelial cell density (ECD) loss.

 Iris-Fixated pIOLs

In 1953, the first iris-fixated (IF) pIOLs were fix-
ated in the iris sphincter. They had complications 
such as uveitis and glaucoma, so Worst designed 
an iris-claw pIOL that was fixated in the mid- 
peripheral iris stroma, which is an immobile por-
tion of the iris [3]. It was not until 1986 that 
Fechner implanted an iris-claw pIOL in a myopic 
eye [5], the Fechner-Worst lens, which was dis-
continued due to progressive endothelial cell loss. 
The model has been improved through the years, 

and today, two IF pIOLs are available: Artisan and 
Artiflex (Ophtec, Netherlands) (see Fig. 17.2).

 Posterior Chamber pIOLs

These pIOLs were developed several years after 
the AC pIOLs. It was not until the 1990s that the 
first posterior chamber (PC) pIOLs were 
implanted [3]. Complications such as pupillary 
block glaucoma, pigment dispersion, anterior 
subcapsular cataracts, and dislocation into the 
vitreous were seen with early models, and even 
some of the PC pIOLs were phased out due to 
these complications like the phakic refractive 
lens (PRL, Zeiss-Meditec, Jena, Germany).

Two PC pIOL models are available today: the 
implantable collamer lens (ICL, Staar Surgical 
Co, Monrovia, California) (see Fig. 17.3) and the 
implantable phakic contact lens (IPCL, Care 
Group Sight solutions, India).

 Phakic Intraocular Lens 
Explantation: Timing and Reasons

Alió et al. [6] reported the main causes of pIOL 
explantation in 240 eyes. Patients’ mean age at 
explantation was 46.30  ±  11.84  years (range 
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Fig. 17.3 Posterior chamber pIOL

25–80 years). The mean time between implanta-
tion and explantation was 381.14 ± 293.55 weeks. 
Main causes of explantation were the following: 
cataract formation (55%), endothelial cell loss 
(10.83%), corneal decompensation (9.17%), 
pIOL dislocation/decentration (6.67%), inade-
quate pIOL size or power (5%), and pupil oval-
ization (4.17%).

 Bilensectomy Technique

 Ancillary Tests

Preoperative ocular biometry is performed as 
usual. If the patient has an axial length (AL) 
greater than 28  mm, we suggest the use of the 
Barrett Universal II formula [7].

A corneal topography is necessary to evaluate 
and correct any corneal astigmatism.

All patients must have an ECD count before 
bilensectomy.

 Surgery

Surgeries can be performed under topical anes-
thesia in cases with a PC pIOL. In cases with an 
AC pIOL the use of peribulbar anesthesia is pre-
ferred as iris manipulation may induce some 
pain. The surgical technique varies depending on 
the pIOL to be explanted.

For AC pIOL bilensectomy, the pupil should 
be dilated after the pIOL has been explanted; for 

PC pIOLs, the pupil should be dilated before 
pIOL explantation.

Angle-supported and the Artisan pIOLs 
require a 6-mm scleral frown incision to explant 
the pIOL; this incision must be sutured after 
explanting the pIOL in order to proceed with 
regular phacoemulsification.

The Artiflex and all PC pIOLs can be explanted 
through a 3-mm clear corneal incision. After 
explanting the pIOL, this incision is used as the 
main incision for phacoemulsification.

 Angle-Supported pIOL Bilensectomy 
Technique

A 6-mm sclerocorneal incision is placed superi-
orly. Through a side-port incision, the AC is filled 
with dispersive viscoelastic to coat the endothe-
lium. After penetrating the AC with a keratome, 
the haptic of the pIOL can be carefully explanted 
using a hook (see Video 17.1). After suturing the 
scleral incision with running 10-0 nylon, regular 
phacoemulsification can be performed.

 Artisan pIOL Bilensectomy Technique

A 6-mm sclerocorneal incision is placed superi-
orly. Through a side-port incision, the AC is 
filled with dispersive viscoelastic to coat the 
endothelium. The optic of the pIOL is grabbed 
with a forceps, and the haptics are de-enclavated 
from the iris using the microholding forceps 
developed by MST (Redmond, Washington 
State, USA), MST Economic Touch II.  The 
pIOL should be rotated to a vertical position for 
its explantation. The scleral incision is sutured 
with running 10-0 nylon in order to continue 
with phacoemulsification.

 Artiflex pIOL Bilensectomy Technique

Bilensectomy of the Artiflex pIOL requires a 
3-mm clear corneal incision. The de-enclavation 
process is the same as for the Artisan pIOL, 
except that the pIOL is explanted through the 
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3-mm corneal incision. This incision is used as 
the main incision for phacoemulsification (see 
Video 17.2). Another option is to cut the optic of 
the pIOL along its longer axis using the Osher- 
Snyder cutting device, from one enclavation to 
the opposite enclavation, with the haptics cut in 
half. By cutting the pIOL in half, it can be 
explanted through a 2.75-mm corneal incision.

 Posterior Chamber pIOL 
Bilensectomy Technique

For PC pIOL bilensectomy, a broad pharmaco-
logical mydriasis is essential. After lifting the 
four footplates of the pIOL into the anterior 
chamber, the pIOL can be explanted through a 
3-mm clear corneal incision, which is used as 
the main incision for phacoemulsification (see 
Video 17.3).

 Clinical Outcomes

We analyzed our bilensectomy outcomes in 188 
eyes. We evaluated the causes of bilensectomy, 
time between pIOL implantation and bilensec-
tomy, efficacy, and visual and refractive out-
comes with a follow-up of 1  year. Fifty-eight 
eyes underwent AS pIOL bilensectomy, 43 eyes 
underwent IF pIOL bilensectomy, and 87 eyes 
underwent PC pIOL bilensectomy.

Visual and refractive outcomes of bilensec-
tomy are shown in Table 17.1.

 PIOL Models Explanted

Angle-supported: Kelman Duet IOL (Tekia, Inc., 
Irvine, CA), Baikoff ZB (Domilens, Lyon, 
France), ZSAL-4 (Morcher, Stuttgart, Germany), 
and Phakic 6 IOL (Ophthalmic Innovations 
International, Ontario, CA)

Iris-fixated: Artisan pIOL (Ophtec BV, 
Groningen, Netherlands)

Posterior chamber: Visian Implantable 
Collamer Lens V3 and V4 models (STAAR 
Surgical Co., Monrovia, CA), Phakic Refractive 

Lens (Zeiss Meditec, Jena, Germany), and the 
Implantable Phakic Contact Lens (IPCL, Care 
Group Sight solutions, India)

 Causes of Bilensectomy

The main causes of bilensectomy are depicted in 
Fig. 17.4.

 Cataract

Cataract development is the most common cause 
of bilensectomy. Its development can be second-
ary to intermittent trauma from accommodation 
or during surgery, insufficient vaulting, or lens 
trauma from preoperative Nd:YAG laser periph-
eral iridotomy [8, 9]. The presence of high myo-
pia in these patients is also a predisposing factor 
as it has been associated with the development of 
posterior subcapsular and nuclear cataract [10] 
(Fig. 17.5).

 Endothelial Cell Loss

Endothelial cell loss is an important cause of 
bilensectomy especially in eyes with an IF 
pIOL.  Intraoperative bleeding and excess iris 
manipulation during surgery can affect endothe-
lial cell survival [11]. There is some controversy 
regarding ECD loss after the implantation of 
pIOLs. Some studies have reported an acceler-
ated rate of ECD loss in the presence of a pIOL 
[12–14], while others have reported no signifi-
cant ECD loss [15]. To maintain a healthy endo-
thelium in patients with AC pIOLs, the minimum 
distance between the edge of the optic and the 
endothelium should be >1.5 mm [16, 17]. If the 
pIOL is 1.0 mm from the endothelium, it should 
be explanted [18].

 Pupil Ovalization

Pupil ovalization is usually present in eyes with 
an AS pIOL. It is secondary to ischemic iridopa-
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thy and inflammation secondary to the haptic 
compression of the iris root vessels [19]. 
Bilensectomy is extremely difficult in these eyes 
due to adhesions between the pIOL, iris, and 
anterior chamber [6, 19].

 Complications

Intraoperative complications were the following: 
posterior capsule rupture and bleeding from the 
iris root in an eye with an IF pIOL.

Postoperative complications in patients with 
AC pIOL were the following: severe ocular 
hypertension (two eyes), severe endothelial cell 
loss (one eye), and hyphema (two eyes). Two 
eyes developed a retinal detachment, one after an 
IF pIOL bilensectomy and the other after a PC 
pIOL bilensectomy.

 Hyphema

It occurs especially in AS and IF pIOL bilensec-
tomy due to iris manipulation and presence of 
angle synechiae. An AC washout may be neces-
sary in some cases.

 Posterior Capsule Rupture

Posterior capsule rupture (PCR) is a common 
intraoperative complication in cataract surgery 
[20]. Risk factors for capsular complications 
include the following: pupil size <3  mm and 
pseudoexfoliation; patients with high axial myo-
pia have weaker zonules due to excessive stretch-

Others

Cataract and pupil ovalization

Cataract and ECD loss

ECD loss

Cataract
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Fig. 17.4 Causes of bilensectomy in different pIOL models

Fig. 17.5 Posterior subcapsular cataract in a patient with 
an ICLV4c pIOL
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ing of the zonular fibers that can predispose to 
PCR [20, 21]. If managed properly, the IOL can 
be placed into the ciliary sulcus and has good 
visual outcomes.

 Ocular Hypertension

High intraocular pressure (IOP) can be secondary 
to pigment dispersion over the trabecular mesh-
work due to chronic chafing by the pIOL. If high 
IOP is presented in the early postoperative period, 
it might be secondary to retained viscoelastic 
material. In our study [22], two eyes required a 
combined procedure (bilensectomy and trabecu-
lectomy), and other two had postoperative high 
IOP that was successfully treated with intrave-
nous mannitol [22].

 Severe Endothelial Cell Loss

Phacoemulsification and implantation of pIOLs 
are procedures that tend to decrease the ECD 
count [11–13, 23]. Early bilensectomy should 
be performed if the ECD is less than 1500 cells/
mm2 [24].

 Retinal Detachment

Retinal detachment after cataract surgery in 
highly myopic eyes has an incidence of 2.2%. 
Axial length elongation and stretching of the pos-
terior eye wall predispose to this vision- 
threatening complication [9]. In our studies [22, 
25], one eye presented an RD immediately after 
bilensectomy, and the other eye developed it 
11  months after surgery. Both eyes had a good 
visual outcome after pars plana vitrectomy.

 Conclusions

All pIOLs will be eventually explanted; there-
fore, it is important to know the clinical out-
comes, surgical technique, and complications of 
bilensectomy.

Cataract development remains the main rea-
son of bilensectomy followed by ECD loss.

Bilensectomy is more challenging in eyes 
with AS pIOLs due to the presence of synechiae. 
Although most of the patients have a good visual 
and refractive outcome [26], sight-threatening 
complications such as retinal detachment and 
low ECD count may occur, so a close follow- up 
is necessary in all patients.
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Intraocular Lens Explantation 
and Exchange

Ali Nowrouzi, Jorge Alió del Barrio, 
Olena Al-Shymali, and Jorge L. Alió

 Introduction

Cataract surgery with intraocular lens (IOL) 
implantation is one of the most frequently per-
formed surgical procedures in the world nowa-
days. The total number of cataract surgery has 
increased because of the excellent outcomes and 
high predictability of the technique. Such out-
comes have further promoted the indication of 
refractive lensectomy (lens removal with IOL 
substitution aiming to correct a refractive error), 
especially in high refractive errors and presby-
opia [1]. Moreover, longer lifespans have also 
contributed to the pseudophakic population 
growing very quickly. Intraocular lens explanta-
tion is infrequent today but may be potentially 
associated with serious complications. The rea-
sons for explantation are diverse and related to 
multiple factors, including intraocular comor-
bidities [2, 3]. IOL explantation sometimes 
occurs after uneventful cataract surgery. In other 
cases, it may represent inadequate IOL selec-
tion, intraoperative complication, or problems 
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Bullet Points
In this chapter, you can find the following 
information:

• The main causes leading to IOL 
explantation

• The main causes leading to IOL in-the- 
bag dislocation/decentration and surgi-
cal approaches to correct this dislocation/
decentration and a comparison between 
these approaches

• The main causes of incorrect lens power 
calculation and how to decrease this 
error and the approaches to overcome 
this problem

• Explantation of multifocal intraocular 
lenses (MF-IOLs) due to neuroadapta-
tion failure followed by the reimplanta-
tion of a different MF optical 
technology

• IOL explantation techniques
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related to the quality of IOL material or design, 
especially in multifocal IOLs. Further, it may be 
related to other intraocular comorbidities that 
may be affected by the presence of the IOL, 
with the subsequent potential for problems that 
may even end in the decision to explant the lens. 
The overall rate of explantation in different 
studies varies from 0.032% to 0.28% in some 
studies to 0.77% [4–6].

 Main Causes Leading to IOL 
Explantation

Twenty years ago, about 70% of the IOLs 
explanted were anterior chamber IOLs, and the 
main causes of explantation were pseudophakic 
bullous keratopathy (PBK), uveitis-glaucoma- 
hyphema syndrome, and cystoid macular edema 
[7–10]. The IOL complication profile requiring 
explantation has considerably changed in recent 
years. In a study comparing the causes for 
explantation in the same clinical setting a decade 
later, the main reason for explantation changed 
from PBK to incorrect lens power and decentra-
tion/dislocation [4].

A retrospective multicenter study was pub-
lished a few years ago [11]. This study aimed to 
analyze the demographics and reasons for pseu-
dophakic IOL explantation in Spain, a developed 
country where modern cataract surgery is 
performed.

The main causes for explantation were dislo-
cation/decentration in 145 cases (56.3%) and 
incorrect lens power in 33 cases (12.8%). The 
rest of the causes were IOL opacification, neuro-
adaptation failure, endophthalmitis, and pseudo-
phakic bullous keratopathy.

Regarding decentration/dislocation, the 
authors used classifications for lens in the bag 
and lens out of the bag as other authors have 
done before [14]. Explantation surgery was only 
performed, as is generally recommended when 
the IOL was dislocated out of the visual axis 
causing symptoms and IOL repositioning was 
not possible. It is necessary to emphasize in the 
case of IOL decentration that repositioning 
would be another consideration in many cases. 

Dislocation of IOL especially to the vitreous 
cavity makes the repositioning approach not 
possible without vitrectomy.

Buenaga et al. [15] found that in a series of 
257 eyes, 60% of the cases (145 eyes) were late 
in-the-bag IOL decentration. This was due to 
progressive zonular dehiscence in 40% of the 
cases and to capsule contraction syndrome in 
20% of the cases. The rest of the IOLs (40%) 
were luxated out of the bag and were related to 
surgical complications. Incorrect lens power was 
the second cause of explantation, accounting for 
12.8% of the cases. Although some authors, such 
as Mamalis et  al., have shown in their surveys 
even higher rates of explantation because of 
incorrect lens power [12, 13], the rate found in 
Buenaga et al.’s study was relatively high in the 
context of modern cataract surgery [16]. Most of 
the participants in this study were treated at 
refractive centers; hence, the hypothesis is that 
probably a significant number of patients that 
underwent cataract surgery had a previous cor-
neal refractive procedure which is a special 
group with a greater risk of calculation errors 
[17–19].

 IOL in-the-Bag Dislocation/
Decentration

Late in-the-bag dislocation of IOLs is a rare but 
potentially serious complication after cataract 
surgery. In an observational study, it was shown 
that the cumulative risks of IOL dislocation at 5, 
10, 15, 20, and 25 years after cataract extraction 
were 0.1%, 0.1%, 0.2%, 0.7%, and 1.7%, respec-
tively [20]. Nevertheless, the pseudophakic pop-
ulation has been growing very quickly in recent 
years as a result of longer lifespans, new phacore-
fractive procedures, and improvements in the 
quality and safety of phacoemulsification sur-
gery. As a result, late in-the-bag dislocation may 
become a more common issue in the future.

Bag dislocation may occur due to progressive 
zonular dehiscence many years after uneventful 
surgery. The risk factors for this condition 
include pseudoexfoliation (PEX), connective tis-
sue disorders, uveitis, retinitis pigmentosa, high 
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myopia, and patients who underwent vitreoreti-
nal surgery [21–23]. Pseudoexfoliation is prob-
ably the most recognized predisposing factor for 
late dislocation, as has been shown in several 
publications [5, 14, 23–25].

Pseudoexfoliation is likely to produce zonu-
lar insufficiency by two mechanisms. Firstly, 
PEX accumulations mechanically weaken the 
zonular lamella and impair zonular anchoring to 
the epithelial basement membrane at both its ori-
gin and insertion [26]. Furthermore, patients 
with PEX also exhibit an increase in elastinoly-
sis that weakens the zonula. Secondly, PEX has 
been shown to facilitate anterior capsule con-
traction syndrome, which, if left untreated, usu-
ally leads to zonular failure [27, 28].

In a study published by Buenaga et al. from 
the IBERIA Biobank [29], it was found that high 
myopia was the most prevalent risk factor, fol-
lowed by PEX [29]. Highly myopic eyes show 
some typical alterations due to thinning and 
degeneration of several eye layers as lacquer 
cracks, chorioretinal atrophy, or posterior staph-
yloma [32]. They hypothesized that along with 
the previously mentioned alterations, these eyes 
may also be more prone to zonular failure due to 
excessive elongation of the zonular fibers that 
have to support greater stress than in eyes with 
normal axial length. This theory is supported by 
the outcomes of a study using high-resolution 
magnetic resonance imaging, which demon-
strated that myopic eyes are larger in all three 
dimensions (i.e., equatorial, anteroposterior, and 
vertical axes) [33, 34]. The mean time interval 
from cataract surgery to explantation due to late 
dislocation was 7.5  ±  5.2  years in this study. 
Some other reports have also shown a mean 
interval of around 8 years between both surger-
ies [5, 22–25].

Different surgical techniques can be used to 
reposition a dislocated IOL. In the Buenaga et al. 
series, all the patients had IOL explantation 
because this was one of the inclusion criteria. A 
new IOL was placed after explantation during 
the same surgery. A scleral-fixated IOL was 
placed in most cases (36.1%).

In conclusion, PEX is overall the most fre-
quently reported risk factor for late in-the-bag 

IOL dislocation. However, some other risk fac-
tors such as high myopia are important to recog-
nize. Furthermore, dislocation in high myopia 
has been reported to occur at a younger age than 
in PEX, hence affecting patients with greater 
visual demands [29].

In many cases, a dislocated IOL can be repo-
sitioned by different surgical techniques and lens 
explantation is not the only approach for these 
cases.

Although refixation of dislocated IOL is more 
difficult than implanting a new IOL, especially 
given the fact that the selection of suture position 
and operation technique is highly restricted, both 
methods share the same stability if the IOL was 
sutured to the sclera or iris successfully. Recently, 
a retrospective single-surgeon study of 118 eyes 
reported that scleral fixation sutures with 10-0 
polypropylene provided an excellent long-term 
fixation of posterior chamber IOLs, resulting in 
suture breakage in fewer than 0.5% of cases for 
periods of 24 years and longer.

Several factors influence the stability of the 
sutured IOL, including fixation technique, suture 
type, and knot stability. Experienced fixation 
technique and knot technique may contribute to 
lower incidence of IOL redislocation, and 10–0 
polypropylene suture and the knot technique 
requiring two separate sutures in one knot seem 
to be an ideal choice to keep knot stability [30].

Another option for IOL suturing and/or cap-
sular bag fixation would be the Gore-Tex sutures 
as confirmed by other authors [31].

Some authors described other methods for 
fixation of the dislocated intraocular lens- 
capsular bag complex. This includes suturing the 
complex of the capsular bag and IOL to the iris 
at two points 180° apart using 9-0 polypropylene 
sutures on long needles, considered as a safe 
method without major complications [35].

Shangfei et al. [36] compared the reposition-
ing approach with IOL explantation in a meta- 
analysis involving 1082 eyes. The average 
follow-up time was 13.7 months. Based on this 
meta-analysis, both IOL repositioning and IOL 
exchange were safe and effective procedures for 
treating IOL dislocation. Pooled analysis of ten 
studies showed that the two procedures had a 
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similar effect on best-corrected visual acuity 
(MD −0.00; 95%CI: −0.08 to 0.08; P = 0.99). 
IOL exchange was superior to repositioning in 
terms of the postoperative refractory outcomes 
as measured by spherical equivalent, but IOL 
repositioning was associated with a lower inci-
dence of anterior vitrectomy and potentially 
lower incidence of cystoid macular edema.

 Incorrect Lens Power

Cataract surgery outcomes have greatly improved 
due to advancements in surgical technique, intra-
ocular lens (IOL) technology, and preoperative 
testing and calculations. With the improvements 
have come increased expectations from patients 
regarding postoperative visual acuity and inde-
pendence from spectacle correction. Studies on 
cataract surgery outcomes showed that 50–70% 
and 79–94% of patients will achieve postopera-
tive refractions within 0.5 D and 1.0 D of the 
intended target, respectively [37–40].

Toric IOLs and limbal relaxing incisions and 
astigmatic keratectomy now provide the oppor-
tunity to correct astigmatism with good results. 
A study of patients undergoing placement of 
toric IOLs found that 88% had less than 1.0 D of 
astigmatism postoperatively [41].

If the refractive error does occur after surgery, 
numerous options may provide the patient with a 
satisfactory outcome. These are especially 
important in certain populations such as patients 
with a history of keratorefractive surgery where 
there is a higher rate of postoperative refractive 
error in general and in particular patients under-
going premium IOL implantation who are more 
sensitive to refractive error. Refractive error after 
cataract surgery may be decreasing but is still a 
relatively common occurrence that is critical to 
patient satisfaction. Therefore, cataract surgeons 
should take all precautions to prevent its occur-
rence as well as diagnose and manage the refrac-
tive error effectively.

Refractive error after cataract surgery typi-
cally manifests with blurred vision at distances 
where the patient was expecting to have good 
uncorrected visual acuity. Patients who are 20/20 

uncorrected at distance with plano refraction 
may be unhappy if the goal was clear near vision. 
The amount of deviation from the target refrac-
tion at which the patient becomes symptomatic 
is largely dependent on the individual. The most 
commonly used end points for measuring refrac-
tive error in the literature are the percentage of 
patients achieving final refraction within 0.5 D 
and 1.0 D of the intended target [42].

These intervals are the highest practical levels 
of accuracy, as IOL powers change in 0.5 D 
increments. The expectation of spectacle inde-
pendence at distance, near, or both in the cases of 
premium IOLs has led to dissatisfaction with 
cataract surgery that does not result in spectacle 
independence. Thus, even though the refractive 
error may be corrected with glasses or contact 
lenses, patients are often not happy with this 
result as the main goal of these surgeries is to be 
spectacle-free. Another issue that refractive error 
may create is anisometropia if the refractive 
error is unilateral or asymmetric. This is usually 
quite symptomatic and requires additional 
surgery.

The importance of refractive predictability 
has become increasingly important since the 
advent of premium IOLs. Bifocal, trifocal, 
extended depth of focus (EDOF), and pseudo- 
accommodative lenses require precision in post-
operative refraction to maximize visual acuity. 
These lenses are associated with an increased 
rate of visual phenomena such as glare, halos, 
and night vision problems that are significantly 
worsened by any refractive error. Contrast sensi-
tivity and subjective visual acuity are also dis-
proportionately affected in these patients if any 
refractive error is present [43].

Despite new advances in cataract surgery, 
unsatisfactory visual outcomes because of a 
residual refractive error are a major cause of dis-
satisfaction. This may be due to different causes, 
such as inaccuracies in the biometric analysis 
[44–46].

Patients with a history of refractive surgery 
have a higher likelihood of refractive error after 
cataract surgery. This condition is frequently 
known as “refractive surprise.” In cases of PRK, 
it can be impossible to determine if there was 
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prior surgery on exam unless corneal topography 
is performed, and despite thorough history tak-
ing, patients may not volunteer this information. 
Hyperopic surprise most commonly results if the 
history of refractive surgery is not taken into 
account when calculating IOL power.

All patients should be asked about contact 
lens use, and if present, the specific type and date 
of last use must be noted. Patients must stop soft 
contact lens use 1 week and rigid gas-permeable 
(RGPs) contact lenses at least 1  month before 
preoperative testing. After 1 month out of RGPs, 
topography should be done and then should be 
repeated 2–4 weeks later.

Keratoconic eyes have deeper anterior cham-
ber depths and longer axial lengths, which may 
lead to hyperopic surprise due to errors in the 
estimated lens position. One review found that 
the SRK II formula had the best refractive out-
comes in mild keratoconus, whereas no formula 
performs particularly well in severe keratoconus. 
Some authors advocate for the use of the stan-
dard keratometry value of 43.25 D and target 
refraction of −2.0 D in severe keratoconus.

Sources of error unrelated to the eye may 
also contribute to refractive error. These include 
poor patient cooperation, data entry error, and 
placement of the wrong lens into the wrong eye. 
The largest study on wrong IOL implantations 
was a retrospective review of all reported cases 
in Wales from 2003 to 2010. Of the 164 reported 
incidents, the following etiologies were most 
common [47, 48]:

 1. Inaccurate biometry
 2. Wrong IOL selection
 3. Transcription errors
 4. Handwriting misinterpretation

Based on previous studies, analysing refrac-
tive data form more than 17,000 eyes after cata-
ract surgery, it was shown that emmetropia was 
only achieved in 55% of eyes planned for the 
aim of ±0.50 D [49]. Based on recent advances 
in optical biometry by Swept-source OCT and 
utilizing the fourth-generation formulas such as 
Barrett II for IOL calculation as well as the 
incorporation of new formulas based on artificial 

intelligence, it was shown that emmetropia was 
achieved in more than 75% of eyes planned for 
the goal of ±0.50 D in a study of 3241 eyes of 
3241 patients reported on a specific IOL type. 
The same study reported five of the commonly 
used formulas (Haigis, Hoffer Q, Holladay 1, 
Holladay 2, and SRK/T) and two formulas 
(Barrett Universal II and T2) that have never 
been retested in a large series across the entire 
AL range despite the promising results in their 
initial publications.

Over the entire AL range, the Barrett 
Universal II was the most accurate formula by a 
significant margin, having a lower mean absolute 
error and a higher percentage of eyes with pre-
diction errors between ±0.25 D, ±0.50 D, 
and ± 1.00 D than the other six formulas assessed 
[50].

It is critical to determine the etiology of 
refractive error after cataract surgery. This begins 
with accurate refraction that is stable. The time 
to refractive stability may vary from 1  day to 
3  months postoperatively. Patients with one-
piece acrylic lenses may typically be refracted 
within the first week postoperatively, whereas 
those with premium IOLs need more time to 
gain their final stable refraction even up to 
1 month postoperatively. Post-RK patients may 
take 3 months for refractive stability [51].

Auto-refraction is not enough evaluation and 
subjective refraction is necessary. A thorough 
dilated exam is critical to assess for corneal 
irregularity, lens malposition or distention, and/
or retinal pathology. Corneal decompensation or 
irregularity due to surgery, eye drops, or trauma 
may result in pathology that was not present pre-
operatively. Preoperative measurements and for-
mulas used for surgery should be double-checked. 
An OCT of the macula may reveal clinically 
inapparent macular edema or other previously 
undetected pathologies. If these measures do not 
identify a source of error, it may be assumed that 
there was an error in the estimated lens position 
and IOL formula used.

If the refractive error is decided to be treated, 
one option is corneal refractive surgery. This is 
a highly accurate means of correcting residual 
refractive error with 92% of pseudophakic cases 
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achieving a result within 0.5 D of the intended 
target. Additionally, it is very effective in multi-
focal intraocular lens (MF-IOL) patients, as one 
large review showed that 90% of patients who 
underwent LASIK or PRK after MF-IOL place-
ment were within 0.5 D and 99.5% were within 
1.0 D of the intended refractive target. These 
patients all underwent conventional ablation, 
and 99.2% of the patients were 20/40 or better at 
the final visit, demonstrating the safety of this 
option [51].

It is recommended that LASIK is delayed 
3  months after cataract surgery to allow for 
refractive and incisional stability. PRK may be 
pursued once manifest refraction is stable 
[52].

Thorough history and exam are necessary 
before LASIK to ensure that contraindications 
such as Fuchs’ dystrophy, epithelial basement 
membrane dystrophy (EBMD), severe dry eyes, 
or history of herpetic eye disease are not present. 
PRK may be used in many cases when LASIK is 
contraindicated due to corneal pathology.

Pseudophakic IOL exchange may be an effec-
tive option if the source of the error and the rea-
son behind it can be allocated. The IOL should 
be known, and the same IOL platform should be 
used for the second surgery. Exchange is techni-
cally easiest to perform in the early postopera-
tive period (within 4 months). Exchange is more 
commonly used in refractive errors greater than 
1 D, as other methods such as corneal refractive 
surgery are more precise in correcting smaller 
degrees of refractive error. A vergence formula is 
recommended to be utilized for IOL exchange 
calculations, which can be found via this link: 
https://www.doctor- hill.com/physicians/down-
load.html.

Jin et  al. [53] compared the efficacy and 
safety of correcting residual refractive error after 
cataract surgery between laser-assisted in situ 
keratomileusis (LASIK) and lens-based correc-
tion methods, including piggyback IOL implan-
tation and IOL exchange in the same group. 
These authors found comparable results between 
the LASIK group and the lens-based group in the 
final spherical equivalent (SE) and safety. 
Fernández-Buenaga et al. [54] established a ret-

rospective comparison among LASIK, piggy-
back IOLs, and IOL exchange as separate 
groups. The three different methods were com-
pared in terms of refractive predictability and 
safety. All correcting methods were capable of 
improving refraction in myopic and hyperopic 
eyes. In the comparative analysis among groups, 
statistically, significant differences were found 
in SE and refractive cylinder. When compared 
with the IOL explantation group, the LASIK 
group had statistically significantly better out-
comes for SE and refractive cylinders. Significant 
differences were also detected between the 
LASIK and the piggyback IOL groups in the cyl-
inder, favoring the former. Therefore, there are 
no big differences in the final sphere among 
groups. Nevertheless, the cylinder outcome was 
what made the LASIK procedure more accurate 
than the IOL explantation or the piggyback IOL 
technique. In the LASIK group, the refractive 
cylinder was decreased after surgery, whereas in 
the piggyback IOL group the refractive cylinder 
remained stable and in the IOL explantation 
group the refractive cylinder was increased.

The efficacy index showed better outcomes in 
the LASIK group than in the IOL explantation 
and piggyback IOL groups. However, no statisti-
cally significant difference was found between 
IOL explantation and piggyback IOL implanta-
tion in this index. In the predictability analysis, 
the authors also detected differences among 
groups with the best outcome in the LASIK 
group followed by the piggyback group. The 
worst predictability was found in the IOL 
exchange group – remarkably that the percent-
age of eyes within ±0.50 dioptres of final refrac-
tive spherical equivalent in the LASIK group 
was 92.9%.

Regarding the safety index, no statistically 
significant differences were found among 
groups. However, the proportion of eyes that lost 
one or more lines of best spectacle-corrected 
visual acuity (BSCVA) was significantly differ-
ent among groups. This percentage was four to 
five times higher in the IOL explantation and 
piggyback IOL groups in comparison with the 
LASIK group (7.14%). Indeed, no eye of those 
treated with LASIK lost more than two lines of 
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vision, compared to one eye in the IOL explanta-
tion group and three eyes in the piggyback IOL 
group.

The results of this study showed that LASIK 
was the most accurate procedure to correct resid-
ual ametropia after cataract surgery. Lens-based 
procedures (IOL explantation or piggyback 
IOLs) are also effective methods and should be a 
choice in cases with extreme ametropia and cor-
neal abnormalities or when there is no excimer 
laser platform available. A randomized con-
trolled prospective study comparing the three 
procedures is necessary to confirm these 
findings.

IOL rotation or repositioning may be the best 
option for eyes with residual cylinder error after 
toric IOL placement. Rotation is indicated in 
cases where the IOL was placed in an improper 
position during surgery, as well as in cases where 
the IOL was initially properly placed but in the 
postoperative period has rotated. IOL rotation 
(angle correction) should be done in the early 
postoperative period before the healing and 
fibrosis that occur within a few months of sur-
gery [51]. The postoperative refractive axis of 
astigmatism should be used for proper IOL repo-
sitioning, rather than the values used at the time 
of the initial surgery.

Specific IOL calculations for toric IOL 
exchange or rotation may be found at this web-
site: https://www.astigmatismfix.com/.

If it is not possible to reduce astigmatism via 
IOL rotation, another option such as keratore-
fractive surgery will likely be necessary.

An add-on IOL may be the optimal choice for 
patients with a hyperopic outcome, especially if 
the IOL power is not known. It is also an alterna-
tive to IOL exchange when the procedure would 
be at high risks, such as in cases of posterior cap-
sule tears or zonulopathy. For this procedure to 
be successful, the primary IOL optic capture 
must be fully in the capsular bag, and the ante-
rior chamber should be deep with an open angle 
to allow for adequate space for the secondary 
IOL. Silicone IOLs are preferred, especially if 
the primary IOL was acrylic. Square edge and 

acrylic IOLs should not be used for add-on IOLs. 
This technique is associated with an increased 
risk of mechanical complications such as uveitis- 
glaucoma- hyphema (UGH) syndrome, iris chaf-
ing, and uveitis [55, 56].

The following rules have been used in calcu-
lating IOL power for add-on IOLs:

• Hyperopic error: 1.5 × manifest SE diopters
• Myopic error: 1.3 × manifest SE diopters

However, current vergence formulas (https://
www.doctor- hill.com/physicians/download.
html) provide more accurate IOL power calcula-
tions and are recommended. It is always neces-
sary to use these formulas in cases of refractive 
error greater than 7 D, as the above general rules 
become increasingly inaccurate with larger 
refractive error [54].

 IOL Opacification

In the middle and late 1990s, foldable IOLs 
became very popular and came into use world-
wide due to easy implantation through smaller 
corneal incisions. However, some foldable 
hydrophilic acrylic IOLs fell into disrepute as a 
result of increasing reports of postoperative 
opacification [57–60].

Because of the widespread implantation of 
these IOLs before the opacification problem was 
noticed, IOL opacification became a common 
indication for IOL explantation during the past 
decade [11–13]. Different causes can lead to 
intraoperative IOL opacification or early postop-
erative IOL opacification/discoloration. 
Regarding late IOL opacification, it has been 
described with different materials, but as previ-
ously mentioned, most of the reports were asso-
ciated with hydrophilic acrylic designs. The four 
major models implicated in this problem were 
the HydroView (Bausch & Lomb) [60, 61], 
MemoryLens (Ciba Vision) [62], SC60B- OUV 
(MDR, Inc.) [62], and AquaSense (Ophthalmic 
Innovations International, Inc.) [63, 64]. It was 
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later known that in these four models, the reason 
for opacification was related to the manufactur-
ing process instead of a problem associated with 
the lens material itself. Although these IOLs 
were introduced in the market more than a 
decade ago, IOL exchange surgery due to late 
opacification is still performed, as can be seen in 
recent reports [65, 66].

Intraocular lens opacification usually leads to 
decreased visual acuity and also to poor quality 
of vision with high levels of light scattering and 
decreased contrast sensitivity [67]. Hence, the 
decision for explantation should be based on the 
examination findings combined with decreased 
visual acuity or quality of vision.

Most of the published papers show a long 
interval between the original cataract surgery 
and the exchange surgery. In a paper published 
by Buenaga et  al. research group [68], it was 
89.1 ± 33.6 months, which is longer than what 
has been reported in other series [69–71]. In the 
majority of these reports, it was shown that the 
mean uncorrected visual acuity (UCVA) and 
best spectacle-corrected visual acuity (BSCVA) 
for far significantly improved after surgery [72–
74]. However, some other authors did not notice 
a gain of vision after the IOL exchange surgery 
[72]. The final BSCVA achieved in Kermani 
et al.’s study was better than that given in most of 
the previous reports. A final BSCVA of 0.7 or 
better was achieved in 68.2% of the eyes. This 
difference may be explained by the existence of 
fewer ocular comorbidities in their cases and 
because most of their explanted IOLs were 
HydroView (63.6%) which are easier to remove 
than other hydrogel models, as stated by other 
authors [75]. In this study, the IOL exchange was 
uneventful in most cases. However, it was not 
exempt from complications. Anterior vitrectomy 
had to be performed in almost one-third of the 
eyes because of vitreous prolapse to the anterior 
chamber, and the new IOL had to be implanted 
in the ciliary sulcus in most of the patients 
(63.6%); it is important to emphasize the risk of 
retinal detachment as a potential complication 
although it was not reported in any of these 
cases.

The IOL opacification is still an important 
issue. There may be still patients requiring treat-
ment now for this reason. In fact, in recent 
reports, it has been shown that hydrophilic IOL 
calcification can still occur in association with 
certain eye conditions like a history of air/gas fill 
in DMEK [65]. It has also been described in a 
quite recent hydrophilic IOL model with a 
hydrophobic surface associated with certain 
medical conditions like diabetes, hypertension, 
or glaucoma [66].

The only therapeutic option is the IOL 
exchange. This surgery, although associated with 
a high incidence of complications [75], restores 
and significantly improves visual acuity with no 
eye losing one or more lines of vision in the 
Kermani et al.’s series.

There are many newly designed IOLs every 
year in the market. However, most of the studies 
of the new IOL models only focus on the refrac-
tive and optical quality performance, whereas 
the long-term biocompatibility is not usually 
checked. To avoid this type of complication, it 
should be mandatory for every new IOL model 
to be tested for a prolonged period before large- 
scale use, as the lenses will usually remain inside 
the eye for decades.

 Multifocal IOL Explantation

Dissatisfaction with the outcomes of multifocal 
IOL implantation has been reported by patients 
who do not achieve visual goals, with limited 
quality and sharpness of vision, or have new 
visual aberrations. A 2006 Cochrane review of 
multifocal IOLs found that photic phenomena 
are 3.5 times more likely with multifocal IOLs 
than with monofocal IOLs. By increasing the 
depth of field twofold to threefold with a multi-
focal IOL, contrast sensitivity can decrease up to 
50% [76].

Intraocular lens explantation is the worst sce-
nario after cataract surgery with multifocal IOL 
implantation because it means that the aim of the 
original surgery was not met and because it may 
be associated with new complications. 
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Fortunately, it is only needed in very few patients 
of those with complaints. Several studies show 
that the rate of multifocal IOL exchange among 
dissatisfied patients is 0.85% [77], 4% [78], and 
7% [79]. If dissatisfaction continues, the main 
cause of this dissatisfaction should be differenti-
ated. The main reasons for patient dissatisfaction 
following multifocal intraocular lens implanta-
tion are residual ametropia, posterior capsule 
opacification (PCO), dry eye, IOL decentration, 
inadequate pupil size, and wave front abnormali-
ties [80, 81].

Residual ametropia is one of the most com-
mon reasons for patient dissatisfaction after mul-
tifocal IOL implantation as multifocal IOLs are 
more sensitive to residual refractive error. It may 
occur because of inaccuracies in the biometric 
analysis, inadequate selection of the IOL power, 
limitations of the calculation formulas, or errors 
in the IOL position. In situ keratomileusis or 
photorefractive keratectomy enhancements after 
cataract surgery are shown to be efficient, pre-
dictable, and safe. If excimer laser is not avail-
able, an option is the IOL exchange or 
“piggyback” lens implantation [80, 82].

PCO is very common and usually results in 
blurred vision and/or photopic phenomena in 
patients after long-term multifocal IOL implan-
tation. The higher rates of PCO were found in 
patients with hydrogel IOLs, rounded-edged 
IOLs, IOLs placed in the sulcus, and large cap-
sulorhexis when compared to other factors like 
another IOL material, sharp posterior optic edge, 
placement in the capsular bag, and small capsu-
lorhexis, respectively [83]. The better treatment 
solution for it is the capsulotomy with Nd:YAG 
laser, which is fast and has low rates of compli-
cations. However, before the treatment with 
Nd:YAG laser, the surgeon should be sure that 
all other possible causes of patient dissatisfac-
tion are treated or discarded as the risks of an 
IOL exchange is higher with a previous posterior 
capsulotomy [81, 82].

Dry eye is a multifactorial disease of the tear 
film and the ocular surface associated with dis-
comfort, blurred vision, and photopic phenom-
ena. Nevertheless, it is usually in the elderly 
population, and, in addition, cataract surgery 

may induce or increase it mainly by reducing 
corneal sensitivity through the incision although 
the postoperative treatment may also play a role 
there. The guidelines to treat dry eye include 
starting with eyelid hygiene and the use of artifi-
cial drops. Other options for more severe cases 
are the use of cyclosporine, punctual plug 
implantation (especially in those with aqueous 
deficiency and no inflammation associated), and 
platelet-rich plasma (PRP) drops [81, 82, 84].

Inadequate pupil size affects the visual acuity 
after multifocal IOL implantation because the 
pupil size determines the multifocal IOL zones 
used. Patients with very small postoperative 
pupils and complaining about poor near vision 
may be treated with the use of cyclopentolate 
drops or a 360° argon iridoplasty (0.5 s, 500 mW, 
and 500 microns). On the other hand, patients 
with very large postoperative pupils and com-
plaints about increased photopic phenomena 
may be treated with brimonidine tartrate 0.2% 
drops [80, 82].

IOL decentration may affect the visual func-
tion depending on the degree of decentration, the 
IOL design, and the pupil size. A study compar-
ing the performance of two diffractive and two 
refractive multifocal IOLs with different levels 
of decentration in an eye model with a 3-mm 
pupil found that for the total diffractive struc-
tured ZM900, both far and near modulation 
transfer functions (MTF) were affected at decen-
tration of 0.75 mm. MTF is an objective metric 
of contrast sensitivity representing the loss of 
contrast produced by the optics of the eye. MTF 
is therefore the ability of a lens system to display 
the ratio of image contrast to object contrast for 
ocular optics as a function of the spatial fre-
quency of a sinusoidal grating [85, 86]. For the 
diffractive, but with a monofocal peripheral part 
ReSTOR (+4) IOL, the near MTF decreases as 
the decentration degree increases while the far 
MTF tends to improve. For the refractive IOLs 
studied (ReZoom and SFX-MV1), the far MTF 
deteriorates starting at decentration of 0.75 and 
1  mm, respectively, with no changes in near 
MTF even in 1-mm decentration [87]. The treat-
ment with Argon laser iridoplasty avoids IOL 
explantation in the majority of cases [80, 81]. 
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When necessary, the multifocal IOL explanta-
tion should be performed in the first 6  months 
after the surgery because of the scarring tissue 
that makes the surgery more difficult and comes 
along with higher complication risk. Another 
important factor to consider in the multifocal 
IOL explantation procedure is the presence of 
the capsular tension ring that makes the surgery 
easier [15].

Woodward et  al. in a retrospective review 
compared 43 eyes of 32 patients dissatisfied with 
visual outcomes after multifocal IOL implanta-
tion, suggesting that blurred vision is the leading 
cause of dissatisfaction among patients with 
multifocal IOLs. The etiology of blurred vision 
was attributed to ametropia and PCO in the 
majority of cases. Despite overall success with 
less invasive interventions, 7% of eyes required 
IOL exchange to resolve symptoms [79].

Neuroadaptation failure may affect the visual 
function of multifocal IOLs. New reports proved 
that cortical neural areas are responsible for the 
long-term adaptation to such visual symptoms, 
suggesting that the persistence of these dyspho-
topsias is a neuroadaptation failure [88–91]. 
Eventually, the only solution in such cases would 
be the explantation of the MF-IOL.

The studies available in the literature report 
the outcomes of MF-IOL exchange to monofocal 
IOLs. Another acceptable approach is studied by 
Al-Shymali et  al. [92] They conducted a study 
where MF-IOLs were explanted due to neuroad-
aptation failure followed by the reimplantation of 
a different MF optical technology based on the 
hypothesis that there may be different neuroadap-
tation processes for refractive and diffractive 
IOLs in different patients. Into neuroadaptation 
failure, we included all the subjective visual 
symptoms that did not have any clear “anatomi-
cal” cause such as photic phenomena, blurred 
vision, insufficient vision, and monocular diplo-
pia. In this retrospective series of cases, MF-IOL 
exchange was done in 22 dissatisfied patients (38 
eyes), divided into 3 groups: group 1, bilateral 
cases with neuroadaptation failure; group 2, uni-
lateral cases; and group 3, dissatisfied patients 
due to insufficient near vision. Patients under-
went an exchange of an MF-IOL with another 

MF-IOL of a different optical profile either in 
design or in power. Questionnaires including 
Quality of Vision (QoV), Visual Function Index 
(Rasch-revised version, VF-8R), and a satisfac-
tion questionnaire were used. The mean time 
from explantation to implantation was 
9.1 months. In group 1, the QoV scores improved 
significantly across all three subscales. Visual 
function improved with a change in VF-14 score 
from 60.41 ± 24.81 to 90.16 ± 10.91 (P < 0.001). 
The VF-8R score improved as well. In group 1, 
the uncorrected distance visual acuity improved 
from 20/35 to 20/26 after the exchange 
(P < 0.001), and corrected distance visual acuity 
improved from 20/28 to 20/22 (P < 0.001). Safety 
and efficacy indices reached 1.46 and 1.16, 
respectively. Patients in groups 2 and 3 had an 
improvement in visual outcomes, quality of 
vision, and visual function. For patient satisfac-
tion, 86.4% of all the patients reported they 
would have the MF-IOL reimplantation proce-
dure again. Excellent results with an increase in 
both far and near visual acuities and improve-
ment of patients’ quality of life and vision 
assessed by validated questionnaires were con-
firmed. This procedure showed to be feasible and 
able to correct the patient’s dissatisfaction and 
keep the advantages of MF-IOLs such as specta-
cle independence for the benefit of the patient.

In the following videos, the surgical tech-
nique to exchange a multifocal IOL by another 
multifocal IOL by different optics is explained:

• Video 1. PanOptix exchange for Oculentis 
MF15

• Video 2. Restore exchange for Oculentis M3
• Video 3. Miniwell exchange for Oculentis M3
• Video 4. Miniwell exchange for AT Lisa Tri
• Video 5. Oculentis MF30 for Oculentis MF15
• Video 6. Oculentis MF30 for AT Lisa Tri 

Zeiss

 IOL Explantation Techniques

There are many explantation techniques 
described in the scientific literature [93–100]. In 
recent years, interest has been focused on 

A. Nowrouzi et al.



195

explanting IOLs through small incisions (2.2–
2.65 mm) to avoid astigmatism induction, thus 
improving the predictability associated with the 
exchange procedure.

The explantation techniques can be divided 
into four different types:

 1. Whole lens removal. This type is not cur-
rently used because wound enlargement is 
needed. It is now only used in those marginal 
cases of rigid polymethylmethacrylate pseu-
dophakic IOLs. However, there is a publica-
tion about a surgical technique of explanting 
a single- piece acrylic hydrophobic lens 
through a 2.75-mm incision without cutting 
or folding, just pulling the lens out with 
toothed forceps [93].

 2. Intraocular lens cutting. Intraocular lens cuts 
are performed inside the eye to remove the 
lens through a small corneal incision. This 
can be done in many ways: by bisecting the 
lens [94], partial bisections [95, 96], or, tri-
secting it [97].

 3. Intraocular lens haptic cutting. The haptics 
may be cut before surgery with YAG laser 
[98] or at the time of the surgery with scissors 
[99], thus facilitating the removal of the optic. 
When the degree of fibrosis is so high that it 
is not possible to release the haptics without 
taking risks, it is preferable to leave the hap-
tics in place.

 4. Intraocular lens refolding. The IOL is folded 
in the anterior chamber and afterward 
explanted through a minimally enlarged inci-
sion [100]. However, this technique involves 
extensive manipulation and may cause more 
damage to clear corneal incisions and a 25% 
reduction in endothelial cell count.

 Techniques

All explantation techniques of an in-the-bag 
foldable IOL begin with the same steps. Corneal 
incisions are made (Fig.  18.1a), after which 
OVD is used to dissect the IOL from the capsular 
bag (Fig. 18.1b). Afterward, depending on each 
case, the most appropriate technique is chosen. 

Although a lot of explantation techniques exist, 
we are going to list the ones mostly utilized: 
optic cut technique [Doctor JorgeAlióYouTube 
Channel. https://www.youtube.com/channel/
UC9P3owJYdjwaypuvA- lcDhg].

Using a Sinskey hook and a Lester hook 
(Katena, USA), the IOL is loosened from the 
capsular bag (Fig. 18.1c) and overlapped onto the 
anterior capsular rim (Fig. 18.1d, e). Subsequently, 
a cut of the optic is performed radially to the cen-
ter of the IOL (Fig.  18.1f, g), followed by its 
extraction through the main incision using two 
forceps that are alternated in grasping the IOL 
(Fig. 18.1h, i) while eliminating it from the ante-
rior chamber (Fig. 18.1j).

• Haptic cut technique/“amputation”: In the 
case of a tight adherence between the haptics 
and the capsular bag because of a fibrotic 
reaction, the haptics of the IOL are cut and 
left in the bag. Otherwise, the attempts to 
remove them may lead to zonular dehiscence. 
Afterward, the optic is removed.

Eguchi technique and its variation: Two radial 
incisions of the optic are made and are separated 
from a range of 35–90°. Eventually, a triangle or 
a quarter of the lens optic is obtained and removed 
from the anterior chamber through a small cor-
neal incision followed by the rest of the IOL.

Folding technique: After elaborating the IOL 
from the capsular bag, it is folded onto itself in 
the anterior chamber and explanted through a 
corneal incision.

Removing the whole IOL: Mostly this tech-
nique is applied to unfoldable IOLs; however, in 
some cases, it may be the most comfortable tech-
nique to choose. After moving the IOL out of the 
capsular bag to the anterior chamber, a bigger 
corneal or scleral incision is performed, and the 
IOL is removed in one piece from the eye.

Our favorite is the cutting technique described 
above [Doctor JorgeAlióYouTube Channel, 
h t t p s : / / w w w. y o u t u b e . c o m / c h a n n e l /
UC9P3owJYdjwaypuvA- lcDhg]. In our opinion, 
it holds minimal risk for complications and is 
easier and faster than others. The folding tech-
nique has a potential risk for endothelial dam-
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Fig. 18.1 Intraocular lens (IOL) optic cut explantation 
technique: (a) corneal incisions; (b) dissection of the IOL 
from the capsular bag using OVD; (c) freeing the IOL 
from the capsular bag; (d, e) elevation of the IOL onto the 

anterior capsular rim; (f, g) a radial cut of the optic is per-
formed to the center of the IOL optic; (h, i) extraction of 
the IOL through the main incision using two forceps; (j) 
the IOL is completely removed from the anterior chamber
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age, and removing the whole IOL needs a larger 
corneal incision that increases the risk of postop-
erative astigmatism or a scleral incision that pro-
longs the surgery time.

 Outcomes

Explantation surgery is always challenging; 
however, explantation of a multifocal lens is usu-
ally easier (especially in case of capsular tension 
ring in place) than explantation due to other 
causes. First, because the decision for explanta-
tion is made only a few months after cataract sur-
gery, the scarring process has not occurred yet. 
Second, because the ocular structures are undam-
aged, the surgery is less risky. In contrast, when 
performing IOL explantation due to other causes 
such as dislocation or IOL opacification, the sur-
gery is potentially associated with more compli-
cations due to damage to the ocular structures in 
the  former and the presence of fibrotic tissue in 
the latter, especially because in these cases IOL 
explantation is often performed a long time after 
the original cataract surgery.

The main issue regarding multifocal IOL 
explantation is whether the procedure is worth-
while. Is the satisfaction rate increased after 
explantation surgery? Is it associated with a high 
incidence of complications? To date, there are 
few publications answering these questions.

Galor et  al. [73] retrospectively studied the 
outcomes after refractive IOL explantation in 12 
eyes of 10 dissatisfied patients. The main symp-
toms before surgery were blurry vision, glare/
halos, and contrast sensitivity loss. The CDVA 
and uncorrected distance visual acuity (UDVA) 
were 20/30 or better in all dissatisfied patients. 
The median time to IOL exchange after the initial 
cataract surgery was 13.6 months, and the median 
follow-up after explantation surgery was 
8.9 months. The surgical outcomes were as fol-
lows: at 6 months, UDVA was 20/30 or better in 
4 eyes and 20/60 or better in 8 eyes. Meanwhile, 
CDVA at 6 months was 20/20 or better in 8 eyes 
and 20/25 or better in 9 eyes. Regarding the sur-
gical complications, one eye had corneal decom-
pensation, one eye had IOL dislocation needing 
another surgery to perform IOL scleral fixation, 

and one eye had steroid response with elevated 
IOP. The aim of the surgery was achieved in eight 
patients who noticed an improvement of their 
symptoms, whereas the other two patients did not 
experience any change. We can draw some con-
clusions from this paper. First, the symptoms 
leading to the explantation surgery were improved 
in most of the patients (8 of 10). Second, there 
was a refractive worsening after the exchange 
surgery: before surgery, all the eyes had UDVA of 
20/30 or better; in contrast, only four eyes 
achieved this result after the IOL exchange sur-
gery. Third, in two eyes, there were severe com-
plications such as corneal decompensation and 
IOL dislocation requiring scleral suturing, result-
ing in steroid response with elevated IOP and 
cystoid macular edema in the postoperative 
course.

Kamiya et  al. [74] reported a retrospective 
study that included 50 eyes that required multi-
focal IOL explantation. Of the explanted multi-
focal IOLs, 84% were diffractive and 16% were 
refractive. Monofocal IOLs accounted for 90% 
of the new implanted IOLs. The most common 
complaints before explantation surgery were 
waxy vision (58%), followed by glare and halos 
(30%), blurred vision at far (24%), dysphotop-
sia (20%), blurred vision at near (18%), and 
blurred vision at intermediate (6%). The main 
objective reasons for explantation were 
decreased contrast sensitivity (36%), photic 
phenomena (34%), unknown origin including 
neuroadaption failure (32%), and incorrect lens 
power (20%). Patient satisfaction for overall 
quality of vision was graded on a scale of 1 
(very dissatisfied) to 5 (very satisfied). After the 
IOL exchange surgery, patient satisfaction was 
significantly increased from 1.22 ± 0.55 preop-
eratively to 3.78  ±  0.98. The logMAR mean 
preoperative UDVA and CDVA were 0.23 ± 0.27 
and  −  0.01  ±  0.16, respectively. Before the 
explantation surgery, 30% and 68% of the 
patients had a UDVA and CDVA of 20/20 or 
better, respectively. The visual outcomes after 
the explantation surgery showed that 42% and 
86% of eyes achieved UDVA and CDVA of 
20/20 or better. Contrast sensitivity function 
also significantly improved after the IOL 
exchange. The authors state that CDVA is not 
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always a good measure of patient symptoms. In 
this study, despite visual complaints, CDVA 
was 20/20 or better in almost 70% of the eyes. 
Therefore, more specific tests such as contrast 
sensitivity measurement are needed, especially 
in those cases with excellent CDVA. Regarding 
complications, anterior vitrectomy was neces-
sary in three cases (6%). The IOL was placed in 
the bag in 38 eyes (76%), out of the bag in the 
sulcus in 11 eyes (22%), and in the sulcus with 
scleral suture in 1 eye (2%).

Tassignon et al. [101] reported a retrospective 
case series consisting of 30 eyes of 21 consecu-
tive patients scheduled for MF-IOL exchange 
with complaints including diplopia, uncomfort-
able binocular vision, blurred vision, glare, halos 
(causing an inability for night driving), loss of 
contrast sensitivity (expressed subjectively by 
the need of more light during reading), and pho-
tophobia in such degree that IOL exchange was 
deemed to be the only solution. Of the explanted 
multifocal IOLs, diffractive MF-IOL was more 
frequently explanted (25, 83%) when compared 
with refractive MF-IOL (4, 13%) and progres-
sive optic IOL (1, 4%). This depends on the 
MF-IOL type preferred by the surgeon. The 
favored technique of IOL implantation in this 
study was the bag in the lens, which in primary 
intervention allows for sizing of the anterior cap-
sulorhexis and IOL centration by aligning the 
Purkinje reflections. In secondary interventions, 
centration with bag in the lens was not possible, 
albeit less problematic than when an in-the-bag 
IOL is implanted. In most eyes with prior 
Nd:YAG laser capsulotomy, an anterior vitrec-
tomy was necessary to be performed due to vit-
reous loss because of rupture of the anterior 
vitreous hyaloid face by the YAG laser. 
Complications were rare, but in the one eye, a 
choroidal hemorrhage did occur. In 21 out of the 
30 eyes (70%), a bag in the lens could be 
implanted. In 7 out of the 30 eyes (23%), the 
capsule was not considered sufficiently stable to 
accommodate an IOL. An iris-fixated IOL or a 
sulcus-fixated IOL was then implanted. In 2 out 
of the 30 eyes (6%), the remaining capsular bag 
could accommodate a traditional lens in the bag 
only. Eyes that underwent Nd:YAG laser capsu-
lotomy before the MF-IOL exchange needed 

anterior vitrectomy (11 eyes, 37%). Visual acu-
ity improved postoperatively in 13 out of the 30 
eyes and remained stable in 17 out of the 30 
eyes.

Kim et al. [102] in a retrospective case series 
study of 35 eyes (29 patients) confirmed multifo-
cal IOL exchange can be performed safely with 
good visual outcomes using different types of 
IOLs. They implanted different types of IOLs 
after multifocal IOL explantation including in- 
the- bag IOLs (74%), iris-sutured IOLs (6%), 
sulcus-fixated IOLs with optic capture (9%), 
sulcus- fixated IOLs without optic capture (9%), 
and anterior chamber IOLs (3%). The surgical 
indication for exchange included blurred vision 
(60%), photic phenomena (57%), photophobia 
(9%), loss of contrast sensitivity (3%), and mul-
tiple complaints (29%). The CDVA was 20/40 or 
better in 94% of eyes before the exchange and 
100% of eyes after the exchange. The mean 
refractive prediction error significantly decreased 
from 0.22–0.81 diopter (D) before the exchange 
to 0.09–0.53 D after the exchange (P < .05). The 
median absolute refractive prediction error sig-
nificantly decreased from 0.43 D before the 
exchange to 0.23 D after the exchange (P < .05).

Kamiya et al. [74] in a retrospective observa-
tional study of 50 eyes of 37 patients confirmed 
that IOL exchange surgery appears to be a fea-
sible surgical option for dissatisfied patients. In 
this study, the most common complaints about 
IOL explantation were waxy vision, followed by 
glare and halos, blurred vision at far, dysphotop-
sia, blurred vision at near, and blurred vision at 
intermediate. The most common reasons for IOL 
explantation were decreased contrast sensitivity, 
followed by photic phenomena, unknown origin 
including neuroadaptation failure, incorrect IOL 
power, preoperative excessive expectation, IOL 
dislocation/decentration, and anisometropia. 
The axial length was 25.13 ± 1.83 mm. Of the 
explanted multifocal IOLs, 84% were diffractive 
and 16% were refractive. Monofocal IOLs 
accounted for 90% of the exchanged IOLs. 
Patient satisfaction was significantly improved 
from 1.22 ± 0.55 preoperatively to 3.78 ± 0.97 
postoperatively, which was graded on a scale of 
1 (very dissatisfied) to 5 (very satisfied) 
(Wilcoxon signed-rank test, P < .001).
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In conclusion, these papers show that multi-
focal IOL explantation in dissatisfied patients is 
a feasible option that significantly improved 
patient satisfaction. It emphasizes the impor-
tance of performing specific tests for accurate 
assessment of visual function, especially in 
patients with good visual acuity who complain 
of poor vision. Decreased contrast sensitivity 
was found in most of these cases. However, it is 
important to remember that IOL exchange is not 
free from complications. In this series, the IOL 
had to be placed in the ciliary sulcus in 24% of 
the cases, and anterior vitrectomy was performed 
in 6% of the eyes.

 Conclusions

Intraocular lens explantation is usually a chal-
lenging surgery for the anterior segment surgeon 
as it might be associated with complications. 
However, it is important to be familiar with the 
causes for IOL explantation, the prognosis for 
each of the causes, and the explantation tech-
niques because the number of explanted IOLs is 
predicted to increase in the future as a result of 
the growing pseudophakic population. In the 
vast majority of recent publications, the main 
cause for IOL explantation is late in-the-bag IOL 
dislocation years after successful cataract sur-
gery. There are four known types of IOL explan-
tation surgical approaches including whole lens 
removal, intraocular lens cutting, intraocular 
lens haptic cutting, and intraocular lens 
refolding.

The main recognizable risk factors for this 
condition are pseudoexfoliation and high myo-
pia, the latter being less frequent but affecting 
younger patients. The IOL explantation surgery 
in these patients significantly improves their 
vision (according to data published in most 
reports), but it is not free of complications. The 
second most frequently reported cause for 
explantation is incorrect lens power. In these 
patients, IOL explantation surgery is usually 
easier to perform because the ocular structures 
are intact and because the interval between cata-
ract surgery and explantation is usually shorter. 
However, it has been shown that LASIK is a 

safer and more accurate method to correct resid-
ual ametropia than IOL explantation; thus, IOL 
exchange surgery should only be performed to 
correct large ametropias, when the cornea is not 
adequate for LASIK or when the surgeon does 
not have a laser platform available. Intraocular 
lens opacification is still another important rea-
son for explantation, not only due to old IOL 
models. In these cases, explantation surgery is 
very challenging and associated with a signifi-
cant incidence of complications because the 
opacification usually occurs many years after 
cataract surgery and it is subsequently difficult 
to release the IOL due to the presence of fibrotic 
tissue.

Finally, multifocality is a known cause of IOL 
exchange, although, thanks to the improvement 
in IOL designs, multifocal IOLs are currently 
well tolerated by patients and the risk of explan-
tation is low, as has been described previously. In 

Take-Home Notes
• The main causes for IOL explantation 

after cataract surgery are dislocation/
decentration, incorrect lens power, IOL 
opacification, neuroadaptation failure, 
endophthalmitis, and pseudophakic bul-
lous keratopathy.

• There are four main methods of IOL 
explantation surgical approaches includ-
ing whole lens removal, intraocular lens 
cutting, intraocular lens haptic cutting, 
and intraocular lens refolding.

• LASIK is the most accurate procedure 
to correct residual ametropia after cata-
ract surgery. Lens-based procedures 
(IOL explantation or piggyback IOLs) 
are also effective methods and are rec-
ommended as a choice in cases with 
extreme ametropia and corneal abnor-
malities or when there is no excimer 
laser platform available.

• The IOL opacification issue is a rela-
tively old problem, but there are still 
patients requiring IOL substitution and 
explantation for this reason. In recent 
reports, it has been shown that hydro-
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these cases, IOL explantation is usually not very 
complicated, as it is performed a few months 
after cataract surgery. Although there are not 
many case series, patient satisfaction increases 
significantly after explantation surgery.

Although exchanging MF-IOLs to monofocal 
IOLs is an accepted approach for neuroadapta-
tion failure, another acceptable approach is an 
explantation of MF-IOLs due to neuroadaptation 
failure followed by the reimplantation of a dif-
ferent MF optical technology based on the 
hypothesis that there may be different neuroad-
aptation processes for refractive and diffractive 
IOLs in different patients.

In summary, it is essential for the anterior 
segment surgeon to know the different reasons 
that may lead to explantation surgery, to recog-
nize the risk factors, to explain the prognosis of 
the surgery to the patient, and to perform the best 
explantation technique, taking into consideration 
both the cause for the explantation and the IOL 
model to be explanted.
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Cataract Surgery in Uveitis

Bahram Bodaghi, Thierry Burtin, 
and Phuc LeHoang

Modern surgical management of cataract in uve-
itis has been dramatically improved based on 
recent technological advances [1, 2], but its gen-
eral practice remains controversial [3]. Indeed, 

despite the progress in the surgical procedure, 
there are many medical protocols governing the 
perioperative period. It is also a relatively com-
mon situation that many ophthalmologists would 
come to deal with [4]. Cataract is a major compli-
cation of uveitis, occurring in 50–80% of cases, 
all etiologies combined [5]. It occurs in anterior 
uveitis, mainly by a direct inflammatory mecha-
nism, and in posterior uveitis more often by an 
iatrogenic mechanism linked to the extensive or 
prolonged use of corticosteroids. The number of 
steroid-induced cataracts in uveitis is constantly 
increasing, especially with the recent use of intra-
vitreal corticosteroid implants, which have 
obtained an approval for the treatment of pre-
dominantly intermediate, posterior, or total non-
infectious uveitis [6, 7].

A surgical procedure such as phacoemulsifi-
cation may generate a certain degree of inflam-
mation, increasing with the difficulty of the 
intervention and the preexisting associated 
lesions. It becomes even more challenging in the 
context of uveitis as it is performed on an eye 
with a higher risk of postoperative inflammatory 
flare-up. There are two closely related levels of 
care: on the one hand, surgical, currently well- 
standardized and reproducible, and, on the other 
hand, medical, more controversial by its level of 
complexity but also the absence of evidence- 
based data. Each of these strategies must be eval-
uated and adapted to the different preoperative, 
perioperative, and postoperative steps.

Bullet Points
In this chapter, we will discuss the 
following:

• The risk factors that must be considered 
before cataract surgery in patients with 
uveitis

• Special features of cataract surgery in 
this group of patients

• The importance of perioperative medi-
cal treatment

• Main complications and their 
management

• The challenging case of cataract surgery 
in children with uveitis
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 Preoperative Time

 Surgical Evaluation

Before operating a patient with cataract and uve-
itis, it is necessary to ensure that the lens opaci-
ties are indeed the main cause of the visual loss, 
by carrying out a careful and complete examina-
tion which will determine the absence of other 
associated causes or complications, such as:

• Active inflammation (anterior or posterior)
• Corneal and/or vitreous opacities
• Macular involvement (edema, epiretinal mem-

brane, hole, atrophy, ischemia, or choroidal 
neovascularization)

• Optic neuropathy or atrophy
• Secondary glaucoma

It is also necessary to focus on identifying the 
elements that may represent intraoperative diffi-
culties, because, if anticipated, the management 
will be better adapted during surgery. The ele-
ments that may become challenging during the 
procedure are:

• Extended band keratopathy
• The presence of posterior synechiae or fibrotic 

cyclitic membrane in the pupillary area
• The importance and type of cataract

Combined cataract and glaucoma surgery 
remains controversial given the risk of failure of 
filtering surgery. It is rather advisable to control 
the pressure before proceeding with 
phacoemulsification.

 Medical Evaluation

Even though well-standardized, the major diffi-
culty in the surgical management of uveitic cata-
ract lies in the medical control of ocular 
inflammation, as well as the choice of the most 
appropriate moment to schedule surgery. 
Sometimes ocular inflammation is triggered by 
lens proteins inducing lens-induced or phaco-
genic uveitis [8]. Surgery on an “inflammatory” 

eye has a high potential for severe relapse, on the 
anterior and posterior segments, which could 
threaten postoperative visual recovery. It is essen-
tial to control preoperative inflammation as best 
as possible; otherwise, the risk of severe inflam-
matory complications will increase, and the final 
visual prognosis will be affected. The control of 
inflammation is evaluated on anterior chamber 
flare and cells according to the SUN 
(Standardization of Uveitis Nomenclature) crite-
ria [9].

A 3-month minimum period of quiescence 
(stable or inactive inflammation according to the 
SUN) is consensually required for any cataract 
surgery in a patient with uveitis. In addition, 
recent experience shows that a certain number of 
pejorative risk factors must be sought during the 
preoperative examination in order to adapt the 
best postoperative prevention protocol.

 Risk Factor # 1: Etiology of Uveitis
Some types of uveitis are at greater risk than oth-
ers (Figs. 19.1 and 19.2) (Table 19.1). Thus, bird-
shot retinochoroidopathy is at a lower risk of 
inflammatory relapse [10] than active juvenile 
idiopathic arthritis (JIA)-associated uveitis [11]. 
Fuchs uveitis does not require any special proto-
col and is usually considered as a nonuveitic cat-
aract [1]. However, early inflammatory reactions 
are still possible with the presence of giant cells 
on the implant. In general, the importance of 
anterior synechiae is the major prognostic ele-

Fig. 19.1 Dense cataract in a patient with Behçet’s 
disease
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Fig. 19.2 Cataract and extensive posterior synechiae in a 
young child with JIA-associated uveitis

Table 19.1 Postoperative risk of complications associ-
ated with different etiologies of uveitis

High JIA-uveitis
Late-stage severe VKH disease
Sarcoidosis (anterior)
Tuberculosis (anterior)
Syphilis (anterior)
Idiopathic chronic anterior uveitis

Moderate Behçet’s disease
B27-uveitis
Posner-Schlossman disease
HSV-VZV uveitis
Acute retinal necrosis syndrome
Multiple sclerosis
Sympathetic ophthalmia
Fuchs uveitis

Mild Toxoplasmic retinochoroiditis
Birdshot retinochoroiditis
White dot syndromes

ment for further glaucomatous complications. It 
is obvious that all cases with extensive posterior 
synechiae such as JIA-associated uveitis, sar-
coidosis, tuberculosis, and late Vogt-Koyanagi- 
Harada disease are at high postoperative risk of 
relapse. They deserve a close follow-up in order 
to adapt the therapeutic strategy.

 Risk Factor # 2: Degree of Anterior 
Chamber Inflammation
The degree of inflammation of the anterior and 
posterior segments should be clinically assessed. 
Slit-lamp examination is mandatory to evaluate 
the number of cells in the anterior chamber. 
Breakdown of the blood-aqueous barrier (BAB) 

is important to identify cases of chronic inflam-
mation. The aforementioned SUN criteria will be 
used to define whether uveitis is stable or not.

Cataract surgery causes a breakdown of the 
BAB promoting postoperative relapses. The bar-
rier can be defective even before surgery, espe-
cially in cases of chronic or recurrent anterior 
uveitis. A defective preoperative barrier is a risk 
of stronger inflammatory flare-up. Signs in favor 
of a breakdown of the BAB associated with 
chronic inflammation are the presence of AC 
flare or cells even though uveitis is not 
 significantly active. In case of chronic inflamma-
tion that cannot be improved, surgery is not con-
traindicated as long as this level of inflammation 
is stable for at least 3 months. Laser flare pho-
tometry is a major tool for the accurate evaluation 
of AC flare. It is an excellent, objective, and 
reproducible witness of the BAB status. 
Measurement is noninvasive and rapid to perform 
[12]. In the absence of a chronic rupture of the 
BAB, a value above 30 photons/milliseconds rep-
resents an increased risk of postoperative inflam-
matory relapse.

 Risk Factor # 3: Presence or History 
of Macular Edema
Before any surgery performed in a patient fol-
lowed for uveitis, the presence or history of mac-
ular edema (OM) should be evaluated. This 
indicates an active inflammation and contraindi-
cates cataract surgery as long as ME is not fully 
controlled. A history of ME is a marker of the 
severity of uveitis and therefore a greater risk of 
severe relapse. Close follow-up is highly recom-
mended in these patients [13].

The posterior segment assessment may be 
limited by the extent of posterior synechiae and/
or cataract density. B-mode ultrasound will be 
mandatory in order to exclude a retinal 
detachment.

 Risk Factor # 4: Use of a DMARD 
(Disease-Modifying Antirheumatic 
Drug)
Uveitis requiring substantial background treat-
ment to control inflammation is considered 
severe, whatever the cause, and as such should 
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benefit from a prevention protocol adapted to an 
increased risk of recurrence.

 Risk Factor # 5: History of Inflammatory 
Relapse in the First Operated Eye
Caution will then be required since the same 
complication could occur in the second eye in 
patients with bilateral uveitis. A 3-month quies-
cence period is mandatory, although it may be 
reduced for some etiologies. Since cataract is not 
a surgical emergency (apart from lens-induced 
uveitis or the risk of amblyopia in children), all 
inflammatory parameters should be controlled as 
much as possible before surgery.

The eye must be quiet for a minimal period of 
3  months prior to cataract surgery. Ocular 
inflammation is evaluated by slit-lamp examina-
tion, OCT, and laser flare photometry if avail-
able. Prevention of postoperative flare-up is 
achieved by the use of systemic or local cortico-
steroids. The strategy will be discussed on a case- 
to- case basis (Cf below II-2).

 Interoperative Time

 Surgical Strategy

The surgical procedure is fully standardized. 
Extracapsular extraction by phacoemulsification 
and implantation in the bag, under local anesthe-
sia, is used as for conventional surgery in an adult 
patient. The incision size is reduced in order to 
decrease the level of BAB breakdown. 
Capsulorhexis should be relatively large, and the 
optic diameter should be at least 6 mm to maintain 
proper access to the fundus. Hydrophobic acrylic 
implants are preferred, preventing granulocyte 
adhesion and therefore less secondary capsular 
opacification, requiring early Nd:YAG laser treat-
ment [14–16]. New generation of heparin surface-
modified IOLs may improve postoperative 
reactions especially in patients with Fuchs uveitis. 
In young patients with uveitis, multifocal or 
extended depth-of-focus (EDOF) IOLs are an 
important and tempting issue to consider. Even 
though progress has been made on this type of 
technology, caution is required. To date, evidence 

on long-term tolerance of multifocal or EDOF 
IOLs is lacking. A few papers in the literature are 
reporting challenging cases of displaced or dislo-
cated lenses. Explantation is much more difficult 
in patients with a history of uveitis and may induce 
major sight-threatening complications. It is impor-
tant to consider that astigmatism correcting intra-
ocular lenses may be used in selected cases. The 
posterior capsule must be polished with care in 
order to reduce the risk of posterior capsule opaci-
fication while preserving its integrity.

The choice of intraocular implants in uveitis 
remains controversial, especially in children. It 
depends above all on:

• The patient’s age
• The type of uveitis
• Its severity
• The evolving profile
• The importance of complications of the ante-

rior segment (synechiae, glaucoma)
• The condition of the posterior segment when 

accessible (vitrectomized eye, presence of 
silicone oil)

What will differ from classic cataract surgery 
depends on whether or not there are clinical ele-
ments related to chronic inflammation:

• Presence of advanced band keratopathy: An 
EDTA corneal treatment will then be carried 
out, preceding the extraction of the lens in 
order to obtain sufficient visibility to secure 
the procedure. Some prefer to perform the 
scraping a few weeks before or, if necessary, 
after phacoemulsification.

• Presence of posterior synechiae: Simple 
release of the synechiae using viscoelastic 
products with, if necessary, placement of iris 
hooks or more recently Malyugin ring [17, 
18]. The softer and more atraumatic this ges-
ture, the less risk there is of a postoperative 
inflammatory relapse [19]. Sphincterotomies 
are generally not recommended because in 
addition to the inflammatory risk, they can 
cause bleeding of varying intensities.

• Presence of a cyclitic membrane in the pupil-
lary area: It is essential to identify and must be 

B. Bodaghi et al.



209

carefully removed before the release of poste-
rior synechiae or the installation of the hooks 
under penalty of tearing of the iris sphincter 
and major postoperative pupillary alterations.

 Medical Strategy

There are different trials studying cataract sur-
gery in uveitic patients, but only a few of them 
have provided an update on the intraoperative 
medical protocol for the prevention of inflamma-
tory relapse. Perioperative oral corticosteroids 
(before and after surgery) have been prescribed 
frequently for over 60 years, but their dose and 
duration remain controversial. They are increas-
ingly associated with or replaced by a local injec-
tion of corticosteroids at the end of the surgical 
period (Table 19.2).

There are two types of molecules:

• Corticosteroids with an immediate effect:
 – Dexamethasone, which can be used sub-

conjunctival or peribulbar
• Sustained-release corticosteroids which may 

be offered, depending on the series, preopera-
tively, interoperatively, or postoperatively:
 – Subtenon or subconjunctival triamcinolone
 – Intravitreal dexamethasone implant: 

Ozurdex® [20]

Studies have been carried out to compare 
these different protocols either with each other or 
against perioperative corticosteroid therapy 
alone. In 2010, a trial compared a group with 
1 month of oral cortisone ½ mg/kg/day postop-
eratively versus a peribulbar injection of delayed 
corticosteroids at the end of surgery, in patients 
with chronic noninfectious uveitis. The results 
showed no significant difference in visual acuity, 
in the rate of postoperative complications (ante-
rior uveitis or macular edema), or in secondary 
glaucoma.

Topical rather than oral use was considered 
ideal for patients with metabolic diseases such as 
diabetes which may be decompensated by sys-
temic corticosteroids [21].

Before the second decade of the century, 
many teams have studied intravitreal triamcino-
lone at the end of surgery (Kenacort®: 
0.1  ml/4  mg of triamcinolone). In 2007, Dada 
et al. compared intraoperative IVT of triamcino-
lone versus oral corticosteroid therapy during 
cataract surgery for chronic anterior and inter-
mediate uveitis. They did not find a significant 
difference in the postoperative inflammatory 
relapse, but they deplored more ocular hyperten-
sion in the IVT group [22].

Okhravi also showed good results in 17 
patients followed for chronic uveitis and treated 
with intraoperative IVT triamcinolone instead of 
oral corticosteroids. The result on postoperative 
inflammation was similar, but the rate of ocular 
hypertension was higher in the triamcinolone 
group even though it was controlled by topical 
treatment [23].

Thus, intravitreous triamcinolone compared 
to oral corticosteroids seems effective on the gain 
of visual acuity and the prevention of risk of 
inflammatory relapse in cataract surgery on uve-
itis, but it is necessary to deplore more postopera-
tive IOP increase, controlled by local treatment. 
It is important to emphasize that triamcinolone 
does not have an approval for intravitreal use.

In another study comparing corticosteroids, 
Roesel et al. showed an equally effective action 
of the intravitreal route as the peribulbar route on 
postoperative inflammation, as well as a greater 
reduction in the rate of macular edema by the 

Table 19.2 Perioperative management of ocular inflam-
mation in a uveitic patient undergoing cataract surgery

Preoperative Prednisone : 0.5 mg/kg/d 3d prior to 
surgery
Or
Intravitreal Ozurdex/Subtenon TM 1 
month prior to surgery
Valaciclovir: 3g/d 3 to 1 week prior to 
surgery
Antibiotics for toxoplasmosis 
(controversial)

Intraoperative For noninfectious uveitis
Pulse of methylprednisolone (4mg/kg)
Subconjunctival corticosteroid

Postoperative Progressive tapering of topical 
corticosteroids adapted to immediate 
postoperative inflammation
Tapering of systemic corticosteroids 
based on clinical evaluation
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intravitreal route, with an incidence of side 
effects comparable in both cases [21].

The injection of triamcinolone was also stud-
ied intracameral at the end of surgery, against 
the protocol of intravenous methylprednisolone 
corticosteroid therapy, in a group of juvenile 
idiopathic arthritis-associated (JIA) uveitis. Li 
et  al. showed the superiority of intracameral 
cortisone versus oral or intravenous corticoste-
roid therapy on the risk of postoperative inflam-
matory rebound [24].

A recent study has shown that an intraop-
erative injection of a sustained-release intra-
vitreous implant of 750 μg of dexamethasone, 
Ozurdex®, did not prevent the postoperative 
formation of fibrin in the anterior chamber. 
But it showed that by preventively injecting 
the second eye 5  days before surgery, there 
was no postoperative inflammatory reaction. 
Thus, Ozurdex® could represent, in preopera-
tive injection better than in intraoperative, an 
additional therapeutic tool in the arsenal of 
prevention of inflammatory rebound in cata-
ract surgeries on uveitis [20]. A randomized 
study seems necessary to corroborate this 
hypothesis.

The best timing for the use of Ozurdex® and 
full effectiveness seems to be a month prior to 
lens removal.

Another more recent study showed the effec-
tiveness of the same Ozurdex® implant placed 
1 month before cataract surgery in a 6-year-old 
child suffering from uveitis in the context of 
JIA, treated with adalimumab (anti-TNF alpha). 
This implant was used alone as prevention of 
inflammatory relapse, and the follow-up at 
10 months was satisfactory without side effects. 
However, it should be remembered that in many 
countries, Ozurdex® does not have approval in 
children.

We therefore currently have multiple thera-
peutic tools to control inflammation in cataract 
surgery on uveitis. The difficulty still lies in the 
choice of the protocol according to the patient 
and his clinical condition.

 Postoperative Time

The major difference with conventional cataract 
surgery is the increased risk of postoperative 
inflammation in the uveitis population [25]. The 
various complications to be feared include:

 Inflammatory Recurrences

This is an upsurge in inflammation of the anterior 
segment: increased number of cells or flare by 
more than 2+ compared to the preoperative state, 
according to the SUN criteria (Fig.  19.3). At a 
more severe stage, it may be associated with the 
formation of iridocapsular synechiae with a risk 
of angle closure glaucoma (iris bombé). This 
complication occurs mainly in the postoperative 
month, but preliminary signs may be detected as 
early as first hours after surgery. It is considered 
that if an inflammatory relapse occurs more than 
3 months after surgery, it is not related to surgery 
but rather to the progression of the inflammatory 
disease. In the absence of endophthalmitis and in 
acute situations, intracameral injection of throm-
bolytics such as rt-PA (recombinant tissue- 
plasminogen activator) allows a very rapid 
cleansing of the inflammatory reaction [26]. 

Fig. 19.3 Early postoperative flare-up in a patient with 
anterior uveitis
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Fig. 19.4 Pupillary fibrosis complicating an acute post-
operative relapse

Fig. 19.5 Nd:YAG laser treatment of a posterior capsule 
opacification in a patient with idiopathic granulomatous 
anterior uveitis

Pupillary fibrosis may result from severe postop-
erative inflammation (Fig. 19.4).

 Ocular Hypertension and Glaucoma

This is a mild complication if detected early 
enough but can be very serious if treated late. It is 
potentially more common in patients with uve-
itis, due to secondary inflammation and as they 
receive cortisone-based anti-inflammatory pre-
vention protocols. Postoperative elevated IOP 
rates vary between 4.6% and 28.9% [25, 27]. 
Close follow-up allows the clinician to detect 
high IOP and to act rapidly. Glaucoma is more 
frequent in patients with Fuchs uveitis and other 
conditions associated with anterior synechiae.

 Macular Edema

It is defined by a relative increase in retinal thick-
ness assessed by OCT, with or without the pres-
ence of cysts and reduction or not in visual acuity 
(clinical or subclinical macular edema) [28]. It is 
the essential element of the visual functional 
prognosis in the postoperative period.

It occurs in 33–56% of cases in inflammatory 
patients after cataract surgery [29, 30].

Its risk can be reduced by careful control of 
preoperative inflammation with corticosteroids, 
as well as observing a period of inflammatory 

quiescence of at least 3 months [13]. The place of 
topical NSAIDs remains controversial.

 Endophthalmitis

It is one of the most frightening complications of 
classic cataract surgery. Its frequency would the-
oretically be greater in cataract surgery in patients 
with uveitis, probably because many of these 
patients are under immunosuppressive or immu-
nomodulatory treatments. The antiseptic rules 
must therefore be all the stricter, as well as sys-
tematic intraoperative antibiotic prophylaxis.

 Posterior Capsule Opacification (PCO)

It remains a common complication (Fig.  19.5), 
occurring in nearly half of the patients after 
2 years [25]. The incidence is correlated with the 
duration of follow-up [29]. The mean period 
between surgery and PCO seems to be 15 months, 
even though it may occur very rapidly if uveitis is 
not fully controlled. One-piece hydrophobic 
acrylic IOLs significantly reduce the rate of PCO. 
Fuchs uveitis, Behçet’s disease, and rheumato-
logical uveitis seem to be at a higher risk. 
Nd:YAG laser posterior capsulotomy should not 
be performed before the first semester and 
requires a quiet eye as relapses may occur. 
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Inflammatory relapses seem to be rare [31]. Late 
obstruction by the visual axis by freed lens cortex 
is a differential diagnosis (Fig. 19.6). Laser ther-
apy is inefficient and surgical aspiration is 
mandatory.

 Late Dislocation of in-the-Bag 
Intraocular Lens

Late subluxation or dislocation of an intraocular 
lens is a rare but serious event occurring in 
2–16% of cases [32, 33]. It is mainly associated 
with zonular weakness associated with different 
types of uveitis (Fig. 19.7) or contraction of the 
capsular bag [32]. Surgery is not immediately 
required in mild cases, but repositioning by 

scleral suture or new IOL implantation (scleral 
sutured or iris-claw) may be necessary [34–36]. 
The decision must be made on a case-to-case 
basis. In some patients, explantation and aphakia 
remain the best alternative.

Postoperative follow-up consultations should 
be more frequent in patients followed for uveitis 
because of the increased risk of inflammatory 
relapse. To date, there are no recommendations 
regarding the pace of postoperative follow-up. In 
practice, a checkup on D1, D8, M1, M3, and M6 
seems reasonable in the absence of any func-
tional symptom giving rise to fear of an inflam-
matory complication. Currently, the functional 
results of cataract surgery on an inflammatory 
eye tend to be ever better in relation to strict con-
trol of inflammation before surgery, as well as 
continuous improvement in surgical techniques.

At each checkup, the following elements will 
be monitored:

• The BCVA
• The intraocular pressure
• The degree of inflammation of the aqueous 

humor (with, if possible, measurement of the 
flare)

• The correct position and stability of the 
implant

• The state of the vitreous and the retina (macu-
lar edema will be detected by OCT)

Prevention of postoperative inflammation is 
based primarily on a topical combination of cor-
ticosteroids/antibiotics for a period of 2–4 weeks, 
as well as topical nonsteroidal anti-inflammatory 
drugs for 4–6 weeks. To this can be added gradu-
ally decreasing oral corticosteroid therapy. It 
should be noted above all not to forget to con-
tinue the basic treatment as cataract surgery does 
not reduce the risk of developing postoperative 
uveitis, apart from the exceptional case of Fuchs 
uveitis. Recent studies have shown the safety of 
cataract surgery when risk factors have been 
identified and anti-inflammatory procedures 
appropriately followed [25, 37]. However, it is 
interesting to highlight the importance of risk 
factors that may lead to postoperative complica-
tions. A recent study performed in the UK has 

Fig. 19.6 Late obstruction of the visual axis by freed lens 
cortex in a patient with chronic anterior uveitis

Fig. 19.7 Late dislocation of in-the-bag intraocular lens 
in a case of tuberculous uveitis
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identified patients of Asian and Afro-Caribbean 
ethnicity, small intraoperative pupil size, use of 
iris hooks or Malyugin ring, and posterior cap-
sule rupture as challenging situations, requiring 
early assessment and aggressive management of 
postoperative relapses.

 Challenging Situations

 Childhood Uveitis

These uveitis are rarely accompanied by func-
tional complaints and are therefore potentially 
serious [38]. Rheumatic diseases are the most 
common etiologies, especially juvenile idio-
pathic arthritis. The prevention of ocular damage 
in children at risk and the increasingly early treat-
ment including biologic agents explain the sig-
nificant decrease in the incidence of ocular 
complications [39]. However, cataract remains a 
common complication of rheumatic uveitis in 
children [40]. These uveitis are associated with 
the two main types of conditions, JIA and juve-
nile spondyloarthropathies (JSA). JIA is argu-
ably the most insidious etiology of uveitis in 
children. It occurs preferably during the oligoar-
ticular form of the disease in young girls. It is 
generally of anterior topography, chronic evolu-
tion, and non-granulomatous type.

Cataract and glaucoma are the two main com-
plications of uveitis in children. They are some-
times the consequence of an inadequate and 
prolonged corticosteroid therapy [41]. The surgi-
cal management of complications must take sev-
eral factors into consideration [16, 42, 43]. It is 
preferably performed, when possible, on a quiet 
eye for at least 3  months. It is associated with 
general and local corticosteroid therapy. This will 
be strengthened if necessary. The surgical tech-
nique depends on the type of uveitis and the pres-
ence of chronic hypotonia by involvement of the 
ciliary processes. Pars plana lensectomy and vit-
rectomy are mainly offered when:

• Uveitis is linked to JIA.
• The child is less than 5 years old.

• There is chronic hypotonia witnessing an 
inflammatory membrane inducing detachment 
of the ciliary body.

It should be emphasized that implantation is 
not recommended in the case of uveitis associ-
ated with JIA and occurring in early childhood 
(below the age of 5), except in special cases (uni-
lateral uveitis, social problems making lens adap-
tation impossible). For older children or when it 
is not a case of uveitis associated with JIA, con-
ventional phacoemulsification may be performed. 
Iris hooks or Malyugin ring will be used when 
necessary. When the age of the children and the 
local condition allow it, an implantation is possi-
ble under good conditions [44–46]. The hydro-
phobic acrylic implant must be placed in the bag 
after posterior capsulorhexis and anterior vitrec-
tomy in young children. Extremely rigorous 
postoperative monitoring is mandatory. The 
inflammatory flare-up can be particularly violent 
and result in definite blindness, if not treated 
early and aggressively. It is therefore essential to 
continue an anti-inflammatory treatment regimen 
and, if necessary, an immunosuppressive drug or 
a biologic agent. Laser flare photometry has revo-
lutionized the monitoring of children who have 
had surgery and implantation. The treatment is 
modulated in an objective manner and avoids any 
overdosing or therapeutic insufficiency. The 
deposition of giant cells on the surface of the 
implant is also evidence of the BAB breakdown. 
Finally, Elschnig pearls readily occur several 
months or years after surgery and generally do 
not affect the quality of vision (Fig. 19.8). Laser 
flare photometry is a useful tool for the assess-
ment of postoperative inflammatory flare-up and 
the precise tapering of corticosteroids [47].

 Cataract Surgery and Viral Uveitis

Cataract surgery in patients with viral ocular 
inflammation has benefited from advances in 
microsurgery and the efficacy of the antiviral 
therapeutic strategies. HSV and VZV remain the 
two main agents responsible for ocular involve-
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Fig. 19.8 Favorable post-surgical outcome in a 7-year- 
old girl with severe chronic anterior uveitis. VA is 20/20 
10 years after surgery, despite extensive posterior irido-
capsular synechiae and Elschnig’s pearls

ment in immunocompetent patients, but CMV is 
also emerging recently. It is important to include 
Fuchs uveitis in this group as it has been associ-
ated with rubella virus infection [48]. Respecting 
a few fundamental rules allows a satisfactory 
functional result to be obtained in the long term. 
Unlike keratoplasty on herpetic eyes, few studies 
are available on the modalities and results of cat-
aract surgery in these patients. Prophylactic anti-
virals are recommended in order to prevent 
postoperative relapses [49].

 Indications
Three situations are mainly encountered:

• Cataract in patients with herpetic kerato- 
uveitis: The risk of viral reactivation is real 
even though no predictive criteria currently 
exist regarding this risk. Cataract surgery is 
rarely combined with a keratoplasty. Antiviral 
prophylaxis is essential.

• Cataract complicating herpetic uveitis: These 
are previous uveitis, granulomatous or not, 
often complicated with posterior synechiae 
and high IOP.  Cataract can be related to 
inflammation or to corticosteroid therapy. 

Perioperative antiviral and anti-inflammatory 
prophylaxis is mandatory.

• Cataract complicating the progression of a 
viral retinal necrosis: Necrotizing retinitis can 
be accompanied by a more or less significant 
inflammation of the anterior segment, but this 
generally occurs following the surgical man-
agement of a retinal detachment associated 
with necrosis.

 Perioperative Management
Antiviral prophylaxis: Antivirals are proposed 
in all these patients and started the week before 
surgery. Antiviral treatment is adapted to each 
clinical situation. In the event of keratitis, the 
dosage of 2 tabs to 500 mg of valaciclovir per 
day may be proposed and continued for the 
duration of corticosteroid therapy. In moderate 
uveitis and retinitis, the dosage is increased to 
3 g/day of valaciclovir. All patients receive anti-
biotic prophylaxis. For patients with uveitis, 
corticosteroid therapy is combined with antivi-
ral prophylaxis. The duration of treatment 
should be adapted on a case-by-case basis. In 
patients with CMV anterior uveitis, topical gan-
ciclovir or systemic valganciclovir is used in 
order to prevent viral replication due to the sur-
gical procedure.

 Conclusion

Cataract surgery is a safe procedure in patients 
with uveitis, but it must be performed in a quiet 
eye. A perioperative anti-inflammatory or anti- 
infectious protocol is necessary in order to reduce 
the risk of further relapses. Close monitoring of 
these patients is a key element for long-term suc-
cessful outcome. The final visual prognosis 
depends on the type of uveitis and its previous 
complications especially at the level of the poste-
rior segment. Pediatric cataract surgery remains a 
challenging issue even though early diagnosis 
and biologic agents have dramatically delayed 
the onset of cataract.
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Prevention and Treatment 
of Negative and Positive 
Dysphotopsia

Samuel Masket, Zsofia Rupnik, Nicole R. Fram, 
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 Introduction

Dysphotopsias (positive and negative) represent 
undesirable subjective optical phenomena that 
may occur after uncomplicated, seemingly “per-
fect” cataract surgery. As such, dysphotopsia can 
be quite frustrating for surgeon and patient alike. 
They are, in part, related to IOL design and IOL 
position. Positive dysphotopsia (PD) is described 

by patients as light streaks, light arcs, flashes, 
and starbursts that are all induced by an external 
light source, whereas negative dysphotopsia 
(ND) is manifest as a temporal arc-shaped or lin-
ear dark shadow that is typically stimulated by 
temporally oriented light sources (Figs.  20.1, 
20.2, and 20.3) [1]. The etiology and symptom-
atology of PD and ND are different; however, 
they can coexist in the same patient [1]. While an 
“ND scotoma” may be plotted by Goldmann 
kinetic perimetry, there are no specific objective 
tests to diagnose PD; the clinician relies primar-
ily on patient-reported outcomes [2–4]. 
Moreover, there are some atypical cases in 
symptoms, causes, and course of both conditions 
that make diagnosis and treatment potentially 
more difficult. It has been suggested that dys-
photopsia is a leading cause of patient dissatis-
faction following cataract surgery as reported by 
Tester et al. [5] Indeed, they indicated that 49% 
of their cases had some form of dysphotopsia 
following surgery and Bournas et  al. reported 
that 19.5% of patients complained of dysphotop-
sia on the first postoperative day [5, 6]. As the 
dysphotopsias seemingly have different causes, 
patients may experience both types. However, 
for discussion and understanding, they can be 
considered as separate conditions.
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Fig. 20.1 Reference image for street scene on a cloudy day without direct sunlight. (Courtesy Drs. Geunyoung Yoon 
and Scott MacRae, University of Rochester)

Fig. 20.2 Reference photo with superimposed white arc simulating positive dysphotopsia. (Courtesy Drs. Geunyoung 
Yoon and Scott MacRae, University of Rochester)
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Fig. 20.3 Reference photo with superimposed temporal dark arc simulating negative dysphotopsia. (Courtesy Drs. 
Geunyoung Yoon and Scott MacRae, University of Rochester)

Fig. 20.4 Stria in posterior capsule (delineated by 
arrows) that induce a Maddox rod effect with point 
sources of light

 Positive Dysphotopsia

Positive dysphotopsia (PD) is described by 
patients as light streaks, light arcs, central flashes, 
and starbursts that are induced by an external 
light source (Fig. 20.2). PD must be distinguished 
from entoptic light flashes caused by vitreoretinal 
traction, noted under dark conditions, whereas 
PD requires an external light source as a stimulus 
in order to be realized by the patient. Also, PD 
must be distinguished from a Maddox rod effect 
that is caused by posterior capsule striae and gen-
erated by a point source of light; this condition 
may be managed by Nd:YAG laser posteriorly 
capsulotomy as indicated by patient symptoms 
(Fig. 20.4).

The etiology of PD is reasonably well under-
stood, given good correlation between the optical 
laboratory and the clinical findings. IOL edge 
design, index of refraction of the optic material, 
and overall optic design have all been implicated 
as causative factors. Truncated or square edge 
design of ovoid intraocular lenses (IOL) was first 
reported as a source of undesired optical images 
by Masket et  al. [7] They used ray tracing and 

reflectometry to demonstrate that light of oblique 
incidence (between 40° and 70°) may strike the 
truncated square edge of the IOL and reflect onto 
the retinal surface, inducing PD symptoms [7]. In 
the era prior to foldable IOLs, rigid PMMA (poly 
methyl-methacrylate) was essentially the only 
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IOL optic material available, and oval PMMA 
IOLs were manufactured by truncating parallel 
edges of a round optic, reducing the diameter in 
one meridian (from 6.0 to 5.0 mm) so that the 
IOL could be implanted through a smaller inci-
sion. The Masket et  al. investigation found a 
nearly fourfold greater likelihood for PD symp-
toms with oval versus round-shaped IOLs, owing 
to the squared edge of the truncated side of the 
optic [7]. Supporting this finding, the work of 
Holladay revealed that square-edged IOLs con-
centrate stray light into an arc that is projected 
onto the retina opposite the image of the light 
source, while round-edged IOLs disperse stray 
light over a larger portion of the retina, thus 
reducing PD symptoms [8]. Franchini et al. also 
found that square edge design is associated with 
halos, rings, and arcs of light and suggested that 
rounding the anterior edge of a square-edged 
IOL could be beneficial [9]. All of that stated, the 
square edge of an IOL can have a significant 
impact on the retardation and/or reduction of 
PCO as the posterior square edge of the optic 
inhibits lens epithelial cell migration from the 
equator of the capsule bag onto the posterior 
capsule (Fig. 20.5) [10]. As such, it is unlikely 

that square edge design will be removed from 
the marketplace, despite its causal relationship 
to PD.

In addition to the square edge of the optic, 
existing evidence also implicates high index of 
refraction (I/R) of the IOL optic material as 
another cause for PD. This is particularly true if 
the optic is designed with a relatively flat anterior 
radius of curvature as has been reported by Erie 
et al. [11] Their work revealed that high I/R when 
combined with a flat anterior radius of curvature 
was a key cause of patient-reported central light 
flashes from reflection off the back of the flat 
anterior surface of the optic. Other authors found 
that PMMA IOLs and round-edged silicone IOLs 
were associated with a decreased incidence of 
PD. These studies also suggest that square edge 
design is associated with a higher incidence of 
PD irrespective of IOL material [12, 13]. I/R also 
plays a major role in the reflectivity of the optic 
material, impacting both patient symptoms and 
the “cats eye” phenomenon of an accentuated 3rd 
Purkinje image from the anterior surface of the 
IOL. Table 20.1 indicates index of refraction and 
other characteristics of IOLs in common use in 
the United States. Table  20.1 lists the material, 
I/R, and design of several IOLs in use in the 
United States that are associated with PD.

Given a good overall understanding of the 
causes, the ophthalmic IOL industry has 
addressed PD by rounding the anterior portion of 
the optic’s edge, reducing square-edged IOL 
thickness, leaving the IOL edge unpolished, and 
moving the IOL optical power more to the ante-
rior rather than the posterior optic [14]. Although 
these logical improvements have helped, the inci-
dence of PD is still significant in large part due to 
the square edge of the optic. Unless and until bet-
ter means for preventing or retarding PCO are 
developed, PD will persist as an undesired sub-
jective postsurgical phenomenon.

 Nonsurgical Management of PD

Although not well studied, unlike ND (see 
below), it appears that there is no meaningful 
neuro-adaptation to PD, and highly symptomatic 

Fig. 20.5 Square-edged IOL (AcrySof, Alcon Labs, Ft. 
Worth Texas) with extensive posterior capsule opacifica-
tion peripheral to the IOL, but minimal opacity behind the 
optic, indicating that optic edge retards lens epithelial cell 
migration onto the posterior capsule
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Table 20.1 Positive dysphotopsia inciting IOLs: index of refraction and edge design

PCIOL IOL material Manufacturer
Refractive 
index Edge design

ZCBOO Hydrophobic acrylic Johnson & 
Johnson

1.47 Frosted, posterior square edge

ZCTXXX Hydrophobic acrylic Johnson & 
Johnson

1.47 Frosted, posterior square edge

ZMBOO Hydrophobic acrylic Johnson & 
Johnson

1.47 Frosted, posterior square edge

ZKBOO Hydrophobic acrylic Johnson & 
Johnson

1.47 Frosted, posterior square edge

ZXTXXX Hydrophobic acrylic Johnson & 
Johnson

1.47 Frosted, posterior square edge

ZXROO Hydrophobic acrylic Johnson & 
Johnson

1.47 Frosted, posterior square edge

SN60WF Hydrophobic acrylic Alcon 1.55 Square edge
SN6ATX Hydrophobic acrylic Alcon 1.55 Square edge
SN6AD1 Hydrophobic acrylic Alcon 1.55 Square edge
Softec HDO Hydrophilic acrylic Lenstec 1.43 Square edge, oval optic
Akreos 
AO60

Hydrophilic acrylic Bausch & Lomb 1.6 Square edge

CZ70BD PMMA Alcon 1.49 Round thin
AQ2010V Silicone Staar surgical 1.41 Round edge
L161AO Silicone Bausch & Lomb 1.41 Square edge
ZA9002 Silicone Johnson & 

Johnson
1.46 Rounded anteriorly, square 

posteriorly
Crystalens Silicone Bausch & Lomb 1.43 Square edge
CC4204A Collamer/Co-polymer Staar surgical 1.44 Plate haptic
CQ2015A Hydrophilic acrylic/

Co-polymer
Staar surgical 1.45 Rounded anteriorly, square 

posteriorly

cases require treatment in some fashion. 
Conservative management methods for PD 
include correction of any refractive error, treat-
ment of any coexisting ocular surface disease, 
treatment of posterior capsule opacification 
(PCO), and pharmacologic miosis. The latter 
may be accomplished with pilocarpine HCL 
0.5% or brimonidine 0.15%. Regarding PCO and 
laser capsulotomy, the clinician must be certain 
that the posterior capsule is the offending agent; 
otherwise its opening could complicate future 
attempts at IOL exchange, should it be necessary. 
As a rule of thumb, if the patient was asymptom-
atic early after surgery (perhaps other than the 
Maddox rod effect) and developed symptoms 
later as PCO evolved, capsulotomy may be help-
ful. On the other hand, if the patient was symp-
tomatic with PD immediately after surgery when 
the capsule was clear, it is unlikely that capsu-
lotomy will improve PD symptoms. Moreover, 

posterior capsule openings, once made, should be 
generous in size, as the edges of a small capsu-
lotomy can be the source of additional light- 
induced symptoms, particularly at night.

Should conservative measures fail and patients 
remain significantly symptomatic, IOL exchange 
can be considered as the most definitive step (see 
below).

 Negative Dysphotopsia

Negative dysphotopsia (ND) is reported by 
patients as an arc-shaped dark shadow or line in 
the temporal periphery after otherwise uncompli-
cated cataract surgery (Fig. 20.3) [1]. One of the 
most frustrating aspects of ND for both patient 
and surgeon is that it occurs after what surgeons 
believe to be anatomically “perfect” surgery as it 
tends not to accompany complicated surgery that 
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may result in malpositioned IOLs, etc. ND can be 
very disturbing to some patients, and the inci-
dence is reported as high as 15–20% early after 
surgery when patients are specifically queried 
about presence of the condition [15, 16]. 
However, presumably due to neuro-adaptation, 
the incidence reduces to approximately 3% at 
1-year post-op [15]. Curiously, and as yet unex-
plained, the incidence is higher in women and in 
left eyes. While there are no specific objective 
testing devices for ND, recent reports demon-
strate far peripheral visual field changes on 
Goldmann kinetic VF testing that are missed with 
standard 30 degree static Humphrey visual field 
(HVF) testing [2–4]. Interestingly, patient symp-
toms may appear to exceed what would be 
expected from the Goldmann visual field changes 
reported by Makhotkina et al. under monocular 
testing [2]. More recent binocular Goldmann VF 
testing suggests that the ND “scotoma” is signifi-
cantly greater with both eyes open and reduces 
with contralateral eye occlusion or use of a 
peripherally opaque contact lens on the contralat-
eral eye, affording an understanding of the depth 
of some patients’ symptoms and suggesting a 
central nervous system (CNS) component to ND 
(Figs. 20.6 and 20.7) [4]. In general, the clinician 
relies primarily on patient-reported outcomes to 
determine the presence and course of symptom-
atic ND. Moreover, there are occasional atypical 
cases regarding symptoms and course that make 
diagnosis and understanding even more difficult. 
Indeed, Olsen and others have suggested that a 
temporal “shimmering” effect, reported by some 
patients, is a manifestation of ND, simulating 
positive dysphotopsia in some manner (2014, 
“personal communication”).

ND appears to be more enigmatic than 
PD. However, there seems to be general agree-
ment about certain conditions: In the susceptible 
patient, ND is stimulated by light from the tem-
poral side and improves if the temporal light 
source is blocked; ND symptoms are reduced 
with pupil dilation and worsened with pupil con-
striction; despite seemingly similar anatomy, ND 
may not occur bilaterally, having a greater inci-
dence in the LE; ND has not been reported with 
ciliary sulcus, anterior chamber, or scleral suture 

fixated IOLs; ND has only been reported with “in 
the bag” IOLs after what is considered to be ana-
tomically perfect surgery [17]. Unlike PD, the 
etiology seems to be less well-understood as 
there appears to be a gap between optical labora-
tory findings and clinical assessment. As an 
example, initial ray tracing studies from Holladay 
et al. implicated square edged, high I/R IOLs as 
likely causal of ND [18]. However, in a clinical 
analysis of patients requiring secondary surgery 
for chronic ND (persisting beyond 6 months), it 
was reported that 13% of cases had low I/R sili-
cone IOLs with round edges [19]. Indeed, in that 
report virtually all types of IOLs on the US mar-
ket were noted to be associated with 
ND.  Additionally, a report from Burke and 
Benjamin indicated that high I/R, square-edged 
IOLs would “cure” ND if the lenses were placed 
in the ciliary sulcus, rather than the capsule bag 
[20]. That report, in combination with others, 
suggests that the final common clinical pathway 
for ND is an “in-the-bag” IOL with an overlap-
ping anterior capsulotomy and that material or 
design of the IOL is less relevant [17, 19, 20–22]. 
Indeed, the Masket and Fram et al. study revealed 
that 42 of 43 eyes were improved, cured, or pre-
vented from ND by placing the optic anterior to 
the anterior capsulotomy in reverse optic capture 
fashion, with the haptic supports remaining in the 
capsule bag (Fig. 20.8) [19]. Therefore, in clini-
cal terms, ND may occur if the anterior capsule 
overlies the optic, but if the optic overlies the 
capsule, ND will be avoided. This phenomenon 
has not been well investigated in the optical labo-
ratory setting. This tenet is furthered by the 
observation that by removing the nasal capsule 
edge with the Nd:YAG laser, ND will be improved 
in the majority of cases [23, 24]. Additionally, in 
one case, the nasal portion of the optic was trun-
cated surgically, successfully eliminating ND and 
furthering the concept that for ND to occur, the 
capsule must overlap the optic, in particular on 
the nasal side [25]. These reports also firmly sug-
gest that alteration of posterior chamber depth is 
not a likely causal factor, given that no movement 
of the IOL occurs with capsulectomy or optic 
truncation [23–25]. Further suggesting that vary-
ing posterior chamber depth does not contribute 
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Fig. 20.6 Binocular Goldmann kinetic visual field for 
patient with negative dysphotopsia right eye. Note the 
large inferotemporal scotoma (red arrow) with both eyes 

fully open. However, note the markedly reduced size of 
the scotoma after application of a peripherally opaque 
contact lens on the fellow left eye (purple arrow)

to ND is the 2010 report from Vamosi et  al. in 
which they found no difference in posterior 
chamber depth between a group of cases with ND 
and an asymptomatic control group [22]. 
Similarly, Masket and Fram found that reducing 
posterior chamber depth alone did not reduce ND 
symptoms [17]. However, working non-clinically 

with ray tracing analysis in the optical laboratory, 
Holladay et al. reported that increased depth and 
volume of the posterior chamber of the pseudo-
phakic eye contributes to ND [18].

While there is an apparent disconnect between 
the clinical findings of ND and what has been 
garnered from the optical lab, more recent ray 
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Fig. 20.7 Peripherally opaque contact lens applied to LE 
caused marked reduction of ND scotoma for RE of patient 
in Fig. 20.6 Fig. 20.8 Reverse optic capture in RE with haptics 

underneath the anterior capsule (yellow arrow) and optic 
edge above the anterior capsule (blue arrow)
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Fig. 20.9 Schematic ray trace demonstrating the pro-
posed “illumination gap” between the light rays that are 
incident anterior to the optic and those that are refracted 

by it (a) and the resultant reduced relative light intensity 
near 90 degrees temporal (b). (From: Erie et  al. [27]. 
Reproduced with permission)

tracing analyses describe an “illumination gap” 
between temporally incident light rays that pass 
anterior to the IOL optic and those that are 
refracted by the lens (Fig. 20.9) [26–28]. These 
theoretical reports are widely accepted, seem 
quite plausible, and possibly offer an understand-
ing of the focal optical mechanism for 
ND. However, there are clinical findings that can-
not be explained by the illumination gap theory: 
Why should ND occur more frequently in women 

and in the left eye; why does ND occur in only 
one of two eyes in many cases; why wouldn’t ND 
occur more frequently with thick, low I/R IOLs 
as the illumination gap would be wider? 
Moreover, recent binocular far peripheral kinetic 
Goldmann VF testing (see above) suggests the 
possibility that ND has CNS manifestations, con-
firming that ND is a complex clinical issue that 
cannot be explained solely by a focal “illumina-
tion gap” [4].
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 Nonsurgical Management of ND

Given all of the above, how can we best manage 
patients with existing ND and how can we prevent 
it? ND is an exclusionary diagnosis in which no 
observable ocular pathology exists. Therefore, a 
dilated fundus examination and standard VF test-
ing are necessary to rule out a disease condition 
that could mimic ND, such as retinal detachment 
or optic neuropathy. Most importantly, patients 
with ND early after surgery should have a thor-
ough explanation of the condition (as best we 
understand it), be encouraged that it will likely 
improve over time, and given support. Also, there 
are some nonsurgical approaches that may aid: 
Given that temporally incident oblique light 
appears to be the chief inciting source for ND, use 
of spectacles with a thick temple piece has been 
beneficial to some patients, and, based on findings 
from recent investigations, occlusion of the fellow 
eye with part-time patching or use of peripherally 
opaque contact lenses on one or both eyes can 
reduce symptoms and might help patients achieve 
neuro-adaptation, although the latter is specula-
tive (Fig. 20.7) [4]. However, patients with chronic 
ND, persisting more than 6 months, are unlikely 
to benefit from nonsurgical approaches, and sur-
gery offers the best opportunity to alleviate symp-
toms of ND (see below). Our surgical experience 
indicates that nearly 100% of cases will have ND 
prevented or improved with primary or secondary 
reverse optic capture [19].

 IOLS Designed to Prevent 
Dysphotopsia

Unfortunately, in the United States, there are no 
foldable IOLs available with round edges, and 
there are no IOLs that are specifically designed to 
prevent PD. However, as noted above, modifica-
tions to IOL edge design and optic configuration 
have been made over time in attempt to reduce 
the incidence of PD. In our practice we have had 
success with PD by exchanging for IOLs with a 

lower index of refraction, hence reduced surface 
reflectivity. Our surgical experience with 46 eyes 
requiring IOL exchange for chronic PD suggests 
an overall success rate between 85% and 90% 
with both silicone and co-polymer IOLs when 
exchanged for hydrophobic acrylic IOLs as the 
inciting device (Fig. 20.10) [29]. Unfortunately, 
at this time, round edge IOLs are only available 
as PMMA material, and they require large 
(7.0 mm) incisions.

On the other hand, with regard to specific 
IOLs and ND, Masket designed an optic (90S 
IOL, Morcher, Stuttgart, Germany) to mimic 
reverse optic capture by placing a groove on the 
optic edge that captures the anterior capsulot-
omy; in that fashion, there is a portion of the 
optic over capsule, rather than capsule over optic 
(Figs. 20.11 and 20.12) [30]. In European limited 
clinical trials, none of the 175 cases with that IOL 
experienced ND. At present, there are two other 
IOLs in use in Europe that provide anterior cap-
sulotomy fixation of the IOL, and no cases of ND 
have been reported with these either, confirming 
the concept that optic over capsule prevents 
ND. One device, the Femtis IOL, has also been 
studied for other facets of anterior capsule fixa-
tion, including positional stability and more pre-
dictable effective lens positioning (ELP) 
(Fig.  20.13) [31]. Another is the “Bag-in-the- 
Lens” IOL designed by Tassignon (Fig. 20.14); it 
is a non-haptic IOL that requires anterior and 
posterior capsulotomies that are captured in the 
equatorial groove of the IOL [32]. Although not 
published to date, reportedly none of thousands 
of cases with that lens have experienced ND, giv-
ing further testimony that anterior capsulotomy 
optic fixation precludes ND. The design strategy 
of capsulotomy fixated IOLs has theoretical 
advantages, other than elimination of ND, that 
are under investigation. They include absence of 
rotation of toric IOLs, reduced tilt and decentra-
tion of the optic, reduced higher-order aberra-
tions with diffractive optic IOLs, absence of 
capsule contraction, and more predictable and 
stable ELP.
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IOL Materials Associated with Improvement of PD
Symptoms (Acrylic only as the inciting IOL)

Acrylic to Silicone (n=17) Acrylic to Collamer (n=31)

87% 88%

Fig. 20.10 Success rates for improving PD symptoms associated with acrylic IOLs achieved with silicone (left) and 
copolymer IOLs as the exchanged material. (From: Masket et al. [29]. Reproduced with permission)

 Surgical Strategies for Management 
of Dysphotopsia

Surgery is indicated if the dysphotopsia is 
chronic, if nonsurgical means (see above) have 
failed, and if the patient is intolerant of the condi-
tion. Given that ND, PD, and DD have varied 
causal mechanisms, their surgical management 
differs. That said, patients may exhibit more than 
one type of dysphotopsia, and surgery should 
address all related problems. Surgical planning is 
based on a combination of patient symptoms and 
ocular findings and that no single form of treat-
ment will be appropriate for all cases. To our 
understanding, PD appears purely related to the 
IOL whether in the capsule bag or ciliary sulcus; 
position seems to be non-contributory. Moreover, 
it appears that the square optic edge is the chief 
causal factor, but high index of refraction with 
high surface reflectivity is also contributory. The 
latter can be addressed by IOL exchange for one 

of lower I/R, whereas as virtually all foldable 
IOLs have square edges, only large diameter 
PMMA rigid IOLs are available with round or 
knife edge design for exchange. Positioning of 
the new or exchanged IOL depends on the condi-
tion of the anterior capsulotomy, the status of the 
posterior capsule, and the integrity of the zonule. 
Typically, PD has been associated with high I/R 
hydrophobic acrylic IOLs, and our experience 
dictates that exchange for either silicone or copo-
lymer (Collamer, Staar Surgical, Monrovia CA) 
optic IOLs will bring success in 85–90% of cases 
under that circumstance (Fig.  20.9) [29]. 
Unfortunately, the 3-piece copolymer IOL model 
is no longer manufactured.

On the other hand, clinically, ND appears to 
be associated with any IOL, irrespective of 
design, that is within the confines of the capsule 
bag, generally underlying an intact circular 
anterior capsulotomy. In this situation, change 
in IOL position relative to the anterior capsule 
is more significant for reducing symptoms than 
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Fig. 20.11 Anti-dysphotopic IOL design from US patent 
drawings (Masket) with groove (noted by arrows) to 
accept anterior capsulotomy, simulating reverse (anterior) 
optic capture. (Masket [34])

Fig. 20.12 Postoperative clinical photograph of early 
generation 90S IOL (Morcher) demonstrating excellent 
centering. Note peripheral groove that accepts the anterior 
capsulotomy. (Courtesy Burkhard Dick MD and Tim 
Schultz MD)

Fig. 20.13 Scanning electron photomicrograph (SEM) 
of the Femtis (Oculentis) IOL. Note that the optic has four 
tabs (two are illustrated by arrows) that keep optic edge 
anterior to the anterior capsulotomy

is IOL design or material. Surgical strategies 
generally require that the optic of the IOL is 
brought anterior to the anterior capsulotomy 
either by reverse (anterior) optic capture or sul-
cus placement. Though we prefer the former 
options, there is good evidence that add-on or 
“piggy-back” IOLs also reduce ND, but carry 
added risks of decentration and late iris chafe 
[17, 27, 33].

Patients who experience more than one type 
of dysphotopsia must have all conditions 
addressed by surgery. Position of the optic for the 
new IOL will be determined by the condition of 
the capsule remnant. Surgical strategies, listed 
below, are applied as appropriate for the existing 
dysphotopic condition(s), the status of the poste-
rior capsule, and the size and centration of the 
anterior capsulotomy. Incision size may vary 
2.2–7.0 mm depending on the technique required 
to remove the existing IOL or the IOL to be 
implanted. For a clear corneal approach, the inci-
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Fig. 20.14 Bag-in-the-lens (BIL) (Morcher) design of 
Tassignon. This non-haptic IOL design has opposing 
ovals with a groove that accepts both anterior and poste-
rior capsulotomies

sion size should range from 2.2 to 3.5 mm. For 
eyes requiring a scleral tunnel, incisions may be 
7 mm or greater. Sutures or wound sealants are 
used when appropriate.

Bag-to-bag PCIOL exchange This technique 
involves the removal of the original IOL and the 
replacement of a different IOL in the capsular 
bag. This method is appropriate for patients 
with isolated PD symptoms; this strategy is 
NOT to be applied for patients with ND (Video 
20.1).

Primary reverse (anterior) optic capture Either 
a 3-piece or single piece IOL is placed in the cap-
sule bag after which the optic is prolapsed ante-
riorly to sit above the capsule, leaving the haptics 
in the bag. It is key that the nasal portion of the 
optic overly the anterior capsule edge. This tech-
nique is used for the fellow eye of patients who 
are highly symptomatic with ND in their previ-
ously operated eye (Video 20.2).

Secondary reverse (anterior) optic capture The 
anterior capsule edge is freed from the anterior 
surface of the previously placed IOL by blunt dis-
section, aided by an ophthalmic viscosurgical 
device (OVD). The optic edge is elevated above 
the anterior capsule nasally and temporally with 

a spatula. This requires that the haptics are ori-
ented near 6 o’clock and 12 o’clock. Non-toric 
IOLs with horizontal or oblique haptic orienta-
tion can be rotated into vertical orientation prior 
to optic capture. This technique is applicable to 
patients with persistent ND associated with an 
in-the-bag IOL (Video 20.3).

IOL exchange with reverse (anterior) optic cap-
ture (ROC) This technique requires removal of 
the originally placed IOL from the capsular bag 
and replacement with a different IOL (for the PD 
symptoms) in a reverse optic capture position 
(for the ND symptoms). This method is applied 
to patients with both PD and ND symptoms. PD 
symptoms are addressed by changing the mate-
rial or design of the IOL, and the ND symptoms 
are addressed by placing the IOL in the ROC 
position above the (nasal and temporal) anterior 
capsule (Video 20.4).

Ciliary sulcus PCIOL placement with iris suture 
fixation (ISF) An existing bag fixated IOL is 
removed from the capsular bag and replaced (for 
PD) with a 3-piece IOL in the ciliary sulcus. This 
strategy is employed if the posterior capsule is 
open and not suitable for in-the-bag placement 
or if the patient also has ND and the capsule can-
not accommodate ROC positioning. We opt to use 
ISF with 10-0 polypropylene for long-term fixa-
tion stability. We believe that secondary IOLs 
should not be placed passively in the sulcus due 
to the concern of movement or dislocation over 
time. This technique is used in cases with either 
PD or combined PD/ND when the condition of 
the capsule bag so dictates (Video 20.5).

Ciliary sulcus PCIOL placement with posterior 
(traditional) optic capture An existing capsule 
bag placed PCIOL with a previously opened pos-
terior capsule is removed from the capsule bag 
and replaced with a different 3-piece IOL posi-
tioned in the ciliary sulcus and the optic pro-
lapsed behind the anterior capsulotomy, typically 
following limited vitrectomy. This strategy is 
applied for PD but not ND. This strategy requires 
that the anterior capsulotomy be well centered 
and of appropriate size and the zonule has nor-
mal integrity (Video 20.6).
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Take-Home Messages for the Reader
• The patient with dysphotopsia needs 

assurance that nothing is wrong with the 
surgery or with them.

• Negative dysphotopsia and positive dys-
photopsia are separate conditions with 
different causes and management 
strategies.

• Negative dysphotopsia appears to have 
central nervous system manifestations; 
positive dysphotopsia does not.

• Positive dysphotopsia can be addressed 
by using an IOL with a lower index of 
refraction or one with a round edge, 
although almost all IOLs have square 
edges.

• Negative dysphotopsia can be addressed 
or prevented by elevating the optic 
above the anterior capsule (reverse optic 
capture).
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Cataract Surgery 
in the Vitrectomized Eye

E. Di Carlo and A. J. Augustin

 Epidemiology

The indications of pars plana vitrectomy are 
numerous, including non-clearing vitreous haem-
orrhage, retinal detachment, macular pucker and 
hole, vitreo-macular traction and endophthalmi-
tis. Despite its high efficacy and safety in the 
treatment of the aforementioned retinal diseases, 
vitrectomy may induce the formation and facili-
tate the progression of cataract in phakic patients, 
thereby compromising visual acuity [1].

Various studies report an incidence of cataract 
formation after 20-gauge PPV varying from 
12.5% to 80% [2, 3]. The use of small gauge 

(23/25 gauge) systems has proven to be less risky 
to promote the onset of cataract as compared to 
20-gauge PPV systems [4]. It seems to depend on 
the reduced amount of balanced salt solution 
used during the surgery, lower fluid flow in the 
vitreous cavity, shorter surgical time and dimin-
ished ocular manipulation [5].

Recently, Feng et  al. [6] evaluated the inci-
dence and prevalence of cataract formation and 
progression in patients that underwent vitreoreti-
nal procedures in order to determine factors that 
can potentially predispose patients to postopera-
tive cataracts. The study asserts that eyes that 
underwent the combination between PPV and 
scleral buckle (SB) showed the most lenticular 
changes, followed by 20-gauge PPV and small- 
gauge procedures. In contrast, eyes that under-
went either SB or pneumatic retinopexy exhibited 
only mild postoperative lens opacification.

 Pathogenesis of Cataract Formation 
After Pars Plana Vitrectomy

Cataract formation after vitreoretinal surgery 
shows two main pathophysiological mechanisms. 
The first is based on time of presentation of lens 
opacities distinguishing early and late subcapsu-
lar cataracts. The other mechanism, based on 
modality of onset, is typical of cases where an 
accidental contact with the lens is caused by the 
intraocular surgical instrumentation. Regarding 
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the latter mechanism, the formation of nuclear 
sclerosis after PPV is not well understood [7].

An early subcapsular opacity has been shown 
to be caused by an alteration of the water and 
electrolyte balance of the lens fibres [8]. 
Specifically, some authors assume that gas or sili-
cone oil, often used as intraocular tamponade in 
the vitreoretinal procedures, disrupt the function 
of the Na+-K+-ATPase. As a consequence of this 
process, sodium is not transported out of the 
cells, Cl- and water come out and thus swell the 
lens fibres [3].

Late subcapsular opacities occur mainly after 
silicone oil tamponade [9]. However, not only 
occur a proliferation and migration of the epithe-
lial cells along the posterior capsule but also a 
fibrous metaplasia of these epithelial cells [10]. 
The reason for the proliferation, migration and 
pseudometaplasia of epithelial cells with silicone 
oil is unclear. Mechanical, toxic and metabolic 
causes are still under discussion, but a clear 
mechanism has not yet been discovered.

Cataract formation following contact between 
the lens and surgical instrumentation is also due 
to water influx inside the lens fibres. In this case 
the water influx is irreversible and leads to a 
change in the refractive index and thus to light 
scattering [11].

The nuclear sclerosis after PPV is probably 
based on a different pathophysiological mecha-
nism as compared to subcapsular opacities. The 
interaction between the vitreous body and oxy-
gen metabolism plays a fundamental role in the 
development of postvitrectomy nuclear cataract. 
The vitreous body acts as a barrier preventing the 
diffusion of free oxygen radicals from the surface 
of the retina to the posterior lens. For this reason, 
after the vitreous removal, this barrier function is 
lost, leading to an accumulation of oxygen free 
radicals in the lens and thus promoting the devel-
opment of a nuclear sclerosis [12].

 Clinical Presentation

The most common cataract that forms after vit-
reoretinal surgery is nuclear sclerotic and poste-
rior subcapsular. A nuclear sclerotic opacity 

represents the typical cataract appearance after 
pars plana vitrectomy mostly in older patients. 
This particular type may occur independently 
from the type of retinal procedure and even with-
out the use of air, gas or silicone oil, as described 
by Panozzo et  al. [13]. On the other hand, 
younger patients and those affected by diabetes 
are more likely to develop a posterior subcapsu-
lar cataract [6].

The typical clinical sign of eyes that previ-
ously underwent vitrectomy is represented by a 
decreased visual acuity, independently from the 
anatomical and functional success of the vitreo-
retinal procedure. Postvitrectomy eyes may also 
show a reduced visual acuity or other visual dis-
turbances compared to the preoperative situation. 
For this reason it may be possible that patients 
who develop a postvitrectomy cataract exhibit a 
poorer vision than patients with typical age- 
related cataracts.

As with other forms of cataracts, the diagnosis 
is made with slit-lamp biomicroscopy, which 
allows to differentiate a nuclear sclerosis from a 
subcapsular cataract. In addition, the use of opti-
cal coherence tomography (OCT) may help the 
physician to detect the absence of vitreous gel.

 Preoperative Assessment and IOL 
Power Calculation

Before performing cataract surgery in a previ-
ously vitrectomized eye, it is essential to obtain 
as much information as possible regarding the 
patient’s medical history and to conduct a thor-
ough ophthalmic examination. The most difficult 
aspect to deal with is certainly to determine how 
much the visual acuity reduction depends on the 
cataract formation. In this regard additional tests, 
such as the potential acuity pinhole test, the 
potential acuity meter, the retinal acuity meter, 
the illuminated near card and laser interferometer 
and also the Amsler grid, have been demonstrated 
as valuable tools to predict postsurgical visual 
acuity and may help the surgeon in deciding to 
perform cataract surgery [14].

The preoperative evaluation has also the aim 
to recognize any possible complications of the 
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previous surgery, such as zonular weakness, the 
presence of silicon oil in the anterior chamber, 
small pupil difficult to dilate or iatrogenic injury 
to the posterior lens capsule. All these factors 
may represent an additional risk for the planned 
cataract surgery, and therefore the accurate iden-
tification of those conditions allows the surgeon 
to prepare for a safer surgery avoiding unwanted 
complications [15].

Some additional testing may be necessary pre-
operatively, such as B-scan ultrasonography, flu-
orescein angiography and optical coherence 
tomography, in order to assess any ocular disease 
that should be addressed before, in combination 
with or after cataract surgery.

Special attention must be paid to the intraocu-
lar lens power (IOL) calculation that can be more 
challenging than in nonvitrectomized eyes due to 
the alteration of ocular morphology or the vitreo-
retinal disease itself, as in case of tractional mac-
ular oedema. The utilization of ocular biometry 
has recently improved the accuracy and repeat-
ability of IOL measurements. Some authors dem-
onstrated, using optical biometry and Haigis 
formula, no statistically significant differences in 
terms of refractive outcomes between patients 
who underwent combined phacovitrectomy and 
those who underwent phacoemulsification after 
PPV [16, 17]. Nevertheless, they also reported a 
better postoperative result in the patients not pre-
viously vitrectomized. In addition to these results, 
further studies [17, 18] asserted that no myopic 
shift was found using ultrasound biometry in 
patients undergoing cataract surgery after PPV, as 
previously reported in the scientific literature. 
Thus, optical biometry enables more precise 
measurements than ultrasound in previously vit-
rectomized eyes, although still not as accurate as 
in the nonvitrectomized eye.

The use of optical biometry instead of ultra-
sound offers several advantages in the vitrecto-
mized eye. For example, in case of high myopia 
or myopic staphyloma, conditions frequently 
associated with vitreoretinal surgery, it could be 
challenging to obtain the correct axial length 
measurement through the visual axis with the 
ultrasound biometry. The optical biometry has 
proven to be superior in terms of accuracy and 

repeatability when compared to ultrasound biom-
etry for calculating the axial lenght [19]. Recently, 
an interesting paper has been published by Tan 
et al. [20], comparing the prediction accuracy of 
new IOL calculation formulas (Barrett Universal 
II [BUII], Emmetropia Verifying Optical [EVO], 
Kane and Ladas Super formula) and traditional 
formulas (Haigis, Hoffer Q, Holladay 1, and 
SRK/T) with Wang-Koch (WK) axial length 
(AL) adjustment in vitrectomized eyes. The 
authors concluded that the BUII, EVO, Kane and 
Haigis show good and comparable performance 
in vitrectomized eyes with optimized constants. 
Moreover, in vitrectomized highly myopic eyes, 
the new formulas and traditional formulas with 
WK adjustment exhibited satisfactory prediction 
accuracy.

The use of ultrasound biometry in silicone oil- 
filled eyes does not permit accurate measure-
ments. The presence of silicone oil in the posterior 
chamber of the eye does not allow the transmis-
sion of sound waves to the retina, and this may 
lead to an overestimation of axial length mea-
surements. For this reason, ocular biometry 
should be performed in those eyes with silicon oil 
tamponade [16, 21]. Such authors reported that 
silicone oil-filled eyes that underwent combined 
silicone oil removal and phacoemulsification 
showed no statistically significant difference in 
predictive refractive errors between preoperative 
optical biometry and intraoperative ultrasound 
biometry executed after silicone oil removal.

 Surgery: Surgical Technique, 
Intraoperative Risks 
and Complications

A recent Cochrane database review [22] indicates 
that cataract surgery, typically performed using 
phacoemulsification and intraocular lens implan-
tation, is commonly recommended for individu-
als with significant visual acuity impairment due 
to lens opacities after PPV.

Surgeons share the common idea that cataract 
surgery in previously vitrectomized eyes may 
have a higher complication rate as compared to 
standard phacoemulsification. Conditions, such 
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as deep fluctuating anterior chamber, intraopera-
tive miosis, an enormously instable posterior 
capsule, rigidity of the anterior capsule, the pres-
ence of plaques at the posterior capsule level, 
weakened zonules and loss of vitreous support, 
have proven to be associated with an increased 
risks of intraoperative complications during cata-
ract surgery [23–25]. Nevertheless, evidence 
from comparative studies regarding efficacy and 
safety of phacoemulsification in nonvitrecto-
mized and vitrectomized eyes is lacking [26, 27].

When considering the surgical technique, 
phacoemulsification in vitrectomized eyes has 
shown to be superior as compared to extra- 
capsular cataract extraction with better outcomes 
in terms of both superior visual acuity improve-
ment and fewer intra- and postoperative compli-
cations [27]. Extracapsular extraction with large 
incision and nuclear expression are more chal-
lenging in vitrectomized eyes with an increased 
complication rate due to zonular and capsular 
fragility [28, 29].

Recently, Fenberg et  al. [30] retrospectively 
examined all cases (98 eyes) of complicated cata-
ract surgery over a period of 15 years to assess 
the risk of complicated phacoemulsification and/
or delayed IOL dislocation in patients with a pre-
vious vitrectomy. They hypothesized that vitrec-
tomy surgery alters the zonular strength and 
capsular bag stability, which may increase both 
the risk of intraoperative complications in subse-
quent cataract surgery and IOL dislocation in 
eyes with previous phacoemulsification. The 
study reported that 9.2% of patients with compli-
cated cataract surgery have undergone PPV, con-
firming that vitrectomy surgery represents a risk 
factor for complicated cataract surgery and IOL 
dislocation. Therefore different techniques have 
been suggested in order to minimize zonular 
stress and ultrasound power during the phaco-
emulsification. Nevertheless, as previously men-
tioned, the scientific literature lacks prospective, 
randomized clinical trials comparing the safety 
and efficacy of various surgical techniques to 
manage cataract surgery in vitrectomized eyes. 
However, we try to give some important recom-
mendations to follow in order to achieve the bet-
ter functional outcome.

The mechanisms that lead to complications 
during phacoemulsification in previously vitrec-
tomized eyes are still unknown. As mentioned 
above, vitrectomized eyes show a deeper anterior 
chamber and a less stable lens. In nonvitrecto-
mized eyes the vitreous body acts as a “damper” 
to stabilize the capsule and thus reducing the 
anteroposterior movements during the surgery.

Zonular stability plays a fundamental role to 
avoid complications during phacoemulsification 
and also to prevent postoperative IOL disloca-
tion. In this regard, despite the presence of zonu-
lar adherence to the lens that is well documented, 
the role of peripheral zonular adhesions is not 
still well understood. Rohen et al. [31] described 
in great detail that the zonules were anchored 
between the ciliary processes at a common point, 
whereas the group of Fansworth [32] demon-
strated that some of the zonules pass through the 
ciliary processes to attach more posteriorly on 
the pars plana near the ora serrata. According to 
the Fansworth’s model, in which the zonular 
adhesions are located posteriorly, it is very likely 
that vitrectomy surgery may induce zonular dis-
ruption. In case of zonular instability, the surgeon 
has to perform a complete, possibly cortical 
cleaving hydrodissection in order to minimize 
zonular and capsular stress during the phases of 
nuclear rotation, emulsification with the phaco- 
tip and the cortical removal [33] (Supplementary 
Video 21.1). Additionally, weakened lens zonules 
after PPV could be the cause of late in-the-bag 
spontaneous IOL dislocation, described in the 
study by Davis [34]. The authors reported a rate 
of 19% IOL dislocation, occurring about 8 years 
after the cataract surgery. The long time elapsed 
between IOL implantation and episode of dislo-
cation may suggest the dynamicity of the zonular 
instability that could also continue over the years. 
The study focuses the attention on the possibility 
for the surgeon to choose a different IOL implan-
tation instead of standard in-the-bag approach, in 
the event of intraoperatively recognizable phaco-
donesis. In this case the use of capsular tension 
ring or implanting a 3-piece IOL in the ciliary 
sulcus may be good alternative options to mini-
mize the risk of postoperative IOL dislocation. 
Furthermore, in extreme situations, as in case of 
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complete absence of capsular support, the sur-
geon necessitates alternative surgical approaches, 
which include scleral fixation, iris fixation or IOL 
placement in the anterior chamber angle [35].

Zonular weakness and absence of vitreous 
support are the main causes of the presence of a 
deep anterior chamber, as frequently observed 
during phacoemulsification in vitrectomized 
eyes. The positive infusion pressure induced by 
the phaco-tip combined to the lack of vitreous 
support augments considerably the anterior 
chamber depth and the zonular stress, thus lead-
ing to additional unwanted zonular tractions. To 
counteract these forces, it is essential to lower the 
irrigating fluid bottle height, before introducing 
the phaco-tip into the anterior chamber [24] 
(Supplementary Video 21.2). Another possibility 
to reduce the zonular stress is to remove some 
viscoelastic substance out of the anterior cham-
ber prior to the introduction of the phaco-tip. As 
general recommendation, care should be taken to 
avoid pushing on the nucleus with the 
instruments.

The surgeon may also deal with a particular 
condition associated with zonular elongation in 
vitrectomized eyes, called iris diaphragm retro-
pulsion syndrome (LIDRS) and characterized by 
a reverse pupillary block that causes an exces-
sively deep anterior chamber and extreme pupil 
widening during phacoemulsification [36]. 
Differently from a classical pupillary block, 
LIDRS occurs when the pressure in the anterior 
chamber is greater than that of the posterior and 
vitreous chamber, leading to a posterior move-
ment of both iris and lens. The surgical goal con-
sists in the separation of the iris from the anterior 
capsular rim and is achieved by depressing the 
anterior capsule or lifting the iris, thus allowing 
fluid to reach the 360° of space behind the iris.

An additional challenging scenario is the 
management of posterior capsule instability 
(Supplementary Video 21.3). In this case cortex 
removal may be challenging sometimes leading 
to an unexpected capsule rupture. If there is a 
high suspicion of a tear in the posterior capsule, it 
could be much safer to utilize the infusion line 
via pars plana continuing the phacoemulsifica-
tion [37].

The presence of posterior synechiae with an 
undilatable pupil represents a further challenge 
for the surgeon who has to face a cataract surgery 
in vitrectomized eyes. The combined use of iris 
spatula and viscoelastic break the posterior adhe-
sions between lens and iris, whereas the utiliza-
tion of intracameral mydriatics, iris hooks or 
pupil expansors (i.e. Malyugin ring [38]) result to 
be optimal to deal with this problem.

Another possible complication that may occur 
after PPV and that the surgeon has to deal with is 
represented by the presence of a posterior capsu-
lar plaque. This can be peeled off performing a 
posterior capsulorhexis or, as alternative, dis-
sected off the capsule with the aim of delicate 
intraocular forceps. Another option is to polish 
off the plaque using a vitrectomy cutter [39]. 
Instead, a rigid anterior capsule, as in cases of 
long time exposure to silicone oil, may be man-
aged with the use of cutter or retinal microscis-
sors [40]. Finally, in particular circumstances, for 
example, when the plaque does not have huge 
dimensions, it can be left in place and managed 
afterward with a posterior YAG laser 
capsulotomy.

Cataract removal through phacoemulsification 
in eyes filled with silicone oil is a challenging 
procedure. In this regard, a recent study evaluated 
the complications of cataract surgery in silicone 
oil-filled eyes [41]. The authors reported a 10.1% 
rate of posterior capsule rupture and a 5.6% rate 
of silicone oil migration into the anterior cham-
ber. The buoyancy of silicone oil could explain 
the increased rate of complications because it 
may determine posterior capsule elevation and 
additional capsular instability. Regarding the 
migration of silicone oil into the anterior cham-
ber, some authors demonstrated that breaking the 
integrity of the posterior chamber and anterior 
hyaloid membrane, caused by countless changes 
in intraocular pressure during phacoemulsifica-
tion, may lead to anterior silicone oil migration 
despite the integrity of zonular structures [42, 
43]. For this reason, due to the high rate of com-
plications associated with cataract surgery in 
eyes filled with silicone oil, other authors recom-
mend its removal through pars plana prior to per-
forming phacoemulsification surgery [44].
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 Functional Outcomes 
and Complication Rate

Cataract surgery in the vitrectomized eye is gen-
erally a safe surgery with reported good results of 
postoperative visual acuity, which may be limited 
only by the concomitant retinal disease [45].

Nevertheless, peer-review data on postopera-
tive visual acuity outcomes after surgery for 
 postvitrectomy cataract are scarce [21]. Prior 
studies demonstrated that the percentage of eyes 
able to achieve postoperative visual acuity of 
20/40 range from 20% to 77% [45–47]. Due to 
this wide variability of results, it is arduous to 
reach certain conclusions on visual outcomes in 
eyes previously vitrectomized.

Another important element to take into 
account is the conflicting results reporting in the 
literature regarding the safety of phacoemulsifi-
cation after PPV.  For example, some authors 
assessed an overall intraoperative complication 
rate of 12.5% and posterior capsule rupture rate 
of 13.3%, respectively [26, 46]. On the contrary, 
other authors reported a good safety profile for 
the phacoemulsification similar to eyes not previ-
ously vitrectomized [45, 47].

Recently, Soliman et al. retrospectively anal-
ysed and summarized the visual outcomes and 
rate of intraoperative complications of phaco-
emulsification surgery after prior pars plana vit-
rectomy in 2221 eyes [48]. This multicentre 
study reported that at all postoperative time 
points measured up to 24  weeks, mean vision 
was poorer in the prior PPV group (0.41 ± 0.47 
vs. 0.17 ± 0.29 at 4 and 12 weeks, P < 0.0001) 
and a smaller proportion of eyes achieved post-
operative visual acuity of 0.30 logMAR (Snellen 
20/40) (60.8% vs. 86.5% at 4 and 12  weeks, 
P < 0.0001). The rate of posterior capsular rup-
ture was not different between the prior PPV 
(1.5%) and the nonvitrectomized (1.7%) groups, 
but the incidences of zonular dialysis (1.3% vs. 
0.6%) and dropped nuclear fragments (0.6% vs. 
0.2%) were significantly higher in the prior PPV 
group (P < 0.0001).

The safety of phacoemulsification procedure 
in vitrectomized eyes has been also assessed by 
the study of Rey et al. [49], which retrospectively 

reported no cases of intraoperative capsule rup-
ture and only one anterior capsule rhexis tear as 
complication in a cohort of 87 patients.

The latest researches show a significant and 
progressive improvement in postoperative out-
comes, suggesting how a challenging procedure, 
like the phacoemulsfication in vitrectomized 
eyes, may be successfully managed by surgeons 
with huge benefits for the patients.

 Conclusion

In conclusion, cataract surgery in previously vit-
rectomized eyes is a challenging procedure with 
a higher complication rate as compared to nonvit-
rectomized eyes. Visual acuity outcome measures 
have to be interpreted with caution because of the 
retinal disease potentially reducing visual acuity 
as well. Cataract surgery in previously vitrecto-
mized eyes should be done by experienced sur-
geons to optimize the outcomes in those patients.

Take-Home Notes
• The most common cataract types are 

nuclear sclerosis and posterior 
subcapsular.

• Phacoemulsification with in the bag 
intraocular lens implantation is the stan-
dard procedure to perform in eyes previ-
ously vitrectomized.

• Zonular weakness, instable posterior 
capsule and deep fluctuating anterior 
chamber due to loss of vitreous support 
are the main intraoperative challenging 
conditions the surgeon has to deal with.

• Phacoemulsification in silicone oil- 
filled eyes is associated with a higher 
complication rate, such as posterior cap-
sule rupture and silicone oil migration 
into the anterior chamber.

• Cataract surgery in previously vitrecto-
mized eyes is a challenging procedure 
and should be done by experienced 
surgeons.

E. Di Carlo and A. J. Augustin
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Combined Cataract Surgery 
with Pars Plana Vitrectomy

James M. Osher, Christopher D. Riemann, 
Samantha L. Schockman, and Michael E. Snyder

When we encounter a patient with both cataract 
and surgical posterior segment pathology, there is 
a dilemma regarding the best approach. Is it best 
to remove the cataract first and then address the 
posterior pathology at a later date? Would it be 
best to manage vitreoretinal problems prior to 
cataract surgery in order to get optimal IOL cal-
culations and do the cataract later? Or is com-
bined phaco/vitrectomy the most favorable 
course? Of these three options, the authors 
strongly advocate for combined surgery, which 
offers many advantages when executed correctly 
and very few drawbacks in most scenarios.

As both phaco and vitrectomy have evolved 
over the past few decades to result in quicker, 
safer procedures, combined phaco/vitrectomy 
has become more common worldwide. 
Unfortunately, staged cataract surgery before or 
after vitrectomy remains common in the United 
States. There are several possible explanations 
for this departure from the worldwide standard of 
care. These include lacking phaco-competence 
among US vitreoretinal surgeons (many US ret-
ina fellowship programs do not incorporate cata-
ract surgery as part of the training curriculum), 
the segmentation of many retinal surgeons into 
separate practices from their anterior segment 
colleagues, many operating rooms not being 
equipped with appropriate instrumentation to 
accomplish both surgeries, and difficulty sched-
uling two surgeons to be in the same place at the 
same time. These realities, turf battles between 

Bullet Points
• Combined phaco/vitrectomy is almost 

always preferred over staged 
procedures.

• Surgical technique can markedly reduce 
the complication risk during phaco/
vitrectomy.

• Intraocular lens selection may be differ-
ent if posterior segment surgery is per-
formed with phaco.

• Silicone intraocular lenses should be 
avoided in patients with current or 
potential surgical posterior segment 
disease.

• Certain lens and intraocular lens com-
plications are managed better with an 
approach that combines pars plana vit-
rectomy with anterior segment surgery.
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subspecialists and medical practices, and result-
ing referral patterns result in staged surgeries. 
Regrettably, it is the patient in this situation who 
suffers most.

In this chapter, we will discuss why phaco/vit-
rectomy is almost always the best option. We will 
review the advantages and disadvantages of our 
preferred phaco/vitrectomy technique, as well as 
management pearls to achieve a successful out-
come. Finally, we will review selected complex 
situations for which phaco/vitrectomy remains 
the option of choice.

 Advantages to Combined  
Phaco/Vitrectomy

We feel strongly that a combined approach, rather 
than staged, provides several benefits. The litera-
ture has long been very clear that combined 
phaco-vitrectomy can be performed with excel-
lent results. Lahey et al. reported 89 eyes under-
going phaco/vitrectomy for macular hole, and 
results were similar to historic controls without 
phaco [1]. In addition, these authors reviewed 
223 patients undergoing combined phaco/vitrec-
tomy for diabetic eye disease (including 153 eyes 
with vitreous hemorrhage, 58 traction retinal 
detachments, and 12 eyes with posterior hyaloi-
dal traction) with 10 months follow-up and excel-
lent anatomical and visual results [2]. Demetriades 
et  al. reported 122 eyes that underwent phaco/
vitrectomy for varied indications also with excel-
lent results and low complication rates [3]. Ling 
et al. reported 90 patients undergoing combined 
phaco/vitrectomy for retinal detachment (21), 
recurrent retinal detachment (7), macular hole 
(MH) (44), epiretinal membrane (ERM) (11), 
proliferative diabetic retinopathy (PDR) (3), and 
vitreous hemorrhage (4) with excellent anatomi-
cal and visual results [4]. Jun et al. reported 113 
eyes that underwent phaco/vitrectomy for PDR, 
proliferative vitreoretinopathy, ERM/MH, 
trauma, and retinal vein occlusion with excellent 
results and no combined surgery-related compli-
cations [5]. Amino and Tanihara reported 42 eyes 
operated with phaco/vitrectomy/membrane peel 
for diabetic macular edema. At 18 month follow-

 up, there was reduced edema and improved visual 
acuity [6]. Several case series comparing staged 
and combined surgical approaches also uni-
formly demonstrated non-inferiority of combined 
phaco/vitrectomy [7–9].

In eyes with a routine cataract, the surgeon’s 
role is to exclude other disease and causally link 
the patient’s symptoms to the cataract. In the 
absence of comorbid ocular pathology, it is then 
the patient who determines whether alleviating 
the cataract symptoms is worth the downside 
risks of proceeding with surgical intervention. 
The surgical decision lies mainly with the 
patient.

In patients with both cataract and posterior 
pathology, decision-making is more complex, 
and the surgeon plays a more central role in the 
surgical decision-making process. Is the cataract 
visually significant? Is it likely to become so after 
posterior segment surgery? Will the cataract pre-
clude adequate visualization for retinal surgery 
and post-op visits? Is the posterior segment 
pathology a must operate scenario (examples 
include fovea threatening tractional retinal 
detachment, intraocular foreign body, post- 
injection endophthalmitis with light perception 
vision), a should operate scenario (examples 
include 20/60 ERM, macular hole, non-clearing 
vitreous hemorrhage with retinal tear and sub-
clinical retinal detachment), or a may operate 
scenario (examples include 20/30 ERM, visually 
significant floaters)? Will adding cataract surgery 
to the posterior surgery possibly complicate the 
posterior outcome (see below section on retinal 
detachment)? Is the symptomatology and visual 
loss due to cataract, the posterior pathology, or 
both? In the case of combined pathology, the 
required surgical decision-making bends more 
toward the surgeon than the patient for both the 
posterior disease and the cataract.

Posterior disease states and vitrectomy sur-
gery are known to cause cataract or advance pre-
existing cataract. Chung et al. described cataract 
progression in 33 eyes after vitrectomy for dia-
betic and hypertensive retinopathy. Thirty-one 
(94%) had worsened nuclear sclerosis at an aver-
age of 9.1 months post-op, 15 (47%) had wors-
ened cortical sclerosis by an average of 8 months, 
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and 24 (78%) had worsened posterior subcapsu-
lar changes by an average of 13.3 months after 
vitrectomy [10]. Thompson et al. reported a 76% 
of eyes underwent cataract surgery within 2 years 
following macular hole repair [11]. Melberg and 
Thomas reported 7% of patients under 50 years 
old vs 79% of patients over 50 years old devel-
oped significant cataract progression compared 
to the non-operated eye after vitrectomy with gas 
at 27 months post-op [12]. Cherfan et al. reported 
an 80% progression to visually significant cata-
ract 29 months after vitrectomy for ERM. Patients 
less than 50 years old were much less likely to 
need cataract surgery within the follow-up period 
[13]. Thompson found a 700% greater chance of 
cataract progression in patients greater than 
50  years old vs under 50  years old and a 60% 
greater chance of cataract progression in patients 
with vs without a bubble in eyes undergoing vit-
rectomy for various indications [14].

Given that most patients who require vitrec-
tomy already have some degree of cataract for-
mation and the overwhelming evidence that 
vitrectomy surgery almost always leads to pro-
gression to visually significant cataract  – espe-
cially in patients age 50 or above – it makes sense 
to remove the cataract simultaneously with com-
bined phaco/vitrectomy to allow for unidirec-
tional visual improvement postoperatively. By 
performing phaco/vitrectomy together, the 
patients are exposed to one set of surgical risks, 
postoperative visits, postoperative medications, 
insurance co-payments, and psychological stress-
ors associated with surgery. In addition, patients 
have a faster time to visual rehabilitation and 
require less time off from work, which can also 
help reduce the financial burden of multiple sur-
geries. It should be noted, however, that vitrec-
tomy does not always cause cataracts, and caution 
should be exercised when cataract surgery is 
being considered in younger patients without 
presbyopia who do not yet have a cataract.

The above advantages are mostly from the 
patient perspective. What about the surgeon? 
There are benefits of combined surgery, both 
practical and technical, for the surgeon. From a 

practical perspective, physicians and medical 
practices also benefit from fewer postoperative 
visits, with fewer patients allowing for improved 
patient flow and increased productivity. 
Significant resource expenditure from ancillary 
and operating room staff is needed to schedule 
and prepare surgery for patients. Combined sur-
gery reduces overall overhead and improves 
overall efficiency [15].

From a technical standpoint, most of the 
advantage to combined surgery is in the vitrec-
tomy. A well-executed phaco affords a pristine 
view for posterior segment surgery. To perform 
meticulous, safe macular surgery, the view to the 
posterior segment is critical. It is preferable to 
operate through a clear implant lens, rather than 
an opaque crystalline lens. In addition, the ante-
rior retina and vitreous base are far more easily 
accessed surgically in pseudophakic vs phakic 
eyes. Reaching across the midline of the vitreous 
cavity in a phakic eye risks hitting and damaging 
the posterior capsule of the crystalline lens, 
which can reduce surgical visualization and can 
also risk complications during future cataract 
surgery. Since crossing midline is unwise in pha-
kic eyes, shaving the vitreous base requires ambi-
dextrous surgical techniques, a skilled surgical 
assistant, and/or special equipment to perform 
scleral depression, none of which are always 
available. These limitations are not present in 
pseudophakic eyes where reaching across the 
midline to reach the entirety of the posterior seg-
ment is straightforward and uncomplicated.

The cataract surgeon also benefits from com-
bined phaco/vitrectomy surgeries as it allows for 
surgery in a non-vitrectomized eye. If done as a 
staged procedure, the cataract surgeon is faced 
with a previously vitrectomized eye which can 
present its own surgical challenges. Eyes which 
have undergone previous vitrectomy oftentimes 
develop dense lenses, and the fluidics in a vitrec-
tomized eye cause more anterior chamber insta-
bility and posterior capsule mobility. There is a 
higher risk of posterior capsule rupture during 
cataract surgery in an eye with previous vitrec-
tomy [16].
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 Disadvantages of Combined Phaco/
Vitrectomy

The disadvantages to combined phaco/vitrec-
tomy are mitigated, if not eliminated, by proper 
procedure technique. However, we will review 
the drawbacks in this section and include those 
that may be encountered even when the technique 
is poor.

It is difficult to separate the disadvantages into 
practical and technical, as was done in the 
 advantages section, since there are so few practi-
cal disadvantages. The main disadvantage from 
this perspective is when the cataract is dense 
enough to handicap the posterior segment exami-
nation. Missing exam findings result in the inabil-
ity to properly educate the patient about the 
upcoming procedure and possibly postoperative 
recovery. For example, if exam or imaging 
through a dense cataract reveals an ERM, yet the 
co-existing inferior retinal detachment is not able 
to be visualized, the patient may require unex-
pected strict face down postoperative positioning 
and an extensive explanation that this was present 
prior to surgery but not seen. However, even in 
this circumstance, combined surgery was the 
right decision as phaco alone may have allowed 
the retinal detachment to progress. So when the 
cataract is significant enough to impair the poste-
rior exam, the patient needs to be counseled that 
there may be findings intraoperatively that may 
need to be addressed at that time. The frequency 
of cataract precluding diagnosis of posterior 
pathology so severe that if known would have 
obviated the need for retinal surgery altogether 
(optic atrophy or end-stage glaucoma in a patient 
with a large ERM for example) is exceedingly 
rare. In addition, the patient must be counseled 
that a combined phaco/vitrectomy may result in 
less predictable refractive outcomes when the 
retinal pathology does not allow for accurate pre-
operative testing and optical measurements.

The technique for combined phaco/vitrectomy 
is detailed later in this chapter so it will not be 
discussed at length here. However, it is worth 
mentioning that suboptimal technique from both 
the anterior and posterior segment surgeries can 
pose significant challenges. Poor phaco wound 

construction can cause an unstable anterior 
chamber, intraocular lens (IOL) and iris move-
ment, and prolapse during vitrectomy. This is 
typically seen when placing vitrectomy trocars 
and during scleral depression, which we perform 
at the end of every vitrectomy surgery. Suboptimal 
wound construction can also cause significant 
problems when different forms of tamponade are 
used, which can cause anterior displacement of 
the IOL and even IOL-corneal touch. This same 
scenario could also affect rotational stability of a 
toric IOL. Poor trocar insertion, especially if the 
eye was left at a low intraocular pressure after 
cataract surgery, can also cause these same prob-
lems with IOL stability. Poor phaco technique or 
excessive energy for a dense lens can cause cor-
neal clouding making visualization for subse-
quent vitreoretinal surgery very difficult. 
Pupillary constriction can occur during cataract 
surgery and, if not managed appropriately, can 
make posterior visualization challenging. In the 
anterior chamber, residual air bubbles or even 
some residual ophthalmic viscosurgical devices 
(OVD) can affect the view posteriorly.

On the one hand, the phaco itself can be chal-
lenging in the setting of common posterior seg-
ment problems, like a dense vitreous hemorrhage, 
which often affords little to no red reflex during 
cataract surgery, or positive posterior pressure on 
the posterior capsule from the buoyancy of 
indwelling oil fill of the vitreous cavity from 
prior retinal detachment repair. On the other 
hand, a planned combined approach offers oppor-
tunities to use advanced anterior and posterior 
surgical techniques and skillsets to mitigate 
problems.

There are reports that postoperative inflamma-
tion is worse after combined phaco/vitrectomy 
but that has not been our experience in a vast 
majority of cases. In addition, there are published 
outcomes which suggest combined phaco/vitrec-
tomy is not associated with increased risk of 
adverse events versus staged procedures in 
patients with vitreomacular diseases [17]. In their 
series of 122 eyes undergoing combined surgery, 
Demetriades et.al described complications 
including PCO, IOP spike, corneal epithelial 
defects, vitreous hemorrhage, retinal detachment, 
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and iris capture of IOL. To mitigate these risks, 
the authors recommend meticulous continuous 
curvilinear capsulorhexis (CCC), in-the-bag IOL 
placement, large IOL optics at least 6  mm in 
diameter, secured cataract wounds, use of miot-
ics, and the avoidance of atropine after gas 
exchange [3]. Iris posterior synechiae formation 
after phaco/vitrectomy was seen at higher rates 
with concurrent proliferative diabetic retinopa-
thy, use of gas tamponade, fibrin deposition, and 
the amount of laser photocoagulation used to 
treat PDR [18]. In patients with uveitis, sequen-
tial surgery resulted in less fibrin formation com-
pared to combined surgery, though the number of 
eyes in this review was very small [8].

Less predictable refractive outcomes with a 
myopic shift were seen in eyes undergoing com-
bination surgery when gas tamponade was used, 
possibly resulting from an anterior IOL displace-
ment [19].

One special situation when we believe that 
combined phaco vitrectomy is not the preferred 
way forward is in the setting of primary rheg-
matogenous retinal detachment (RRD) repair. 
Proliferative vitreoretinopathy (PVR) remains a 
persistent and frustrating complication occurring 
1–2 months after RRD repair in 5–10% of cases, 
resulting in permanent loss of foveal vision, even 
after timely reoperation, in over half of cases. 
Postoperative inflammation levels correlate to 
PVR rates, and any extra surgical manipulation 
beyond what is required to achieve retinal reat-
tachment is unwise  – especially when this may 
result in liberation of inflammation-inducing lens 
material into the eye. For this reason, we believe 
that as long as visualization is adequate for precise 
surgical maneuvers, phakic eyes with retinal 
detachment should undergo RRD repair without 
combined cataract surgery. Staged cataract surgery 
(perhaps in the setting of a combined silicone oil 
removal) should be performed once the eye has 
stabilized, usually 3–4 months after RRD repair.

As mentioned above, most of these potential 
disadvantages are rarely encountered if the surgi-
cal technique is sound. When these problems are 
faced, they typically are not difficult to manage, 
and rarely is the ultimate outcome adversely 
affected.

 Preoperative Considerations

 Patient Selection

Unless there is premature cataract formation, 
patients under the age of 50 rarely need simulta-
neous cataract surgery when posterior segment 
pathology requires vitrectomy. The threshold for 
combined surgery declines as the patient age 
increases, which often goes hand-in-hand with 
increasing lens opacity. Regardless of patient 
age, if there is not a cataract present, combined 
phaco/PPV should not be performed under most 
circumstances, with rare exceptions to include 
patients who require general anesthesia or a 
hematologic disorder mandating coagulopathy 
correction prior to any surgery.

As a general rule, if it is anticipated that a 
patient will require cataract surgery within a few 
years of posterior segment surgery, it is appropri-
ate and preferred to perform a combined proce-
dure. The use of an air, gas, or oil bubble also 
increases the rate of cataract progression, lower-
ing the threshold to recommend combined sur-
gery. A commonly encountered scenario that 
must also be considered is for patients who will 
become significantly anisometropic following 
cataract surgery who don’t have much cataract 
formation in the fellow eye. The threshold to per-
form combined surgery in this patient population 
is certainly higher, and a detailed preoperative 
discussion with the patient is extremely impor-
tant in this decision-making process. In most 
cases, contact lens wear in the non-operated eye 
alleviates this problem.

 IOL Selection

A cataract surgeon needs to give careful thought 
and consideration when deciding on the type and 
power of IOL for a combined phaco/vitrectomy 
case. Silicone IOLs are contraindicated in 
patients with or at risk for surgical retinal pathol-
ogy due to the fogging of the optic that occurs 
under air and marring of silicone IOL optics by 
silicone oil. The oil-related marring may be very 
severe precluding adequate visualization for vit-
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reoretinal diagnosis and surgery and is extremely 
challenging to remove often resulting in IOL 
exchange. A large IOL optic (at least 6 mm) is 
also favored if possible, especially in situations 
requiring clear peripheral retinal visualization 
both during and after surgery. Toric IOLs are per-
fectly acceptable in combination with vitrectomy 
when using the techniques described above in 
appropriate patients. Toussaint et al. reported 55 
eyes of 51 patients operated with combined 
phaco/vitrectomy and toric IOL implantation 
with uncorrected visual acuity outcomes compa-
rable to cataract surgery and toric IOL implanta-
tion alone [20].

Decision-making regarding multifocal intra-
ocular (MFIOL) placement in the setting of com-
bined phaco/vitrectomy is more complex and 
nuanced. While small pilot series of phaco/vit-
rectomy with MFIOL for visually significant 
opacities and ERM revealed excellent near and 
distance uncorrected visual results, we urge great 
caution and thoughtfulness when considering a 
MFIOL in patients with concurrent vitreoretinal 
disease [21, 22]. Posterior segment disease often 
manifests with reduced contrast sensitivity. 
Contrast sensitivity reduction is the most impor-
tant optical compromise that patients sacrifice to 
achieve multifocality, and the combined contrast 
sensitivity reductions of a multifocal lens and 
retinal pathology can be insurmountable, even 
after extensive periods of neuroadaptation, result-
ing in unhappy MFIOL patients. Preoperative 
optical coherence tomography (OCT) testing to 
carefully evaluate the integrity of all retinal lay-
ers is essential in these scenarios.

Determining the necessary IOL power can 
sometimes be tricky in this patient population. 
Various pathologies such as vitreous hemorrhage, 
macular edema/fibrosis, macula-involving RD, 
dense cataract, and others can result in inaccurate 
preoperative biometric testing. When this occurs, 
IOL calculations are directly affected, and the 
surgeon must be acutely aware of this when 
determining which IOL power should be used. In 
addition, substitute media in the vitreous cavity, 
such as silicone oil, must be taken into account 
when performing IOL calculations to avoid a 
refractive surprise.

Highly myopic eyes typically have longer 
than normal axial lengths and are associated with 
more retinal pathology than eyes of normal axial 
length. In such cases with unilateral pathology, 
significant anisometropia may result postopera-
tively, and a plan for postoperative vision must be 
determined beforehand. If the fellow eye has a 
cataract, a plan for eventual phaco/IOL in that 
eye may be the answer. If the fellow eye does not 
have lens opacity, post-op anisometropia may be 
ameliorated by (1) making the surgical eye myo-
pic postoperatively, (2) using a contact lens in the 
non-surgical eye, or (3) having refractive 
surgery.

In cases in which retinal detachment repair is 
planned by both vitrectomy and scleral buckle, 
both surgeons should openly communicate and 
attempt to incorporate the myopic effect of a 
buckle on the IOL power selection, recognizing 
that refractive target accuracy will be less than in 
vitrectomy-only cases.

Regardless of which IOL is chosen, it is 
imperative to have a thorough discussion with the 
patient to review realistic expectations for visual 
acuity and refractive needs after surgery. It is 
always important to under promise while empha-
sizing the likelihood of needing glasses after 
surgery.

 Surgical Planning

As discussed previously, there is some logistical 
planning required for a phaco/vitrectomy proce-
dure. In particular, a surgery center with both a 
cataract and retina surgeon having overlapping 
surgical times is required. In addition, there needs 
to be clear communication between the two sur-
geons, particularly if one or both surgeons will 
need to deviate from the routine. The surgeons 
must plan for possible challenges that may ensue 
for each unique patient. For example, if a patient 
has a substantial amount of fibrosis on the poste-
rior capsule that is not amenable to polishing, 
should the cataract surgeon perform a posterior 
continuous capsulorhexis to improve the retina 
surgeon’s view, or would the retina surgeon pre-
fer to use the vitrector on the posterior capsule? If 
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there is a small pupil, will an expanding device 
be needed and which surgeon will place and 
remove it? To address these challenges, good 
communication between the surgeons is required 
to determine the best way to address each 
dilemma.

 Intraoperative Technique 
and Considerations

The principles of combined phaco/vitrectomy are 
quite straightforward, and there are many itera-
tions that result in good outcomes. The main 
goals of phaco are to put the IOL in the desired 
position, keep the IOL in position by creating a 
stable anterior chamber, provide a clear view 
through which to perform retina surgery, and 
establish water-tight, secured wounds. The goals 
for the posterior portion share some similarities: 
keep the IOL in good position; leave the eye with 
appropriate, stable intraocular pressure; and posi-
tion the patient appropriately postoperatively if 
necessary.

 Surgical Management Pearls

In combined phaco/vitrectomy surgery, routine 
cataract surgery should be performed with atten-
tion to a few important details. If a peribulbar or 
retrobulbar block is given, excess volume should 
be avoided to minimize posterior pressure and 
chemosis, which can cause fluid pooling and 
frustrate visualization for the cataract surgeon. 
Chemosis may also block scleral landmarks for 
toric IOL alignment. If needed, additional block 
can be given in the posterior subtenon space after 
the cataract surgery.

The phaco wound construction is extremely 
important, even if the plan is to suture the inci-
sion. The most common time for the main cata-
ract incision to leak is when trocars are being 
inserted. Therefore, some surgeons advocate tro-
car placement prior to the cataract surgery inci-
sions, which is a completely acceptable approach. 
With the advent of valved cannulas, it is quite 
simple to leave the cannulas in place during 

phaco. Pre-placement of the cannulas may make 
an inferonasal approach for the infusion cannula 
more desirable for a temporal approach cataract 
surgeon to avoid having two cannulas in the tem-
poral pars plana. Cannula placement is less influ-
enced by a superior main cataract incision, 
though this has established implications for 
induced astigmatism. The authors have found 
that attentive corneal wound construction, with 
or without a postoperative corneal suture or 
wound sealant, in combination with careful tro-
car placement, obviates the need to pre-place the 
cannulas.

If the red reflex is poor due to posterior seg-
ment media opacity, trypan blue can be used to 
facilitate capsulorhexis. We are very attentive to 
making our anterior capsulorhexis between 4.5 
and 5.0  mm to ensure uniform coverage of the 
IOL edge for 360 degrees and to facilitate optic 
capture in the rare event of a compromised poste-
rior capsule. We find a small gauge coaxial cap-
sulorhexis forceps with millimeter markings 
(Seibel Forceps, MicroSurgical Technologies, 
Redmond, Washington) to make the capsulotomy 
creation and size reproducibly facile. Others pre-
fer using the femtosecond laser as an automated 
technology to achieve the same goal.

Iris manipulation should be minimized to pre-
vent the pupil from becoming too small during 
the cataract surgery. A small pupil can make visu-
alization more difficult for the retina surgeon. 
Intracameral epinephrine or a combination drug 
like Omidria (phenylephrine and ketorolac) can 
be utilized during cataract surgery in attempt to 
maximize the pupillary size before the retina por-
tion of the procedure. If an iris expander device is 
needed for cataract surgery, it can be removed 
either at the end of cataract surgery with the sub-
sequent removal of the anterior chamber OVD, or 
it can be left in place during the retinal procedure 
to optimize visualization. If it is kept in place 
during the retinal procedure, it will need to be 
removed at the end of the case by the cataract 
surgeon, unless the retinal surgeon feels comfort-
able doing so.

Phaco and cortical removal can proceed in the 
usual fashion with attention to make the posterior 
capsule as clear as possible for the subsequent 
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retina surgery. In some cases, the cataract can be 
quite dense and result in corneal edema from pro-
longed phacoemulsification. Use of additional 
OVD throughout phaco may reduce this edema. 
In addition, optimizing the settings on the phaco 
machine for a dense cataract may help to mini-
mize corneal edema [23]. If corneal edema does 
become significant enough to reduce the retina 
surgeon’s view, the surgeon can perform corneal 
scraping for a better view or potentially use a 
hyperosmolar corneal lubricant [24].

In eyes with indwelling silicone oil in which 
are undergoing combined cataract surgery and 
silicone oil removal, the cataract surgery may be 
a bit more challenging. In these cases, the sili-
cone oil will continuously push the posterior cap-
sule anteriorly. To combat this, it is important to 
keep the anterior chamber filled with OVD and to 
instill extra OVD when removing either the 
phaco or irrigation/aspiration (I/A) handpiece. A 
second instrument can be placed between the 
phaco tip and the posterior capsule to avoid inad-
vertent contact with an expectedly convex poste-
rior capsule.

In the rare event of a posterior capsular tear, 
we would manage this similarly to a cataract sur-
gery without a combined retina procedure. 
Specifically, we would either convert the tear into 
a posterior capsulorhexis or plan an in-the-bag 
IOL placement of the original planned implant, 
or, if a posterior capsulorhexis were not viable, 
we would select a three-piece IOL and place this 
implant in the sulcus with optic capture through 
the anterior capsulorhexis. It is important to rec-
ognize that in a combined phaco/PPV case, a full 
3-port vitrectomy is planned so after a posterior 
capsular tear, it is perfectly acceptable to fill the 
anterior chamber with OVD and then perform a 
pars plana vitrectomy and lensectomy (if needed). 
Managing the vitreous by thorough removal 
through the pars plana will often back anterior 
chamber cleanup and IOL placement much more 
straightforward.

As we have suggested previously, maintaining 
a “pro combined surgery” ethos presents oppor-
tunities for more efficient, better care for patients. 
The combined cataract surgery-silicone oil (SO) 
removal scenario is a particularly good example. 
Oftentimes, SO placement for retinal detachment 

repair occurs in patients with more complex 
pathology, including proliferative vitreoretinopa-
thy, and there is a higher risk for recurrent RD 
and poor visual outcome. In these cases, a micro-
incisional approach with minimal uveal manipu-
lation is preferred. Removing silicone oil through 
the pars plana valved cannula with a viscous fluid 
cannula works very well but can take consider-
able time, especially if removing 5000cs oil. We 
suggest the following surgical plan: phaco and 
I/A of the lens is followed by polishing of the 
capsule and placement of viscoelastic as usual. A 
small (approximately 2–3 mm) primary posterior 
capsulorhexis is then performed. A single 27 
gauge pars plana trocar is placed and charged 
with a vitreoretinal infusion cannula. Silicone oil 
is removed by placing an appropriate cannula 
(we prefer a trimmed 18 or 20 gauge AngioCath™ 
for 5000cs oil and 1000cs oil, respectively) 
through the phaco wound, through the anterior 
capsulorhexis, and through the posterior capsu-
lorhexis into the vitreous cavity. After oil removal, 
the capsular bag is re-inflated with OVD, an 
appropriate lens implant is placed into the capsu-
lar bag, OVD is removed, and self-sealing 
wounds are confirmed to be watertight. A pearl 
for this technique is to make sure the eye is posi-
tioned absolutely vertically under the microscope 
to allow the oil bubble to move centrally for com-
plete removal, avoiding retention of an oil droplet 
hidden under the peripheral iris. Another pearl is 
to be mindful of pressure gradients between the 
anterior and posterior chambers. It is important to 
keep the posterior infusion high enough to keep 
the eye fully formed. A partially collapsed globe 
will immediately re-inflate when the I/A probe is 
inserted to remove OVD after IOL placement, 
with a gush of fluid from anterior to posterior 
risking luxation of the IOL onto the macula. An 
over-pressurized posterior segment, on the other 
hand, will lead to a flat anterior chamber and iris 
prolapse as soon as the main incision is opened to 
insert the I/A probe. Accomplishing combined 
approach surgery in this fashion is enormously 
gratifying because we avoid the sclerotomy 
which is a second large incision into the eye, 
through the uvea to remove the silicone oil.

During surgery on axially myopic eyes, espe-
cially those that have undergone prior vitrectomy 
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for retinal detachment repair, the anterior cham-
ber may become hyper-deep and/or hyperdy-
namic in the so-called lens-iris-diaphragm 
retropulsion syndrome (LIDRS) [25, 26]. This is 
not an uncommon setting to need a combined 
surgery in a post-RD repair eye that may now 
have cataract and ERM. With no vitreous to bal-
lot the lens, when infusion is initiated, the cham-
ber becomes rapidly very deep, dilating the pupil 
widely and putting the zonules on stretch. The 
attentive surgeon can immediately eliminate this 
problem by depressing the anterior capsule or by 
gently lifting the iris margin with the second 
instrument, allowing infusate to pass under the 
iris, through the zonules, and thereby equalizing 
the pressure in the anterior and posterior seg-
ments. If this occurs at the start of phaco, it will 
certainly recur in the same eye when I/A is initi-
ated. It can be pre-empted by lifting the iris mar-
gin with the I/A tip before infusion is started or 
by infusing balanced salt solution under the iris 
margin in the OVD filled anterior chamber to 
pressurize the posterior segment before the I/A 
device is placed into the eye. Lowered parame-
ters (slow motion phaco) reduce the tendency for 
LIDRS to occur.

When performing combined cataract and vit-
rectomy “combo” surgery in axial myopes, it 
may be prudent to consider placing a capsular 
tension ring (CTR) prophylactically, as these 
eyes are prone to subsequent progressive zonu-
lopathy and with a CTR in place, subsequent 
repositioning of a subluxed IOL/bag complex 
will be much easier. This is especially useful in 
eyes with peculiarly low IOL powers, since such 
implant powers are not readily available in mod-
els suitable for scleral fixation.

Adequate closure of the corneal incision is 
critical, either with wound hydration, a wound 
sealant, or a nylon suture. At the conclusion of 
the cataract surgery portion, the wounds must be 
sealed enough to tolerate trocar placement and 
potential scleral depression. Care should be taken 
not to overly hydrate the incision to avoid corneal 
edema which could impair the view to the periph-
eral retina.

The intraocular pressure should be left above 
normal at the conclusion of cataract surgery. 
Having a firm eye makes it much easier to place 

the trocars without indenting the sclera. A gentle 
rotation of the trocar between the fingers will also 
allow smooth trocar placement. The position of 
the trocar should be at least 15 degrees away 
from the main corneal incision to reduce the like-
lihood of wound gape during insertion.

 Complex Case Example

In the introduction, we mentioned that the com-
bined approach make the retinal surgeon’s job 
more facile. There is one kind of case in which 
the retinal surgeon’s expertise is crucial for the 
cataract surgeon’s execution of the case  – the 
dangling crystalline lens! Occasionally, zonulop-
athy will be so profound that the lens is hanging 
by just a few sparse zonules into the vitreous cav-
ity and entangled in vitreous gel. While some 
would advocate a vitrectomy/lensectomy, we 
suggest a capsule sparing approach for selected 
cases. In such a case, the retina surgeon will 
remove the vitreous gel around the lens, and then 
using the vitrector and the light pipe under the 
lens as “crossed-swords,” the lens can be lifted 
into the iris plane, and the cataract surgeon can 
initiate the capsulorhexis and then place flexible 
stabilization retractors to the capsule margin and/
or the equator of the bag. Once phacoemulsifica-
tion is complete, a fixatable (Cionni) CTR can be 
placed and fixated to the scleral wall. Not only 
does this preserve the option for toric and/or mul-
tifocal IOLs but also eliminates the risk of reverse 
pupillary capture of an IOL margin from a scler-
ally fixated implant lens, which would be required 
were a pars plana lensectomy performed (Videos 
22.1, 22.2, and 22.3).

 Postoperative Considerations

Once the combo phaco/vitrectomy procedure is 
completed, attention is directed toward the 
patient’s postoperative care. The immediate post-
operative instructions will largely be dependent 
on the retinal procedure undertaken. Per the ret-
ina surgeon, the patient may require strict precau-
tions and positioning requirements. Intraocular 
pressure should be monitored and controlled. The 

22 Combined Cataract Surgery with Pars Plana Vitrectomy



250

postoperative appointments should be deter-
mined before surgery by the cataract and retina 
surgeon team to minimize patient appointments 
and avoid unnecessary duplicate appointments. A 
longer taper of post-op steroid and NSAID eye 
drops, compared to phaco alone, is often needed 
in patients with retinal pathology. Clear commu-
nication between the two surgeons should con-
tinue throughout the postoperative course.

 Summary

Combined phaco/vitrectomy carries many bene-
fits for both the patient and surgeons. 
Unfortunately, it is still underutilized in the 
United States, and a staged procedure is often 
done. Admittedly, there are some logistical and 
technical challenges when attempting a combo 
phaco/vitrectomy; however with careful plan-
ning, these can certainly be overcome, and a suc-
cessful outcome can be achieved. We strongly 
believe a combined approach is superior to a 
staged procedure when there is appropriate 
patient selection, preoperative planning, intraop-
erative technique, and postoperative care.
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Cataract Surgery in High 
and Extreme Myopia

Michael J. daSilva and Uday Devgan

 Preoperative Discussion, 
Examination, and Planning

High myopia has profound effects on ocular 
health and on outcomes after cataract surgery. It 
is therefore important for the surgeon to have a 
frank discussion with the patient about the gen-
eral and individual risks of surgery. Of particular 
importance is the risk of rhegmatogenous retinal 
detachment (RRD.) At the initial evaluation, the 
patient should be counseled about the association 
of high axial length and retinal detachment [1, 2]. 
Younger age, male sex, and vitreous loss during 
surgery are also reported risk factors for RRD 
after cataract extraction [1], and the confluence 
of these variables can make RRD significantly 
more likely in certain axial myopes. The patient 
should be taught the symptoms of retinal tear or 
detachment, including new floaters, flashing 
lights, and curtain-like visual field deficit. The 
patient should seek immediate care if any of these 
symptoms develop.

Extremely myopic eyes with cataract are at 
high risk for comorbidities of the retina and optic 

nerve. Conditions associated with myopia include 
amblyopia, RRD, open angle glaucoma, and 
myopic macular degeneration with or without 
choroidal neovascularization [3, 4]. The cataract 
surgeon should perform a complete preoperative 
examination with attention to the macula, optic 
nerve, and retinal periphery. If significant myopic 
morphology is apparent, such as peripapillary 
atrophy, oval-shaped tilted disc, or degenerative 
changes of the macula, further testing is war-
ranted. This testing should be based on the indi-
vidual characteristics of the eye being evaluated. 
Testing may include optical coherence tomogra-
phy (OCT) of the macula and nerve, visual field 
testing, and fluorescein angiography if choroidal 
neovascularization is suspected. B-scan ocular 
ultrasound should be obtained to assess the shape 
of the eye if posterior staphylomatous changes 
are present, as they may affect foveation and the 
optically measured axial length. The cataract sur-
geon should not hesitate to refer to a retina spe-
cialist colleague for a scleral depressed 
examination of the periphery. Prophylactic laser 
retinopexy may be necessary if any symptomatic 
holes, tufts, or tears are present.

Lens calculations in the axial myope are 
affected primarily by corneal contour and the 
axial length. Because a low-power lens will be 
implanted, changes in effective lens position 
(ELP) have less refractive consequence. In a 
simple example, a lens with zero diopters of 
power has no vergence and will not change with 
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ELP.  Similarly, low-power positive or negative 
lenses are minimally affected by changes in 
ELP; however, very deep anterior chambers 
greater than 4 mm may impact the IOL calcula-
tion. It is important to have accurate measure-
ments of the corneal curvature (K values), but 
the greatest challenge in high axial myopia is 
often to obtain an accurate axial length (AL.) 
Optical means of measuring AL are preferred. 
Here the patient is instructed to fixate on a target, 
which aligns the biometer measurement beam 
with the fovea. Care should be taken with directly 
applying the AL value produced by an optical 
biometer, as biometers generally assume a con-
stant refractive index of the eye. This assumption 
does not remain accurate in extremely long eyes, 
in which the vitreous cavity may represent a 
higher proportion of the measurement beam 
path. With older- generation two-variable formu-
lae, it was advisable for the surgeon to adjust AL 
measurements greater than 25 mm using the for-
mula proposed by Wang and Koch [5]. Newer-
generation formulae such as the Barrett Universal 
II, Hill-RBF, Olsen, and others automatically 
account for measurement characteristics in long 
eyes.

Highly myopic eyes will need a low-power or 
even negative-power lens. The geometry of the 
lens implant changes at very low or negative pow-
ers. The most popular US lens platforms begin at 
+5 to +6 diopters. Lenses below this power, or 
negative power lenses, are likely to employ a 
meniscus design. These lenses are commonly pro-
duced in one-diopter increments. Meniscus geom-
etry shifts the optical principal plane relative to 
standard biconvex design and thereby alters the 
effective lens position. Meniscus lens geometry is 
compared to biconvex designs in Fig. 23.1.

Various means of adjusting lens calculation 
equations for high axial myopia have been 
employed. One strategy is to adjust the lens 
A-constant with each step in dioptric power of a 
meniscus lens platform [6, 7]. These optimized 
A-constants can be accessed at the User Group 
for Laser Interference Biometry (ULIB) online 
and can be applied to standard formulae. If this 
approach is taken, it is important to use the 
A-constant of the exact power lens that is 
expected to be implanted. A second proposed 
strategy is to adjust the axial length, using a for-
mula that accounts for the effect of a longer 
biometry measurement beam path through the 

Fig. 23.1 Lens geometry of common IOL designs

M. J. daSilva and U. Devgan



255

vitreous cavity [5, 8]. Studies of axial myopes 
note that third-generation formula, after axial 
length adjustment, have similar lens power calcu-
lation accuracy to fourth-generation formulae [9, 
10]. One study noted that the incidence of small 
hyperopic outcomes was reduced by using the 
Wang-Koch AL adjustment when compared to 
fourth-generation formulae [11]. It is generally 
accepted that the Wang-Koch AL adjustment 
shifts outcomes from slightly hyperopic to 
slightly myopic in high myopes.

Fourth-generation formulae use additional 
variables, such as anterior chamber depth or lens 
thickness, to increase accuracy in all eyes. The 
accuracy of these modern formulae have been 
analyzed repeatedly in the setting of high axial 
myopia. Excellent results have been achieved 
using the Barrett Universal II [10–14], Hill-RBF 
[11, 14], and Olsen [12] formulae among others. 
One study of Chinese patients with extreme axial 
myopia found the Haigis less accurate in the sub-
group with AL >30 mm [12]. For practical pur-
poses, the authors recommend the surgeon 
become familiar with one or two modern formu-
lae and apply it as intended by its creator(s), as not 
all formulae require measurement data adjust-
ment of any kind. High-quality outcomes can be 
achieved with several formulae, but all the above- 
referenced studies indicate high performance of 
the Barrett Universal II in extreme myopia. A final 
possibility is to use intraoperative aberrometry, 
which was reported to result in outcomes similar 
to those of fourth-generation formulae among 
moderate axial myopes [15]. Of note, the eyes in 
this study of aberrometry had an average AL of 
25.9 mm, which may normalize data when com-
pared to more extreme degrees of myopia [15].

Consider targeting residual myopia in patients 
with high axial length. Despite the advancement of 
biometry and lens calculation, it is still possible to 
end up with an unintentional hyperopic outcome if 
measurement error is introduced to any variables. 
The patient is habituated to myopia and may 
appreciate the finer near vision afforded by low 
degrees of myopia. The surgeon should freely dis-
cuss the option of targeting near vision. In the past, 
it has been common practice to target one to two 
diopters of residual myopia. Given the advance-

ment of lens calculation and formulae which use 
anterior chamber depth as a variable, the authors 
recommend targeting only 0.5 to one diopter of 
residual myopia if an emmetropic result is desired.

The approach to astigmatism management in 
extreme axial myopes differs from the general 
population. Toric intraocular lenses are only 
available down to +5 or + 6 diopters depending 
on the manufacturer. Astigmatism management 
patients may therefore require cornea-based 
treatment. The surgeon can perform intra- or 
postoperative astigmatic keratotomy or limbal 
relaxing incisions. Another option is to plan post-
operative laser vision correction, termed bioptics 
by the refractive surgery community. If bioptics 
are planned, it is beneficial to leave the astigmatic 
patient with pure myopic astigmatism, and not 
with mixed astigmatism. Outcomes from excimer 
laser ablation are more predictable and durable 
for myopic treatment, so a spherical equivalent in 
excess of one half the corneal astigmatism power 
should be targeted. This gives the laser a simple 
ablation pattern, as outlined in Fig.  23.2. If a 
spherical equivalent of plano is targeted, result-
ing in mixed astigmatism, the laser would attempt 
to steepen one axis while flattening the other; this 
situation should be avoided if possible. If mixed 
astigmatism is present postoperatively, limbal 
relaxing incisions are an effective means of man-
agement. A final consideration is the Light 
Adjustable Lens (LAL), which has been reported 
to be efficacious in astigmatism management in 
axial myopes [16]. This platform is currently lim-
ited by its dioptric range, which extends from 
+10.0 to +30.0 diopters, and may therefore not be 
suitable for extreme axial myopes. The LAL is 
able to correct up to two diopters of cylinder.

 Intraoperative Considerations

Elongated eyes are likely to be larger in several 
dimensions and may have a white-to-white cor-
neal measurement of 13  mm or more. Myopic 
eyes may also dilate excessively. If the surgeon 
proceeds to create a continuous curvilinear cap-
sulorhexis (CCC) gauged by the pupil size, it 
may become larger than the IOL optic. The 
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Fig. 23.2 The left image depicts an eye with postopera-
tive refraction +1.00–2.00 × 090. The excimer laser would 
steepen the horizontal axis and flatten the vertical axis. 
The surgeon should avoid this situation or consider post-

operative limbal relaxing incisions. The right image 
depicts an eye with postoperative refraction plano 
−2.00 × 090, simplifying the ablation pattern

authors recommend one of two means of ensur-
ing a consistent capsulorhexis size. One common 
method is to use a ring guide to indent and 
thereby lightly mark the cornea; the ring guide 
takes into account the 20 percent magnification 
of the anterior lens capsule that is produced by 
the cornea itself [17]. The rhexis can then simply 
trace the mark. Another method is to mark the 2.5 
and 5  mm distances from the tip of the capsu-
lorhexis forceps, to visualize the intended capsu-
lorhexis size prior to its creation. Before CCC, 
the surgeon should be aware that a larger amount 
of ophthalmic viscosurgical device (OVD) may 
be needed to adequately form the chamber and 
flatten the anterior lens capsule. Further alterna-
tives include the use of a nanopulse vacuum 
 capsulotomy device (Zepto) or femtosecond 
laser-assisted capsulorhexis.

The lens capsule in highly myopic eyes is 
prone to large anteroposterior movements, 
which may heighten the risk of capsular rup-
ture. Supracapsular lens disassembly can miti-
gate this risk. Some surgeons favor prolapsing 
the lens nucleus into the anterior chamber (AC). 
Due to typically larger AC, safe distance can be 
maintained from the corneal endothelium, 
while the nucleus is then chopped and emulsi-

fied in the AC.  In addition to capsular move-
ment, many surgeons have noted qualitatively 
that zonular laxity is common in extreme axial 
myopia. Decades of research into the genetics 
of myopia have indeed found polymorphisms in 
proteoglycan synthesis and cell signaling path-
ways, which would be expected to interact with 
zonular strength; some of these include PAX6, 
WNT, and Decorin mutations [18]. It is 
 therefore wise to avoid stressing the zonules. 
Some surgeons prefer chop techniques for 
nucleus disassembly. Most agree that thorough 
hydrodissection can reduce zonular trauma. It 
is also wise to have assistive devices such as 
capsular tension rings, capsular tension seg-
ments, and capsular hooks readily available in 
the operating room.

Lens-iris diaphragm retropulsion syndrome 
(LIDRS) refers to posterior movement of the iris 
and lens capsule complex. This typically occurs 
in myopic eyes during cataract surgery. It is 
caused by a reverse pupillary block, when fluid 
can no longer travel out of the posterior chamber. 
In addition to being painful for the patient, it may 
stress the zonules. The reverse pupillary block 
can be broken either by gently lifting the under-
side of the iris or by depressing the anterior 
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 capsule to re-establish fluid flow into the retro-
irideal space. For persistent reverse pupillary 
block, an alternative that is rarely necessary is to 
place a single nasal iris hook.

Care should be taken throughout lens removal, 
and especially between steps which require 
removal of the handpiece, to prevent collapse of 
the anterior chamber. The first important step is 
to create an adequately long corneal incision, the 
architecture of which limits fluid egress. The sur-
geon should next lower the infusion pressure. 
High infusion pressure can deepen the anterior 
chamber excessively in myopic eyes, which 
causes more anteroposterior movement upon 
depressurization. The surgeon can also use his or 
her second hand to inject viscoelastic, while the 
handpiece is still in the eye on position one, prior 
to removal of the handpiece at the end of cortical 
cleanup. Likewise, after implantation of the intra-
ocular lens and removal of the viscoelastic, bal-
anced saline can be injected in the paracentesis 
during removal of the handpiece. These extra 
steps aimed at preventing chamber collapse can 
reduce anterior movement of the vitreous base, 
which may theoretically reduce the risk of vitre-
ous traction and subsequent retinal tears.

 Postoperative Follow-Up

In the postoperative period, the cataract surgeon 
should again carefully counsel the patient regard-
ing the symptoms of retinal tears and of retinal 
detachment (RD.) The patient should resume 
care with their habitual retina specialist, ideally 
one who examined their eyes prior to surgery. 
Retrospective studies have found variable rates of 
retinal detachment in myopic eyes after cataract 
surgery. A large retrospective review of eyes with 
axial length greater than 27  mm found no 
increased risk of RD after cataract surgery 
through 2 years, when compared to reported idio-
pathic incidence [19]. A smaller retrospective 
study sorted their study population into sub-
groups and found a high rate of retinal detach-
ment in eyes with lattice degeneration who first 
developed posterior vitreous detachment (PVD) 
in the postoperative period; among this smaller 

group, the rate of RD was reported to be 21% at 
5 years [20]. This same study noted a low rate of 
RD (0.70%) in patients who had neither lattice 
nor preoperative PVD.  Though the exact inci-
dence of retinal tear or detachment is unclear and 
certainly varies depending on what group is 
selected, evidence distinctly recommends close 
follow-up.

Myopic patients may require prompt sequen-
tial surgery, within 2  weeks, due to intolerable 
degrees of aniseikonia. Patients should be alerted 
preoperatively, so they may plan on sequential 
surgery. The visual disturbance of aniseikonia is 
likely to be mitigated by the high residual myopia 
in the partner eye; if left uncorrected, this eye 
would be fogged and likely ignored by the 
patient. An alternative to prompt sequential sur-
gery, if the patient can tolerate their degree of 
aniseikonia, is contact lens use.

Take-Home Points for Clinical Practice
• The cataract surgeon or a designated 

retina colleague should conduct a thor-
ough preoperative survey of the highly 
myopic eye, to include OCT of the ret-
ina and nerve, peripheral exam, and pos-
sibly B-scan ultrasound to assess 
morphology.

• The authors recommend using optical 
biometry methods to acquire an axial 
length measurement; it is also recom-
mended to use a fourth-generation for-
mula such as the Barrett II, Ladas, or 
Hill-RBF for IOL calculations, as these 
formulae automatically account both for 
increased vitreous cavity depth and for 
changes in IOL geometry.

• Target residual myopia in the range of 
−0.5 to −1.0 diopters. More residual 
myopia may be necessary if the patient 
desires astigmatism management, if 
bioptics are planned.

• Highly myopic eyes have deeper ante-
rior chambers and are prone to flux 
intraoperatively. To perform a gentle 
surgery, lower bottle height, be aware of 
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Relative Anterior Microphthalmos, 
High Hyperopia, Nanophthalmos

Gerd U. Auffarth, Maximilian Hammer, 
and Tadas Naujokaitis

 Introduction

In this chapter, we focus on three different con-
ditions, relative anterior microphthalmos 
(RAM), high hyperopia, and nanophthalmos, 
that are associated with either a small anterior 
chamber, or a short axial length, or a combina-
tion of both. Recognizing these conditions pre-
operatively and preparing for surgery 
accordingly is the key to success when perform-
ing cataract surgery in patients with these mor-
phological conditions.

 Definitions

The three conditions belong to the clinical spec-
trum of simple microphthalmos. Other than 
being small in size, these eyes are anatomically 
intact [1].

The term relative anterior microphthalmos 
refers to the eyes with normal axial length but 
disproportionally small anterior segment [1, 2]. 
In terms of morphometric variables, the eyes with 
an axial length of >20  mm, horizontal corneal 
diameter of <11  mm, and an anterior chamber 
depth of around 2 mm are diagnosed as relative 
anterior microphthalmos [1, 2].

In contrast, the eyes with short axial length but 
normal anterior segment dimensions are described 
by the term (axial) high hyperopia [3]. The term 
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The Top 5 Issues Addressed in This Chapter
• How to preoperatively identify patients 

with relative anterior microphthalmos, 
high hyperopia, and nanophthalmos.

• How to handle the challenge of a small 
pupil diameter and a shallow anterior 
chamber.

• How to manage the high comorbidity 
load in this patient population.

• How to adequately adjust the IOL 
calculation.

• How to manage patient expectations 
after cataract surgery in small eyes.
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Classification of the small
eye without

malformations

Short axial length

Small anterior chamber Nanophthalmos

Normal anterior chamber High hyperopia

Normal axial length Small anterior chamber Relative anterior
microphthalmos

Fig. 24.1 Classification of the small eye without malformations for clinical decision making

Axial
Length Short Medium Long

Anterior Segment

Small

Medium

Large

True/Complex
Microphthalmos

Hyperopia

Complex Dysgenesis

Relative Anterior
Microphthalmos

Normal

Megalocornea

Complex Dysgenesis

Myopia

Buphthalmus

Table 24.1 Relation between anterior segment depth and axial length modified by Holladay et al. [9] and Auffarth 
et al. [2]

posterior microphthalmos is also used to describe 
eyes with a short posterior segment [4].

Nanophthalmos (also called simple or pure 
microphthalmos) is instead characterized by a 
proportionally small eye [3]. Most recent studies 
consider the eyes with an axial length of <20.0 mm 
or <20.5 mm as nanophthalmic [3, 5–8].

Figure 24.1 and Table 24.1 present this clas-
sification in an easy manner.

 Relative Anterior Microphthalmos 
(RAM)

Caution RAM patients are often underrecog-
nized and make up a substantial amount of cata-
ract surgical patients. The prevalence of RAM is 
approximately 6% in the general population [1]. 
The condition is not only underrecognized but at 
the same time much more common than high 
hyperopia or nanophthalmos. We suggest a pre-

operative screening of the anterior chamber 
depth in order to identify patients at risk. Once 
RAM is identified, the surgeon can appropriately 
plan surgery and consult the patient regarding 
the nature and possible intra- and postoperative 
complications.

Preoperative Assessment of Patients with 
RAM, Prevalence of Comorbidities Prevalence 
of glaucoma is high in patients with RAM (up to 
77% in clinical studies), and most RAM patients 
have undergone glaucoma procedures at time of 
cataract surgery (approx. 62%). Additionally, 
corneal guttae can be observed in 45% of patients 
with RAM. Finally, the prevalence of synechiae 
and pseudoexfoliation syndromes is high com-
pared to eyes with normal anterior chambers 
(approx. 12%) [1, 2]. Why is all of this impor-
tant? In studies with RAM patients, a high inci-
dence of postoperative complications can occur if 
the condition is not diagnosed.
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 Preparation and Indication 
for Cataract Surgery in RAM Patients

Successful cataract surgery is possible in patients 
with a shallow anterior chamber morphology and 
small pupil diameter. However, some precautions 
are necessary to deal with the conditions men-
tioned above. Additionally, cataract surgery in 
patients with nanophthalmos or RAM might be 
an approach to decrease the crowding of the ante-
rior chamber in this patient population, therefore 
preventing the progression of glaucoma and 
unnecessary glaucoma surgery [10].

 IOL Calculation

Modified formulas are recommended for IOL 
calculation in patients with relative anterior 
microphthalmos such as the modified Haigis for-
mula [11]. Customized high-power IOLs can be 
used. Only in very rare cases or countries with no 
access to customized IOLs “piggyback” IOL 
implantation of two posterior chamber lenses to 
achieve emmetropia or the desired refraction tar-
get is needed. In some studies, none of these 
approaches were necessary at all [2].

 Intraoperative Challenges 
and Surgical Approaches

Intraoperative challenges and therefore possible 
postoperative complications of cataract surgery 
in patients with a complex anterior chamber mor-
phology can be divided in complications deriving 
from a shallow anterior chamber depth/small 
corneal diameter, a small pupil diameter, as well 
as pre-existing comorbidities such as glaucoma. 
In the following paragraphs, we share our solu-
tions to these intraoperative problems.

 Shallow Anterior Chamber 
Morphology/Small Corneal Diameter

Greater Intraoperative Endothelial Cell 
Loss and Postoperative Corneal Edema
Patients with RAM with additional corneal gut-
tae and low endothelial cell counts showed a 

higher incidence of postoperative corneal edema 
when compared to a control group with normal 
anterior chamber morphology. Most likely, this is 
caused by lens fragments being located close to 
the endothelium during removal. In multiple 
studies, the cell count decreased somewhere 
between 11% and 13%. It is therefore crucial to 
protect the endothelium with viscoelastics, e.g., 
applying techniques like the soft-shell technique 
first presented by Arshinoff [12]. He presented a 
technique that uses both high-viscosity cohesive 
and low-viscosity dispersive viscoelastic agents 
in the anterior chamber at the same time. During 
capsulorhexis and phacoemulsification, the endo-
thelial cells of the cornea are protected by a 
smoothed-out layer of low-viscosity dispersive 
viscoelastic material, while at the same time the 
anterior chamber is well pressured by the high- 
viscosity cohesive viscoelastic material. We most 
strongly suggest this technique to be used in all 
RAM and nanophthalmic eyes [12]. There is 
other options which allow the creation of space in 
the anterior chamber. One of them is the three- 
step approach first introduced by Osher et al. [13] 
20 minutes before incision, mannitol is adminis-
tered. The second step includes the depression of 
the globe against the bony orbit using a muscle 
hook. After several minutes, the eye softens. As 
the last step, Healon 5 is injected in order to 
deepen the anterior chamber [14, 15]. In extreme 
cases, a pars plana vitreous aspiration could be 
used to create space [16]. This should be used 
with caution as often the location of the pars 
plana cannot be adequately predicted.

Another risk of the shallow anterior chamber 
is, surprisingly, posterior capsule rupture: In 
order to protect the endothelium of the cornea a 
surgeon might consume parts of the lens very 
posteriorly in cases with this morphology. This 
is why we recommend the posterior plane 
emulsification technique by creating space with 
sculpting as introduced by Vasavada et al. [17] 
Exposing the posterior capsule early during the 
surgery often inherently leads to the surgeon to 
positioning the phaco probe anteriorly; thus the 
energy is dissipated closer to the endothelium 
than normally with the risk of hard cataract 
pieces causing damage. The continuous lower-
ing of vacuum, preset energy, and the flow of 
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the aspiration performed when using this tech-
nique also prevents posterior capsule complica-
tions [17].

 Small Pupil Diameter/
Pseudoexfoliation Syndrome
Phacoemulsification through a small pupil open-
ing, mostly defined as a diameter of less than 
4 mm, remains a challenge for cataract surgeons. 
Recently, the intake of alpha 1A- adrenergic 
blockers for benign prostatic hypertrophy added 
another cause of intraoperatively constricted 
pupils: the so-called intraoperative floppy iris 
syndrome (IRIS). While 5% of cataract surgeries 
are already complicated by a constricted iris, this 
challenge is magnified by the shallow anterior 
chamber in patients with RAM.  The surgeon 
needs to work precisely in a very low range of 
appropriate angles. Next to preoperative pharma-
cological mydriasis, intraoperative medications 
should be the next step of escalation. There are 
various options such as intracameral injection of 
unpreserved suprarenine, which stimulates the 
dilator muscle through the sympathetic pathway. 
This sympathetic pathway can be combined with 
impairment of prostaglandin-induced miosis 
(e.g., the combination of phenylephrine and 
ketorolac, available in the United States as 
Omidria, Omeros Corporation, Seattle, 
Washington, USA). In some cases, pharmaco-
logical pupil dilation may not be sufficient. In 
these cases, mechanical pupil dilation should be 
considered.

There are many tools that can be used to 
achieve mechanical iris dilation during surgery if 
pharmacological mydriasis is not sufficient: 
mechanical stretching, sphincterotomies, iris 
hooks, and intraocular rings. These rings, also 
referred to as pupil expanders, are one of the cur-
rently most popular options due to an important 
advantage over the previously preferred iris 
hooks: Nearly all iris rings are inserted through 
the main corneal incision with no additional 
openings required when compared to iris hooks. 
Additionally, the placement of the iris expander 
is more time efficient than the previously used 
iris hooks [18]. While some complications of 
cataract surgery like endothelial cell loss are less 

prevalent after using pupil expanders [19], many 
of the previous complications are still present, 
especially in RAM or nanophthalmic patients 
with comorbidities like glaucoma, uveitis, or 
macular disease. Thus, there is many different 
types of pupil expanders that try to minimize 
intraocular manipulation during mechanical 
dilation.

Please note that all acts of mechanical pupil 
dilation mentioned above are most likely not nec-
essary in RAM patients and should be saved for 
extraordinary cases. We suggest a stepwise esca-
lation of pupil dilation, starting with pre- and 
intraoperative pharmacological mydriasis and 
with mechanical manipulation as the last line 
[20]. Cases in which pupil expanders were used 
should be checked for postoperative anterior 
uveitis.

The step-by-step chop technique introduced 
by Nagahara (later amended by a lateral separat-
ing movement by Vasavada et  al. in 1998 [21]) 
allows the surgeon to consume most of the cata-
ract in the middle of the iris plane often prevent-
ing the need to use mechanical dilation.

Vasavada et  al. later showed that in 30 con-
secutive eyes with a small pupil, only synechioly-
sis and occasional pupil retraction with a chopper 
had to be used in all of them during cataract sur-
gery [22]. This was confirmed by Nihalani et al. 
in solely eyes with RAM [1]. Instead of the occa-
sional pupil retraction with the chopper, we sug-
gest the use of the abovementioned pupil 
expander rings.

 Comorbidities: Glaucoma
Many patients with RAM or nanophthalmos suf-
fer from glaucoma. In some cases, cataract sur-
gery in order to make room in a very crowded 
anterior chamber is at the same time a causal 
treatment option for some forms of underlying 
glaucoma. In cases with previous glaucoma sur-
gery, a temporal approach rather than the usual 
superior approach might be necessary. This might 
have advantages such as a smaller loss of corneal 
endothelial cells [2]. Additionally, a near clear 
corneal approach allows the option for a subse-
quent filtering procedure if necessary, by preserv-
ing the conjunctiva.
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 Comorbidities: Synechiae of the Iris 
and Low Iris Stability
In case of low iris stability, the least possible 
manipulation of the iris is of great importance. 
Latest reports of RAM patients therefore 
renounce any use of retractors or other iris 
manipulations [1]. In case of posterior synechiae 
of the iris, the use of a spatula or viscodissection 
are possible options [1].

 Nanophthalmos

Early attempts of cataract surgery in nanophthal-
mic eyes were associated with a high risk of com-
plications and poor outcomes [10]. Although 
modern surgical techniques allow a safer proce-
dure with better outcomes, cataract surgery in 
nanophthalmic eyes remains challenging [8]. 
Apart from the difficulties arising when working 
in a small anterior chamber, which have already 
been described above, there are several additional 
issues to consider. Table  24.2 summarizes the 
challenges of cataract surgery and proposed solu-
tions to them in nanophthalmic eyes.

 IOL Power Calculation

The prediction of postoperative refraction in nan-
ophthalmic eyes is considerably less accurate 
than in normal eyes. Jung et  al. compared the 
refractive outcomes in nanophthalmic eyes to the 
outcomes in a normal control group. While 
90–98% of normal eyes achieved a refraction 
within ±1.00 D, this was the case in only 46–66% 
of nanophthalmic eyes [7]. The prediction error 
increases with decreasing axial length, and this is 
in part due to the high optical power of IOLs 
implanted in such eyes, giving more weight to 
errors in the prediction of IOL position [23, 24].

In studies of short eyes, Haigis, Hoffer Q, 
Holladay 1, and Holladay 2 formulas were 
reported to be more accurate than SRK/T formula 
[23, 25, 26]. A study by Eom et  al. compared 
Hoffer Q and Haigis formulas in short eyes and 
found Haigis formula to perform better in eyes 
with shallow anterior chamber (<2.40 mm) [27]. 

The studies that included Barrett Universal II for-
mula found no differences in accuracy of predict-
ing the IOL power when comparing it with other 
formulas in short eyes.

It should be noted that the mean axial length in 
studies evaluating different IOL power calcula-
tion formulas in short eyes ranges from 19.53 to 
21.69 mm [7, 23, 25, 27–33]. However, there is 
limited data available regarding the IOL power 
calculation in extremely short eyes. In a study of 
11 eyes with the mean axial length of 16.4 mm 

Table 24.2 Challenges of performing cataract surgery in 
nanophthalmic eyes

Challenges Possible approach
IOL power calculation
Low accuracy of IOL 
power prediction

Informing the patient and 
managing expectations

High postoperative 
refractive error likely

Correction with spectacles 
postoperatively

Lack of studies on IOL 
power calculation in 
extremely short eyes

Caution when interpreting 
the results of the studies of 
short eyes

High discrepancy 
between formulas

Comparing the results of 
different formulas

High-power IOL manufacturing and availability
Tolerance of ±1.0 D for 
IOL power labeling

Being aware of this source of 
postoperative refractive error

Increased spherical 
aberration

Use of aspheric IOLs

Limited availability Researching the options 
available in the country of 
practice; considering 
piggyback IOL option

Intraoperative and postoperative considerations
Suboptimal access Performing the surgery from 

temporal position
High complication rate Adequate preparation; 

informing the patient
Risk of uveal effusion Use of topical or general 

anesthesia
Risk of postoperative 
corneal edema

The soft-shell technique to 
protect the endothelium 
(described in the RAM part)

Risk of posterior capsule 
rupture

Applying the posterior plane 
emulsification technique 
(described in the RAM part)

Higher incidence of 
raised intraocular 
pressure postoperatively

Monitoring the intraocular 
pressure

Worse visual outcomes; 
possible lack of 
improvement in visual 
acuity

Informing the patient and 
managing expectations
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(simple microphthalmos group), the only for-
mula used was Hoffer Q, and the mean absolute 
postoperative refractive error was 5.6 D. However, 
as this is an absolute value, it is not clear if there 
was a tendency toward myopia or hyperopia [3]. 
Another study of nanophthalmic eyes used a pro-
prietary IOL calculation algorithm by Carl Zeiss 
Meditec AG which in most cases resulted in 
hyperopic outcomes [5].

Our past experience indicates high discrep-
ancy between different formulas in extremely 
short eyes, an example of which is presented in 
the case report (see below) [34]. In some cases of 
very small eyes, Barrett Universal II formula can-
not be used as the biometry values are out of the 
acceptable range for this formula. Haigis formula 
usually delivers relatively accurate calculation 
even in extremely short eyes. However, it may be 
useful to perform the IOL power calculation 
using several different formulas and compare the 
results [34]. A newer approach that is solely 
based on artificial intelligence is the RBF for-
mula. It is available for free online and also shows 
good results.

 High-Power IOL Manufacturing 
and Availability

Nanophthalmic eyes often require high-power 
IOLs, and there are several issues related to such 
IOLs. First of all, the International Organization 
for Standardization allows the tolerance of ±1.0 
D for the IOLs of >30.0 D, while the tolerance for 
lower-powered IOLs is ±0.5 D or even less [24, 
32]. This is a concern when trying to achieve a 
good refractive outcome, especially as the IOL 
calculation is already less accurate in very short 
eye [7, 27]. Another issue is the increase of spher-
ical aberration with increasing IOL power [4]. 
Some manufacturers now offer aspheric 
aberration- free IOLs, which may be advanta-
geous in these cases. The third issue is the rarity 
of cases when high-power IOLs are needed, 
which makes the production of such IOLs less 
attractive from a manufacturer’s perspective. 
This results in limited availability of high-power 
IOLs. In a lot of countries, only IOLs with pow-

ers up to +30.0 to 35.0 D are available [34]. 
However, customized IOLs are available from a 
variety of companies in a growing number of 
countries (e.g., the Zeiss Xtreme Series).

 Piggyback IOL Option

In cases when high-power IOLs are not available, 
piggyback IOLs are an option to minimize the 
postoperative refractive error in nanophthalmic 
eyes [34, 35]. As the primary implantation of two 
IOLs in the capsular bag can result in interlen-
ticular membranes and opacifications, late hyper-
opic shift, and reduction of visual acuity, it is 
recommended to implant one IOL in the capsular 
bag and the other IOL in the ciliary sulcus [4]. In 
order to avoid the sulcus IOL scraping the poste-
rior surface of the iris with the resulting pigment 
dispersion, the selection of a sulcus IOL with 
angulated haptics and a rounded edge has been 
suggested [4]. A potential benefit of piggyback 
IOLs is that the lower-powered sulcus IOL can be 
implanted later as a secondary procedure. The 
postoperative refraction, once stable, can be used 
to calculate the power of the sulcus IOL and 
potentially improve the refractive outcome [4]. 
However, the risks of an additional surgery also 
need to be considered [34]. Also, it has to be con-
sidered that nanophthalmic eyes with very little 
space inherently limit the use of piggyback IOLs. 
In some cases, with extremely small capsular 
bags, the amputation of the haptics of the IOL 
may be an alternate approach to account for space 
problems.

 Intraoperative Complications

In 1982, Singh et al. reported “an extremely high 
complication rate with disastrous results” of intra-
ocular surgery in nanophthalmic eyes [10]. 
Although the modern cataract surgery technique is 
safer, complications still occur often in nanoph-
thalmic surgery and include posterior capsule rup-
ture, vitreous loss, suprachoroidal hemorrhage, 
iris prolapse, iritis, persistent corneal edema, cys-
toid macular edema, and phthisis [3, 7, 36, 37].  
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Uveal effusion is another well-known complica-
tion in nanophthalmic eyes, which can lead to sec-
ondary retinal detachment, vitreous hemorrhage, 
malignant glaucoma, and loss of the eye [3, 38–
40]. This latter complication should be considered 
when choosing the type of anesthesia because ret-
robulbar and peribulbar anesthesia increase poste-
rior pressure that may lead to vortex vein 
congestion. Instead, topical or general anesthesia 
is preferred [4, 41]. Small ocular dimensions and 
suboptimal access are other aspects to be consid-
ered. It may be advantageous to perform the sur-
gery from temporal position to facilitate access. 
Postoperatively, the intraocular pressure needs to 
be closely monitored, as the incidence of glau-
coma following a cataract surgery in nanophthal-
mic eyes is high [4, 30].

 Postoperative Outcomes

Visual outcomes after cataract surgery in nan-
ophthalmic eyes are considerably worse than in 
normal eyes. Studies report the mean postopera-
tive corrected distance visual acuity to range 
from +0.55 logMAR (20/80) to +0.41 logMAR 
(20/50) [3, 7, 8, 23]. In cases when the preopera-
tive hyperopic refractive error is corrected with 
spectacles, the postoperative improvement in 
corrected distance visual acuity may be less than 
expected due to preoperative relative spectacle 
magnification. Ametropic amblyopia due to 
large preoperative hyperopic refractive error 
may also limit the postoperative visual acuity. 
The residual refractive error is also often high 
because of the limited accuracy of IOL power 
calculations [34].

 Management of Patient Expectations

The increased risk of complications and worse 
visual prognosis should be discussed with 
patients before the surgery. They should also 
understand the limitations of the IOL power pre-
diction accuracy and be ready to wear spectacles 
to correct residual refractive error. Even though 
an improvement in visual acuity is not always 

achieved, cataract surgery in nanophthalmic eyes 
still has the potential to significantly improve the 
quality of life. By reducing the preoperative 
refractive error, it enables patients to be less 
dependent on spectacles and contact lenses [34]. 
Cataract surgery also reduces the risk of syn-
echiogenesis and angle closure glaucoma.

 Case Report: Cataract Surgery 
in Extreme Nanophthalmos [34]

The 60-year-old male patient with bilateral nan-
ophthalmos presented to our clinic for cataract 
surgery. He was complaining of increased glare 
sensitivity. The patient had been wearing rigid 
contact lenses since the age of 14 because of high 
hyperopia. Before that, spectacles had been used 
since the age of 5. According to the patient, the 
vision had never been good. Corrected distance 
visual acuity with rigid contact lenses of +17.5 D 
was +0.46 logMAR (20/63) in the right eye and 
+0.58 logMAR (20/80) in the left eye. No 
improvement could be achieved with additional 
lenses. IOP was 12  mm Hg in both eyes. Slit 
lamp examination of the anterior segment 
revealed progression of cataracts (Fig.  24.2). 
Fundoscopy and optical coherence tomography 
findings were unremarkable.

After performing biometry measurements 
with IOLMaster 700 (Carl Zeiss Meditec, Jena, 
Germany), the IOL power for emmetropia for the 
foldable acrylic Aspira-aAY IOL (HumanOptics 
AG, Erlangen, Germany) was calculated with dif-
ferent formulas. The suggested power to achieve 
emmetropia ranged from +55.28 to +70.09 
D.  Based on our past experience of selecting 
high-power IOLs, we had a certain preference for 
the Haigis formula in achieving a reliable result, 
but we tended to choose the average value taken 
from four formulas (Haigis, Holladay 1, Holladay 
2, SRK/T). The IOL power of +56.0 D was 
selected for the right eye and one of +58.0 D for 
the left eye. The biometry values and IOL power 
calculation results are presented in Table 24.3.

With the patient under general anesthesia, 
both surgeries were performed by an experienced 
surgeon (GUA). LenSx® femtosecond laser 
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Fig. 24.2 Preoperative images of the right (a) and the left (b) eye

(Alcon Laboratories, Inc., Fort Worth, TX, USA) 
was used for capsulotomy and lens fragmenta-
tion. The docking of the patient interface was 
more complicated, due to the nanophthalmos, but 
was completed successfully. Considerable arti-
facts were visible in the LenSx® optical coher-
ence tomography images, so the automatic 
detection of structures had to be manually over-
ridden (Fig. 24.3). The femtosecond laser was in 
this case capable of creating only a partial capsu-
lotomy, and it was safely completed with a man-
ual technique. However, it should be noted that 
incomplete capsulotomy, if unrecognized, could 
have resulted in a radial tear of the capsule, 
potentially jeopardizing the implantation of the 
IOL in the capsular bag. The nucleus fragmenta-
tion was also only partial. We applied the “pizza 
cut” pattern, but only a few lines could be seen 
intraoperatively. Despite these technical difficul-
ties, a round capsulotomy could be achieved, 
which we think is advantageous when implanting 
a high-power IOL (+56.0 and +58.0 D) into the 
capsular bag. A temporal position for the main 

incision was chosen in order to facilitate access. 
Due to the thickness of the IOL, the incision size 
of slightly more than 3.0 mm was used (Figs. 24.4 
and 24.5). Despite small dimensions of the eyes, 
both surgeries were uneventful (Videos 24.1 and 
24.2).

On the first day postoperatively, corrected dis-
tance visual acuity in the right eye was +0.38 log-
MAR (20/50) with the manifest refraction of 
+0.50–1.00 × 80°. Corrected distance visual acu-
ity in the left eye was +0.64 logMAR (20/80) 
with the manifest refraction of −0.50 −0.50 × 65°. 
The early postoperative period was complication- 
free. Two months after the surgery, corrected dis-
tance visual acuity was +0.40 logMAR (20/50) 
and +0.60 logMAR (20/80) with the manifest 
refraction of +1.00–0.75  ×  135° and +0.50–
1.75 × 45° in the right and the left eye, respec-
tively. Spherical equivalent refractions were 
+0.625 D and −0.375 D in the right and the left 
eye, respectively. The IOP was 12 mmHg in the 
right eye and 14 mmHg in the left eye. The slit 
lamp examination revealed slight posterior 
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Table 24.3 Biometry data, IOL power calculation 
results, and prediction error using Hoffer Q, Haigis, 
SRK/T, Holladay 1, and Holladay 2 formulas

Biometry data
Parameter Right eye Left eye
AL 14.94 mm 15.05 mm
R 6.70 mm 7.04 mm
R1 6.75 mm @ 

132°
7.10 mm @ 
64°

R2 6.65 mm @ 
42°

6.97 mm @ 
154°

WTW 11.5 mm 11.3 mm
ACD 2.24 mm 2.33 mm
LT 5.96 mm 5.90 mm
Calculated IOL power for emmetropia (Aspira-aAY)
Formula Right eye Left eye
Hoffer Q +70.09 D +69.96 D
Haigis +55.28 D +57.47 D
SRK/T +56.04 D +57.09 D
Holladay 1 +57.07 D +59.20 D
Holladay 2 +57.43 D +59.05 D
Prediction error (postoperative spherical equivalent – 
target refraction)
Formula Right eye Left eye
Hoffer Q −7.57 D −7.75 D
Haigis +1.21 D +0.06 D
SRK/T +0.60 D +0.34 D
Holladay 1 −0.19 D −1.29 D
Holladay 2 −0.45 D −1.18 D

ACD anterior chamber depth, AL axial length, IOL intra-
ocular lens, LT lens thickness, R corneal radius, WTW 
white-to-white distance

 capsule opacification in both eyes, currently not 
requiring treatment.

When comparing the accuracy of different 
IOL calculation formulas in our case, we found 
the smallest difference from target refraction 
with Holladay 1 formula for the right eye (−0.19 
D) and Haigis formula for the left eye (+0.06 D). 
Haigis, Holladay 1, Holladay 2, and SRK/T for-
mulas delivered similar results, with the predic-
tion error ranging from −1.29 D to +1.21 D. In 
contrast, Hoffer Q formula returned highly myo-
pic results (−7.57 D and −7.75 D for the right 
and the left eye, respectively). Barrett Universal 
II formula could not be used in this case of 
extreme nanophthalmos since the biometry val-
ues were out of the acceptable range for the for-
mula and therefore an error message was 
displayed in the official calculator.

This case report shows that cataract surgery 
in nanophthalmic eyes is challenging but can be 
successfully performed after adequate prepara-
tion. High-power customized IOLs allow com-
plete correction of hyperopia, but caution is 
required with the results from different IOL power 
calculation formulas, which can be misleading. 
In this case, even though the axial length was 
extremely short, no complications occurred, and 
the prediction of postoperative refraction was 
relatively accurate.

 High Hyperopia

Although the normal dimensions of the anterior 
segment in patients with high hyperopia make 
cataract surgery itself easier to perform, the 
issues related with IOL power calculation and 
high-power IOL manufacturing remain. An 
important aspect to consider is the IOL power 
calculation in highly disproportionate eyes. Due 
to a short axial length but normal anterior seg-
ment, it may be useful to perform the IOL power 
calculation using newer formulas, which require 
not only axial length and keratometry values, but 
also additional biometric parameters such as 
anterior chamber depth.

Intraoperative and postoperative complica-
tions depend on the exact morphology and are 
similar of those in nanophthalmos, with the 
exception of the complications related to the 
anterior segment dimensions. In eyes with a very 
short posterior segment, uveal effusion syndrome 
may occur. To be pointed out is the importance of 
carrying the tunnel incision beyond the periph-
eral iris. This avoids iris damage or prolapse. It 
might be favorable to fill the anterior chamber 
with OVD before performing the stab incision. In 
high hyperopia, clear lensectomy is also an avail-
able option with good results [42].

Video 24.3 presents a cataract surgery of a 
right eye of a patient with high hyperopia. The 
82-year-old patient had an axial length of 
19.27  mm and an anterior chamber depth of 
2.84 mm. A 37.0 D IOL was used to achieve opti-
mal refraction results.
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Fig. 24.3 Optical coherence tomography images of the right (a) and the left (b) eye from the LenSx® femtosecond 
laser

Fig. 24.4 Aspira-aAY intraocular lens (IOL) of +56.0 D 
before loading it into the cartridge

Take-Home Notes
• A preoperative screening of the anterior 

chamber depth and axis length allows to 
identify patients with small eye 
conditions.

• The soft-shell technique, posterior plane 
emulsification, and the step-by-step 
chop routine should be used to deal with 
the anatomical challenge of the small 
eye.

• Glaucoma is very frequent in this patient 
population: A temporal approach and 
the possible causal treatment of glau-
coma by cataract surgery should be 
considered.

• Multiple formulas that integrate ana-
tomical parameters should be compared 
to allow a good postoperative refractive 
result in small eyes.
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Fig. 24.5 Intraoperative images of the left eye: incision size measurement before IOL implantation (a), injection of 
+58.0 D Aspira-aAY IOL (b), and the eye after the IOL implantation (c)

• Especially patients with nanophthalmos 
should understand limitations of IOL 
power prediction accuracy. They need to 
be ready to wear spectacles to correct 
residual refractive errors.
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Cataract Surgery in the Diabetic 
Eye

Ronald D. Gerste and H. Burkhard Dick

 Epidemiology and Pathology

Cataract and diabetes mellitus have something in 
common: in wide parts of the world with an aging 
population, they will both become more frequent 
in the future – even more frequent than they cur-
rently are. According to the International Diabetes 
Federation, the disease will affect close to 600 
million people by the year 2035. Diabetic reti-
nopathy currently is a leading cause of vision loss 
in the industrialized world [1]. This is not going 
to change anytime soon – some estimates predict 
a prevalence of diabetes mellitus as high as 33% 
of the US population by 2050 [2].

Diabetes mellitus has an influence on most, 
probably on all, structures of the eye, not the least 
on the lens. Some large epidemiological studies 
like the Beaver Dam Study in the USA and the 
Blue Mountains Study in Australia demonstrated 
a significantly increased incidence of cataract 
among diabetic individuals, up to a factor of 5 
[3–5]. It is postulated that hyperglycemia results 
in production of advanced glycation end prod-
ucts, increased oxidative stress, and activation of 
the polyol pathway; each of these processes is 
believed to play a role in cataract formation [6]. 
Ocular manifestations of diabetes mellitus such 
as retinopathy and macular edema are in turn a 
risk indicator for ischemic heart disease in dia-
betic patients [7].

Not only is cataract more common among a 
diabetic population, it also generally occurs at an 
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Bullet Points
• Diabetics have a higher prevalence of 

cataract and it occurs at an earlier age 
than in non-diabetics.

• One rationale for timely cataract surgery 
is to gain a clear view of the retina which 
allows to schedule necessary treatment 
like panretinal laser coagulation or anti- 
VEGF injection at an appropriate time.

• There is a higher risk of diabetic macu-
lar edema (DME) in diabetic patients 
who tend to profit from a prophylactic 
treatment.

• The capsular opening should be per-
formed larger than usual, and phaco-
emulsification energy should be reduced 
as far as possible. Operating time should 
be as short as possible.

• When it comes to choosing the right 
IOL, it seems that diabetic patients 
might benefit from monofocal lenses 
with a rather large optic zone of, for 
instance, 6.5 mm versus 5.5 mm.
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earlier age than in non-diabetics. In an analysis of 
56,510 individuals with diabetes mellitus from a 
British database, an incidence rate of cataract of 
20.4 per 1000 person-years was assessed, almost 
twice as much as in the general population with 
10.8 per 1000 person-years. The incidence rate 
ratio (the ratio of incidence rates between diabet-
ics and non-diabetics) was highest in the age 
group of 45–54  years. In the age group of 
50–59  years, the relative risk (RR) of cataract 
was significantly higher than in the general popu-
lation (RR 12.6). While cataract was diagnosed 
in patients with retinopathy to only a slightly 
higher degree, a diagnosis of cataract in patients 
with diabetic macular edema was considerably 
higher than in the general population. The likeli-
hood of a cataract diagnosis increased with the 
duration of diabetes mellitus; for patients with a 
history of the disease of more than 10 years, the 
odds ratio (OR) of developing cataract was 5.14. 
Not surprisingly, the odds of cataract diagnosis 
were increased in patients under long-term ste-
roid therapy (OR 1.87) [8]. Besides the duration 
of the diabetes, poor metabolic control is a risk 
factor for the development of cataract. While in 
older diabetics the cataract formation is irrevers-
ible, good blood sugar control might reverse 
some cataracts in young patients [9]. Another risk 
factor for cataract development demonstrated in a 
study from the USA was the use of insulin versus 
non-insulin (OR 2.11) [10].

Cataract does not only occur with a higher 
incidence, and frequently at a comparatively 
young age in adults, it is also an ocular complica-
tion in young adults and children with diabetes 
mellitus type 1. In some, probably in most pedi-
atric patients with diabetes, the occurrence of 
cataract is the first sign of the disease. Estimates 
of the prevalence of cataract in diabetic children 
and adolescents are as high as 3.3%. High HbA1c 
levels increase the likelihood of cataract in these 
young individuals. Posterior subcapsular cataract 
seems to be the most frequent type of cataract in 
diabetic children. It almost goes without saying 
for any cataract surgeon with experience in treat-
ing pediatric cataract that these children invari-
ably develop posterior capsule opacification 
(PCO) due to the more active inflammatory 

response in younger age; the PCO rate after pedi-
atric cataract surgery of diabetic eyes can be esti-
mated at a solid 100% [11].

 Timing of Cataract Surgery

Currently, up to 20% of cataract surgeries is per-
formed in diabetic eyes [12]. There was an old 
paradigm according to which surgery had to wait 
until no other choice was left. It was not unusual 
to operate on eyes of diabetic patients with a 
visual acuity of less than 20/200 [13]. This is 
widely considered an outdated approach by now. 
Today, there is general consensus that early treat-
ment benefits diabetics and leads to better visual 
outcome [14]. In addition, by not waiting for fur-
ther opacification and rather operating early, the 
examination of the fundus is unimpaired, and the 
clear view of the retina allows to schedule neces-
sary treatment like panretinal laser coagulation or 
anti-VEGF injection at an appropriate time. If an 
earlier operation also means intervening at an 
earlier, milder stage of retinopathy, this might 
also influence the risk of postoperative macular 
edema positively [15]. Cataract extraction before 
the opacification becomes too advanced also 
makes sense since removing the cataract and 
implanting an IOL enables the ophthalmologist 
routinely taking care of the patient to visualize 
the retina and the macula much better and possi-
bly detect abnormalities earlier than with a cata-
ract still in place.

 Pre- and Intraoperative 
Considerations

Preoperative diagnostics should always include a 
thorough assessment of the posterior part of the 
eye, if available including SD-OCT and fluores-
cein angiography. If active retinal manifestations 
are detected, these should be treated first – usu-
ally with focal laser coagulation or by panretinal 
coagulation – and the date of cataract surgery be 
postponed until stability has been achieved. Eyes 
with proliferative retinopathy should undergo 
treatment first although there might be situations 
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depending on the patient’s circumstances where a 
combined approach (see below) is preferred.

Patients with diabetes mellitus but without 
(yet) any diabetic ocular manifestation will 
undergo routine cataract surgery just as anybody 
else. It has to be kept in mind, though, that there 
is a higher risk of diabetic macular edema (DME) 
in these patients. In the PREMED study, it was 
convincingly demonstrated that diabetics profit 
from a prophylactic treatment; it has been the 
only truly evidence-based study to give proof 
about such a treatment, while in healthy patients 
such pretreatment does not make sense [16].

The intravitreal application of drugs – VEGF 
inhibitors like bevacizumab, ranibizumab, and 
aflibercept or steroids like dexamethasone and 
triamcinolone – is now an established method to 
treat ocular manifestations of diabetes mellitus. 
This has led to the question whether these appli-
cations which in particular in the case of anti- 
VEGF medications have to be administered on a 
regular basis should be done before cataract sur-
gery – or rather simultaneously.

The dexamethasone implant (Ozurdex®) was 
implanted by one surgeon during cataract surgery 
in a prospective randomized controlled study to 
treat pre-existing diabetic macular edema (DME), 
not as a prophylaxis. These patients had a decline 
of central macular thickness (CMT) during the 
24-week follow-up, while eyes in the control 
group (without steroid injection during phaco-
emulsification) had an increase of CMT at every 
visit. The authors argued that intraoperative 
dexamethasone might act as an anti- inflammatory 
agent during the postoperative period by inhibit-
ing mediators such as prostaglandins and 
VEGF. The size of that intervention group was, 
however, rather small (n = 9 eyes) [17].

In our clinical experience, it is quite legiti-
mate, and sometimes outright necessary, to 
combine both procedures: the scheduled injec-
tion of, for instance, a VEGF inhibitor and cata-
ract surgery (Fig.  25.1). In cases where the 
patient needs his or her next injection anyway, 
this reduces the number of appointments and 
thus eases the burden at least a bit. Scheduling 
the injection of a VEGF inhibitor before cataract 
surgery is indicated to reduce a pre-existing 

DME as much as possible. If there is any evi-
dence in the preoperative OCT for an already 
existing DME, the intravitreal application of a 
VEGF inhibitor during cataract surgery is highly 
indicated [18, 19]. The initiation or progression 
of pre-existing DME following cataract surgery 
has been reported to be about 29% in eyes with 
non-proliferative diabetic retinopathy within 
6  months [20], underlining the necessity of 
treating DME as effectively and timely as pos-
sible with the effect of the injection holding the 
increase of visual acuity in eyes with the pre-
existing condition up to 6  months [21]. The 
other way round, in patients with DME who 
required cataract surgery while being partici-
pants in clinical studies on anti-VEGF therapy, 
continuous anti-VEGF injections secured the 
improved visual acuity despite a slight increase 
in retinal central thickness [22]. Anti- VEGF 
medications like Lucentis° or Eylea° (as well as 
bevacizumab, the drug used in earlier studies on 
cataract surgery and anti-VEGF therapy [23]) 
are, in our view, preferable to the injection of 
steroids or the positioning of a steroid implant. 
Diabetic patients tend to develop IOP increases 
[24] under such a therapeutic approach that 
often turn out to be extremely difficult to treat. 
A massive steroid supplementation always 
means an attack on the patient’s immune system 
which increases the threat of postoperative 
endophthalmitis in individuals which often are 

Fig. 25.1 Intravitreal Ozurdex injection at the same time 
as the cataract surgery in a diabetic eye suffering from 
diabetic macular edema
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already immunocompromised. A periocular ste-
roid injection is a valid alternative; in these cases, 
however, topical anesthesia is not an option.

A simultaneous injection makes sense to pre-
vent a DME also in eyes with the macula so far 
unaffected. Depending on the retinal situation, 
performing cataract surgery together with pars 
plana vitrectomy (ppV) is also an option. In eyes 
with a severely damaged retina, refraining from 
an IOL implantation (certainly a rather rare 
 decision in today’s cataract surgery) has to be 
considered.

Diabetic patients with retinal manifestations 
in general have a significantly increased risk of 
postoperative inflammation; their vitreous is 
already charged with inflammatory mediators. 
Expecting a deterioration of the retinal situation 
in many cases justifies a simultaneous approach 
with the vitreoretinal surgeon joining the cataract 
surgeon on these occasions (Figs. 25.2 and 25.3). 
Individual factors might also warrant a combined 
intervention. The patient might not be compliant 
or might not stand a second operation within a 
short time. Here again, doing cataract surgery 
and ppV in one session should be considered.

In our clinic, we have employed the femtosec-
ond laser in thousands of interventions and have 
widely published our data and experience with 
LCS (laser cataract surgery)  – an experience 
which overall is very positive and which has 
opened up new opportunities particularly in chal-

lenging cases [25, 26]. With that background, we 
can clearly state that LCS benefits many diabetic 
patients just as it benefits non-diabetics. One 
aspect, however, has to be kept in mind in LCS as 
well as in phacoemulsification: the diabetic eye’s 
tendency to react with a strong inflammation. 
Therefore, pretreatment is essential [27]. This 
concerns particularly the pupil size: in many 
cases already quite small, an uninhibited inflam-
matory reaction will lead to an even more pro-
nounced intraoperative miosis.

We tend to operate diabetic patients first dur-
ing our daily program, reducing the anxiety of 
wait times and giving them ample opportunity to 
relax afterward under rather intensive care and 
observation. During surgery, we try to minimize 
any undue stress that might evoke some unfavor-
able reactions in these sensitive eyes like a fur-
ther increase of inflammation mediators. The 
surface is meticulously being kept moist, usually 
by applying HPMC in generous portions. The 
capsular opening should be performed larger 
than usual, and phacoemulsification energy 
should be reduced as far as possible. To expose 
the eye to as little irritation as possible, the 
amount of fluid used should be limited; the same 
applies to the light exposure by the operating 
microscope. Operating time should be as short as 
possible. If the pupil does not widen as expected, 
the handling of the iris has to be very gentle; any 
stretching that might lead to bleeding has to be 
avoided. All these requirements point to the fact 
that the more experience the surgeon has, the bet-
ter for the patient.

Fig. 25.2 Atrophic iris with nondilating pupil of a dia-
betic eye before cataract surgery

Fig. 25.3 Cataract surgery combined with pars plana 23 
G vitrectomy after pupil dilation using a Malyugin ring 
(the same eye as in Fig. 25.2)
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In contrast to the sometimes regular but some-
times almost explosive inflammatory reaction, 
there is also a slight advantage in performing 
cataract surgery in diabetic patients. In general, 
they are significantly younger than the usual cata-
ract population which in turn means that we 
hardly ever have to deal with truly hard cataracts 
that can prove excessively difficult to fragment or 
emulsify.

When it comes to choosing the right IOL, it 
seems that diabetic patients might benefit from 
monofocal lenses with a rather large optic zone 
of, for instance, 6.5 mm versus 5.5 mm. We prefer 
hydrophobic acrylate IOL with sharp edges and 
are reluctant to implant hydrophilic IOLs which 
come with an even higher probability of PCO. We 
are equally reluctant to implant multifocal IOLs 
which can cause more problems and dissatisfac-
tion in diabetics than in the general public. In eyes 
with significant pre-existing astigmatism, 
implanting a toric IOL is preferable to relaxing 
limbal incisions – diabetics tend to have problems 
of the ocular surface which is not a good condi-
tion for any kind of corneal intervention.

 Complications of Cataract Surgery 
in Diabetic Eyes and Their 
Prevention

Diabetics have a higher rate of PCO and develop 
this postoperative complication usually faster 
than other patients. With this in mind, we are 
rather reluctant to implant silicone IOLs in 
patients with an active retinopathy. Removing the 
entire lens – i.e. removing even the capsule – as 
recommended now and then by some surgeons 
appears to be too radical in our view and is most 
likely unnecessary.

Cataract surgery may have implications on 
the ocular surface  – as does diabetes itself. 
Diabetes is regarded as one of the risk factors for 
dry eye syndrome with 54% of diabetic patients 
suffering from this condition in one study [28]. 
Cataract surgery can induce dry eye syndrome or 
increase the existing symptoms [29]. Often, 
however, these symptoms are transient, and the 
situation gets better though recovery in the post-

operative phase tends to be slower than in non-
diabetic eyes. In a study by Liu et al., 17.1% of 
diabetic eyes and 8.1% of non-diabetic eyes 
developed dry eye syndrome within 7 days after 
cataract surgery. While in both groups the prob-
lem resolved over time, diabetic eyes took longer 
to return to normal [30]. Phacoemulsification 
exerts stress and trauma on structures that are in 
diabetic eyes more susceptible to these factors 
than in the eyes of otherwise healthy patients. 
This is particularly true for diabetic corneas 
which suffer a greater loss of endothelial cells 
than non- diabetic eyes over the first 3 postopera-
tive months [31].

Diabetic corneas have a greater tendency than 
those of non-diabetic individuals to suffer epithe-
lial defects, erosions, superficial punctate kera-
topathy, and corneal wounds and often show a 
slower wound healing. Thus corneal wounds as a 
result of cataract surgery take some time to heal 
and turn frequently into recurrent corneal ero-
sions [32, 33]. What is true for the corneal epithe-
lium seems to be true for the endothelium as well. 
In general, diabetics have a lower endothelial cell 
density than non-diabetics [34]. Their endothe-
lium is more susceptible to surgical trauma, and 
further endothelial cell loss can be expected fol-
lowing cataract surgery [35]. In this respect, 
employing as little ultrasound energy as possible 
during lens removal is to be recommended.

Another concern with diabetic patients is their 
increased risk of infection. They have an increased 
prevalence of blepharitis and conjunctivitis which 
has to be taken into account when performing 
antiseptic measures preoperatively. The rate of 
conjunctival colonization in diabetics seems to be 
correlated to the severity of their diabetic retinop-
athy [36, 37]. Similarly, diabetics are at higher 
risk of endophthalmitis and the more so the less 
controlled their blood sugar is – achieving good 
metabolic control contributes to reducing this risk 
which is estimated to be almost three times as 
high as in non-diabetics [38]. If diabetics have to 
undergo vitrectomy to treat endophthalmitis, their 
visual outcomes are worse than in other patients: 
while 55% of non-diabetics achieved 20/40 vision 
after endophthalmitis- related vitrectomy, only 
39% of diabetics did [39].
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 Cataract Surgery and Diabetic 
Retinopathy

As is well-known, risk factors for diabetic reti-
nopathy are the duration of diabetes, an earlier 
age at the onset of the disease, the presence of 
neuropathy, and elevated HbA1c, cholesterol, 
and systolic blood pressure [40]  – these all are 
factors of which the cataract surgeon has to be 
aware of to assess the potential benefit of the 
intervention for the individual diabetic patients 
and its limits.

The potential influence of cataract surgery on 
the prevalence and/or the severity of diabetic reti-
nopathy has been debated for many years, the dif-
ferent views supported by studies which did or 
did not demonstrate such an effect. Rather typical 
might the analysis of a health insurance database 
from Taiwan which showed limited influence of 
the intervention. Jeng et al. found, for instance, a 
higher risk of diabetic patients to develop non- 
proliferative diabetic retinopathy after cataract 
surgery with an adjusted hazard ratio (HR) of 
1.48. There was no significant difference, how-
ever, to develop proliferative diabetic retinopathy 
or diabetic macular edema between diabetics 
undergoing cataract surgery and a control group 
who did not. An increased risk to develop non- 
proliferative retinopathy was found for women 
(HR 1.68), patient’s age 65 or older (HR 1.54), 
and patients with comorbidities such as hyperten-
sion, dyslipidemia, heart disease, or other dia-
betic complications (HR 1.48), statin users 
(2.02), angiotensin-converting enzyme inhibitor 
users (HR 1.57), and non-insulin users (HR 1.74). 
The authors stated their strong belief that the use 
of statins and dyslipidemia are strongly associ-
ated with cataract formation in diabetic patients 
that requires surgery. They also argued that the 
impact of cataract surgery on the risk of develop-
ing non-proliferative diabetic retinopathy persists 
for about 5 years [40].

To assess whether cataract surgery exacer-
bates the development and progression of dia-
betic retinopathy, 278 eyes undergoing cataract 
surgery and IOL implantation were compared 
with 60 phakic eyes in a clinic-based cohort 
study from Sydney, Australia. After 1 year, dia-

betic retinopathy developed in 28.2% of pseudo-
phakic and 13.8% of unoperated eyes; the 
adjusted OR for the manifestation of diabetic 
retinopathy was 2.65. Nevertheless, this progres-
sion rate was lower than comparable data from 
earlier times when older techniques were used 
before the advent of phacoemulsification. The 
authors could not rule out the possibility that 
eyes which are undergoing cataract surgery are 
at greater risk for developing retinopathy than 
nonsurgical fellow eyes since the development 
of cataract in diabetic patients is related to poor 
glycemic control, rendering these eyes suscepti-
ble to retinal complications due to an impaired 
blood-aqueous barrier [41].

In a number of studies, though, the difference 
in retinopathy progression between eyes that had 
undergone cataract surgery and in eyes that had 
not were rather unimpressive. In a group of 42 
patients, 12% of operated eyes showed progres-
sion during a 12-month follow-up compared to 
10.8% in non-operated eyes [42]. In 50 diabetic 
patients undergoing unilateral cataract surgery, 
20% of the operated eyes versus 16% of the non- 
operated eyes progressed [43].

 Cataract Surgery and Diabetic 
Macular Edema

In diabetic patients  – in those with retinopathy 
and often in those without  – the blood-aqueous 
barrier is impaired which is the cause of the high 
risk of postoperative inflammation and specifi-
cally of sight-threatening DME following cataract 
surgery. Other consequences are the progression 
of diabetic retinopathy, other macular changes, 
and the induction of rubeosis iridis [44]. Macular 
edema can be considered the main cause of unsat-
isfactory visual results or even vision loss in dia-
betics after cataract surgery. In a large study from 
the UK analyzing more than 81,000 eyes under-
going cataract surgery, a risk ratio of 1.80 for 
developing macular edema was found for eyes of 
diabetics who did not have diabetic retinopathy. 
For those with retinopathy, the risk factor 
increased – depending of the severity of the reti-
nopathy – up to a maximum of 10.34 [45].
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DME is a frequent condition in patients under-
going cataract surgery. In a recent study from 
Italy, about one fifth of 3657 patients undergoing 
cataract surgery were diabetics. Among these 
diabetic patients, 27.5% had diabetic macular 
edema of any kind; a clinically significant DME 
was found in 6.6%. These relative high numbers 
suggest that a strict preoperative assessment is 
necessary and adequate treatment of the DME is 
warranted before performing cataract surgery to 
keep the risk of exacerbation of a pre-existing 
macular edema as low as possible [46].

A Finnish study has shown that eyes of dia-
betic patients benefit significantly more from 
either a steroid monotherapy to prevent postop-
erative macular edema or from a combination 
therapy of steroid and NSAID (nonsteroidal anti- 
inflammatory drugs) than non-diabetic patients. 
Under steroid monotherapy, for instance, central 
retinal thickness (CRT) increased on average by 
38.1 μm in non-diabetic eyes compared to 7.8 μm 
in diabetic eyes [47]. It seems, however, that 
these drugs lack a protective effect in eyes with 
advanced vascular damage like in those with non- 
proliferative diabetic retinopathy [48].

Treating a pre-existing DME is strongly rec-
ommended; before the advent of anti-VEGF 
medications, focal or grid laser photocoagulation 
was the treatment of choice. Today, the effect of 
bevacizumab, ranibizumab, and aflibercept on 
central retinal thickness and visual acuity has 
been well proven. Preoperative stabilization and 
postoperative management of DME with anti- 
VEGF agents is crucial in establishing a positive 
visual outcome of cataract surgery; helpful 
adjunctive measures are the injections of steroids 
and sometimes the traditional way of treating 
CME, focal laser coagulation [6].

Diabetic patients may not only develop DME; 
they are also at a higher risk of cystoid macular 
edema, one of the major sight-reducing compli-
cations following cataract surgery. 
Pharmacological prophylaxis helps at least in 
patients without prior macular changes. In a 
large study from California with more than 
89,000 patients, those who postoperatively 
received a topical NSAID developed CME in 
1.3% compared to 1.7% in those patients with-

out this prophylaxis. Patients with diabetic reti-
nopathy did not profit from this topical 
prophylactic treatment [49].

 Visual Outcomes

In the past, patients with diabetic ocular mani-
festations like retinopathy tended to have only a 
limited visual outcome or even ended up worse 
than before surgery. A publication from 1994 
estimated that these patients are twice as likely 
to fail to improve after surgery than patients 
without ocular comorbidities [50]. With modern 
surgical techniques, however, the majority of 
diabetic patients benefits from cataract surgery 
(depending in their retinal situation), and many 
of them enjoy visual gains comparable to those 
of the general public. Fong et al. showed that in 
a cohort of 1192 surgical patients of whom 
27.2% had diabetes, the average visual acuity 
gain 12  months after surgery was 10.8 letters 
among 868 patients without diabetes, 10.6 letters 
among 188 patients with diabetes, but no dia-
betic retinopathy and 10.0 letters among 95 
patients with diabetic retinopathy. Only the 41 
patients with diabetic retinopathy who had 
undergone laser treatment before did not have an 
improvement of their visual acuity after cataract 
surgery [51].

Nevertheless, patients with advanced diabetic 
manifestations like proliferative retinopathy can 
functionally benefit from cataract surgery when it 
is performed as a combined operation with anti- 
VEGF or steroid injections into the vitreous or as 
a phacovitrectomy. In a group of 161 eyes with 
4-year follow-up available, eyes undergoing the 
combination technique of phacoemulsification 
and ppV gained on average 11 letters of visual 
acuity [52].

Besides the potential visual gain, cataract sur-
gery in diabetics offers another advantage. The 
variations in refraction that are associated with 
changes of blood glucose levels and which are 
caused by glucose migrating into the lens and 
inducing swelling particularly in the lens 
 periphery will be eliminated by lens removal and 
IOL implantation [19].
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 Conclusion

Patients with diabetes mellitus face a number of 
issues when undergoing cataract surgery from 
comorbidities to a higher risk of complications 
like DME and a deterioration of retinopathy. 
Cataract surgery should be performed in a timely 
manner; there is no sense in delaying what has to 
be done anyway. Diabetic patients require an 
individual approach that is based on factors like 
the quality of their blood sugar control, their 
social situation, and their compliance. They are 
not a homogenous group; diabetics who are suc-
cessfully treated with dietetics, those who can be 
helped with glucose-reducing drugs, those who 
require insulin – they pose very different (and, in 
that order, increasing) challenges. Fortunately, 
modern cataract surgery is able to provide them 
with satisfying and often outright good functional 
results after all [47].
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Cataract Surgery in Aniridia

Karl Thomas Boden and Peter Szurman

 Introduction

The absence of an iris has a significant influence 
on the function of the eye. In addition to the indi-
vidual cosmetic aspect, aniridia primarily causes 
a glare effect with different levels of severity. 
Likewise, the pupil plays an essential role in 
accommodation, which leads to reduced-depth 
visual acuity in pronounced defects. Without the 
iris, the full functionality of the eye cannot be 
achieved.

Congenital aniridia is a relatively rare condi-
tion with a reported prevalence of approximately 
1:40000 to 1:100000. There is no increased prev-
alence in relation to gender. The PAX6 gene, 
which is located on chromosome 11p13, plays a 
crucial role in the defective development.

Congenital aniridia is usually a panocular dis-
ease with macular hypoplasia and also optic disc 
hypoplasia. With increasing age, secondary glau-
coma and limbal stem cell deficiency are often 
added. This makes the treatment, and especially a 
surgical procedure, more difficult. Pronounced 
congenital aniridia associated with a defect of the 
PAX6 gene usually includes profound develop-
mental disorders of the eye that require different 
ophthalmologic expertise.

The forms of congenital aniridia with altera-
tions in the PAX6 gene are much more frequent 
and not uncommonly associated with other sys-
temic diseases. This is also called “aniridia syn-
drome” or “PAX6 syndrome.”
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Bullet Points
• Congenital aniridia is a relatively rare 

condition with a reported prevalence of 
approximately 1:40000 to 1:100000.

• Congenital aniridia is usually a panocu-
lar disease with macular hypoplasia and 
also optic disc hypoplasia.

• Pronounced congenital aniridia associ-
ated with a defect of the PAX6 gene 
usually includes profound developmen-
tal disorders of the eye that require dif-
ferent ophthalmologic expertise.

• Secondary glaucoma can be a signifi-
cant problem in the management of 
patients with aniridia. The more pro-
nounced the aniridia, the earlier and 
more severe the courses.

• In 20–30% of patients with congenital 
aniridia, keratopathy occurs, which can 
vary significantly in severity depending 
on the mutation of the PAX6 gene.
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These concomitant systemic diseases may 
include potentially life-threatening conditions 
(e.g., Wilms tumor, WAGR syndrome, Gillespie 
syndrome, genito-urethral abnormalities, and 
mental retardation) that require interdisciplinary 
treatment.

 Aniridia as a Complex Disorder 
of the Eye

Congenital aniridia may be associated with a 
variety of ocular changes. In particular, in asso-
ciation with the PAX6 gene defect, microphthal-
mos, foveal hypoplasia, and micropapillary 
dysfunction occur frequently during embryonic 
development [1, 2]. Reduced visual acuity from 
20/200 to 20/63 and nystagmus are typical. These 
complex developmental disorders can extend to 
the photoreceptor cell level and often also result 
in red/green weakness [3].

 Aniridia and Secondary Glaucoma

Secondary glaucoma can be a significant prob-
lem in the management of these patients. The 
more pronounced the aniridia, the earlier and 
more severe the courses. Diagnosis in young 
patients may be complicated by reduced compli-
ance. Measuring intraocular pressure is also dif-
ficult due to the frequently thickened cornea 
(either as an anomaly or due to increasing corneal 
decompensation) [4, 5].

The cause of secondary glaucoma is either 
pre-trabecular (as a result of peripheral iris rem-
nants) or intra-trabecular (the malposition or 
total absence of a Schlemm’s canal) with impair-
ment of outflow facility [6]. A surgical approach 
is also crucial when (preservative-free) local 
therapeutics are no longer sufficient. If the ini-
tial corneal situation is good, trabeculotomy is 
the surgery of choice, especially if gonioscopic 
pretrabecular membranes/synechiae are detect-
able. Major fistulating glaucoma surgery should 
be avoided because of the pronounced pro-
fibrotic response, especially in children with 
aniridia. In childhood, non-penetrating surgery 
(e.g., deep sclerectomy or suprachoroidal drain-

age) or the use of glaucoma implants should be 
preferred [7, 8].

 Aniridia and Corneas

In 20–30% of patients with congenital aniridia, 
keratopathy occurs, which can vary significantly 
in severity depending on the mutation of the 
PAX6 gene [9]. In the majority of cases, kera-
topathy is a limbal stem cell deficiency character-
ized by a corneal wound healing disorder with 
abnormal cell adhesion or metabolism [10, 11]. 
As a result, a chronic surface disorder including 
dryness, corneal neovascularization, pannus for-
mation, and Salzmann keratopathy develop.

The surface disorder should be treated with 
hyaluronic acid-containing eye drops in the ini-
tial stage of keratopathy. In the case of incipient 
epithelialization disorders, autologous serum eye 
drops or amniotic membrane transplantation is 
useful.

For mild neovascularizations, local therapy 
with bevacizumab eye drops may be helpful [12]. 
More severe and deeper neovascularizations can 
be obliterated with fine-needle diathermy. 
Salzmann nodules can be ablated with excimer 
smoothing using phototherapeutic keratectomy.

Penetrating keratoplasty should be avoided if 
possible because the procedure is high risk due to 
impaired wound healing and surface issues, and 
corneal transplantation does not solve the stem 
cell problem. In the most severe cases, limbo 
keratoplasty or Boston keratoprosthesis have 
been described [13, 14].

 Differentiation from Acquired 
Aniridia

Acquired aniridia is traumatic in most cases. It 
could also be the result of iatrogenic causes such 
as secondary sphincter atrophy due to postopera-
tive pressure spikes or other complicating intra-
ocular surgeries. Less common syndromal 
conditions such as iridocorneal endothelial (ICE) 
syndromes may also cause aniridia.

A traumatic cataract with total or subtotal 
aniridia usually requires extensive reconstruc-
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tion, which is rarely accomplished in a singular 
cataract surgery. Therefore, the surgeon should 
have ample surgical experience in corneal sur-
gery and vitreoretinal surgery. The surgical tech-
niques for reconstruction of the iris in traumatic 
aniridia are described in detail in the “Iris Repair” 
chapter.

 Aniridia and Cataract

In addition to the ocular comorbidities associated 
with aniridia, cataract surgery itself is a surgical 
challenge.

In the following section, the preoperative risk 
factors that indicate possible intraoperative diffi-
culties during cataract surgery are described. In 
addition, specific details and practical tips for 
such special cases are discussed.

 Preoperative Specificities in Patients 
with Cataract and Aniridia

Preoperatively, a detailed examination of the eye 
is necessary to determine the initial situation, 
which is unique for each patient. In particular, the 
extent of corneal opacities must be recorded, as 
this decisively shapes the surgical strategy.

Very often a concomitant limbal stem cell 
deficiency due to the PAX6 gene defect is pres-
ent, which can vary in its severity [15]. If only a 

peripheral pannus with mild vascularization is 
present, cataract surgery can be performed with 
omission of the affected quadrants. Pannus abla-
tion with fine-needle diathermy can be performed 
simultaneously. Deep vessels, on the other hand, 
should be obliterated with fine-needle diathermy 
prior to cataract surgery. This is helpful to 
improve the intraoperative view and to avoid 
postoperative corneal decompensation. In pro-
nounced cases of aniridia-associated keratopathy 
(Figs. 26.1 and 26.2), limbal stem cell transplan-
tation with or without amniotic membrane trans-
plantation should be performed before cataract 
surgery. Consideration should also be given to 
the common ocular surface disorder associated 
with meibomian gland dysfunction, which should 
also be treated preoperatively with intensive tear- 
substitute therapy [16].

However, if penetrating keratoplasty is 
unavoidable in rare cases, it should not be com-
bined with cataract surgery (triple procedure).

 Choice of IOL for Implantation

Aniridia is often associated with high myopia. 
With the appropriate choice of IOL in the low 
diopter range, even extreme myopia can be com-
pensated for. In individual cases, special myopic 
lenses in the minus diopter range are necessary.

In contrast, the use of iris diaphragm IOLs 
(Morcher, Stuttgart, Germany) is critical. Due to 

Fig. 26.1 A patient with congenital aniridia and cataract without keratopathy
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Fig. 26.2 Two eyes with different stages of keratopathy of one patient. Left: isolated pannus with vascularization. 
Right: severe keratopathy without red-light reflex

the nature of the commonly used PMMA mate-
rial, a large limbal or corneoscleral access is nec-
essary, which should be avoided due to the 
existing limbal stem cell problem [17, 18]. In 
addition, iris diaphragm IOLs are designed to be 
implanted in the sulcus, which may worsen pre-
existing glaucoma. Therefore, acrylate iris dia-
phragm IOLs have been manufactured as 
alternatives for several years (e.g., Ophtec, 
Groningen, Netherlands). These implants are 
foldable and can be implanted via small, clear 
corneal incisions. However, larger case studies 
on acrylate IOLs are not available.

It should be noted that the overall diameter 
must not be underestimated in order to avoid 
glare phenomena in the peripheral area. With 
capsular bag implantation, this cannot be pre-
vented and can cause serious glare problems and 
double images. Therefore, some surgeons gener-
ally advise against the use of iris IOLs [19].

Whether the implantation of a blue-light filter 
lens brings about a subjective improvement of 
photophobia can only be assumed because no 
published data on this subject are available.

 Anatomical Specialties in Aniridia

The intraocular anatomy of eyes with congenital 
aniridia is altered, and often the zonular appara-
tus of the lens is also compromised. Therefore, 
safe and stable implantation of the IOL into the 

capsular bag is not always possible. The surgeon 
should be prepared for simultaneous scleral fixa-
tion of the IOL, if necessary, to avoid a second 
procedure.

Zonular insufficiency may also be limited to 
single quadrants or caused by lens colobomas 
(pseudocolobomas). These findings should 
already have been identified during preoperative 
examination.

If dysregulated intraocular pressure is also 
present, it should be adjusted preoperatively. 
Combined cataract and glaucoma surgery should 
be avoided.

Even in the case of successful cataract sur-
gery, the visual prognosis is limited. This is not 
only due to the lacking iris function but may also 
be a consequence of hypoplasia of the fovea.

 Iris Reconstruction: Useful or Not?

Prior to any cataract surgery, it must be decided if 
a simultaneous reconstruction of the iris is useful. 
Aniridia can be partial, subtotal, or total. Both the 
extent of aniridia and discomfort level of the 
patient ultimately guide the strategy of a possible 
reconstruction.

While iris reconstruction in traumatic aniridia 
can be performed well in combination with cata-
ract surgery, iris reconstructive procedures in 
congenital aniridia should only be considered in 
selected cases.
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Not every iris defect needs to be closed. 
Patients with congenital aniridia are often accus-
tomed to glare and benefit little from extensive 
iris reconstruction. Foveal hypoplasia and nys-
tagmus also limit the positive effect of iris recon-
struction. In addition, iris reconstruction is 
usually associated with a higher intra- and 
 postoperative stimulus, which significantly 
increases the risk of postoperative healing disor-
ders. In unclear cases, a wearing trial with an iris 
print contact lens is useful.

The strategy of reconstruction of the iris 
depends on the extent of the defect. In asymptom-
atic defects that are covered by the upper lid, the 
defect can be left in place. Segmental defects can 
be closed with a McCannel suture [22] or with the 
“sliding knot” technique introduced by Siepser 
[23]. Such minimally invasive suture techniques 
are often sufficient for achieving good results.

For covering large, subtotal, or total iris 
defects, foldable, flexible implants are preferred 
(Customflex Artificial Iris; HumanOptics, 
Erlangen, Germany). These implants are custom- 
made and offer a natural and cosmetically 
appealing result. They require smaller incisions 
and can be implanted in a minimally invasive 
manner without a capsular bag—even in compli-
cated cases—and fixed in the sulcus without 
knots [20, 21].

Capsular tension rings with segmental orifices 
should be avoided. These require significantly 
larger incisions, frequently dislocate, and can 
often only be used intracapsularly, leaving a 
peripheral, uncovered ring.

 Intraoperative Specificities 
in Patients with Cataract 
and Aniridia

Generally, in the case of nystagmus, surgery 
should be performed under general anesthesia.

In daily surgical practice, the greatest chal-
lenge in cataract surgery with congenital aniridia 
is reduced vision due to stromal corneal opaci-
ties. If only epithelial edema is present, glycerin- 
containing eye drops (5%) can be applied to 
deswell the cornea.

In severe cases, a corneal abrasion with post-
operative insertion of a bandage contact lens is 
necessary. However, postoperative wound heal-
ing disturbances have to be considered. In cases 
of severely reduced vision, retrolental illumina-
tion is helpful, according to Oshima [24]. For this 
purpose, a 27  g chandelier light is introduced 
over the pars plana, which can replace the miss-
ing red reflex.

In capsulorhexis, it should be noted that the 
lens capsule is significantly thinner and more 
fragile in congenital aniridia [25]. This compli-
cates capsulorhexis considerably. In most cases, 
visualization of the capsule by vital dyes is help-
ful [26]. If corneal transparency permits, the use 
of a femtosecond laser is recommended, espe-
cially in younger patients [27, 28].

The lens nucleus itself is usually soft in the 
majority of young patients and can be easily 
removed during phacoemulsification. However, 
the surgeon’s focus should be on the zonular 
apparatus. In many cases, either a general zonular 
insufficiency or a lens pseudocoloboma is pres-
ent. Capsular bag instability can be improved 
with a capsular tension ring. It is usually suffi-
cient to implant this after lens removal. In indi-
vidual cases, the capsular tension ring can be 
implanted earlier—after hydrodissection and 
before phacoemulsification—so that zonular 
stress is reduced by manipulation during 
phacoemulsification.

As an intraoperative support, iris hooks can be 
inserted into the capsulorhexis to temporarily fix 
the capsular bag [29]. However, this requires fur-
ther corneal incisions, which should be consid-
ered in relation to limbal stem cell deficiency.

In the case of dislocated lens capsule, espe-
cially in the presence of a lens pseudocoloboma, 
special capsular tension rings can be used, which 
are fixed transsclerally and thus allow re- 
centering of the capsular bag and the IOL (Cionni 
ring; FCI Ophthalmics, Paris, France) [30]. The 
same effect is achieved with ring segments that 
are also fixed transsclerally with a suture (e.g., 
AssiAnchor, Hanita Lenses; Kibbutz Hanita, 
Israel). In this way, the repositioning of the dislo-
cated capsular bag is often achieved more pre-
cisely [31].
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Not infrequently, intracapsular IOL implanta-
tion is impossible. An implantation of a transs-
cleral fixed IOL should be performed during the 
same procedure, if possible.

If a pronounced nystagmus is present, a pri-
mary posterior capsulorhexis should also be 
 performed, since a subsequent YAG capsulotomy 
is often difficult without re-anesthetizing the 
patient.

 Postoperative Specialties 
in Patients with Cataract 
and Aniridia

Patients with congenital aniridia require closer 
monitoring and more intensive postoperative care 
than regular cataract patients. In addition to the 
higher risk of postoperative corneal and pressure 
decompensation, increased fibrosis tendency is 
among the most difficult postoperative complica-
tions. “Anterior segment fibrosis syndrome,” first 
described by Tsai and colleagues [32], is typical 
of patients with congenital aniridia and can occur 
in any intraocular surgery [33, 34]. The patho-
genesis appears to be the disturbed barrier of 
blood vessels in the remaining iris roots. 
Intraocular manipulation allows profibrotic 
mediators to enter the anterior chamber and trig-
ger the growth of these hypocellular fibrous 
membranes.

This develops into a noninflammatory fibrotic 
membrane in the pupillary plane, which can lead 
to lens dislocation and corneal decompensation. 
In some cases, further growth of the fibrotic 
membrane onto the ciliary body has been 
described, which may lead to hypotony or trac-
tional retinal detachment.

Excessive capsular fibrosis up to phimosis and 
IOL dislocation are also possible. On the other 
hand, opaque capsular fibrosis can also act as a 
diaphragm and thus positively influence glare 
sensitivity.

Corneal decompensation should initially be 
treated with intensive local steroid therapy and 
osmotically active eye drops. The typical surface 
problems in limbal stem cell deficiency require 
intensive tear-substitute therapy.

In cases of persistent endothelial failure, 
Descemet membrane endothelial keratoplasty 
may be required. This procedure is preferable to 
penetrating keratoplasty.

Decompensated intraocular pressure is com-
mon in the postoperative course. In addition to 
topical therapy, systemic therapy with carbonic 
anhydrase inhibitors may be necessary temporar-
ily. Glaucoma surgery should be delayed, if pos-
sible. If pressure control cannot be achieved 
without surgery in the longer term, the choice of 
procedure depends on the existing architecture of 
the anterior segment of the eye or the chamber 
angle [35].

Trabeculotomy is the operation of choice for 
pretrabecular faculties. This can be verified 
gonioscopically. Alternatively, nonpenetrating 
procedures (e.g., canaloplasty with suprachoroi-
dal drainage) are reasonable [36]. However, the 
Schlemm’s canal is often dysgenetic and thus 
cannot be probed; in these cases, the procedure 
can be converted to a deep sclerectomy with a 
suprachoroidal collagen implant in the short term 
[7]. Classic fistulizing surgery should be avoided 
due to the strong scarring tendency of the often- 
young aniridia patients. Glaucoma drainage sys-
tems are preferable in the most severe courses.

 Summary

In all patients with coexisting congenital aniridia 
and cataracts, a precise preoperative evaluation 
of the individual pathology is mandatory. This 
assessment should be carried out personally by 
the surgeon, who can expertly assess the possible 
intraoperative peculiarities preoperatively and 
plan the surgical procedure and possible next 
steps.

Due to the altered anatomical conditions, all 
steps of complication management in lens sur-
gery, especially scleral fixation of IOLs, should 
be mastered.

Although iris reconstruction in traumatic 
aniridia can be well-combined with cataract sur-
gery, reconstructing the iris in congenital aniridia 
should be avoided, except under special 
circumstances.
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Cataract surgery for congenital aniridia is 
associated with a variety of postoperative com-
plications and requires close monitoring. In par-
ticular, anterior fibrosis syndrome, corneal 
decompensation, and the frequent incidence of 
secondary glaucoma are postoperative 
challenges.
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Floppy Iris Syndrome

Argyrios Tzamalis and Boris Malyugin

 Introduction

Since its original description by Chang and 
Campbell, intraoperative floppy iris syndrome 
(IFIS) has been widely established as one of the 

most challenging conditions for cataract surgeons 
[1]. Although most of the syndrome signs had 
long ago been identified during phacoemulsifica-
tion, IFIS was systematically described in 2005. 
It was defined as the presence of one or more 
intraoperative features of a typical triad occurring 
during phacoemulsification surgery (Fig.  27.1a, 
b). These features were:

 A. Floppy iris stroma that ripples and billows in 
response to phaco fluidics

 B. Tendency of the iris stroma to prolapse 
through incisions

 C. Progressive intraoperative miosis despite the 
use of mydriatic agents

Based on the characteristics mentioned above, 
the following classification of IFIS in grades of 
severity has been proposed.

• Grade 0: none
• Grade 1: mild IFIS (A only)
• Grade 2: moderate IFIS (A&B or A&C)
• Grade 3: severe IFIS (A&B&C) [2]

The reported prevalence of IFIS at its first 
description was almost 2% (10/511 patients) and 
was entirely associated with the use of tamsulo-
sin in males with benign prostate hyperplasia [1]. 
More contemporary studies have estimated the 
incidence of IFIS in cataract surgery to vary 
between 1.1% and 12.6% [1, 3, 4]. Beyond the 

A. Tzamalis 
2nd Department of Ophthalmology, Aristotle 
University of Thessaloniki, Papageorgiou General 
Hospital, Thessaloniki, Greece 

B. Malyugin (*) 
S. Fyodorov Eye Microsurgery Federal State 
Institution, Moscow, Russian Federation

27

Supplementary Information The online version con-
tains supplementary material available at [https://doi.
org/10.1007/978- 3- 030- 94530- 5_27].

Bullet Points
• Pathophysiology of IFIS: What causes 

iris floppiness?
• Risk factors for the appearance of IFIS: 

What are the chances our cataract 
patients will develop IFIS?

• Medication and IFIS: Which medication 
could lead to floppy iris? Should they be 
discontinued prior to surgery?

• Prophylaxis: Is there any way to prevent 
the appearance of floppy iris?

• Intraoperative management: How to 
avoid complication when IFIS occurs?
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a b

Fig. 27.1 (a) Intraoperative floppy iris syndrome in 
patient with white cataract. Note the iris starting to pro-
lapse through the side port incision (b) After withdrawing 

the phaco tip, the iris prolapses through the main incision 
in addition to the paracentesis

initial correlation with tamsulosin intake [1], 
IFIS has been associated with numerous risk fac-
tors which among others comprise male gender, 
older age, arterial hypertension and related medi-
cation, poor preoperative pupillary dilation, anti-
psychotics, benzodiazepines, finasteride, and 
other α1- adrenergic receptor antagonists 
(α1-blockers) [5–10].

The careful preoperative assessment of these 
predisposing factors is essential in the stratifica-
tion of the preoperative risk. As a matter of fact, 
several studies have been published in the last 
15 years proving that the appearance of IFIS sig-
nificantly increases the risk of intraoperative 
complications, especially when not anticipated 
[1, 9, 11, 12]. Subsequently, it is of outmost 
importance for cataract surgeons to be aware of 
factors predisposing to the appearance of IFIS 
and be able to employ possible preventive mea-
sures and surgical technique modifications that 
will address the needs of IFIS management and 
minimize complications.

 Pathophysiology of IFIS

Many factors and medical conditions have been 
proposed so far to be associated with the appear-
ance of floppy iris during cataract surgery [5–10]. 
However, the intake of α1-blockers and specifi-

cally tamsulosin, which was the initially 
described risk factor, represents by far the stron-
gest correlation. This association became much 
more apparent after the establishment of 
α1-blockers as first-line treatment for benign 
prostatic hyperplasia (BPH) instead of surgical 
intervention [13]. Subtype A of α1 adrenergic 
receptors represents the main regulator of smooth 
muscle tone in the human urinary system, and, 
therefore, α1-blockers are widely used for BPH 
and other urinary disorders. However, such 
receptors also exist on the iris dominating the 
tone of musculus dilatator pupillae [14]. 
Subsequently, α1-blockers antagonize these 
receptors too preventing the iris from fully 
dilating.

Based on the above explanation, one could 
hypothesize that the discontinuation of 
α1-blockers could significantly increase the tone 
of the pupil dilator muscle providing thus better 
mydriasis and minimizing the risk of IFIS appear-
ance. Although this may happen in some cases, 
most suspect patients receiving α1-blockers do 
not seem to benefit significantly from such a pre-
ventive measure. This fact has led specialists to 
suggest an additional mechanism through which 
α1-blockers could affect pupillary dilation [15, 
16]. The long-term use of such agents has been 
found to induce alterations on the iris such as 
atrophy of the pupillary margin and the dilator 
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muscle which are permanent and cannot be 
reversed with treatment discontinuation or other 
dilating agents [17].

The above-described mechanisms could also 
be partially applied to other agents predisposing 
to a floppy iris such as the intake of antipsychot-
ics, benzodiazepines, or even several medications 
that treat arterial hypertension. However, the 
exact pathophysiology in such cases, as well as 
with other risk factors, has not been fully under-
stood yet. Nevertheless, the association between 
floppy iris and other risk factors does not seem to 
be as strong as with tamsulosin [4, 5, 7]. Further 
research is required in order to shed light on the 
exact pathophysiology of IFIS and explain why 
some patients are more prone to its appearance 
than others.

 Risk Factors

 Medication

 Tamsulosin
Tamsulosin is one of the most used α1 adrenergic 
receptor blockers for BPH and other urinary dis-
orders. It was the first risk factor to be correlated 
with the appearance of IFIS and still remains the 
most predominant and well described [1, 5, 18]. 
This strong correlation could be attributed to the 
fact that tamsulosin’s affinity to block α1 recep-
tors and especially subtypes A and D is much 
higher than the one of other α1-blockers [19]. 
This has led to tamsulosin yielding a significantly 
increased odds ratio (OR  =  206.5) and relative 
risk ratio (RR = 99.3) for IFIS development com-
pared to other α1-blockers [20].

It is not clear whether the effect of tamsulosin 
in the appearance of IFIS is dose-dependent or 
not. Interestingly, the reported incidence of IFIS 
seems to be much higher in studies being con-
ducted in Europe or the USA compared to studies 
originating from Japan where the recommended 
daily dosage of tamsulosin is half of the respec-
tive one in western countries [5, 21, 22]. These 
data could imply a possible positive correlation 
of IFIS incidence for patients on tamsulosin with 
its cumulative dosage. On the other hand, floppy 

iris has also been noted in cases receiving tamsu-
losin for as little as 2 days prior to surgery [23].

There is a long debate among cataract sur-
geons whether tamsulosin should be discontin-
ued before phacoemulsification as a preventive 
measure for IFIS.  As a matter of fact, some 
research results support its discontinuation for 
4–7 days prior to surgery showing a lower inci-
dence of IFIS [1, 13]. However, the cessation of 
tamsulosin does not entirely eliminate the risk of 
developing floppy iris, since cases of IFIS after 
years of tamsulosin discontinuation have been 
reported [24]. Consequently, it is suggested that 
urologists inform both patients and their ophthal-
mologists for the risk of IFIS before prescribing 
tamsulosin, when the patient is still phakic [25]. 
In cases of visually significant cataract, phaco-
emulsification prior to tamsulosin prescription is 
also an option. Alternatively, a non-selective 
α1-blocker could also be considered.

 Other α1-Blockers
Alfuzosin, doxazosin, and terazosin are also com-
monly prescribed by urologists in order to deal 
with BPH and other lower urinary tract disorders. 
In contrast to tamsulosin, they are non-selective 
blocking equally all three α1-AR subtypes [19, 
26–28]. Their lower affinity for the subtype A of 
α1 receptors could explain the much lower 
reported incidence of IFIS among patients receiv-
ing those medications in comparison to tamsulo-
sin [2]. It is of note, that alfuzosin reduces the 
risk of IFIS development by almost 30 times in 
comparison to tamsulosin and is, therefore, pre-
ferred as first-line treatment in male phakic 
patients with BPH [2]. In a recent study, Dogan 
et al. compared the effects of systemic alfuzosin 
and tamsulosin on choroidal thickness and pupil 
diameter size, showing that alfuzosin was found 
to significantly decrease both, while, as expected, 
tamsulosin did not have any significant effect on 
the choroidal thickness [29]. Regarding pupillary 
dilation, patients on alfuzosin showed signifi-
cantly smaller pupils than in the tamsulosin 
group. The authors suggested that alfuzosin leads 
to IFIS by blocking the α1 receptors, while tam-
sulosin induces additional atrophy of the pupil 
dilator muscle [29].
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In recent years, two additional α1-blockers 
have been introduced in the treatment of BPH, 
naftopidil and silodosin. Naftopidil has been 
implicated in floppy iris syndrome, however at a 
slightly lower rate than tamsulosin [22]. Likewise, 
there are several reports in the literature of IFIS 
cases attributed to the systematic use of silodosin 
[16, 30–32]. However no large cohorts have been 
published so far and prospective randomized 
studies are expected to evaluate the exact hazard 
of developing IFIS with these agents.

 Finasteride
Although α1-blockers are well established as the 
main risk factor for the development of IFIS, 
there are several other medications that have been 
implicated as causative agents. Finasteride is a 
drug commonly used to treat BPH and hair loss 
in men, as well as excessive hair growth in 
women. It is a specific 5a-reductase inhibitor and 
is generally considered an anti-androgen. It has 
been linked with cases of anterior subcapsular 
cataracts and IFIS, although no direct pathophys-
iologic mechanism has been found and it remains 
unknown whether finasteride has a direct effect 
on iris [5, 6, 32, 33]. Finasteride is supposed to 
have a short-term effect, and, consequently, its 
discontinuation prior to phacoemulsification 
could be of some benefit [6].

 Neuromodulators
Since its original description, IFIS has been cor-
related with numerous neuromodulating agents 
including benzodiazepines, donepezil, dulox-
etine, and mianserin [5, 7, 34, 35]. Chatziralli 
et  al. documented an increased occurrence of 
IFIS in patients receiving benzodiazepines in a 
large retrospective study, a correlation also veri-
fied in a univariate analysis by Kaczmarek et al. 
[5, 7]. In 2007, Papadopoulos et al. reported IFIS 
in a woman with a long history (8 years) of taking 
donepezil for Alzheimer’s disease, while recently, 
González-Martín-Moro et al. reported a case of 
IFIS in a woman consuming duloxetine as an 
antidepressant for 3 years [34, 35]. Another anti-
depressant, mianserin, has been suggested as the 
causative factor for the appearance of IFIS in a 

woman receiving the abovementioned medica-
tion for 20 years prior to surgery [36].

It remains debatable whether the increased 
rate of IFIS in patients receiving the abovemen-
tioned medications is causative or coincidental. 
While mydriasis is understood to be opposed by 
cholinergic drugs, the precise pathogenetic pro-
cess by which these drugs lead to the develop-
ment of IFIS is less apparent and remains subject 
to future research [5, 7]. Nevertheless, it is advis-
able to include benzodiazepines, antidepressants, 
and anticholinergic drugs in the preoperative his-
tory taking and inform surgeons regarding the 
possibility of IFIS appearance.

Additionally, many antipsychotics have been 
implied to act as risk factors for the appearance 
of floppy iris during phacoemulsification. This 
list includes both typical and atypical antipsy-
chotics, such as quetiapine, chlorpromazine, 
zuclopenthixol, aripiprazole, and risperidone [5, 
37–42]. All these drugs, mainly used in the treat-
ment of schizophrenia and other mental disor-
ders, have a well-known blocking action against 
α-adrenergic receptors. As α1-antagonism is 
probably the causative mechanism to induce iris 
floppiness, the use of intracameral adrenaline or 
phenylephrine could possibly be beneficial as a 
preventive measure [38–42]. However, there are 
no large series or controlled studies on the effect 
of antipsychotics on the iris, and most data 
regarding possible correlations of IFIS and anti-
psychotics comes from case reports.

 Antihypertensives
Beyond their main indication for the manage-
ment of benign prostate hyperplasia, some non- 
selective α1-blockers are used as 
antihypertensives. Doxazosin has been reported 
to induce IFIS also in cases where it was system-
atically used to treat arterial hypertension [11, 
43–45]. Labetalol has also been implicated in the 
appearance of IFIS [46]. Labetalol combines 
selective, competitive inhibition of alpha-1 
adrenergic receptors and non-selective, competi-
tive inhibition of beta-adrenergic receptors. Its 
α1-blocking effect is probably the one responsi-
ble for iris floppiness and poor pupillary dilation. 
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Angiotensin II receptor inhibitors have recently 
been suggested as a major risk factor for IFIS, 
especially in women [8]. However, it has not 
been clarified yet whether certain drugs such as 
losartan or arterial hypertension alone may be the 
key contributing factor to the development of 
floppy iris [8, 47].

 Gender and Age

Gender has been reported as a risk factor for IFIS 
occurrence [7, 9, 48]. However, a reasonable 
argument could be whether the male gender is an 
independent risk factor for IFIS or if the reported 
correlation can be attributed to the significantly 
higher intake of α1-blockers by men for BHP 
treatment. Two studies that conducted multiple 
regression analysis, thus adjusting for covariates, 
reported adjusted risk ratios of 2.2 and 4.7 [5, 
48]. Therefore, the male gender retained its posi-
tive correlation with IFIS. Females are not resil-
ient to IFIS.  Even though less commonly, IFIS 
could occur in females too. Females are also pre-
scribed α1-blockers for detrusor underactivity 
and outlet obstruction, and other drugs correlated 
to IFIS development. However, this is often over-
looked. As a result, when IFIS occurs in females 
since it is usually not anticipated, it is correlated 
with a higher incidence of postoperative compli-
cations. Specifically, nucleus drop, endothelial 
cell loss, vitreous loss, and posterior capsule rup-
ture lead to a poor visual outcome [9]. Females 
should not be overlooked during the preoperative 
assessment. Clinicians should carefully docu-
ment all factors predisposing IFIS to avoid an 
unanticipated IFIS, which could have severe con-
sequences to the visual outcome.

Advanced age has been correlated with an 
increased tendency to IFIS development. Two 
mechanisms can explain this correlation: first, the 
progressive vasculature dysfunction, which has 
been demonstrated using fluorescein leakage as 
an indicator of vasculature dysfunction [49], and 
second, the progressive alterations of the synap-
tic transmission of norepinephrine that cause 

changes in the iris dilator muscle tone [50]. A 
study has found that with each 1-year that passes, 
the IFIS occurrence risk increases, with a pro-
posed odds ratio (OR) of 1.09 (95% CI 1.03–
1.16, p = 0.006) [7].

 Arterial Hypertension

The role of arterial hypertension as a factor pre-
disposing to IFIS development remains disputed. 
Except from the iris dilator muscle, α1A adrener-
gic receptors are found in the arteriolar muscula-
ris of the human iris [51]. Various systemic 
diseases could also lead to endothelial dysfunc-
tion, increasing the iris dilator’s resistance to epi-
nephrine agonists [52]. Nevertheless, the existing 
results are conflicting, with several studies report-
ing no significant correlation between high blood 
pressure (HBP) and IFIS [7, 53], while others 
report significant results [5, 48]. Further studies 
are required to investigate the correlation among 
different HPB treatments and IFIS to determine 
whether HBP is an independent predisposing 
factor.

 Dilated Pupil Diameter

The dilated pupil’s preoperative diameter should 
be assessed since it has been reported as an inde-
pendent factor for IFIS occurrence. A recent 
study reported that a well-dilated pupil preopera-
tively was a protective factor for IFIS develop-
ment regardless of α1-blocker intake [54]. 
Similar studies report decreased preoperative 
dilated pupil as a predisposing factor for IFIS 
development [10, 55]. However, there is cur-
rently no consensus on a specific cut-off value, 
with studies using cut-offs ranging between 6.5 
and 8 mm [2, 10, 55, 56]. Except for pupil diam-
eter, the ratio between dilated pupil and the lim-
bal diameter was proposed as a more reliable 
metric to assess IFIS risk, with the rationale that 
cornea and pupil sizes differ significantly among 
races and individuals [56, 57].
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 Preoperative Assessment 
and Prophylaxis

Surgical risk is not linear. Different risk factors 
impact on a different scale the surgical outcome, 
while combined risk factors could lead to an 
exponential increase of the surgical risk due to a 
synergistic effect. While several factors predis-
posing to IFIS have been investigated, a compre-
hensive tool that reliably assesses the risk for 
IFIS is not available. Such a tool could be devel-
oped using multiple regression models or even 
machine-learning methods such as Optimal 
Classification Trees [58]. Until a novel tool is 
developed, clinicians should carefully assess 
each patient for each factor predisposing to 
IFIS.  Greater attention should be given to risk 
factors with high reported ORs such as 
α1-blockers, particularly tamsulosin, decreased 
dilated pupils, and medications such as specific 
antihypertensives, benzodiazepines, and 
antipsychotics.

As mentioned before, the cessation of drugs 
that predispose to IFIS prior to surgery does not 
fully eradicate the risk of IFIS, even though it 
could be helpful in some cases [1, 13]. Chang 
et al. had acknowledged in their initial study that 
a cessation of tamsulosin 4–7 days before cata-
ract surgery decreased but did not eliminate the 
risk for IFIS development [1]. Many ophthalmol-
ogists anecdotally withdraw tamsulosin or alfu-
zosin shortly before surgery, even though there is 
currently in the literature no strong evidence that 
supports such a withdrawal [48]. Tamsulosin has 
a long half-life, and when taken for long inter-
vals, it causes irreversible atrophy to the iris dila-
tor. As a result, ceasing tamsulosin for few days 
could be inadequate.

There are currently no guidelines as to which 
patients are required a preoperative prophylactic 
strategy. The decision remains with the surgeon. 
Also, there is no consensus regarding which pre-
ventive measures are appropriate. Among these 
measures is the use of mydriatic regimens preop-
eratively. Topical atropine alone or with the addi-
tion of intracameral epinephrine has been 
reported to decrease IFIS rates in high-risk 
patients significantly [17, 59, 60]. Recently, an 

installation of atropine sulfate 1% 40 and 20 min 
prior to surgery was reported to decrease IFIS 
rates, particularly the severe forms [17].

Another group of agents used to facilitate 
pupillary mydriasis is the nonsteroidal anti- 
inflammatory drugs (NSAIDs), which block 
cyclooxygenase and inhibit the intraoperative 
pupillary miosis caused by prostaglandins. 
Ketorolac, which belongs to this group of drugs, 
was used in patients with a small dilated pupil 
(<5 mm) and was reported to decrease the need 
for iris rings to maintain pupil dilation to 0% 
compared to the control group (50%) 
(p = 0.0034) [61].

 Surgical Management of IFIS

The use of intracameral mydriatics as an addition 
or even sometimes substitution of the preopera-
tive mydriatics instillations has been widely 
adopted by many cataract surgeons. Direct con-
tact of phenylephrine or epinephrine with the iris 
tissue has a beneficial effect on the pupil size and 
the tone of the iris dilatation muscle reducing the 
incidence and severity of IFIS. Some surgeons 
prefer to use intracameral mydriatics in combina-
tion with local anesthetic (lidocaine) or NSAID 
(ketorolac) [61, 62]. Intracameral epinephrine 
and phenylephrine promote pupillary dilation 
and reduce iris floppiness. Introduction of intra-
cameral epinephrine/phenylephrine allowed to 
dramatically reduce the necessity to use pupil 
expansion devices both by experienced surgeons 
and residents in training [63, 64].

During surgery in anticipated IFIS cases, it is 
recommended to use anteriorly elongated corneal 
incisions; perform very gentle hydrodissection, 
lower fluidic parameters of the phaco machine; 
and keep the irrigation flow above the iris plane 
[65]. If the pupil starts to constrict, stretching of 
the pupil is ineffective, because the iris pupil 
margin remains elastic and the pupil immediately 
snaps back to its original size following attempts 
at stretching it.

Proper selection and use of ophthalmic visco-
surgical devices (OVD) allow to stabilize the iris 
tissue and prevent iris billowing. There are 
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several OVD techniques can be used to perform 
cataract surgery in patients taking tamsulosin. 
The combination of a soft-shell and ultimate soft- 
shell technique involves the use of different 
OVDs and adjustments to flow parameters. In the 
soft-shell bridge technique (SSB), dispersive 
OVD (Discovisc) is injected first coating the cor-
neal endothelium and placed over the iris, visco-
adaptive OVD (Healon5) is injected second in the 
center of the anterior chamber filling the space, 
and BSS is injected third over the anterior lens 
capsule. Then the surgeon performs phacoemul-
sification with very low fluidic parameters (flow 
less than 20  ml/min, aspiration 200  mmHg) to 
avoid OVD aspiration from the anterior chamber 
[66, 67].

When pharmacological approach does not 
provide sufficient pupil diameter, the use of 
mechanical pupil expansion devices is recom-
mended [68, 69]. Flexible polymer iris hooks 
allow to expand the pupil and maintain its size 
throughout the procedure. The so-called “dia-
mond” configuration of iris hooks placement 
(Fig. 27.2), when one of them is located closely 

adjacent to or even under the main cataract inci-
sion, helps to prevent iris incarceration into the 
wound and is considered especially useful in IFIS 
cases [70].

Pupil expansion rings in most cases are much 
easier to use; they require less operating time, do 
not require extra incisions, and provide a stable 
pupil during surgery minimizing postoperative 
pupil deformity [63, 71, 72]. David Chang was 
the first to report about the beneficial effects of 
the Malyugin Ring (Microsurgical Technology 
Inc., USA) in patients with IFIS [73].

Malyugin Ring is a device that can maintain a 
pupil in an extended position during phacoemul-
sification (Fig. 27.3). The ring has a plurality of 
loops that capture iris tissue. It is configured to 
extend the pupil when iris tissue is inserted into 
each loop having one-piece design with square 
shape and four equidistantly located circular 
loops [74]. The loops are located at each corner 
of the device utilizing the scroll principle of 
catching and holding the pupillary margin 
(Fig. 27.4). Each loop has a gap to accommodate 
the iris tissue. The triangular profile of the scroll 
gap adapts for various thickness of the pupillary 
margin in different individuals [68]. The device is 
made of 4-0 (Malyugin Ring version 1.0) or 5-0 
(Malyugin Ring version 2.0) polypropylene and 
produced in two sizes: 6.25  mm and 7.0  mm. 
Malyugin Ring v1.0 (Classic) has thicker and 
stiffer thread and is, thus, theoretically better to 
use for very small and fibrotic pupils. Malyugin 
2.0 is indicated in moderately dilated pupils and 
IFIS (there is no need to forcefully stretch the iris 
in these cases). The advantage of the 6.25  mm 
ring is that it is easier to insert and to remove. The 
advantage of the 7.0 mm ring is that it provides 
larger exposition of the lens and can be used if 
the pupil starts of bigger, especially in IFIS cases.

Theoretical mathematical modeling and com-
puter simulations were used to assess billowing/
buckling patterns of the iris under various load-
ing pressures. This simulation demonstrates that 
pupil expansion device (such as the Malyugin 
Ring) effectively inhibits iris billowing even in 
the setting of floppy iris syndrome [75]. As a mat-
ter of fact, in patients prone to develop IFIS, 
when pupil expansion devices are utilized, they 

Fig. 27.2 Schematic view of iris hooks placement in a 
“diamond” configuration, with one of the hooks located 
adjacent to the main cataract incision
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Fig. 27.3 Malyugin Ring System containing the Malyugin Ring located in the special holder with the attached injec-
tion device. Two sizes of the device are available: 6.25 and 7.0 mm. The latter is the best one to use in IFIS cases

should be employed as a prophylactic measure 
from the beginning of surgery rather than using 
them after floppy iris develops, which could 
eventually compromise the integrity of the 
capsulorhexis.

Iris hooks may be preferred by some surgeons, 
especially in cases with a shallow anterior cham-
ber, as a safe and cheap alternative to rings. On 
the other hand, iris hooks are associated with an 
additional operating time. Notably, when com-
pared with the Malyugin Ring, iris hooks took on 
average 10  min longer among consultants and 

18 min longer among trainees [76]. Furthermore, 
expansion rings can significantly reduce pupil 
deformity and inflammation in comparison to iris 
hooks providing thus a better surgical outcome 
[63, 72].

In conclusion, proper management of IFIS 
requires a broad spectrum of pharmacological 
and surgical strategies to be in the armamentar-
ium of the modern cataract surgeon. Topical 
medications augmented with intraocular mydri-
atic injections appear to be the mainstream pro-
viding success in the majority of cases. However, 
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mechanical pupil dilation is very helpful in 
achieving and maintaining the mydriasis when 
all other strategies fail. Pupil expansion devices 
may cause pupil trauma to some extent. Some of 
these methods are associated with bleeding, loss 
of iris sphincter function, and abnormal pupil 
shape postoperatively. The easiness of manipula-

tions and the final results vary significantly with 
different devices. Iris hooks and Malyugin Ring 
are the current standard of care for intraoperative 
mechanical pupil expansion in patients with 
IFIS.  However, a variety of different devices 
were introduced into the clinical practice over the 
past years, some of them being currently under 
development (Fig.  27.5). In general, latest 
 innovations significantly reduced the chance of 
complications and increased the success rate of 
cataract surgery in the setting of IFIS.

Fig. 27.4 Phacoemulsification in IFIS patient with the 
Malyugin Ring in place

Take-Home Notes
• Numerous studies have been published 

in the last 15  years proving that the 
appearance of IFIS significantly 
increases the risk of intraoperative com-
plications, especially when not 
anticipated.

• Several risk factors, such as alpha1- 
blockers intake for benign prostate 
hyperplasia, have been linked to the 

Fig. 27.5 Different pupil expansion rings currently commercially available
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Iris Repair

Peter Szurman

 Introduction

The causes of partial or complete aniridia are 
diverse, but most cases occur after severe ocular 
trauma. The resulting pupil or iris defects can 
lead to visual impairment, discomforting glare, 
reduced contrast sensitivity, loss of depth of 
focus, and photophobia [1]. The cosmetic aspect 
should not be underestimated, either, because the 
mostly young (trauma) patients suffer from a 
considerably reduced quality of life. Surgical iris 
reconstruction can alleviate these symptoms.

In the past decades, numerous microsurgical 
techniques and prosthetic devices for iris repair 
have been developed. The various iris suturing 
methods, as well as alternative techniques 
including iris prosthetics, each have unique 
benefits, providing surgeons with a wide array 
of tools for iris reconstruction. Today, almost 
any complex situation can be met with good 
anatomical and functional results. However, 
due to the heterogeneity of the underlying 
pathology, iris reconstruction is individual, as 
is the surgical strategy. Therefore, the multi-
tude of possibilities seems confusing at first 
glance. However, there are general rules that 
can help in choosing the correct strategy. This 
article aims to structure these variable patholo-
gies and assign appropriate surgical techniques 
to them.
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Bullet Points
• Cataract surgery and iris repair can be 

combined well, but consider the 
increased risk of complications due to 
accompanying ocular comorbidities 
related to aniridia.

• Iris coloboma (sector defect) can be 
closed with primary sutures, mainly 
slipknots.

• Iridodialysis can be treated with iris 
base refixation via transscleral mattress 
sutures (U-suture).

• Persistent mydriasis is addressed with 
an iris cerclage suture (annular “tobacco- 
pouch” suture).

• Subtotal or total aniridia benefits from 
novel flexible iris prostheses with a 
custom- made iris drawing matching the 
color of the patient’s natural iris.
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 Non-surgical and Alternative 
Approaches

Not every iris defect needs to be repaired. Patients 
with small sector defects may have little or no 
visual impairment. Superior defects may be well 
covered by the upper lid (Fig.  28.1a), and con-

genital iris colobomas usually cause no or sur-
prisingly little discomfort despite the typical 
inferonasal localization. On the other hand, the 
lacrimal meniscus contributes a prismatic effect, 
which can turn even small iridectomies symp-
tomatic. A meticulous patient history detailing 
complaints and expectations is mandatory. Also, 

a b

c d

e f

Fig. 28.1 Slit lamp photography of primary iris sutures: 
(a) superior coloboma covered by the upper eyelid; (b) 
McCannel suture for traumatic iris coloboma, together 
here with a scleral-fixated IOL; (c) pupilloplasty with 
light-tight sutures; (d) faulty pupilloplasty with a too- 

large seam distance, resulting in polycoria and disturbing 
double images; before (e) and after (f) primary iris sutures. 
Inlay: The sutures are under tension and have a tendency 
to pass through the atrophic iris stroma
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tinted spectacles, iris-printed contact lenses, iris 
cauterization [2], and, with the utmost caution, 
corneal tattooing are part of the minimally inva-
sive armamentarium.

Although corneal tattooing (keratopigmenta-
tion) has been around for many decades, it has 
only been sporadically used. Several techniques 
have been proposed, and, when performed cor-
rectly, good anatomical and cosmetic results have 
been reported [3, 4]. However, keratopigmenta-
tion may also increase rather than decrease pho-
tosensitivity, even when performed correctly [5]. 
Especially superficial manual micropunction 
with a non-confluent pattern can lead to a disas-
trous result with maximum glare (Fig. 28.2a, b). 
We recommend that unexperienced surgeons 
limit corneal tattooing solely to improve the cos-
metic aspect of completely opaque eyes with cor-
neal blindness (Fig. 28.2c).

 Cataract Surgery Combined 
with Iris Repair: A One-Step or 
Two-Step Procedure?

When planning cataract surgery in an eye with 
additional iris pathology, the first question that 
arises is whether a combined or two-step proce-
dure is appropriate. The answer is ambiguous.

On the one hand, if preexisting iris defects are 
not treated at the time of cataract surgery, an oth-
erwise successful procedure will fail, and the 
patient will be dissatisfied. Remaining pupil or 
iris defects may impair visual quality by generat-
ing photic phenomena of the exposed IOL edge, 
double vision, polyopsia, and photophobia.

On the other hand, iris defects that occur dur-
ing a complicated cataract surgery should instead 
be repaired later in an inflammation-free interval. 
Intraoperative iris damage such as phaco bites, 

a b

c

Fig. 28.2 (a) Faulty superficial manual micropunction 
with a non-confluent pattern. (b) Coaxial light discloses 
why the patient was highly disturbed by glare and double 
images and ended up in corneal transplantation. It is rec-

ommended to avoid turning one large pupil in a situation 
with a hundred small pupils! (c) Corneal tattooing for cos-
metic purposes in corneal blindness
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iris sphincter injuries, or iris prolapse typically 
occur in eyes where the iris is already the cause 
of the problem (e.g., narrow or atonic pupil, 
IFIS). Such complications are characterized by 
iris irritation, leaky tunnel incisions, hypotony, or 
a flat anterior chamber, resulting in significantly 
prolonged inflammation. In these cases, the most 
important measure is rapid completion of cata-
ract surgery.

Even if there is a large iris defect or tissue 
loss, it is preferable to postpone the iris recon-
structive procedure to a later date because iris 
injury and iris suturing act additively on inflam-
mation. Furthermore, the exact extent of the dam-
age as well as the resulting visual and cosmetic 
implications cannot be estimated at this time. 
Successful iris reconstruction always requires 
careful planning.

 Comorbidities

The question of comorbidities is generally man-
datory before every cataract surgery but is par-
ticularly important in combined iris pathology. 
Iris defects, depending on their cause, often have 
accompanying ocular comorbidities that can 
make cataract surgery considerably more diffi-
cult and increase the risk of complications. The 
causes can be traumatic, congenital (develop-
mental), or iatrogenic:

 1. Traumatic partial or complete aniridia usually 
has multiple pathologies such as zonular defi-
ciency, primary capsule defects, vitreous pro-
lapse, or compromised corneal endothelium. 
Postoperative complications such as retinal 
detachment, intraocular pressure increase, 
and corneal decompensation are common [6].

 2. Congenital and developmental iris defects 
occur in a variety of conditions, including 
congenital aniridia, colobomas, iridocorneal 
endothelial (ICE) syndrome, Axenfeld–
Rieger, and essential iris atrophy. Many of 
these patients have both zonular and capsular 
anomalies. Especially in congenital aniridia, 
the capsule may be thinned and rigid. 

Congenital iris colobomas may be associated 
with colobomas of the ciliary body and partial 
zonular deficiency (lens pseudo-coloboma), 
which may complicate cataract surgery.

 3. Iatrogenic iris injuries in cataract surgery are 
often caused by complicative conditions, 
especially IFIS and vitreous pressure. In this 
case, iris reconstruction should only be per-
formed in the inflammation-free interval 
under controlled conditions (e.g., under gen-
eral anesthesia).

These comorbidities make the management of 
cataract patients with iris defects challenging, 
especially after trauma. Often, both anterior and 
posterior segments are likely to be damaged and 
need strategic planning. Retinal or vitreous 
pathology such as proliferative vitreoretinopathy 
(PVR) may require treatment with silicone oil 
tamponade. Therefore, whenever possible, iris 
reconstruction should be performed only after 
wound healing and management of other pathol-
ogies. This is also relevant in eyes with  preexisting 
glaucoma because sulcus implantation might 
worsen this condition [7].

 Strategic Considerations for Iris 
Reconstruction

The second important question is the nature of 
the iris defect. The highly variable iris pathology 
requires individualized surgical strategies. 
Accordingly, the multitude of iris reconstructive 
approaches and available techniques seem con-
fusing at first glance. In real life, however, it is 
much simpler. It is extremely helpful to under-
stand that all iris defects can be divided into four 
categories with defined strategic approaches:

 1. Iris coloboma (sector defect)
 2. Iridodialysis
 3. Persistent mydriasis
 4. Subtotal or total aniridia

The first three types of injuries can often be 
treated with special suturing techniques, which 
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are described in detail below. However, one 
should be aware that only small-to-medium 
defects can be reconstructed with a primary 
suture.

As elastic as the iris tissue may appear during 
the process of pupil constriction/dilation, the iris 
stroma only allows a surprisingly limited gather-
ing and stretching ability to bridge larger iris 
defects. In the long term, those sutures under ten-
sion often wander through the iris stroma with 
late reopening of the iris defect.

For larger defects, when the amount of iris 
remnants is insufficient to perform a suture pupil-
loplasty or the quality of the iris tissue is too poor 
to be repaired, prosthetic iris devices are pre-
ferred [7–9].

 Defect Type 1: Traumatic Iris 
Coloboma (Sector Defect)

Traumatic colobomas are usually sector defects. 
Repair strategies depend largely on the extent of 
the lost or damaged iris and the health of the 
remaining tissue, but most cases can be easily 
treated with primary iris sutures. However, in iris 
surgery, it is important to proceed as minimally 
invasively as possible. Some basic considerations 
and rules must be followed:

• Sutured iris tissue never grows together. The 
closed defect must be held in place for life by 
the iris sutures.

• Only healthy iris stroma can be sutured; in 
atrophic stroma the suture thread passes 
through. Slit lamp examination in the coaxial 
position is helpful for evaluation.

• Iris tissue has limited elasticity. Therefore, 
only small-to-medium defects can be adapted 
up to a maximum of about 2 hours.

• Sutures must be sewn lightproof. If the seam 
distance is too far, the resulting polycoria will 
lead to very disturbing double or multiple 
images (Fig. 28.1d).

The following suturing techniques for iris 
reconstruction are suitable for repairing sector 
defects.

 McCannel Suture
The McCannel suture is one of the earliest and 
simplest variants of the primary iris suture [10]. 
This technique allows direct suturing of the iris 
using three incisions and is suitable for small-to- 
medium sector defects (Fig. 28.1b).

The original McCannel technique involves 
passing a 10-0 polypropylene suture through 
two paracenteses created perpendicular to the 
iris defect (Fig. 28.3a). The suture needle will 
grab both iris edges. A third paracentesis is then 
created above the defect. A hook is used to 
externalize both ends of the suture through the 
paracentesis, where they are then tied exter-
nally, and the knot is allowed to slide back into 
the anterior chamber. Historically, this ab 
externo method has often been used as a pupil 
suture for closure of a preceding radial pupil-
lotomy, performed to facilitate ICCE in small 
pupils.

Many modifications of the McCannel suture 
have been introduced [11, 12]. Nowadays, we 
mostly use a variation with only one paracentesis 
above the defect, where the needle is perpendicu-
larly passed directly through the peripheral cor-
nea without additional paracenteses. In peripheral 
defects, a complete ab externo suturing technique 
is also possible: the two iris edges are directly 
grasped with forceps via an enlarged paracentesis 
directly above the defect, externalized, sutured 
outside, and allowed to slide back into the ante-
rior chamber.

In most cases, however, these techniques 
involve only one pupil suture and leave a triangu-
lar peripheral iridectomy. Therefore, this method 
is limited to superior defects.

 Siepser Slipknot
In 1994, Siepser introduced a suturing strategy in 
which a surgeon can create a knot outside the eye 
and subsequently slide it into place atop the iris 
all while maintaining a closed chamber [13]. The 
sliding knot, an ab interno technique with even 
larger defects and multiple knots, can be adapted 
very accurately. The main advantage besides the 
closed chamber is that the edges of the iris are not 
moved during knotting, and thus an exact side-to- 
side connection is achieved (Video 28.1).

28 Iris Repair
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Fig. 28.3 Surgical steps for primary iris suturing: (a) McCannel suture, (b) Siepser knot, (c) iris base refixation in 
iridodialysis, (d) iris cerclage in chronic mydriasis

Numerous variations have been proposed [14] 
to facilitate locking the knot with [15, 16] or 
without [17] squaring, retrieval of the suture 
thread [18], or pushing the sliding knot into the 
anterior chamber [19].

The sliding knot, along with its variations, has 
become a basic technique for addressing a large 
number of iris pathologies. It is suitable for clos-
ing larger traumatic colobomas (Fig.  28.1c–f), 
sector iridectomies, iatrogenic iris defects (e.g., 
after the removal of iris tumors), or transillumi-
nation defects [20]. Variants are also used in 
complex maneuvers like pupilloplasty in corecto-
pia, iridodialysis, and traumatic mydriasis.

Our current technique includes two paracente-
ses, a pressurized anterior chamber, a three-pass 
square knot, and an irrigation handpiece to retrieve 
and guide the needle (Fig.  28.3b). In brief, two 
paracenteses are created perpendicular to the iris 
defect. On the distal side, an irrigation handpiece 
is inserted to pressurize the anterior chamber; on 
the proximal side, a 10-0 polypropylene thread 
with a straight, 13 mm needle is inserted. Both iris 
edges are pierced, and the needle is inserted into 

the irrigation tip and guided outward. Next, a 
push–pull hook is used to guide a loop of suture 
from the opposite side of the anterior chamber out 
through the paracentesis. Then, a double-throw 
slipknot is tied, which is internalized by pulling 
both ends of the suture. The sutures are cut using 
a 23  g, curved vitreoretinal microscissor. The 
maneuver is repeated twice with single-throw 
slipknots to lock the knots.

An average of three sutures is required for a 
meticulous side-to-side closure of sector colobo-
mas. It is important to strive for a complete, light- 
tight adaptation of the wound edges to avoid 
polycoria.

 Bimanual Intraocular Microsuturing
An elegant alternative is the bimanual intraocular 
microsuturing (BIM) technique introduced by 
Hattenbach in 2016 [21]. Using a 25 gauge hybrid 
instrument set (Geuder, Heidelberg, Germany) 
consisting of a microneedle holder, thread for-
ceps, and scissors, direct suturing within the 
anterior chamber is possible for the first time 
without the use of long needles, which had to be 
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inserted and removed in the anterior chamber as 
part of conventional suturing techniques.

In combination with a microneedle (ONATEC, 
Neustadt, Germany), which is adapted to the instru-
ment set, a completely new suture technique can be 
applied, with which almost any suture placement in 
the area of the anterior chamber or the anterior vit-
reous cavity is feasible. This allows intracameral 
sutures to be implemented in the smallest possible 
space. The 25 gauge format allows for a minimally 
invasive approach using small paracenteses while 
maintaining high anterior chamber stability.

Bimanual maneuvering of needle and suture is 
performed by a back and forth (“handshake”) 
technique between two instruments. The suture 
material is guided inside and outside the anterior 
chamber (“in-out-in” technique) during knot 
tying. These microinstruments can be used not 
only for iris sutures at any point in the anterior 
chamber but also for suture fixation of dislocated 
intraocular lenses.

 Pupilloplasty for Corectopia
Congenital, traumatic, or iatrogenic corectopia 
can also be treated with a newly formed, cen-
tered pupilloplasty by slipknots. In principle, 
surgical centering of the existing pupil is always 
preferable because even severely traumatized 
pupils often still show some sphincter activity, 
which is advantageous for the light-adapted 
visual quality. However, in the case of long-
standing corectopia, shortened or scarred iris 
tissue often cannot be sufficiently mobilized 
from the periphery to achieve good centering of 
the existing pupil.

In these cases, a pupilloplasty can be per-
formed by closing the decentered pupil with the 
slipknots described above and creating a new, 
centered artificial pupil with the vitrectomy cut-
ter (Fig. 28.4). These results are cosmetically and 
optically excellent. However, this artificial pupil 
is not light reactive. Therefore, the decision 
should always be based on whether sufficient 

Fig. 28.4 Slit lamp photography of a corectopia due to 
an old iris prolapse into a temporal tunnel incision in a 
patient who underwent cataract surgery in childhood. 

Before (top) and after (bottom) pupilloplasty with newly 
formed pupil. After 30 years visual acuity increased from 
0.2 to 0.5 (RE right eye, LE left eye)
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pupil reactivity is still present or whether it seems 
worth preserving (Video 28.2).

 Sector Iris Implants for Larger Iris 
Colobomas
For larger sector defects or transillumination 
areas that cannot be closed with primary iris 
sutures (>2 clock hours), sector implants may be 
an alternative. Whereas rigid poly(methyl meth-
acrylate) (PMMA) segment rings were used in 
the past, flexible iris prostheses tailored to the 
appropriate size and shape are preferred now. 

Good cosmetic results can be achieved with indi-
vidual choice of color. Detailed instructions are 
provided below.

 Defect Type 2: Traumatic Iridodialysis

Iridodialysis, in which the iris root is torn off by 
the scleral spur (not to be confused with cyclodi-
alysis), occurs most often due to trauma 
(Fig. 28.5a, b). Surgically induced iris base avul-
sion is also common, either as a result of a pro-

a b

c d

e f

Fig. 28.5 Before (a) and after (b) iris base refixation 
(note the oval pupil). (c) Insufficient iris cerclage with 
too-few bites. (d) Same eye: the unsatisfactory result 

becomes particularly clear during coaxial light examina-
tion. Before (e) and after (f) regular iris cerclage. Note the 
jagged aspect of the pupil
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nounced iris prolapse or inadvertent entanglement 
with a surgical instrument. Typically, this occurs 
when the phaco tip is inserted through a tunnel 
incision that is too narrow. Once the resistance is 
overcome, the phaco tip suddenly and uncontrol-
lably penetrates the iris and tears off the iris base.

Iris base refixation can easily be achieved with 
transscleral mattress sutures (U-suture) [22, 23]. 
Alternatively, the iris base can be fixed with ab 
externo scleral sutures similar to ciliary body 
refixation, but this procedure is more complex 
and time-consuming.

In most cases, we use an ab interno transs-
cleral mattress suture. In brief, the two straight 
13 mm needles of a double-armed 10-0 polypro-
pylene thread are inserted one after the other via 
an opposite paracentesis, pierced through the iris 
base at a distance of approximately one clock 
hour and then externalized through the sclera 
(transscleral ab interno technique). The needles 
are cut off, the two ends of the thread are knotted 
outside, and the knot is buried in the sclera by 
rotating the U-suture (Fig. 28.3c).

Caution is required during the technical 
maneuver: the surgeon must be aware that the iris 
base will be shortened by the sutures, causing the 
pupil to become decentered in the direction of the 
iridodialysis. To avoid an oval-shaped pupil, the 
sutures should only be loosely tightened. One has 
to keep in mind that the iris base does not grow 
together with the sclera and is held for life only 
by the mattress suture. Even when this rule is 
observed, these eyes often show oval mydriatic 
pupils postoperatively because tearing of the iris 
base leads to permanent denervation in this sector 
(Fig. 28.5b; Video 28.3).

 Defect Type 3: Traumatic Mydriasis

Chronic mydriasis is the result of an atonic pupil 
(i.e., a permanent failure of the iris sphincter). 
The causes are manifold and most often caused 
by blunt trauma (traumatic mydriasis), acute 
glaucoma, or uveitis, but also after surgical dila-
tion of narrow pupils (iris stretching, iris retrac-
tors, pupil expanders) (Fig. 28.5e).

Iris cerclage suture is the treatment of choice. 
This is a tobacco-pouch suture, in which small 

bites are taken around the pupillary circumfer-
ence, and the annular suture is then knotted [24, 
25] (Video 28.4). The iris cerclage technique has 
been particularly successful in treating traumatic 
mydriasis with good functional and cosmetic 
results [26]. Unlike any of the methods described 
above, this suture technique allows the surgeon to 
create a round pupillary aperture.

Because iris tissue is of limited elasticity, 
some rules must be observed when performing 
the iris cerclage (Fig. 28.3d). First, three paracen-
teses are applied at 120° intervals. A single- 
armed 10-0 polypropylene thread with a straight, 
13 mm needle is inserted via the superior para-
centesis and repetitively pierced through the 
pupillary margin at short intervals. The pupil 
should be threaded with approx. 5–6 bites per 
120°. The bites can be supported with a manipu-
lation instrument as an abutment. A blunt irriga-
tion cannula is inserted via the next paracentesis 
to incorporate the needle and guide it outward. 
The needle is reinserted and threaded through the 
next 120°. After threading the entire circumfer-
ence, the needle is externalized and cut off. The 
result is continuous bites encircling the pupillary 
margin with both suture ends exiting the 12 
o’clock paracentesis. The suture can be tied 
externally, and the knot is slid back into the eye 
with a push–pull hook. The pupil size can be well 
dosed by the thread tension.

Note that the pupillary margin must be pierced 
sufficiently often (approx. 15–18 stitches) to 
avoid a jagged or squared pupil configuration 
(Fig.  28.5c). Also, sufficient iris tissue must be 
grasped with each bite to avoid cheese wiring. 
This is particularly important in view of the fre-
quent posttraumatic iris stroma atrophy 
(Fig. 28.5d).

If the mydriasis is too pronounced or the iris 
stroma is very atrophic, iris cerclage is no longer 
feasible. Alternatively, a flexible iris prosthesis 
(fiber-free) can be implanted behind the iris rem-
nants. Often the iris prosthesis does not require 
transscleral suture fixation because it is held in 
the sulcus by the iris remnants. For the implanta-
tion technique, see below.

There is one exception where iris cerclage is 
not the first choice of treatment: anterior PVR 
can also retract the iris into the chamber angle 
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due to contractile myofibroblasts (up to pseudo 
aniridia). Similar to retinal surgery, these PVR 
membranes can be peeled off, allowing the iris to 
be mobilized again. For this purpose, an end- 
gripping or crocodile forceps is inserted into the 
pressurized anterior chamber. In many cases, the 
PVR membranes can be easily removed in large 
pieces. Bleeding usually does not occur because 
these membranes are only superficial. In contrast, 
mydriatic eyes in rubeosis iridis (e.g., in prolif-
erative diabetic retinopathy) or after multiple sili-
cone oil surgery are not suitable for iris peeling. 
These eyes show more adherent membranes and 
are prone to considerable bleeding, which can 
even worsen the condition.

 Defect Type 4: Subtotal or Total 
Aniridia

All suturing techniques are limited to situations 
where sufficient vital iris tissue is available. In 
more complex cases, when the amount of iris 
remnants is insufficient to perform pupilloplasty 
or the quality of the iris tissue is too poor to be 
repaired, prosthetic iris devices are required [7, 
8]. These prostheses play an important role in 
complex iris reconstruction, including partial 
aniridia (larger pupil defects that cannot be closed 
with sutures) as well as traumatic and congenital 
aniridia, especially albinism.

In the past, a number of technical options for 
iris replica have been developed, each with spe-
cific advantages and disadvantages [1]. Until the 
last decade, only iris implants made of rigid plas-
tic were available because the material could be 
easily colored. These include iris diaphragm 
intraocular lenses and various segmental pros-
thetic iris systems. However, the major drawback 
of these early models was the need for large inci-
sions of 10–13 mm [27]. In addition, the colors 
available for most of these prosthetic iris systems 
are not customized.

Today, a flexible artificial iris prosthesis that 
can be individually fabricated from photographs 
of the fellow iris and cut into the required shape 
is available, thus achieving excellent cosmetic 
and functional results [7].

 Aniridia Iris Diaphragm 
Intraocular Lens
Black iris diaphragm intraocular lenses (Morcher; 
Stuttgart, Germany) have been available since 
1991 [27]. These aniridia intraocular lenses are 
unique in that they contain a black iris diaphragm, 
thus combining the ability to correct both aniridia 
and aphakia (Fig 28.6a).

Essentially, the aniridia lens consists of a 
black, 10-mm-diameter PMMA plate that pro-
vides a central opening of variable diameter with 
or without the inclusion of an optically functional 
center. Since its first description, different mod-
els have been developed for different situations 
and needs. The aniridia lens is available for intra-
capsular and extracapsular implantation, with 
and without fixation loops on the haptics, and 
with different diameters of optic and pupil size to 
cope with partial and complete aniridia.

However, these PMMA implants are rigid and 
require a sclerocorneal incision of up to 14 mm in 
length, especially when transscleral fixation in 
the ciliary sulcus is required [28]. It should be 
noted that most eyes with complete aniridia are 
severely compromised due to either trauma or 
limbal stem cell deficiency associated with con-
genital aniridia. In these eyes, a very large cor-
neoscleral incision can be detrimental. Although 
recent case studies show that glaucoma is com-
mon, serious complications attributable to the 
implant have not been reported [29, 30].

For several years these aniridia lenses have 
also been available with a color-printed aperture 
(type 308) instead of the black version, which 
improves the cosmetic aspect. However, they still 
appear unnatural because the color pigments are 
only printed on the lens. The missing 3D texture 
is especially noticeable in the side view, as we are 
accustomed to by natural iris crypts. A similar 
model is offered by Ophtec with various configu-
rations and colors (Ophtec, Groningen, 
Netherlands).

Although new, flexible, and custom-made iris 
prostheses are gaining ground, iris diaphragm 
lenses still have application in total aniridia in 
combination with aphakia without capsule sup-
port. Here, the combined correction of aniridia 
and aphakia is still unique.
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Fig. 28.6 Slit lamp photography of various rigid prosthetic iris systems: (a) Morcher Aniridia IOL, (b) Morcher seg-
ment rings leading to corneal decompensation, (c) Rosenthal–Rasch segment rings, and (d) assembled IPS® implants

 Segmental Prosthetic Iris Devices
Another option for prosthetic restoration is the 
use of segmental prosthetic iris devices, which 
allow implantation through smaller incision sizes 
of around 3–4 mm. Segmental devices are based 
on two rationales: first, many cases disclose only 
partial aniridia or large sector defects that can be 
sufficiently covered with small-incision segmen-
tal devices, and second, they can be combined 
intraocularly to form a full diaphragm by implant-
ing two or more small implants to cover complete 
aniridia without the need for a large incision. 
Three different systems are currently available:

 1. Morcher Partial Aniridia Rings (types 94–96) 
are segmental prosthetic iris devices made of 
rigid black PMMA for sulcus or capsular bag 

implantation (Fig. 28.6b). They are designed 
to cover sector defects and large colobomas. 
Most models are brittle and prone to fracture. 
Similar models are available from Ophtec.

 2. Morcher Aniridia Rings (type 50) consist of 
two overlapping, implanted aperture rings and 
are available in three pupil sizes (3.5, 4, and 
6 mm). It is recommended to use the smallest 
pupil size (3.5 mm) to achieve a cosmetically 
acceptable result. Funduscopy and retina sur-
gery are still possible. It should also be noted 
that the black PMMA material breaks very 
easily (Fig. 28.5c).

 3. The Hermeking Iris Prosthetic System (IPS®) 
is a modular system from Ophtec with various 
elements, which are individually inserted into 
the anterior chamber and “plugged together” 
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intraocularly. The segments are intended for 
either intracapsular or sulcus implantation. 
Some “double” elements can be connected 
with a spring-action, flexible PMMA rod. 
Two double elements are needed for a full iris 
prosthesis. Additionally, a ring-clip element 
can be used to stabilize the modules. Suitable 
combinations of elements are used for partial 
prosthetic replacement (Fig. 28.6d).

In general, segmental prosthetic iris devices 
are best applied when there is an intact capsular 
bag into which they can be implanted. They have 
the advantage of being implantable through small 
incisions of 3–4  mm and can be individually 
selected according to the partial aniridia. Their 
possible disadvantage is dislocation, which leads 
to either insufficient overlapping of the elements 
or to ocular complications—mostly glaucoma 
and corneal problems [31, 32].

Our personal experience is that the majority of 
eyes with segmental iris prostheses develop cor-
neal decompensation over time and are explanted 
on a long-term basis (Fig. 28.6b). Of course, it is 
not always possible to distinguish with certainty 
whether the underlying disease or the dislocated 
implant itself is the cause of the complications. 
Nevertheless, it is recommended to limit the 
implantation of segment prostheses to rather 
healthy eyes with localized segment defects and 
to suture them safely into the sulcus.

 Artificial Iris Prosthesis
In 2008, the Customflex Artificial Iris® 
(HumanOptics; Erlangen, Germany) became the 
first foldable iris implant with a custom-made iris 
drawing matching the color of the patient’s natu-
ral iris [33]. The multilayer implant consists of a 
silicone core matrix with integrated color pig-
ment, coated with another layer of biocompatible 
medical-grade silicone. FDA approval has been 
granted in the meantime.

The color pigments are not printed on but 
applied three-dimensionally in depth, resulting in 
a three-dimensional effect of the iris crypts, simi-
lar to the natural iris. For this purpose, the iris 
prosthesis is individually fabricated for each 

patient according to a standardized photograph of 
the fellow eye and provides excellent cosmetic 
results. The latter point is important and legiti-
mate considering that trauma patients are usually 
young and long for an acceptable aesthetic 
appearance.

The iris prosthesis is intended for implanta-
tion in the sulcus and is recommended only for 
pseudophakic or aphakic eyes. It has a diameter 
of 12.8 mm and an outwardly decreasing thick-
ness of 0.4 mm at the pupillary ring and 0.25 mm 
in the periphery. The pupil diameter is fixed at 
3.35 mm. The opaque silicone material and the 
selected pupil diameter create the best possible 
optical conditions for different light conditions. 
Funduscopic control of the retinal periphery is 
also possible without problems.

The implant is available with or without an 
embedded fiber mesh as a design variant.

 1. Fiber-free implants are more flexible and 
thinner, can be easily folded and cut to size, 
and adapt well to the anatomical shape of 
the sulcus. They are preferred for full pros-
theses where transscleral suture fixation 
requires only a low holding function 
(Fig.  28.7b). Full prostheses can be easily 
combined with cataract surgery or scleral-
fixed intraocular lenses.

 2. Implants containing fiber have higher stiff-
ness and offer more efficient suture holdabil-
ity. This is particularly important for partial 
prostheses because additional, stable side-to- 
side connections are required (Fig.  28.7a). 
However, the primarily cast-in fibers are 
exposed during punching and cutting and 
have been shown to provoke a high rate of 
glaucoma and chronic anterior chamber irrita-
tion (Fig. 28.8d) [34].

Whenever possible, full prostheses (fiber-free) 
should be preferred over partial prostheses (con-
taining fiber), even if there are still large iris rem-
nants. Full prostheses are much more 
tissue-friendly and shorten the operation time, 
which is especially important for these severely 
traumatized eyes.
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Fig. 28.7 (a) Flexible, partial iris prosthesis with side-to- 
side anastomoses. (b) Flexible, full iris prosthesis 
implanted behind iris remnants without transscleral suture 

fixation. (c) Open iris diaphragm with silicone oil in the 
pupillary plane. (d) Flexible iris prosthesis with additional 
inferior (Ando-) iridectomy in silicone oil surgery

 Surgical Technique
All implants can be punched with a trephine and 
cut to size with scissors if only a segment is 
needed to close sector defects (Fig.  28.7a). 
Implants that are too large must be avoided, as 
they bulge in the eye and irritate the adjacent 
uveal tissue. The manufacturer’s recommenda-
tion for optimal diameter size (using the vertical 
white-to-white distance) is not useful in practice 
because reliable limbal detection in these eyes is 
difficult. We instead recommend a simple rule 
that has been proven in a large series of case stud-
ies [34]. For all normally sized eyes (90% of 
cases), a full prosthesis with a diameter of 11 mm 
is perfect. A 12 mm and 10 mm iris should only 
be chosen for very large and very small eyes, 
respectively.

Partial prostheses have different advantages 
and disadvantages. On the one hand, they can be 

larger depending on their shape and; on the other 
hand, those containing fiber are stiffer and dis-
close sharp-edged polymer fibers, which, if the 
diameter is too large, leads to chronic irritation of 
the adjacent uveal tissue.

The prosthesis is foldable and can be 
implanted through a 3.5 mm incision either with 
forceps or with an IOL injector [35]. Detailed 
step-by-step instructions are available in previ-
ous literature [7, 34].

 1. Full prostheses (fiber-free) can be implanted 
directly behind the residual iris tissue without 
suture fixation if sufficient supporting iris tis-
sue is available (Fig. 28.7b). The implant can 
be placed in an IOL injector and implanted 
into the sulcus through a 3.2 mm, clear cor-
neal incision. In most complex cases,  however, 
transscleral fixation in up to three sites at 4, 8, 
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Fig. 28.8 Darkening of iris remnants in two patients after 
17 and 12 months, respectively: Before (a, c) and after (b, 
d) implantation of punched and cut-to-size iris prostheses 

with exposed fibers due to chronic subclinical irritation 
caused by exposed tissue bases on uveal tissue. (d) Inlay 
showing the exposed fibers

and 12 o’clock is necessary [7]. After knot-
free fixation of three single-armed 10-0 poly-
propylene loop threads with anchor stitches at 
the prosthesis edge, the needles are passed ab 
interno through the sulcus. The prosthesis is 
then double-folded and implanted with for-
ceps. A controlled unfolding without endothe-
lial contact is crucial. With fiber-free 
prostheses, the transscleral threads must be 
carefully tightened to prevent tearing. The 
sutures are fixed on the outside of the sclera 
with a Z-suture [36] (Video 28.5).

 2. Partial prosthesis implantation is more com-
plex because stable side-to-side connections 
are required (Fig.  28.7a). Therefore, 
implants with fibers are preferred because 
they ensure greater stiffness and suture hold-

ability. First, the iris remnants are mobi-
lized, and atrophic parts are excised. The 
transscleral fixation is performed analo-
gously to full prostheses. Implantation is 
performed by rotating the implant length-
wise through the 3.5 mm tunnel and placing 
it securely in the sulcus under constant ten-
sion on the transscleral threads. The side-to-
side connection is made with two sliding 
knots, as described above (Video 28.6).

The Customflex Artificial Iris® has no central 
optic, thus requiring an additional IOL implant if 
indicated. Full prostheses can be combined well 
with cataract surgery or more often with scleral- 
fixated intraocular lenses, since most eyes are 
aphakic. Two different techniques are possible. 

P. Szurman



317

Either the implantation is performed one after the 
other––first the scleral-fixated lens, then the iris 
prosthesis. In this case, the fiber-free version is 
preferable. The advantage is the small incision, 
and the disadvantage is the high number (up to 5) 
of transscleral sutures. Alternatively, the IOL can 
be fixed to the back of the prosthesis prior to 
implantation [37, 38]. Prostheses containing fiber 
are used for this purpose. The advantage is a 
shorter surgery time, and the disadvantage is the 
significantly larger incision of 7–8 mm [39].

Iris prostheses can also be combined with sili-
cone oil surgery. For decades, an open iris dia-
phragm (PMMA) has been successfully used for 
keeping the oil behind the iris diaphragm 
(Fig.  28.7c) [40]. A flexible, full iris prosthesis 
with additionally punched inferior (Ando-) iri-
dectomy (6  mm) is cosmetically much more 
appreciated (Fig. 28.7d). However, it is still under 
debate if the Customflex Artificial Iris® is suit-
able for this purpose because silicone oil sticks to 
the hydrophilic material and is more prone to 
enter the anterior chamber.

The complications are manifold, but it often 
remains unclear whether they are attributable to 
the underlying disease or the implant itself. 
Long-term studies have shown a complication 
rate of 25% [37], with the increase of intraocular 
pressure [41], corneal endothelial decompensa-
tion, and persisting inflammation being the most 
conspicuous [42]. A long-term study over 7 years 
[34] highlighted two important aspects in partic-
ular: first, the increased glaucoma rate and 
chronic anterior chamber irritation can be signifi-
cantly reduced by the use of fiber-free prostheses, 
and second, a darkening of the iris remnants is 
observed in the long term, which leads to cos-
metically relevant limitations (Fig. 28.8).

 Conclusion

Cataract surgery can be combined well with iris 
repair. However, one should be aware of the 
increased risk of complications due to accompa-
nying ocular comorbidities related to the under-

lying cause of the aniridia. With the iris 
reconstructive techniques presented here, most 
complex situations can be solved functionally 
and in a cosmetically satisfactory way. New iris 
prosthetic systems also allow the treatment of 
very large defects up to complete aniridia. In par-
ticular, the flexible Customflex Artificial Iris® is a 
valuable addition to the arsenal of available 
options for anterior segment reconstruction, 
when indicated. However, one should be aware of 
the risk of worsening preexisting pathologies that 
are common in these traumatized eyes, particu-
larly glaucoma and endothelial problems. The 
goal is to proceed as minimally invasively and 
simply as possible. The combined treatment not 
only improves the quality of vision but also has a 
high cosmetic effect. Both improve the quality of 
life of these mostly young patients. The chal-
lenges of iris reconstruction may be great, but so 
is the resulting satisfaction of the surgeon and 
patient.

Take-Home Notes
• Only healthy iris stroma can be sutured; 

in atrophic stroma the suture thread 
passes through. Slit lamp examination 
in the coaxial position is helpful for 
evaluation.

• Sutured iris tissue never grows together. 
The closed defect must be held in place 
for life by the iris sutures.

• Iris tissue has limited elasticity. 
Therefore, only small-to-medium 
defects can be adapted up to a maximum 
of about 2 hours.

• Sutures must be sewn lightproof. If the 
seam distance is too far, the resulting 
polycoria will lead to very disturbing 
double or multiple images.

• Whenever possible, full prostheses 
(fiber-free) should be preferred over 
partial prostheses (containing fiber) to 
reduce the risk of glaucoma and 
inflammation.
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Artificial Iris Implantation: 
Overview of Surgical Techniques

Vladimir Pfeifer, Miha Marzidovšek, 
and Zala Lužnik

 Introduction

Iris defects, either partial or total (aniridia), may 
be congenital or acquired. Congenital aniridia is 
most commonly caused by mutations in PAX6, 
FOXC1, PITX2, and CYP1B1 genes [1]. 
Acquired iris defects develop secondary to pene-

trating or blunt ocular trauma and iatrogenic 
trauma (e.g., due to iris tumor resections) or can 
be associated with iridocorneal endothelial (ICE) 
syndromes due to severe iris atrophy or other 
developmental ocular anomalies [2]. These 
patients present with several visual disabilities 
such as increased sensitivity to glare, reduced 
visual acuity, contrast sensitivity, lost depth of 
focus, and aberration errors. Moreover, aesthetic 
impairment can be considerable.

Although various conservative treatment 
approaches are available, such as tinted anti-glare 
spectacles, [3] colored contact lenses, [4] and 
lamellar intrastromal corneal tattooing, [5] they 
may yield insufficient functional and aesthetic 
results [3]. Surgical reconstruction of iris defects, 
on the other hand, can be challenging [6, 7]. In 
case of smaller circumscribed iris defects, pupil 
reconstruction can be achieved by direct iris 
suture placement [8]. However, if total aniridia or 
large and multiple complex iris defects exist, sur-
gical reconstruction with an implantation of arti-
ficial iris prosthesis may be preferred. [6, 7] 
Currently, there are several implants available on 
the market such as Morcher (Stuttgart, Germany), 
which achieved good clinical outcomes, [6, 7] 
and Ophtec (Groningen, the Netherlands) artifi-
cial iris implants. Unfortunately, some of these 
systems usually require large corneal incisions of 
at least 10 mm [2]. Since 2002, a new foldable 
silicone-based custom-made iris prosthesis 
(Customflex® Artificialiris; HumanOptics, 
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Bullet Points
• Artificial iris (AI) can be implanted 

using four different surgical techniques.
• 8  years after anterior segment recon-

struction, PKP, AI, and IOL implanta-
tion, the BCVA is 20/20.

• No CME up to 8 years after AI implan-
tation when using four-floating suture 
technique.

• Modified Yamane AI and IOL 
implantation.

• 1.8 mm injector is used for AI implanta-
tion into the bag.
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Erlangen, Germany) [9] is available, and several 
novel surgical iris reconstruction techniques for 
medical and aesthetic rehabilitation were intro-
duced with promising results [3, 8]. In addition to 
the silicone-based iris prosthesis, a hydrophobic 
acrylic foldable iris diaphragm either with or 
without optic which can be implanted in capsular 
bag or ciliary sulcus is also available on the 
 market (Reper-NN LTD.; Russia) [10, 11]. In the 
following chapter, we will describe in a step-by-
step fashion the major surgical approaches for 
artificial iris implantation and their advantages 
and disadvantages. In addition, most common 
surgical and postoperative complications as well 
as follow-up results will be discussed.

 Artificial Iris Design

 A Short History of Artificial Iris 
Devices

The first prosthetic iris device was implanted 
already in the 1960s by Peter Choyce [12]. The 
devices were made of polymethyl methacrylate 
(PMMA) and were implanted directly into the 
angle [12]. They were abandoned as they were 
likely to cause glaucoma and corneal failure 
[12]. In 1991, the next generation of prosthetic 
iris devices came on the market that were 
designed by Sundmacher et  al. along with 
Morcher GMBH [12]. They were still made of 
PMMA optics with a black outer PMMA dia-
phragm, thus requiring extremely large incisions 
[12]. Subsequently, Volker Rasch and Morcher 
developed an injectable multipiece iris prosthe-
sis that was a capsular tension ring-type device 
which was implanted in the capsular bag and 
was first implanted by Kenneth Rosenthal and 
then later by Robert Osher in 1996 [12]. In the 
following years, Morcher and Ophtec each 
developed several different artificial iris devices 
designed with or without optics offering also 
more color options, which improved cosmesis. 
However, they still did not exactly match the fel-
low eye, and some still required large incisions 
(Morcher) [12].

 Custom-Made Silicon Iris Prosthesis

In the early 2000s, HumanOptics along with 
Hans Reinhard Koch started to design a silicone- 
based custom iris prosthetic device [9, 12]. In 
2011, the new foldable and biocompatible 
custom- made silicon iris prosthesis was approved 
in the European Economic Area by Conformite 
Europeenne marking [8] and in 2018 by US Food 
and Drug Administration in the United States [3]. 
The surface of the hydrophobic-pigmented sili-
con artificial iris (Customflex® Artificialiris; 
HumanOptics, Erlangen, Germany) is custom- 
made [9]. It consists of a black optically opaque 
posterior surface and a colored individually 
designed and hand-painted anterior surface based 
on patient’s high-resolution photographs of his 
iris remnants and/or the healthy iris of the fellow 
eye. In case of intraoperative suture placement, it 
can be manufactured with an embedded fiber 
meshwork to prevent suture migration. The total 
artificial iris diameter is 12.8 mm, which can be 
trephined to custom dimensions during surgery. 
It has a fixed pupil diameter of 3.35 mm and is 
thicker at the pupillary margin (0.40  mm). The 
thickness decreases to 0.25 mm at the periphery. 
It is designed for posterior chamber implantation 
in pseudophakic or aphakic patients, alone or 
combined with an IOL. [9] On the horizon are 
also several other devices including a self- 
regulating artificial iris capable of self-changing 
pupil size [13, 14].

 Preoperative Patient Evaluation

Artificial iris (AI) implants are indicated in 
patients with partial or complete aniridia in pseu-
dophakic or aphakic eyes, either with or without 
remaining lens capsular support. As AI may 
induce cataract formation, it should not be used 
in phakic eyes [8, 15]. Table  29.1 summarizes 
most common indications for AI implantation 
such as traumatic aniridia due to penetrating eye 
injury, iatrogenic iris defects, traumatic mydria-
sis after blunt ocular trauma, congenital aniridia, 
Urrets-Zavalia syndrome, Axenfeld-Rieger 
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syndrome, and ICE syndrome [2]. The overall 
complexity of the anterior segment disease will 
determine which surgical approach the surgeon 
will use. Thus, to achieve the best postoperative 
results, careful preoperative planning and detailed 
patient history is required before iris reconstruc-
tion surgery is performed.

First, all patients should undergo precise clini-
cal evaluation and several preoperative 
 measurements, which include best corrected 
visual acuity, intraocular pressure measurement, 
endothelial cell density evaluation, axial length, 
keratometry, the white-to-white (WTW) diame-
ter measured horizontally and vertically, and 
macular optical coherence tomography. In case 
of obscured optical clarity, an additional ultra-
sound examination should be obtained to exclude 
severe posterior segment disease. Second, to 
achieve the best postoperative aesthetic results, 
high-resolution true-color photographs of both 
eyes are mandatory. The surgeon needs to preop-
eratively decide if the AI will be fixated with 
sutures to order the appropriate design (with 
polymer fiber meshwork).

 Surgical Techniques

In the past few years, several surgical techniques 
for AI implantation have been developed in 
regard to (a) size and extend of the iris defect, (b) 
the preoperative lens status (e.g., phakic, pseudo-
phakic, aphakic), and (c) whether the lens capsu-
lar support is present or not. Based on these 

preoperative considerations, three major implan-
tation techniques can be described: (1) partial AI 
implantation; (2) complete AI implantation into 
either capsular bag or into ciliary sulcus; and (3) 
complete AI implantation with scleral fixation.

Basic Surgical Considerations
In cases of sufficient capsular support, AI implan-
tation should be performed through a small cor-
neal incision (minimum 2.8 mm and maximum 
7.0  mm) [8] using either forceps or an injector 
system. The foldable iris implant is then directly 
inserted into a capsular bag or ciliary sulcus (as 
discussed in more detail below), which can be 
additionally sutured to sclera or residual iris 
using Prolene sutures to achieve better implant 
position and stability. In aphakic eyes, this proce-
dure can be combined with an IOL implantation 
as the total thickness of an artificial iris (0.25–
0.4 mm), IOL (0.5–1.0 mm), and the residual iris 
tissue (about 0.5 mm) does not exceed the thick-
ness of a natural human lens (3.5–5.0 mm) [8]. If 
necessary, the artificial iris can intraoperatively 
be trimmed with a trephine to the desirable diam-
eter according to the patient’s WTW measure-
ments (approximately WTW distance minus 
0.5 mm) [2, 3, 8].

 Partial Artificial Iris Implantation

This technique may be suitable in selected cases 
of smaller iris defects affecting 1–3 clock hours 
[8]. First, the AI implant with a fiber meshwork is 
cut with scissors to the appropriate size and then 
inserted with forceps into the anterior chamber. 
The AI segment is then sutured in place to the 
patients’ own iris remnant. This procedure is 
reported to be time consuming [8].

 Complete Artificial Iris Implantation 
into Capsular Bag or Ciliary Sulcus

 Sulcus-Fixation in Pseudophakic Eyes
This technique is used in preoperatively pseudo-
phakic eyes with a stable IOL placed in the 
capsular bag with a large iris defects (> 2 clock 

Table 29.1 Artificial iris implantation indications

Congenital:
   Congenital aniridia
   Axenfeld-Rieger syndrome
Acquired:
   Posttraumatic:
   1. Penetrating trauma
   2. Blunt trauma (traumatic mydriasis)
   Iatrogenic – surgically induced:
   1. Intraoperative iris damage
   2. Iris resection due to tumors
   3. Urrets-Zavalia syndrome
   Degenerative:
   1. ICE syndrome: essential (progressive) iris atrophy

ICE syndrome iridocorneal endothelial syndrome
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hours) or with a persistent mydriasis. An injector 
system is used to implant the foldable artificial 
iris through a small corneal or scleral incision 
(2.8  mm) into the anterior chamber that is 

unfolded in the ciliary sulcus. This approach does 
not require suturing; thus it is quick and easy to 
perform. [8] However, as presented in Fig. 29.1, 
contact between the AI and intraocular structures 

a b

c

d e

Fig. 29.1 Postoperative results of artificial iris implanta-
tion into sulcus. (a) Preoperative image of a patient that 
presented with posttraumatic mydriasis after blunt ocular 
trauma. First, we performed posttraumatic cataract extrac-
tion. At the time of surgery, capsular tension ring and intra-
ocular lens were implanted into the capsular bag. The 
capsular tension ring was sutured to the sclera using 9.0 
polypropylene suture. Due to posttraumatic mydriasis, we 
decided to implant an artificial iris. (b) Postoperative 
image of left eye 12 months after artificial iris implantation 
into the sulcus. (c) The aesthetic outcome was great, and 
the patient was very satisfied. Visual acuity was 20/20. 
However, 2 years later, her left eye became red and painful. 

Visual acuity dropped. On examination we found light 
anterior chamber inflammation. (d) Optical coherence 
tomography showed cystoid macular edema. (e) 
Ultrasound biomicroscopy revealed contact between the 
artificial iris and ciliary body and/or iris pigment epithe-
lium, which might cause rubbing. She was started on topi-
cal corticosteroids and nonsteroidal anti-inflammatory 
drops, but the cystoid macular edema persisted; therefore 
intravitreal triamcinolone injections were started. 
Nevertheless, due to recalcitrant inflammation, we had to 
explant the artificial iris. We hypothesized that contact 
between the artificial iris and intraocular structures induced 
chronic inflammation resistant to medical treatment
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might cause late and chronic intraocular 
 low- grade inflammation recalcitrant to medical 
therapy, which resolved after AI was explanted. 
Similar to our surgical case presented in Fig. 29.1, 
we needed to explant AI implants from two other 
patients that underwent AI implantation into sul-
cus in another facility and presented to us with 
chronic low-grade inflammation. We hypothe-
sized that in those cases, intraocular inflamma-
tion that occurred late after surgery might be a 
direct result of contact between AI and intraocu-
lar structures. Bahadur et  al. also reported of 
required artificial iris exchange in five patients 
commonly due to corneal decompensation [16]. 
Original models included Ophtec, Morcher 
BrightOcular, and HumanOptics [16]. Three of 
the original artificial irises were passively placed 
in capsular bag or ciliary sulcus, and all five were 
exchanged with Morcher or HumanOptics, and 
all were implanted with suture fixation to sclera, 
although final visual acuity in most cases 
remained poor especially due to corneal decom-
pensation and glaucoma [16]. However, recently 
in the US Food and Drug Administration (FDA) 
prospective, non-randomized, multicenter study, 
which determined the safety and effectiveness of 
the CustomFlexTM Artificial Iris for the treat-
ment of eyes with congenital or acquired full or 
partial iris defects including 447 eyes, had zero 
cases that required device explant due to chronic 
inflammation [17, 18]. Although only 44 of 447 
(9,84%) eyes underwent AI passive sulcus fixa-
tion without suturing with the last follow-up visit 
being scheduled 12 months postoperatively, [17, 
18] it was speculated that inflammation incidence 
was lowered by modifying the device edge with 
circular trephination [17, 18].

 Capsular Bag Implantation 
with a Combined Standard Cataract 
Surgery
This technique is safe and suitable if the patient 
has a preexisting cataract and a large iris defect 
(Video 29.1). In a large case series of 96 cases in 
the Figueiredo and Snyder study, 91% of artifi-
cial iris devices were implanted into the capsular 
bag [19]. Despite multiple ocular comorbidities, 

postoperative results showed no cases in which 
the iris device explant was required. [19] First, a 
standard cataract extraction is performed taking 
care to perform a minimal corneal incision of 
2.2 mm and a planned capsulorhexis diameter of 
6 mm. Phacoemulsification and implantation of 
an IOL is performed in a standard fashion 
(Figs. 29.2 and 29.3). It is mandatory to implant 
a capsular tension ring (CTR) to prevent future 
capsular shrinkage and decentration of the 
AI. Iridectomies are not necessary [8]. However, 
manipulation needs to be gentle to prevent rup-
ture of continuous curvilinear capsulorhexis 
edge, as this would prevent from further artificial 
iris implantation into capsular bag.

 Complete Artificial Iris Implantation 
with Scleral Fixation

If capsular support is compromised and extensive 
iris defects are present, scleral fixation can be 
used in several surgical variants.

 Four-Floating Suture Technique (Pfeifer 
Technique)
To avoid contact with the AI and the intraocular 
structures, we modified previous fixation tech-
niques. The four-floating suture technique 
enables AI implantation with no contact to the 
intraocular structures as it floats on the four 
sutures that are fixated to the sclera (Fig.  29.4, 
Video 29.2).

Thus, to avoid contact between AI and the 
intraocular structures, in this technique AI with-
out meshwork is trimmed to 10.5 mm diameter 
using a trephine and sutured using four 9.0 poly-
propylene sutures. The sutures are tied to the arti-
ficial iris using a lasso technique (Fig.  29.4a). 
These sutures are attached to long-curved nee-
dles. Surgeon is sitting at the 12 o’clock position, 
where the main incision is performed. Anatomical 
center of the cornea is marked, and four addi-
tional points 2 mm behind the limbus that are 90 
degrees apart are marked too. A 30 gauge thin- 
wall- needle is introduced from outside and 
through the sclera 2 mm behind the limbus near 
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the 7 o’clock position. The 9.0 polypropylene 
suture on the long-curved-needle is introduced 
through the main incision at 12 o’clock and 
docked into the 30 gauge needle. The needle is 
brought out of the eye and left there. The same is 
done at the mark near the 4 o’clock position. 
Sutures are pulled until the AI is brought adjacent 
to the main incision. AI is folded and pushed 
through the main incision into the anterior 
 chamber and unfolded. Two remaining needles 

are brought into the anterior chamber through the 
main incision and docked into the 30 gauge nee-
dles at 10:30 and 1:30 and pulled out of the 
sclera. The AI is centered by pulling the sutures 
and tightened to the sclera using Szurman zigzag 
suturing technique. At the end a knot is done, and 
conjunctiva is sutured or glued around the lim-
bus. The incisions performed with a 30 gauge 
needle are watertight. If the incisions are done 
using a MVR knife, they should be sutured or 

a b

c d

Fig. 29.2 Artificial iris implantation into capsular bag. In 
our opinion, the safest way to implant an artificial iris is 
implantation into capsular bag. Herein, we present a case 
of artificial iris implantation and cataract removal in a 
20-year-old patient after penetrating eye injury to the left 
eye. (a) First, intumescent cataract extraction with a cap-
sular tension ring (CTR) and IOL implantation was per-
formed. Of note, if artificial iris will be implanted into a 
capsular bag, it is mandatory to insert a CTR into the cap-
sular bag. Next, the capsulorhexis was enlarged. (b) The 
artificial iris was trephined to a 9.0  mm diameter, (c) 
folded, and bimanually inserted into a 1.8 mm injector. (d) 

The folded artificial iris was injected into the anterior 
chamber through a 2.2 mm incision and glided into the 
capsular bag using Ogawa hook as the second instrument. 
The artificial iris was unfolded bimanually. The periphery 
of the unfolded artificial iris is glided into the capsular bag 
by elevating the continuous curvilinear capsulorhexis 
(CCC) rim with one instrument and using the second 
instrument to glide it below. The manipulation needs to be 
gentle to prevent rupture of CCC edge, as this would pre-
vent from further artificial iris implantation into capsular 
bag. Thus, the CCC should be big enough to allow artifi-
cial iris fixation into the bag
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glued to be watertight. Care must be taken that 
the edge of the AI is not in contact with the pig-
ment epithelium of the remaining iris or ciliary 
body (Fig. 29.4d). Ideally there should be a red 
reflex that is barely seen between the edge of the 
AI and the limbus (Fig. 29.4c, d). Using this tech-
nique, AI alone (Figs. 29.5 and 29.6) or attached 
to an IOL can be implanted (Video 29.3).

AI can also be implanted at the time of a pen-
etrating keratoplasty (Figs.  29.7 and 29.8). 
Concomitantly, aphakia is treated by implanting 
an AI attached to an IOL (AI-IOL complex). 
Intraocular lens is sutured to the artificial iris 
through haptics using loop sutures, as presented 
in Fig. 29.7. This is done at four places. After 

artificial iris-IOL complex preparation, the cor-
nea is trephined, and 30 gauge needles are intro-
duced through the sclera 2  mm behind the 
limbus and docked with the needles of the 
sutures, which are brought out the eye on four 
places that were marked previously. 
Alternatively, the needles can penetrate the 
sclera 2 mm behind the limbus from inside out. 
The artificial iris-IOL complex is then pushed 
through the 8  mm opening in the cornea and 
centered by pulling the sutures. Finally, the 
sutures are secured into the sclera using the 
Szurman zigzag technique. The surgical tech-
nique is safe and reproducible, with good aes-
thetic and functional outcomes (Fig. 29.8).

a b

c

Fig. 29.3 Postoperative results of artificial iris implanta-
tion into capsular bag. Preoperative (a) and 10-month 
postoperative (b, c) images after artificial iris implantation 
into the capsular bag of the left eye of a 20-year-old 
patient with posttraumatic aniridia and cataract (the same 
patient as in Fig. 29.2) due to penetrating eye injury (per-

foration through cornea). (a) Patient presented with post-
traumatic corneal leukoma, white cataract, and iris defect. 
(b, c) The postoperative cosmetic appearance was excel-
lent with visual acuity of 20/20 10 months after surgery. 
No intraoperative or postoperative complications occurred
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a b
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Fig. 29.4 Schematic representation of four-floating 
suture technique (Pfeifer technique). (a) The sutures are 
tied to the artificial iris using a lasso technique. (b, c) The 
artificial iris is centered with the four sutures that are fix-
ated to the sclera. Care must be taken that the edge of the 

artificial iris is not in contact with pigment epithelium of 
the remaining iris or ciliary body (d). (b, c) Ideally, there 
should be a red reflex barely seen between the edge of the 
artificial iris and the limbus

a b c

Fig. 29.5 Artificial iris implantation using four-floating 
sutures technique into a pseudophakic eye. When implant-
ing the artificial iris into a pseudophakic eye, slight tech-
nique modifications are used. (a) First, artificial iris implant 
is trephined to diameter of 10.5 mm, and 9.0 polypropylene 
suture is used to do the lasso suture around the artificial iris 
four times. (b) The two needles are docked into the 26 

gauge cannula or 30 gauge needle, which were introduced 
through sclera into posterior chamber 2 mm behind the lim-
bus. The needles are pooled out the eye, and (c) artificial iris 
is folded and implanted into the anterior chamber. Docking 
is repeated. Two trailing sutures are placed at the proximal 
sites. The artificial iris is centered, and sutures are fixed to 
the sclera using the zigzag technique

 Artificial Iris-IOL Complex Scleral 
Fixation Technique: The Modified 
Yamane Technique
In aphakic patients, AI can be implanted in 
combination with an intraocular lens using a 
modified Yamane technique (Video 29.4), as is 

step-by- step presented in Fig. 29.9. In short, AI 
of overall 12.8  mm in diameter is trimmed to 
10.5 mm. Using a 30 gauge needle, tunnels on 
each side are made through the artificial iris 
0.75 mm away from its edge. Next, each haptic 
of three-piece intraocular lens is introduced into 
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the needle on each side, and the optics of an IOL 
are pushed to make contact with the center of an 
artificial iris. The center of the cornea and two 
points 2  mm behind limbus 180 degrees apart 
are marked (two marks on each side 2  mm 
apart). Anterior chamber maintainer is placed, 
set to 30  mmHg. With superior approach, the 
frown incision is done about 5.5 mm wide with 
diamond knife set to 250 microns, and next the 
stab incision is done. The safety suture is placed 
through the artificial iris. After that the complex 
of IOL/artificial iris is implanted into the ante-
rior chamber. Scleral tunnel at markings 2 mm 
behind limbus in 10 degrees angle is made par-
allel to the limbus using 30 gauge needle, bent 
45 degrees, and the haptic is docked into the 
lumen of a needle using 23 gauge forceps 
through side stab incision. The same is done on 
the other side, using 30 gauge needle bent 90 
degrees and 23 gauge forceps, entering through 
the main corneal incision to dock IOL haptic 
into the needle’s lumen. Both needles are pulled 
out simultaneously to externalize both haptics 

outside the sclera, then first haptic is grabbed 
with forceps, needle is detached, and haptic is 
flanged using cautery. Then the same is per-
formed on the second haptic. Both haptics are 
pushed and buried into the sclera. Anterior 
 chamber maintainer and safety suture are 
removed. Finally the incisions are sutured and 
hydrated. Good aesthetic and functional out-
comes are achieved (Fig. 29.10).

 Artificial Iris-IOL Complex Scleral 
Fixation Technique: Pfeifer-Canabrava 
Technique
The latest modification for AI implantation is the 
Pfeifer-Canabrava technique (Video 29.5, 
Fig. 29.11). Here the 6.0 polypropylene suture is 
used. Firstly, 4.5 mm frown incision is performed. 
Four points 2 millimeter behind the sclera are 
marked 90 degrees apart. The 6.0 polypropylene 
suture is brought into the anterior chamber and 
docked into the 30-gauge thin-wall-needle oppo-
site the main incision 2  mm behind the limbus. 
Next, the second suture is done in a similar way. 

ba

c

Fig. 29.6 Postoperative results of artificial iris implanta-
tion using four-floating suture technique. Preoperative (a) 
and 6-year postoperative (b, c) images after artificial iris 
implantation in the right eye of a 46-year-old patient with 

posttraumatic mydriasis after blunt ocular trauma (the 
same patient as in Fig.  29.5) using four-floating suture 
technique with visual acuity of 20/20 on last follow-up
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The AI is trimmed to 10.5 mm, and a plate haptic 
IOL is centered onto the pupil of the AI. Then the 
30 gauge needle is pushed through the leading 
haptic of the IOL and AI, and 6.0 polypropylene 
suture is docked into the lumen of the needle. The 
suture is brought out on the other side, and a 
flange is performed. Then the proximal sutures 
are placed 2 mm behind the limbus and guided out 
of anterior chamber through the IOL and AI using 
a 30 gauge needle. The next flange is created. The 
AI-IOL complex is implanted into the anterior 
chamber. By pulling on sutures the AI-IOL com-
plex is centered. The sutures are cut and pulled, 
and four flanges are performed 2 mm behind the 
limbus. The AI is nicely centered, and the sutures 
are shortened using cautery. The conjunctiva is 

pulled so that the flanges jump under it. The main 
incision is sutured. Similarly, when performing 
this technique, the AI-IOL complex is postopera-
tively suspended in the anterior chamber. There is 
no contact between the AI and surrounding intra-
ocular structures or tissues. Good aesthetic out-
comes can be achieved (Fig. 29.12).

When using this surgical technique, care must 
be taken that there is always positive pressure in 
the anterior chamber. The pars plana infusion 
cannula is introduced into the anterior chamber 
perilimbal through the cornea. The intraocular 
pressure is set at 15 mm of mercury in all cases. 
When the 30 gauge needles are introduced 
through the sclera, IOP is raised to 30  mm of 
mercury.

a b

c d

Fig. 29.7 Artificial iris-IOL complex implantation using 
four-floating suture technique combined with penetrating 
keratoplasty. (a) Intraocular lens is sutured to the artificial 
iris through haptics using a loop suture, which is done at 
four sites. After artificial iris-IOL complex preparation, 
the cornea is trephined, and 30 gauge needles are intro-
duced through the sclera 2  mm behind the limbus and 
docked with the needles of the sutures, which are brought 

out the eye on four places that were marked previously. 
Alternatively, the needles can penetrate the sclera 2 mm 
behind the limbus from inside out. (b) The artificial iris- 
IOL complex is then pushed through the 8 mm opening in 
the cornea and (c) centered by pulling the sutures. (d) 
Finally, the sutures are secured into the sclera using the 
Szurman zigzag technique
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 Artificial Iris and Non-foldable IOL 
Implantation Sutured to Sclera
Mayer et  al. [3, 8, 20] described a similar tech-
nique, where the AI and IOL were implanted and 
fixated to the sclera separately. The sutures of IOL 
and from the AI are placed before implantation. 
First, a non-foldable poly(methyl methacrylate) 
IOL (Morcher 81B) is implanted through 7.0 mm 
sclerocorneal incision and sutured to sclera with 
10–0 polypropylene usually at 3 o’clock and 9 
o’clock. In the same way the artificial iris is 
implanted and sutured to sclera at the 6 o’clock and 
12 o’clock, thus reducing the axial tilt. The main 
incision is closed with 10-0 nylon sutures [8].

 Artificial Iris and IOL Complex 
Implantation Sutured to the Sclera
Mayer et al. [8] also described alternative surgical 
techniques in which AI-IOL complex is implanted 
and sutured to sclera. First, the IOL is sewn on the 
back of an artificial iris implant through the 
haptics, near optic from posterior direction, and 

then turned around on the front side to go back 
through the iris. The complex is then implanted as 
a folded sandwich into the eye through a 5.5–
6.0  mm sclerocorneal incision and sutured to 
sclera at 3 and 9 o’clock position. Prior to implan-
tation, two concave iridectomies 180 degrees 
apart are cut with scissors, and distal haptics are 
cut off to reduce the size of the foldable complex, 
allowing smaller incisions and easier implanta-
tion. This technique includes only two scleral 
attachment points, which can be time sparing.

Another surgical approach so-called slip-and- 
slide technique was described, which allows 
implantation of artificial iris combined with an 
IOL through small incision (3.0 mm), thus reduc-
ing surgically induced astigmatism. The compo-
nents of artificial iris and plate-haptic IOL are 
fixated with knotless sutures together at four 
points, but can be inserted separately and then 
assembled after implantation and finally sutured 
to sclera. It can be performed with a non-toric or 
toric IOL. [21]

a b

c

Fig. 29.8 Postoperative results of artificial iris-IOL com-
plex implantation combined with penetrating keratoplasty. 
Preoperative (a) and 7-year postoperative (b, c) images 
after artificial iris-IOL complex implantation in the right 
eye of a 71-year-old patient with subtotal traumatic 
aniridia and aphakia after penetrating ocular trauma. The 

procedure was combined with penetrating keratoplasty 
(the same patient as in Fig. 29.7). Best spectacle corrected 
visual acuity was 20/32, and contact lens corrected visual 
acuity was 20/20, with no postoperative inflammation
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Fig. 29.9 Artificial iris-IOL complex implantation using 
Yamane technique into an aphakic eye. Artificial iris can 
be implanted in combination with an intraocular lens 
using Yamane technique in aphakic patients. (a) First, arti-
ficial iris is trephined to 10.5 mm. (b) The artificial iris is 
penetrated 0.75 mm from its edge in a 10 degree angle, 
and the haptic of the IOL is docked into a 30 gauge thin- 
wall- needle and (c) pulled out on the front side of the arti-
ficial iris. The same is done on the opposite side. (d) 
Artificial iris-IOL complex is ready for implantation. (e) 
The diamond knife is set at 0.25 mm. (f) The 4.5–5.0 mm 
frown incision is performed. Using bevel knife, the tunnel 
is performed, and entrance into anterior chamber is initi-
ated using stiletto knife. (g) The artificial iris-IOL com-
plex is grasped with a forceps and introduced into the 
anterior chamber. Care must be taken not to damage the 
haptics. If needed, the incision can be enlarged. (h) Safety 

suture placed near the edge of the artificial iris prevents 
slippage of the complex into the vitreous cavity. (i) The 
leading haptic is docked into the 30 gauge thin-wall- 
needle. (j) The needle is released, and the trailing haptic is 
docked into the needle on the opposite side. (k) Both 
needles are pulled out of the eye in the direction of the 
tunnel. The artificial iris-IOL complex centers nicely. (l) 
As the blue haptic is visualized on the left side, the needle 
is released, and the opposite haptic is grabbed using the 
forceps. After pulling it out of the needle, a flange is per-
formed using cautery. (m) Then the leading haptic is 
grasped, pulled out of the needle, and another flange is 
created on the opposite side. (n) The haptics are pushed 
under the conjunctiva and slightly into the sclera. The blu-
ish color should be visualized through the conjunctiva at 
the end of surgery if secondary centering of the artificial 
iris-IOL complex is needed

 Other Surgical Approaches

 Open-Sky Implantation During 
a Perforating Keratoplasty
Artificial iris implantation can be combined with 
a penetrating keratoplasty, as also in detail 
described above. In this case, the cornea is tre-
phined, and AI with iridectomies is implanted 
directly through the corneal aperture into the cili-

ary sulcus or as presented also above with the 
four-floating sutures fixated into the sclera. 
Finally, a donor corneal transplant is sutured. [8]

 A Sectoral Artificial Iris Implantation 
in Phakic Eye
The implant is cut according to the size of the iris 
defect and implanted through 3.5 mm sclerocor-
neal incision. Scleral side is sutured to the sclera 
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with 10-0 polypropylene suture and remaining 
part to the natural iris tissue with Siepser  slip- knot 
technique. This technique has proved to be suc-
cessful. [22] In our case series, we have not used 
this technique.

 Clinical Outcomes, Complications 
and Their Management

Significant advances in AI prosthesis develop-
ment enabled new surgical approaches for ante-
rior segment reconstruction in acquired or 
congenital iris defects, which already showed 

promising functional and aesthetic results. It 
needs to be emphasized that majority of patients 
present with complex eye comorbidities and 
other structural deformities (e.g., after trauma); 
thus postoperative functional outcomes can be 
importantly influenced by the preoperative poste-
rior pole and overall eye health. Nevertheless, 
many patients report improvement in visual acu-
ity and quality of vision (e.g., reduced glare, pho-
tophobia) [23]. In addition, most patients can 
achieve good cosmetic outcomes.

After AI implantation, there are several 
reported complications that need to be addressed 
medically or surgically and are often directly 

a b

c

d

Fig. 29.10 Postoperative results of artificial iris-IOL 
complex implantation using Yamane technique into an 
aphakic eye. Preoperative (a, c) and 3-month postopera-
tive (b, d) images after IOL explantation due to broken 

haptic and implantation of an artificial iris-IOL complex 
using Yamane technique into left eye of a patient (same 
patient as in Fig. 29.9) after globe rupture
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related to other preoperative eye conditions (e.g., 
posttraumatic ocular hypertension or glaucoma) 
and/or to the surgical procedure itself rather than 
being caused by the intraocular device [24].

The most commonly reported complications 
in literature are (1) persistent intraocular inflam-
mation and macular edema (21%), which was in 
majority successfully managed by continuous 
topical nonsteroidal therapy or parabulbar injec-
tion of betamethasone; (2) increased intraocular 
pressure (>20 mmHg) or glaucoma development 
(5.9–9%), which in most cases was sufficiently 
managed by topical antiglaucoma medications, 
some (3.9–15%) required further surgical man-
agement such as glaucoma valve implantation; 
(3) postoperative hypotony (9%) that was man-
aged by at least one hyaluronic acid injection into 
the anterior chamber; (4) loss of endothelial cell 
count, which lead to corneal decompensation and 
required corneal transplantation (11–18%); and 
(5) artificial iris decentration or malposition (5.9–
12%). Our surgical technique of AI repositioning 
is shown in Figs. 29.13 and 29.14 and Video 29.6.

Other rare but vision-threatening complica-
tions included retinal detachment (2%) and 
phthisis bulbi, which was probably due to severe 
preoperative trauma and endophthalmitis [20, 
25]. Recently, Rickmann et  al. [23] reported 
additional artificial iris-related complications 

a b c

d e

Fig. 29.11 Artificial iris-IOL complex implantation 
using Pfeifer-Canabrava technique. (a) The 6.0 polypro-
pylene suture is introduced through the plate haptic IOL 
and AI. (b) Next, at one end of the suture, the flange is 
created using cautery. (c) The other end of the 6.0 poly-
propylene suture is brought into the anterior chamber and 

docked into the 30-gauge thin-wall-needle opposite the 
main incision 2 mm behind the limbus. (d) In this image 
the suture is brought out and a flange is performed. The AI 
is nicely centered, and the sutures are shortened using 
cautery. (e) The conjunctiva is pulled so that the flanges 
jump under it

a

b

Fig. 29.12 Postoperative results of artificial iris-IOL 
complex implantation using Pfeifer-Canabrava technique 
into an aphakic eye. Preoperative (a) and 12-month post-
operative (b) images after implantation of an artificial iris-
IOL complex into the right eye of a 61-year-old aphakic 
patient (same patient as in Fig. 29.11) after globe rupture 
and anterior segment reconstruction with nice aesthetic 
appearance
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Fig. 29.13 Artificial iris repositioning. (a) AI is sublux-
ated and slightly mobile. (b) The 9.0 polypropylene loop 
suture is docked into the 27 G cannula behind the AI and 
brought out of the sclera through 23  G incision 2  mm 
behind the limbus. (c, d) The loop of the distal part of the 

suture is pulled over the AI through the same incision. (e, 
f) The lasso is performed around the AI and tightened. The 
AI is centered by pooling the suture. Zigzag scleral fixa-
tion is performed. (g) Conjunctiva is glued using fibrin 
glue. (h) The AI is nicely centered

a b c

d

e

Fig. 29.14 Postoperative results of artificial iris repositioning. Preoperative (a, d) and postoperative (b, c, e) images 
after subluxated artificial iris repositioning (same patient as in Fig. 29.13)

29 Artificial Iris Implantation: Overview of Surgical Techniques



336

Table 29.2 Different surgical approaches and outcomes

Surgical technique Number Indication

Median 
age (min; 
max)

Median 
follow-up, 
mo. (min; 
max) Outcome/complications

Implantation into 
capsular bag

2 Congenital 
aniridia (1), 
penetrating 
injury (1)

13.5 (7; 
20)

23 (10; 36) Post-op BCVA improved in both cases/
raised IOP (1)

4-floating sutures
(Pfeifer technique)

12 Globe rupture 
(2), penetrating 
injury (2), blunt 
ocular trauma 
(6), iatrogenic – 
surgically 
induced (1), 
aniridia (1)

42.3 (18; 
71)

64 (12; 85) 7/12 (58.3%) median postop BCVA 
increase of 0.6 (min. 0.13; max. 0.9)
2/12 (16.7%) no improvement in post-op 
BCVA due to preoperative retinal disease
3/12 (25%) median post-op BCVA 
decrease of 0.125 (min. 0.05; max. 0.2) 
due to corneal decompensation (2)a; 
enucleation (1)

AI-IOL (Pfeifer- 
Canabrava 
technique)

1 Globe rupture 61 12 Post-op BCVA decline/retinal disease; 
good aesthetic outcome

AI-IOL complex 
scleral fixation 
(modified Yamane 
technique)

3 Globe rupture 72 (67; 
73)

24 (12; 24) Pre- and post-op BCVA remained stable 
(2), post-op BCVA decline, ERM (1);
significant aesthetic improvement

BCVA best corrected visual acuity, CME cystoid macular edema, IOP intraocular pressure, IOL intraocular lens, ERM 
epiretinal membrane, Post-op postoperative, Mo months
awaiting for EK (endothelial keratoplasty)

such as darkening of the iris remnants and glau-
coma development that were clearly associated 
with implants with integrated fiber mesh, but not 
to those without [23].

Table 29.2 summarizes our clinical outcomes 
in 18 consecutive patients, who underwent com-
plex anterior segment reconstruction with the 
implantation of AI from 2013 to 2020. The 
majority of our patients (16/18) had posttrau-
matic aniridia or posttraumatic mydriasis with 
concomitant anterior segment injury, two 
 presented with congenital aniridia. Three patients 
had an AI-IOL complex implantation with scleral 
fixation (modified Yamane technique). 12 patients 
had the AI implanted using four-floating suture 
technique. Two patients had AI implanted into 
the capsular bag and one AI-IOL complex 
implantation with modified Canabrava technique. 
Great aesthetic results were achieved in the 
majority of cases. Likewise, 2/3 of cases reported 
improvement in visual acuity. Importantly, except 
for the one patient (Fig.  29.1) that the AI was 
implanted into the sulcus, in our case series with 
a long follow-up period (first operation in 2013), 

no postoperative inflammation or macular edema 
was observed when there was correct AI place-
ment without touching any eye structure. We can 
only speculate that this could be a direct reflec-
tion of our surgical technique which ensures 
floating AI or AI-IOL complex on suspension 
sutures or haptics without touching or rubbing 
against any other eye structure. The most com-
mon postoperative complications that occurred 
were elevated intraocular pressure (12%), artifi-
cial iris decentration (6%), corneal decompensa-
tion (6%), and phthisis bulbi in one patient. 
However, in this case this might be a consequence 
of severe eye trauma and multiple prior surgical 
interventions, which included corneal transplan-
tation, vitrectomy due to retinal detachment, and 
several glaucoma procedures.

To sum up, iris defect reconstruction with an 
artificial iris implantation using described surgi-
cal approaches is safe; however due to the 
complex nature and concomitant eye diseases, 
close and long-term patient follow-up is essential 
to achieve best cosmetic and functional 
outcomes.
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 Conclusions

Iris defects can be successfully reconstructed 
with an AI implantation using various surgical 
approaches as presented in this chapter. The pro-
cedures are safe with good functional and aes-
thetic outcomes in majority of patients. However, 
even though postoperative complications are usu-
ally rare and related to concomitant eye diseases 
and/or direct surgical trauma rather than due to 
the device itself, surgeons need to be aware and 
know how to implant the AI and handle the most 
common postoperative complications. Therefore, 
proper surgical technique and close and long- 
term follow-up are mandatory for successful sur-
gical outcomes.
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Advanced Iris Repair

Gregory S. H. Ogawa

 Introduction

A badly damaged or malformed iris can top a 
patient’s ocular problem list due to things like 
photophobia, poor vision, and dysphotopsia. This 
chapter addresses the more advanced and com-
plex aspects of iris repair – it is not intended to 
cover the subject starting from the very begin-
ning. That said, much in the chapter will still 
prove useful for the surgeon starting out in the 
field of iris surgery. The improvement in patient 
quality of life from sound surgical management 
of iris abnormalities can, in some cases, be quite 
profound, making skill development in iris repair 
a worthy pursuit. In the following text, videos, 
and figures, the surgeon will learn about the prep-
aration and instrumentation for iris surgery, as 
well as multiple iris repair techniques. One will 
also discover how to tie iris suture knots that are 
cinched inside the eye, as opposed to knots 
cinched outside the eye that can tear, damage, 
and deform the iris. An alternative to direct repair 
or replacement of the iris is the option of corneal 
tattooing.

 Iris Repair Versus Iris Prosthesis

There exists a variety of procedures and tech-
niques that may be performed to repair iris abnor-
malities, but in certain situations, there is just not 
enough iris to work with to make a repair. Iris 
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Interesting Aspects of the Chapter
In this chapter, you will find out the 
following:

• The use of globe pressurization modali-
ties, sutures, and instrumentation for iris 
repair.

• The method to place a multibite inter-
rupted iris suture.

• How to perform an exquisite congenital 
iris coloboma repair

• The ways to use iris diathermy to refine 
the shape and centration of the pupil

• How to tie intraocular knots in the iris, 
and the range of knot techniques
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may be stretched to a certain degree to suture it 
while closing a defect, but if it is pulled too 
tightly, then the iris may tear at the suture, iris 
root, or elsewhere. If the iris is over-tensioned, 
there is also the possibility of causing chronic 
inflammation. A useful guide is that if more than 
two wraps with a single throw in 10-0 polypro-
pylene suture is required to hold the iris in the 
desired position, then it is likely being pulled too 
tightly. In these situations, one may need pros-
thetic iris for all of the treatment or as an adjunct 
to iris repair, depending on the type of prosthesis 
being used. The subject of surgery involving iris 
prostheses is covered in chapter IP elsewhere in 
this textbook.

 Preparations for Iris Repair

 Globe Pressurization

During iris repair, the globe needs to be pressur-
ized in order to minimize bleeding and maintain 
a reasonably normal anatomic configuration of 
the eye.

• If the lens capsule diaphragm is intact, then an 
ophthalmic viscosurgical device (OVD) may 
be used for this purpose. A dispersive OVD 
more effectively holds iris tissue in place, but 
it is harder to remove. A cohesive OVD, at the 
other end of spectrum, is easier to remove, but 
does not hold iris in a given location as effec-
tively, while a cohesive-dispersive OVD has 
some of the characteristics of both.

• If the lens diaphragm is not intact, then infu-
sion should be used to keep the globe pressur-
ized and formed. A 23  g high flow limbal 
infusion cannula works well by keeping the 
incision size small, yet allowing good fluid 
flow into the eye. If an infusion cannula is 
needed often, then a reusable model (e.g., 
D&K 8-616-1) is economical, while sporadic 
use may tend toward a variety of disposable 
models. The infusion can be provided from a 
machine with an active pump system, but the 
advantage of a gravity feed system is that it 
does not push fluid into the eye as aggres-
sively if the IOP is temporarily decreased 

when fluid egresses through a paracentesis or 
other incision. There are also machines that 
can be set up with a gravity cassette or an 
active pressure cassette.

• With either type of infusion system, the IOP 
only needs to be at, or a little above, physio-
logic pressures. The high infusion pressures 
often used in phaco (phacoemulsification) sur-
gery should be avoided for iris work – those 
elevated infusion pressures are needed for 
removal of cataracts because of the rapid rate 
at which fluid is removed from the eye during 
phaco.

 Sutures and Needles

• The standard suture material for iris repair is 
10-0 polypropylene. It offers an excellent 
combination of adequate strength and flexibil-
ity. Inside the eye, it degrades extremely 
slowly. It is only where it is within sclera that 
the degradation rate moves into the range of 
1–2 decades, based on the author’s experi-
ence. The fortunate thing with iris repair is 
that if 10-0 polypropylene passed through 
sclera does degrade to the point of breakage, it 
rarely creates a major problem, and if needed 
that area of iris may be resutured. These sorts 
of situations rarely occur, possibly because of 
the low tensile stress that the iris places on the 
sutures.

• Long curved transchamber needles (at least 
13 mm long) make it easier to get from the 
limbus, down to the iris, and them back up to 
the limbus for needle passes through the iris. 
A fine spatula side-cutting needle (e.g. 
Ethicon CTC-6 L) has the advantage of being 
able to pass through sclera or corneal tissue 
without needing to go through a paracentesis 
and it makes the smallest orifice when passed 
through iris tissue; however, it may be more 
difficult for some surgeons to control inside 
the eye. A taper cut needle, with similar 
length and curvature, is typically more rigid 
(e.g., Ethicon CIF-4) making it easier to con-
trol inside the eye, but it needs to be passed 
through limbal paracentesis openings, and 
because of its continuous taper, it tends to 
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drag on iris tissue for much of the needle 
pass, and make a larger orifice in the iris. The 
author prefers the fine spatula needle type 
because of the much greater flexibility in 
entry-exit locations and the low drag coeffi-
cient on iris tissue. That said, there are excel-
lent iris surgeons who use either of these 
types of needles or even both. Straight tran-
schamber needles may also be used for iris 
suturing, but for the needle to exit the eye, 
the entire needle must come to the limbus 
plane, which automatically elevates the iris 
to that same plane. In some situations that 
does not cause problems, and in other situa-
tions it does because of iris deformation or 
even stress and tearing of iris root, or attenu-
ated iris tissue.

 Instrumentation

• An appropriate needle holder is essential for 
iris suturing. Because of how fine the needles 
are, a fine-tipped needle holder is needed, but 
because of how long the needles are, a holder 
with a stout hinge section is beneficial for 
being able to get a solid grasp of the needle. 
(e.g., Osher needle holder, Storz E3807 WO) 
One should avoid using a locking needle 
holder so as to increase the felicity with which 
one sutures. If one compares equivalently 
designed titanium and steel needle holders, 
the titanium needle holder grasps the stainless 
steel needles better because the physical prop-
erties of titanium allow it to have greater fric-
tion on the stainless steel needles. However, if 
one is choosing between a fine titanium needle 
holder and a robustly hinged, fine-tipped 
stainless steel needle holder (e.g., Osher), then 
the latter will generally be preferred by most 
surgeons. A pair of coaxial scissors to cut the 
suture tails allows the surgeon to cut the tails 
where the knot is located rather than dragging 
the knot, suture, and iris toward an incision 
where extraocular scissors can cut the tails. 
Cutting the knot “in situ” is critical for friable, 
attenuated iris and other situations. If one uni-
formly uses 23 g instrumentation and infusion 
cannula, then instruments and infusion may be 

switched around among the paracenteses as 
needed during the case. Of course, 25 g coax-
ial scissors may also be used for this purpose 
through a 23 g paracentesis.

• While any type of paracentesis blade may be 
used for these cases, an angled 23 g microvit-
reoretinal (MVR) type blade is very sharp and 
has the advantage of easily creating paracente-
sis of uniform size with the incision parallel to 
the iris.

• A range of instruments can be used to support 
the iris while passing the needle through iris 
tissue. Sometimes no support is required, but 
in other situations, a coaxial intraocular for-
ceps, iris reconstruction hook, IOL manipula-
tor, or other instrument may be needed to 
support the iris in order to avoid putting exces-
sive stress on the iris tissue and the delicate 
iris root.

• For some versions of intraocular knots, one, or 
more, 23 or 25 g intraocular curved shaft for-
ceps are required. Reusable forceps are avail-
able from several manufacturers, and 
disposable 25 g VR forceps may manually be 
bent in the shaft area to make them useable in 
the anterior chamber.

• Intraocular vitreoretinal (VR) bipolar dia-
thermy probes can be extremely useful for 
adjusting pupil location and shape by con-
tracting iris stroma, as described later in this 
chapter. This instrument is commonly used by 
VR specialists for cauterizing retinal vessels. 
With the shift to progressively smaller VR 
instrumentation, these probes are often avail-
able in 25 g size, although 23 g through 27 g 
should work equally well for iris shaping. The 
disposable versions have the added advantage 
of the surgeon being able to manually put a 
bend into the shaft of the probe for improved 
ergonomics and iris access.

 Vitreous Removal

If vitreous is near or around the iris in need of 
repair, then it should be removed prior to com-
mencing iris surgery in order to avoid vitreous 
traction and retinal tears. In some instances, the 
vitreous can be adequately removed through a 
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limbal paracentesis with a guillotine-type 
vitreous suction cutter. In other situations, a sin-
gle port pars plana approach may be necessary 
with the same type of cutter. The infusion in 
either case can be through the limbal infusion 
cannula, and illumination from the operating 
microscope is almost always adequate, so that it 
is the reason why only one port is needed if a pars 
plana approach is used. The pars plana access 
may be achieved with a trocar cannula (available 
in 23 g size and smaller) or with an incision cre-
ated using a straight MVR blade of the appropri-
ate width.

 Pharmacologic Agents

If the iris work is to be done in isolation (not 
combined with cataract surgery), then avoiding 
preoperative dilating or constricting drops is typi-
cally advisable. Having an intraocular miotic 
agent available for during surgery is useful in 
almost all iris repair surgeries. Acetylcholine 
works more quickly and avoids excessively 
strong constriction of the sphincter muscle. It 
may be instilled more than once, if need be. 
Carbachol may also be used to achieve iris 
sphincter constriction, but should be used spar-
ingly because of the tendency to produce exag-
gerated pupil constriction since it blocks 
acetylcholinesterase. Excessive sphincter con-
traction, from carbachol, may make it more dif-
ficult for the surgeon to intraoperatively assess 
the adequacy of iris repairs.

 Crystalline Lens

Iris repair in the presence of a noncataractous 
crystalline lens is a high-stake endeavor. Even 
subtle bumps to the lens may cause a cataract to 
form. Additionally, dispersive OVD that is a mix 
of sodium chondroitin sulfate and sodium hyal-
uronate has an increased chance of causing a 
feathery subanterior subcapsular cataract to form 
even during the case, in the author’s experience. 
This tendency is not as pronounced with an OVD 
that contains just sodium hyaluronate. All of that 
said, very experienced iris surgeons may offer 

iris reconstruction in situations where young 
patients with clear lenses have disabling symp-
toms from an iris defect. In these situations, using 
OVD to float the iris up away from the lens and 
also using intraocular forceps to stabilize the iris 
in a position well away from the lens during nee-
dle passes may be useful. For any patient consid-
ering iris repair with a clear crystalline lens, 
thorough counseling is mandatory including the 
potential that cataract surgery may be needed 
during the case, or soon after the case. Doing 
biometry and having the appropriate IOL options 
in the OR is recommended if one undertakes 
these sorts of cases.

 Types of Iris Repair

 Iridodialysis Repair

The iris root is the thinnest and also weakest part 
of the iris. It is prone to tears predominantly from 
external blunt trauma and also from intraocular 
surgery. Hyphema often accompanies the acute 
injury. Small tears, in the range of 1 clock hour, 
often do not need repair, but as the size increases, 
and traction on the iris toward the pupil from 
fibrotic surface bands increases, the iridodialysis 
becomes progressively more optically disabling. 
Additionally, if cataract surgery is performed and 
the resulting IOL optic edge is in the iridodialysis 
space, then glare and other dysphotopsias may 
occur. Because the dilator muscles are in the pos-
terior portion of the iris stroma, the iris edge 
tends to roll posteriorly along the dialysis, mak-
ing it harder to engage the iris with needle passes 
from the anterior surface of the iris.

• A conjunctival peritomy should be performed 
in the area where iridodialysis repair will be 
performed, with cautery to achieve hemostasis 
on the scleral surface. In instances where the 
pupil is moderate size to large, some acetyl-
choline should be injected into the anterior 
chamber so that the iris is not bunched toward 
the periphery. Globe pressurization with OVD 
or infusion should then be achieved. If there is 
a fibrotic surface band from the blood at the 
time of injury, then sometimes a “V” configu-
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ration will exist in the edge of the iridodialy-
sis. Two intraocular forceps might be useful to 
lightly stretch the iris in a radial direction by 
grasping near the pupil and at the edge of the 
iridodialysis before gently pulling. (Video 
30.1) Sometimes IOL manipulators may be 
used for this same purpose.

• An IOL manipulator or forceps may be used 
to help determine the number of fixation 
points that will be needed for the repair, and 
the location for each. It often requires fewer 
fixation points for an iridodialysis repair than 
one might initially imagine. (Fig.  30.1a,  
b, c, d).

• The primary way to manage iridodialysis is 
with horizontal mattress sutures. The double 
armed 10-0 polypropylene suture is passed: 
one needle at a time through a paracentesis 
about 180 degrees away from the desired 
suture location, then posteriorly through the 
pupil before catching the far periphery of the 
iris with the spatula curved transchamber nee-
dle, and then passing the needle out through 
sclera at about the level of the iris root. The 
surgeon passes the second needle through the 
same paracentesis, being certain to not catch 
corneal tissue, then posteriorly through the 
pupil and then anteriorly through the far 

a b

c d

Fig. 30.1 (a) A 21-year-old male with a right eye large 
inferior iridodialysis, extensive zonular defect, vitreous 
prolapse, underdeveloped lens inferiorly, and a cataract 
from a fishing weight injury 13 years prior to surgery. (b) 
Stretching the contracted iris with coaxial forceps prior to 
suture repair of the dialysis. Anterior vitrectomy, cataract 
aspiration, and ePTFE (Gore-Tex) sutured capsular ten-
sion segment with acrylic IOL placement in the bag had 
already been completed. The ePTFE was tied with a two 
wrap throw and a half bow in order to adjust the bag/IOL 
position should it be needed after iris repair. A 23 g reus-
able titanium infusion cannula is shown for maintaining 
globe pressurization. (c) First mattress suture placed with 
10-0 polypropylene double armed with 13 mm × 0.15 mm 
curved spatula needles in the middle of the iridodialysis 

defect. Needles were passed through the pupil, then ante-
riorly through the periphery of the iris, since the iris usu-
ally rolls or curves posteriorly. A small amount of hang 
back was utilized to achieve the desired pupil position. 
Typically, the 10-0 sutures are tied with a two wrap throw 
and a half bow in order to adjust tension prior to comple-
tion, but in this case, the knots were finalized as they were 
placed. (d) Completed repair after placement of three mat-
tress sutures. It is worth noting that even with an iridodi-
alysis this large, a relatively small number of fixation 
points can support the iris. The pupil is well centered and 
did not need iris sphincter sutures. Purkinje images 1, 3, 
and 4 are well lined up in the center of the cornea, indicat-
ing a flat and centered IOL
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periphery of the iris, adjacent to the first pass, 
before passing the needle out through the 
sclera approximately 1.5–2 mm to the side of 
the first suture, again at the level of the iris 
root. The suture arms are trimmed outside the 
eye then a two wrap throw, with or without a 
half bow on top, will hold the suture and iris in 
place while the position is assessed. If only 
one mattress suture is placed, then the suture 
tension may be adjusted with the emphasis on 
an adequate closure of the iridodialysis and 
good pupil contour, rather than on complete 
closure of the iridodialys [1]. If more than one 
mattress suture is placed, then each one should 
usually be temporarily tied until the last is in 
position, then the tension of each can be 
adjusted before final tying the 2-1-1 knot with 
the knot and then buried inside the eye. A 
Sinskey hook may be useful for helping to 
push the knot in through the sclera or even for 
slightly enlarging the tract through the sclera 
as part of the process to get the knot inside the 
eye. It is important to get the knot actually 
inside the eye through the scleral wall to avoid 
erosion of the knot through the sclera [2]. 
(Video 30.1).

• In the situation of a clear crystalline lens being 
present, the author adjusts the approach to cre-
ate a relatively peripheral corneal paracentesis 
in a “backward” configuration in the area of 
the iridodialysis, going from central to periph-
ery of the cornea. The same double-armed 
suture is used through this single paracentesis 
with OVD, intraocular forceps, or other instru-
mentation to hold the iris off the lens in order 
to pass the needles through the iris and out 
through the sclera at the iris root level. The 
suture arms are managed in the same way as 
described above. In this setting, one should 
use the least number of mattress sutures 
needed to control the symptoms, not the num-
ber to get a nice cosmetic result. Again, this is 
a high stakes iris repair situation that requires 
very thorough patient counseling and precase 
preparation.

• There are a variety of iris-suturing techniques, 
including for iridodialysis repair, that fall 
under the heading of sewing machine tech-

niques [3, 4]. Most of these involve scleral 
grooves or scleral flaps (with flap closure 
using other sutures) and hollow bore needles, 
all with diameters much larger than the 6 mil 
(0.15  mm) width of the spatula curved tran-
schamber needle described above. Some of 
the sewing machine techniques are executed 
as a running suture, while others as interrupted 
sutures. Since iridodialysis repair does not 
need continuous peripheral iris support, a run-
ning suture is not needed, and in fact likely 
decreases the quality of the result because of 
decreased adjustability once the sutures are 
placed. There are probably surgeons in whose 
hands sewing machine techniques work well 
for iridodialysis repair, but in the author’s 
experience, they complicate what is otherwise 
a straight-forward technique, do not readily 
allow for passing the needle from posterior to 
anterior allowing for suturing the peripheral 
edge of the posteriorly rolled iris, and create 
more iris tissue damage because of the larger 
diameter needles. Other fixation techniques 
for iridodialysis repair continue to emerge, for 
example, large diameter polypropylene 
sutures [5] and at some point one or more of 
them may have enough follow-up with good 
results to become a standard that replaces the 
mattress technique described above.

 Multibite Interrupted Pupil Margin 
Suture

A common location for injury to the iris is the iris 
sphincter muscle along the pupil margin. These 
injuries may also include stromal tears and dam-
age in the same area as the sphincter muscle dam-
age. With focal injury a simple interrupted 
suture – one bite on each side of the defect – is all 
that is needed. In areas of more diffuse sphincter 
damage, one or more multibite interrupted 
sutures may be required. These are particularly 
useful when there is still sphincter function along 
part of the pupil margin, but multiple clock hours 
with no sphincter function. (If there is no sphinc-
ter function for 360 degrees, then that is the situ-
ation where an iris cerclage suture is appropriate, 
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as described later in this chapter.) Since this 
chapter covers advanced repairs, the simple inter-
rupted will not be described here, but a surgeon 
can understand the simple interrupted by cogni-
tively deconstructing the multibite.

• The rationale for the multibite interrupted 
suture is that if one places a simple interrupted 
over an extended span of nonfunctioning 
sphincter, then the two sutured points will 
come together, but the intervening iris can 
readily pooch out, creating a radial opening in 
the iris at the location of the suture. Whereas if 
multiple bites are placed with the needle over 
that span, then all the pupil margins along that 
spread will be brought up into the suture.

• Placement of acetylcholine in the anterior 
chamber is highly useful in these cases to help 
demonstrate where the sphincter still func-
tions and where it does not. Analysis of the 
radiality of the iris architecture can also help 
separate functioning sphincter (radial) from 
nonfunctioning sphincter (splayed) [6].

• The multibite interrupted starts with the stan-
dard pressurization of the globe and removal 
of any vitreous in the area. The needle on a 
single-armed 10-0 polypropylene is passed 
through the limbus, then posteriorly through 
the iris near the margin at, or close to, where 
there is some remaining sphincter function. 
The needle is then passed up through the iris 
adjacent to where it was passed posteriorly 
through the iris. Subsequent passes through 
the iris may continue in this basting stitch pat-
tern, or convert to a whipstitch where the nee-
dle tip goes around the pupil margin, and then 
passes through the iris from posterior to ante-
rior for all of the subsequent passes. The main 
advantage of switching to a whipstitch is that 
it is easier to get the needle passes closer 
together and decreases the chance of iris 
pooching peripherally, creating a radial open-
ing once it is tied. The number of bites is 
dependent on the tissue need for support, but 
can vary from 3 bites all the way up to about 7 
bites in the most extreme cases.

• Once the passes through iris are completed, 
then an intraocular knot is tied prior to trim-

ming the suture tails with coaxial intraocular 
scissors. Later in the chapter, different catego-
ries and examples of intraocular knots are 
described. The author typically uses a knot in 
which the throws are formed outside the eye, 
and then an IOL manipulator functions as a 
pulley to take the throws inside the eye and 
cinch them [7]. This knot can also be seen in 
the video of this procedure and other proce-
dure videos in this chapter where intraocular 
knots are needed.

• Having the first multibite interrupted suture 
completed makes it more obvious to the sur-
geon where subsequent multibite inter-
rupted sutures need to be placed to achieve 
an appropriate pupil shape and size. The 
same procedural steps can be repeated as 
many times as needed to achieve an accept-
able result. The author typically targets a 
pupil of about 4 mm (or a little smaller) in 
diameter as measured externally as a target 
when there is some acetylcholine in the 
AC. This simulates a relatively bright light 
situation and will typically be adequate to 
control photophobia. Patients with darker 
fundi (and irides) will often tolerate more 
light entering the eye, and those with lighter 
fundi (and irides) generally tolerate less 
light. (Video 30.2).

 Iris Gathering Suture for Iris 
Transillumination Defects

During cataract, and other surgeries, it is not rare 
for iris to prolapse out through the main incision, 
or through a paracentesis. Often patients have no 
symptoms from the focal changes in the iris, but 
other times, they have significant dysphotopsia- 
type symptoms – particularly if the pigment epi-
thelium is absent from that area. If the area of 
transillumination is large, an iris prosthesis may 
be required as described in the chapter on Iris 
Prosthesis. For more modest defects, “gathering” 
sutures may improve or resolve the symptoms. 
The concept is bringing tissue closer together to 
increase the optical opacity of the area, but in 
some instances, it requires frank imbrication [8].
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• Acetylcholine should be injected into the 
anterior chamber, followed by the desired 
method to keep the globe formed. The 6 mil 
(0.15  mm) wide spatula long curved tran-
schamber needle should be used for this, on 
10-0 polypropylene since the iris is fragile 
enough in these areas that using the needle 
with the least amount of traction on the iris is 
desired. These suture passes need to start in an 
area of intact iris, then weave through the area 
of transilluminating iris (almost like blanket 
weaving), and then end with a bite in intact 
iris at the other side of the transillumination. 
When tying the intraocular knot for this sec-
tion of iris work, it is not always necessary to 
fully compress all the tissues. The suture only 
needs to compress iris tissue enough to mini-
mize the transillumination. The suture tails 
should be cut with coaxial scissors. Often two 
of these sutures are needed, one more central, 
and one more peripheral, to adequately con-
trol the light transmission issue.

• It is not unusual for the iris sphincter to also be 
damaged in these situations. If it is, then the 
surgeon should start with a simple or multibite 
interrupted suture at the pupil margin to repair 
that area. Doing so will often make a substan-
tial improvement in the amount of light pass-
ing through the iris peripheral to the sphincter 
repair. If there is still too much light passing 
through the iris stroma, then one or two gath-
ering sutures may be placed to treat the area. 
(Video 30.3).

 Congenital Iris Coloboma Repair

The congenital iris coloboma is relatively unique 
among iris defects in that the iris was never nor-
mal. The individual was born without closure of 
the optic fissure during embryogenesis. The ante-
rior segment coloboma can be as subtle as an area 
of abnormal looking iris stroma inferonasal to the 
pupil, to a radial iris defect going all the way to 
the periphery that includes the ciliary body with 
an absence of lens zonules. The form with absent 
lens zonules produces what is often referred to as 
a lens coloboma because the zonules are not pres-

ent to provide traction on the lens equator to pull 
it out to the same level as the rest of the lens dur-
ing lens development and growth. The reason for 
mentioning this in a chapter on iris repair is that 
in some situations, vitreous prolapses through 
that equatorial zonular defect and needs to be 
removed as part of the surgery repairing the iris. 
Of course, the posterior colobomas that typically 
accompany the anterior defects can create visual 
field defects and even have a devastating impact 
on vision if it involves the macula.

• Congenital iris colobomas rarely need repair 
before the time of cataract surgery. The reason 
is that the natural lens is roughly 12  mm in 
diameter, so an ectopic iris coloboma still has 
crystalline lens behind it, allowing for focus-
ing of light. Most IOL optics are about 6 mm 
in diameter, so after cataract surgery, without 
addressing the coloboma, the IOL edge is 
often in the middle of the coloboma with an 
aphakic space more peripherally, and a pseu-
dophakic space more centrally. The colobo-
matous pupil in this situation creates an 
optically poor space that can produce monoc-
ular diplopia, edge glare, decreased visual 
acuity, decreased contrast sensitivity, coma, 
etc.

• The fundamental thing for the surgeon to 
understand when repairing these defects is 
that the iris coloboma margin contains pupil-
lary sphincter muscle. It is functionally an 
extension of the pupil. With larger iris colobo-
mas that are fixed to the iris root area, the 
sphincter muscle in the coloboma pulls the 
colobomatous pupil inferonasally toward that 
fixation point. So the key to repair is to get rid 
of the sphincter muscle along the sides of the 
coloboma. Earlier techniques either did not 
address this or partially addressed this [9, 10]. 
The technique described here is for iris colo-
boma repair at the time of cataract surgery 
with PCIOL, or as a secondary procedure if 
the patient previously had cataract surgery 
without iris coloboma repair [11].

• After cataract surgery with placement of IOL 
is completed, acetylcholine should be injected 
into the anterior chamber while observing 
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how the colobomatous and noncolobomatous 
pupil respond. (Try to avoid phenylephrine or 
epinephrine in the infusion bottle during cata-
ract surgery.) The superonasal location is gen-
erally a good position to place the 23 g limbal 
infusion cannula. If there is vitreous prolapse 
peripherally, then that should be addressed 
with standard vitreous removal settings for a 
23  g vitrectomy probe. Then the vitrectomy 
machine setting should be lowered to a cut 
rate of about 1 cut per second with very low 
vacuum and aspiration flow rate settings. The 
vitrectomy port is then used to slowly remove 
the sphincter muscle by removing the colo-
boma sphincter margin. One can start periph-
erally first, or select the transition from the 
normal pupil margin to the coloboma, and 
begin there. As the colobomatous sphincter is 
removed, the surgeon may notice the relax-
ation of the stroma adjacent to the coloboma 
as it moves centrally. Start slowly, go slowly, 
and do not remove excess tissue since that 
makes it harder to close.

• Once the colobomatous sphincter is removed, 
then the suture repair begins. The sutures are 
placed as simple interrupted sutures, with the 
first one bringing together normal pupil sphinc-
ter from the nasal and temporal sides. An intra-
ocular knot tied and trimmed holds the pupil 
margin sides together. [See intraocular knot 
tying section later in the chapter.] Additional 
interrupted sutures are sequentially placed, 
moving from central to periphery, bringing the 
two, now stromal sides, of the coloboma 
together. There is often a very small peripheral 
triangular defect, of no optical significance, 
that is best left unsutured to avoid tearing iris 
tissue. If there is an area back toward the pupil 
that does not seem to have come together ade-
quately, then an additional suture may be 
placed at that location. Because the most 
peripheral sutures have the potential to stress/
tear the iris, it is important to use a knot-tying 
technique that can tie the knot down in the iris 
plane, rather than needing to lift the iris to the 
limbus plane to cinch the knots. Those options 
would include the Ike Ahmed two intraocular 
forceps technique [12, 13], and the Ogawa 

intraocular knot [7] (Fig.  30.2a, b, c). Pupil 
shape and centration may be adjusted as 
needed by using intraocular diathermy as 
described later in this chapter. (Video 30.4).

 Iris Cerclage for Permanent Mydriasis

Large pupils with no iris sphincter activity at all 
need extensive iris suturing, or an iris prosthesis. 
The prosthesis approach is described in the 
chapter on Iris Prosthesis (Chap. 29, Vladimir 
Pfeifer).  Several of the multibite interrupted 
sutures may be used; however, this tends to put 
excessive stress on attenuated iris between the 
sutures and results in a polygonal-shaped pupil, 
like a square or a pentagon. For the atonic mydri-
atic pupil, an iris cerclage suture is effective, 
minimizes stress on the iris tissue, and produces 
a very good cosmetic and functional result [14].

• Injecting acetylcholine into the anterior cham-
ber may help confirm that there is no sphincter 
activity. This can also be determined in the 
office before surgery by watching for iris 
movement at the slit lamp when shining light 
in through the pupil, presuming the retina and 
optic nerve have reasonable function. Next a 
globe pressurization method is selected and 
applied before creating several 23 g paracen-
tesis openings around the periphery, each with 
their internal aspect flared parallel to the iris, 
to make it easier to pass needles in and out of 
the eye. If significantly wider paracenteses are 
created, then flaring may not be needed. For 
larger resting pupil diameters, it is helpful to 
have a greater number of limbal access points 
with a usual minimum for this surgery of 4. 
An incision for a cataract or IOL surgery can 
be used as one of the access points.

• One of the critical aspects of this procedure is 
to avoid catching corneal tissue in the corneal 
openings when passing the needle through. 
For going into the eye, a round cyclodialysis 
spatula, or even one side of a tying forceps, 
can gape the paracentesis while the needle tip 
is slid down the side of the instrument into the 
eye. For exiting the eye, the same maneuver 
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a b

c

Fig. 30.2 (a) Patient with a left iris coloboma. The vitrec-
tor is being used at a rate of 1 cut per second, low flow, and 
low aspiration to trim the iris sphincter muscle off the sides 
of the colobomatous part of the pupil. A 23 g self- retaining 
limbal infusion cannula keeps the globe formed. Cataract 
removal with lens implantation had already been per-
formed followed by instillation of acytelcholine to bring 
down the pupil size and make it clearer where the transi-
tion from coloboma to normal pupil occurs. (b) A suture 
was placed through the nasal and temporal aspects of the 

normal appearing ends of the pupil. Here the first throw of 
the first suture is being gradually tightened before the iris 
edges come together and the two wrap throw is cinched. 
An angled IOL manipulator functions as a pulley to pro-
vide tension on the throw 180 degrees away from the para-
centesis. (c) After completion of the case, the resulting 
pupil appears centered and Purkinje images verify a well- 
positioned IOL.  The iris stroma, without colobomatous 
sphincter, has been closed with interrupted 10-0 polypro-
pylene sutures to almost the periphery of the iris

with the cyclodialysis spatula may be 
performed, or the needle tip may be docked 
into the tip of a 24 g plastic IV catheter (angio-
cath) or a 27 g steel cannula. The needle can 
sometimes penetrate through a wall of the 
angiocath, creating small challenges, and the 
needle tip can readily get dulled putting it into 
a steel cannula. Since none of these maneu-
vers are perfect, the surgeon should test at 
every paracentesis to be sure that corneal tis-
sue has not been caught. This is done by mov-
ing the needle tip a few mm into the eye, or out 
of the eye, then grasping the needle to slide it 
side to side. If no corneal tissue was caught, 
then the needle shaft will move the full width 
of the incision. If corneal tissue has been 
caught, then the needle shaft will pivot with 
the tissue perforation site as a fulcrum.

• Using a 4″ long double armed 10-0 polypro-
pylene with the long curved 6 mil spatula nee-

dles works well for this procedure. Keeping it 
double-armed gives the surgeon an “out” 
should something happen that stops progres-
sion in the first direction, or even for ergo-
nomic convenience. In order to have this 
option available, the first needle pass must be 
done through a paracentesis as described 
above, not catching any corneal tissue in the 
incision. The location that the surgeon sits, 
and the starting place, can all be done as works 
best for the individual surgeon. One way that 
works well for the partially ambidextrous sur-
geon is to start sitting near the patient’s left 
shoulder – regardless of whether it is a left or 
right eye – and enter the eye through an inci-
sion at about the 10:30 position. The suturing 
can progress in a counterclockwise fashion 
with the surgeon moving the operative chair 
position until the surgeon is positioned near 
the patient’s right shoulder. At this time, if 
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desired, the surgeon can shift up to the top of 
the patient’s head, use the other needle, go 
through that 10:30 position incision, and go 
through the iris in a clockwise direction until 
reaching the point where suturing progress 
stopped in the counterclockwise direction 
before tying the intraocular knot, targeting a 
pupil size of approximately 4 mm as measured 
externally. (Fig. 30.3a, b, c).

• There are some tips on suturing the iris that 
can help yield a better result. In some situa-
tions, the needle may be woven through the 
iris near the pupil margin without supporting 
the iris, but in other situations, an IOL manip-
ulator, iris reconstruction hook, or coaxial for-
ceps may be useful. Coaxial forceps can 
control the iris well, although they seem to be 

a little rougher on the iris, due to the multiple 
forceps compressions, than using one of the 
other options for support. More bites, as 
opposed to fewer bites, gives a smoother pupil 
margin – 24 or more bites can be a good tar-
get. The first pass through the iris from a para-
centesis is typically in an anterior to posterior 
direction, then the next is posterior to anterior 
creating the first two bites of a basting stitch. 
After that, switching to a whipstitch going 
posterior to anterior (or anterior to posterior if 
the surgeon prefers) with each pass allows the 
surgeon to get the bites closer together which 
aids in placing more bites for a smoother pupil 
margin. The most common location to have a 
suturing gap is at a paracentesis where the 
needle exited the eye and then re-entered. To 

a b

c

Fig. 30.3 (a) Trauma caused this large unreactive pupil. 
Essentially 360 degrees of absent pupil sphincter function 
is the situation in which it is appropriate to place a cer-
clage suture. The pupil is so large down and to the right in 
this image that one can see around the crystalline lens. (b) 
The 10-0 polypropylene cerclage suture placement started 
down and to the left in this image (10:00 position for the 
eye) and progressed in a counterclockwise direction going 
in through a paracentesis, weaving through the pupil mar-
gin, and exiting out the next paracentesis. Here the iris 
bites can be seen wrapped around the needle in a spiral 
resulting from whip-stitch style suturing. A 24 g plastic IV 

catheter (angiocath) was used to catch the needle tip 
inside the eye and guide it out through the paracentesis 
without catching corneal tissue, and not dulling the needle 
tip. (c) The completed case with a pupil size of about 
4  mm as measured externally, and optimal Purkinje 
images indicating excellent IOL position. The small notch 
in the pupil margin on the left of the image occurred at the 
most common location – a site where the needle exited the 
eye and re-entered to begin suturing the iris again. It is 
visible under the microscope, but this size is not particu-
larly visible to the naked eye

30 Advanced Iris Repair



350

minimize the chance of a suturing gap in this 
location, the surgeon can visualize where the 
last suture pass exited the iris and try to start 
the next suture pass as close to that as possi-
ble. After the knot has been tied and trimmed, 
an IOL manipulator may be carefully used to 
slide the iris around a bit on the suture to opti-
mize the iris position. Essentially, the iris is 
suspended off the cerclage suture like a cur-
tain on a curtain rod, with the iris root provid-
ing the analogous function to gravity for a 
curtain.

 “Coat Hanger” Repair for Large Iris 
Defects

There are situations where the best one can do 
with closing an iris defect still leaves a substan-
tial size iris opening. An iris prosthesis may be a 
good option in these situations, but for various 
reasons, a prosthetic iris may not be available for 
the patient. In these cases, there are still suture 
options that can improve the situation. Various 
types of bridging sutures may be helpful. The 
author began using this “coat hanger” type of 
bridging suture roughly 2 decades ago and has 
found it to be of notable benefit to multiple 
patients.

• The location where a coat hanger suture tends 
to yield the most benefit is for large superior 
iris defects. The reason for this is that the 
upper lid usually covers part of the upper cor-
nea, and then patients can also volitionally 
lower the upper lid further as needed. Often 
when a lot of superior iris is missing, the iris 
needs to be lifted superiorly and brought 
together horizontally toward the midline. This 
may be achieved with multiple bridging 
sutures, but the coat hanger configuration can 
generally achieve all of it with a single suture.

• The fundamental concept behind the coat 
hanger suture is to create suture force vectors 
that are not directly in line with the sutures 
themselves. At the iris, the two sides of the 
suture travel in different directions, so the 
force vector resulting from the suture is some-
place in between the direction of the sutures. 

The actual direction of the iris movement 
depends not only on the direction that the 
suture sides are pulling, but also on the stretch-
iness of the iris material in the various direc-
tions. Because of this combination of forces, 
the iris moves along the suture to a position 
where the forces equilibrate. Hence, the iris 
does not simply move in the direction half 
way between the two sides of the suture.

• To create a coat hanger, the suture is kept 
double armed and the suture needles are 
passed through a single paracentesis incision 
about 180 degrees away from the defect. The 
setup for this suture technique is similar to the 
horizontal mattress described above for irido-
dialysis repair. After the first needle passes 
through the paracentesis, it needs to go 
through the particular part of the iris that will 
benefit from being pulled toward the midline 
and superiorly. Next the needle goes to a loca-
tion at the plane of the iris root and out 
through the sclera at a point that will create 
the proper vector force for iris positioning. 
Using intraocular forceps or an IOL manipu-
lator first to assess the iris deformability 
before selecting placement of the suture 
through the sclera may be useful for optimiz-
ing the result. The second needle enters the 
eye through the same paracentesis (being sure 
to not catch corneal tissue), then passes 
through the analogous iris material and sclera 
on the other side of the eye. The surgeon ties 
the suture arms outside the eye first with a 
two wrap throw, then proceeds to adjusting 
the suture tension to get the iris in the desired 
position. Sometimes intraocular forceps are 
useful for encouraging the iris to move to the 
desired position rather than putting all of that 
strain/stress on the suture and the iris at the 
point of the suture material passing through 
the iris. Once the desired tension is achieved, 
two single wrap throws are placed on the knot 
to lock it in place. After trimming the tails, 
the knot is placed inside the eye by either 
using a Sinskey hook to push the knot in 
through the sclera, or even by using a smooth 
jawed intraocular forceps to grasp the suture 
internally and pull the knot into the eye. 
(Fig. 30.4a, b).
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a b

Fig. 30.4 (a) Schematic diagram of a “coat hanger” 
repair in a situation where it was possible to close the iris 
superiorly, but a large defect remained. The author calls 
this a coat hanger repair because of its shape. Where the 
suture passes through the iris, the vector force is between 
the two sides of the suture and hence both lifts the iris and 
brings the two sides together. The iris’ resistance to 
stretching in any particular direction has an impact on 
how much and in which direction the iris actually moves. 
The 10-0 polypropylene knot is pushed into the eye with a 
Sinskey hook or pulled into the eye using coaxial forceps, 

grasping the suture inside the eye. (b) Schematic diagram 
of a “coat hanger” repair with superior pupil margin and a 
large area of superior iris missing. Without the suture, the 
iris would drape down inferiorly covering only about the 
lower 1/3 of the corneal area. While this repair is far from 
providing complete closure, it creates a much more man-
ageable situation, especially when superior like this, since 
the patient may use the upper eyelid to help block some of 
the light that would otherwise go in through the upper sec-
tion of absent iris

 Diathermy Contouring of Pupil 
Shape and Position

There is a tremendous amount of iris repair that 
can be accomplished with suturing, but there are 
times when a bit of additional tuning may be use-
ful. Intraocular diathermy application to the iris 
can provide that refinement in certain situations. 
The diathermy instrument is described above in 
the instrumentation section. Essentially, treat-
ments with this instrument on the anterior surface 
of the iris cause focal shrinking [13, 15, 16]. One 
can start with low energy and increase it until the 
desired effect is seen. Fortunately, unpublished 
work by Michael E. Snyder, MD, has found that 
even with rather high diathermy energy, the iris 
does not suffer dramatic injury, so there seems to 
be a margin of safety on the settings. The treat-
ments may darken moderate and lighter colored 
irides, so one should pay attention to this in order 

to try to make any color changes look as naturally 
positioned as possible.

• For shaping the pupil, one applies treatments 
on the side of the pupil that needs to be pulled 
peripherally. Treatments closer to the iris mar-
gin create more acute shaped changes in the 
pupil margin. Treatments applied a bit further 
from the pupil margin pull the pupil toward 
the treatment with a gentler curve. Treatments 
circumferentially adjacent to each other pull a 
larger arc of the pupil margin toward the treat-
ments. Treatments applied radially adjacent to 
each other tend to have an additive effect 
along the meridian of the treatments.

• To shift the position of the pupil, the treat-
ments should be performed on the side of the 
iris in the direction that the surgeon desires the 
pupil to move. The treatments are often 
applied in a “field” or larger area of iris to 
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avoid creating focal irregularities. The treat-
ments may even be placed in the more periph-
eral sections of the iris, if need be. One should 
remember that even when the intention is to 
shift the position of the iris, the pupil margin 
shape may also change from treatments that 
are closer as opposed to further from the pupil 
margin.

• A balanced approach between shifting and 
shaping should be followed when one needs to 
accomplish both functions. The surgeon may 
wish to start with the function that is more 
greatly needed, and then shift to begin work 
on the other in case the second function affects 
the first. In other words, avoid getting the 
pupil shape perfect before starting moving the 
pupil position, since moving the pupil position 
may change the pupil shape.

• Caution should be exercised near areas of iris 
that have been sutured since the additional iris 
tension in those areas may pull open iris 
defects that appeared closed from suturing. 
Diathermy treatments may even create enough 
tension on the iris to strain the tissue at suture 
sites to enlarge the suture holes or worse.

• Even though thermal contraction in the cornea 
has been shown to relax over time regardless 
of the thermal device, [17] the contraction in 
the iris seems to be quite stable over time. It is 
not clear why the shape changes have been so 
stable, but so far, this is the observation of sur-
geons utilizing this sort of treatment. Applying 
diathermy treatments may be a little bit addict-
ing because of the control and results available 
as the iris is treated. However, the surgeon 
should keep in mind that the view through the 
operating microscope is way beyond what the 
patient or others will have when viewing the 
iris, so it does not need to look perfect under 
the microscope. Additionally, even though this 
is performed in an aqueous environment, the 
diathermy treatments still create minor trauma 
sites to the iris, which has the potential to 
increase postoperative inflammation if more 
treatments than necessary are applied.

 Intraocular Knots for Iris Suturing

• Intraocular knots are formed with throws, 
each with some number of suture wraps, just 
as with other surgical knots [18]. The stan-
dard shorthand for indicating number of 
throws and wraps is to indicate the number of 
wraps for the first throw, followed by a 
hyphen, then the number of wraps in the sec-
ond throw, and so on. Using this notation, a 
knot with 3 wraps in the first throw, 1 wrap in 
the second throw, and 1 wrap in the third 
throw would be indicated as a 3-1-1 knot. 
The friction created by a knot is completely 
reliant on the knots internal friction if it is not 
compressing tissue (such as a knot for an iris 
cerclage suture), but does get some assis-
tance in its frictional holding power if it is 
compressing tissue (such as when squeezing 
iris tissue together). If one is relying on the 
internal friction of the knot in 10-0 polypro-
pylene, then a minimum knot configuration 
should be a 2-1-1 knot.

• The knot described by McCannel many 
decades ago [19] pulled the iris to the main 
wound at the limbus, which displaces and 
applies tension on the iris. While in some situ-
ations, this may still be appropriate, cinching 
knots at, or close to the final location of the 
knot is much less likely to damage or distort 
the iris. Table 30.1 lists many of the published 
and presented knots where the throws remain 
inside the eye as they are cinched, and to vary-
ing degrees, keep the iris in place as the knot 
is tied. The knots are divided into three 
 categories based on where the throws are cre-
ated and whether instruments are used inside 
the eye to tighten the knot. Macro videos of all 
the knots in the table are viewable in another 
publication [6], but here three of the knots will 
be described in some detail, with macro vid-
eos demonstrating each of the three. Video of 
the Ogawa Knot in the microscopic environ-
ment may be seen in multiple surgical videos 
for this chapter.

G. S. H. Ogawa



353

Table 30.1 Table of intraocular knots

Siepser style 
knot: Throws 
formed and 
tightened from 
outside the eye

Ogawa style knot: 
Throws created 
outside the eye, 
then taken inside 
the eye with an 
instrument to 
tighten the knot

Ahmed style 
knot: Two 
coaxial 
forceps used 
inside the eye 
to form and 
tighten the 
knot

Original Siepser 
(2-1) [20]

Original Ogawa 
(2-1-1) [7]

Ahmed 
(2-1-1) [12, 
13]

Osher, Cionni 
Snyder variant 
(2-1) [21]

Ahmed variant 
(2-1-1) [22]

Condon variant 
(2-1-1) [23]
Ahmed variant 
(3-1-1) [24]
Schoenberg, 
Price variant 
(2-1-1, knot 
behind iris) [25]
Narang, Agarwal 
variant (4 wraps, 
1 throw) [26]

 Osher, Cionni, Snyder Variant 
of the Original Siepser Knot – 
Throws Formed Externally 
and Tightened with no instrument 
inside the Eye

All of the Siepser style knots hook a loop of the 
suture from the far side of the iris and pull that 
loop out through a paracentesis opening on the 
side of the eye where the throws will be formed. 
The other suture end is passed through the loop 
(twice), and then both suture ends are pulled out-
side the eye to cinch the throw inside the eye. 
The same sort of loop is hooked out in the same 
fashion, but with this variant, the other suture 
end is passed through the suture loop (once) in 
the opposite direction as the first throw. In order 
to make this knot as a 2-1-1, the loop is hooked 
out a third time, and the other suture end is 
passed through the loop (once) in the same direc-
tion as the first throw. The reason for alternating 
the direction that the suture end is passed through 

the loop is to form the knot in a square configu-
ration. Whether the throws lie down flat to create 
a true square knot configuration depends on 
whether the iris is free to turn back and forth 
since each suture arm is always pulled out of the 
same side of the eye, respectively, so that it is not 
possible to lay down the suture throws flat by 
alternating the direction that the arms are pulled 
[21]. (Video 30.7).

 Ogawa Knot – Throws Formed 
Externally, Tightened 
with an Instrument Internally

For this knot, the throws are all formed outside 
the eye with tying forceps, in a conventional fash-
ion, then the two suture arms are held in one for-
ceps while an IOL manipulator functions like a 
pulley to take one arm into the eye, with the 
throw following. The IOL manipulator is moved 
past the knot location to cinch the throw with the 
tension of the arms at the knot oriented about 180 
degrees apart. By creating the throws with wraps 
in alternating directions (using the long arm to do 
the wrapping each time) and alternating which 
suture arm is pulled into the eye with the IOL 
manipulator, the knot can be formed square and 
cinched down square, if the surgeon desires. 
When doing this procedure, one needs to make 
one suture arm loop a little longer outside the eye 
so that the IOL manipulator can go past the knot 
location. If the suture arm loops are of the same 
length, then the IOL manipulator will not be able 
to travel past the knot location, decreasing the 
ability to properly tighten the throws, and increas-
ing the chance that the IOL manipulator knob 
could get caught in the throw [7] (Video 30.8).

 Ahmed Knot – Two Intraocular 
Forceps

This intraocular knot requires two smooth plat-
form intraocular forceps of 23 g or 25 g. These 
knots are formed and tied just like one would do 
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outside the eye, but it is all done inside the eye. 
After passing the suture through the iris, one arm 
is left moderately long, and the other should be 
cut short just outside the globe. The longer suture 
is held inside the eye with one forceps and 
wrapped twice around the distal portion of the 
other forceps before that second forceps grasps 
the other suture, inside the eye, that was cut at the 
external surface of the eye. The sutures are then 
manipulated to tighten down the first throw. The 
forceps holding the longer suture is used to wrap 
the suture once around the distal portion of the 
second forceps in the opposite direction of the 
first wraps. The shorter tail is grasped inside the 
eye again with the second forceps with suture 
manipulation to tighten down the second throw, 
but pulling the sutures in the opposite direction 
so that the throw lies down square as it is cinched. 
The first forceps grasps the longer tail again and 
wraps the suture around the second forceps once, 
in the same direction as for the first throw, then 
the second forceps grasps the short arm again to 
form and cinch the final throw before trimming 
the suture ends [12, 13] (Videos 30.2 and 30.9).

 Corneal Tattooing for Iris 
Abnormalities

In certain situations, a corneal solution to iris 
abnormality may be a more desirable route for 
the surgeon to pursue. An example of this cate-
gory would be a phakic patient, with no cataract, 
who has disabling symptoms from essential iris 
atrophy (part of the Irido-Corneal-Endothelial 
Syndrome spectrum). In such situations, obstruct-
ing iris could be removed intraocularly, and then 
one of a variety of corneal tattooing techniques 
could be utilized to create a centered corneal 
pupil, and corneal iris peripherally [27]. This 
technique has other uses for both visual impair-
ment situations and socially unacceptable ocular 
appearance situations [28, 29].

 Conclusion

The decision of whether the patient has an iris 
abnormality that should be treated with an iris 
prosthesis is an important first decision when 
considering an iris abnormality. Not all patients 
will have access to an iris prosthesis, so that 
could limit the options in some situations. 
Advance iris repair surgery requires globe pres-
surization, sutures, and instrumentation that are 
generally not part of normal cataract surgery, so 
that should be thought through and arranged 
before undertaking these cases. The spectrum of 
advanced iris repair techniques described offer 
additional “tools” for the surgeon wishing to 
move into more advanced and complex iris sur-
gery. Intraocular knots that are cinched in the 
vicinity of the final desired knot location are an 
important part of effective suture repair of the 
iris. Corneal tattooing should be kept in mind as 
an option for appropriate patient situations.

Take-Home Notes
• Globe pressurization is a critical part of 

iris repair surgery.
• Adjust the sutures of an iridodialysis 

repair with attention to the pupil shape/
position and not to complete closure of 
the defect.

• Cataract surgery in a patient with con-
genital iris coloboma requires coloboma 
repair to achieve a good result from the 
cataract surgery.

• Iris cerclage surgery is only appropriate 
for eyes with absent iris sphincter func-
tion for essentially 360 degrees.

• Intraocular knots should be tightened 
inside the eye at the appropriate location 
to avoid damage to and distortion of the 
iris.
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Correction of Severe Iris Defects 
and Cases of Traumatic Aniridia 
with Aphakia by Combined Scleral 
Fixated Intraocular Lens 
and Keratopigmentation

Jorge L. Alió, Ali Nowrouzi, 
and Jorge Alió del Barrio

 Introduction

Patients with severe iris defects or full aniridia 
(either congenital, traumatic, and iatrogenic) usu-
ally complain about photophobia, glare, 
decreased contrast sensitivity, decreased depth of 
focus, and reduced visual acuity [1]. These 
patients are generally also dissatisfied because of 
their cosmetic appearance. Furthermore, iris atro-
phy and pupil size deteriorate the visual function 
due to degradation of the retinal image quality in 
this cases [2]. These symptoms can range from 
patient observations to life-altering distractions 
and disabilities. It is important for the surgeon to 
not dismiss patient concerns solely based on the 
size of a defect.
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Bullet Point
• The combined implantation of scleral 

fixated intraocular lens (IOL) and 
femtosecond- assisted keratopigmenta-
tion is an alternative surgical procedure 
for the treatment of the complications 
related to traumatic and congenital 
aniridia.

• Therapeutic, and cosmetic, kerato- 
pigmentation has been successfully uti-
lized and reported in different cases of 
iris defects with lower complication 
rates such as early post-op light sensitiv-
ity and color fading and change in color.

• Keratopigmentation either for cosmetic 
or therapeutic purposes has been dem-
onstrated to be safe during a 10-year 
follow-up.

• This technique aims to provide a surgi-
cal alternative to the intraocular iris 
implants, especially for those cases 
where such iris implants, with or with-
out combined IOL optic, are not 
available.
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Nowadays, there are several surgical and non-
surgical options to correct iris defects, such as 
cosmetic colored contact lenses, microtying 
suture techniques, and prosthetic iris implants for 
larger defects [1]. Different models of prosthetic 
iris implants are available for aniridia, such as 
IOL-iris combinations, capsular tension ring- 
based prosthetic iris devices, and foldable custom 
artificial iris [1]. Examples of such prosthetic iris 
devices are the Morcher (Morcher, Germany) iris 
IOL implants, the Ophtec BV implants (Ophtec, 
Schweitzerlad), and REPER implants (Reper-NN, 
Russia).

The artificial iris, CustomFlex® 
(HumanOptics, Germany), is another therapeutic 
approach approved by the US Food and Drug 
Administration for aniridia, which is a thin, fold-
able, prosthetic iris made of silicone diaphragm, 
with the option of an integrated polymer fiber 
meshwork to which an IOL can be sutured to cor-
rect both aniridia and aphakia [1–3]. It has a fixed 
pupil aperture of 3.35 mm and an overall diame-
ter of 12.8 mm that can be sized with a trephine 
for each case the implant is individually custom-
made to match the patient’s natural iris color.

In recent years, therapeutic and cosmetic cor-
neal keratopigmentation has emerged as an 
option for patients affected by severe iris defects 
or abnormal iris cosmesis [4, 5]. This surgical 
technique has been demonstrated to be safe and 
to provide good cosmetic results and patient sat-
isfaction even in the long term [6]. This surgical 
approach can also be successfully associated 
with other procedures such as squint, cataract, or 
eyelid surgery [7].

In this context, the purpose of the current 
review is to describe a new surgical approach for 
the management of cases of aniridia associated 
with aphakia by a combined surgical procedure 
of sulcus sutured intraocular lens (IOL) with 
therapeutic keratopigmentation (KTP).

 Surgical Technique

The summary of this new corneal surgical 
approach is as follows:

Femtosecond-assisted KTP is performed 
under topical anesthesia (tetracaine and oxibu-
procaine) as described in the previous publica-
tions [4–6]. Briefly, an intrastromal tunnel is 
created using a femtosecond laser (Visumax, 
Zeiss, Germany) with the following parameters: 
depth of 250 μm, the inner diameter of 4 mm, the 
outer diameter of 9 mm, and energy of 2 mJ. Then, 
a lamellar dissector (Alio keratopigmentation 
corneal dissector, Epsilon, Irvine, California) is 
used to open the intrastromal femtosecond tunnel 
and to extend it to the external border of the cor-
nea to reach a total diameter of 11.5 mm. Finally, 
the appropriate mineral micronized colour pig-
ment previously selected based on fellow eye’s 
color (Blue Green, Alicante, Spain) is injected 
into the stromal tunnel using a 27-gauge cannula. 
It is important to explain that the tunnel length is 
planed based on the size of the iris defect. It could 
be partial in partial aniridia or complete in com-
plete aniridia.

In cases of aphakia combined with aniridia 
sulcus, fixated IOL surgery can be performed 
immediately after the lamellar stromal dissection 
as is explained previously in our case study.

Postoperative topical therapy included a com-
bination of topical antibiotics (ofloxacin 0.3% 
[Exocin]) and steroid (dexamethasone 0.1% 
[Maxidex]).

 Case Reports

 Case 1

A 44-year-old man diagnosed with posttraumatic 
full aniridia and aphakia presented in our clinic 
with a past medical history of repaired rupture of 
the globe after an accident 1 year ago. Because of 
secondary retinal detachment, he previously 
underwent globe reconstruction followed by a 
vitrectomy. The corrected visual acuity (CDVA) 
was 20/200 with the refraction of +13.50 
−3.50 × 130, and intraocular pressure (IOP) of 
15  mmHg. Combined implantation of a sulcus 
fixated IOL (MN60MA of 24 diopters) with 
femtosecond- assisted keratopigmentation was 
performed as described above.
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a

b c

Fig. 31.1 (a) Optical coherence tomography (OCT) of femtosecond assisted-KTP. Intrastromal keratopigmentation at 
depth of 250 μm. (b, c): Binocular appearance 3 months after the surgery with the same color of the contralateral eye

 Outcome

Follow-up at 6  months was unremarkable. The 
CDVA was 20/25 with the refraction of +2 
−2 × 160 and IOP of 20 mmHg. No complica-
tions were reported during the follow-up period. 
The cosmetic appearance was acceptable 
(Fig. 31.1a, b, c). A highly significant reduction 
of glare and other visually disturbing phenomena 
was confirmed compared with preoperative 
symptoms.

 Case 2

An 80-year-old woman diagnosed with posttrau-
matic full aniridia and aphakia after an accident 
1.5 years ago presented in our clinic. The CDVA 
was 20/800 with the refraction of +13.00 
−3.00 × 85 and IOP of 15 mmHg. Endothelial cell 
dysfunction was diagnosed with a central corneal 

thickness of 680 microns preoperatively. 
Combined implantation of a sulcus fixated IOL 
(MN60MA of 22 diopters) and femtosecond- 
assisted KTP was performed as described previ-
ously. Three months after the initial surgery, 
descemet stripping automated endothelial kerato-
plasty (DSAEK) was performed. (Fig. 31.2a, b, c).

 Outcome

At the third postoperative month, CDVA was 
20/63 with the refraction of +3 −1.75 × 30 and 
an IOP of 16  mmHg. She suffered from epi-
sodic macular edema, which responded to the 
implantation of dexamethasone. No complica-
tions were reported during the follow-up period. 
The cosmetic appearance was acceptable. A 
highly significant reduction of glare and other 
visually disturbing phenomena was confirmed. 
(Fig. 31.2b, c).
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Fig. 31.2 (a): OCT of femtosecond assisted-KTP at 
depth of 250 μm of corneal stroma. (b): OCT of femtosec-
ond assisted-KTP and DSAEK of 7.5 mm diameter. (c): 
Binocular appearance before the surgery with right eye 

complete post traumatic aniridia. (d): Binocular appear-
ance 3 months after the surgery, femtosecond assisted- 
KTP eye with the same color of contralateral eye

 Case 3

A 59-year-old man diagnosed with posttraumatic 
full aniridia and aphakia after a car accident 
1.5 years ago underwent vitrectomy surgery and 
extraction of his displaced IOL in the vitreous 
cavity presented in our clinic.

His best CDVA was 20/160 with the refraction 
of +12.50 −3.50 × 85. Combined implantation of 
a sulcus fixated IOL, and femtosecond-assisted 
keratopigmentation, was performed as explained 
previously.

 Outcome

At the third postoperative month, CDVA was 
20/25 with the refraction of +2 −3 × 80 and IOP 
of 16 mm Hg. No complications were reported 
during the follow-up period. The cosmetic 
appearance was acceptable. Light sensitivity, 
glare, and other visually disturbing phenomena 
disappeared almost completely, as confirmed by 
the questionnaire postoperatively.

 Case 4

A 23-year-old woman was referred to our clinic 
with complaints of severe light sensitivity and 

cosmetic deformation of the iris in her left eye. 
The examination revealed the presence of ICE 
syndrome in the left eye, with a CDVA of 20/25. 
External examination showed a piriform oval 
pupil pattern in the eye. Slit-lamp examination 
revealed advanced iris atrophy (Fig. 31.3a). The 
endothelial guttata-like changes were confirmed 
by specular microscopy with a low cell count 
(1225 cell/mm [2]). The IOP was normal, and the 
gonioscopy showed no abnormality in angle. No 
other pathologic finding was detected in the ante-
rior chamber, retina, and optic nerve. Examination 
of the right eye was normal; the CDVA was 
20/20. The patient complained of photophobia 
and blurred vision while reading. On the follow-
 up visit 3 months later, she complained of fluctu-
ating vision and poor tolerance while wearing the 
cosmetic contact lens. The examination revealed 
that the iris defect had progressed, affecting a 
larger area with corectopia and polycoria, result-
ing in monocular diplopia (Fig.  31.3b). After 
obtaining adequate informed consent from the 
patient, the KTP was performed, assisted by the 
femtosecond laser.

 Outcome

At the third postoperative date, minimal conjunc-
tival injection and ocular discomfort had 
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Fig. 31.3 (a): Frontal image obtained with a slit-lamp 
biomicroscope of the essential iris atrophy. (b): Second 
visit, 3 months later (larger irregular pupil and more atro-

phic areas). (c): Third visit, 3 months later (typical poly-
coria and corectopia). (d): Postoperative visit, 3 days after 
femtosecond-assisted KTP

a

b

Fig. 31.4 (a): Binocular cosmetic appearance before sur-
gery. (b): Binocular cosmetic appearance 3 months after 
surgery

 disappeared completely. No intraoperative or 
postoperative adverse events were seen during 
the follow-up. Three months after the procedure, 
the CDVA was 20/20 and complete elimination 
of photophobia and diplopia was achieved with 
an excellent cosmetic result (Fig.  31.4a, b). 
Follow-up of 12 months was unremarkable.

 Discussion

For conventional surgical approaches to correct 
aniridia, intraocular surgical devices such as the 
Morcher (Morcher, Germany) iris IOL implants 
and the Ophtec BV implants (Ophtec, 
Schweitzerlad) offer correction for aniridia. 
However, they require a large corneal incision 
(150–180°) and the iris color is pure black in 
Morcher iris implants and just provides 3 types 
of colors in the Ophtec BV implants, which is 
not ideal cosmetically. However, the newest 
foldable REPER implant (Reper-NN, Russia) 
does not need a large corneal incision as it is a 
foldable implant, and it provides more colors 
with better cosmetic results. One of the postop-
erative complications that are related to devis-
ing implantation is the rotation of the occlude 
paddle [8].
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It is important to take into consideration, 
although good functional and cosmetic outcomes 
were reported for prosthetic iris [9], the compli-
cations associated with the implantation of the 
artificial iris are a concern [9–12]. Severe 
 complications are classified as severe dislocation 
of artificial iris with the necessity of surgical revi-
sion and refixation of the implant, formation of 
posterior synechiae requiring synechiolysis, 
severe ocular hypertension with severe pigment 
dispersion syndrome, and drug-resistant new 
onset of glaucoma, which requires shunt surgery 
with glaucoma valves [13]. Corneal decompensa-
tion, which needed lamellar or perforating kera-
toplasty, and the retinal detachment, which 
needed vitrectomy, are also reported as severe 
complications. Other less severe complications 
are sutures cutting through the residual iris tissue 
forming a secondary pupil, the onset of glaucoma 
that could be controlled with topical antiglauco-
matous medication, and the formation of cystoid 
macular edema requiring intravitreal steroid 
treatment. Transient ocular hypotension after 
 surgery is also reported in some cases. 
Recurrent bleeding, stable artificial iris deviation, 
and capsular fibrosis are other complications. 
Furthermore, loosening of the sutures can cause a 
dislocation. The reasons for the early sublux-
ations were pre-existing scars, synechiae, adhe-
sions at the implantation site, or loose structures 
resulting from any previous trauma. This may 
lead to unstable artificial iris fixation. Exemplary, 
postoperative eye movement or gravity can force 
the artificial iris to leave its intended position, 
forming a “slide-off phenomenon.” In some 
cases, the artificial iris tilts to one side of 
the suture axis heading toward the vitreous with 
the risk of causing severe mechanical retinal 
damage.

Regarding artificial iris implantation, Bonnet 
et al. studied the preliminary safety and efficacy 
of custom silicone artificial iris implantation in 
19 eyes, one year after implantation. They found 
very mixed safety data in 19 eyes. Eight eyes 
experienced postoperative complications. There 
were 4 IOP elevations, 2 corneal decompensa-
tions, 1 case of cystoid macular edema, and 1 
device dislocation. Four eyes underwent second-

ary surgical interventions including 2 adverse 
events (1 glaucoma surgery, 1 device disloca-
tion) [14].

Therapeutic and cosmetic keratopigmentation 
has been successfully utilized and reported in dif-
ferent cases of iris defects with lower complica-
tion rate such as early post-op light sensitivity, 
which resolves automatically in around 90% of 
cases in 6 months postoperatory and then color 
fading and change in color and some more seri-
ous complications such as neovascularization 
and visual field limitations [13]. Its use can be 
combined with the implant of the intraocular lens 
as described in this report. Previously, 
femtosecond- assisted corneal KTP has been pro-
posed for the treatment of opaque corneas for 
cosmetic purposes as well [15–17]. Based on our 
experience using cosmetic keratopigmentation 
either for cosmetic or therapeutic purposes, this 
therapeutic approach has been demonstrated to 
be safe during a 10-year follow-up [5, 6, 18, 19].

D’Oria et al., in a study showed the safety and 
effectivity of this surgical approach in a group of 
79 eyes of 40 patients, femtosecond-laser-
assisted intrastromal keratopigmentation was 
performed in 39 patients, and superficial auto-
mated keratopigmentation in 1 patient. The fol-
low-up time was between 6 and 69 months (mean 
follow-up was 29  months). Patient satisfaction 
was excellent, respectively, in 90% and 92.5% of 
cases. After the retreatments in just 9 cases, all 
the patients were satisfied with the cosmetic 
aspect [18].

Balgos et  al. also from our clinical research 
group confirmed good cosmetic results of com-
bined corneal KTP with strabismus correction 
surgery for patients with corneal scarring and 
strabismus in a total of 72 consecutive patients 
and 73 eyes with the mean follow-up time of 
2.5 ± 3 years. Cosmesis was good for all patients, 
even in those who required repeat KTPG or stra-
bismus surgery, or in those whom orthotropia 
was not totally restored [7].

In this report, we show cases of traumatic 
aniridia as examples of the applicability of KTP 
for the restoration of functional problems created 
by iris defects as a combination approach with 
IOL scleral fixation [7]. In our cases, femtosecond- 
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assisted KTP proved to be effective in solving 
patient’s visual symptoms while providing excel-
lent cosmetic results. KTP also would be an 
appropriate therapeutic approach for severe 
symptomatic iatrogenic aniridia.

In summary, the femtosecond-assisted KTP 
technique combined with scleral IOL fixation 
could be a good solution for the functional eye 
disability related to congenital, and traumatic 
aniridia as a combination treatment with scleral 
fixated IOL implant.

This technique aims to provide a surgical 
alternative to the intraocular iris implants, espe-
cially for those cases where such iris implants, 
with or without combined IOL optic, are not 
available. Femtosecond-assisted KTP offers a 
surgically straightforward technique to restore 
iris function and cosmetics, requiring a short 
learning curve and low complication rate.
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aims to provide a surgical alternative to the 
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or without combined IOL optic, are not 
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Bullet Points
• The risk of amblyopia in young children 

following traumatic cataract remains a 
concern; however, staged cataract sur-
gery followed by aggressive amblyopia 
therapy may still be a feasible option 
leading to good visual outcomes (issue 
of interest: Timing to surgical repair in 
children, combatting amblyopia).

• Ocular Trauma Scores may help to pre-
dict visual outcomes following open- 
and closed-globe trauma in both adults 
and children; however, there is limited 

difference in visual outcomes following 
primary and secondary intervention and 
varying findings regarding visual out-
come following repair after open-globe 
and closed-globe trauma (issue of inter-
est: predicting visual outcomes).

• Causes of injury vary based on popula-
tion affected and may have cultural 
associations. In the adult population, 
blunt globe trauma tends to be more 
prevalent and this may be associated 
with specific complications and man-
agement consideration (damage to angle 
structures) (issue of interest: causes of 
injury).

• Trauma to the anterior segment and cap-
sular support proves challenging for 
many surgeons. Choice for fixation of 
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 Definitions

 Open- Versus Closed-Globe Injury

The Birmingham Eye Trauma Terminology 
System, which was developed in 1996 (Fig. 32.1), 
is a standardized system used to define ocular 
trauma [1]. It defines ocular traumatology terms 

including eye wall, closed-globe injury, open- 
globe injury, rupture, laceration, penetrating 
injury, intraocular foreign body (IOFB) injury, 
and perforating injury [1]. This terminology has 
been used extensively in studies undertaken in 
the last decade, and these definitions will be used 
throughout this chapter.

Closed-globe injuries are categorized into 
zones based on the anatomic location of injury 
(Fig. 32.2a) [2]. Zone I injuries are limited to the 
bulbar conjunctiva, sclera, or cornea and can 
include but are not limited to corneal abrasions or 
foreign bodies [2]. Zone II involves other 
 structures in the anterior segment; [2] this may 
include the lens and zonules. Zone III injuries are 
the most posterior and may involve the retina, vit-
reous, or optic nerve [2].

In open-globe injuries, zones of injury are 
classified according to the location of the most 
posterior full-thickness globe opening 
(Fig. 32.2b) [2]. Zone 1 injuries are full-thick-
ness cornea or corneoscleral limbus openings; 
zone II openings involve the anterior 5 mm of 
the sclera, at the area of the pars plana; and zone 
III includes openings that are more than 5 mm 
posterior to the corneoscleral limbus [2]. Zone 
III injuries include injuries to the retina and pos-
terior segment.

Eye Injury

Closed Globe Open Globe

Contusion
Lamellar
laceration

Laceration Rupture

Penetrating IOFB* Perforating

Fig. 32.1 Ocular trauma classification using the Birmingham Eye Trauma Terminology System [1]
*Intraocular foreign body (IOFB)
Adapted from: Classification of injury types: Kuhn et al. [1]

the intraocular lens may vary based on 
the support available, and this may aug-
ment visual outcomes and complication 
rates. Capsular tension rings may be a 
useful device when lacking zonular sup-
port and may be used in cases of severe 
zonulolysis (greater than 6 clock hours) 
and zonular dialysis with success (issue 
of interest: IOL implantation).

• Unconventional techniques including 
the use of femtosecond laser for the cre-
ation of capsulorhexis, or vitrector for 
the creation of a vitrectorhexis, can be 
included in management options for the 
cataract surgeon (issue of interest: 
Unconventional techniques).
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a b

Sagittal View Anterior  view

5mm

Fig. 32.2 Ocular trauma zones in closed- and open-globe 
trauma [2]. (a): Zones of injury in closed-globe trauma. 
Zone I (yellow): external injury to the bulbar conjunctiva, 
sclera, or cornea. Zone II (blue): anterior segment injury 
including the posterior lens capsule and pars plicata. Zone 
III (red): injury to posterior segment structures including 

the optic nerve and retina. (b): Zones of injury in open- 
globe trauma. Zone I: penetrating wounds to the cornea 
(yellow). Zone II (blue): full-thickness wounds to the 
sclera from the limbus to 5 mm posteriorly. Zone III (red): 
full-thickness wound posterior to 5 mm from the limbus. 
(Adapted from: Pieramici et al. [2])

 Interventions for Traumatic Cataract: 
Primary Versus Secondary Procedure 
Timing

Options for the management of traumatic cata-
racts include the following: primary wound clo-
sure from a penetrating injury, primary 
lensectomy with intraocular lens (IOL) implanta-
tion, primary lensectomy without IOL implanta-
tion, secondary surgery with lensectomy and IOL 
implantation following primary closure, and sec-
ondary IOL implantation following primary 
lensectomy. In a review of the literature from the 
last 10 years, many studies did not define the tim-
ing interval between primary and secondary sur-
gery. Definitions of early secondary surgery 
varied between within 72 hours of primary wound 
closure for vitrectomy, or within 1–8 weeks fol-
lowing the primary closure of a penetrating injury 
for secondary cataract surgery with IOL implan-
tation [3–5]. For the purposes of this chapter, sec-
ondary interventions will be categorized into 
early (less than 1 week) or late (greater than 1 
week) from primary wound closure or primary 
surgery, if specified.

 Traumatic Cataract Surgery 
in the Pediatric Population

 Pediatric

For the purposes of this chapter, the term “pediat-
ric patients” will refer to all individuals under the 
age of 18, similar to the definition of age included 
in the literature related to pediatric cataract man-
agement. Traumatic cataracts, especially if 
accompanied by delayed cataract surgery, pose 
the risk of visual deprivation for children. The 
critical period for the development of amblyopia 
(amblyogenic age) is usually defined as up until 
7–8 years of age; thus, this may lead to different 
intervention choices due to higher risk for the 
development of amblyopia in younger children 
[6]. Some recommendations for cataract inter-
vention acknowledge the amblyogenic age; how-
ever, they suggest similar interventions to prevent 
amblyopia in older children as well. For example, 
one study recommends the induction of amblyo-
pia therapy in a timely manner for children even 
older than 8 years [7]. This will be commented on 
throughout the chapter.
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 Causes of Pediatric Ocular Trauma

Although different approaches exist for manag-
ing ocular trauma in the pediatric population and 
for managing the traumatic cataract in the pediat-
ric population, the focus of this chapter is a syn-
thesis of both – exploring the common causes of 
pediatric anterior segment trauma and the need 
for cataract surgery in this population when it 
arises.

In the pediatric population, ocular trauma 
tends to occur more frequently in males, at a 
male-to-female ratio as high as 12:1; other stud-
ies have reported lower ratios of 5:1 and 4:1 
[7–9]. This ratio decreases significantly with 
age [8]. A majority of studies demonstrate that 
most ocular traumatic cataracts present unilater-
ally [7, 10]. Traumatic cataracts can occur in 
children of all ages; however, in children of a 
young age, lack of adult supervision has been 
found to contribute to an increased incidence of 
ocular trauma [11].

Socioeconomic factors of ocular injuries have 
been studied in populations in India. Results 
from one clinic in New Delhi found that ocular 
injuries affect middle class (70%) and rural popu-
lations (58%) most commonly, whereas results 
from a tertiary care center in Western India deter-
mined that 74.5% of injuries occurred in those of 
lower socioeconomic status, and 92% were from 
rural areas [9, 12].

The causes of injury differ depending on 
country or region and may have cultural associa-
tions. Many studies focusing on the Indian popu-
lation found that the most common cause of 
traumatic ocular injuries was a wooden stick or 
wooden splinters, and bow and arrow [12, 13]. 
Although wooden splinters accounted for a large 
number of penetrating injuries (30.8%) in a study 
in Northern India, it was found that the use of 
firecrackers was the most common cause of 
closed-globe injuries (34.3%) [13]. Cultural 
associations might explain the trends in the 
causes of injury. Dussehra and Diwali are Indian 
festivals where children commonly play with 
burning firecrackers, and bow and arrows, agents 
that can lead to ocular trauma [13]. One study 
reported that a common mode of injury was also 

“Gulli danda,” a game played with wooden sticks 
by children in India [7].

In Shanghai, it has been reported that the 
most frequent causes of injury were sharp 
metal objects (40.2%), followed by toys 
(16.5%) and then wooden sticks (11.2%) [8]. 
Scissors, needles, and knives were the most 
frequently encountered sharp objects. With 
respect to toys, toy bullets, plastic toys, and 
slingshots were most frequently cited [8]. 
Likewise, a study set in Victoria, Australia, 
found that sharp pointed objects including 
sharp metal, scissors, knives, glass bottles, and 
wooden objects were the most common causes 
of penetrating ocular trauma [11].

In a study from the Children’s hospital in 
Colorado, the majority of ocular trauma was 
peer-inflicted (68%): 18% of ocular trauma was 
chronic self-injury and 14.5% was a single self- 
inflicted event [10]. All of the cases with chronic 
self-injurious cataracts (eleven) had a diagnosis 
of autism spectrum disorder, chromosomal 
imbalances, developmental delay, or intellectual 
disability [10]. The mechanisms of injury 
reported from most prevalent to least prevalent 
included: chronic self- hitting (18%), knife 
(10%), BB gun (10%), and stick (8%) [10].

 Open Eye Injuries with Traumatic 
Cataracts

The timing of traumatic cataract extraction and 
IOL implantation is highly debated in the litera-
ture. There are many advantages and disadvan-
tages to immediate repair and late repair of open 
eye injuries with traumatic cataracts. In addition, 
there is no agreement on which procedures are 
most effective at reducing complication rates.

The options for surgical intervention for pedi-
atric traumatic cataracts after open-globe injuries 
include the following: primary wound closure 
from a penetrating injury, primary lensectomy 
with IOL implantation, primary lensectomy 
without IOL implantation, secondary surgery 
with lensectomy and IOL implantation following 
primary closure, and secondary IOL implantation 
following primary lensectomy.
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 Closure with Primary Lensectomy

The argument used in the literature to recom-
mend primary lensectomy if the anterior capsule 
is breached is that lens material may leak into the 
anterior chamber, leading to inflammation and/or 
increased intraocular pressure (IOP) [3, 4, 14, 
15]. Furthermore, lens retention and elevated IOP 
may increase the risk of endophthalmitis [15]. 
However, a retrospective study by Yardley et Al. 
in 2017 found that out of 106 patients with ocular 
trauma, deferring lensectomy, and/or IOL place-
ment after initial globe repair, did not negatively 
affect outcomes or complication rates including 
glaucoma and inflammation [16]. Five percent of 
children developed glaucoma, while three per-
cent needed surgical glaucoma management [16]. 
It should be remembered that increased IOP in 
these cases may also be a result of the initial 
trauma causing angle recession [17].

 Immediate Repair – Primary Closure 
with Lensectomy and IOL Placement

It is unclear in open-globe trauma whether pri-
mary wound closure with primary lensectomy 
and IOL implantation should be performed, or if 
primary closure with lensectomy should be fol-
lowed by a deferred secondary IOL 
implantation.

In the older literature, some studies have sup-
ported primary IOL implantation at the time of 
corneal repair [17–19]. Advantages to this 
approach include the avoidance of multiple 
 operations with general anesthesia, and faster 
visual rehabilitation to prevent the development 
of amblyopia, provided that it is anticipated that 
the visual prognosis is good [3].

However, in the more recent literature, a ret-
rospective case series including 139 patients 
with corneal lacerations, primary globe repair 
with IOL implantation versus secondary IOL 
implantation was compared [15]. Options for 
surgical treatment were determined by the degree 
of trauma and the size of corneal lacerations 
[15]. In eyes with appropriate visualization, 
smaller corneal lacerations (<5.0 mm), or large 

peripheral lacerations not involving the cornea, 
primary IOL implantation was performed, and 
found to have good visual outcomes [15]. Of the 
61 patients (49%) that received primary closure, 
lensectomy, and IOL implantation, 30 achieved a 
corrected distance visual acuity (CDVA) of 
20/40 or better, whereas 47 of 78 patients (60%), 
who received secondary IOL implantation, 
achieved a CDVA of 20/40 or better. For patients 
in both groups who did not achieve a CDVA of 
better than 20/40, the visual outcomes were oth-
erwise similar [15].

Thus, primary IOL implantation at the time of 
repair can decrease the risk of developing ambly-
opia or strabismus due to high anisometropia, 
and overcome the delay for visual rehabilitation 
[15]. However, other studies by Hilely et al. and 
Yardley et  al., demonstrated that the interval 
between trauma and IOL implantation was inde-
pendent of visual outcome for both open- and 
closed-globe traumas [16, 20].

Therefore, although primary IOL implanta-
tion provided good visual outcome, delaying the 
surgery if indicated due to the presenting circum-
stances would not compromise the final outcome 
[16, 20].

 Late Repair, Staged Procedures

There is currently no consensus on the optimal 
time gap between primary closure and secondary 
cataract extraction in pediatric ocular trauma [3]. 
In adults, staged procedures, which may take up 
to 4 months, can ensure stabilization of the globe 
[3]. A lengthy time period to ensure globe integ-
rity is not acceptable for children due to the risk 
of developing amblyopia [3]. One recent study 
investigated visual and refractive outcomes after 
secondary cataract extraction 1–8  weeks (mean 
5 weeks) after primary corneal wound repair in 
the pediatric age group after penetrating open- 
globe trauma [3]. Seventy-six percent of eyes in 
the study achieved a best corrected visual acuity 
(BCVA) of 20/40 or better [3]. Final refraction in 
the eyes varied; however, mean postoperative 
spherical equivalent was −1.80 diopters (D), and 
54% of eyes had a refractive outcome of less than 
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1.00 D from emmetropia [3]. This study 
considered the time to secondary repair at a 
shortened interval, and did not experience a high 
degree of amblyopia in their population, mostly 
related to aggressive visual rehabilitation and 
management [3]. The most common long-term 
postoperative complication with this manage-
ment strategy was posterior capsular opacifica-
tion in approximately 40% of patients.

Studies by Yardley et al. and Hilely et al., found 
no difference in visual outcome of open- globe 
trauma with increased intervals between trauma 
and IOL implantation [16, 20]. These studies rec-
ommend that secondary, or staged, IOL implanta-
tion may increase stability of the globe, improve 
surgical view, and allow for accurate biometry 
measurements for IOL implantation [16].

Certain patients may benefit from staged sur-
gery with secondary IOL implantation. Cases 
with posterior segment pathology are better can-
didates for staged procedures as the visual prog-
nosis is unknown upon initial wound repair [15]. 
One study achieved good visual outcome from 
staged surgery in eyes with large lacerations 
(>5.0  mm), central corneal involvement, poor 
visualization, or other anterior or posterior seg-
ment conditions that may have provided compli-
cations during surgery, including retinal 
detachments, vitreous hemorrhage, endophthal-
mitis, or intraocular foreign bodies [15].

Anterior and posterior reconstruction may 
include the removal of blood from the anterior 
chamber, reconstruction of the iris, removal of 
lenticular remnants, foreign body removal, reti-
notomies, and laser treatments [4]. Although 
 primary internal reconstruction may be per-
formed, for complex open-globe injuries, internal 
reconstruction is usually delayed as a secondary 
procedure 7–10 days after trauma when the risk 
of intraoperative hemorrhage is reduced [4].

Challenges of pediatric cataract surgery, and 
management of pediatric cataracts, includes 
choosing the appropriate IOL power [16]. In 
cases of ocular trauma, this challenge is further 
increased by difficulties such as a hypotony, cor-
neal lacerations that result in unreliable biometric 
measurements, or refractive surprise when biom-
etry from the contralateral eye is used as an esti-

mate [15]. A secondary IOL implantation may 
provide the benefit of more accurate preoperative 
biometry measurements and calculation of IOL 
powers [3, 16].

 Closed Eye Injuries with Traumatic 
Cataracts

As with injuries to the open eye, techniques for 
repair of traumatic cataracts induced from closed 
eye injuries are varied and include primary sur-
gery with lensectomy and IOL implantation 
(classified as “immediate repair”) or primary 
lensectomy with secondary IOL implantation 
(classified as “late repair”). Within the literature, 
there remains less debate about timing of lens 
implantation as closed eye injuries are overall 
more manageable. In fact, Yardley et  al. have 
shown that in patients with closed-globe trauma, 
there is no difference in visual outcomes when 
comparing timing of IOL placement following 
lensectomy [16].

Closed eye injuries are typically easier to 
manage than open -globe injuries. Blunt trauma 
to the eye may be managed conservatively ini-
tially, by medical intervention to stabilize IOP 
and reduce inflammation, and then completion of 
lensectomy and IOL placement in a single sur-
gery. In a study of 100 children, Ram et  al. 
obtained favorable visual outcomes with this 
approach, and visual rehabilitation was often bet-
ter following blunt trauma in comparison to pen-
etrating traumatic injuries [13].

When considering placement of an IOL fol-
lowing closed eye injuries, the literature suggests 
that in-the-bag placement is more commonly 
achievable following blunt trauma [12, 21]. In a 
study of 14 closed eye injuries by Khokhar et al., 
a significant majority of blunt traumatic injuries 
allowed for in-the-bag placement of an IOL, 
while penetrating injuries required IOL place-
ment into the ciliary sulcus [12]. IOL placement 
remains an important consideration when manag-
ing the traumatic cataract as sulcus or bag-sulcus 
positioning of an IOL can increase the potential 
for iris chafing and uveitis-glaucoma-hyphema 
(UGH) syndrome [22, 23].
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 Special Techniques

Noted in the literature are special techniques 
used in the management of pediatric traumatic 
cataracts.

A surgical technique called “optic buttonhol-
ing” is recommended in traumatic cataracts 
where there is capsular support but the IOL can-
not be implanted in the capsular bag. The haptics 
are placed in the sulcus, and the optic is posi-
tioned posterior to the capsular remnants. Sen. 
et al. found this approach to be advantageous in 
secondary IOL implantation if scarring and 
fusion of the anterior and posterior capsule 
existed [15]. This technique allowed for stabiliza-
tion of the IOL when placed in the sulcus, and 
prevented decentration and posterior capsular 
opacification [15].

A banded technique was described in a 2019 
study by Chowdhary and Nischal in situations 
where part of the anterior capsule had been rup-
tured [24]. The approach as described aims to 
reduce or prevent pupil-lens capture and decen-
tration of the IOL [24]. Two microvitreoretinal 
blade stab incisions are made at the limbus enter-
ing the anterior chamber at 100 degrees apart 
[24]. The anterior chamber is filled with an oph-
thalmic viscosurgical device, and the anterior 

capsule is stained using trypan blue 0.06% solu-
tion [24]. In the area of the intact anterior cap-
sule, a capsulorhexis is created using 2 incision 
push-pull techniques [24]. The vitrector, without 
cutter, is used to aspirate lens material [24]. A 
2-incision push pull capsulorhexis is also created 
in the posterior capsule, and then an anterior vit-
rectomy is performed. The results of this tech-
nique include a smaller anterior capsulorhexis, 
and band between the newly created capsu-
lorhexis and anterior capsule tear [24]. This tech-
nique was used in 5 children, and no yttrium 
aluminum garnet (YAG) capsulotomy was 
needed for the band. The banded technique was 
successful in keeping the IOL posterior, and 
away from the iris [24]. An image of this tech-
nique in surgery is shown in Fig. 32.3.

The use of intracameral triamcinolone injec-
tions has been evaluated in a prospective study 
from 2016. In children, with an average age of 6, 
authors compared the use of subconjunctival 
injection of gentamicin and dexamethasone 
4  mg, with postoperative prednisolone drops, 
cycloplegic and antibiotic drops, versus this regi-
men plus the use of an intracameral triamcino-
lone acetonide injection [25]. It was found that 
triamcinolone decreased inflammation in the 
anterior segment, including reduced cellular 

a b

Fig. 32.3 Banded technique for cases of anterior capsule 
rupture in traumatic cataract surgery [24]. (a): Anterior 
capsule tear (black arrows). Intact anterior capsule (white 
square). (b): Anterior capsulorhexis created (white 

arrows), with “band” between anterior capsular tear and 
capsulorhexis (black dots). (Adapted from: Chowdhary 
ans Nischal [24])
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deposits, reduced posterior synechiae and 
reduced visual axis obscuration for children with 
previous surgery for traumatic cataracts [25]. It is 
important to note that all children in the study 
had an anterior vitrectomy and primary posterior 
capsulotomy (PPC) at the time of surgery, and 
none of the children in the study had significant 
elevation of IOP post-operatively [25].

 Special Concerns

Choosing the IOL power in repair of ocular 
trauma is difficult in the setting of adults and pro-
vides even greater challenges in the pediatric 
population. As previously discussed, performing 
biometric measurements on the affected eye prior 
to IOL implantation is a benefit of a staged proce-
dure. In cases where this is not possible, studies 
have measured the fellow or unaffected eye to 
estimate the IOL power needed with varying suc-
cess [15, 16, 26].

Specifically, in the pediatric population, IOL 
calculations are further complicated by the 
dynamic growth of the eye, especially in infancy 
[27]. A study involving 83 eyes of 81 infants and 
children, with 32 cataracts as a result of trauma, 
found that a myopic shift occurs following IOL 
implantation in pediatric patients [28]. This shift 
is greater in the younger age group and over a 
2–3-year time period approximates −3.00 diop-
ters from 0 to 2 years, −1.5 diopters from 2 to 
6 years, and − 1.80 diopters from 6 to 8 years. 
Children older than 8 years experienced a mean 
myopic shift of approximately −0.38 diopters 
over 1.8  years [28]. These findings can be 
employed in the planning of refractive outcome 
for children with planned cataract extraction.

 Outcomes of Surgical Repair

The majority of pediatric eyes in both penetrating 
and blunt eye trauma can achieve significant 
visual gain after repair and visual rehabilitation 
[12, 13, 29]. Closed or blunt eye trauma has been 
found to have better visual outcomes after repair 
as compared to open eye or penetrating injuries 

[8, 13, 16, 29]. A study by Ram et al. compared 
visual outcomes of children with traumatic cata-
racts suffering blunt trauma and those suffering 
perforating globe injuries and found that 57.62% 
of the penetrating trauma group had a best cor-
rected visual acuity (BCVA) of ≥20/40, whereas 
a BCVA of ≥20/40 was achieved in 71.42% of 
the eyes in the blunt trauma group [13]. 
Amblyopia was found as a complication of 
almost 30% of patients in both groups [13]. The 
difference in visual outcomes was thought to be 
associated with factors including corneal scar-
ring, posterior synechiae contributing to optic 
capture of the PCIOL and complications in the 
eyes with penetrating trauma [13]. Shah et  al. 
reported a smaller magnitude of significant dif-
ference in the two groups with BCVA >20/60 in 
55.3% of open-globe eyes, and 56.3% in closed- 
globe groups [29]. However, BCVA between 
20/40 and 20/20 was achieved by 41.7% of 
patients in the closed-globe groups versus 33.8% 
of patients in the open-globe group [29]. 
Similarly, Yardley et Al. reported a CDVA of 
20/40 or better among 63% of closed-globe 
 injuries and 38% of patients with open-globe 
injuries [16]. This study noted an amblyopia 
complication rate in approximately 40% of chil-
dren, which may have been due to the inclusion 
of younger children [16]. Other studies reported 
no significant differences in visual acuity between 
the open-globe and closed-globe groups follow-
ing surgical intervention [7, 12, 30].

Furthermore, the study by Shah et  al. also 
found that there were other significant differ-
ences in variables in addition to visual outcome 
between eyes with open-globe and closed-globe 
traumas [29]. It was found that a higher propor-
tion of open-globe injuries affected male patients, 
involved trauma in Zones 2 and 3 and resulted in 
two or more surgeries [29].

It is difficult to predict visual outcomes based 
on the statistics as previously presented. Cataract 
formation in ocular trauma can impede visual 
acuity; however, other structures in the eye can 
also be damaged during trauma, leading to poorer 
visual outcomes. In adults, the ocular trauma 
score (OTS) has been used as a predictor of visual 
outcomes after ocular trauma [31, 32]. The score 
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developed by the Ocular Trauma Classification 
Group, Kuhn et al., includes the initial visual acu-
ity post trauma, as well as comorbidities at pre-
sentation including globe rupture, 
endophthalmitis, perforating injury, retinal 
detachment, or relative afferent pupillary defect 
[32, 33]. The OTS has a predictive accuracy of 
approximately 80% [33].

The calculation method and estimated visual 
outcomes of the OTS are shown in Tables 32.1 
and 32.2. Using Table 32.1, for example, an indi-
vidual presenting with a globe rupture and vision 
of 20/80 would have a score of 90–23  =  67. 
Inputting this score into Table 32.2 would predict 
a 44% chance for a vision of 20/40 or better at 
6 months.

Previously, this score was used in adults; how-
ever, a 2012 study evaluated its use in the pediat-
ric population [31]. In this study, certain 
conditions for repair were met, including eyes 
needing corneal wound repair that had IOL 
implantation during a secondary procedure; hazy 
ocular medium requiring a pars plana vitrectomy 
and capsulectomy; children younger than 2 years 
had secondary IOL implantation after the age of 
2; all children were rehabilitated by an orthoptist 
for amblyopia therapy; and any further strabis-
mus therapy was provided by a pediatric ophthal-
mologist if needed [31]. The predicted OTS 
calculated at the initial presentation was found to 
be a reliable predictor of final visual outcomes in 
traumatic cataract cases in children [31].

The pediatric ocular trauma score (POTS) was 
developed and validated in 2016 by Shah et al., 
and found to be a more sensitive and specific 
score to predict visual outcomes of pediatric ocu-
lar trauma with traumatic cataract [9]. The pro-
posed POTS added 2 additional variables to the 
initial OTS as shown in Table 32.3.

Table 32.1 Ocular trauma score (Kuhn et  al., [32]). 
Deriving the OTS [34]

Variables at Presentation Points
A: Visual Acuity NLPa = 60

LPb or HMc = 70
1/200 to 19/200 = 80
20/200 to 20/50 = 90
≥ 20/40 = 100

B: Globe Rupture – 23
C: Endophthalmitis – 17
D: Perforating Injury – 14
E: Retinal Detachment – 11
F: Relative Afferent Pupillary 
Defect (RAPD)

– 10

Total = Sum of Points

Table adapted from: Unver et al. [34]
aNLP No Light Perception
bLP Light perception
cHM Hand Motion

Table 32.2 Six-month follow-up visual acuity probabilities based on the OTS [32]

Total Points OTS Score Estimated Follow-up Visual Acuity at 6 months

NLPa LPb/HMc 1/200 to 19/200 20/200 to 20/50 ≥ 20/40
0 – 44 1 73% 17% 7% 2% 1%
45 – 65 2 28% 26% 18% 13% 15%
66 – 80 3 2% 11% 15% 28% 44%
81 – 91 4 1% 2% 2% 21% 74%
92 – 100 5 0% 1% 2% 5% 92%

Table adapted from: Kuhn et al. [32]
aNLP No Light Perception
bLP Light perception
cHM Hand Motion

Table 32.3 Additional variables for the pediatric ocular 
trauma score (POTS) [9]

Additional Variables at Presentation Points
G: Age (years) 0 – 5 = – 10

6 – 10 = – 7
11 – 15 = – 5

H: Wound location Zone I = 0
Zone II = – 5
Zone III= –10

Table adapted from: Shah et al. [9]
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 Complications and Other Ocular 
Manifestations

Management of the traumatic cataract in the 
pediatric population is uniquely challenging not 
only because of the surgical approach, but also 
because of postoperative complications. In chil-
dren, the most common and significant complica-
tions include amblyopia, posterior capsular 
opacification (PCO), and fibrinous uveitis. Other 
complications include retinal detachment, malig-
nant glaucoma, and endophthalmitis. 
Complications occur at different time points in 
the postoperative period and differ in rates 
depending on the type of trauma sustained (blunt 
or penetrating) and the surgical approach imple-
mented. Early complications and ocular manifes-
tations include endophthalmitis, inflammatory 
reactions including fibrinous uveitis, and intra-
ocular pressure increases, which can be sustained 
due to anterior segment structural damage. 
Corneal scarring, uveal prolapse, and other struc-
tural damage may complicate surgical manage-
ment and compromise vision gain in the 
postoperative course. Amblyopia and PCO can 
be encountered as late complications in the pedi-
atric population, although early visual rehabilita-
tion and early interventions should be considered 
to lessen their burden. Retinal concerns including 
retinal detachment may occur during the trauma, 
surgical repair, and in the late postoperative 
period. These complications and ocular manifes-
tations will be further discussed in the following 
paragraphs.

 Structural Damage

Corneal involvement in penetrating trauma may 
complicate the course of repair; however, pri-
mary or secondary cataract extraction and IOL 
implantation may be possible in these situations. 
Postoperatively, corneal scarring may contribute 
to visual axis opacification, and astigmatism and 
refractive error among patients. Rates of corneal 
scarring in children have been noted to range 
from 9.5% to 28% [7, 13]; eyes with penetrating 
trauma were more often affected [13].

In the case of open-globe trauma, uveal pro-
lapse presents an additional management consid-
eration. A study of open-globe trauma found that 
5 of 47 or 11% of children had associated uveal 
prolapse [3]. Similarly, Sen et al. found uveal tis-
sue prolapse rate of approximately 57%, or 
80/139 patients, following open-globe trauma. In 
the cases of closed-globe injuries, Khokhar et al. 
identified 56% of eyes with iris atrophy or distor-
tion [12, 15]. In the context of primary closure, 
and subsequent cataract removal and IOL implan-
tation, these iris issues require an additional man-
agement consideration [15].

Anterior capsule and posterior capsule tears 
may also occur with injury; it is important that 
surgeons are aware of these structural changes 
prior to surgery as they may increase the poten-
tial for ocular inflammation, compromise 
 in-the- bag implantation of the IOL or increase 
the risk of intraoperative complications. Sen et al. 
found that anterior capsule tear and posterior 
capsule tear occurred in 70% and 25% of open-
globe trauma, respectively, whereas lower rates 
of 15% anterior capsule rupture and 2–3% poste-
rior capsule rupture (PCR) have been reported 
elsewhere [7, 13, 15]. Identification and implica-
tions of PCR are discussed later in the chapter.

 Amblyopia

Amblyopia presents one of the most significant 
challenges following traumatic injury to the pedi-
atric anterior segment as it may not reveal itself 
clinically until after the injury has happened. 
Rates of amblyopia following trauma remain 
variable, although in a study by Yardley et  al., 
39% of patients suffered from the complication, 
[16] and another study including 147 traumatic 
cataracts in the pediatric age group (under the age 
of 15) found that amblyopia therapy was needed 
in almost 30% of patients during follow-up [7]. 
In the latter study, the need for amblyopia therapy 
varied among age groups and included 51.21%, 
26.02%, and 12.12% of patients in age groups 
1–5, 6–10, and 11–15, respectively [7]. A higher- 
than- average rate may be due to the inclusion of 
a younger patient population, although the num-

V. Liu et al.



375

bers presented in studies reinforce the need for 
urgent repair of the traumatic injury and aggres-
sive management of refractive error to minimize 
the incidence amblyopia later in life, even in chil-
dren older than 8 years [16].

Meier et al. also propose silicone oil tampon-
ade as a predisposing factor for amblyopia [4].

 Posterior Capsule Opacification

Of all complications following traumatic injury 
to the pediatric eye, posterior capsule opacifica-
tion remains the most common. Within older lit-
erature, PCO is documented to occur in 21–100% 
of eyes post pediatric cataract surgery and pres-
ents a unique challenge as it may not be readily 
treatable in the clinic [13]. In a recent study 
regarding pediatric traumatic cataract, it was 
found that the rate of PCO was relatively similar 
between open- and closed-globe traumas at a rate 
of approximately 30% [13].

PCO is a cause of visual axis opacification 
(VAO), which may lead to vision deprivation and 
amblyopia if left untreated. VAO is more preva-
lent in children after ocular surgeries due to 
greater postoperative inflammation in this popu-
lation [12]. As such, it is suggested that children 
of younger age receive a primary posterior con-
tinuous circular capsulorhexis (PCCC) with ante-
rior vitrectomy during traumatic cataract surgery. 
In a study by Khokhar et al., children under the 
age of 6 received PCCC and 23-G anterior vitrec-
tomy, leading to reduced rates of VAO following 
open-globe and closed-globe traumatic cataract 
surgeries at rates of 8.5% and 3.5%, respectively 
[12]. The VAO that occurred affected 12% of 
children between the ages of 6 and 10 years who 
had not received PCCC and anterior vitrectomy 
[12]. Thus, their study recommended performing 
PCCC until at least 10 years of age [12]. Another 
study taking place at a tertiary care center in 
northern India agreed that due to good outcomes 
in reducing VAO in children receiving PCCC and 
anterior vitrectomy, this approach may be recom-
mended even in children older than 8  years if 
there is a posterior capsular plaque or thickening 
detected at the time of surgery [7]. Likewise, 

studies by Shah et al. and Jinagal et al. found that 
eyes having PCCC and anterior vitrectomy had 
better visual outcomes during follow-up [7, 29].

As children are not typically cooperative 
patients, PCO cannot be managed easily in the 
clinic with neodymium yttrium aluminum garnet 
(NdYAG) capsulotomy. Thus, given the potential 
for reduced visual rehabilitation and the diffi-
culty in clinical management, there is consensus 
within the literature for primary capsulotomy and 
anterior vitrectomy in the pediatric population 
following traumatic injury requiring lensectomy 
and IOL placement.

 Fibrinous Uveitis

Along with PCO, fibrinous uveitis is debated as 
being one of, if not the most common complica-
tion following lensectomy and IOL placement in 
the traumatized pediatric eye. In a study by Sen 
et al., fibrinous uveitis was observed to occur in 
31% of patients following primary repair and IOL 
implantation and in 32% of patients following pri-
mary repair and secondary IOL placement [15]. 
Older literature finds rates as high as 40% follow-
ing traumatic cataract surgery [13, 15]. The use of 
topical and systemic steroids may help to decrease 
the inflammatory response, especially in primary 
surgical repair following open-globe trauma [15].

 Glaucoma

Trauma to the anterior segment may also result in 
glaucoma, postulated to be secondary to damage 
to the iridocorneal angle. This may create a 
pseudo-angle closure scenario in which intraocu-
lar pressure increases resulting in glaucomatous 
changes [4, 13]. Management of glaucoma in the 
postoperative setting should be sequential, begin-
ning initially with topical medications and 
advancing to surgical intervention only if IOP 
remains uncontrolled [4]. Within the literature, 
surgical management largely involves conven-
tional glaucoma surgeries and there is no evi-
dence for the use of microinvasive glaucoma 
surgery (MIGS) in this population.
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 Other Complications

In addition to the above complications, cataract 
surgery in the traumatized pediatric eye may also 
be associated with strabismus, retinal detach-
ment, or endophthalmitis. These complications 
are postulated to occur from heterogeneous 
mechanisms, both from the initial trauma and 
from iatrogenic injury encountered during the 
repair itself [10]. Management of such complica-
tions should follow the gold standard of care for 
repair of the specific pathology. Strabismus and 
retinal detachment may be managed by surgical 
repair and endophthalmitis should be aggres-
sively treated with intravitreal antibiotics, or pro-
phylactic antibiotics if the patient is deemed at 
high risk. This is further discussed later in the 
chapter. Within the literature, it is recommended 
that retina specialists be involved in management 
of retinal detachments early-on in the treatment 
of the traumatized pediatric eye as these cases 
require particular surgical planning and interven-
tion [10].

 Traumatic Cataract Surgery 
in the Adult Population

 Causes of Injury

Ocular trauma and traumatic cataracts, especially 
open-globe injuries, have been found to affect 
male patients of younger ages [35, 36]. Also in 
agreement with this are studies of populations 
including parts of Nigeria, Northern India, 
Central China, Finland, Turkey, Australia, and 
United Arab Emirates (UAE), which found that 
males were more affected by ocular trauma and 
traumatic cataracts [35–42]. A study of penetrat-
ing ocular injury from Pakistan found that the 
male-to-female ratio was approximately 1.6:1 
during the first decade of life, but increased to 
10:1 after the first decade [38].

In higher age groups, age 15 years and older, 
there appears to be a greater incidence of blunt 
trauma, as compared to younger populations [35, 
40]. In an elderly population in Nigeria, aged 65 

and older, closed-globe injuries comprised the 
majority of injuries at 85.9%; the majority of 
these occurred on the farm, or at home [39]. A 
study set in India found that patients having trau-
matic cataracts tended to be from poor class 
(83%), and live in a rural area (94%); however, 
these demographic factors did not affect final 
visual outcomes [43]. Among all ages, the most 
common activities at the time of injury included 
playing (26.8%), house work (25.9%), and occu-
pation related activities (18.9%) [43]. In a popu-
lation of adults at a referral center in Mexico 
City, common causes included a blow (16.2%), 
rocket (7.5%), car accident (6.2%), or a metal rod 
or tube (6.2%) [44]. The majority of the trau-
matic events were described as being an “acci-
dent” in 23.8% of individuals, or occurred while 
working (13.8%), playing (7.5%), or fighting 
(7.5%) [44]. A Chinese study presented similar 
trends, with the most common agents of trauma 
being firecrackers (24.5%) and metal/knife/scis-
sors (21.4%) [37]. The most common victims of 
ocular trauma were males aged 30–59 years, who 
typically were the breadwinners of the family; 
thus, their injury and absence from employment 
may contribute to the economic and psychologi-
cal burden [37]. One study examining trends in 
the high-income developing country of the 
United Arab Emirates (UAE) in the city of Abu 
Dhabi found that the majority, or approximately 
70 percent, of injuries in adults occurred at work, 
and only affected males, with only 13.9% of inju-
ries occurring at home [42]. Sharp objects caused 
the majority of injuries [42].

Recent results from a tertiary referral center in 
Sydney, Australia, and another from Southern 
Finland provide insight into trends in the devel-
oped world. A retrospective case series of open- 
globe injuries over a 5-year period found that 
falls were the most common cause of open-globe 
injury in older aged individuals [36]. Across all 
age categories, working with metal was a com-
mon cause of both penetrating eye injuries and 
intraocular foreign bodies (IOFBs) and, thus, 
highlights the importance of wearing protective 
eyewear [36]. A moderate amount of cases were 
also associated with the use of alcohol, with 52% 

V. Liu et al.



377

of assault cases involving its use [36]. In the 
Finnish working-age population, open-globe 
injuries were predominantly caused by work 
tools, and 3 of 9 injuries were associated with 
alcohol use [40]. Contusions in this population 
were mainly caused by sports equipment, contact 
with body parts, sticks, and tools [40].

Although closed-globe and open-globe inju-
ries comprise a significant portion of ocular 
trauma, other ocular injuries including chemical 
burns, fractures, eyelid wounds, optic nerve inju-
ries, and other minor injuries have been reported 
in the literature, with a subset of the trauma popu-
lation forming traumatic cataracts.

 Anatomical Surgical Approach

Lens injury and traumatic cataracts typically are 
associated with damage to other structures of the 
eye. Damage can include capsular rupture, zonu-
lar dialysis, trauma to the iris, angle structures, 
posterior segment, and more. Upon receiving a 
case of trauma, damage to other structures of the 
eye may be apparent, or only discovered during 
or after surgery.

The degree of capsular bag support available 
after trauma may guide surgical techniques for 
intraocular lens implantation at primary or sec-

ondary repair. Various lens options and tech-
niques can be used for fixation in the angle, to the 
iris, sclera, or ciliary sulcus [45]. Options for lens 
fixation based on capsular support are shown in 
Fig. 32.4.

 Open Eye Injuries with Traumatic 
Cataracts

The options for surgical intervention in open- 
globe trauma remain similar to those in the pedi-
atric population; however, the risk of amblyopia 
does not factor into the timing of the surgical 
repair. Options for repair include primary wound 
closure from a penetrating injury, primary lensec-
tomy with IOL implantation, primary lensectomy 
without IOL implantation, secondary surgery 
with lensectomy and IOL implantation following 
primary closure, and secondary IOL implantation 
following primary lensectomy.

 Closure with Primary Lensectomy
Closure with primary lensectomy, or lensec-
tomy during an early procedure, remains a rec-
ommendation in the adult population in cases 
of capsular or lenticular trauma. Lens proteins 
released into the anterior chamber can lead to 
intraocular inflammation, increased intraocular 

Traumatic Aphakia
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Fig. 32.4 Approach to surgical repair of aphakic eyes secondary to trauma. Options for fixation of the intraocular lens 
based on anatomic infrastructure in the anterior segment [45]. (Adapted from: Fiorentzis et al. [45])
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pressure, and increased risk of endophthalmitis 
[46, 47]. Furthermore, in significant lens 
trauma, fragments of the lens can mix with the 
vitreous to create a “vitreous-lens admixture,” a 
potential inciting factor for proliferative vitreo-
retinopathy [47].

 Immediate Repair – Primary Closure 
with Lensectomy and IOL Implantation
Similar to the pediatric population, it is also 
unclear in open-globe trauma whether primary 
wound closure with primary lensectomy and IOL 
implantation offers advantages as compared to a 
deferred secondary IOL implantation. Visual out-
comes of both procedures in open-globe trauma 
have been shown to be similar.

Benefits of a primary procedure include ear-
lier vision rehabilitation (especially in the 
younger age group, or young men), decreased 
cost, decreased loss of employment, avoidance of 
an additional surgery and additional use of anes-
thesia, and avoidance of problems of secondary 
IOL insertion (such as poor iris dilation and pos-
terior synechiae) [46, 48]. A 2017 study to deter-
mine the optimum time for traumatic cataract 
surgery found that there was no difference in 
6-month visual outcomes between early and late 
interventions. There was also no difference in 
intraoperative and postoperative complications 
between these two groups [48]. Furthermore, a 
retrospective study including 151 eyes suffering 
open-globe injury and traumatic cataracts sec-
ondary to combat trauma found no significant 
difference in visual outcomes based on the timing 
of implantation, suggesting either approach is 
acceptable [49].

Additional procedures that have been recom-
mended to improve visual outcome include a pri-
mary posterior capsulotomy (PPC) and 
vitrectomy during the primary procedure. This 
was studied in a cohort of 555 patients with 
traumatic cataracts, of which 394 had open-globe 
injuries [43]. In eyes needing corneal wound 
repair and with increased inflammation with hazy 
medium, a PPC was performed with anterior vit-

rectomy during the primary surgery, with IOL 
placement performed in a staged manner [43]. 
Another study examining all age groups also 
found visual outcome benefited from PPC and 
anterior vitrectomy in both open- and closed- 
globe traumas [50]. Thus, a PPC procedure 
appears to lead to a significant improvement in 
visual acuity as compared to those that did not 
receive the procedure [43, 50].

Implantation of the IOL during a primary pro-
cedure in open-globe and closed-globe traumas is 
found to result in better visual acuity if the IOL is 
placed in the capsular bag, as opposed to the cili-
ary sulcus. Although Serna-Ojeda et al. identified 
this trend, however, it was acknowledged that 
there may be other factors that were not analyzed 
that led to this difference in visual acuity [44]. 
Potential reasoning for this may include changes 
in refraction if the IOL is placed in different 
 locations in the eye, or increased inflammation 
induced by sulcus implantation [44].

 Late Repair, Staged Procedures
Secondary procedures are also found to be safe 
and provide good visual outcomes following ini-
tial repair [46, 49]. A study of open-globe inju-
ries found no difference in outcomes between 
early procedures, or late procedures performed 
after 1 month following trauma [48]. However, 
this study outlined strict exclusion criteria such 
as patients with trauma and released lens materi-
als in the anterior chamber [48]. Secondary pro-
cedures may be advantageous in cases of severe 
corneal injury, or in cases where there may be 
poor visualization due to the trauma [51]. After a 
primary procedure, time can allow for a thor-
ough assessment of the eye, determination of the 
visual potential for visual rehabilitation, for 
more accurate planning of IOL power, and the 
treatment of any ocular injuries that were associ-
ated with the trauma [46]. In cases of corneal 
lacerations, a secondary procedure can allow for 
the removal of corneal sutures, and a more stable 
assessment of the keratometry for IOL power 
needed in surgery [46].
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 Closed Eye Injuries with Traumatic 
Cataracts

The literature also presents similar visual out-
comes among immediate repair and late repair of 
closed eye injuries with traumatic cataracts. A 
study by Rumelt and Rehany tried to identify if 
the time to cataract extraction and IOL implanta-
tion affected visual outcomes [46]. They classi-
fied eyes into the primary group (patients 
receiving surgery within 24 hours from trauma), 
or secondary group (patients receiving surgery at 
least 1 week after trauma) [46]. The visual out-
comes following surgery (BCVA of 20/40 or bet-
ter) were similar in both primary and secondary 
surgeries following closed-globe injuries; how-
ever, this study also included children in their 
analysis [46]. Similar findings regarding trau-
matic cataracts secondary to ocular trauma also 
found no difference in visual outcomes between 
eyes receiving primary or secondary IOLs [49]. 
Since amblyopia is not a concern in older indi-
viduals, the surgery can be dictated by a physi-
cian’s findings at presentation and a surgeon’s 
preferences [46]. In choosing surgical options, a 
patient’s situation may also recommend choices; 
for example, a monocular patient experiencing 
trauma may benefit from a primary procedure 
that would expedite the recovery time. The 
advantages of immediate and late repair remain 
similar to that previously described for open- 
globe injuries.

Other factors including patient reporting time 
may influence the time to intervention following 
ocular trauma. A study in 2011 by Shah et  al., 
examined ocular trauma reporting trends in a 
cohort of 687 patients presenting to a Tertiary 
care center in Western India [52]. A significant 
portion of patients with closed-globe injuries 
reported more than 30 days after trauma (104 of 
191 patients), while only 40 patients reported 
from 0 to 1 days [52]. In contrast to this, open- 
globe trauma patients reported earlier, with 132 
of 496 patients reporting within 1 day, and 132 of 
496 patients reporting more than 30 days follow-
ing injury [52]. It was found that the patients who 
presented earlier appeared to have worse visual 
outcomes, although it was hypothesized that this 

may be due to a higher incidence of open-globe 
injuries reporting earlier and closed-globe inju-
ries of lesser severity presenting later after the 
traumatic insult [52].

 Pediatric Closed-Globe Injury Case 
(Surgical Video is Included)

In September of 2016, 15-year-old male pre-
sented with a blunt trauma to the right eye. Three 
hours earlier, he was walking past his father who 
was cutting the lawn with a motorized lawn 
mower. He was struck by a rock, which was pro-
pelled by the mower.

Examination revealed vision of hand motions 
(barely). There was a central corneal epithelial defect, 
corneal edema, the anterior chamber was formed 
with a dense hyphema; iris trauma and traumatic 
mydriasis was present, and the IOP was 16 mm Hg 
by applanation. No further details of the lens or pos-
terior segment could be ascertained. Ultrasonography 
(U/S) revealed that the retina was flat.

The diagnosis was a blunt closed-globe injury 
with hyphema. The management that was initi-
ated was that which is recommended for a trau-
matic hyphema: 1% atropine drops, topical 
steroids, and limited physical activity.

Daily visits to monitor inflammation and IOP 
was instigated. By Day 5, the epithelial defect 
had resolved, the hyphema measured 3 mm, IOP 
was 11 mm Hg, the lens was white, and the retina 
was flat. By Day 17, a superior blood clot overly-
ing an area of presumed iridodialysis remained; 
the lens was white, there was no inflammation, 
and IOP was 17 mm Hg. By Day 40, the hyphema 
had resolved, the blood clot had resolved, the 
IOP was 10 mm Hg, no inflammation was pres-
ent, a white cataract was present, and the flat ret-
ina on ultrasound.

Discussion to address the white cataract was 
explored with the parents and the patient; the 
decision was made to defer the surgery until the 
school break. Delayed surgery was feasible in 
this case as the risk of amblyopia was low, there 
was no inflammation, the IOP remained in range 
without treatment, and U/S did not reveal any 
significant retinal pathology.
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The photograph above demonstrates the eye at 
surgery. Traumatic mydriasis, posterior syn-
echiae, white cataract due to presumed capsular 
rent, and likely inferior zonular dialysis. The sur-
gical plan was to use vision blue to assist with the 
capsulorhexis, perform pupilloplasty to deal with 
the traumatic mydriasis, and to use a 3 piece IOL 
(as this would enable the most options for IOL 
placement whether in the bag, in the sulcus, 
sutured to iris, or fixated to sclera). A vitrector 
was at the ready as a capsular rent was 
suspected.

 Special Techniques

In addition to surgical timing decisions, trau-
matic cataract surgery provides other challenges 
that should be tackled using a variety of surgical 
techniques. Novel techniques have been reported 
in the literature to manage complicated cases and 
augment visual outcomes.

 Foreign Body Removal
Lacerations with IOFB are one of the categories 
of open-globe injuries. Previous review of the lit-
erature has shown IOFBs account for 18–41% of 
all open-globe injuries, and 58–88% reside in the 

posterior segment [53]. The majority of IOFBs 
are metallic and may contain ferromagnetic par-
ticles [53]. IOFB is typically removed at the time 
of primary repair, either by pars plana vitrectomy 
(PPV) or with other special techniques [53–56]. 
Early removal is recommended to prevent inflam-
matory response and development of endophthal-
mitis. With respect to lenticular surgery at the 
time of IOFB removal, studies have shown cata-
ract surgery and IOL implantation can be per-
formed in primary surgery or secondary surgery 
depending upon other factors [53]. Posterior seg-
ment IOFBs, intravitreal foreign bodies (IVFB) 
are typically removed via pars plana vitrectomy 
[53, 55].

The recent literature reports the use of mag-
nets for the removal of metallic/ferromagnetic 
foreign bodies. A pars plana approach and use of 
a magnet through the sclerotomy site to remove 
the IVFB, with IOL implantation and cataract 
surgery performed at a second operation, have 
been shown to be safe and to result in good visual 
outcomes, without the need for PPV at the sec-
ond surgery [54].

In certain patients, primary IOL implantation 
with cataract and vitreoretinal surgery has also 
been found to be a safe option. Another study 
presented the results of small incision cataract 
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surgery with PPV in which the IOFB was 
removed through the sclerocorneal tunnel using a 
magnet. These procedures were performed prior 
to IOL implantation in 18 patients. It was ensured 
that prior to magnetic removal of the foreign 
body, the foreign body was detached from the 
surrounding vitreous. The majority of patients 
had satisfactory visual outcomes following sur-
gery, although late-onset RD occurred in 5 out of 
18 cases [56].

An additional study reported a novel tech-
nique, the “magnet handshake,” which appeared 
to be useful in removing large, irregular IOFBs 
of more than 5 mm, or when forceps grasp would 
not be possible. After anterior continuous circu-
lar capsulorhexis and removal of the lens, the 
retinal surgeon frees the IOFB with vitrectomy, 
and an intraocular magnet (IOM) is introduced 
through the vitrectomy port. The IOFB is lifted 
to the iris plane, and a second IOM is introduced 
through the scleral tunnel to meet the first, in an 
interaction deemed the “magnet handshake.” 
The IOFB could then be extracted through the 
scleral tunnel securely, with no slippage. Final 
BCVA of 20/60 or better was achieved in 70% of 
patients with large IOFBs using this technique, 
with no intraoperative complications. This tech-
nique can be used for larger IOFBs, for removal 
through the sclerocorneal tunnel instead of scle-
rotomy, and provides good visual and anatomic 
outcomes [55].

 Vitrectorhexis
Creating a capsulorhexis after an open-globe 
injury can be challenging due to the disturbed 
anatomy and a poor view of the anterior seg-
ment. Vitrectorhexis, the creation of anterior 
capsulorhexis using a vitreous cutter, has been 
a technique typically used in the pediatric pop-
ulation to cut through softer lens material. In a 
study by Resch et al., a vitrectorhexis was per-
formed in 8 eyes after penetrating mechanical 
corneal trauma. To create the anterior capsu-
lorhexis using a vitrector, a 23 G vitreous cut-
ter and standard 23  G infusion cannula were 
placed through side ports, with the cut rate set 
at 500 cuts per minute. The rhexis was per-
formed starting at the site of anterior capsule 

rupture. Hydro-delineation, without hydro-dis-
section, and cautious removal of the lens was 
performed in the case of a posterior capsular 
rent. The case series found that this technique 
could be used safety in adult eyes following 
open-globe injury and with complex anterior 
segment trauma [57].

 Capsular Tension Rings
In the presence of zonular weakness, or capsular 
instability, a capsular tension ring (CTR) implant 
can be used to allow for in-the-bag IOL implanta-
tion. A study of 6000 cataract cases, not specifi-
cally related to trauma, found that 0.75% of the 
time a CTR was used, with 6 of these cases being 
due to blunt trauma [58]. The CTR, modified 
CTRs, or capsular tension segments (CTS) help 
to maintain the shape of the capsular bag, and 
redistribute force from the areas of weakness, to 
stronger zonules [58, 59].

Timing of insertion of the CTR in a case of 
traumatic cataract with zonular dialysis is prefer-
able after lens extraction since inserting the CTR 
before phacoemulsification was found to put 
more stress on the intact zonules in situations of 
dense cataracts [59]. Modified CTRs (Cionni 1 L, 
13.0  mm diameter, Morcher GmbH, or Cionni 
2  L, 13.0  mm diameter Morcher GmbH) have 
also led to successful visual outcomes with low 
complication rates in traumatic zonulopathy and 
cataract surgery [60]. In a study of 16 eyes fol-
lowing traumatic cataract, modified CTRs were 
placed after phacoemulsification and were effec-
tive in preserving the capsular bag for PCIOL 
placement [60].

In the older literature, CTRs have been found 
to provide stability and lens centration in eyes 
with less than 6 clock hours of zonular loss; yet, 
further research has shown that modified CTRs 
can be used with more than 6 clock hours of dam-
age [61]. Cionni 1 L, Cionni 2 L. CTR and CTS 
used alone or in combination were used in eyes 
with more than 6 hours of zonulolysis, achieving 
good visual outcome in 92.7% of traumatized 
eyes with severe lens subluxation [61]. Double 
eyelet modified CTRs were also successfully 
used in a study of 16 traumatic cataract cases 
with greater than 7 clock hours of zonular loss or 
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weakness [60]. Results demonstrated no cases of 
IOL or capsular bag decentration [60].

Overall, the literature recommends the use of 
CTR devices in cases of subluxated cataracts, or 
zonular weakness, to allow for in-the-bag IOL 
implantation in traumatic cataract surgery. These 
rings should be implanted after phacoemulsifica-
tion and may be used successfully in cases with 
greater than 6 clock hours of zonular loss or 
weakness.

 Femtosecond Laser
Although not typically used in trauma cases, 
multiple reports have demonstrated the applica-
tions of femtosecond lasers in the management of 
traumatic cataracts. As in surgery of nontrau-
matic cataracts, a femtosecond laser can be used 
to create a consistent capsulorhexis in traumatic 
cataract surgery, especially in the presence of 
radial tears, and anterior or posterior capsule 
tears [62–64]. The femtosecond laser can also be 
used for liquefaction and fragmentation of the 
lens, applying less energy to traumatize the endo-
thelial cells of the cornea, which may already be 
injured due to trauma [65].

 Special Concerns

 IOL Calculations
As previously stated, the ability to perform pre-
operative biometry for patients with traumatic 
cataracts is one of the benefits of performing a 
secondary procedure after primary repair with or 
without lensectomy. IOL power calculations can 
be difficult in cases with open-globe injuries, and 
often power calculations are performed using the 
contralateral unaffected eye [46]. Secondary pro-
cedures offer more accuracy in lens power calcu-
lation as compared to this method and may take 
into account additional scarring and changes in 
astigmatism [66]. Older literature previously 
documents the inaccuracies involved in estimat-
ing IOL power from the unaffected eye following 
open-globe trauma in a patient with a corneal lac-
eration. In the reported case, refractive surprise 
measuring 4.00 D was the result of measurements 
taken from the contralateral eye [26].

 Posterior Capsule Rupture (PCR)
Traumatic cataracts are often associated with 
other ocular injuries, including PCR. It is benefi-
cial to identify PCR prior to surgical intervention 
as it can complicate cataract extraction and IOL 
implantation. Different techniques have been 
outlined in the literature to best detect PCR in 
eyes with traumatic cataract in preoperative 
examinations. Echography with a 20 MHz probe 
has been studied in cases of traumatic cataract 
and has been found in one study to be an accurate 
imaging modality for the detection of PCR with 
sensitivity and specificity values of 93% and 
86%, respectively [67]. The use of other frequen-
cies in echography such as 10 MHz or 50 MHz is 
possible; however, these result in lower resolu-
tion, or less penetration to investigate the poste-
rior capsule, respectively. In one case, the use of 
35 MHz ultrasound biomicroscopy (UBM) was 
reported for the detection of PCR with some suc-
cess at higher resolution [68]. Larger studies 
would be needed to confirm the use and accuracy 
as compared to the more tested 20  MHz fre-
quency method.

Other modalities, including anterior segment 
optical coherence tomography (AS-OCT), and 
Scheimpflug imaging using Pentacam were used 
in comparison to 20 MHz echography in 21 eyes 
to evaluate the posterior lens capsule in traumatic 
cataract in a 2014 study. It was found that 20 MHz 
echography had a higher accuracy than AS-OCT 
and Scheimpflug imaging [69].

Identifying PCR or capsular abnormalities 
after traumatic injury to the lens is important in 
lens surgery for surgical planning to prevent 
intraocular complications. Although some tears 
may be identifiable on slit-lamp examination, 
another imaging modality, specifically 20  MHz 
echography, may provide better visualization.

 Outcomes: Visual and Anatomic

Visual outcomes following cataract surgery in the 
traumatized anterior segment may be favorable; 
however, there remains considerable debate 
within the literature regarding the timing and 
technique of surgery as well as the prognostic 
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value of the nature of the injury [35, 44, 46, 48, 
49, 52, 70].

In a large retrospective investigation of both 
children and adults, Shah et  al. compared the 
visual outcomes of cataract surgery from both 
open- and closed- globe injuries as well as early 
and delayed treatment [52, 70]. In their study, 
favorable visual outcome was defined as >20/60 
by the Snellen chart; they observed 58% of open- 
globe injuries to achieve this recovery in com-
parison to only 39.1% of closed-globe injuries 
[52]. In contrast, a prospective study by Sharma 
et al. found the blunt trauma group to have more 
favorable visual outcomes; however, their study 
only enrolled 48 patients [35]. Multiple other 
investigations have found no significant differ-
ence in visual outcomes between open- and 
closed-globe traumas, with favorable outcomes 
achievable in both groups. A study by Smith 
et al., however, has found prognostic value in the 
ocular trauma score discussed previously, in esti-
mating final visual recovery [49].

Timing and technique of surgical intervention 
remain hotly debated. There are theoretical ben-
efits and drawbacks to both early and late inter-
ventions and much of the literature fails to reach 
consensus on which approach may be better. In 
adults, it is thought that early intervention may be 
beneficial to stabilize an eye in which lens mate-
rial has entered the anterior chamber and resulted 
in uveitis and increased IOP [48]. Early proce-
dures often suffer, however, from being reliant on 
the unaffected eye for IOL biometry. Drawbacks 
and inaccuracies of this method have been dis-
cussed previously in this chapter. Late procedures 
allow for operation within a quiet eye and may 
often permit more accurate biometry.5,6 In a ran-
domized controlled trial of 60 patients, Tabatabaei 
et al. found no difference between early and late 
interventions. This trend was also observed by 
Rumelt et al. in a retrospective study of 69 cases 
and Smith et al. in a retrospective case series of 
181 cases [46, 48, 49]. In assessing the timing of 
surgery, Shah et  al. found that treatment of 
patients between 2 and 30  days after injury 
resulted in the most optimal visual outcome in 
comparison to treatment within the first 24 hours 

or treatment beyond the first month [70]. Their 
reasoning for this centered on the nature of the 
ocular injury  – considering that patients who 
present in the first 24 hours are likely to have the 
most severe injuries (and thus have the poorest 
initial prognosis), while those who present 
beyond 30  days after injury may have already 
sustained long-term sequelae from the initial 
ocular insult [52, 70].

In addition to the timing of surgical interven-
tion, IOL positioning may also affect final visual 
outcome. In a retrospective study of 80 patients, 
Serna-Ojeda, et al. found that in-the-bag place-
ment of an IOL was associated with significantly 
better visual outcomes in comparison to place-
ment in the ciliary sulcus or iris-fixation [44]. 
Aphakia was almost universally associated with 
poor visual outcome [44, 46]. Importantly, in 
their study, Serna-Ojeda, et  al. noted that 
although only 66.25% of patients had IOL place-
ment in- the- bag, 73.5% of patients overall 
achieved a visual outcome of 20/60 or better by 
the Snellen chart, and 42.5% of patients had 
vision of 20/25 or 20/20, reaffirming the poten-
tial for favorable visual recovery after traumatic 
cataract surgery [44].

 Complications and Other Ocular 
Manifestations

Complications and other ocular manifestations 
may occur as a result of trauma, during surgical 
intervention and at later time points in adults. 
Many studies in the recent literature have reported 
common complications including but not limited 
to corneal opacities and damage, increased IOP, 
zonular dialysis, PCR, and endophthalmitis. In 
this section, these ocular manifestations and 
complications will be discussed. These compli-
cations are discussed generally as affecting the 
adult population, although some studies included 
younger patients.

 Corneal Involvement
Corneal involvement, scarring and edema, is a 
vision limiting complication that can occur as a 
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result of trauma, especially in open-globe and 
penetrating injuries. Many studies have reported 
the rates of this complication in the postopera-
tive period ranging from 12% to 38% of patients 
[35, 44, 71]. A study by Serna-Ojeda et al., found 
that of 14 patients who did not achieve vision of 
20/200 or better, 5 had corneal scarring among 
other complications [44]. Trauma to the anterior 
segment has the potential to harm corneal endo-
thelial cells and cause edema following repair. 
There is the potential of corneal edema follow-
ing traumatic cataract surgery, and one study in 
an African population documented 2 cases of 
corneal decompensation, among 59 cases of 
mild-to- moderate corneal edema for 2  weeks 
postoperatively [71].

 Posterior Capsule Rupture
As previously mentioned, PCR may occur as a 
result of trauma and can be identifiable on preop-
erative imaging used to plan surgical interven-
tion. Large or significant PCRs may prevent 
implantation of the IOL in the capsular bag. This 
has been documented in 21–23% of patients fol-
lowing trauma, more frequently in open-globe 
trauma, although one study did not find a signifi-
cant difference [44, 48].

 Zonulolysis and Lens Subluxation
Zonular dialysis, weakness of the zonules, can 
increase risk of lens subluxation and complicate 
the management of traumatic cataracts. Studies 
have reported options for in-the-bag IOL implan-
tation using modified CTRs, CTRs, and CT seg-
ments, [60, 61] with good success; yet, these still 
remain challenging cases. The management of 
traumatic cataract with zonulolysis using these 
devices allows for greater control and can help to 
minimize further complications associated with 
anterior chamber intraocular lenses (ACIOLs), 
retinal complications, and increased intraocular 
pressure [61]. In open-globe injuries, zonulolysis 
was found to affect approximately 13% of indi-
viduals; this was managed using the aforemen-
tioned methods [48]. Other studies report zonular 
dialysis and lens subluxation in adults occurring 
at rates of approximately 18–23% and 8%, 
respectively [35, 44].

 IOP Elevation
Similar to pediatric cases, elevated IOPs follow-
ing traumatic cataracts remain a significant com-
plication occurring as a result of trauma and may 
remain following surgical repair. Intraocular 
pressure was found to be increased more fre-
quently following blunt trauma as a possible 
result of angle recession. Sharma et al. reported a 
rate of increased IOP of 36% following blunt 
trauma, with no cases within the open-globe 
trauma group, with rates of angle recession and 
glaucoma ranging from 23% to 36% [35, 44, 71]. 
Serna et al., also reported 5 cases of vision less 
than 20/200 being attributable to glaucoma 
among other complications. Typically, increased 
IOP can be well managed medically as per stan-
dard procedures; however, some patients require 
glaucoma drainage devices (tubes, shunts) to 
control elevated IOP [71].

 Inflammatory Sequelae
Studies have reported other complications and 
ocular manifestations as a result of inflammation 
and trauma in the eye including but not limited to 
anterior chamber inflammation, posterior syn-
echiae, and iridocyclitis [35, 48]. Sharma et  al. 
found that posterior and anterior synechiae 
occurred more frequently in open-globe trauma; 
of patients with open-globe trauma in a 2017 
study, inflammation and posterior synechiae 
affected a minority of patients [35, 48].

 Structural Damage
In addition to lens subluxation, and corneal per-
forations associated with trauma, the iris and the 
uvea may also be damaged. Uveal prolapse and 
traumatic mydriasis are found to occur in both 
open and closed traumas [35].

Severe damage to the iris and lens concur-
rently can be repaired in a variety of ways. In 
the case of significant iris trauma or traumatic 
aniridia, a patient’s quality of vision can be 
reduced, due to light sensitivity and glare. In a 
secondary surgery, artificial iris and lens com-
plexes can be fixated in the eye. The Customflex 
Artificial Iris (Dr. Schmidt Intraocularlinsen 
GmbH, distributed by HumanOptics AG) has 
been found to provide customizable cosmetic 

V. Liu et al.



385

results for the treatment of traumatic aniridia 
[72, 73]. Intraocular lenses fixated to custom 
silicone iris prosthesis have also been reported 
as a novel method of repairing traumatic 
aniridia and aphakia; using the iris prosthesis 
can aid in posttraumatic situations in which 
there is a lack of structural anatomic support for 
the IOL [73].

 Retinal Involvement
In addition to anterior segment injury and forma-
tion of traumatic cataract, the posterior segment 
including the retina may be severely damaged by 
ocular injury. In two studies, varying rates of reti-
nal detachments were reported. In the first, 13% 
and 17% of patients had complications of vitre-
ous hemorrhage, and retinal detachment, respec-
tively [35]. Patients with open-globe and 
closed-globe injuries were reviewed, with no sig-
nificant differences between groups [35]. 
However, another study by Serna-Ojeda et  al. 
only identified 1 of 64 individuals with retinal 
detachment, vitreous hemorrhage, and choroidal 
neovascular membrane postoperatively, causing 
poor visual outcome [44].

Macular commotio retinae can be associated 
with blunt traumatic injuries, causing visual 
impairment. Blanch et al. identified 53 cases of 
blunt ocular trauma with macular commotio reti-
nae, causing reduced visual acuity with 74% of 
patients recovering better than 20/30 vision [74]. 
Extramacular commotio retinae affected 117 
patients, with 55 of 58 (95%) followed recover-
ing greater than 20/30 visual acuity. Although the 
reduction in vision is minimal, this could poten-
tially be a significant change in vision for patients 
as a result of trauma [74].

 Endophthalmitis
Endophthalmitis is another potential complica-
tion of ocular trauma, with the risk being 
increased by lens fragments remaining in the 
anterior chamber and vitreous following trauma. 
Endophthalmitis has been reported as a compli-
cation of open-globe trauma in low rates, espe-
cially with early intervention and repair within 
the first 24  hours [75]. Zhang et  al. reviewed 
records of open-globe injury cases in a 5-year 

period in the setting of China. This study found a 
rate of endophthalmitis in this population of 
approximately 12%, with other values in the lit-
erature ranging from 3% to 30% after open-globe 
injury [76, 77]. After IOFB, there has been a 
reported incidence of up to 48% [76]. A study by 
Essex et al., suggests that dirty wounds, delay in 
primary repair, and lens rupture increase the inci-
dence of endophthalmitis [77].

In cases of open-globe trauma, prophylactic 
intravitreal antibiotics at the time of primary 
repair reduces the risk of endophthalmitis, par-
ticularly in high-risk patients [78]. High-risk 
patients include patients with delayed presenta-
tion after injury of more than 24 hours, rural set-
ting, dirty wound, retained IOFB, and/or ruptured 
lens capsule [78].

Thus, recommendations for risk management 
after open-globe trauma include early primary 
repair and intravitreal antibiotics for those at high 
risk of intraocular infection.

Take-Home Notes
• Early presentation and management of 

traumatic cataracts are essential for 
good visual outcomes, and the ability to 
manage complications.

• For complex cases, an experienced team 
may be necessary to manage other 
sequelae. Appropriate imaging needs to 
be done prior to surgical intervention to 
identify additional damage from the 
traumatic insult. This may include the 
management of retinal detachments 
with retinal specialists, or anticipating 
posterior capsule rupture through imag-
ing prior to surgical intervention.

• Secondary IOL implantation, or staged 
procedures, can be used successfully for 
both children and adults to lead to good 
visual outcomes following open or 
closed trauma. However, aggressive 
visual rehabilitation and amblyopia 
therapy is needed for the management 
of amblyopia in children (even older 
than the age of 8).
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Traumatic Cataract

Thomas A. Oetting

 Briefly

Traumatic cataract present interesting challenges 
to the cataract surgeon. The cataract can present 
immediately after trauma with capsule rupture or 
years later. The traumatic cataract is associated 
with zonular, capsular, and iris issues, which 
must be addressed during the surgery. Vitreous 
prolapse around loose zonules can be particularly 

difficult and may require consultation with a vit-
reoretinal surgeon. The capsular and zonular 
issues lead to more deliberate and careful nuclear 
disassembly techniques. The typical steps for 
traumatic cataract are (1) attend to any vitreous, 
(2) anterior capsulotomy recognizing the need 
for possible capsule support, (3) support zonules 
with capsular rings or retractors for surgery, (4) 
careful nuclear disassembly; (5) support IOL for 
long-term stability, and finally (5) repair any iris 
injuries. Close follow-up with attention to possi-
ble glaucoma and retina sequelae is critical to 
long-term visual rehabilitation.

 Mechanism of Lens Trauma

Blunt trauma is more common than open globes 
and both can cause traumatic cataract. In adult 
patients, falls (older adults) and workplace inju-
ries (younger adults) are the most common causes 
of open globe injury [1, 2]. Blunt trauma is often 
associated with assault, and Shriver has shown 
particularly in women that blunt trauma can be 
associated with Intimate Partner Violence [3].

Blunt trauma is associated with cataract often 
complicated by weakened zonules (Table 33.1). 
A sector of weakened zonules can allow vitreous 
to prolapse into the anterior chamber. Rarely, 
blunt trauma alone can cause a rupture of the cap-
sule [4]. The cataract from blunt trauma can pres-
ent years later or within days of the trauma. 
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Key Issues
• If vitreous is present, deal with it first.
• Capsule and zonular issues complicate 

nuclear disassembly.
• Strategy for zonular support depends on 

extent of zonular damage.
• Repair traumatized iris after lens 

removal and placement of intraocular 
lens.

• Practice surgical techniques on simu-
lated eyes.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 
J. L. Alió et al. (eds.), Cataract Surgery, Essentials in Ophthalmology, 
https://doi.org/10.1007/978-3-030-94530-5_33

mailto:thomas-oetting@uiowa.edu
10.1007/978-3-030-94530-5_33
10.1007/978-3-030-94530-5_33
https://doi.org/10.1007/978-3-030-94530-5_33


390

Table 33.1 Trauma Mechanism

Mechanism
Cataract 
surgery issues Common issues

Blunt Weak zonules
Vitreous 
Prolapse
Torn capsule 
(rare)

Hyphema
Iridodialysis
Retinal dialysis
Commotio Retina
Ocular hypertension

Open globe
   Anterior 

penetration
Torn anterior 
capsule
Weak zonules
Analogous to 
radial tear

Ocular hypertension
Infection
Lens-induced 
inflammation

   Posterior 
penetration

Torn posterior 
capsule
Weak zonules
Analogous to 
posterior polar

Ocular hypertension
Infection
Lens-induced 
inflammation
Retinal dialysis
Iatrogenic after 
vitrectomy and 
intravitreal injection

   Perforating 
Lens

Torn anterior 
and posterior 
capsule
Weak zonules
Displaced lens 
material
Vitreous 
prolapse
Consider pars 
plana 
lensectomy

Ocular hypertension
Infection
Lens-induced 
inflammation
Retinal dialysis

Often, the cataract from blunt trauma progresses 
slowly and, even if immediate, can be usually 
removed when convenient.

Open globes are associated with traumatic 
cataract either due to blunt injury of the lens or 
penetration of the capsule (Table 33.1). Capsule 
injuries, either anterior or posterior, can make 
nuclear disassembly difficult particularly when 
hydro-dissection or rotation of the nucleus is 
required. Ocular Coherence Tomography and 
ultrasound can be useful to evaluate the status of 
the lens capsule [5, 6]. Penetrating lens injuries 
can be either anterior or posterior or in perforat-
ing injuries of the lens, both capsules can be 
 ruptured [7] Inflammation or glaucoma from lens 
particles can accelerate the need for removal of 
the traumatic cataract. However, waiting for trau-
matic corneal edema to resolve is often the best 
strategy for a definitive lens procedure. Often, 

with severe capsule trauma and especially with 
posterior lens material, the best strategy is a pars 
plana vitrectomy and lensectomy.

Iatrogenic lens trauma from past ocular sur-
gery or intravitreal injections is increasingly 
common [8–10]. Injury to the posterior capsule 
from intravitreal injection or from past pars 
plana vitrectomy can be difficult to detect but 
should be suspected in any rapid cataract fol-
lowing a retinal procedure. Laser vitreo-lysis 
procedures for symptomatic floaters have also 
been associated with capsular injury and cata-
ract formation [11].

 Vitreous First

The first step when approaching a traumatic cata-
ract is to detect or prevent vitreous prolapse. 
Staining vitreous in the anterior chamber is pos-
sible with triamcinolone, typically preservative- 
free [12, 13]. Removing the prolapsed vitreous 
can be done with an anterior approach, but the 
technique is most complete when the vitreous 
cutter is more posterior using a pars plana 
approach [14].

Sequestering the vitreous in areas of weak-
ened zonules can be helpful in traumatic cases. 
Arshinoff described a technique using both cohe-
sive and dispersive ophthalmic viscoelastic 
devices (OVD) to protect the cornea [15]. 
Fig. 33.1 shows a modification of his technique 
called the “sideways” Arshinoff shell. In this 
technique, a viscous dispersive OVD is first 
placed over an area of weak zonules (Fig. 33.1a) 
and the cohesive OVD is placed across from the 
weak zonules (Fig. 33.1b), which forces the dis-
persive OVD into the area of weak zonules, hope-
fully sealing off the vitreous from the anterior 
chamber.

Another nice technique to sequester the vitre-
ous is early placement of a capsular tension ring 
when you have a sector of zonular damage. 
Fig.  33.2 shows how early placement (before 
nuclear removal) can recenter the lens, helping to 
block the vitreous from coming forward. In 
Fig. 33.2a, the lens is clearly decentered with a 
sector of zonular weakness, but after placement 
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a b

Fig. 33.1 Sideways Arshinoff Shell. (a) first place dispersive OVD over the area of zonular weakness. (b) second place 
cohesive OVD across from area of weakness to wedge dispersive OVD into area of zonular weakness

a b

Fig. 33.2 CTR moves lens. (a) position of lens with weak zonules. (b) position of lens after placing the CTR

of the capsular tension ring (Fig. 33.2b), the lens 
is centered, reducing the risk of vitreous 
prolapse.

 Capsulotomy

When the traumatized anterior capsule is already 
torn, creating a capsulotomy large enough for 
nucleus removal is difficult. A perfect capsulot-
omy is centered and round [16]. A good capsu-
lotomy in a traumatic case is at least continuous, 
and centration and roundness are less important. 
Trypan blue and indocyanine green stain 
increases the capsule contrast by staining only 

the capsule and not the lens material [17, 18]. If 
the traumatic tear is central, then include that 
area in a larger continuous capsulotomy. Often 
the traumatic tear is peripheral, and the case is 
analogous to having a radial tear in a nontrau-
matic case where gentle techniques are used for 
nuclear disassembly.

When the capsule is intact, but the zonules are 
damaged, the capsulotomy can be difficult. It is 
important to center the capsulotomy on the lens 
and not on the pupil when the zonules are weak 
(Fig. 33.3). When the zonules are very weak, the 
capsule may not tear and the additional support 
of an iris hook (or several) for countertension can 
aid the capsulotomy (Fig. 33.4). The Femtosecond 
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Fig. 33.3 Center the capsulotomy on the lens and not the 
pupil

Fig. 33.4 An iris hook is used to apply countertraction 
during capsulotomy

Table 33.2 Supporting the bag during nuclear 
disassembly

Supporting the bag for nucleus 
disassembly Zonular loss
Early capsular tension ring (CTR)
   Cohesive OVD dissection
   Toward weak zonules

Up to 2–3 clock 
hours

Early capsular tension segment
   Support with iris hook
   Suture early

Up to 4–5 clock 
hours

Capsule retractors
   Place 1–4
   Remove before placing IOL

Up to 12 clock 
hours

Fig. 33.5 Aim the leading eyelet of the CTR toward the 
area of weak zonules

laser can quickly create a capsulotomy with little 
zonular stress in traumatic cases [19].

 Supporting the Zonules for Surgery

Following a continuous anterior capsulotomy, the 
anterior capsule can be used to support the lens 
during nuclear disassembly. The amount of sup-
port that is required depends on the amount of 
zonular loss (Table 33.2).

One of the most effective techniques for minor 
loss of zonular support is early placement of a 
capsule tension ring (CTR) [20]. The CTR dis-
tributes the support from the weak to stronger 
zonules and can center the lens. The CTR is par-
ticularly useful when the zonulopathy is not pro-
gressive and when only a sector of zonules is 
damaged. The primary concern with placing the 
CTR early is that the CTR can trap cortical mate-
rial and make cortical removal difficult. A key to 
early placement of the CTR is to use cohesive 
OVD dissection to create a space just under the 
capsule to place CTR (Fig.  33.2a) and not trap 
cortical material. Additionally, try to aim the 
leading CTR eyelet toward the weak area of zon-
ules to further reduce zonular stress (Fig. 33.5).
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Capsule retractors can fully or partially 
replace the zonular support to facilitate cataract 
surgery (Fig. 33.6). These devices are supported 
by a paracentesis and angle into the capsular bag 
to support the lens when the anterior capsule is 
intact. The surgeon can place only one or several 
to fully support the lens. While they only provide 
temporary support, they can be used during 
nuclear disassembly and then replaced with per-
manent support such as a CTR (Fig.  33.6). An 
alternative is to use a Capsular Tension Segment 
(CTS) held temporarily by an iris hook during 
surgery and then permanently attach the CTS fol-
lowing lens removal (Fig. 33.7).

After the zonules are supported with an intact 
capsulotomy, proceed with gentle nuclear disas-
sembly. The bottle height, vacuum, and flow rate 
of the pump should be lowered to allow slow and 
safe nuclear removal [21]. Surgeons should use 
the nuclear disassembly technique they are most 
comfortable with when zonules are loose. 
However, some surgeons feel that chopping tech-
niques place less stress on the zonules assuming 
that they are proficient with this technique 
[22–26].

 Nuclear Disassembly with Capsular 
Tears

Traumatic capsular tears make nuclear disassem-
bly difficult. The primary concern is that any 
pressure against the capsule will extend the 
 existing tear, allowing nuclear material to fall 
posteriorly. Also, additional tearing of the cap-
sule can make subsequent capsular support of the 
IOL impossible. Avoiding hydro-dissection in 
these cases is important as this step creates pres-
sure between the nucleus and the partially torn 
capsule. Nuclear disassembly techniques that do 
not require hydro-dissection or those that allow 
for a more controlled dissection between the cap-
sule and nucleus are preferred when the capsule 
is potentially deficient (Table 33.3).

Traumatic capsular tears are analogous to 
other situations cataract surgeons face. 
Techniques for a traumatic anterior capsule tear 
are like commonly used strategies for errant 
radial tears when a routine capsulotomy does 
not go well. Surgical strategies for the weak-
ened capsule of the posterior polar cataract are 
useful when we encounter a traumatic posterior 
tear [27, 28].

The strategy for traumatic nuclear disassem-
bly with a tear depends on the density of the lens 
(Table 33.3). If the lens is very dense and capsule 
support is compromised, consider conversion to 
an extracapsular surgery technique. Similarly, if 
the capsule is tentative and some nuclear material 
has likely already fallen posteriorly, then refer-
ring the patient for a pars plana vitrectomy with 
lensectomy is reasonable. Most of the cases with 

Fig. 33.6 Capsule retractors hold the capsule in place 
during lens removal and while placing the CTR

Fig. 33.7 An iris hook temporarily holds a CTS in place 
during lens removal
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Table 33.3 Techniques for nuclear disassembly with capsule tears

Technique Strategy Advantages Disadvantages
Bowl then 
collapse

No hydro-dissection
Sculpt out large bowl
Gentle dispersive OVD 
dissection
Remove lens with I/A or 
anterior vitrector

No hydro-dissection or rotation, so 
less likely to expand tear
Nice for soft lenses

Difficult with even moderate 
density lenses

Modified
stop and chop

No hydro-dissection
Sculpt long deep groove
Gently divide into 2 pieces
Hydro-delineation
Careful rotation and 
chopping
Low bottle height and 
vacuum

No hydro-dissection, so less likely to 
expand tear
Familiar

Difficult with soft or hard 
lenses

V groove Sculpt two long grooves
   join in subincisional area
   forms V shape
Gently divide into 3 pieces

No hydro-dissection or rotation, so 
less likely to expand tear
Nice for dense lenses

Difficult with soft lenses
V grooves can be hard to 
produce

Pars plana
Vitrectomy
Lensectomy

Pars plana vitrectomy
Lens removal

No capsule required for lens removal Big setup
May need retina surgeon

existing traumatic capsule tears can be handled 
with anterior segment approaches that vary 
depending on lens density.

When the lens is soft with a capsular tear pres-
ent, the surgeon can simply sculpt out a central 
bowl with the phacoemulsification handpiece. 
The remaining material can then be removed 
after gentle hydro-delineation or OVD dissec-
tion. This allows the lens material to prolapse on 
itself with less outward pressure against the 
weakened capsule.

When the lens is of medium density, the sur-
geon should first sculpt a central deep groove 
and then divide the lens into two pieces without 
rotation or hydro-dissection. Hydro-delineation 
is then directed into the side of the groove, pos-
sibly freeing the central nucleus. Because the 
lens is already cracked centrally, fluid that inad-
vertently tracks into the subcapsular area can 
vent through the divided lens, reducing pres-
sure on the weakened capsule. The space 
formed by the groove allows the two halves to 
fold inward, which creates less pressure on the 
weakened capsule.

When the traumatic cataract is very dense, 
consider pulling out an old but robust technique. 
Dr. Charles Kelman described the “V groove” 
technique also sometimes referred to as the 

Victory groove in 1994 [27]. The surgeon sculpts 
two grooves that intersect in the subincisional 
space to form a V or lambda shape (Fig. 33.8a). 
The V groove separates the nucleus into three 
pieces. The three pieces are divided with instru-
ments as in Gimbal’s divide and conquer [22]. 
The separation of the entire nucleus occurs with-
out rotation and without dissection (Fig. 33.8b). 
This technique is ideal for dense lenses with a 
suspected capsular tear such as in posterior polar 
cataract [28].

 Supporting the Intraocular Lens

After the traumatic cataract is removed, the IOL 
is placed using the remaining capsule if present. 
Table 33.4 summarizes IOL placement depend-
ing on the amount of capsule and zonular support 
that remains. Rarely, the IOL placement is done 
at a subsequent procedure if additional devices 
are needed for IOL placement.

Using only an IOL and a CTR, the surgeon 
can handle a broad spectrum of zonular defi-
ciency (Table 33.4). With only minimal zonular 
loss, a simple 3 piece can be oriented so that the 
haptics axis provides maximum centration. 
Implanting a CTR gives even more support. A 
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a b

Fig. 33.8 V groove technique. (a) make 2 grooves that intersect in the subincisional space. (b) break the nucleus into 
3 pieces with the grooves without rotation or hydro-dissection.

Table 33.4 Supporting the intraocular lens (IOL)

Supporting the IOL Zonular Loss
3-piece IOL
   Haptic toward weak zonules
   Gentle placement

Up to 1 clock hour

Capsular tension ring (CTR)
   IOL in bag
   Haptic location not important

Up to 2–3 clock 
hours

CTR with capture
   Traditional optic capture
   Haptics in sulcus, optic in bag

Up to 4–5 clock 
hours

CTR and capsular tension segment 
(CTS)
   IOL in bag
   Many fixation techniques

Up to 6–8 clock 
hours

CTR and 2 CTS
   May need to place CTS first
   IOL in bag

Up to 12 clock 
hours

Intra scleral haptic fixation (IHSF)
   Yamane
   Agarwal Glued IOL
Sutured IOL
   Scleral
   Iris
Anterior chamber IOL
   Angle supported
   Iris clip supported

No Capsule
Fig. 33.9 Traditional optic capture with the haptics in the 
sulcus and the optic in the bag

very interesting option is to use a CTR and a 3 
piece IOL in the traditional optic capture config-
uration [29, 30]. Traditional optic capture is very 
stable with the haptics in the sulcus and the optic 
in the bag (Fig. 33.9). The haptics in the sulcus 

give immediate support, and the captured optic 
help prevent phimosis, which can cause subse-
quent decentration.

In the setting of an intact anterior capsule and 
posterior capsule tear, optic capture is useful. 
Traditional optic capture with 3-piece haptics in 
the sulcus and the optic posterior and captured by 
the capsule is more stable than simply placing the 
entire IOL in the sulcus [29]. Reverse optic cap-
ture with haptics in the compromised bag and the 
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optic captured anteriorly is another option even 
for single piece acrylic IOLs [31].

The CTS adds additional support when 
attached to the sclera [32]. Many techniques have 
been described to attach this device to the sclera 
including prolene and gortex suturing techniques 
[32–34], sliding suture techniques [35], and using 
the Canabrava double flange technique [36]. 
When 2 CTS are used together with a CTR, an 
IOL can be supported in the bag with no real 
zonular support [32].

When the capsule does not support an IOL, 
there are many techniques to support an IOL with 
iris or scleral tissue (Table 33.4). Wagoner’s clas-
sic study [37], recently confirmed by Shen’s task 
force paper [38], does not support using one tech-
nique over another. The surgeon should use the 
technique they are most comfortable with when 
faced with no capsular support.

 Repair the Iris Last

The techniques for repairing traumatic iris 
damage are outside the scope of this chapter. 
The iris damage should be repaired after the 
lens is removed and the IOL is placed. An iris 
hook can be used to hold damaged iris away 
from the operative field until the end of the case 
when the surgeon is ready for iris repair. The 
iris can also be repaired in a subsequent proce-
dure if the surgeon is not experienced with iris 
repair techniques.

 Practicing These Techniques

Simulation techniques have dramatically 
improved with the advent of very realistic artifi-
cial eyes. Rogers showed that practicing tech-
niques with structured simulation can shift the 
learning curve and lessen complications of early 
cases [39]. Practicing on artificial eyes in the 
operating room is a high-fidelity simulation as 
the surgeon uses the same microscope and phaco-
emulsification machine used for patients 
(Fig. 33.10).

References

 1. Beshay N, Keay L, Dunn H, Kamalden TA, Hoskin 
AK, Watson SL.  The epidemiology of Open Globe 
Injuries presenting to a tertiary referral eye hospital in 
Australia. Injury. 2017;48(7):1348–54.

 2. Bauza AM, Emami P, Soni N, Holland BK, 
Langer P, Zarbin M, Bhagat N.  A 10-year review 
of assault-related open-globe injuries at an urban 
hospital. Graefes Arch Clin Exp Ophthalmol. 
2013;251(3):653–9.

 3. Cohen AR, Renner LM, Shriver EM.  Intimate part-
ner violence in ophthalmology: a global call to action. 
Curr Opin Ophthalmol. 2017;28(5):534–8.

Fig. 33.10 Phillips PS35 artificial eye to practice place-
ment of capsular retractors
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Femtosecond Laser in Complex 
and Complicated Cases

H. Burkhard Dick and Ronald D. Gerste

 Introduction

Femtosecond laser cataract surgery is an estab-
lished procedure whose precision, safety, and 
predictability have proven extremely valuable in 
countless surgeries all over the world. It is par-
ticularly benefitting for patients who will receive 
an innovative intraocular lens (IOL) like, for 
instance, a toric IOL, a bag-in-the-lens IOL, a 
potentially accommodative IOL, a multifocal 
IOL. But laser cataract surgery (LCS) is not just 
for the healthy, uncomplicated patient without 
any noteworthy medical history, without any ocu-
lar comorbidity. The technology has by now time 
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Bullet Points
• Laser cataract surgery has proved to be 

safe and effective in many cases of ocu-
lar comorbidities; the procedure, how-
ever, might be off-label in such complex 
situations.

• In intumescent cataract, a minicapsulot-
omy prior to the "real" one reduces 
intralenticular pressure and helps avoid 
the so-called Argentinian flag 
syndrome.

• Miosis caused by laser-induced prosta-
glandin release can be prevented by a 
speedy procedure and by preoperative 
application of NSAID (nonsteroidal 
anti-inflammatory drug) eye drops.

• Since there is some indication of a 
lower probability of postoperative cys-

toid macular edema than after standard 
cataract surgery, laser cataract surgery 
(LCS) may be preferable to conven-
tional phacoemulsification in retinal 
disease where any (additional) inflam-
matory stimulus has to be avoided.

• Contraindications against the use of the 
femtosecond laser in cataract surgery 
are most of all: certain facial features 
that prevent proper docking, obesity that 
makes lying on the treatment bed impos-
sible, tremors like in Parkinson's dis-
ease, claustrophobia and other forms of 
anxiety, severe deformations of the 
spine.
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and again been successful in cases that pose a 
challenge for the surgeon and usually comes with 
significant risk for the patient. This is reflected 
less in studies but rather in case reports and small 
series, particularly when rare conditions are con-
cerned. In the hands of an experienced surgeon, 
the femtosecond laser offers chances for patients 
that have often been deemed problematic. It has 
to be noted, however, that some if not most of 
these interventions are considered off-label, in 
particular since the manuals provided by the 

manufacturer are in general quite restrictive when 
it comes to indications and quite generous with 
alleged contraindications.

In the following, we will review the use of the 
femtosecond laser in the cataract surgery of 
patients that come with pathologies beyond a 
simple lens opacification. This chapter does in no 
way claim completeness  – some challenging 
cases like pediatric cataracts are featured in other 
chapters – and rather strives to give an impres-
sion of the possibilities offered by LCS. It is still 
an evolving technology, and its limits have not 
been reached yet.

 Corneal Pathologies

While laser application is rightfully excluded in 
cases of severe corneal opacifications and mas-
sive corneal opacities, in eyes with a paracentral 
opacity where preoperative imaging can demon-
strate that the extent of the scar lies outside the 
laser delivery zone, the femtosecond laser may be 
used (Figs. 34.1, 34.2, 34.3, and 34.4). The loca-
tion of the capsulotomy and the depth and energy 

Fig. 34.1 Corneal scars (after keratitis epidemica) 
marked using chalk for LCS

Fig. 34.2 Fitting and adjusting the capsulotomy according to the marked scars (laser monitor view)
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Fig. 34.3 Lasing the capsulotomy after capsulotomy adjustment (laser monitor view; infrared camera)

Fig. 34.4 View through OR microscope after laser cap-
sulotomy has been performed

parameters can be modified to successfully per-
form a capsulotomy while avoiding the area of 
the corneal scar as delineated by intraoperative 
imaging. [1] Grewal et al. described a case where 
the ability to customize the laser to treat through 
central and paracentral clear cornea permitted a 
perfect though slightly smaller (4.7 mm) than 
usual capsulotomy and the surgery was success-
fully completed. [2] The intraoperative OCT pro-
vided by some laser platforms has been described 
by Hou et al. as very helpful in customizing the 

position and tilt of the capsulotomy in eyes with 
a distorted anterior capsule, which they encoun-
tered in a patient with Peters' anomaly type 2, a 
condition with central corneal opacification and 
often corneolenticular adhesions. In this case, the 
customization of the laser settings led to a well- 
centered capsulotomy and the intervention 
resulted in a (given the severity of the disease) 
good visual acuity [3].

There is, under the right circumstances, no 
need to refrain from LCS in patients who had 
previously undergone penetrating keratoplasty. 
Martin et al. reported treating 12 postpenetrat-
ing keratoplasty patients with LCS. Docking in 
all cases was successful. The authors suggested 
increasing the energy level if required, due to 
reduced corneal clarity. Their initial settings 
were between 10 and 12 μJ with final settings 
reduced to 6 μJ. [4] Nagy et  al. reported a 
33-year-old man who underwent laser cataract 
surgery following penetrating keratoplasty. 
Intraoperative OCT identified the scar at the 
graft-host junction, and the scar did not inter-
fere with the laser capsulotomy. This group 
required no ultrasound to remove the lens; the 
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endothelial cell count remained unchanged up 
to a year after surgery [5].

As mentioned above, the significant reduction 
in effective phaco time (EPT) seems to result in a 
remarkable decrease of endothelial cell loss: in 
one of our studies, it was limited to 8.1% three 
months postoperatively after LCS compared to 
13.7% after traditional phacoemulsification. This 
leads to the conclusion that the technique might be 
particularly beneficial in eyes with a low preopera-
tive endothelial cell count like in cases of cornea 
guttata and Fuchs dystrophy [6]. Patients with 
Fuchs dystrophy have been identified by Hatch 
et  al. as those  – together with patients suffering 
from pseudoexfoliation, brunescent cataracts, and 
individuals with a history of trauma – who may 
particularly benefit from this technology. [7] This 
was reinforced by a study from Singapore that 
focused on the postoperative loss of endothelial 
cell density (ECD) in 140 eyes with Fuchs endo-
thelial dystrophy of which 68 underwent femto-
second laser cataract surgery and 72 underwent 
standard phacoemulsification. Eyes with mild cat-
aract in the phacoemulsification group had a mean 
ECD loss of 10.7% and those with moderate or 
hard cataract of 19.5%. This loss was significantly 
smaller following LCS with a mean of 0.9% in 
mild and 8.2% in moderate and hard cataracts, 
leading the authors to conclude that there is less 
risk of corneal decompensation to these vulnerable 
eyes if they are exposed to reduced ultrasound 
energy due to the laser procedure. [8]

 Brunescent and Intumescent White 
Cataracts

Brunescent cataracts, for instance, usually require 
an increased phacoemulsification time and are at 
higher risk for thermal and mechanical injuries to 
the cornea and corneal edema. In a study on 240 
eyes, LCS was more effective than phacoemulsi-
fication in fragmenting the advanced cataract in 
so far as requiring far less effective phacoemulsi-
fication time (EPT). In eyes with LOCS III grade 
3 cataracts, EPT ranged from 0.46 to 3.10 sec-
onds (mean 1.38) in the phacoemulsification 
group, while it was zero in the LCS group. In 

eyes with grade 4 brunescent cataracts, EPT was 
2.12 to 19.29 seconds (mean 6.85) in the phaco-
emulsification group and 0 to 6.75 seconds (mean 
1.35) in the LCS group. [9]

A comparable situation exists with intumes-
cent cataracts – described in more detail in another 
chapter – which usually pose a challenge to the 
surgeon since they tend to have increased intral-
enticular pressure due to liquefication of the cor-
tex. This often comes along with a swelling and 
consecutive thickening of the intumescent white 
lens as well as a flat anterior chamber. (Fig. 34.5) 
To release this pressure, a minicapsulotomy tech-
nique where a smaller capsulotomy is initially 
performed to release the intralenticular pressure 
(Video 34.1). With a diameter of 2.0 mm and 4 μJ 
pulse energy, this treatment usually leads to the 
discharge of lens material into the anterior cham-
ber. This first step to release the pressure is fol-
lowed by redocking to the laser and a second 
larger capsulotomy, usually with a diameter of 4.5 
to 5.1 mm. If any capsule bridges remain, homog-
enous injection of ophthalmic viscosurgical 
device (OVD) in the anterior chamber and the 
dimple-down maneuver followed by the use of a 
microforceps to ensure complete capsular dissec-
tion through a paracentesis is performed. 
Identification of the anterior capsule by the laser 
platform's imaging system has been possible in all 
of our cases. [10] This procedure seems to render 
operating on intumescent cataracts relatively 
safe – and probably more so than manual capsu-
lorhexis with its potential for complications. [11]

 Small Pupil – Primary or Laser 
Induced

A small pupil is a problem in conventional cata-
ract surgery and it is not much different in LCS: 
if the pupil is smaller than the intended diameter 
of the laser-guided capsulotomy, the procedure is 
no longer possible in the normal way. It is impor-
tant – particularly in how this problem is going to 
be solved – to distinguish between a preexisting 
small pupil (after application of mydriatics and 
before the laser is docked and employed) and a 
small pupil following laser treatment. [12] A 
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Fig. 34.5 Spectral- 
domain- assisted optical 
coherence tomography 
demonstrating a thick 
lens and a flat anterior 
chamber (intraoperative 
LCS view)

small pupil can make not only conventional cata-
ract surgery but also laser cataract surgery more 
difficult. Most laser platforms have a capsulot-
omy diameter of 5.0  mm as a default setting, 
which means that a pupil size at least slightly 
larger would be desirable. Of course, the surgeon 
can choose a smaller capsulotomy, but the risk of 
capsular phimosis is reported to increase with 
diameters below 4.0 mm [1].

A poorly dilated pupil can be expected in eyes 
with comorbidities like pseudoexfoliation, glau-
coma, chronic uveitis, and zonular dehiscence as 
well as after previous surgery and in eyes with 
floppy iris syndrome. A first step to resolve that 
problem would be the intracameral application of 
epinephrine. If this turns out to be unsuccessful, 
an OVD combined with a mydriatic drug will be 
given. There are a number of devices available 
that provide a pupil large enough to safely and 
effectively perform laser cataract surgery if these 
pharmacological options do not lead to the 
desired result. Iris retractors, for instance, can be 
used with or without ophthalmic viscosurgical 
devices (OVDs) (Fig. 34.6a, b, c). In the former 
case, the laser settings should be adjusted due to 

the presence of OVD in the anterior chamber. In 
these cases, a higher pulse energy (like 10 μJ) is 
recommended. The Malyugin ring is another 
device that helps in cases of preoperatively small 
pupils. Complete OVD removal is recommended, 
since more small adhesions of the anterior 
capsulotomy were observed when the anterior 
chamber was still filled with the viscoelastic [13] 
(Figs. 34.6 and 34.7).

Soon after the introduction of the femtosec-
ond laser into cataract surgery, first reports of 
intraoperative miosis in some patients surfaced. 
[14] The cause of this problem – and it can be a 
problem since small pupils can increase the dif-
ficulty of the surgery and lead to higher compli-
cation rates during lens removal  – was soon 
identified: it is the release of prostaglandins by 
the laser treatment, as is described in another 
chapter of this book. It has been well known for 
some time that prostaglandins appear in the aque-
ous humor following different mechanical or 
thermal stimuli. The principal source for prosta-
glandins in the eye is the nonpigmented epithelial 
layer of the ciliary body. In 113 patients aqueous 
humor was collected during cataract surgery right 
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Fig. 34.6 (a) Treatment planning overlay for LCS in a 
small pupil dilated by iris retractors. (b) Laser treatment 
of an advanced cataract in a pupil dilated using iris retrac-

tors. (c) Laser fragmentation is completed in an eye with a 
small pupil and advanced a small pupil and advanced 
cataract dilated using iris retractors

a

b
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after femtosecond laser treatment; in the control 
group of 107 eyes samples were taken just before 
commencing conventional phacoemulsification. 
These probes showed significant differences. In 
the femtosecond laser group, the average level of 
prostaglandin E2 in one part of the study was 182 
pg/ml – more than tenfold the concentration of 
PGE2 in the control group, which was 17.3 pg/ml. 
[15] Besides a speedy transition from laser 
 treatment to the manual conclusion of 
the  procedure, administering nonsteroidal anti- 

c

Fig. 35.6 (continued)

Fig. 34.7 Preoperative 
posterior capsular 
rupture induced by 
inadvertent injection of a 
corticosteroid carrier 
into the lens: 
intraoperative SD OCT 
verifies the 
intralenticular position 
and rupture (sagittal 
view)
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inflammatory drugs (NSAID), one eye drop three 
times on the day of surgery before initiating treat-
ment, has proven to reliably prevent miosis. [16]

 Posttraumatic Cases

The Hungarian group that first introduced the 
femtosecond laser into cataract surgery per-
formed LCS successfully on a 38-year-old man 
who suffered a penetrating eye injury while 
working with wire. The corneal laceration was 
sutured immediately after the trauma; the corti-
cal cataract that developed soon after was oper-
ated upon in a second session with the laser 
performing a relatively small capsulotomy (4.5 
mm). One month postoperatively, the patient had 
a corrected distance visual acuity (CDVA) of 
0.9. [17] A completely different approach was 
used by our team in treating a 39-year-old patient 
who had suffered a penetrating injury of both the 
cornea and the anterior capsule with an intralen-
ticular foreign body. A large capsulotomy diam-
eter of 6.7 mm was chosen (with a dilated pupil 
diameter of 7.6 mm) to include the foreign body 
area and the break in the anterior capsule. The 
procedure (which needed no lens fragmentation) 

proved what a safe method the femtosecond 
laser can be to open the capsule precisely and 
gently, particularly under such delicate circum-
stances. One week postoperatively, the CDVA 
had already improved to 0.8 (logMAR +0.1). In 
a larger number of cases like that, it might be 
feasible that the complication rate turns out to be 
lower than after conventional lens removal due 
to less mechanical manipulation. [18] In an even 
more severe case, femtosecond laser cataract 
surgery was successful in a posttraumatic cata-
ract with lens subluxation and vitreous in the 
anterior chamber, which did not hamper the 
effect of the laser. Here the option to customize 
capsulotomy and fragmentation settings once 
again proved valuable and despite the severity of 
the case, postoperative uncorrected visual acuity 
of 20/20 and a flawless positioning of the IOL 
were achieved. [19]

If a capsular rupture already occurred making 
lens/cataract surgery necessary, the femtosecond- 
laser- assisted capsulotomy (e.g., in Nd:YAG vit-
reolysis, intravitreal drug injection) is very 
helpful because it offers a perfectly centered and 
sized anterior capsulotomy for subsequent optic 
capture of the three-piece intraocular lens placed 
into the ciliary sulcus (Figs. 34.8 and 34.9).

Fig. 34.8 Intraoperative camera view of the steroid in the lens before activation of the laser-assisted capsulotomy
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Fig. 34.9 Filter bleb at 12 o’clock after trabeculectomy 
with mitomycin C before docking the laser system to the 
eye

 Zonular and Capsular Instability

Zonular weakness is associated with an increased 
likelihood if complications occur in cataract sur-
gery. Clinical signs that point to this condition 
are lens subluxation, straightening of the lens 
equator, and irododonesis or phacodonesis. Since 
there is less tension in the anterior capsule, the 
force that has necessarily to be applied to  perform 
capsulorhexis or, in the case of the laser, capsu-
lotomy is larger than usual. Since the laser does 
not – unlike manual capsulorhexis – depend on 
zonular countertraction during this step, it offers 
significant benefit for these patients among whom 
Marfan syndrome is a classic example of a condi-
tion with zonular weakness. [1] We could prove 
this superiority of the laser in a 10-year-old boy 
with Marfan syndrome and associated ectopia 
lentis in both eyes who underwent successful 
LCS under general anesthesia in the right eye. In 
this case, the laser was not employed for lens 
fragmentation but rather to perform a relatively 
small (4.1 mm) capsulotomy. A foldable plate- 
haptic IOL was implanted in the young patient. 
There were no complications within the 10 weeks 
of follow-up; the CDVA was 0.8. [20]

Sometimes after cataract surgery, capsular bag 
fibrosis can lead to capsule contraction syn-
drome, also known as capsule fibrosis, which 
may cause a dislocation of the IOL or even retinal 
detachment. Manual widening of the capsule 
requires considerable surgical skills and may 
result in additional trauma in eyes with weakened 
zonular fibers. While applying a Nd:YAG laser 

might be effective, in eyes with dehiscent zonular 
fibers, the relatively high laser energy may fur-
ther weaken the zonula fibers and destabilize the 
IOL position. With the femtosecond laser- 
emitting pulse energies in range of several micro-
joules, a contracted capsule can easily and safely 
be employed to extend a capsulorhexis even in 
eyes with severe fibrosis. In 3 patients, the laser 
capsulotomy was performed with diameters 
between 4.4 and 5.0 mm and pulse energy of 15 
mJ.  After laser treatment, the dense ring of 
fibrotic tissue was removed with a microforceps 
through a 1.2 mm incision. [21]

 Retinal Disease

The last thing that patients suffering from AMD 
and other retinal diseases need is an additional 
inflammatory stimulation as it is an almost 
unavoidable consequence of cataract surgery. 
Inevitably, inflammatory mediators are released 
by the trauma of the intervention. According to 
existing studies on that matter, LCS might not do 
worse and may be even better than traditional 
phacoemulsification. Abell et  al., for instance, 
demonstrated that postoperative aqueous flare 
was significantly greater in eyes that had under-
gone manual cataract surgery at 1 day and at 4 
weeks postoperatively than in eyes after LCS. 
[22] Conrad-Hengerer et  al. published similar 
results: when comparing 104 eyes that underwent 
laser cataract surgery with 104 fellow eyes, which 
had manual phacoemulsification, laser flare pho-
tometry showed higher levels in the standard 
group at the first postoperative visit 2 hours after 
surgery compared with the laser group. In the 
same study, retinal thickness was measured by 
spectral-domain optical coherence tomography. 
No significant differences could be detected, 
indicating that LCS did not obviously influence 
the incidence of postoperative macular edema. 
[23] Indeed, in a meta-analysis by Day et  al., 
LCS was associated with a lower probability of 
postoperative cystoid macular edema than stan-
dard cataract surgery (odds ratio, OR: 0.58) with 
the reduced exposure to ultrasound energy as one 
likely aspect for explanation. [24]
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A group from Switzerland has investigated 
whether there are differences in postoperative 
macular thickness, central macular volume, 
best- corrected visual acuity, and the number of 
anti- VEGF injection in patients with exudative 
age-related macular disease depending on the 
mode of cataract surgery, that is, laser-assisted 
compared to standard phacoemulsification. In 
none of these parameters was a significant dif-
ference found in 140 eyes over a mean follow-
up of 619 days. More striking was the fact that 
in 33 eyes with "wet" AMD that had OCT mea-
surements within 2 weeks of cataract surgery, 
the central macular volume was significantly 
lower in those eyes that had received laser treat-
ment. [25]

 Glaucoma

In some laser systems, a slightly curved trans-
parent window is pressed against the cornea. 
This potentially strong deformation of the eye 
during docking can result in a significant rise of 
intraocular pressure (IOP). Particularly in 
elderly patients with ocular comorbidities, a 
major IOP elevation can restrict retinal blood 
flow, which poses a risk for optic nerve damage. 
Peer- reviewed data has shown that systems with 
a fluid-filled interface are safe for most glau-
coma patients. A liquid immersion interface is 
an alternative solution for reducing eye defor-
mation and the associated IOP elevation. [26] 
When these precautions are taken, it seems 
unlikely that the relative short time of docking 
could contribute in any way to glaucoma pro-
gression. Structural changes to the optic nerve 
head as a result of LCS have been ruled out by 
Renones et al.; the group in which they exam-
ined parameters like retinal nerve fiber thick-
ness, macular thickness, and Bruch's membrane 
opening-minimum width rim by spectral-
domain optical coherence tomography 
(SD-OCT) preoperatively and one month as 
well as six months after surgery consisted, how-
ever, of healthy, nonglaucomatous eyes. [27]

Uncontrolled IOP was described in 0.2% of 
2,814 patients (of which 4% were labelled as 

glaucoma patients) undergoing LCS by Manning 
et al. [28]. In a Cochrane review comparing post-
operative elevated intraocular pressure one day to 
one week after surgery, LCS was in comparison 
to standard phacoemulsification awarded an odds 
ratio (OR) of 0.57 with statistically 11 cases per 
1000 compared to 20 cases per 1000 following 
phacoemulsification. [24]

Concerns about any negative effect of LCS on 
glaucomatous eyes have probably been laid to 
rest by the study published by Shah et al. in 2019. 
In this retrospective case series, 278 eyes diagno-
ses with glaucoma or suspected of glaucoma and 
226 nonglaucomatous eyes in a control group 
underwent laser cataract surgery. On the first 
postoperative day, the mean IOP had risen in the 
glaucoma group more (by 3.4  mm Hg versus 
2.0  mm Hg) than in the control group. At one 
week, the IOP had returned to baseline; after a 
month, there was a distinct IOP reduction that 
was sustained through 3 years in the glaucoma/
glaucoma suspect group. [29]

Docking the laser might seem hazardous in an 
eye that earlier had undergone trabeculectomy 
(Fig. 34.10). Some laser systems list this condi-
tion as a contraindication against LCS; checking 
the laser platform's manual, therefore, is recom-
mended when planning an operation in a patient 
with a history of filtering glaucoma surgery. 
Indeed, there is an increased risk of bleeding 
when the interface touches the bleb area. In our 
experience – this precaution has to the best of our 
knowledge currently not been evaluated in the lit-
erature – it has been proven to be extremely help-

Fig. 34.10 Intentionally decentered docking of the same 
eye keeping the filtering bleb area free
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ful to administer brimonidine eye drops prior to 
the intervention to prevent or minimize any 
bleeding. Furthermore, when gently and slowly 
lowering the interface during the docking pro-
cess, we aim at a decentralized area of contact to 
avoid the segment of the surface where the bleb is 

located (Figs. 34.11 and 34.12). Some laser sys-
tems then allow a careful realignment to have the 
interface positioned correctly without touching 
the bleb and its surrounding conjunctiva. It works 
well in the hands of an experienced surgeon but is 
definitely a challenge (Figs. 34.13 and 34.14).

Fig. 34.11 Intraoperative view of the laser system monitor with an intentionally decentered eye because of a pre- 
existent bleb

Fig. 34.12 Intraoperative situs after laser fragmentation 
and undocking showing slight bleeding of the conjunctiva 
in an eye with a filtering bleb after trabeculectomy (with-
out preoperative administration of brimonidine)

Fig. 34.13 Intraoperative situs after laser capsulotomy 
and undocking showing minimal bleeding of the conjunc-
tiva in an eye with a filtering bleb after trabeculectomy 
(with the preoperative use of brimonidine)
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Fig. 34.14 Eye with eight radial keratotomies before 
docking for LCS (intraoperative view through the 
microscope)

 Postvitrectomy 
and Postkeratotomy Eyes

A problem with eyes that had undergone vitrec-
tomy can be posed by residual silicone oil, which 
can move into the interior chamber and there 
cause damage to the corneal endothelium or 
increase the IOP. In this location, silicone oil can 
both negatively influence the laser's imaging sys-
tem, for instance, the OCT, and impair the 
 delivery of the laser pulses. To detect such oil 
particles, meticulous preoperative gonioscopy 
and/or anterior segment OCT is advised. It is also 
recommended to inject blue dye into the anterior 
chamber to stain the anterior capsule, which 
makes it easier to verify the integrity and com-
pleteness of the capsulotomy in these eyes. [1] 
That these eyes can, despite all difficulties, be 
operated successfully on has been, among others, 
shown by Grewal et al. in two cases. [30]

In a study by Wang et al., it was documented 
that there were no differences in postoperative 
visual acuity in eyes that had previously under-
gone vitrectomy between those who had laser 
cataract surgery and those who had phacoemulsi-
fication. Striking was the difference in the need 
for Nd:YAG treatment for posterior capsule 
opacification (PCO): 16% in the LCS group ver-
sus 48% in the phacoemulsification group. It has 
to be noted that the authors  – who described a 
trend to better intraoperative and postoperative 

outcomes after LCS – compared the last 25 sur-
geries in postvitrectomy eyes before the acquisi-
tion of a femtosecond laser with the first 25 
surgeries after the device's installation, which 
means these good results were even achieved 
while being at the beginning of the surgical learn-
ing curve. [31]

 Eyes After Radial Keratotomy

Another challenge in an eye with a surgical his-
tory is performing LCS in a patient who had – 
probably in the pioneering days of refractive 
surgery – undergone radial keratotomy. Just like 
in posttrabeculectomy eyes (as described above), 
there are some areas that the surgeon would try to 
avoid  – in this case, the (usually) six or eight 
radial keratotomy incisions (Fig.  34.14). The 
excellent imaging system of modern laser plat-
forms, surgical skill, and a certain amount of 
patience make LCS possible even in these cases 
(Fig. 34.15). We have described a small number 
of postkeratotomy eyes whose anterior segments 
were visualized with the femtosecond laser's 
integrated three-dimensional optical coherence 
tomography. Guided by this precise imaging, it 
was then possible to position the laser corneal 
incisions between the radial keratotomy inci-
sions. None of these patients suffered complica-
tions like corneal perforation, anterior capsular 
tears, or discontinuities (Fig.  34.16). A note of 
caution should be added, though. Our group was 
small and we (and, more importantly, the patients) 
may have been exceptionally lucky. There are 
personal reports from other surgeons who 
described LCS in post-RK eyes as less than 
promising. It has to be kept in mind that this is a 
group of patients who will in the near future 
increase in numbers in our practices and will cer-
tainly pose a challenge. They have been the first 
generation of patients in modern refractive, hav-
ing undergone such a procedure in the 1980s and 
1990s. These individuals are now reaching the 
age in which cataract surgery will become a 
necessity. [32]
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Fig. 34.15 Femtosecond laser capsulotomy and lens fragmentation in an eye with eight radial keratotomies (view of 
the screen of the laser system)

Fig. 34.16 End of the LCS procedure in a post-RK eye 
(intraoperative view through the microscope)

 Alport Syndrome

Alport syndrome is a relatively rare genetic dis-
ease whose ocular manifestations – renal failure 
and deafness are its main features – include ante-
rior lenticonus and diverse retinal abnormalities. 
Femtosecond laser cataract surgery with intraop-
erative aberrometry led to a safe and successful 
intervention in a 38-year-old patient, as Orts-Vila 
et al. have recently reported. Since the laser plat-
form's OCT cannot precisely identify the anterior 

capsule, because in these eyes, the normal pattern 
recognition does not work, the imaging systems 
will be operated manually. Intraoperative aber-
rometry was in this case also used to verify the 
positioning of the axis of the toric IOL that the 
patient received. In eyes of Alport patients, a 
higher fragility of the anterior capsule can be 
expected; capsulotomy in these cases can benefit 
from the consistency and predictability that the 
laser provides. [33] A similar case, a 25-year-old 
man with bilateral progressive vision loss due to 
anterior lenticonus and anterior polar cataract, 
was reported by Hipolito-Fernandes et  al.; fol-
lowing LCS and IOL implantation in the capsular 
bag, the patient had an uncorrected visual acuity 
of 20/20 one month postoperatively [34].

 Posterior Capsulotomy

The introduction of the femtosecond laser into 
cataract surgery was, however, a game-changer 
not only for performing (anterior) capsulotomy, 
corneal incisions, and lens fragmentation but also 
potentially for what we now call primary posterior 
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laser capsulotomy (PPLC). We used the integrated 
spectral-domain optical coherence tomography 
(SD-OCT) of a laser system to study the size of 
the Berger space (space between the posterior 
capsule and the anterior hyaloid) at the end of sur-
gery after IOL implantation. The Berger space, 
which is essential for the success and effect of 
PPLC since it provides a separation between pos-
terior capsule and anterior hyaloid membrane, 
was larger than 400 mm in 72% of the patients. 
After IOL implantation, the patient is redocked to 
the laser and the primary posterior laser capsulot-
omy is performed (treatment time from 2.4 to 2.6 
seconds). As in an anterior capsulotomy, small 
bubbles are seen. Immediately after treatment, the 
posterior capsule disk started to contract (triangu-
larly, quadrangularly, pentagonally, or hexago-
nally), a process that can be followed on the laser 
system's screen. The eye is undocked and the 
patient swiveled back under the operating micro-
scope to determine whether the posterior capsu-
lotomy was well centered and free-floating for 
360 degrees. No further manipulations are made. 
In our group of 65 eyes that received PPLC, 
results did not significantly differ from standard 
phacoemulsification in the occurrence of macular 
edema, IOP, laser flare values, visual acuity, and 
IOL centration. Primary posterior laser capsulot-
omy currently represents  off- label treatment; laser 
software and IOL design have not been adjusted 
or optimized. Preliminary results give hope that 
PCO formation can be significantly reduced by 
this intervention. [35, 36]

 When Really Not to Resort to LCS

There are some genuine contraindications to the 
employment of the femtosecond laser in cataract 
surgery. Certain anatomical features of some 
patients (fortunately only a tiny minority) render 
contact of the interface with the ocular surface 
difficult or outright impossible like deep-set eyes 
and/with small interpalpebral fissures. The spe-
cial situation the patient finds himself or herself 
on the treatment bed, in a rather constricted 
space, unable or rather not permitted to move 
even slightly, precludes LCS for people who tend 

to suffer from claustrophobia and related forms 
of anxiety. Conditions with a more or less con-
stant tremor like Parkinson's disease may pro-
hibit the use of the femtosecond laser, the same 
applies to individuals with restless legs syn-
drome. Very obese people might not be properly 
placed on the treatment bed and under the laser's 
interface. Severe deformations of the spine like 
an advanced kyphosis might also prohibit laying 
down on the platform's treatment bed. Regarding 
corneal opacities, their location and density 
decides whether the laser can be employed – as 
shown above – or not; dense opacities may sig-
nificantly alter the transmission of laser energy.

 Evidence-Based Indications 
of Using the Femtosecond Laser 
in Cataract Surgery

Better (slightly) visual acuity compared to regu-
lar phacoemulsification

Better (probably) corneal recovery due to 
reduction/zero ultrasound energy

Thus: To be preferred in eyes with cornea gut-
tata with less endothelial cell loss compared to 
standard treatment

Better (more circular, more precise) anterior 
capsulotomy

Thus: To be preferred when premium IOL is 
to be implanted

When avoidance of posterior capsule rupture 
is of concern

Pediatric cataract (though regularly listed as a 
contraindication)

Eyes with modest corneal astigmatism, which 
can be corrected without much additional effort 
during the same session [37].

 Evidence-Based Contraindications 
Against Using the Femtosecond 
Laser in Cataract Surgery

Anatomical situations like deep-set eyes, small 
lid margin, protruding orbital features, very deep 
set eyes

Restless patients and those with tremors
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Patient with phobias in restricted spaces
Skeletal anomalies like a pronounced 

kyphosis
Eyes with previous cataract or glaucoma 

surgery
Corneal scars depending on their extent (expe-

rienced surgeons might consider this an obstacle 
that can be overcome) [38].

 Conclusion

Femtosecond laser cataract surgery can be per-
formed with excellent chances of success in eyes 
with a wide variety of ocular comorbidities. 
Meticulous planning is essential as is the sur-
geon's experience and his or her knowledge of 
the potentials as well as the limits of LCS. Like 
always in surgical medicine, a "Plan B" should be 
at hand. Not everybody can be treated with the 
femtosecond laser  – but those who can are an 
ever-growing number of medically and morpho-
logically diverse patients who deserve the best 
possible treatment. Which the laser, more often 
than not, offers.
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Complications of Femtosecond 
Laser-Assisted Cataract Surgery

H. Burkhard Dick

Everything so far has gone well for the 70-year- 
old lady and her surgeon during femtosecond- 
laser- assisted cataract surgery, although she had 
remarkably deep-set eyes and a narrow lid mar-
gin. Laser capsulotomy was successfully per-
formed, and lens fragmentation was almost 
complete when the patient abruptly and for no 
reason moved. The suction ring of the laser plat-
form’s interface lost adhesion to the sclera and 
before the laser automatically stopped as pro-
grammed for such situations, for a fraction of a 
second, a number of shots were still fired 
(Fig.  35.1). The patient’s eye was examined 
under the operating microscope, revealing a 
number of displaced laser spots in the periphery 
of the corneal stroma. The operation proceeded 
without further laser application, the nucleus was 
removed without applying any ultrasound, and a 
3-piece IOL was implanted. Six weeks later, the 
patient’s visual acuity was 20/20; remnants of the 
fragmentation grid in the corneal stroma were 
visible during slit-lamp examination. The patient 
did not report any problems such as glare or 
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Ruhr University Eye Clinic, Bochum, Germany
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Bullet Points
• In general, laser cataract surgery 

(LCS) has an excellent safety record. 
The same holds true, however, for the 
established procedure it is inevitably 
measured against, conventional 
phacoemulsification.

• The docking process, in particular the 
suction, can lead to a rise in intraocular 
pressure (IOP). This seems to be, 
according to numerous publications, a 
short-term and reversible effect.

• The application of the laser can lead to a 
prostaglandin release. A pharmacological 
prophylaxis has proven to be extremely 
effective: administering nonsteroidal anti-
inflammatory drugs (NSAIDs), one eye 
drop three times on the day of surgery 
before initiating treatment.

• Anterior capsule tears and incomplete 
capsulotomy are complications of LCS, 
though they are relatively rare, with 
incidences in the range of about 1–2%.

• The most frequent side effect seems to 
be conjunctival hemorrhages due to the 
docking process, but they are generally 
harmless.
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Fig. 35.1 Suction loss of the personal interface during lasing with air ingress into the optical pathway

disturbing optical phenomena and expressed 
complete satisfaction with the overall outcome 
[1]. Therefore, it is tempting to quote Shakespeare: 
all’s well that ends well.

There is no surgical procedure, no invasive 
technology that does not carry risks and can lead 
to complications: laser cataract surgery (LCS) is 
no exception. The above example of a sudden 
suction loss is one of the relatively frequent mis-
haps that can happen during the application of the 
laser. The emphasis is on “relatively.” More than 
10 years after the introduction of the femtosec-
ond laser into cataract surgery, an increasing 
number of studies and in particular of compari-
sons with conventional phacoemulsification have 
been published and both methods’ efficacy and 
safety evaluated. Therefore, the excellent safety 
record of LCS – as well as, of course, of standard 
cataract surgery – has by now been well estab-
lished. A German group recently published a 
review of 73 studies comprising 12,769 eyes 
treated with LCS and 12,274 undergoing conven-
tional phacoemulsification. Among the benefits 
of LCS were better uncorrected and corrected 
distance visual acuity 1–3 months postopera-
tively and the application of less phacoemulsifi-

cation energy; there was less endothelial cell loss 
and more accurate capsulotomies in the laser 
group. The one distinct disadvantage was the 
higher occurrence of anterior capsule ruptures 
during laser cataract surgery. Even here, the over-
all numbers are small: 78 events out of 8022 eyes 
(0.97%) treated with laser compared with 16 rup-
tures out of 7951 eyes undergoing phacoemulsifi-
cation (0.20%). In posterior capsule ruptures, the 
difference between LCS (0.42%) and phaco-
emulsification (0.27%) was not significant [2].

.There can be no doubt, however, that in the 
words of Gerd U. Auffarth, the reported benefits 
of laser cataract surgery necessitate that a sur-
geon undergoes an adequate familiarization and 
clinical experience with the technology [3]. 
Experience with the technology is indeed the key 
to minimize complications. This has already been 
documented by Zoltan Z Nagy, who introduced 
the femtosecond laser into cataract surgery. 
About 5 years later, in 2014, Nagy et al. analyzed 
the complications of his first 100 cataract surger-
ies with the laser. These were: conjunctival red-
ness or hemorrhage in 34%, miosis in 32%, 
capsule tags and bridges in 20%, anterior tears in 
4%, endothelial damage due to a laser cut within 

H. Burkhard Dick



417

this layer in 3% and a suction break – as described 
in the case above – in 2%. Even within this lim-
ited number of surgeries, the effect of the learn-
ing curve was evident and the authors stated 
clearly that during the learning curve period, 
increased surgical vigilance is needed. They 
described most complications as predictable and 
largely preventable [4].

 Preoperative Complications

Diligent patient selection is probably the best 
way to avoid complications in laser cataract sur-
gery. Therefore, the preoperative evaluation and 
identification of patients who are not suited to 
undergo femtosecond laser treatment is essential. 
The surgeon should refrain from LCS – or use the 
technology only with the greatest caution  – in 
patients with deep-set eyes, with narrow lid mar-
gins, protruding eyebrows, anterior synechiae. 
The preoperative application of NSAID eye 
drops is an appropriate measure to prevent a 
small pupil. The prostaglandin release described 
below seems to be lower with the Ziemer plat-
form (LDV Z8; Ziemer Ophthalmic Systems, 
Switzerland), which uses a lower energy than the 
other femtosecond laser systems employed in 
cataract surgery.

The docking process is the cause of what is 
probably the most frequent complication after 
femto-cataract surgery, yet it is a relatively harm-
less one. There are differences between the fem-
tosecond laser systems with the Catalys (Johnson 
& Johnson, USA), Ziemer and LensAR (Lensar 
Inc., USA) platforms using fluid-filled non- 
applanating interfaces, the Victus (Bausch & 
Lomb, USA), an applanating fluid-filled inter-
face, and the LenSx (Alcon, USA), a curved con-
tact lens for applanation. In general, a curved 
interface will cause less bulbus deformation than 
a flat applanating contact lens [5].

.The frictions associated with the docking pro-
cess and other steps of handling the eye’s surface 
can result in subconjunctival hemorrhages, which 
in a case series of 162 eyes were observed in 71 
eyes (43.8%) [6]. This is in accordance with 
another observation, in which 7 out of 21 patients 
developed what was described as fine subcon-

junctival hemorrhage and eye redness [7]. In a 
population of 1105 eyes that were operated by 18 
different surgeons (most or at least some of them 
on the early steps of the learning curve), the inci-
dence of subconjunctival hemorrhage was 26.2% 
[8]. It might be added that in clinics with experi-
enced surgeons, the incidence of subconjunctival 
hemorrhage tends to be much lower. It can be 
prevented by a precise docking, by making sure 
that there is no lose conjunctiva involved; addi-
tionally, a hard headrest is preferable to a soft one 
that might permit head movement during laser 
application [3].

 Intraoperative Complications

Anterior capsule tears are a complication of 
laser-performed capsulotomies. Abell et al. found 
15 such cases among 804 laser-treated eyes 
(1.87%) of which 7 extended all the way to the 
posterior capsule, while in the phacoemulsifica-
tion group of almost the same size, there was just 
one such case in 822 eyes (0.12%) [9]. Other 
study groups reported different incidences, but a 
capsule tear and capsule tag/slider (Fig. 35.2) and 
bridge can occur after laser capsulotomy, 
although the incidence is generally low. Their 
number has initially been relatively high (20%) 
like in the aforementioned study by Nagy et al. 
from 2014. Kohnen et al. have concluded that a 
soft contact lens interface results in a lower rate 
of tags and bridges than a rigid interface [10]. 
The risk of anterior capsule tears can also be sig-
nificantly reduced by optimized laser settings, 
particularly with an increased vertical spacing: 

Fig. 35.2 Capsulotomy slider indicates aberrant laser 
shots and represents a risk factor for a potential anterior 
capsule tear
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setting this to 20 μm resulted in a capsule tear 
rate of 0.09% compared to 0.79% with a spacing 
of 10 μm and to 0.35% with a spacing of 15 μm. 
Remarkable again is how small the overall num-
bers are [11]. If such a tear happens, it is essential 
to keep the anterior chamber deep and stable, 
using OVD and irrigation generously. In this situ-
ation, the surgeon will be primarily concerned 
with preventing the spreading of the tear to the 
posterior capsule.

Posterior capsule tears are also rare. In a recent 
randomized controlled trial from the UK, among 
392 patients assigned to the LCS, there were two 
posterior capsule tears, while none occurred 
among the 393 patients undergoing conventional 
cataract surgery [12]. Femtosecond laser cataract 
surgery, on the other hand, can successfully be 
employed in cases with a posterior capsulotomy 
following, for instance, blunt trauma [13].

.A decentration of the capsulotomy can be 
prevented be taking into account the IOL design 
and adjusting the capsulotomy position intraop-
eratively according to the chosen reference like 
pupil edges, limbus, or lenticular capsule curva-
tures (anterior and posterior; “scanned capsule”) 
as well as checking, for example, an inhomoge-
neous pupil dilation (Figs. 35.3 and 35.4). In case 
of an inhomogeneous pupil dilation in a pupil 

width of greater than 5.2  mm, the lens capsule 
position serves as the better landmark for the cap-
sulotomy position (Figs. 35.5 and 35.6). Another 
typical example of the LCS learning curve is to 
immediately stop lasing in case of initial presen-
tation of gas bubbles in the anterior chamber dur-
ing the lasing of an intrastromal arcuate incision 
(Figs.  35.7 and 35.8). Gas bubbles inside or 
behind the lens which may not move anteriorly 
seem to occur more frequently in our observa-
tions with the LensAR. Rarely, migration of sub-

Fig. 35.3 Inhomogeneous pupil dilation during the intraoperative treatment planning pronounced in the 6–12 o’clock 
direction (photograph of the laser system screen), resulting in an inferiorly located capsulotomy

Fig. 35.4 Inferiorly decentered capsulotomy before lens 
removal with lens cuts in place (same eye as in Fig. 35.3, 
view through OR microscope)
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Fig. 35.5 The laser system suggests the capsulotomy 
position (violet) based on the scanned capsule information 
and the lens fragmentation pattern position based on pupil 
edge detection (green): a greater difference can be 
depicted because of an obviously more nasally located 
lens (right eye)

Fig. 35.6 After three-piece IOL implantation (AR 40e, 
Johnson & Johnson), the scanned capsule-based capsu-
lotomy is well centered with a 360° capsule overlap on the 
optic (same eye as in Fig.  35.6, view through OR 
microscope)

Fig. 35.7 Intraoperative treatment screen based on the 3D SD-OCT anatomic results with the suggested position of an 
inferiorly located intrastromal arcuate incision

epithelial gas bubbles from the arcuate incision 
to another unlasered corneal area can (partially) 
block the lasering of the area to be layered after-

ward during the procedure (Fig. 35.9). Depending 
on the laser system used, areas underneath the 
layered area may be left uncut (Fig. 35.10).
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Fig. 35.8 Gas bubbles in the anterior chamber after commencing the lasing of the arcuate incision indicating a deeper 
than planned laser spot position (screenshot)

Fig. 35.9 Subepithelial gas bubble deriving from the superior arcuate incision that will not allow a correct intended 
lasing of the main incision (right eye)

Unexpected undocking during the treatment as 
in the case described above, though rare, can hap-
pen. It can be caused, for instance, by an unex-

pected head movement; other causes may be 
excessive pressing of the lids or because the con-
junctiva is very loose. While the laser systems in 
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Fig. 35.10 Incomplete lens cuts due to a laser beam 
blockage by the already performed capsulotomy edge 
(lens fragmentation followed the capsulotomy)

Fig. 35.11 Displacement of laser shots because of a suc-
tion loss during lasing of the lens: fragmentation pattern is 
displaced nasally, whereas the capsulotomy is well 
centered

Fig. 35.12 Intracorneal inadvertent laser shots (fragmen-
tation pattern) after a suction loss with the laser firing 
without immediate stopping after release of the foot pedal 
(same eye as in Fig.  35.11, view through OR 
microscope)

such a case of suction loss automatically stop the 
treatment, the high repetition rate of the laser nev-
ertheless may result in some displaced laser shots 
in the fraction of a second that passes between suc-
tion loss and shutdown (Figs. 35.11 and 35.12). A 
loss during capsulotomy might lead to incomplete 
cutting; in this case, redocking and choosing a 
larger capsulotomy diameter is a potential rescue 
maneuver as is proceeding with manual capsu-
lorhexis. Though very unlikely, damage to some 
tissues like the cornea or the iris cannot completely 
be ruled out. Latest updates in advanced laser sys-
tems come with faster processors and a separate 
suction control line that initiate an automatic stop 
after suction loss almost immediately and thus pre-
vent this rare potential damage [14].

.An extremely rare complication described in 
older patients with mature cataracts is the capsu-
lar block syndrome (CBS) caused by the gas 
bubbles, which are one of the most visible signs 
of laser treatment [15] Of note: this case was 
described less than 2 years after the introduction 
of the femtosecond laser into cataract surgery. 
CBS has also been reported as an extremely rare 
complication years after successful conventional 
cataract surgery [16]. We have not observed a 
single CBS using the Catalys Laser platform in 
more than 9000 LCS procedures.

Khandelwal and Koch recommend to closely 
monitor the fragmentation procedure, because 
any irregularities to the anterior capsule during 
this procedure can lead to a radial tear of the cap-
sule. Damage to the posterior capsule during 
fragmentation, however, is fortunately virtually 
impossible. It is deemed essential to conduct a 
careful circumferential irrigation at the end of 
surgery with balanced salt solution, since some 
small “chips,” fragments of the nucleus, might 
hide behind the iris [17].

 .Postoperative Complications

The application of the laser can lead to the release of 
prostaglandins, mainly from the nonpigmented epi-
thelial layer of the ciliary body. In samples of aque-
ous humor from 113 patients undergoing LCS and 
from 107 patients from a control group on which 
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conventional cataract surgery was performed, the 
average level of a specific prostaglandin, PGE2, was 
about tenfold higher in the laser surgery group: 
182  pg/ml versus 17.3  pg/ml. This prostaglandin 
release can induce an intraoperative miosis, which 
might constitute a problem for the surgeon during 
lens removal and IOL implantation and can result in 
higher complication rates [18]. One way to avoid 
this effect of the prostaglandin release is speed: con-
tinuing the operation immediately after laser treat-
ment before the prostaglandins exert their effect on 
the sphincter muscle. A pharmacological prophy-
laxis has proven to be extremely effective: adminis-
tering nonsteroidal anti-inflammatory drugs 
(NSAIDs), one eye drop three times on the day of 
surgery before initiating treatment. This pretreat-
ment led to significantly lower prostaglandin levels 
in the aqueous humor (65.3  pg/ml) compared to 
patients who did not receive NSAID eye drops pre-
operatively (294.4  pg/ml) [19]. The  intracameral 
injection of epinephrine or other measures are rec-
ommended to dilate the pupil if a prostaglandin 
release-induced miosis occurs in LCS.

The short-term release of pro-inflammatory 
substances like prostaglandins does obviously not 
lead to an increase in postoperative inflammations 
of the posterior segment like cystoid macular 
edema (CME) [20]. This has been confirmed in 
2020, when Kolb et al. in a meta- analysis did not 
find a significantly higher incidence of (CME) 
after laser cataract surgery [2].

.A rise in intraocular pressure (IOP) has repeat-
edly been mentioned as a possible complication 
of LCS. Indeed, we could early on in the develop-
ment of femtosecond laser cataract surgery dem-
onstrate that the application of vacuum during the 
docking process leads to a temporary IOP rise: in 
100 eyes, the mean preoperative IOP was 15.6 mm 
Hg, which rose to 25.9 mm Hg after employing 
the suction ring and was relatively constant during 
the entire procedure. After removal of the suction 
ring, the mean IOP decreased to 19.1 mm Hg and 
was back to normal 1 hour postoperatively [21]. 
IOP rise or fluctuations during and following LCS 
have been quite intensely discussed over the last 
years. Kolb et  al., for instance, reported no ele-
vated IOP within 24 hours after surgery in their 
review in comparison to conventional cataract 

surgery. Another recent study that assigned 110 
eyes either to laser cataract surgery or conven-
tional phacoemulsification found a statistically 
higher IOP in the laser group on the first postop-
erative day – though not by much, the mean IOP 
had risen from 18.6 mm Hg to 20.6 mm Hg, while 
it was almost constant in the phaco group. The 
authors conclude that data on the persistence of 
IOP changes after LCS in the literature are still 
not sufficient [22].

 Conclusion

Laser cataract surgery is an extremely safe proce-
dure though – like in any medical intervention – 
the risk is not zero. Surgical experience, 
optimized settings, up-to-date software, and 
meticulous planning seem to be the best safe-
guards against any unwanted events during and 
after this highly effective method to treat cataract 
and restore the best possible vision.

Take-Home Notes
• Among the benefits of LCS, according 

to some studies, are better uncorrected 
and corrected distance visual acuity and 
the application of less ultrasound energy, 
the latter contributing to less endothelial 
cell loss than in conventional cataract 
surgery that applies a larger amount of 
ultrasound energy.

• There is a learning curve in LCS as can 
be evidenced by the reduction of ultra-
sound energy that comes with growing 
experience.

• Different laser systems can cause 
slightly different complications depend-
ing on, for example, the integrated soft-
ware, way of docking, kind of 
visualization (Scheimpflug, OCT) as 
well as speed, energy, and pattern of the 
lasing (Table 35.1).

• The short-term release of pro- 
inflammatory mediator like prostaglan-
dins can be countered by pharmacological 
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prophylaxis and, under such precaution, 
is unlikely to lead to an increase in post-
operative inflammations of the posterior 
segment like cystoid macular edema 
(CME).

• An extremely rare complication 
described in older patients with mature 
cataracts is the capsular block syndrome 
(CBS) caused by the gas bubbles, which 
are one of the most visible signs of laser 
treatment.
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Hard Cataract Management with 
Modern Extracapsular Cataract 
Surgery

Abhay R. Vasavada and Vaishali Vasavada

• Hard cataracts require special attention at 
every stage, including preoperative evalua-
tion, patient counselling, surgical strategy, and 
postoperative evaluation.

• The concept of “phases” of surgery and the 
need for different technique as well as machine 
parameters during phacoemulsification are 
highlighted.

• Complete division of the leathery base plate in 
hard cataracts is often one of the most difficult 
aspects, which prevents surgeons from per-
forming phacoemulsification in these cata-
racts. The multilevel chopping technique 
described in the chapter allows surgeons to 
completely divide the nucleus, irrespective of 
whether they are using horizontal or vertical 
chopping technique.

• Safe and predictable removal of the cataract 
along with refractive precision is the goal of 
modern cataract surgery in hard cataracts. The 
chapter highlights surgical strategies that will 

ensure good outcomes on postoperative day 1 
consistently.

• Latest advances in phacoemulsification and 
manual small incision cataract surgery that 
have made surgery safer and more effective 
are discussed.

• The role of newer technologies like femtosec-
ond laser and devices like the MiLoop are 
highlighted and discussed.

 Introduction

Despite all the technical and technological 
advancements, cataract surgery in dense cataracts 
continues to pose challenges to surgeons the 
world over. Having a surgical technique that is 
effective, yet safe and predictable, is important to 
ensure consistent outcomes time after time. This 
chapter aims to highlight and discuss surgical 
strategies for effectively and safely removing 
dense cataracts, as well as preventing complica-
tions during surgery. It will describe the modern 
extracapsular surgical techniques for removing 
these cataracts in a manner that ensures good 
technical and functional outcomes on postopera-
tive day one.
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 Preoperative Evaluation in Dense 
Cataracts

A detailed examination with and without maxi-
mal pupillary dilation should be performed for all 
patients. Often, subtle changes of pseudoexfolia-
tion or zonular weakness may be detected. 
Documenting corneal endothelial cell density 
and morphology is important in these cases as 
there are greater chances of postoperative corneal 
edema. It is important with hard cataracts to 
counsel the patients and their caregivers regard-
ing the potential intraoperative and postoperative 
difficulties. Getting reliable axial length is often a 
challenge in these cases, although newer 
machines with swept source OCT technology are 
able to penetrate most dense cataracts.

 Anesthesia in Dense Cataract 
Surgery

The choice of anesthesia depends on several fac-
tors including the surgical technique (phaco-
emulsification versus ECCE), surgeon’s 
preference as well as patient co-operation. 
However, as more and more surgeons perform 
phacoemulsification for dense cataracts, topical 
or subtenon’s anesthesia are often preferred over 
injection anesthesia.

 Phacoemulsification in Dense 
Cataracts

Today, phacoemulsification is the standard of 
care for cataract extraction in most parts of the 
world. However, an encounter with a dense cata-
ract can be demanding for both the surgeon and 
the patient, and it is for this reason that phaco-
emulsification is often not preferred in very dense 
cataracts. The major difficulties in successful 
phacoemulsification for hard cataracts are poor 
visibility, stressful rotation, and incomplete divi-
sion of the leathery lens fibers. There is an 
increased risk of thermal damage to the incision 
(wound site thermal injury) and corneal endothe-
lium by the use of excessive ultrasound energy as 

well as hard fragments repeatedly hitting the 
endothelium [1]. The key factors that will often 
define outcomes in dense cataract emulsification 
are as follows: achieving a complete division of 
the leathery lens fibers, maintaining a posterior 
plane of emulsification, and judicious use of 
ultrasound energy. To achieve these, the proce-
dure should be governed by the following 
paradigms:

 Incision and Anterior Capsulorhexis

The smallest incision compatible with the sur-
geon’s phaco tip and instrumentation should be 
created. A square or nearly square configuration 
of the main incision is crucial in order to for it to 
be self-sealing (Fig.  36.1). Often, in very hard 
cataracts, the red reflex is poor, and in such cases, 
staining the anterior capsule with a vital dye such 
as trypan blue improves visualization of the cap-
sular flap (Fig. 36.2). Sizing of the anterior con-
tinuous curvilinear capsulorhexis is also 
important  – a very small capsulorhexis may 
increase the chances of anterior capsule split dur-
ing subsequent maneuvers with the chopper or 
phaco probe. On the other hand, too large a cap-
sulorhexis may result in fluid-current-induced 
propulsion of the divided fragments out of the 
bag, and sometimes dangerously close to the 
endothelium. Surgeons should aim for an ACCC 
around 5–5.5 mm in diameter, since this would 

Fig. 36.1 2.2  mm clear corneal temporal incision with 
internal length and width being similar
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confine the mobile nuclear fragments within the 
capsular bag and facilitate posterior plane 
emulsification.

 Cortical Cleaving Hydrodissection
In hard cataracts, the nucleus is bulky, and often 
there is not much space within the capsular bag. 
A forceful cortical cleaving hydrodissection can 
lead to sudden blow-out of the posterior capsule 
[2], since the bulky nucleus does not allow egress 
of the fluid, especially in eyes, where the capsu-
lorhexis is small [3]. In these eyes, careful and 
gentle cortical-cleaving hydrodissection should 
be performed. Further, dense cataracts may have 
strong corticocapsular adhesions [4], making 

rotation difficult and potentially stressful to the 
capsulozonular complex. Performing multiquad-
rant hydrodissection helps surgeons to cleave the 
corticocapsular adhesions without causing a sud-
den rise in hydraulic pressure, thereby making 
nucleus rotation easier.

 Principles for Nucleus Division 
and Fragment Removal
The process of nucleus division and emulsifica-
tion should be divided into distinct phases, e.g., 
sculpting, chopping, and fragment removal, 
depending on the surgeon’s preference of tech-
nique. This distinction is important to make, 
since each phase requires a different set of ultra-
sound and fluidic parameters. Chop techniques, 
both horizontal and vertical, and their many mod-
ifications are very effective for dense cataract 
emulsification, since they allow complete divi-
sion of the nuclear fibers. Table 36.1 represents 
the typical parameters that we prefer during each 
stage, in terms of ultrasound settings, vacuum, 
and aspiration flow rate.

 Sculpting
The anterior chamber is formed by injecting oph-
thalmic viscosurgical device (OVD). We prefer 
the soft shell technique [5], where a dispersive 
OVD is injected first, followed by a cohesive 
OVD, which pushes the dispersive OVD toward 
the corneal endothelium. This helps to protect the 

Fig. 36.2 Trypan blue dye injected to enhance visualiza-
tion of anterior capsule in extremely hard cataract

Table 36.1 Representation of the parameters used for emulsification of cataract with dense nuclear sclerosis of ≥ 
grade 5, on the Centurion Vision System® (Alcon Laboratories, USA)

Surgical parameters
Stage of surgery Parameters

Torsional ultrasound amplitude – burst 
mode %

Aspiration flow rate 
cc / minute

Vacuum mm hg

Sculpting
↓
Approach 
posterior

70 preset amplitude with linear control, 300 
milliseconds on time
↓
60 amplitude

25
↓
20

120
↓
60

Chopping 70 preset amplitude with linear control, 300 
milliseconds on time

20 650 + (maximum machine 
vacuum)

1st fragment 
removal
↓
Last fragment 
removal

70–80 preset amplitude with linear control, 
300 milliseconds on time
↓
60
↓
60

25
↓
20
↓
18

450
↓
300
↓
150
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endothelium from damage caused by energy dis-
sipation or mechanical trauma. Sculpting creates 
a central space in the bulky nucleus that acts as a 
recess for emulsifying the initial fragments 
within its confines. An ideal space is deep, wide, 
and steep walled with a very thin posterior plate 
and is confined within the area of the capsu-
lorhexis (Fig.  36.3). While carrying out sculpt-
ing, it is advisable not to mechanically push the 
nucleus but to scrape the layers gently using opti-
mal energy. A bent tip is better suited to achieve a 
deep sculpting without undue zonular stress, 
since it minimizes incision distortion when 
sculpting is performed in the depths of the 
crater.

During sculpting, we use ultrasound (U/S) 
energy in an interrupted mode, with linear foot 
pedal control, using a preset amplitude of 
70–80%. It is important that the surgeon must 
intermittently change the foot-pedal position 
from the third to the second position, in order to 
allow cooling of the phaco tip. The aspiration 
flow rate is preset to 25–30  cc/min. The end 
point of sculpting is indicated by a red glow that 
is visible through the thinned-out posterior 

plate. An adequate sculpting with a deep, central 
space is the sheet anchor for dense cataract 
emulsification.

 Chopping
A dense cataract characteristically has extraordi-
narily tenacious and cohesive leathery fibers that 
are difficult to separate. Separation of these fibers 
with forceful lateral movements may produce 
stress on the capsular bag and the zonules. Also 
incomplete separation results in multiple frag-
ments held together like the petals of a flower. 
Fragments attached centrally make posterior 
plane emulsification extremely difficult and risky 
and increase the possibility of anterior capsular 
split, posterior capsular rupture, and prolonged 
U/S energy dissipation close to the endothelium.

 Direct Chop
The direct, or horizontal, chop, originally 
described by Nagahara, is a very effective tech-
nique for division of dense nuclei [6]. No sculpt-
ing or trenching is required here. The phaco tip is 
impaled beyond the midpoint of the nucleus, and 
a complete vacuum seal is achieved. A sharp 
tipped chopper is introduced underneath the cap-
sulorhexis margin beyond the lens equator. Once 
preset vacuum is achieved, the chopper is then 
moved toward the phaco tip to initiate a crack. 
However, we have found that using a blunt tipped 
chopper is equally effective, and yet reduces the 
risk of mechanical injury to the equatorial poste-
rior capsule. It is important that maximal or 
supramaximal vacuum is used along with appro-
priate U/S energy for achieving an effective vac-
uum seal.

 Step-by-Step Chop In Situ 
and Separation Technique
Our technique of division [7] involves a judicious 
combination of chop in situ and lateral separating 
movements. This technique comprises five steps:

Step 1: Vacuum seal – Following a small, cen-
tral sculpt, the foot pedal is depressed to the third 
position and the phaco tip is buried inside the 
trench. If the wall of the trench is arbitrarily 
divided into 3 equal parts, the tip is buried at the 
junction of the anterior one-third and posterior 

Fig. 36.3 Central, deep trench created in a dense 
cataract
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two-thirds of the trench (Fig.  36.4). The foot-
pedal immediately switches from the third posi-
tion to the second position and remains there till 
occlusion (indicated by the machine audio) is 
achieved.

Step 2: Chop in situ: Initiating a crack – The 
chopper is placed within the capsulorhexis, 
just in front of and lateral to the phaco tip. The 
vertical element of the chopper is depressed 
posteriorly (toward the optic nerve) (Fig. 36.4). 
The aim is to only initiate a partial thickness 
crack and not to divide the nucleus at a single 
stroke.

Step 3: Lateral separation: In hard cataracts, 
the initial crack seldom reaches the bottom. 
Therefore, the chopper is progressively reposi-
tioned in the depths of the cracked nucleus 
(Fig. 36.4) and also repositioned from periphery 

to the center. Thus, the crack is gently extended 
from superficial to deep and from periphery to 
the center. This maneuver allows complete sepa-
ration of the nuclear fragments without undue 
zonular stress.

 Multilevel Chopping
Often the very dense cataracts will resist com-
plete division of nuclear fragments. In such cases, 
a multilevel chop technique comes in very handy 
[8]. For techniques using modifications of the 
vertical chop technique, an initial crack is initi-
ated, and no attempt is made to extend the crack 
to the depth. Subsequently, the phaco tip is 
occluded at a deeper plane, and with each occlu-
sion, fibers adjacent to the tip are chopped with 
minimal lateral separating movements. This pro-
gressive deeper occlusion of the phaco tip allows 

a b

c d

Fig. 36.4 (a) Phaco tip buried in the vertical wall of the 
trench. (b) Chopper being placed just in front of and lat-
eral to the phaco tip. (c) Initial vertical movement of chop-

per, aimed at creating a partial thickness crack. (d) The 
chopper is positioned in the depth of the crack, and lateral 
separating movements are performed
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a better vacuum seal and division of the nucleus 
adjacent to the tip. This facilitates complete divi-
sion of posterior plate without the need for exces-
sive separation movements. Multiple fragments 
can be created by repeating this technique every 
1–2 clock hours (Video 36.1). The advantages of 
this technique are safety and efficacy in division 
of dense, leathery cataracts. The same technique 
can also be used with direct chop. Here, the phaco 
tip is first impaled in the periphery and a crack 
initiated with horizontal movement of the chop-
per (Fig.  36.5). Subsequently, the phaco tip is 
brought centrally and occlusion achieved. The 
crack that was initiated is then extended centrally. 
The technique can also be employed in cataracts 
with weak zonules, pseudoexfoliation, sublux-
ated cataracts, hypermature cataracts, as well as 
in small pupils.

 Nuclear Fragment Removal
Creating as many small fragments as possible 
allows surgeons to emulsify them easily 
(Fig. 36.6). Surgeons must try to perform emulsi-
fication at a posterior plane, in order to avoid 
thermal and mechanical damage to the corneal 
endothelium (Fig. 36.7). However, emulsification 
in the posterior plane increases the risk of inad-
vertent aspiration of the posterior capsule and 
iris, especially if a very high vacuum and aspira-
tion flow rate (AFR) are used while removing the 
last fragments or epinucleus. Therefore, we sug-
gest lowering the vacuum and AFR as progres-
sively more fragments are removed and the 
posterior capsule is exposed [9, 10]. This allows 
surgeons to continue emulsifying at a posterior 
plane without the risk for posterior capsule 
rupture.

a b

c d

Fig. 36.5 Multiple, small fragments, which become easy 
to remove during phacoemulsification. (a) Phaco tip is 
occluded beyond the midpoint of the nucleus and chopper 
inserted beyond the equator. (b) The chopper is moved 
centrally in a horizontal chop action to initiate a crack. At 
this time, no attempt is made to extend the crack to the 

centre. (c) The phaco tip is then re-occluded more cen-
trally and the initial crack extended more centrally.  
(d) Thus, multilevel chopping ensures complete nucleus 
division without undue capsulo-zonular stress even in 
dense, leathery cataracts
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Optimal utilization of U/S energy is impor-
tant for efficient emulsification. Whether longi-
tudinal or torsional ultrasound is used, it is 
advisable to use interrupted energy as compared 
to continuous energy. This allows intermittent 
cooling of the phaco tip, which reduces the 
chances of wound site thermal injury and cor-
neal endothelial injury. With longitudinal ultra-
sound, there is a conflict between aspiration 
forces, on the one hand, which attract the nuclear 
material, and U/S energy on the other, which 
tends to repel the fragments. However, with the 

torsional ultrasound, since there is a constant 
oscillatory motion at the phaco tip, there is a 
seamless cutting with minimal repulsion (chat-
ter) of lens material. This makes the U/S energy 
more efficient, especially in hard cataracts [11, 
12]. Whatever the technique or technology used, 
it is very important to repeatedly inject disper-
sive OVD during fragment removal to protect the 
corneal endothelium (Fig. 36.8). It is of utmost 
importance to closely inspect the incision at the 
end of surgery to look out for incision distortion 
/ WSTI. In case of doubt, the incision should be 
sutured.

 Extracapsular Cataract Extraction 
(ECCE) and Manual Small Incision 
Cataract Surgery (MSICS) for Dense 
Cataract Emulsification

Despite the advances in phacoemulsification 
techniques, there still is a place for ECCE, espe-
cially in removal of the very hard cataracts. Not 
only can this technique be a fallback in cases 
where phacoemulsification poses difficulties, but 
it can also be the primary technique of choice in 
these difficult cases. The disadvantage of ECCE 
is the large incision required, inability to main-
tain a closed chamber during surgery, and the 
need for multiple sutures, with resultant postop-
erative astigmatism.

Fig. 36.6 Horizontal multilevel chopping. The phaco tip 
is first impaled beyond the center of the nucleus and a 
crack initiated. Subsequently, the tip is occluded more 
centrally, and the crack is extended centrally, to achieve 
complete nucleus division without undue capsulozonular 
stress

a b

Fig. 36.7 (a and b) Animation and clinical picture showing dense nuclear fragment being removed away from the 
corneal endothelium
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Fig. 36.8 Dispersive OVD being supplemented during fragment removal to protect the corneal endothelium

On the other hand, with MSICS, a self- sealing, 
5–6  mm scleral tunnel incision is created. The 
incision may be superior or temporal. Following 
a relatively large ACCC, the nucleus is prolapsed 
into the anterior chamber and subsequently 
removed from the eye. Now, several modifica-
tions such as the use of irrigating wire vectis, 
nuclear snare, nucleus glides, visco-expression, 
nucleus fracture, and nucleus bisection are 
employed by surgeons in order to reduce the size 
of the nucleus and make delivery out of the eye 
easier and safer.

There are several published studies in litera-
ture that compare outcomes following MSICS 
and phacoemulsification, and most of the recent 
ones show that both techniques are safe and 
effective [13–21]. MSICS and ECCE, however, 
are more cost effective than phacoemulsification 
and not dependent on technology. This is the rea-
son why these techniques are often favored in 
developing nations. Therefore, it would be left to 
the surgeon’s surgical skill and experience, avail-
ability of machines, as well as economic viability 
to choose which is the best surgical strategy in 
their hands.

 Newer Techniques/Devices 
for Dense Cataract Surgery

 Endocapsular Manual Nucleus 
Fragmentation 
in Phacoemulsification

Recently, the miLoop, a disposable manual 
device, has been introduced for endocapsular 
manual nuclear fragmentation during cataract 
surgery. Initial reports suggest that this device is 
safe and effective and that corneal endothelial 
cell loss as well as intraoperative complications 
are comparable when performing traditional 
phacoemulsification versus using the miLoop 
device [22, 23].

 Femtosecond-Laser-Assisted Cataract 
Surgery (FLACS) – Role in Dense 
Cataract Removal

With the advent of femtosecond laser technology 
for cataract surgery, it has been approved for cre-
ating corneal incisions, capsulotomy, and nuclear 
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Fig. 36.9 Femtosecond cataract surgery in a dense cata-
ract, capsulorhexis, and chop pattern of nucleus division 
performed

division. Both the temporal incision and paracen-
teses incisions can be customized and positioned 
based on a real-time anterior segment optical 
coherence tomography view. A centric anterior 
capsulotomy of a desired size can be created, 
even in the absence of a good red reflex 
(Fig.  36.9). Contrary to the initial expectations 
from the laser, FLACS is able to create various 
patterns of nucleus division, and even though the 
division may not extend to the complete depth in 
very leathery cataracts, it may be useful in reduc-
ing the U/S energy consumption during sculpting 
and chopping. Thus, as this technology continues 
to evolve, and becomes more cost effective, it 
may find more use in the surgeons’ 
 armamentarium, especially to manage dense cat-
aracts [24–26].

 Complications During Dense 
Cataract Surgery

Common complications that might arise during 
dense cataract surgery are enlisted below. 
Although most of them could occur with any 
technique, some are specific to phacoemulsifica-
tion or extracapsular cataract surgery:

• Corneal endothelial trauma: surgery in dense 
cataracts can potentially cause increased 
endothelial cell loss or even corneal decom-
pensation causes for excessive endothelial cell 
loss include excessive and continuous use of 
U/S energy during phacoemulsification, as 
well as mechanical trauma caused by nuclear 
fragments/entire nucleus rubbing with the cor-
neal endothelium.

Preventive measures: repeated use of dis-
persive OVD to coat the corneal endothelium, 
being conscious about the plane of emulsifica-
tion, and the use of interrupted U/S energy 
delivery/ torsional U/S.

• Incisional thermal damage: caused by exces-
sive and continuous use of U/S energy, espe-
cially with a tight wound construction. In 
ECCE / MSICS, an irregular wound construc-
tion can lead to collagen distortion and irregu-
lar wound healing.

Preventive measures: During phacoemulsi-
fication, surgeons must make sure to use inter-
rupted U/S energy, which allows for 
intermittent cooling of the phaco tip. Further a 
higher AFR should be used during sculpting, 
so as to allow continuous cooling of the phaco 
tip. Also, it is very important to create an inci-
sion that is not too tight. There should be no 
compression of the phaco tip at the incision, 
so that the irrigation flow around the phaco tip 
is not compressed. For example, if a surgeon 
uses 2.2  mm incision routinely, he or she 
should perform a 2.4 mm incision to avoid oar 
locking and tight wound geometry.

• Posterior capsule rupture: often occurs due to 
the use of very high flow rate and vacuum set-
tings in these eyes, which may have fragile 
capsular bags to begin with.

Preventive measures: adhering to the prin-
ciples of closed chamber technique and the 
use of modestly low vacuum and AFR settings 
will allow the surgeon to avoid inadvertent 
rupture of the posterior capsule as well as 
injury to the iris tissue.

• Zonular dialysis/weakness: dense cataracts 
are very often associated with pre-existing 
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zonular weakness. Also, stressful surgical 
maneuvers such as nucleus rotation, excessive 
lateral separation movements, or forceful 
nucleus delivery during phacoemulsification / 
ECCE / MSICS may lead to iatrogenic zonu-
lar defects. Many times, dense cataracts may 
be associated with comorbidities such as glau-
coma or pseudoexfoliation syndrome, which 
can further predispose to zonular weakness.

Preventive measures: it is important for 
surgeons to detect any zonular weakness 
 preoperatively by performing a thorough and 
full dilated slit-lamp evaluation.

 Conclusion

Dense cataract management has improved dra-
matically over time. However, technique and 
technology must complement each other for con-
sistent and predictable outcomes. Surgeons need 
to be extra careful during preoperative evalua-
tion, paying special attention to the corneal endo-
thelial health, pupillary dilatation, and zonular 
weakness. During surgery, the judicious use of 
U/S energy, adhering to posterior plane phaco-
emulsification, optimal use of U/S energy such as 
the use of torsional U/S, interrupted energy, and 
repeated use of dispersive OVDs will ensure 
intraoperative efficacy and safety and good post-
operative outcomes (Fig. 36.10).

• Hard cataracts pose two major challenges to 
surgeons during surgery: (a) effective division 

of the lens and (b) safe and predictable 
removal of fragments without causing any 
damage to the corneal endothelium or uveal 
tissues.

• Both manual extracapsular cataract surgery 
and phacoemulsification are viable options in 
hard cataract management. Surgeons should 
choose their approach based on surgical expe-
rience, comfort, and availability of 
technology.

• Chop techniques tend to work better during 
phacoemulsification of hard cataracts. Select a 
technique that ensures complete nucleus divi-
sion before the fragments are removed.

• Understanding your machine and modulat-
ing the ultrasound energy and fluidic param-
eters will help surgeons optimize their 
technique.

• The use of adjuncts, such as dispersive oph-
thalmic viscosurgical devices during surgery, 
is critical to ensure least corneal endothelial 
damage.
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Managing Complications During 
Cataract Surgery

Robert H. Osher, Graham D. Barrett, Lucio Buratto, 
and Arjan Hura

It is difficult to write a concise chapter on a topic 
which deserves an entire book. However, we will 
try to address a spectrum of complications in far 
less detail than each deserves. Therefore, the pur-
pose of this chapter is to provide an overview, 
one that allows the reader to get his arms around 
the subject. A deeper understanding of the rescue 
techniques described can be attained by viewing 
surgical videos from different sources, for exam-
ple, the Video Journal of Cataract, Refractive, 
and Glaucoma Surgery (www.vjcrgs.com) [1].

 Anesthesia Complications

Regardless of whether the surgeon performs ret-
robulbar, peribulbar, or topical anesthesia, com-
plications can occur [2]. Certainly, topical 
anesthesia may be the safest but it is not uncom-
mon for superficial punctate keratopathy to 
obscure the surgeon’s view [2, 3]. Moreover, 
photophobia may be intense and can be managed 
by intracameral anesthetic agents in addition to 
operating under low illumination [4]. Discomfort 
may be reduced by additional topical or intra-
cameral medication, lowering the infusion pres-
sure, which places less stress on the zonules, and 
frequent reassurance. Occasionally, it is neces-
sary to supplement with a subconjunctival or sub-
tenon’s injection, which can be spread into the 
sensitive area with a muscle hook for more effec-
tive anesthesia.
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Bullet Point
• Every cataract surgeon will encounter a 

wide range of complications in his or 
her career.

• Fortunately, complications are infre-
quent and usually well managed.

• Understanding the reason that the com-
plication occurs and preparing in 
advance for how to manage these 
adrenaline- provoking events will yield 
the highest chances for a successful 
outcome.
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Retrobulbar and peribulbar injections can 
have consequences due to the needle [5]. If a sub-
conjunctival hemorrhage occurs and it is signifi-
cant enough to elevate the limbal tissue which 
interferes with visualization, a cut-down can be 
made with scissors to allow egress of blood and 
the bleeding vessel can be cauterized [6]. If the 
hemorrhage originates from a more posterior 
source, then the surgeon should be concerned 
about the effect of increasing volume within a 
confined bony orbit that may lead to positive 
pressure. If a retrobulbar hemorrhage is sus-
pected, the surgeon should differentiate between 
a venous and an arteriole bleed. The venous bleed 
is more benign and can be diagnosed by a lack of 
progressive proptosis, limitation of the bleeding, 
mobility of the lids, and easy retropulsion of the 
globe. By contrast, an arteriole bleed spreads rap-
idly, pushing the globe forward and creating 
enough additional volume that the lids become 
tight and the globe cannot be easily retropulsed 
[7]. The former condition may lead to slight posi-
tive pressure, but the latter condition may lead to 
blindness. A venous bleed can be managed by 
gentle intermittent digital pressure, while a retro-
bulbar arteriolar hemorrhage is a sight-threating 
emergency. Surgery should be cancelled and the 
intraocular pressure should be recorded and mon-
itored. Ophthalmoscopy will reveal whether per-
fusion has been interrupted, and, if so, the surgeon 
should consider decompressing the orbit. Various 
recommendations include a lateral canthotomy, 
an inferior cantholysis, plunging a scissors into 
each quadrant to express blood, and even disin-
sertion of the lids [7]. In a severe case, the patient 
should be admitted to the hospital and intrave-
nous steroids should be initiated [8]. Sadly, we 
have witnessed a permanent loss of all useful 
vision, despite prompt oculoplastic intervention, 
due to an ischemic optic neuropathy.

Adverse reaction to the intravenous sedative is 
also possible. We have seen patients become 
acutely nauseated and puke from fentanyl. More 
commonly, the anesthesia person will over-sedate 
a patient who then becomes disoriented or 
abruptly moves during surgery. For this reason, it 
is recommended that the surgeon emphasize to 
the anesthesia team that it is safer to perform 

cataract surgery when the patient is minimally 
sedated, awake, and easily communicating. We 
are not reluctant to tell the anesthesia person that 
the best anesthesia is not general or local, but 
rather vocal! [9].

Dr. Barrett’s comment: The choice of anesthe-
sia in patients with high myopia undergoing cat-
aract surgery may be challenging. Retrobulbar 
or peribulbar anesthesia poses a greater risk of 
needle injury, which is greater with long axial 
lengths exceeding 26 mm, but topical anesthesia 
may be uncomfortable even with intracameral 
lignocaine as reverse pupillary block is more 
common. General anesthesia is a useful alterna-
tive in this context and in complex cases requir-
ing intrascleral lens fixation.

 The Incision

Scleral, near-clear, and clear corneal incisions 
share in common certain rules that must be 
respected. A premature entry is conducive to iris 
damage or prolapse, while too long of an incision 
will cause corneal distortion and compromised 
visibility. The effect on the incision by different 
instruments may also cause an additional endo-
thelial cell loss and even positive pressure as the 
ultrasound or I&A handpiece compress the globe. 
Too narrow of an incision may compromise the 
infusion and cause a thermal injury, while the 
“oar-locking” restricts movement of the tip [10]. 
Too large of an incision allows wound leak, 
chamber instability, iris prolapse, and more 
induced astigmatism than anticipated.

The construction of the incision must be 
meticulous and precise [11, 12]. One-plane inci-
sions may slide more than a two-plane incision, 
which begins with a groove. Dr. Osher prefers a 
three-plane incision beginning with a groove, 
uphill tunnel, and a final downward angle toward 
the pupil forming a carpenter’s “lap joint.” [13] 
After introducing micro-coaxial phacoemulsifi-
cation through a 2.2 mm incision, Dr. Osher pub-
lished the idea of an internal flare architecture 
[14]. By slightly flaring the internal incision to 
2.4  mm, several benefits are realized. First, the 
temperature within the incision is lower; second, 
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there is greater maneuverability of the ultrasound 
and I&A handpiece; and third, there is less resis-
tance when injecting a foldable lens when using 
the incision as an extension of the cartridge [14].

Careful construction of the incision will 
always pay dividends by preventing annoying 
and sometimes serious complications. Should the 
incision leak despite adequate hydration, a 
 watertight closure should be achieved with 
sutures or an ophthalmic sealant [15, 16].

Dr. Buratto’s comment: Too peripheral an 
incision may lead to corneal distortion and com-
promise visualization. Moreover, long tunnels 
restrict movement of the phaco and a greater risk 
of wound burn. An incision that is too peripheral 
may also permit premature entry into the anterior 
chamber resulting in a short tunnel, which may 
allow iris prolapse and fail to be watertight at the 
end of the procedure.

Dr. Barrett’s comment: The location of the 
incision is relevant and a constant temporal loca-
tion is preferred. This provides better access and 
less surgically induced astigmatism. The latter is 
quite variable and keeping the incision to less 
than 2.4  mm at a constant location and using 
toric IOLs is more predictable than attempting to 
perform on axis incisions to reduce corneal 
astigmatism.

 The Constricting Pupil

It is well recognized that visualization of ana-
tomic detail is essential in cataract surgery. 
Suboptimal pupillary dilatation should be noted 
during the office examination, and either pharma-
cologic or mechanical pupillary dilatation should 
be anticipated in the surgical plan. Patients with 
pseudoexfoliation, posterior synechiae, diabetic 
neuropathy, and the aging process alone may pre-
vent a widely dilated pupil, and management of 
these conditions has been discussed elsewhere in 
this book [17–20]. Yet it is different when the 
pupil starts out well dilated and then begins to 
progressively constrict as the operation is pro-
ceeding. This behavior is typical of the patient 
who has been taking Flomax (or a similar alpha- 
blocking drug) [21]. Moreover, when either lens 

nucleus or fragments come in contact with iris or 
when fluidic turbulence exists, a prostaglandin 
release from the iris may occur which results in 
pupillary constriction [22].

The surgeon has a number of options from 
which to choose if the pupil begins to constrict. 
While the highly experienced surgeon may sim-
ply continue, the injection of a retentive visco-
elastic agent like Healon5 will produce 
viscomydriasis [23, 24]. Alternatively, intracam-
eral epinephrine, Shugarcaine, or Omidria (phen-
ylephrine and ketorolac) can be used for 
pharmacologic dilatation [25–27]. In rare cases, 
the pupil might constrict so much that a mechani-
cal pupil stretch technique or even a device like a 
Malyugin ring should be injected [28, 29], 
although the surgeon must be careful to avoid 
damage to the border of the anterior capsulotomy. 
Rather than risk tearing the capsulorhexis mar-
gin, the anterior capsule should be displaced with 
the OVD prior to either stretching the pupil or 
using a device [30]. Once the pupil has been ade-
quately widened, the risk of subsequent compli-
cations will have been reduced.

 Descemet’s Tear or Detachment

Every time the surgeon introduces an instrument 
or injects an OVD into the anterior chamber, 
there is a risk of damaging Descemet’s mem-
brane. There are few more dramatic videos than 
watching an inexperienced surgeon continue to 
inject OVD as Descemet’s membrane is being 
cleaved from the corneal stroma [31]. Moreover, 
it is not uncommon to observe small tears in 
Descemet’s membrane at the site of the main or 
stab incision during the course of an operation. 
For this reason, it is absolutely necessary to 
depress the incision when an instrument is being 
introduced which avoids contact with and dam-
age to Descemet’s membrane. The same holds 
true with the introduction of a cannula, and nei-
ther the balanced salt solution nor OVD should 
be injected until the tip of the cannula is safely 
beyond the internal opening of the incision [32].

Should a Descemet’s tag occur, it is usually 
unnecessary to repair [33, 34]. By contrast, the 
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surgeon should try to remove the trapped OVD, if 
it has caused a significant Descemet’s detach-
ment. This can be accomplished by either a small 
cut in Descemet’s or a stab into the OVD pocket 
through clear cornea followed by raising the 
intraocular pressure with a forceful OVD injec-
tion. An air bubble, intraocular gas, or passing 
full-thickness corneal sutures will reapproximate 
the Descemet’s membrane to the corneal stroma 
in most cases, although occasionally surgical re- 
intervention is necessary [35–37]. Prevention by 
careful technique is vastly preferred to managing 
this complication.

Dr. Barrett’s comment: One strategy that may 
be helpful is to deepen the eye with viscoelastic 
prior to introducing the phacoemulsification tip 
and then commencing infusion rather than insert-
ing the phaco tip with the infusion on to simulta-
neously inflate the anterior chamber.

Dr. Buratto’s comment: A Descemet’s tear can 
be avoided by using sharp blades to enter the 
anterior chamber. The phaco tip should be intro-
duced parallel to the corneal tunnel. Instrument 
entry should avoid stressing the interior edge of 
the incision. If construction of the first tunnel is 
poor, do not hesitate to construct a second tunnel. 
Never force an IOL through a corneal tunnel of 
inadequate size.

 Complications of Hydrodissection

While it seems like such an innocuous procedure, 
hydrodissection can actually cause several prob-
lems. A forceful stream injected from a 30 g can-
nula can actually “water pick” through the 
capsule. The surgeon should use a larger cannula, 
at least 27 g, and inject gently. A forceful injec-
tion may also prolapse the entire nucleus through 
the pupil releasing prostaglandins, which cause 
pupillary constriction. If the nucleus prolapses 
forward, it is best to gently retro place it back into 
the capsular bag using OVD.  Incomplete 
hydrodissection is another problem that may 
result in poor rotation of the nucleus during the 
emulsification and place excessive force on the 
zonules. The surgeon should consider performing 
hydrodissection in several meridia if the nucleus 

does not easily rotate. If dense cortical capsule 
adhesions prevent hydrodissection, the surgeon 
may consider viscodissection [38, 39]. 
Alternatively, a deep central groove followed by 
a cracking maneuver will create an escape path 
for additional hydrodissection beneath 
OVD. Finally, it is not uncommon to loosen the 
entire posterior cortex as a sheet, which prevents 
easy cortical removal. This posterior plate if 
engaged results in residual stringy equatorial cor-
tex, which must be patiently removed.

There are two situations, which require addi-
tional considerations when using hydrodissec-
tion. The first condition is the mature brunescent 
cataract where the capsule is tightly adherent to a 
large “bowling ball.” Routine hydrodissection 
may create a fluid wave, which elevates the lens 
against the capsulorhexis edge trapping fluid in 
the confined space behind the lens. If the surgeon 
continues to inject, the inelastic posterior capsule 
can break [40]. The best prophylaxis is to dribble 
or ballot the lens as the fluid is injected which 
allows it to return and escape into the anterior 
chamber. An alternate strategy previously men-
tioned is to defer the hydrodissection until a cen-
tral crack is made which provides an escape route 
for fluid preventing a posterior capsule rupture.

The second situation deals with the posterior 
polar cataract, which has a thin, fragile central 
posterior capsule. In some cases, the posterior 
capsule is even open [41–45]. Hydrodissection is 
contraindicated because the stream of fluid may 
tear the capsule. The surgeon should instead per-
form hydrodelineation mobilizing the fetal 
nucleus, which can be emulsified. Aspirating the 
epi-nucleus and cortex across from the incision 
creates the escape route to allow late hydrodis-
section in order to free the remaining epi-nucleus, 
which can then be either emulsified or aspirated.

Another serious complication that can occur 
during hydrodissection will be covered later in 
this chapter under the heading of a Fired Cannula.

Dr. Buratto’s comment: A rapid increase in 
the volume of the bag due to injecting too much 
or too rapidly may result in capsular rupture 
jeopardizing subsequent phacoemulsification. 
Rupture of the posterior capsule can occur 
because of excessive fluid pressure on the poste-
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rior capsule: there is inadequate exit for the 
amount and force of the fluid. The situation can 
be aggravated by a small anterior capsulorhexis. 
Inadequate hydrodissection results in inadequate 
cleaving of cortical adhesions to the capsular 
bag. Attempted rotation of the nucleus during 
phacoemulsification exerts excessive stress on 
the zonules and may result in a dialysis. If the 
nucleus appears stuck due to persistent posterior 
adhesions, phaco must be interrupted and a small 
amount of OVD should be cautiously injected to 
achieve 360 degrees of viscodissection.

 Anterior Capsule Complications

The anterior capsule must be respected even 
before the surgeon begins the capsulorhexis. If a 
patient has a shallow anterior chamber, periph-
eral anterior synechiae, or iris bombe, it is possi-
ble to inadvertently injure the capsule when the 
main or stab incision is being made. The surgeon 
should consider injecting a retentive OVD after 
the main incision is constructed prior to plunging 
a knife into the chamber for the second incision. 
A helpful trick for finding the nearly invisible 
stab is to select a vessel and make the second 
incision where it can be easily located, always 
aiming the knife toward the center of the pupil.

Just like the construction of the main incision, 
the capsulorhexis should be precisely centered 
and sized. After placing the eye in the primary 
position, Dr. Osher uses the Purkinje images on 
the Lumera microscope to facilitate centration. 
He places a trephine on the corneal surface, 
which leaves an epithelial imprint that can be 
traced with the bent 22-gauge needle on the ante-
rior capsule. This technique helps to achieve a 
capsulorhexis size of 4.75  mm, which assures 
that the optic will be covered. If the rhexis size is 
too small or slightly eccentric, it can be enlarged 
after the IOL has been implanted by filling the 
chamber with OVD, making an angled snip in the 
margin with an intracameral scissors, and then 
performing a secondary capsulorhexis with intra-
ocular forceps (Video 37.1).

When making the original capsulorhexis, a 
number of things can go wrong [46]. If the sur-

geon finishes the rhexis inside the starting point, 
a notch is created and is more likely to break at 
some point in the procedure. The notch can be 
excised by injecting OVD, making a slanted cut, 
and then performing a secondary rhexis around 
the notch.

The capsulorhexis edge may also begin to run 
peripherally which occurs if the chamber shal-
lows, or more notably with an intumescent cata-
ract. Another situation that deserves mention is 
the aniridic anterior capsule which instead of 
being the normal 14–20 microns thick, may only 
be a few microns thick, and therefore, more likely 
to rupture [47]. If the surgeon has the luxury of 
observing only minimal peripheral extension, it 
is a good idea to inject OVD to flatten the lens 
bow, which mitigates the downhill tendency of 
the capsular edge to run peripherally. The flap 
can be unfolded and redirected (the Little 
Maneuver) [48] or the surgeon may start the 
rhexis elsewhere and encircle the leading edge of 
the capsular extension [46]. On the other hand, if 
the edge is too peripheral, the surgeon should be 
extremely cautious because there is a risk of the 
tear going around the equator and through the 
posterior capsule. Any force applied to the capsu-
lar bag may encourage this “wrap-around” tear, 
so the surgeon should be familiar with the tech-
nique of in situ phacoemulsification [46]. It is 
also important to reduce turbulence, so parame-
ters should be lowered consistent with the con-
cept of slow motion phacoemulsification [49].

Because most anterior capsular tears will stop 
in the anterior zonules, the surgeon may still 
implant an intraocular lens into the capsular bag 
[46]. A forceful lens injection or excessive rota-
tion should be avoided. We prefer to fill the cap-
sular bag with Healon5, and then the IOL will 
remain folded allowing atraumatic rotation 
before the haptics open [46]. The orientation 
should be 90 degrees from the axis of the tear, 
and then the anterior capsular opening can be 
altered safely with a scissors or a vitrector, if a 
flap of capsule is close to or involving the visual 
axis.

The anterior capsule of the intumescent cata-
ract requires more explanation, and the reader is 
referred to the chapter by Figueiredo and 
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Figueiredo. Excellent visualization is the key to 
all surgery and these capsules must be stained 
with a dye like trypan blue [50]. Flattening the 
anterior capsule with a retentive OVD like 
Healon5 will counteract the elevated intralenticu-
lar pressure [51]. It should be emphasized that a 
relative nuclear block creates an elevation in both 
the anterior and posterior cortical compartments, 
requiring immediate balloting or posterior void-
ing as soon as the anterior capsule is opened [51]. 
This will decompress the posterior compartment 
and prevent the Argentinian flag sign some occur-
ring [51]. A smaller capsulorhexis, which can be 
enlarged later in the procedure, has also been rec-
ommended (Video 37.2).

An anterior capsular tear represents a serious 
complication and the best strategy is prevention. 
The surgeon must be cognizant whenever a sharp 
instrument is introduced into the anterior cham-
ber, and care should be taken to avoid hitting the 
capsular edge with the ultrasonic needle, espe-
cially if the bevel of the torsional needle is per-
pendicular to the capsular edge. It is helpful to 
demarcate the edge of the capsulorhexis by 
removing the underlying anterior cortex just to 
the edge of the capsular margin prior to begin-
ning the emulsification of the nucleus. With vigi-
lance and meticulous technique, this complication 
is rare, but the surgeon should have an action plan 
formulated in advance if an anterior capsular tear 
occurs.

Dr. Buratto’s comment: A tear of the capsu-
lorhexis margin may occur during phacoemulsifi-
cation when there is contact with the phaco tip or 
second instrument during cracking or chopping 
maneuvers. The tear can be divided into three 
categories: (1) partial tear not reaching the 
equator or zonules, (2) full tear reaching to but 
not through the equator and the zonules, and (3) 
full tear that goes beyond the equator and 
involves the posterior capsule. The surgeon 
should inject OVD above and below the capsular 
tear to counteract centripetal forces. The capsu-
lorhexis that results is eccentric and asymmetric 
but can still resist phacoemulsification forces. 
The capsule may also tear during cortical aspira-
tion, especially with sub-incisional removal when 
the view through the cornea may be distorted. I 

prefer a bimanual approach using a Buratto style 
I/A cannula separating infusion and aspiration in 
order to eliminate any stress on the capsulorhexis 
margin.

Dr. Barrett’s comment: There are many 
maneuvers recommended to avoid extension of 
the rhexis with an intumescent cataract. A mini 
dose of mannitol 0.25  g per kilo is extremely 
helpful in these cases. It reduces pressure in the 
posterior segment and may even help reduce 
intralenticular pressure. The smaller dose is 
effective in this context as well as reducing vitre-
ous pressure in very short eyes with shallow ante-
rior chambers. As long as the patient voids prior 
to surgery, catheterization is not required, and 
the impact on the cardiovascular system is sig-
nificantly less than the typical dose of 0.5 to 1 
gram/kilo, which is often recommended.

 Iris Prolapse

While this complication used to be quite com-
mon, smaller incisions and improved wound con-
struction have reduced the incidence of iris 
prolapse [52]. It may still occur with certain con-
ditions, namely, intraoperative floppy iris syn-
drome and nanophthalmos [21, 53, 54]. In the 
former condition, there are pharmacologic agents 
that will reduce the likelihood of iris prolapse 
[55–57]. In the latter condition, intravenous man-
nitol in combination with intermittent compres-
sion of the globe to dehydrate the vitreous will 
reduce the tendency for iris prolapse. Naturally, 
making the incision the correct size and avoiding 
a premature entry are essential [53].

When iris prolapse does occur, the surgeon 
should resist the knee-jerk reflex to shove the iris 
back into the anterior chamber. This action serves 
to traumatize the iris and usually results in persis-
tent prolapse throughout the case. If the anterior 
chamber is filled with an OVD, the pressure gra-
dient can be reduced by aspirating the OVD 
through a separate site and then repositing the iris 
[52]. If high infusion pressure is contributing, the 
bottle should be lowered. If the incision is faulty, 
it may be closed and another site selected to con-
tinue the surgery. If the iris prolapse is the result 
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of positive posterior pressure, the surgeon should 
not hesitate to view the retina and consider the 
possibility of choroidal expansion. Using an 
Osher surgical fundus lens (Ocular Instruments) 
with the operating microscope or an indirect oph-
thalmoscope, the surgeon can make the diagnosis 
of a significant choroidal hemorrhage, effusion, 
or even an infolding of the sclera.

An excellent technique to manage routine 
iris prolapse is to place an OVD cannula 
through the second incision and sweep the iris 
back into the anterior chamber (Video 37.3). 
Through the same cannula, the OVD can be 
injected to create iris concavity which should 
then allow the safe introduction of the ultra-
sound needle, the I&A handpiece, or the intra-
ocular lens [52]. Rarely, the cannula must 
remain over the iris to prevent recurrent pro-
lapse. Before withdrawing the ultrasound or 
I&A tip, the infusion pressure should always be 
lowered, allowing the intraocular pressure to 
approach atmosphere, which prevents recurrent 
iris prolapse. An intracameral miotic can be 
injected through the stab incision after the 
intraocular lens is in place, which further 
reduces any tendency for iris prolapse.

When iris prolapse is properly managed, it is 
no longer necessary to perform the once popu-
lar large iridectomy which caused glare and cos-
metic disfigurement [52]. In fact, the pupil will 
remain functional and the only postoperative 
evidence of iris prolapse may be some transillu-
mination defects. However, it should be reempha-
sized that a careful preoperative history regarding 
Flomax-like drug usage and meticulous incision 
construction are worth the time in predicting and 
preventing this annoying complication.

Dr. Buratto’s comment: Iris root detachment 
(iridodialysis) can occur when entering the ante-
rior chamber with the phaco tip, especially in a 
shallow anterior chamber, and can lead to pupil 
distortion, posterior synechia, and iris atrophy. 
When pinching or catching the iris in the phaco 
tip occurs, especially with small pupils and/or in 
floppy iris syndrome, deepening the anterior 
chamber with an OVD, lowering the infusion 
bottle, and reducing the vacuum/aspiration rate 
parameters are recommended.

 Thermal Injury

One of the few drawbacks of phacoemulsification 
is that the ultrasound needle generates heat as it 
vibrates back and forth [58]. Longitudinal ultra-
sound generates more heat than torsional ultra-
sound, although any needle is capable of creating 
a thermal injury under certain conditions [59, 
60]. The tip is cooled by the movement of fluid 
both inside and around the needle, which, if 
obstructed, can cause a rapid rise in temperature. 
It only takes a few seconds for a thermal injury to 
occur which is characterized by a milky appear-
ance to the lens particles at the tip and a rapid 
shrinkage of the collagen surrounding the ultra-
sound needle [61, 62]. Although sleeves and 
bypass holes have been designed to minimize this 
risk, the surgeon must be aware of the warning 
bells on the machine which indicate that there is 
an obstruction at the tip [61]. Moreover, the sur-
geon must avoid constructing a tight incision that 
retards leakage around the tip, while forceful 
compression of the sleeve against the walls of the 
incision should also be avoided.

If a thermal injury is observed, at the very 
least, the surgeon should expect a leaky incision 
throughout the procedure. Even a subtle burn 
may prevent a watertight seal and require a spe-
cial suturing technique to close the incision [63]. 
A standard suturing method does not work well 
when tissue shrinkage has occurred. Dr. Osher 
has described a horizontal gape closure where the 
back of the roof of the tunnel is approximated to 
the front of the floor which “adds tissue.” [64] A 
vertical suturing technique can also be effective 
by sewing the roof of the tunnel to the floor of the 
incision, rather than passing the needle to the 
posterior lip (Video 37.4). The surgeon should 
consider reinforcing the incision with a tissue 
sealant like ReSure. In severe cases, it may even 
be necessary to mobilize and advance a scleral 
flap or utilize a scleral patch graft [65].

If the surgeon is aware of the warning sounds 
and early clinical signs, promptly discontinuing 
ultrasound may prevent a thermal injury. More 
often than not, a transient viscoelastic obstruction 
can be eliminated by increasing the vacuum and 
then safely resuming ultrasound. Fortunately, the 
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once dreaded thermal injury has become an infre-
quent complication of phacoemulsification.

Dr. Barrett’s comment: One of the most com-
mon causes of thermal burns is the commence-
ment of phacoemulsification before aspiration of 
viscoelastic and establishment of flow within the 
AC.  This is particularly important with higher 
density viscoelastic such as Healon5.

 Nuclear Chip Management

A nuclear chip is capable of escaping from the 
surgeon’s view and remaining hidden in the eye 
until it is detected in the postoperative period. 
While a soft chip can be absorbed, the hard chip 
may cause prolonged inflammation, elevated 
intraocular pressure, and corneal edema [66–70]. 
Therefore, the surgeon should prioritize remov-
ing a chip as soon as it is seen rather than procras-
tinate until later in the procedure. While it may 
seem counterintuitive, reducing the ultrasound 
energy may also reduce the chatter and repulsion 
allowing for more efficient chip removal. It is 
important to always check the second stab inci-
sion where a chip may be found before withdraw-
ing the phaco tip from the eye. If a chip is 
identified within the OVD, it can be either emul-
sified or aspirated more easily through the larger 
opening of the phaco tip than with the smaller 
I&A port.

When a chip is identified during cortical 
removal, it may be too hard to aspirate, so a sec-
ond instrument can be introduced through the 
side port incision to crush the chip as it is being 
held against the port by the vacuum. If a chip has 
been hiding in the angle or in the posterior cham-
ber and is identified after the IOL has been 
implanted, the surgeon should not hesitate to 
reintroduce the phaco tip and remove it. It should 
be mentioned that if an opening in the posterior 
capsule is present, a chip may be trapped in the 
anterior chamber by injecting a retentive OVD 
behind it. If the chip does fall back into the vitre-
ous, the surgeon should not be tempted to chase it 
into the posterior segment where more severe 
complications can occur. An honest and reassur-
ing explanation to the patient followed by a refer-

ral to a vitreoretinal surgeon will likely result in 
an excellent outcome.

 Posterior Capsule Tear

There is no question that an entire book could be 
devoted to the management of the torn posterior 
capsule. It is certainly the most frequent signifi-
cant complication that cataract surgeons experi-
ence. The management of the tear depends on a 
number of factors including when it occurs, 
whether it extends to the periphery, and whether 
or not nucleus, cortex, or vitreous is present [71, 
72]. This section will review several important 
principles.

When a tear occurs, it is essential not to 
remove the phaco or the I&A tip, essentially tak-
ing the “finger out of the dike.” If this happens, 
the anterior chamber will immediately shallow 
and vitreous will prolapse forward toward the 
incision. The anterior hyaloid face will rupture 
and vitreous will be present in the anterior cham-
ber, or worse, in the incision [71]. It is critical to 
leave the ultrasound or I&A tip plugging the inci-
sion while the other hand is able to inject OVD 
filling the chamber. This will prevent chamber 
collapse while also tamponading vitreous pro-
lapse. Once the posterior capsule is concave and 
the chamber is deep, the instrument can be safely 
removed [71] (Video 37.5).

If lens fragments are present, it is possible to 
inject a retentive OVD behind them and convert 
to either a slow motion phaco or an extracapsular 
expression by enlarging the incision [49, 73]. If 
the tear occurs during the cortex removal, the sur-
geon can convert to a dry aspiration technique 
using a curved and a straight 27-gauge cannula 
on a 3-cc syringe filled with 1 cc of balanced salt 
solution [74]. It is important to engage only the 
most proximal anterior cortex in order to strip 
cortical fibers cleanly from the capsule (Video 
37.6). To prevent chamber shallowing, OVD can 
be generously replaced. The surgeon should con-
sider injecting a dispersive OVD like Viscoat into 
the tear for vitreous tamponade while using a 
cohesive OVD like Healon in the bag for easier 
cortical removal.
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Converting a linear posterior capsular tear to a 
posterior capsulorhexis is another excellent tech-
nique [75]. The capsule should be stabilized 
within a sandwich of OVD, and then using an 
intracameral micro-forceps, the edge of the tear 
is grasped and guided to create a posterior capsu-
lorhexis. This is more difficult than an anterior 
capsulorhexis because the posterior capsule is 
much thinner than the anterior capsule measuring 
only 3 or 4 microns. In the case of a posterior 
polar cataract, the capsule may be only 1 or even 
0 microns thick! [41]

When a posterior capsular tear occurs, the key 
mission is to remove nucleus and cortex safely 
without losing lens material into the posterior 
segment. Some surgeons have advocated insert-
ing the intraocular lens behind nuclear fragments 
to act as a scaffold, while a dispersive viscoelas-
tic agent may also be effective [73]. Should 
nuclear fragments dislocate into the posterior 
segment, the surgeon should absolutely not 
attempt to retrieve them, but should meticulously 
clean up the anterior segment in preparation for a 
referral to a vitreoretinal surgeon.

The cataract surgeon must be able to manage 
vitreous in the anterior segment and the vitrec-
tomy technique is quite important. Performing 
the vitrectomy through the incision with a sepa-
rate infusion is a valid approach, although there is 
always a risk of pulling vitreous forward and 
enlarging the tear [76]. Visualizing vitreous can 
be facilitated using triamcinolone, a technique 
developed by Scott Burk MD, PhD when he was 
a Fellow with Dr. Osher [77]. A pars plana vitrec-
tomy with anterior infusion facilitates complete 
vitreous removal from the anterior segment with-
out enlarging the tear. It is essential that the sur-
geon does not exert traction on the vitreous so a 
high cutting speed is mandatory. In addition, the 
surgeon should stop aspiration prior to discon-
tinuing the cutting as the vitrector is withdrawn. 
The anterior segment should be free of vitreous 
and cortical removal should then be completed.

The intraocular lens may be placed safely into 
the capsular bag, if either enough capsular sup-
port exists or a posterior capsulorhexis has been 
achieved. If a single-piece lens is being used, it 
can also be placed into the torn capsular bag, and 

the optic can be prolapsed forward in order to 
achieve reverse optic capture [78] (Video 37.7). 
Alternatively, a three-piece lens can be placed 
into the ciliary sulcus prolapsing the optic back 
through the capsulorhexis opening achieving tra-
ditional optic capture [79] (Video 37.8). It is also 
possible to fixate the IOL by sewing the lens to 
iris or sclera [80–82]. Recently, there has been 
interest in intrascleral haptic fixation utilizing an 
Agarwal glued IOL or a Yamane technique [83–
85], or the flanged haptic technique of Canabrava 
[86]. Regardless of the IOL location, when the 
posterior capsule is open, patients are at a greater 
risk for postoperative pressure rise, inflamma-
tion, corneal edema, cystoid macular edema, and 
retinal tear/detachment [71, 87, 88]. There is also 
a greater risk for endophthalmitis so the appro-
priate anti-infective, anti-inflammatory, and IOP- 
lowering prophylactic medications should be 
administered at the end of the case and in the 
early postoperative period [71, 87–89].

Since there is always an adrenaline response 
when the posterior capsule tears which may pre-
vent clear thinking, it is important to rehearse the 
appropriate steps for managing this complication 
ahead of time, both in the surgeon’s mind and 
with the OR team. Knowledgeable and skilled 
management of the torn posterior capsule will 
usually reward the surgeon with an excellent 
visual outcome.

Dr. Buratto’s comment: There are a number of 
clinical signs indicating a posterior capsular 
rupture that the surgeon should recognize. The 
pupil snap sign is a sudden change in pupillary 
diameter. A sudden increase in the anterior 
chamber depth, an unexpected tumbling of the 
nucleus, and a lateral/posterior dislocation of the 
nucleus are ominous signs. Vitreous prolapse 
may displace the iris, interfere with normal emul-
sification/cortical aspiration, or cause a sudden 
and prominent red reflex.

Dr. Barrett’s comment: Although pars plana 
vitrectomy has several advantages, a 25-gauge 
vitrectomy probe can be inserted through a 1-mm 
sideport incision together with irrigation via a 
19-gauge or 20-gauge infusion cannula from a 
bimanual IA set so that the chamber is well 
sealed. The 25-gauge vitrectomy probe can even 
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be directed with care through a tear to avoid 
dragging vitreous into the anterior chamber.

 Dropped Nucleus

Sooner or later, every ophthalmologist who oper-
ates will encounter one of the most dreaded com-
plications guaranteed to weaken the knees of 
even the strongest and most experienced cataract 
surgeons. Situations that raise the risk of nucleus 
loss include the posterior polar cataract, the 
mature cataract, and the eye with previous 
trauma. The explanation for the posterior polar 
cataract is obvious since these capsules are frag-
ile and occasionally open [41–45]. The explana-
tion for the mature cataract is less obvious but 
important to understand. When the nucleus is 
hard and the lens is extremely thick, the sur-
rounding capsule is taut. When the surgeon 
begins to hydrodissect, the fluid wave goes 
around the equator and behind the nuclear/corti-
cal complex, lifting the complex forward against 
the anterior capsular opening. As the surgeon 
injects more fluid to achieve a thorough hydrodis-
section, there is absolutely no “give” in the cap-
sule and no place for this fluid to escape. The 
result is that the posterior capsule blows out and 
the surgeon is unaware that this complication has 
occurred [90, 91]. Somewhere in the middle of 
the phacoemulsification, the nucleus begins to 
descend, and the surgeon’s heart stops!

There was a time when surgeons attributed this 
posterior capsular tear to the sharp edges of the 
hard-nuclear fragments, but a Grand Prize- winning 
video produced by Dr. Osher and his son James in 
1997 disproved this myth [92]. The mechanism by 
which the capsule ruptures is actually an intracap-
sular block caused by persistent hydrodissection 
[40]. The best prevention is a gentle posterior bal-
lottement of the mature nucleus, which allows 
escape of the injected fluid from behind the 
nuclear/cortical complex back around and out of 
the bag. An alternate approach would be to simply 
avoid the initial hydrodissection, waiting until a 
deep groove in the nucleus has been sculpted. The 
hemispheres or quadrants are gently separated 
producing a deep crack. At this point, hydrodissec-

tion can be performed safely allowing fluid to 
escape back through the crack.

If the surgeon notices that the nucleus is begin-
ning to descend, he can immediately alter the pres-
sure dynamics by pulling the phaco tip out of the 
eye and quickly injecting OVD behind the nucleus. 
Dr. Charles Kelman described a technique for res-
cuing the nucleus utilizing a stab incision through 
the pars plana, elevating the nucleus with an instru-
ment which he called posterior- assisted levitation 
[93] (Video 37.9). Once the nucleus is stable and 
perched upon a retentive OVD, which Dr. David 
Chang has called Visco Trap, the surgeon can elect 
to either continue phacoemulsification (which is 
challenging), open the incision to express the 
nucleus, or implant the IOL beneath the nucleus 
which acts as a protective scaffold as described by 
Dr. Amar Agarwal [73, 94].

There is one inviolate rule that must be obeyed. 
As mentioned in the last section on the torn pos-
terior capsule, the anterior segment surgeon must 
resist the temptation to chase a nucleus back into 
the posterior segment. This is where surgical 
disasters can occur. It is best to proceed by clean-
ing up the cortex and any vitreous that has pro-
lapsed into the anterior segment, and then either 
implanting an intraocular lens or leaving that task 
to the vitreoretinal surgeon. An honest and reas-
suring explanation to the patient and a prompt 
referral to the vitreoretinal surgeon can lead to an 
excellent outcome.

Dr. Barrett’s comment: If a tear in the poste-
rior capsule occurs and the nucleus is subluxated 
posteriorly, conversion to manual extraction with 
a Vectus can be attempted. However, it may be 
preferable to continue phacoemulsification as 
long as vitreous is not present, remove as much 
lens material as feasible letting the nucleus dislo-
cate posteriorly, and then perform an anterior 
vitrectomy and insert a lens with optic capture if 
possible. The eye remains closed with a small 
incision throughout the procedure, and a vitreo-
retinal surgeon can effectively deal with the 
dropped nucleus via the pars plana. Overall, the 
eye sustains less damage than that incurred with 
enlarging the incision, which may bleed, result-
ing in desperate attempts to retrieve a dropped 
nucleus with endothelial damage.
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 Zonular Dialysis

Most problems with the zonules are either con-
genital or traumatic in origin. Yet indelicate sur-
gery may also result in damage to the zonules. 
The surgeon may be expecting weak zonules if 
several signs are observed on the initial exami-
nation. The iris border of the dilated pupil will 
normally appear to come into contact with the 
anterior lens capsule, but if a significant space is 
observed, this is known as the gap sign signify-
ing zonular weakness [95]. Another clinical sign 
is focal iridodonesis, where vitreous is bumping 
the back of the iris through an opening in the 
zonules [95]. Another subtle sign is displace-
ment of the fetal nucleus. More obvious signs 
like phacodonesis or the visibility of the lens 
equator should also serve as a warning to the 
surgeon [95]. In the operating room, there may 
be excessive movement of the anterior capsule 
during the capsulorhexis or the capsule may 
misbehave as a result of poor countertraction. 
Decentration or wobbling of the lens may be 
noticed during the phacoemulsification or corti-
cal stripping. The unexpected appearance of the 
lens equator or vitreous prolapse may also sur-
prise the surgeon.

Iatrogenic zonular damage [96] may be caused 
by excessive movement of the lens during the 
emulsification or inadvertent traction placed on 
the capsular bag during cortical removal. A mild 
to moderate zonular weakness can be managed 
by injecting a dispersive OVD into the dialysis 
which will tamponade vitreous and prevent pro-
lapse. Then the capsular bag may be widely 
expanded with a cohesive OVD to allow the 
atraumatic injection or insertion of a capsular 
tension ring or segment [97]. The management of 
a severe zonular dialysis is beyond the scope of 
this chapter and has been covered elsewhere in 
this book. The surgeon, however, should be 
familiar with the use of capsular retractors which 
will stabilize the bag for nuclear and cortical 
removal. It has been stated that the IOL should be 
oriented perpendicular to the dialysis, but with a 

capsular tension ring in place, the orientation 
probably does not matter.

On the other hand, the management of vitre-
ous prolapse is very important and may be neces-
sary at any time, even near the end of the 
procedure if a strand suddenly presents between 
loose zonules in a patient with previous trauma, 
pseudo-exfoliation, high myopia, or a congenital 
zonulopathy. The surgeon may elect to perform 
the vitrectomy by an anterior approach with sep-
arate infusion, either placing the vitreous cutter 
into the zonular dialysis or carefully severing vit-
reous strands (Video 37.10). Alternatively, a pars 
plana vitrectomy may be performed by aspirating 
and cutting vitreous behind the anterior segment. 
Triamcinolone may facilitate visualization of the 
vitreous. The surgeon should always prevent 
chamber shallowing by injecting OVD, balanced 
salt solution, or air before withdrawing instru-
ments. This sequence will avoid chamber shal-
lowing and additional vitreous prolapse.

There are many devices for managing severe 
zonulopathies and the surgeon should be familiar 
with the insertion of a CTR or segment [98–100]. 
He should also be comfortable performing alter-
nate IOL fixation techniques which may be nec-
essary if the capsular bag has lost zonular support. 
While careful surgical technique will avoid an 
iatrogenic zonulysis, one never knows when 
zonular damage from a preexisting condition will 
surprise the surgeon and require a device or a 
modified technique. It is a good idea to always 
expect the unexpected.

Dr. Barrett’s comment: One scenario that is 
not uncommon is where the nucleus fails to rotate 
easily despite what appears to have been an ade-
quate hydrodissection. This may be seen with a 
vertical chop technique, particularly with a large 
nucleus in an elderly patient. Rather than vigor-
ously trying to rotate the nucleus, it is preferable 
to direct the phaco tip obliquely after the first 
crack is successful and perform another crack. 
Removal of this segment typically reduces nuclear 
volume, which can then be rotated with less ten-
sion on the zonules.
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 Anterior Chamber Shallowing 
and Positive Pressure

The laws of physics suggest that there should 
always be an equilibrium between infusion, aspi-
ration rate, and vacuum. If the infusion is not 
enough to maintain the chamber depth, the result 
will be shallowing of the anterior chamber. Either 
increasing the infusion or decreasing the aspira-
tion rate and/or vacuum level will balance the 
equation [101]. The anterior chamber will also 
shallow if there is excessive fluid leakage from a 
poorly constructed incision, which must either be 
corrected or closed and moved.

The anterior chamber may also shallow as part 
of the syndrome of positive pressure, which 
increases the risk of complications. When the 
posterior capsule becomes convex, it is vulnera-
ble to rupture if it comes into contact with the 
ultrasound needle. Cortex becomes very difficult 
to remove when the entrance to the capsular bag 
is narrowed or closed. To manage the shallow 
chamber caused by positive pressure, the surgeon 
may need to inject a retentive OVD and enter 
with the ultrasound tip “dry” without infusion 
[102]. Once the emulsification is underway, a 
second dull instrument may be used to hold the 
posterior capsule back, while the nuclear removal 
takes place directly above this restraining instru-
ment. It may also be necessary to remove cortex 
in a “dry” OVD-filled chamber using a straight 
and a curved 27-gage cannula on a 3-cc syringe 
filled with 1  cc of balanced salt solution. 
Alternatively, a bimanual system working 
through two stab incisions within a “closed” 
chamber may be helpful.

When severe chamber shallowing is present, 
lens implantation may need to be aborted or 
require surgical gymnastics, whereby the lens is 
placed into the OVD-filled anterior chamber fol-
lowed by manipulation of the haptics into the 
capsular bag. If extreme positive pressure threat-
ens IOL contact with the corneal endothelium, 
the injection of an air bubble may prove to be an 
urgent rescue technique. Once the incision has 
been hydrated or sealed until watertight, the air 
bubble can be removed in small aliquots through 
the stab incision, exchanging it for either acetyl-

choline or balanced salt solution. A special can-
nula (Bausch + Lomb) for removing air, which 
curves upward toward the dome of the cornea 
without distorting the stab incision, has been 
designed by Dr. Osher (Video 37.11).

The surgeon should have a differential diag-
nosis of positive pressure in his mind. Extrinsic 
factors like tight lids, severe adipose tissue pro-
lapse, or a speculum compressing the globe can 
act like two thumbs indenting a balloon. A simi-
lar behavior might occur with scleral collapse in 
a very young patient or with scleromalacia, 
extreme myopia, or when associated with a col-
lagen vascular disease. Scleral thickening asso-
ciated with nanophthalmos may also cause 
positive pressure [103].

Intrinsic factors can also cause progressive 
chamber shallowing, for example, when hydra-
tion of the vitreous space occurs as balanced salt 
solution enters through a posterior capsule tear or 
a zonular dialysis [104]. The choroidal volume 
may be increased by any Valsalva mechanism 
such as coughing or straining. The most serious 
expansion of the choroidal space would be a pro-
gressive hemorrhage, a true emergency requiring 
prompt closure of the incision, digital pressure 
over the incision, and possibly a cut-down into 
the suprachoroidal space to allow blood to escape 
[105, 106]. The surgery is terminated, hypoten-
sive medications are initiated, and the patient can 
return safely to the operating room at a later date.

Anterior chamber shallowing with or without 
positive pressure is a situation that every cataract 
surgeon should be prepared to manage knowl-
edgably and effectively.

Dr. Buratto’s comment: Flow leaving the eye 
is also dependent on other factors not directly 
under control of the equipment, such as the rela-
tionship between the sleeve diameter and the cor-
neal incision size. In various steps of lens 
emulsification and aspiration, occlusion of the tip 
by lens material leads to blockage of fluid aspira-
tion with increased vacuum levels in the tubing, 
which is associated with a subtle but critical con-
traction of the tubing. When the occlusion clears, 
the tubing rapidly expands back to its original 
diameter. Fluid is momentarily aspirated which 
leads to surge. A sudden shallowing of the 
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 anterior chamber is accompanied by a forward 
movement of the posterior capsule causing con-
tact with the phaco tip, which can tear the cap-
sule. Newer phaco machines may minimize surge, 
but the surgeon must always be aware of fluctua-
tions in chamber depth.

 The Excessively Deep Chamber

The technique of phacoemulsification is safest 
when the ultrasound tip is engaging nucleus in a 
direction away from the posterior capsule. Yet 
when the chamber is extremely deep, the ultra-
sound tip is angled posteriorly which elevates the 
risk of posterior capsule tear. The surgeon may 
reduce the infusion pressure or increase the aspi-
ration rate which may help reduce the chamber 
depth. However, in highly myopic eyes and in 
those which have undergone previous vitrectomy, 
there is a specific condition called lens-iris dia-
phragm retropulsion syndrome (LIDRS) which is 
very important to understand [107–109]. The 
infusion stream expands the anterior segment and 
displaces the iris posteriorly so that the peripupil-
lary iris comes in contact with the anterior cap-
sule. Also known as “reverse pupillary block,” 
this barrier prevents fluid from reaching the cir-
cular compartment that extends 360 degrees 
behind the iris. The constant infusion pressure 
has limited access to a reduced space driving the 
posterior capsule back to the occipital lobes! Not 
only is the phaco tip pointed toward the posterior 
capsule, but also the port on the I&A tip is unable 
to come in contact with the posterior capsule 
which prevents vacuuming. Moreover, extreme 
dilation of the pupil occurs, the eye may appear 
aniridic, and sphincter ruptures have even been 
reported [110].

Fortunately, if the surgeon recognizes this 
condition, it is very easy to reverse [109]. By 
simply elevating the iris or depressing the ante-
rior capsule, a rush of fluid will fill the retro- 
irideal space, and the chamber immediately 
shallows as the pupil returns to a more physio-
logic dilatation. While some surgeons prefer to 
lift the iris, this can cause some pigment disper-
sion and transillumination defects, so it may be a 

better technique to simply depress the anterior 
capsule allowing fluid to rush into the accessible 
space behind the iris (Video 37.12). By utilizing 
this maneuver, the surgery can proceed with less 
risk of a capsular rupture.

 Fired Cannula

Anytime the surgeon is injecting fluid or OVD 
into the eye, there is the potential for turning the 
cannula into a flying missile with the conse-
quence of severe damage to any intraocular struc-
ture. The literature provides examples of 
penetrating injuries to the cornea, iris, ciliary 
body, capsule, and even to the retina [32, 111–
113]. The surgeon should take the following 
measures to minimize this complication. First, he 
should instruct his team to always secure the can-
nula and test it, even if it is a lure-lock, prior to 
actual use. Second, the surgeon should always 
pinch the hub of the cannula between his fingers 
as the plunger is being depressed. By assuming 
that every cannula can forcefully detach, this 
technique will allow the surgeon to “catch” a can-
nula before it can cause damage. Third, the sur-
geon should aim the cannula tip toward the lateral 
wall of the incision when hydrating at the end of 
the procedure. It is far better for the cannula to 
strike the wall of the incision rather than enter the 
eye. Being aware of this complication and utiliz-
ing these preventive measures, the anterior seg-
ment surgeon can avoid a serious cannula injury.

 Acute Corneal Clouding

There is always the potential for a rare complica-
tion to occur which is why the experienced sur-
geon will stay focused and attentive for every 
second of the procedure, even after the IOL has 
been implanted. For example, if acetylcholine 
(Miochol) is being injected to constrict the pupil 
at the end of the operation, the cornea may sud-
denly cloud. The likely cause is inadequate mix-
ture of the diluent and the lyophilized powder 
leaving the injected fluid hypotonic. The surgeon 
should immediately place the I&A handpiece 
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into the anterior chamber and irrigate until the 
cornea clears. Again, proper education for the 
nursing team will prevent this type of complica-
tion from occurring.

 Hemorrhage

Hemorrhage can occur from several different 
locations during cataract surgery. The most com-
mon place for bleeding to occur is from the inci-
sion. Patients who have a long history of contact 
lens wear with corneal neovascularization, a pre-
vious corneal disease, or those who are on antico-
agulation drugs are at greater risk. The incision 
can be moved more anteriorly, although many 
surgeons prefer a near-clear rather than a pure 
corneal location. Persistent bleeding which either 
causes blood to reenter the eye, interferes with 
visualization, or persists during the entirety of the 
case must be addressed. Simply holding a Weck 
cell sponge against the hemorrhaging vessel with 
some pressure may expedite coagulation. 
However, if unsuccessful, the surgeon should 
have access to a fine-tipped wet field cautery, 
which will not cause contraction of collagen, 
since any thermal damage can result in an incom-
petent incision.

Bleeding may also occur from the iris or from 
the angle due to either trauma or hypotony. 
Raising the pressure in the eye with balanced salt 
solution or OVD should stop the hemorrhage, but 
gravity may allow blood to accumulate in the 
capsular bag. It should be emphasized that blood 
should not be left behind the IOL within the cap-
sular bag because a clot may form and compro-
mise vision following surgery. Rarely, we have 
had to reoperate and inject TPA into the capsular 
bag to hemolyze the clot. This could have been 
avoided by simply reintroducing the I&A hand-
piece, decentering the IOL, and removing the 
blood during the initial surgery. Bleeding from 
the ciliary body was occasionally seen when a 
three-piece IOL with stiff haptics was placed into 
the ciliary sulcus. With the introduction of single- 
piece lenses implanted into the capsular bag, this 

source of bleeding has disappeared. Similarly, 
when large incision extracapsular surgery was 
the standard of care, prolonged hypotony would 
increase the risk of a choroidal hemorrhage. 
Sudden pain with acute positive pressure, iris 
prolapse, and chamber shallowing signaled this 
catastrophic event. Fortunately, smaller incisions 
which maintain some intraocular pressure have 
made a choroidal hemorrhage a rare event. Still, 
the surgeon should understand that he must 
immediately close the eye, apply pressure to tam-
ponade the hemorrhage [114], suture or seal the 
incision, confirm the location and size using oph-
thalmoscopy, abort the procedure, and monitor/
treat the IOP. Placing an incision into the supra-
choroidal space for drainage is a more controver-
sial maneuver. However, should disaster strike, it 
is always recommended that the operating sur-
geon solicit prompt assistance from a subspecial-
ist with expertise in glaucoma and/or vitreoretinal 
surgery. Once the risk of an expulsive hemor-
rhage has been eliminated, the surgeon will likely 
be able to return to the operating room at a later 
time to safely complete the procedure.

 Patient Movement

Performing cataract surgery under the high mag-
nification of a microscope is incompatible with 
either a moving eye or a moving patient. Proper 
anesthesia will deal the former, while the latter 
can be managed depending upon whether the 
patient movements are expected or unexpected. 
Certain neurologic conditions like Parkinson’s 
disease are associated with head movements 
which can be dampened by wrapping cloth tape 
around the patient’s forehead and head of the 
bed. Unexpected movements like restless legs 
syndrome or a sudden head jerk due to over- 
sedation can catch the surgeon by surprise. It is 
essential to emphasize to the person administer-
ing the anesthesia that the patient should be kept 
“light” and under no circumstances allowed to 
fall asleep. The surgeon should also explain to 
the patient that a small movement under the 
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microscope is equivalent to an earthquake for the 
surgeon. It is a good practice to explain that a 
question should be answered with a verbal “yes 
or no” rather than a head nod. If the patient 
expresses concern about claustrophobia, the 
drape should be lifted off the patient’s face, and 
the touch of a nurse’s hand in combination with 
reassurance from the surgeon may avert a panic 
attack. Coughing can be addressed by quickly 
giving the patient a cough drop. The surgeon 
should make it a top priority to communicate 
with and often reassure the patient throughout the 
procedure.

 IOL Problems

Entire chapters have been written on this topic, 
which encompasses either the management of 
intraoperative or late complications. Situations 
that the surgeon might encounter during surgery 
include an injection malfunction, misbehavior of 
a haptic, damage to an optic, or lens malposition. 
A haptic that is stuck in the cartridge can some-
times be freed by slicing the tip of the cartridge 
with a knife. The haptic, which is stuck to the 
optic, can be squeezed at the end with a forceps 
freeing the haptic. If a haptic has been disinserted 
on a three-piece lens, the surgeon may actually 
harvest a haptic from another lens and insert it 
into the optic. By contrast, a disinserted haptic on 
a single piece lens can either be substituted by a 
suture or explanted. A damaged optic requires 
judgment by the surgeon since a peripheral gash 
or impurity may be visually insignificant. On the 
other hand, a scratch or a gash in a central optic 
requires exchange. Suboptimal placement, for 
example, one haptic in the capsular bag and the 
other in the ciliary sulcus, should be corrected in 
order to avoid late decentration. The same holds 
true if a single-piece lens is inserted into the cili-
ary sulcus. If a lens is inserted backwards, the 
surgeon may not need to perform intraocular 
gymnastics if the IOL is uniplanar and the power 
is approximately the same. However, toric, 
presbyopia- correcting, and intraocular lenses 

with angled haptics should be “summersaulted” 
using two hooks and a chamber full of OVD. If 
the IOL finds its way through a posterior capsular 
tear or a zonular dialysis, it must be recovered in 
combination with anterior vitrectomy and refix-
ated by either optic capture or a lasso suture sewn 
to the sclera or iris, or explanted and exchanged. 
A posterior luxation with loss of the lens requires 
prompt referral to a vitreoretinal surgeon.

There are a multitude of reasons why an IOL 
should be exchanged days, weeks, months, or 
even years after the original surgery. The most 
common cause is a refractive surprise, which the 
surgeon deems unacceptable. It is quite easy to 
reopen the capsular bag and exchange the lens 
through a small incision with OVD protection of 
the cornea and the capsule. A variety of explanta-
tion techniques are available; Dr. Paul Ernest 
introduced the intraocular lens refolding tech-
nique [115] (Video 37.13); Dr. Shuichlo Eguchi 
introduced the “Pac-man” technique [116] (Video 
37.14); Dr. Jack Dodick developed the partial 
transection [117, 118]; Dr. Amar Agarwal used a 
second intraocular lens as a scaffold [119]; and 
Dr. Michael Snyder and I developed a set of 
instruments for fixating the lens through the stab 
incision (Geuder, CrestPoint Instruments) and 
then trisecting the lens with a micro scissors 
through the main incision [120] (Video 37.15). 
There are certainly other techniques that allow for 
a small incision explantation and lens exchange. 
Alternatively, one could perform laser vision cor-
rection. If the capsular bag has fibrosed or the 
posterior capsule is open, there may be enough 
room in the ciliary sulcus to consider implantation 
of a secondary piggyback lens [121].

Late IOL repositioning or exchange may be 
required when the lens is decentered or subluxed. 
A number of techniques including reopening the 
capsular bag, passing a lasso suture, sulcus fixa-
tion, suturing the lens to the iris [80] or sclera 
[82], or more recently intrascleral haptic fixation 
[85] have all been used to manage malpositioned 
intraocular lenses. Other late complications 
including persistent UGH syndrome from lens-
iris contact, chronic inflammation from P. acnes, 
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intolerable dysphotopsia [122], damage from the 
YAG laser [123–125], or opacification/calcifica-
tion of the lens are rare but require aggressive 
management. Lens exchange may be reserved for 
those patients who fail more conservative man-
agement, for example, an intensive anti-inflam-
matory regime which causes confluent KP on the 
optic to vanish.

Most surgeons do not have a great deal of 
experience managing these complications, and it 
is often prudent to refer the patient to a surgeon 
with more experience with these unusual cases.

 Conclusion

Every cataract surgeon who operates, regardless 
of his or her skill and experience, will infre-
quently encounter complications. What differen-
tiates the good from the excellent surgeon is the 
way these complications are recognized and 
managed. The well-prepared surgeon has 
rehearsed in advance the maneuvers necessary to 
achieve a successful outcome.

In closing, please allow a few final words of 
advice. Always be honest with the patient. If a 
complication occurs, patiently explain the situa-
tion with eye-to-eye contact and reassurance. Try 
to avoid placing blame on the machine, on the 
nurse, or on the patient himself. Whenever pos-
sible, develop a corrective plan, which can be 
explained to the patient, and then either execute it 
or refer the patient in a timely manner. By com-
bining preparation, skill, honesty, and empathy, 
both the patient and the surgeon will likely live 
happily ever after.
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 Introduction

Late dislocation of an intraocular lens (IOL) is a 
serious complication following cataract surgery 
[1–4]. Many surgical techniques are applied for 
managing dislocated IOLs, including exchanging 
or repositioning of the IOL with suturing to the 
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Bullet Points
• IOL dislocation is divided into 2 types: 

in-the-bag and out-of-the-bag disloca-
tion. Out-of-the bag dislocation due 
mainly to complicated surgery occurs in 
the early postoperative period, while in- 
the- bag IOL dislocation due to a slowly 
progressive dehiscence of the zonules 
occurs several years after cataract 
surgery.

• In-the-bag IOL dislocation progresses 
vertically according to the degree of the 
remaining zonular or capsular support. 
According to the progression of IOL 
dislocation, we classified the dislocation 
sites into the 5 categories.

• Before explantation of the dislocated 
IOL, lifting up onto the iris is performed 
using 1 of 3 techniques based on the dis-
location site; (1) pulling up through 2 
limbal side ports, 2) pushing up from 

the pars plana to the posterior chamber, 
or (3) lifting up from the retinal 
surface.

• The dislocated IOL onto the iris is 
explanted via a clear corneal incision or 
scleral incision. Polymethyl methacry-
late and silicone IOLs are explanted 
though a 6.0- or 6.5-mm scleral incision 
having a width equal to the optic diam-
eter. Hydrophobic and hydrophilic 
acrylic IOLs can be explanted thorough 
an incision almost half the width of the 
optic diameter by folding or cutting the 
optic.

• We only perform anterior vitrectomy 
through limbal side ports, except for 
cases in which an IOL has dropped onto 
the retina. Before scleral fixation of the 
IOL, we insert a vitreous cutter through 
the side port and remove a minimal 
amount of the vitreous body that has 
prolapsed in the anterior chamber.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-94530-5_38&domain=pdf
https://doi.org/10.1007/978-3-030-94530-5_38
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sclera or iris, which are performed with pars 
plana vitrectomy or anterior vitrectomy [5–15]. 
The surgeon’s preference usually dictates the 
technique. In general, posterior segment surgeons 
prefer the posterior approach with repositioning 
of the IOL and pars plana vitrectomy [5–13], 
while anterior segment surgeons prefer the ante-
rior approach with exchange of the IOL through 
limbal incisions and anterior vitrectomy [4, 14, 
15]. Most of the IOLs in use currently are 1-piece 
acrylic IOLs without rigid loops, making them 
unsuitable for repositioning by suturing to the 
sclera or iris in eyes without adequate capsular 
support. As a result, IOL repositioning proce-
dures have gradually become less commonly per-
formed, and IOL exchange procedures are now 
the predominant technique.

Many studies have reported various sites of 
dislocated IOL based on the horizontal position 
determined by slit-lamp microscopy with the 
patient upright [4, 12, 14], but there is currently 
no classification system. A dislocation site 
 classification system based on the vertical posi-
tion as observed under an operating microscope 
with the patient in a supine position would pro-
vide useful information for planning the surgical 

repair. Although pars plana vitrectomy is per-
formed in most previous cases [5–8, 13], several 
reports suggest that anterior vitrectomy is ade-
quate even for eyes with IOLs posteriorly dislo-
cated to the vitreous cavity [4–12]. We recently 
developed a classification system for IOL dislo-
cation sites based on the vertical position deter-
mined under an operating microscope, and 
specially considered the requirement for pars 
plana vitrectomy [16].

 In-the-Bag and out-of-the-Bag 
Dislocation of the IOL

IOL dislocation is divided into two types: in-the- 
bag and out-of-the-bag dislocation (Fig.  38.1). 
Until the 1980s, IOL dislocation usually occurred 
outside of the capsule, such as in sunset or sun-
rise syndrome [17, 18]. Because out-of-the bag 
dislocation is due predominantly to asymmetrical 
fixation of the IOL or to complicated surgery, it 
occurs early in the postoperative period [17, 18]. 
The type of IOL dislocation has markedly 
changed, since the 1990s, however, when con-
tinuous curvilinear capsulorrhexis and in-the-bag 

Fig. 38.1 In-the-bag and out-of-the-bag IOL dislocation
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implantation of the IOL became the standard 
technique for cataract surgery. Many cases of 
IOL dislocation within the capsular bag have 
been reported, and pseudoexfoliation syndrome, 
allergic conjunctivitis associated with atopic der-
matitis, chronic uveitis, trauma, postvitrectomy 
status, and long axial length are considered pre-
disposing factors [19–24]. In-the-bag IOL dislo-
cation usually occurs several years after cataract 
surgery and, thus, results from a slowly progres-
sive dehiscence of the zonules.

 Classification System of IOL 
Dislocation Sites

In-the-bag IOL dislocation progresses vertically 
according to the degree of the remaining zonular 
or capsular support (Fig. 38.2). Zonule or capsule 
deterioration leads to pseudophakodonesis or tilt-
ing and sinking of the IOLX, in which the IOL is 
observed within the pupillary area. When large 
portions of the zonules break, the IOL dangles 
from the remaining zonules like a trap door in the 

Fig. 38.2 Schema of progression of in-the-bag IOL dis-
location [16]. In-the-bag IOL dislocation progresses 
according to the number of the remaining zonules. When 
the zonules become weak or partly broken, pseudophako-
donesis begins. When more than half of the zonules are 
broken, the IOLs become tilted or sink into the vitreous 

cavity. When most of the zonules are broken, the IOL 
dangles while connected to the remaining zonules in the 
peripheral vitreous cavity, like a trap door. When the con-
nection with the zonules or capsules breaks completely, 
the IOL drops onto the retina
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peripheral vitreous cavity (i.e., trap-door-like dis-
location). A perpendicularly dangling IOL is 
rarely observed within the pupillary area when 
the patient is in a supine position, but when the 
upper zonules remain, the IOL may be seen 
within the pupillary area on slit lamp microscopy 
with the patient in a sitting position. Complete 
disconnection of the IOL from the zonules or 
capsules allows the IOL to drop onto the retina. 
According to this progression of IOL dislocation, 
we classified the dislocation sites into the follow-
ing five categories (Fig. 38.3): (1) prolapse into 
the anterior chamber, (2) pseudophakodonesis, 
(3) posterior dislocation in the anterior vitreous 
cavity within the pupillary area, (4) trap-door- 
like dislocation, and (5) being dropped onto the 
retina [24]. Classification according to this sys-
tem should be determined under an operating 
microscope with the patient in the supine posi-
tion. Prolapse of the IOL into the anterior cham-
ber usually occurs after rubbing or compressing 
the eye (Fig. 38.4).

This classification system determined under 
microscope is useful for anterior segment sur-
geons who do not usually perform pars plana vit-

rectomy. The first 4 categories, namely, (1) 
anterior chamber prolapse, (2) pseudophakodo-
nesis, (3) posterior dislocation within the pupil-
lary area, (4) trap-door-like dislocation, can be 
managed without performing pars plana vitrec-
tomy, because the IOL remains in the upper part 
of the eye. We first use this classification to dis-
tinguish whether the IOL remains in the upper 
part of the eye. To look for the dislocated IOL 
under microscope is also useful for determining 

Fig. 38.3 Classification system for IOL dislocation sites 
[16]. The dislocation sites were classified into the follow-
ing five categories: ① prolapse into the anterior chamber, 
② pseudophakodonesis, ③ posterior dislocation in the 

anterior vitreous cavity within the pupillary area, ④ trap- 
door- like dislocation, and ⑤ being dropped onto the 
retina

Fig. 38.4 Anterior prolapse of the in-the-bag IOL dislo-
cated to the anterior chamber
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the position of the pars plana on which a trocar 
for pushing up the IOL should be placed.

Progression of out-of-the-bag IOL dislocation 
differs from that of in-the-bag dislocation. Out- 
of- the-bag dislocation is predominantly due to 
complicated surgery after posterior capsule rup-
ture or anterior capsule tears and, therefore, usu-
ally occurs in the immediate or early postoperative 
periods (Fig. 38.5). When the out-of-the-bag dis-
location occurs late after surgery, rubbing or 
compressing the eye is the likely cause. Because 
the IOL rapidly luxates with no capsular support 
in out-of-the-bag dislocation, the IOL is fre-
quently detected on the retina. When an out-of- 
the-bag dislocated IOL dangles in the peripheral 
vitreous cavity, one side of the haptic is suspected 
to be attached to the sclera.

 IOL Dislocation Sites

We evaluated 269 eyes of 240 patients who con-
secutively underwent IOL exchange surgery due 
to IOL dislocation between April 2006 and June 
2013. Of these eyes, 39 were excluded from anal-
ysis and 230 eyes were analyzed. Of the 230 eyes 
(Table  38.1), the major dislocation sites were 
posterior dislocation in the anterior vitreous cav-
ity in 109 eyes (47.4%), pseudophakodonesis in 
44 (19.1%), and trap-door-like dislocation in 37 
(16.1%). Of the 209 eyes with in-the-bag disloca-

tion, the major dislocation sites were posterior 
dislocation in the anterior vitreous in 104 eyes 
(49.8%), pseudophakodonesis in 42 (20.1%), and 
trap-door-like dislocation in 36 (17.2%). Of the 
21 eyes with out-of-the-bag dislocation, the 
major dislocation sites were being dropped onto 
the retina in 10 eyes (47.6%) and dislocation in 
the anterior vitreous cavity in 5 (23.8%). The 
incidence of the dislocation sites differed signifi-
cantly between the in-the-bag and out-of-the-bag 
dislocation groups (p < 0.0001).

 Explantation of Dislocated IOLs

In most cases, we explant the dislocated IOL 
and fixate a new posterior-chamber IOL to the 
sclera [4]. We prefer not to implant an anterior-
chamber IOL, because corneal endothelial cell 
injury is a serious concern, or to suture the IOL 
to the iris because of chronic inflammation, 
which leads to cystoid macular edema. Before 
explantation, lifting up the dislocated IOL onto 
the iris is  performed using 1 of 3 techniques 
based on the dislocation site: (1) pulling up 
through 2 limbal side ports, (2) pushing up from 
the pars plana to the posterior chamber, or (3) 
lifting up from the retinal surface. For eyes with 
pseudophakodonesis, prolapse into the anterior 
chamber, or slight posterior dislocation of the 
IOL into the vitreous, the IOLs are lifted up 

a b

Fig. 38.5 Out-of-the bag IOL dislocation due to posterior capsule rupture in the early postoperative period (a) and in 
the late postoperative period (b)
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onto the iris by holding the haptic or optic using 
a bimanual hook, anterior capsule forceps, or 
IOL explantation forceps (Fig.  38.6). For eyes 
with a trap-door-like dislocation and deep pos-
terior dislocation into the vitreous, a 25 or 23 G 
trocar for vitrectomy is inserted in the pars plana 
where the zonules remain, and the IOL is pushed 
up into the posterior chamber using a pick, and 
then pulled up onto the iris using a hook, ante-
rior capsule forceps, or IOL forceps through the 
limbus (Figs. 38.7 and 38.8). For eyes in which 
the IOL has dropped onto the retina, 3-port pars 

plana vitrectomy is performed first, and the IOL 
haptic is grasped and pulled up to the posterior 
chamber using internal limiting membrane peel-
ing (ILM) forceps or a pick, and then fixed onto 
the iris through the limbal side ports using a 
hook, anterior capsule forceps, or IOL forceps. 
For grasping and pulling up the IOL, we recom-
mend the Max- Grip ILM forceps (Alcon 
Laboratories, Fort Worth, Texas, USA). When 
an in-the-bag dislocated IOL is difficult to grasp 
because of an intact capsule, scraping away part 
of the capsule around the haptic using a vitreous 

Table 38.1 Comparison in-the-bag and out-of-the-bag IOL dislocation sites [16]

In-the-bag 
dislocation

Out-of-the-bag 
dislocation

Overall dislocation 
sites

Group (n = 209)a Group (n = 21)a Group (n = 230)
1. Prolapse into the AC 25 (12.0%) 3 (14.3%) 28 (12.2%)
2. Pseudophakodonesis 42 (20.1%) 2 (9.5%) 44 (19.1%)
3.  Posterior dislocation into the anterior 

vitreous cavity
104 (49.8%) 5 (23.8%) 109 (47.4%)

4. Trap door-like dislocation 36 (4.8%) 1 (4.8%) 37 (16.1%)
5. Dropped onto the retina 2 (1.0%) 10 (47.6%) 12 (5.2%)

AC anterior chamber
aStatistically significant difference in the distribution of IOL dislocation sites between the in-the-bag and out-of-the-bag 
dislocation groups (p < 0.0001)

bimanually lifting up the IOL onto the iris fixating the IOL by pulling out the haptic

pulling out
the loop through
a side port

pulling up the optic
using a hook

anterior
capsule
forceps

Fig. 38.6 Schema for bimanual pulling up of a dislocated IOL onto the iris using a hook, an anterior capsule forceps, 
and an IOL explantation forceps
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cutter will make it easier to grasp. Thus, IOL 
dislocation at sites 1 through 4 according to our 
classification system is repaired using an ante-
rior approach, and only IOLs that have dropped 
onto the retina are repaired using a posterior 
approach.

After pulling the dislocated IOL onto the iris, 
it is explanted via a clear corneal incision or 
scleral tunnel incision. Polymethyl methacrylate 
and silicone IOLs are explanted though a 6.0- or 
6.5-mm scleral tunnel incision having a width 
equal to the optic diameter. At this time, any 
regenerated lens within the capsule, namely 
Soemmering’s ring, should be explanted together 

as a whole. Hydrophobic and hydrophilic acrylic 
IOLs can be explanted thorough an incision 
almost half the width of the optic diameter by 
folding or cutting the optic. In eyes with in-the- 
bag IOL dislocation, we prefer folding the optic 
over cutting it, because Soemmering’s ring can 
be explanted as a whole. To fold the optic in the 
anterior chamber, a hook is inserted under the 
IOL from a side port opposite the main incision, 
IOL folding forceps are inserted through the 
main incision, and the IOL is folded using the 
IOL folding forceps and a hook (Fig. 38.9). The 
folded IOL and regenerated lens fiber complex 
are explanted through approximately 3.5- to 4.0- 

a b

c

Fig. 38.7 Lifting an IOL with a trap-door-like disloca-
tion up onto the iris (a) Under an operating microscope, 
the IOL was difficult to see within the pupillary area, 
because the IOL was dangling in the peripheral vitreous 
while connected to the remaining zonules at the 10 o’clock 

meridian. After placing a trocar for 25-gauge vitrectomy 
into the pars plana at the 10 o’clock meridian, (b) the ver-
tically dangling IOL was pushed up to the posterior cham-
ber using a pick, and (c) was lifted onto the iris using an 
anterior capsulotomy forceps

38 Dislocated IOLs



466

push up the IOL to
the prosterior chamber

Check where the IOL is dangled

grasp the IOL and
lift up onto the iris

trocar for 
vitrectomy

trap door-like
dislocation of IOL

Fig. 38.8 Schema for lifting up an IOL with a trap-door-like dislocation onto the iris

stabilize the optic
from the posterior side
using a hook

explant the
folded IOL

fold the optic using an IOL folding forceps

Fig. 38.9 Schema for explanting an acrylic IOL by folding the optic using IOL folding forceps and a hook
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mm clear corneal incision. In eyes with an 
 out-of- the-bag IOL dislocation, the IOL can be 
cut and explanted through the main incision 
(Fig.  38.10). If the capsule is ruptured during 

explantation, and regenerated lens fibers remain 
in the anterior chamber, the lens remnants should 
be extracted by the pressure of ophthalmic visco-
elastic device (Fig. 38.11).

stabilize the optic
using a hook

cut a quadrant
of the optic

cut the ridid loops

explant the IOL
by rotation of the optic

Fig. 38.10 Schema for explanting an acrylic IOL by cutting the optic

ophthalmic viscoelastic material

regenerated
lens remnants press down

the wound

extract the lens
remnants

Fig. 38.11 Schema for extracting the remnants of Soemmering’s ring by a pressure of ophthalmic viscoelastic 
materials
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 Vitrectomy

We only perform anterior vitrectomy through 
limbal side ports, except for cases in which an 
IOL has dropped onto the retina. Before scleral 
fixation of the IOL, we insert a 23 or 25 G vitre-
ous cutter through the side port, and remove a 
minimal amount of the vitreous body that has 
prolapsed in the anterior chamber. For anterior 
vitrectomy, both 23 and 25 G cutters can be used 
by surgeon’s preference. All vitreous strands that 
are incorporated into the main incision and side 
ports, however, must be removed. Iatrogenic reti-
nal holes/tears tend to be developed during 
removing the peripheral vitreous. Because iatro-
genic holes in the peripheral retina may not be 
sufficiently treated, however, excessive amount 
of the vitreous should not be removed. For an 
IOL that has dropped onto the retina, 3-port pars 
plana vitrectomy is performed. After pars plana 
vitrectomy, the dropped IOL is picked up from 
the retinal surface using a pick or internal limit-
ing membrane forceps, and then lifted up onto 
the iris.

 Scleral Fixation of IOL

Because many surgical techniques are available 
for scleral fixation of IOLs, surgeons may select 
their preferred method. We prefer transscleral 
suturing of the IOL using an ab-externo method. 
We usually use a 1-piece polymethyl methacry-
late IOL (CZ70BD; Alcon Laboratories, Fort 
Worth, TX, USA), or a 3-piece hydrophobic 
acrylic IOL (YA-65BB and VA70AD; HOYA, 
Tokyo, Japan). A 9–0 polypropylene looped- 
suture with a long curved or straight needle is 
hitched to the eyelets of the loop of the poly-
methyl methacrylate IOL or directly to the loop 
of the hydrophobic acrylic IOL.  After piercing 
the sclera using a 26- or 27-gauge catheter needle 
at the ciliary sulcus approximately 1.5-mm poste-
rior to the limbus, the end of a long needle is 
inserted into the lumen of the catheter needle, 
and then both needles are pulled out together 
from the eye (Fig.  38.12). The IOL is then 
inserted into the posterior chamber, and the bilat-
eral sutures are drawn tight until the IOL is well 
centered. Another superficial suture bite is taken 

catheter needle to pull out
the suturing needle

long curved
needle

superficial 
suturing bite
to the sclera

half-thickness
sclerotomy

Fig. 38.12 Schema of an ab-externo method of scleral suturing of the IOL
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in the sclera, and then one arm of the suture is cut 
and tied to the other arm of the suture; this is 
done on both sides. After instilling a miotic agent, 
the vitreous that has prolapsed into the anterior 
chamber is removed using a 23 or 25 G vitreous 
cutter and the vitreous strand is swept using a 
hook until the pupil becomes round. Both loops 
of the 3-piece hydrophobic acrylic IOL are exter-
nalized from the sclerotomy sites using fine for-
ceps or 24-gauge needles. The ends of the loops 
are buried in the half-thickness sclerotomy sites. 
We also perform intrascleral fixation of the IOL 
without sutures. The IOL used for intrascleral 
fixation is a 7.0-mm hydrophobic acrylic IOL 
with polyvinylidene difluoride loops (X-70 and 
NX-70; Santen, Osaka, Japan). It is also possible 
to perform iris suturing of the anterior chamber 
lens by surgeon’s preference.
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Management of Dropped Nucleus 
in Complicated Cataract Surgery

Marta S. Figueroa and Andrea Govetto

 Introduction

Dropped nucleus is one of the most feared and 
severe complications of modern cataract surgery 
[1]. It is defined as the dislocation of part of the 
crystalline lens, or rarely the whole lens, to the 
vitreous cavity. The lens material may drop 
through iatrogenic breaks of the posterior cap-
sule. In some cases, the whole lens may fall back 
due to zonular weakness or dialysis.

The correct clinical and surgical management 
of a dropped lens is critical to achieve good func-
tional and anatomical results for the patients, and 
to lower the risk of further complications such as 
intraocular inflammation, intraocular pressure 
rise, corneal edema, cystoid macular edema, and 
retinal detachment [1].

This chapter will give guidance in the treat-
ment of such complex cases, with a particular 
focus on the vitreoretinal point of view.

 Dropped Nucleus: Causes 
and Preoperative Risk Factors

The dislocation of lens material into the vitreous 
chamber has a reported incidence, which may 
vary between 0.3% and 1.1% according to the 
published literature [1–4]. Some preoperative 
factors that may increase the risk of dropped 
nucleus are as follows:

Bullet Points
• Dropped nucleus management involves 

both medical and surgical strategies.
• The surgeon must identify risk factors 

for dropped nucleus prior to the 
surgery.

• Addressing the issue from both anterior 
and posterior approaches is critical to 
achieve good anatomical and functional 
results.

• Different techniques may be used to 
remove the nucleus from the vitreous 
chamber.

• A suboptimal management of dropped 
nucleus may have serious consequences 
on the visual potential of the eye.
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• Inexperienced surgeon
• Advanced age
• Undilated pupil
• Pseudoexfoliation
• Increased axial length
• Posterior polar cataract
• Zonular disruption
• Traumatic cataract
• Hollow orbit
• Previous vitrectomy surgery
• Intraoperative floppy iris syndrome (IFIS)

Knowing such risk factors may allow sur-
geons to predict complications more accurately 
prior to surgery, plan more effectively, and coun-
sel patients who are at risk.

Not surprisingly, the level of expertise of a 
surgeon is inversely correlated with the likeli-
hood to experience dropped nucleus, and pre-
vious reports confirmed that the learning curve 
is associated with a higher level of complica-
tions [3].

Phacoemulsification technique (divide and 
conquer versus phaco-chop) is not associated 
with a higher incidence of this complication, but 
peripheral sculpting was reported to be a high- 
risk maneuver, as the lens is thinner in the periph-
ery and the phaco-tip may touch the posterior 
capsule more likely if compared to central sculpt-
ing [3].

Fluctuating anterior chamber depth, caused by 
increased movement of the lens-iris diaphragm, 
is common in vitrectomized eyes. Such phenom-
enon may increase the risk of touching the poste-
rior capsule with the phaco-probe.

 Dropped Nucleus: What to Do?

 Anterior Segment

The basic principle of complication management 
in any surgical setting

must be to reduce the risk of further complica-
tions. The surgical strategy in case of posterior 
capsule rupture with vitreous loss and dropped 
nucleus must follow an ordinated step-by step set 
of procedures to increase the odds to achieve sat-
isfactory functional and anatomical results.

In a dropped nucleus situation, leaving vitre-
ous incarcerated to surgical incision or in the 
anterior chamber leads to an increased rate of 
cystoid macular edema, retinal detachment, and 
postoperative endophthalmitis. Further, any 
attempt to remove posteriorly dislocated lens 
material from the anterior segment may result in 
vitreous traction, retinal tear, hemorrhages, and 
retinal detachment.

The goal of the anterior segment surgery must 
be to deliver a clean anterior chamber, free of vit-
reous and lens remnants, and possibly to implant 
a sulcus three-piece intraocular lens in case of 
preserved anterior capsule.

The first step is to reduce vitreous traction. 
Drop in anterior chamber pressure may cause a 
gradient allowing the posterior vitreous to flow 
into the anterior chamber, potentially causing 
significant traction over the retina and possibly 
the creation of retinal breaks and detachment [5]. 
Continued irrigation alone may help to prevent 
the creation of such gradient and allows to 
remove the second instrument and to inject a dis-
persive ophthalmic viscoelastic device (OVD) 
[5]. This may tamponade the vitreous and sup-
port the remaining lens material and gives time to 
the surgeon to assess the situation and plan the 
following steps.

Once the prolapse of the vitreous and the dis-
placement of further lens material are prevented, 
the second step is to remove the vitreous from the 
anterior chamber. This can be done with biman-
ual vitrectomy, with the vitreous cutter inserted 
through the main incision and the irrigation probe 
placed through the service incision, which may 
need to be enlarged. The use of a vitreous cutter 
is preferable as the phaco-probe cannot cut vitre-
ous gel, causing vitreoretinal traction at the level 
of the vitreous base.

Even with a vitreous cutter, lower cut rate and 
high vacuum increase vitreous traction [6]. As 
showed by Teixeira et al., traction is directly cor-
related to the vacuum and inversely correlated to 
the cut rate and distance from the retina [6]. 
Therefore, high cut rate and lower vacuum should 
be preferred when performing anterior  vitrectomy. 
This procedure may be performed with the aid of 
intracamerular triamcinolone, which would 
enhance the visibility of vitreous remnants.
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Once the anterior chamber is free from vitre-
ous, it may be useful to insert the vitreous cutter 
through the posterior capsule tear and to perform 
a limited posterior vitrectomy. This should fur-
ther reduce the risk of vitreous prolapse into the 
anterior chamber.

If the anterior chamber is preserved, the 
implant of a three-piece intraocular lens may be 
recommended. This may guarantee the isolation 
of the anterior and posterior compartments of the 
eye and facilitates the next surgical steps, which 
involve a vitreoretinal approach. At the end of the 
procedure, it is important to check for any possi-
ble residual vitreous strain. Injection of a myotic 
agent like acetylcholine may be useful. A regular, 
reactive, and round pupil normally indicates that 
there is no vitreous incarceration.

However, whether to implant an IOL at the 
time of nucleus drop is a controversial issue. Von 
Lany et  al. in a large survey carried out in the 
United Kingdom found that the primary IOL was 
left in situ after the secondary procedure in only 
23% of eyes. In other words, approximately three 
quarters of the eyes in which an IOL was 
implanted simultaneously at the time of the com-
plicated cataract surgery had the IOL replaced 
during the secondary vitreoretinal procedure [2]. 
In our experience, best surgical results are 
achieved when the anterior segment surgeon is 
able to implant a sulcus IOL during the first sur-
gery so that the vitreoretinal surgeon may focus 
on the posterior segment only.

If there is not adequate capsular support, the 
strategy shifts toward a secondary intraocular 
lens implant (scleral-fixated versus iris-claw 
lenses) to be performed in a separate surgical act.

 Posterior Segment

In case of dislocation of lens material into the vit-
reous chamber, the anterior segment surgeon 
should not try to pursue it with the phaco-probe. 
This may lead to significant retinal damage. A 
vitreoretinal approach via pars plana should be 
preferred instead [7].

However, it may not be necessary to perform a 
pars plana vitrectomy if the dropped fragment is 

small, if it is unnoticed by the patient (i.e., not 
involving the visual axis), and if it is not causing 
significant inflammation. Published research sug-
gests performing pars plana vitrectomy for 
dropped nucleus fragments, which may block the 
visual axis, in case of lens-induced uveitis and 
glaucoma, size of the dropped lens fragment 
>2 mm or 25% of the lens size, retinal tear, and 
detachment due to dropped nucleus [8].

If the anterior segment surgeon is not experi-
enced in vitreoretinal surgery, the procedure may 
be delayed. Until then, it is critical to manage 
inflammation and possible rise in intraocular 
pressure. Corneal edema must be controlled with 
the use of topical corticosteroids and intraocular 
pressure lowered with both topical and systemic 
treatment [9–11]. In such cases, topical beta- 
blockers and carbonic anhydrase inhibitors may 
be preferred to prostaglandins due to lower risk 
of inflammatory reactions. If needed, oral acet-
azolamide may also be used.

There is not a consensus regarding a precise 
timeframe for the vitreoretinal procedure, 
although an expedite procedure is likely to pro-
vide the best outcomes.

Previous evidence suggested that delayed vit-
rectomy may increase the incidence of retinal 
detachment and intraocular pressure elevation 
and resulted in a worse visual prognosis [12]. On 
the contrary, other studies have reported that 
there is no difference in visual acuity between 
early and late vitrectomy [13].

The vitreoretinal procedure is performed as 
follows. Complete core and peripheral vitrec-
tomy is performed, and the dropped lens material 
is freed from the vitreous and mobilized. In case 
of soft lens and cortical material, the use of the 
vitreous cutter may be enough to remove it from 
the vitreous chamber. In such cases, low cut rate 
and high vacuum may be used, and the procedure 
is time consuming.

Importantly, if the posterior hyaloid is still 
attached to the retina, it is critical to achieve a 
complete posterior vitreous detachment. This 
step must be performed prior to any attempt to 
remove the nuclear material from the back of the 
eye. Intravitreal triamcinolone may be used to 
enhance vitreous visualization.
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The popularization of microincision vitreous 
surgery (MIVS) has led to the use of 25-, 23-, and 
even 27-gauge systems for vitreous surgery that 
would formerly have been performed with a 
20-gauge system. However, with the decrease in 
vitreous cutter diameter, the suction aperture in 
the vitreous cutters used in MIVS has also 
decreased, making it difficult to deal with hard 
fragments of nucleus that have dropped into the 
vitreous cavity. Further, with high-speed cuts, the 
duty cycle is reduced as well as the suction flow 
volume, lowering the efficiency of vitreous 
probes in removing lens fragments [14].

In our experience, 23-gauge cutters may be a 
good compromise in dropped nucleus surgery. A 
wider port may allow to remove lens material in 
a quicker and more efficient way if compared to 
25-gauge or 27-gauge probes.

In all cases, the lens material should be divided 
into smaller fragments, which are moving freely 
into the vitreous cavity due to the intraocular cur-
rents produced by the infusion. It is challenging 
for the vitreoretinal surgeon to chase all the frag-
ments as when the guillotine of the cutter is mov-
ing, the port often loses grip with the fragment, 
which then falls back. This problem may be par-
tially overcome by newer double-port probes, in 
which the port is never occluded, granting con-
stant aspiration flow [15].

In case of harder nucleus, the use of a phaco-
fragmentation probe may be necessary. The dis-
advantage of this technique is that it requires a 
wider scleral incision to be inserted if a 25-G sys-
tem is used, with the risk of leaks through the 
wider sclerotomy. In such cases, a 23-G system 
may be preferred as there are fragmatomes of the 
same size available in the market. This would 
allow the surgery to perform the nucleus removal 
through standard 23-G port.

Ultrasounds delivered directly into the vitreous 
chamber may increase the risk of postoperative 
inflammation such as cystoid macular edema [16].

Some authors advocate the use of perfluoro-
carbon liquids (PFCLs) as adjuvant in these kinds 
of surgeries [17]. The perfluorocarbon may be 
injected into the vitreous chamber to float the 
lens material up to the anterior chamber, where it 
can be removed by traditional phacoemulsifica-

tion techniques. The perfluorocarbon liquids may 
also be used to protect the posterior pole from 
possible damage due to scattering lens fragments 
in motion. However, in our experience, the con-
vex shape of the perfluorocarbon bubble may 
induce the lens material to displace from the cen-
ter toward the periphery of the bubble, closer to 
the retina, where they may be challenging to 
chase. There is not a consensus on whether per-
fluorocarbon fluids may or may not be used. 
Previous research favors the use of PFCL for this 
indication, whereas others have reported compa-
rable success without its use.

At the end of the surgery, a careful check of 
the retinal periphery with 360° indentation must 
be performed to avoid possible pre-existing or 
iatrogenic breaks, which may increase the risk of 
postoperative retinal detachment.

Take-Home Messages
• A complete removal of any vitreous 

remnant from the anterior chamber and 
the placement of a three-piece intraocu-
lar lens into the sulcus may create com-
partmentalization and facilitate the 
posterior segment surgery.

• It is important to control intraocular 
inflammation and to prevent corneal 
edema with topical and systemic anti- 
inflammatory drugs. Hypotensive ther-
apy may reduce the incidence of 
postoperative intraocular pressure 
spikes and corneal edema.

• A complete posterior vitreous detach-
ment must be achieved prior to removal 
of any nuclear fragment from the vitre-
ous chamber.

• A phacofragmentation probe may be 
used for harder nuclear fragments. 
However, most of the times, smaller 
fragments may be removed with the aid 
of a 23-G cutter only.

• A careful 360° peripheral retinal exami-
nation mush be performed at the end of 
all cases.
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The Miscalculated IOL: 
Postoperative Refractive Surprise

Ehud I. Assia, Adi Levy, and Tal Sharon

In this chapter, we shall discuss the leading fac-
tors related to errors in IOL power calculations:

 1. Preoperative measurements of the eye (axial 
length and keratometry).

 2. Choosing the right formula (including formu-
las for unusual eyes).

 3. Previous corneal refractive surgery (LVC and 
RK).

 4. Toric IOLs power calculation.
 5. Ocular pathologies – dry eyes, corneal ecstatic 

disorders, and adnexa.

Cataract surgery is the most common and one 
of the most successful operations in medicine.

The introduction of intraocular lenses (IOLs) 
70 years ago and the improvement in IOL power 
calculation provided spectacle independence, for 
at least one focal plane, in most of the cases. In 

recent years, new generations of specialized 
“premium” lenses were developed, including 
toric lenses to treat corneal astigmatism and a 
variety of multifocal lenses such as bifocals, tri-
focals, and extended depth of focus (EDOF) 
IOLs. Today, modern cataract surgery using pre-
mium lens implantation may provide not only 
removal of lens opacity and clearing of the visual 
axis, but also to achieve emmetropia, correct cor-
neal astigmatism, and provide optical multifocal-
ity for all practical distances – far, intermediate 
and near.

Not so long ago, miscalculation of IOL power 
was a leading cause for IOL explantation. To 
date, new diagnostic devices and improved 
fourth- and fifth- generation IOL power calcula-
tion formulas provide high precision of refractive 
prediction, even in eyes with high ametropia, cor-
neal pathologies, and post-refractive surgery. 
Patients’ expectations are accordingly increas-
ing, and the tolerance to optical errors is decreas-
ing [1].

Yet, occasionally, postoperative refractive sur-
prises may still occur because of a misplaced or a 
miscalculated IOL.  This chapter deals with the 
common causes of IOL miscalculation and the 
means to prevent it.
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 Preoperative Measurements 
of the Eye

To correctly predict the optical power needed to 
focus light on the retina, one should accurately 
estimate the effective lens position (ELP), which 
is theoretically deduced from axial length of the 
globe, anterior chamber depth, corneal features, 
and more [2]. Several formulas were developed 
to precisely forecast the ELP, each taking into 
account different ingredients of the measure-
ments. Main components of these calculations 
are the axial length (AL) and the keratometry.

 Axial Length

Half of the errors in IOL power calculation are 
attributed to axial length measurements error: An 
error of 100  μm in AL measurements leads to 
0.28D of postoperative error; therefore, accurate 
measurements are extremely important. Though 
modern biometric instruments are very accurate, 
and technical failure is rare, errors may still 
occur. Common mistakes in AL measurements 
stem from an opaque media (e.g., when a corneal 
scar or opacity is present in the visual axis, in 
case of optically dense cataract or a significant 
vitreous hemorrhage), changes in intraocular 
media density (as in silicone oil filling the vitre-
ous cavity), fixation errors (such as in nystagmus, 
significant tropias, or in a very low cooperation 
of the patient), detached retina, and more [3].

Optical measurement is far more accurate than 
ultrasonic devices, which are done by direct con-
tact with the globe or by immersion techniques. 
Pressing the ultrasonic probe against the cornea 
may affect measurement accuracy and lead to a 
significant error. Current optical machines are 
very accurate and can measure axial length also 
in eyes with advanced cataract. Ultrasonic mea-
surement, preferably by immersion, is reserved 
today for cases when optical devices are not 
available or optical measurement cannot be 
obtained (such as very opaque lenses), especially 
in short eyes [4, 5]. Sonographic measurement 

may be influenced not only by the pressure 
exerted on the globe, but also by the density and 
sonographic reflectivity of the media (e.g., den-
sity of cataract, silicone oil filling, etc.), probe 
position, gaze direction, and more. A mean dif-
ference of 0.14  mm (corresponding to 0.35 D) 
was found between contact and immersion ultra-
sonic biometry [6].

Even when measured by the most advanced 
optical instruments, it is highly advised to com-
pare AL measurements of the two fellow eyes 
and maintain strict validation criteria. In case of 
a significant difference in AL between the two 
eyes (greater than 0.3  mm), data needs to be 
reconfirmed. Axial measurement should also 
correlate with clinical refraction to corroborate 
the results. An error should be suspected if there 
is a mismatch between axial length and refrac-
tion (a long eye and hypermetropia or short eye 
and myopia), or significant anisometropia previ-
ously unknown. Obviously, such a mismatch can 
be explained by other pathologies such as zonu-
lolysis and forward movement of the lens or len-
ticular myopic shift; or because of very steep or 
very flat cornea, however, the accuracy of the 
measurement must first be confirmed. In high 
myopic eyes, it is important to also verify the 
fixation because of a possible posterior staphy-
loma. The fovea is then not located at the most 
distant point from the central cornea. If an error 
is suspected, axial length measurement can be 
rechecked using the same device to confirm 
repeatability; however, it is advisable to use 
another biometric device and compare results. 
Repeated results by a second biometer strongly 
support the validity of the measurement. Studies 
have shown that comparing measurement using 
different devices revealed almost identical 
results, indicating the high accuracy and repeat-
ability of modern machines [4, 7].

In some circumstances which require extra 
caution, we recommend a routine policy of mea-
suring the axial length (and keratometry) using at 
least two different biometers. Those include high 
myopia and hypermetropia, postrefractive sur-
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gery, calculation of multifocal lenses, low signal, 
and high anisometropia [8].

 Keratometry

The cornea provides about two-thirds of the 
eye’s refractive power. Therefore, estimating 
corneal power correctly has a great influence on 
calculating the IOL’s power. When the cornea is 
largely spherical and curvature is within the nor-
mal scale, calculations tend to be accurate using 
most calculation equations. However, corneal 
irregularities, asymmetry, and a variety of cor-
neal pathologies may significantly affect corneal 
power evaluation, especially in atypical eyes. 
Accuracy of corneal curvature and symmetry 
and regularity is important in all eyes, but it may 
be critical in eyes with high astigmatism or for 
considering advanced IOLs [9]. Browne and 
Osher demonstrated that multiple K readings by 
manual and autokeratometers reduced the num-
ber of outliers and increased the accuracy of 
measurement as compared to a single device 
measurement [10].

As a general rule, it is recommended to rou-
tinely repeat preoperative measurement by the 
same machine or, even better, to use two different 
devices in eyes with short (<21.0  mm) or long 
(>26.0 mm) axial length, flat (<41.0 D) or steep 
(> 47.0 D) K readings, high astigmatism (> 2.50 
D), or high differences in axial length (> 0.3 mm), 
or keratometry (> 1.0 D) between two eyes.

Example: Case #1 (Fig. 40.1)
A 68-year-old woman with myopia and left eye 
amblyopia underwent cataract surgery in her 
left eye with a + 3 nuclear cataract. Preoperative 
biometry using Tomey OA-2000 revealed kera-
tometry of 46.49 / 46.81 D in her right eye and 
43.95 / 45.67 D in her left eye. Axial length was 
25.79 mm in the right eye and 25.92 mm in the 
left eye. She was implanted with an IOL tar-
geted for mild myopia in the range of −1.50 to 
−2.00 D. Postoperatively, the spherical equiva-
lent on the left eye was −7.00 D! Note that the 
placido image on the cornea is not centered, 

indicating poor fixation, and the SNR is 36. On 
repeated biometry by the same machine, post-
operatively, the axial length was 27.23 mm and 
the SNR was 402.

Contact lenses Failure to remove contact lenses 
(CL) either soft or hard, long enough before the 
biometry can greatly contribute to IOL miscalcu-
lation, since prolonged wear of contact lenses 
may have long-term effects on corneal morphol-
ogy. Soft contact lenses should be removed for at 
least 7–10 days and rigid contact lenses should be 
removed for 2–4 weeks prior to keratometry; oth-
erwise, a mistake of 1.0D and higher in IOL 
power prediction and toric correction is not 
uncommon. In one study, changes in spherical 
equivalent and lens toricity were demonstrated in 
more than one-half of the patients [11].

Example: case #2 (Fig. 40.2)
Biometry of a myopic patient was taken 2 hours 
after removal of soft contact lenses. Keratometric 
readings on the right eye: 43.63 / 45.60 D @ 124 
° and left eye: 46.30 / 46.57 D @ 157°. Two 
weeks after removal of the contact lenses, the 
keratometry values were as follows: right eye, 
43.47 / 45.45 @ 122 °; left eye, 46.84 / 48.00 @ 
86 °. The keratometric measurements did not 
change on the right eye but were 1.0 D steeper, 
with almost 1.0 D higher astigmatism and 70 ° 
shift of axis on the left eye. This demonstrates the 
inconsistent and unpredictable effects of contact 
lenses on corneal measurement and may lead to 
significant error in IOL power calculation.

Ocular surface and dry eye Ocular surface 
diseases, including dry eye, blepharitis, and mei-
bomian glands dysfunction, are common, espe-
cially in the senile cataract age group. Many 
patients are often not aware of their ocular sur-
face abnormalities and may not contribute rele-
vant information unless asked specifically 
targeted questions.

Corneal topography is actually a tear film 
topography. Lacrimal dysfunction and poor qual-
ity of the oily layer of the tears film can be associ-
ated with surface irregularities and incorrect 
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Fig. 40.1 Left eye amblyopia underwent cataract surgery

measurement of corneal surface power. The tech-
nician must keep the cornea moisture during the 
entire measurement and not allow it to dry when 
the eye is opened for more than a few seconds. 
Also, dry eye symptoms such as burning 

 sensation, itching, red eye, and blurring of vision 
are very common following surgery and are 
aggravated by the postoperative inflammatory 
response.
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Fig. 40.2 Biometry of a myopic patient

“Dry eyes” is probably the most common 
complaint after surgery and often associated with 
unsatisfactory visual quality. This can be mis-
taken as incorrect IOL calculation; therefore, tear 
film dysfunction should be recognized preopera-
tively and treated aggressively.

Example # 3 (Fig. 40.3)
A patient with partially treated dry eyes was sus-
pected of having a clinically significant astigma-
tism that may require toric IOL. After intensive 
wetting of the cornea, the measured astigmatism 
was significantly lower and toric lens was not 
required. All other parameters did not change.

 Choosing the Right Formula

Third-generation formulas including SRK/T, 
Holladay I, and Hoffer Q provide good IOL 
power prediction in eyes within the normal range 
of axial length (22.0–24.5 mm). About 75% of all 
eyes fall within this category and all 3 formulas 
predict IOL power within 0.5 diopters of the tar-
get refraction in about 75% of the patients [12]. A 
source of error is utilizing the manufacturers’ 
constants (A constant, SF, and ACD, respec-
tively) for all eyes. Personalized modification of 
each constant for each IOL by each surgeon is 

recommended to fine-tune the IOL prediction to 
the specific surgical technique. The User group 
for Laser Interference Biometry (ULIB) provides 
a cumulative information of A constants reported 
by multiple users worldwide. This, however, 
should not replace the personalized fine-tuning 
by the individual surgeon.

Clinical experience demonstrated that the 
lowest mean absolute error was achieved with the 
Hoffer Q formula in the hyperopic group (axial 
length < 20.0 mm) and with the SRK/T formula 
for the myopic eyes (axial length  >  27.0  mm). 
Koch adjustment further improved clinical results 
for high myopic eyes [12].

Fourth-generation formulae were developed 
in the early years of the current century and pro-
vide improved performance, especially in irregu-
lar eyes. Those include Holladay II, Haigis, 
Olsen, and Barrett formulas. Good predictability 
was reported in hyperopia using Haigis, Hoffer 
Q, and Holladay II formulas and in myopic eyes 
using Barrett Universal II, Haigis, SRK/T, and 
Olsen formulas [13]. Further development in 
recent years is recognized as the fifth generation 
of IOL formulas and includes the combined 
Hoffer H-5 formula, Hill Radial Basis Function 
(Hill RBF)  – a machine-learned formula, the 
FullMonte method based on a mathematical 
algorithm, the Ladas Super formula, which is 
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Fig. 40.3 Corneal topography

based on multiple earlier formulas, the Kane for-
mula, which incorporates theoretical optics, 
regression analysis, and artificial intelligence 
and the Emmetropia Verifying Optical formula 
(EVO) based on the theory of emmetropization. 
Numerous studies have demonstrated the highest 
IOL power prediction rate using the Barrett 
Universal II formula for a variety of normal and 
abnormal eyes; however, accumulating clinical 
reports demonstrate equivalent results by some 
of the other latest formulas. Melles et al. com-
pared the accuracy of 10 formulas including 
most of the fifth-generation formulas in 18,500 
eyes and found that the Kane formula was the 
most accurate overall; however, Olsen, Barrett, 
EVO, and Hill RBF formulas were also highly 
effective [14].

The current benchmark of IOL power predic-
tion in normal eyes is approximately 85–90% 
within a mean error of ±0.5 diopter. It should be 
noted that IOL power calculating formulas can be 
accurate only as much as the measurement are 
accurate. The common cause of wrong power 
calculation is often mismeasured parameters. No 

formula can compensate, for example, for wrong 
axial length measurement in a long eye with pos-
terior staphyloma. On the other hand, accurate 
measurement may not suffice to precisely predict 
postoperative refraction in high myopic eyes. In a 
group of patients with axial length exceeding 
26.0 mm, most formulas were adequate for IOLs 
of 6.0 diopters and higher; however, for IOLs 
lower than 6.0 diopters, only Barrett Universal II 
and axial length adjusted Holladay-1 and Haigis 
formulas yield accurate refractive results that met 
current benchmark criteria [7].

Steep and flat K’s Most of the modern IOL 
power calculation formulas usually demonstrate 
a reasonable agreement in eyes with normal cor-
neal curvature (around 44.0D). In eyes with steep 
corneas (average curvature greater than 46.0D) or 
flat corneas (less than 42.0D), myopic or hyper-
opic mistakes are much more common. Some 
formulas are more sensitive to the corneal effect 
than the others. Generally, for steep corneas, it is 
advisable to utilize Barrett Universal II, Haigis, 
Hill-RBF, Holladay 2, or Olsen-A formulas. For 
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flat corneas, most new-generation formulas meet 
the benchmark criteria of up to 0.5D error [15].

All formulas calculate IOL power for in-the- 
bag placement. Positioning the IOL in the ciliary 
sulcus is often associated with slight myopia; 
therefore, an IOL planned for sulcus fixation 
should be approximately 0.5 D weaker than cal-
culated for capsular fixation. Another cause of 
refractive surprise is related to capsular block 
syndrome and anterior displacement of the 
implanted IOL by ophthalmic viscosurgical 
device (OVD) injected to inflate the capsular bag 
for a safe implantation but not completely 
removed afterwards. The OVD may retain in the 
lens capsule for months and induce myopia. It 
can be easily evacuated by miniature Nd:YAG 
capsule puncture peripheral to the IOL optic, 
either in the anterior or posterior capsule.

Miscalculated IOL power may require addi-
tional surgical intervention such as IOL exchange, 
Laser Bioptics, or Piggyback IOL implantation. 
However, it is usually advisable to delay surgery 
by at least 3 months, especially in abnormal eyes 
such as post Laser-assisted in situ keratomileusis 
(LASIK) or eyes with corneal ectatic pathology. 
Refraction is often unstable for a long period of 
time and final refraction may be achieved only 
3–6  months postoperatively. Also, patients may 
consider a − 0.75 diopters deviation from planned 
refraction as a catastrophe 3 days after surgery, 
but a comfortable compromise at 3  months 
postoperatively.

Previous ocular surgery may also affect post-
operative refraction. Pars plana vitrectomy can be 
associated with a myopic surprise, most probably 
because of a change in the ELP, even in eyes in 
which ACD remained unchanged.

 Previous Corneal Refractive Surgery

 Laser Vision Correction

Laser refractive corneal surgeries are common, 
and the number of cataract patients after a previ-
ous refractive procedure is constantly increasing. 
Many of the patients who were operated 2–3 
decades ago have now matured to develop age- 

related cataract. Patients with ametropia, and 
especially high myopia, tend to develop cataract 
more often and at a younger age than emmetropic 
patients. Many of these patients, who were will-
ing to perform a costly eye surgery at a young age 
to reduce spectacle dependence, are often more 
demanding and have high expectations to main-
tain spectacle independence also after cataract 
surgery. On the other hand, most of the basic IOL 
power formulas were developed before refractive 
surgery was popularized. The refractive surgery 
changes the basic structure and anatomical rela-
tionship of the virgin corneas on which most of 
the power calculation formulas are based. There 
are generally several sources of errors: The natu-
ral relationship between the anterior and poste-
rior corneal curvatures and between the central 
and paracentral corneas considerably changes 
during surgery; therefore, some of the basic opti-
cal assumptions of most formulas (e.g., a fixed 
relation between anterior and posterior corneal 
curvatures) are no longer valid. Using regular 
formulas that were developed for the normal cor-
neas will usually result in 1–3 diopters of 
ametropia.

Keratometer index errors Keratometers mea-
sure anterior corneal surface and assume a con-
stant ratio of anterior to posterior corneal 
curvature. Since the corneal stroma is ablated 
during a laser surgery, this correlation is altered. 
The amount of error is generally proportional to 
the amount of tissue ablated, leading to overesti-
mation of the mean keratometry power. This will 
potentially lead to a hyperopic surprise after a 
myopic correction and to postoperative myopia 
in hyperopic correction [16, 17].

Radius errors A mistake in calculations may 
occur when the keratometry measurements are 
not taken at the center of the cornea. As the cor-
nea is not a perfect sphere, the surface curvature, 
the refractive power, and the correlation between 
anterior and posterior surfaces change in differ-
ent areas of the cornea. Following an ablative 
corneal surgery, these differences become much 
more pronounced and significant. This is espe-
cially relevant in cases of small or decentered 
treatments, where the corneal radius may be mea-
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sured on the periphery of the treated zone, or over 
an irregular central cornea.

IOL formula errors Using the third-generation 
IOL power formulas (Hoffer Q, Holladay 1, and 
SRK/T) may lead to incorrect estimation of the 
effective lens position (ELP), thus leading to 
IOL miscalculation and refractive surprise. In 
normal eyes, corneal steepness correlates with 
the anterior chamber depth; that is, steep cornea 
usually indicates a deep anterior chamber and a 
flat cornea is related to a shallow anterior cham-
ber. Following corneal refractive surgery, only 
the anterior cornea is flattened; thus, the K val-
ues, which are used to predict the ELP, no longer 
represent the eye’s geometry. Using standard 
formulas, the “new” flat anterior corneal curva-
ture is falsely linked to erroneous calculation of 
the ELP, leading to a hyperopic refractive shift in 
patients after myopic laser correction and a myo-
pic shift after hyperopic correction [15–17].

Rosen et al. [18] compared 8 IOL power cal-
culation formulas, including fourth-generation 
formulas, and demonstrated significant changes 
in predictive values over time for all formulas. 
They concluded that it is inadequate to evaluate 
the performance of IOL power formulas in less 
than 3 months postoperatively.

Topography Corneal topography should be 
done in all patients with a history of previous cor-
neal refractive surgery. Occasionally, patients do 
not know if they were far-sighted or near-sighted 
and what kind of laser treatment they underwent. 
Topography or tomography maps can easily dif-
ferentiate between central and peripheral flatten-
ing and localized changes in corneal thickness. 
They can also help detect other sources of refrac-
tive errors including instability and regression of 
the refractive correction, corneal ectasia, decen-
tered ablation, etc.

Calculation of IOL power for eyes with a his-
tory of corneal refractive surgery must be done 
using designated formulas for post laser- 
refractive surgeries. Those are generally divided 
into two groups:

 1. Formulas using previous corneal data (prior to 
refractive surgery) – such as Barrett True-K, 
Masket, modified-Masket, Adjusted Atlas 
9000, etc. These formulas use the nominal 
anterior-posterior cornea correlation constant 
to estimate the original curvature of posterior 
cornea, by considering anterior curvature and 
the power corrected by the laser surgery. Until 
recently, these formulas were considered the 
gold-standard for postrefractive calculations, 
meeting the old benchmark of prediction 
errors (55% of the eyes within 0.5D and 85% 
within 1D from target refraction).

 2. Formulas not dependent on previous data. 
Those include Wang-Koch-Maloney (WKM), 
Shammas, Haigis-L, Galilei, Potvin-Hill 
Pentacam, Barrett True-K (no history), and 
others. These formulas rely only on current 
(postrefractive surgery) measurements and 
require more detailed data, usually obtained 
by scheimpflug technology, such as curvature 
in different areas of the cornea and accurate 
actual corneal power. This data exhibits the 
true correlation between anterior and poste-
rior corneal power and helps accurately esti-
mate the true total corneal refractive power. 
Recently, it became clinically evident that the 
“no-history” formulas may provide an even 
better predictability than the “prior-data” for-
mulas, with Barrett True-K (no history) and 
Haigis-L giving the best results with lowest 
prediction errors.

All formulas mentioned above can be easily 
accessed online on the ASCRS website for a free 
use. In general, since the calculation of postre-
fractive IOL power is prone to numerous mistakes 
and is still a significant challenge, it is highly 
advised to use highly reliable measurements, as 
many parameters as could be obtained, and aver-
aging the results of several formulas. Additionally, 
a greater “security margin” with a slight deviation 
to the higher power (more myopic) IOLs should 
be considered, to avoid an unwanted hyperopic 
result [19, 20]. Nevertheless, mismatch between 
formulas is still common and postoperative refrac-
tive surprises are not rare. The importance of pre-
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operative discussion with postrefractive patients 
cannot be overemphasized. A refractive error is 
expected in many cases and should not be regarded 
as a complication.

Optical results are far less than the excellent 
prediction we now experience in virgin eyes 
(approximately 90% within ±0.50D). It is there-
fore debatable whether multifocal IOLs should 
be used in patients after refractive surgery. Since 
emmetropia cannot be guaranteed, patients may 
still require spectacle optical correction for qual-
ity vision and would not benefit from the main 
advantages of the multifocal IOL, namely, spec-
tacle independence. Moreover, changes in cor-
neal stroma, corneal haze, or scars may further 
aggravate photic phenomena such as glare, halos, 
and decreased contrast sensitivity. Many sur-
geons are currently reluctant to use multifocal 
IOLs in patients after refractive laser correction 
and the debate is expected to intensify within the 
next years [16–21].

 Prior Radial Keratectomy (RK)

Calculating IOL power after radial keratectomy 
(RK) may be even more challenging than the cal-
culation for postlaser ablation surgery. Manual 
keratectomy is a far less accurate procedure as 
compared to the high precision of automated, 
topography-guided laser surgery. Surgical results 
are affected by the number of keratectomies, 
length and depth of the incisions, and the dis-
tance from corneal center. In contrast to ablation 
procedures, the relationship between anterior and 
posterior corneas is preserved (since no stroma 
was removed); therefore, ELP calculation is less 
of a problem. However, the surgical results are 
much less predictable and irregular astigmatism 
is quite common. Optical stability is a major con-
cern and refraction may keep changing even 
years after the procedure in matters of days and 
even hours. Moreover, cataract surgery in these 
eyes is challenging since intraoperative and post-
operative complications are not uncommon, as 
radial cuts are prone to rupture even years after 
the RK surgery, which may require suturing of 
the corneal wound, and affect final refraction. In 

addition, cornea may decompensate, and refrac-
tive fluctuations may aggravate following a cata-
ract removal. Many surgeons prefer using a 
scleral tunnel to avoid tension on the weakened 
corneal cuts; however, corneal rupture may still 
occasionally occur, especially during IOL 
implantation. Clear corneal incisions can be done 
in between previous radial cuts when only 4 or 8 
keratotomy incisions have been made; however, 
the main incision should never intersect a previ-
ous radial cut. The surface of the anterior cornea 
is often scarred, leading to a clinical irregular and 
asymmetrical astigmatism. Surgical correction of 
the astigmatism using toric lenses is unpredict-
able and often not practical.

Toric lenses can be considered for high astig-
matism in eyes with a relatively regular and 
symmetrical topographic pattern. Multifocal 
lenses, including extended depth of focus lenses, 
are usually contraindicated after RK surgery 
[17, 20, 21].

Example: case #4 (Fig. 40.4)
A 53-year-old man had BCVA of 0.4 LogMAR 
and nuclear cataract in his left eye and underwent 
4-cuts radial keratotomy and 2-cuts astigmatic 
keratotomy many years earlier. Corneal astigma-
tism of 3.00 D against-the-rule was demonstrated 
on corneal topography with no component of 
posterior corneal astigmatism. Because of the 
regular and relatively symmetric anterior corneal 
astigmatism, a toric SN6AT8 IOL was implanted. 
At 1  month, his corrected vision (−0.25–
0.50 × 137°) was 0.18 LogMAR. Toric IOLs can 
be used in selected cases also following RK.

 Toric IOLs

Refractive surprises after toric IOL implantation 
are not uncommon. Toric calculation is multifacto-
rial and can be significantly affected by corneal 
symmetry and regularity, surgical technique, and 
IOL rotational stability. Comparing different mea-
surement devices and toric calculators Abulafia 
et  al. [22] found that the combination of Barrett 
toric calculator and optical low-coherence reflec-
tometry (Lenstar LS 900) provided the most accu-
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Fig. 40.4 Corneal astigmatism – on corneal topography Please query all caption in proof

rate results; however, they compared the Lenstar to 
the older version of the IOL Master 500. Using the 
IOL Master 700, Kurian et al. found measurement 
accuracy at least similar to the Lenstar in terms of 
agreement and repeatability [23].

Surgically induced astigmatism (SIA) can be 
influenced by various factors, including location 
(in meridians and distance from limbus), size, 
and architecture of the cataract main incision. It 
is also affected by the preoperative corneal astig-
matism, corneal thickness, and probably by indi-
vidual biological properties and scarring 
response. Recognizing personal SIA is manda-
tory for toric IOL power calculation; however, 

studies suggest that its significance is lower than 
previously considered, especially in small inci-
sion surgery.

Posterior corneal astigmatism The total 
refractive power of the cornea is the difference 
between the anterior corneal power and the pos-
terior corneal power. Whereas normally, calcula-
tions take into consideration the average 
difference between anterior and posterior cor-
nea, in some cases, mostly when calculating a 
toric correction, this correlation might introduce 
an erroneous result, which may lead to overcor-
rection (in cases of with-the-rule (WTR) astig-
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matism) or undercorrection (in the case of 
against-the-rule (ATR) astigmatism). Recent 
study proved this is less of an issue in oblique 
astigmatism [24]. Measuring the posterior cor-
neal astigmatism is part of the routine biometric 
evaluation by some biometers or can be mea-
sured by scheimpflug or OCT tomography and 
manually inserted to a toric power calculator 
[25]. Normal corneas typically shift toward ATR 
astigmatism with time; therefore, it is generally 
advised to undercorrect preoperative WTR astig-
matism and overcorrect ATR astigmatism (and 
shift axis to slight WTR astigmatism). Koch 
et al. suggested the Baylor toric IOL nomogram 
to calculate toric correction in eyes with WTR / 
ATR astigmatism [26]. Reitblat et al. compared 
methods to consider posterior corneal curvature 
and found that a method based on vector summa-
tion of both anterior and posterior astigmatism 
provided the best median simulated residual 
astigmatism [27].

Intraoperative aberrometry can help surgeons 
corroborate or fine-tune IOL power in challeng-
ing cases such as long and short eyes, eyes with 
keratoconus (KC), or following laser vision cor-
rection. This is especially valuable for toric 
lenses in these challenging eyes. In case of dis-
crepancy between preoperative calculations and 
intraoperative aberrometry, many surgeons rec-
ommend to err on the side of the intraoperative 
measurement.

IOL misalignment, which may result from 
inaccurate preoperative prediction of the axis of 
IOL alignment, from failure to implant the IOL in 
the accurate meridian or postoperative rotation of 
the IOL (usually within first postoperative hours 
to days), can be one of the main reasons for post-
operative refractive error and of suboptimal visual 
outcomes after toric IOL implantation. One 
degree of misalignment causes a loss of approxi-
mately 3% of the effective cylinder power, and the 
entire toric effect is lost in cases of 30° of mis-
alignment [28]. Optimal timing for surgical cor-
rection of misaligned toric IOL is usually between 
1 week and 1 month. Earlier rotation may result in 
a repeated IOL rotation, whereas a later surgery 
may require surgical release of adhesions between 

the anterior and posterior capsules and may risk 
capsular integrity.

 Ocular Pathologies

 Keratoconus and Other Ectatic 
Disorders

Ectatic diseases of the cornea, the most common 
of which is keratoconus (KC), are characterized 
by weakening of the collagenous stroma, result-
ing in irregular steepening and thinning of the 
cornea. Surgical intervention performed in 
advanced cases such as collagen cross-linking, 
intrastromal corneal ring segment, lamellar or 
penetrating corneal transplant, etc., may further 
add to the irregularity of the corneal curvature.

The common error in IOL Power calculation 
for eyes with KC is typically toward a hyperopic 
result, and the offset is generally larger in eyes 
with a more severe disease. Using the total cor-
neal refractive power (anterior and posterior), 
rather than measurements of the anterior surface 
only, may improve calculation precision ability. 
The preferred location of the corneal measure-
ments is still not clear because of the shift of the 
steep curvature away from the optical center in 
the visual axis. Various formulas suggest modifi-
cations for KC eyes; however, according to a 
recent review by Ghiasian et al. in 2019, SRK II 
formula provided the best accuracy in eyes with 
mild keratoconus [29]. A literature review by 
Garzon et al. in 2020 suggests that SRK/T pro-
vided the best outcome [30]; however, the newest 
fourth and fifth generations were not tested and 
may further improve IOL power prediction.

Incision location may also affect postopera-
tive astigmatism and corneal stability. Some sur-
geons advocate scleral tunnel also in KC eyes. In 
advanced cases, corneal transplant is a valid 
option at some point of time. In these eyes, using 
an average corneal curvature for IOL power cal-
culation has been proposed.

Toric correction of the high astigmatism char-
acteristic of KC is currently being recognized as 
highly effective in selected cases with relatively 
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regular corneal pattern and acceptable symmetry. 
Several studies have demonstrated a significant 
reduction of preoperative astigmatism (ranging 
between 2 to 7 diopters) to an average of 1.0 
diopter. This is less than the results obtained in 
non-KC eyes; however, in most patients, an effec-
tive final corrected visual acuity of 0.2–0.3 
LogMAR was achieved [31, 32]. In our personal 
experience in a series of 38 selected eyes of 26 
patients implanted with toric IOLs, 76% of 
patients achieved 0.3 LogMAR (6/12) uncor-
rected distance vision and 92% achieved 0.3 
LogMAR best distant corrected vision [33].

 Other Corneal and Ocular 
Pathologies

Pterygium (an elastotic change of the conjuncti-
val and corneal tissues), Salzman’s nudules, cor-
neal dystrophies, and other corneal lesions and 
diseases may influence corneal surface, refractive 
power, and astigmatism and may also cause dif-
ficulty in keratometry. Thus, corneal lesions may 
cause unexpected refractive surprises and resid-
ual astigmatism, especially if corneal abnormal-
ity progresses after IOL implantation. Therefore, 
it is preferable to first treat any corneal pathology 
as needed prior to cataract surgery. After removal 
of the lesion, the astigmatism is likely to change 
(both in power and axis), and accordingly the 
toric power calculation. Keratometry and biomet-
ric measurements should be performed only after 
corneal stabilization, and no changes are recorded 
in repeated measurements. This is usually 
achieved after 3  months from corneal surgery. 
Corneal dystrophies, such as map-dot-fingerprint 
surface dystrophy, must also be recognized and 
addressed prior to biometry. Corneal astigmatism 
of as much as 4 diopters may be evident when the 
pathology is apical; however, the astigmatism 
vanishes following superficial keratectomy. 
Salzmann’s nodules should be scraped 
2–3 months prior to keratometry. IOL power cal-
culation is done only after K readings are stable 
and consistent.

Some extraocular conditions, such as ptosis, 
eyelids lesions (such as tumors or chalazia), 
meibomian dysfunction, palpebral conjunctival 

papillae, and others, may affect corneal topog-
raphy and may lead to misinterpretation of ker-
atometry. As a general rule, eyelid pathology 
should be addressed and treated before cataract 
surgery (and long enough before measure-
ments) in order to avoid errors and surprises 
[34–36].

 Conclusion

Miscalculation of IOL power and postoperative 
surprises are uncommon using modern technol-
ogy and advanced IOL power calculation formu-
las. Improved prediction can be achieved by 
practicing strict validation criteria and double 
check of measurements in any case of doubt. 
Premium lenses such as toric and multifocal 
lenses require extra caution, and retrieval of more 
data is recommended. Calculation of IOL follow-
ing refractive surgery is complex, but excellent 
results can be achieved using specialized new 
formulas. Nevertheless, prediction error may still 
occur, and surgeons should recognize means to 
diagnose and manage postoperative surprises.

Take-Home Messages
• Validation criteria of preoperative mea-

surements should be carefully main-
tained, especially for premium IOLs. 
Multiple measurements by different 
devices increase accuracy.

• Using modern formulas (fourth to fifth 
generations) in normal and unusual eyes 
provides high power prediction rate 
(current benchmark approximates 90% 
within ±0.5D).

• In eyes following refractive surgery, 
only designated formulas should be 
used to calculate IOL power.

• Toric power calculation should consider 
surgically induced astigmatism and pos-
terior corneal curvature, especially in 
eyes with keratoconus.

• Dry eyes and other ocular pathologies 
may lead to significant prediction errors 
unless properly managed.
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MIGS in Special Cases

John Liu, Jingyi Ma, Jeb Alden Ong, 
and Iqbal Ike Ahmed

 Introduction

Glaucoma is the leading cause of irreversible 
blindness worldwide, and significantly 
increases in prevalence with age across all eth-

nic groups [1–3] With a rapidly aging popula-
tion, the prevalence of glaucoma is expected to 
increase by 50% from 2020 to 2040 [2]. The 
current prevalence of glaucoma is 3.5% in peo-
ple between 40 and 80 years of age [4], while 
the prevalence of cataracts varies from 3.9% in 
people aged 55–64  years of age to 92.6% in 
people ≥ 80 years of age [5]. Given these trends 
and the association of these conditions together, 
ophthalmologists will likely face the coincident 
problem of treating age- related cataract and 
glaucoma within the same patient and poten-
tially the combined surgical treatment of these 
conditions together. In treating glaucoma and 
preventing progression of the disease, lowering 
intraocular pressure (IOP) is a mainstay of ther-
apy, whether that is accomplished medically or 
surgically. Effective IOP control can slow glau-
coma progression and reduce further visual 
field loss [6, 7].

A recent major development in glaucoma sur-
gery is a new class of devices called microinva-
sive glaucoma surgery (MIGS) [8]. MIGS is a 
group of surgical procedures that are conjunctival 
sparing, minimally traumatic, and increase aque-
ous humor outflow by directly accessing 
Schlemm’s canal, or by redirecting fluid from the 
anterior chamber to the suprachoroidal or sub-
conjunctival space [9]. A meta-analysis showed 
that MIGS was effective in lowering both IOP 
and medication burden, with a good safety profile 
[10]. Given their ab interno approach, MIGS can 
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and age-related cataract.

• Common microinvasive glaucoma sur-
gery (MIGS) devices.

• The effects of cataract surgery alone on 
lowering intraocular pressure.

• The effect of phacoemulsification and 
MIGS on endothelial cell density.

• Efficacy of combined cataract extrac-
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easily be combined with cataract surgery by uti-
lizing the same clear corneal incision that would 
be created for phacoemulsification.

In this chapter, we will present the utility of 
three common MIGS devices in the cataract pop-
ulation, discuss the IOP-lowering effects of cata-
ract surgery alone, as well as touch upon the 

effect of combined phaco-MIGS on endothelial 
cell density. Lastly, we will review the efficacy 
data of combining cataract extraction with filter-
ing surgery versus filtering surgery alone. 
Table  41.1 at the end of this chapter outlines a 
brief summary of different MIGS devices 
available.

Table 41.1 A comparison of microinvasive glaucoma surgery (MIGS) devices

MIGS 
device Company

Year 
commercial 
use began Pros Cons Level of evidencea

Schlemm canal
iStent Glaukos 2012 – iStent 

trabecular 
micro-bypass
2018 – iStent 
inject
2020 – iStent 
inject-W

Excellent safety 
outcomes
Versatile and efficient 
procedure
Shorter learning 
curve
Multiple iStents can 
be injected for 
additional IOP- 
lowering effect

Small device may be 
prone to under- or 
overimplantation
When using multiple, 
should ideally be placed 
apart, which can be 
technically demanding
Less efficacy than 
subconjunctival 
approaches

Level I (various 
randomized 
controlled trials have 
demonstrated 
efficacy)

Hydrus Ivantis 2018 Excellent safety 
outcomes
Potential for greater 
IOP reduction with 
single implant
Single implant access 
>3 clock-hours of 
distal outflow

Larger device may reduce 
some of the versatility in 
different eye anatomies
Less efficacy than 
subconjunctival 
approaches

Level I (various 
randomized 
controlled trials have 
demonstrated 
efficacy.)

Kahook 
dual blade

New 
World 
medical

2015 Nonimplant approach Higher risk of 
intraoperative and 
postoperative hyphema
Less efficacy than 
subconjunctival 
approaches

Level II (evidence 
from well-designed 
trials without 
randomization)

Subconjunctival
XEN-45 gel 
stent

Allergan 2017 Allows for 
implantation without 
conjunctival/tenons 
dissection
Demonstrated similar 
efficacy to 
trabeculectomy

Risks inherent to 
bleb-forming procedures, 
such as blebitis and 
hypotony-related 
complications
High postoperative 
needling rates.

Level II (evidence 
from well-designed 
trials without 
randomization)

Preserflo 
microshunt

Santen 2021 Promising efficacy 
results in treating 
primary and 
refractory glaucoma

Ab externo approach 
requiring conjunctival/
tenons dissection
Risks inherent to 
bleb-forming procedures, 
such as blebitis and 
hypotony-related 
complications
Newer device with less 
evidence available

Level II (evidence 
from well-designed 
trials without 
randomization)

aRoughly adapted from the US Preventive Services Task Force (USPSTF) definitions of levels of evidence
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 iStent

The iStent (Glaukos, San Clemente, CA) is an 
ab interno trabecular microbypass stent that has 
been demonstrated to effectively and safely 
reduce intraocular pressure when implanted 
alone, or in combination with phacoemulsifica-
tion. It is a heparin-coated, nonferromagnetic 
titanium device first approved by the US Food 
and Drug Administration (FDA) in June 2012 
[11], and has since quickly gained popularity. A 
study evaluating long-term data of combined 
cataract surgery with iStent implantation dem-
onstrated a significant IOP decrease of 
3.16 ± 3.9 mmHg after 53 months of follow-up, 
with good safety outcomes and no serious 
adverse events related to iStent implantation 
[12]. Various randomized controlled trials 
(RCTs) ranging from 12 to 24  months of fol-
low-up have all demonstrated a statistically sig-
nificant reduction in mean IOP and number of 
pressure-lowering medications when undergo-
ing combined phacoemulsification with iStent 
implantation compared to phacoemulsification 
only, with comparable safety profiles [13–16]. 
Multiple iStents can also be implanted in a sin-
gle eye at once to allow titration to achieve tar-
get pressure [17]. Currently, there are several 
iterations of the iStent that exist on the market: 
the original iStent trabecular microbypass stent 
and the iStent inject, which is slowly being 
replaced by the iStent inject W.

 Hydrus Microstent

The Hydrus Microstent (Ivantis, Irvine CA) is an 
ab interno Schlemm’s canal MIGS device 
designed to enhance aqueous outflow into 
Schlemm’s canal and into the distal outflow sys-
tem. It is an 8-mm flexible, nonluminal open 
structure, made from nitinol (55% nickel, 45% 
titanium alloy), and first received FDA approval 
in 2018 for its use in combination with phaco-
emulsification [18]. Various prospective and ret-
rospective studies have demonstrated the Hydrus 
to lower IOP ranging from 2.8  mmHg to 
9.0  mmHg from a baseline IOP at a follow-up 

ranging from 12 to 24 months in both standalone 
cases and when combined with phacoemulsifica-
tion with a good safety profile [18–22]. A few 
RCTs have demonstrated similar efficacy and, 
when compared to similar RCTs performed for 
the iStent, imply that the Hydrus may result in 
greater complete success with less medication 
dependence and a similar safety profile compared 
to the iStent inject [23–26]. A 2019 review of the 
Hydrus microstent concluded that it is able to 
reproducibly lower IOP to the mid-high teens and 
reduce medication burden. However, long-term 
efficacy of the Hydrus will be required to further 
determine its position along the continuum of 
glaucoma management [18].

 Kahook Dual Blade

The Kahook Dual Blade (KDB, New World 
Medical, Rancho Cucamonga, CA) is a goniot-
omy blade introduced in 2015 that is designed to 
achieve almost complete removal of the trabecu-
lar meshwork (TM) through a minimally invasive 
approach, in order to minimize surrounding tis-
sue damage. In contrast to gonioscopy-assisted 
transluminal trabeculotomy (GATT) and the tra-
bectome, KDB has less residual trabecular mesh-
work leaflets and is thought to lead to less fibrosis 
overtime, thereby producing better long-term 
outcomes [27]. Additionally, it is a single-use dis-
posable surgical instrument with no implant 
related risks.

Since its introduction, several studies have 
assessed its effectiveness in intraocular pressure 
(IOP) reduction, whether alone or in combination 
with phacoemulsification. Dorairaj et  al. con-
ducted a prospective multicenter study of 52 eyes 
that underwent KDB combined with phacoemul-
sification [28]. At 1  year, they found an IOP 
reduction of 26.2% (p  <  0.001). Additionally, 
63.5% of patients used at least one fewer IOP- 
lowering medications. Similarly, Greenwood 
et  al. found that 58.3% of patients achieved at 
least 20% IOP reduction and 61.7% had at least 
one medication reduction at 6 months [29]. In a 
retrospective study assessing the efficacy and 
safety of KDB at 18 months, 93 eyes underwent 
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phaco-KDB and 23 eyes underwent standalone 
KDB [30]. There was no statistically significant 
difference in IOP between the two cohorts at 
18 months (standalone 14.4 +/− 3.7 vs. combined 
16.7 +/− 7.6, p  =  0.5). In terms of medication 
use, the combined group had a significantly lower 
number of drops (1.3 +/− 1.2 vs. 3.3 +/− 1.2, 
p < 0.05). However, this difference also existed at 
baseline (2.4 +/− 1.2 vs. 2.9 +/− 1.0, p < 0.05). A 
larger retrospective study of 197 eyes also 
 compared outcomes of standalone KDB (n = 32) 
to phaco-KDB (n = 165) at 1 year. Surgical suc-
cess was defined as at least 20% IOP reduction 
from baseline. This was achieved in 68.8% of 
eyes in the standalone KDB cohort and in 71.8% 
in the phaco-KDB cohort (no p-value given). 
Both groups also showed a significant IOP and 
medication reduction from baseline.

 Cataract Extraction and Effect 
on Intraocular Pressure

It has been shown that cataract surgery in glau-
coma patients can reduce intraocular pressure 
(IOP). However, the extent of IOP reduction and 
the value of cataract surgery as a treatment option 
to lower IOP is dependent on a few different fac-
tors. A 2017 systematic review of 32 studies 
examined IOP change at a final follow-up period 
of 12 months or longer in eyes with open-angle 
glaucoma (OAG), chronic angle-closure glau-
coma (ACG), and pseudoexfoliation glaucoma 
(PXG). It revealed that IOP reduction following 
cataract extraction in ACG resulted in a decrease 
of 6.4  mmHg (95% CI: 9.4 to 3.4), while for 
OAG, it resulted in a decrease of 2.7 mmHg (95% 
CI: 3.7 to 1.7). For PXG, an IOP drop of 
5.8 mmHg (95% CI: 9.5 to 2.0) was determined, 
but it was acknowledged that further research 
was required to arrive at an adequate conclusion 
as this was only based on four studies [31]. It 
concluded that overall, the effect of cataract sur-
gery on IOP reduction is marked in ACG, moder-
ate in PXG, and small in OAG.

 Cataract Extraction and Angle 
Closure Glaucoma

IOP reduction is more significant in eyes with 
narrow or closed angles compared to eyes with 
open angles; as a result, cataract surgery is 
acknowledged as a valuable glaucoma interven-
tion for those with ACG. Cataract surgery in 
ACG will deepen the anterior chamber and open 
the angle [32–35]. In particular, the EAGLE 
study, which randomized both primary angle clo-
sure (PAC) and primary angle closure glaucoma 
(PACG) patients to receive either clear-lens 
extraction or standard care with laser peripheral 
iridotomy and topical medications, concluded 
that clear-lens extraction was more cost effective 
and showed greater efficacy. More specifically, 
lens extraction demonstrated an additional mean 
IOP reduction of 1.18  mmHg lower versus 
peripheral iridotomy [36]. This purported clear- 
lens extraction to be a viable first-line treatment 
option for PAC and PACG patients. In eyes that 
have had a history of acute angle closure, the IOP 
reduction is even greater. A study that compared 
treatment with cataract surgery against peripheral 
iridotomy in patients after acute angle closure 
showed that the mean IOP for those who received 
cataract surgery was 12.6  ±  1.9  mmHg for the 
cataract surgery group versus 15.0 ± 3.4 mmHg 
for the peripheral iridotomy group. Additionally, 
at 18  months, only 3% of the cataract surgery 
group developed an IOP rise postoperatively 
(defined as IOP > 21 mmHg) versus 46.7% in the 
LPI group [32]. The IOP-lowering effect of 
phacoemulsification in angle closure cases is 
likely secondary to reopening of the angle and 
allowing for outflow via the conventional 
pathway.

 Cataract Extraction 
and Pseudoexfoliation Glaucoma

Additionally, in eyes with PXG, cataract extrac-
tion has also been shown to significantly reduce 
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IOP.  One study showed that the mean IOP 
dropped from 17.45  ±  3.32  mmHg to 
12.57 ± 1.58 mmHg in eyes with PXG after cata-
ract surgery [37]. Pseudoexfoliative material 
accumulates in the trabecular meshwork, thereby 
reducing aqueous humor outflow, and can subse-
quently increase intraocular pressure and lead to 
glaucoma. With the removal of the lens as well as 
the central anterior capsule, pseudoexfoliative 
matter and pigment release is thought to be sig-
nificantly reduced. There is also likely to be a 
“washout” effect of fibrillar material during the 
surgery itself [38, 39].

Despite the purported benefits of cataract sur-
gery in PXG, it is important to remember that 
these eyes are at increased risk of complications 
due to the higher incidence of zonular weakness. 
However, with proper preoperative detection and 
careful examination for donesis, the astute sur-
geon can plan accordingly in order to maximize 
good surgical outcome [38].

 Cataract Extraction and Open Angle 
Glaucoma

The relatively modest reduction in IOP after cata-
ract surgery in OAG has resulted in debate on its 
value as a glaucoma procedure for eyes with open 
angles and no pseudoexfoliation syndrome [40]. 
A 2002 meta-analysis found that cataract extrac-
tion usually reduced IOP by 2–4  mmHg; how-
ever, the evidence was graded as “weak” as there 
were no randomized clinical trials and no 
untreated control groups among the studies [41]. 
Criticism of using cataract surgery as a treatment 
method for open angle glaucoma arises from the 
fact that the studies are often retrospective and 
many use only a single pressure measurement for 
the preoperative value. Additionally, many of the 
studies did not include gonioscopy, which lends 
to the possibility that angle closure cases had 
been unintentionally included [40].

Although the mechanism for lowered IOP in 
ACG and PXG is more straightforward, the 
mechanism for patients with open angles is 
poorly understood [42]. A few mechanisms have 
been proposed for how IOP is lowered in open 

angle glaucoma. It has been suggested that 
phacoemulsification increases the postoperative 
aqueous outflow facility, and cultured trabecular 
meshwork cells have been found to release inter-
leukins and tumor necrosis factors. This could 
cause increased synthesis of matrix metallopro-
teinases in the trabecular meshwork [43].

Despite this modest IOP-lowering effect, there 
are other reasons why one may choose to perform 
cataract surgery early in glaucomatous patients – 
especially if they are at high risk of eventually 
needing glaucoma surgery. It is well known that 
glaucoma surgery can cause a cataract to mature 
soon after. Intraocular lens power calculations 
and astigmatism correction are also less accurate 
in situations of hypotony following glaucoma 
surgery and cataract surgery after a filtering bleb 
can increase risk of infections. Cataract surgery 
post filtration surgery can also have deleterious 
effects on bleb health. As a result, although IOP 
reduction is modest in eyes with open angle glau-
coma, there could be a multitude of reasons why 
a surgeon would elect to perform cataract surgery 
early in a glaucomatous patient [40].

 Furthering Our Understanding

Clearly, the amount of IOP reduction in patients 
after cataract surgery varies based on the type of 
glaucomatous disease, with particular attention 
to angle anatomy and the existence of pseudoex-
foliation syndrome  – although it is unclear if 
there other factors that come into play as well. 
Increasing evidence has suggested that the mag-
nitude of IOP reduction following cataract extrac-
tion has been shown to be positively correlated to 
the elevation of preoperative IOP. However, it has 
also been argued that this could be accounted for 
due to the statistical phenomenon of regression 
toward the mean [42]. Additionally, a method for 
predicting the degree of IOP reduction has been 
proposed based on a ratio of the preoperative IOP 
and anterior chamber depth (ACD), measured in 
mm. One study consistently demonstrated that a 
greater than 4 mmHg reduction in IOP was found 
in patients with a pressure-to-ACD ratio of more 
than 7. In these patients who had presumed nor-
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mal anterior chamber anatomy, the anterior 
chamber depth was found to decrease on average 
by 1.10 mm postoperatively [44].

Although current evidence to date suggests 
that IOP is indeed reduced following cataract 
surgery, the exact patient-specific factors  
that determine the magnitude and duration of 
the IOP-lowering effects require further 
investigation.

 MIGS and Endothelial Cell Density

In 2018, a MIGS device known as the CyPass 
Micro-Stent (Alcon, Texas, United States) was 
voluntarily withdrawn from the manufacturer 
[45], and was later recalled by the US Food and 
Drug Administration [46]. The CyPass Micro- 
Stent was a 6.35  mm-long fenestrated device 
with 3 retention rings and a collar at the proximal 
tip. It was intended for supraciliary placement. 
The removal was due to concerns of progressive 
loss of endothelial cell loss (ECL) caused by 
CyPass Micro-Stent implantation. The 
COMPASS XT trial demonstrated that at 
60  months, endothelial cell density (ECD) had 
reduced by 20.4% in the CyPass Micro-Stent 
group (which had eyes that underwent phaco-
emulsification and CyPass implantation) and by 
10.1% in the control group (which had eyes that 
underwent phacoemulsification only) [47, 48]. 
Additionally, the proportion of subjects with 
>30% ECL, which is what most surgeons con-
sider clinically significant, was 27.2% in the 
CyPass Micro-Stent group compared to 10.0% in 
the control group.

It is important to note that the same study 
identified device position as the only factor in 
the analysis that correlated with ECL.  When 
two or three retention rings were visible in the 
anterior chamber angle, the yearly ECL rate was 
6.96% versus 1.39% when no rings were visi-
ble. Additionally, the angulation of the device 
within the chamber likely plays a role as well; 
some patients with two or more visible rings did 
not see a significant ECL [3]. Although it is pos-

sible that there are other variables that can affect 
the ECL (such as material, change in aqueous 
flow, reflux flow, etc.), there is no evidence of 
this yet. Further, due to the strong correlation 
with mechanical positioning of the implant in 
the anterior chamber with deeper implants hav-
ing similar ECL levels to controls, this is 
unlikely [49].

The current recommendation in patients who 
received the CyPass Micro-Stent is screening 
with a complete slit-lamp examination including 
gonioscopy to assess the device’s position. In 
case of clinically apparent or functionally signifi-
cant changes, such as worsening ECD/pachyme-
try and/or corneal edema, the intervention of 
choice is proximal end trimming with microfor-
ceps and microscissors. Device explantation is 
currently not recommended as firm attachments 
often develop to surrounding uveal tissue by the 
first postoperative month.

Subsequently, increased scrutiny has been 
applied to MIGS devices and their effect on 
ECD.  By their very nature, these devices are 
expected to have an excellent safety profile. 
Thus, we are willing to surgically intervene ear-
lier for a more modest IOP-lowering effect. 
High-quality long-term data may be lacking, 
but from experience with tube shunt and trab-
eculectomy, ECL with traditional filtering sur-
gery does occur and can be significant. ECL 
rates at 2 years post- trabeculectomy have been 
reported to be around 10%. One study has 
shown a 7.8% and 11.8% ECL rate at 2 years 
postoperatively for 1-site and 2-site phacotrab-
eculectomies, respectively [50]. With tube 
shunt surgery (both Ahmed glaucoma valve and 
Baerveldt glaucoma implant surgery), ECL 
rates have been reported to range between 8.0% 
and 18.6% at 2 years [51–54].

There is limited data on the effect of MIGS 
devices on ECD. A previous study showed that 
the iStent Inject (Glaukos Corporation, Laguna 
Hills, California, USA) did not lead to substan-
tial ECL at 1 year compared to phacoemulsifica-
tion alone [55]. Additionally, by this point, more 
than 10  year of data is available on the iStent 
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Inject with no known corneal complications 
reported. The 3-year results of the HORIZON 
study, assessing the safety and efficacy of the 
Hydrus microstent, showed that the addition of 
the microstent induced a 15% ECL versus 11% 
in the cataract surgery alone group. The propor-
tion of patients who underwent >30% ECL was 
14.2% in the microstent group versus 10% in the 
cataract surgery alone group. None of these dif-
ferences were statistically significant. These 
patients are under continued monitoring for 
ECL. It is likely that ECD reduction is due to the 
initial surgical procedure itself, with the extra 
manipulations required for implantation. The 
presence of the Hydrus device is not thought to 
adversely threaten corneal health compared to 
cataract  surgery alone. The iStent and the Hydrus 
microstent likely differ from the CyPass Micro-
Stent in that their inlet lie further from the cor-
nea. The CyPass device follows the curvature of 
the inner sclera and assumes a more vertical ori-
entation; thus, its proximal tip is located closer 
to the peripheral cornea. If implanted too anteri-
orly, the collar can even come into contact with 
the cornea.

There remains little investigation on long- 
term effects of subconjunctival MIGS devices, 
such as the Xen Gel Stent (Allergan) and the 
PreserFlo MicroShunt (Santen), on the health 
of corneal endothelial cells. The few studies 
that have investigated this are small in sample 
size or investigate short-term effects only [56]. 
One 2-year study investigating the impact of 
the Xen Gel Stent on ECD concluded the ECL 
was similar in amount to standalone phaco-
emulsification [57].

 Standalone Filtering Procedures 
Versus Combined 
with Phacoemulsification

Combining glaucoma and cataract surgery offers 
patients the advantage of having a single surgical 
experience, reducing risks of repeated surgery, and 
saving costly operating room time. However, some 

previous studies have demonstrated that stand-
alone filtering surgeries showed better intraocular 
pressure (IOP) control than combined glaucoma 
surgery procedures [58–61]. In a retrospective 
series of 60 eyes, the IOP was significantly lower 
in the trabeculectomy group than the phaco- 
trabeculectomy group (11.08 +/− 2.80 mmHg vs. 
15.04 +/− 2.40 mmHg, p < 0.001) [58]. Similarly, 
Kleinmann et al. found a significantly larger per-
centage reduction in IOP after trabeculec-
tomy  alone than after trabeculectomy combined 
with phacoemulsification (48.5% vs. 31.5%) 
(P  =  0.0001) [59]. Bellucci et  al. compared  
100 trabeculectomies with 200 phaco- trabec-
ulectomies and found that trabeculectomy alone 
resulted in a larger mean IOP decrease than phaco-
trabeculectomy (11.2  mmHg vs. 3.1  mmHg; 
P < 0.01) [60]. In a retrospective cohort study of 
40 eyes, Caprioli et  al. found that mean IOP 
decreased more in the trabeculectomy alone group 
than in the combined phaco- trabeculectomy group 
(10.3 +/− 7.6 mmHg vs. 6.8 +/− 5.5 mmHg) [61]. 
They also found that a higher proportion of  
patients achieved the target pressure in the trabec-
ulectomy alone group (88% vs. 72%). At 2 years, 
surgical success was achieved in 86% in the trab-
eculectomy group and in 62% in the phaco-trabec-
ulectomy group. A possible hypothesis for the 
discrepancy in surgical success seen with  
combined phaco-trabeculectomy may be that peri-
operative inflammation associated with phaco-
emulsification produces negative consequences on 
bleb survival and IOP [59].

In contrast, other studies have found similar 
IOP-lowering effects with combined surgery and 
trabeculectomy alone [62, 63]. In a prospective 
study, Guggenbach et al. found no significant dif-
ferences in mean IOP reduction between the two 
groups [62]. Similarly, in a retrospective analysis 
of 42 eyes, the mean IOPs (22.8  mmHg vs. 
22.9  mmHg) and number of glaucoma medica-
tions (2.12 vs 0.2.26) were similar for phaco- 
trabeculectomy and standalone trabeculectomy, 
respectively [63]. No p-values were given for this 
study. At 4 years, Wachtl et  al. also found that 
phaco-trabeculectomy had similar outcomes as 
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trabeculectomy alone in terms of lowering IOP 
and reducing glaucoma medications [64]. In 
patients with primary angle closure glaucoma 
(PACG), there were no significant differences in 
mean IOP (p = 0.42), number of glaucoma medi-
cations (p  =  0.85), or logMAR visual acuity 
(p  =  0.42) between the trabeculectomy and 
phaco-trabeculectomy groups after 12  months 
[65]. However, it is important to mention that the 
IOP-lowering effect of phacoemulsification alone 
in angle closure cases has previously been docu-
mented and could well be a confounder in this 
latter study [32–35].

In a prospective case series of patients with 
refractory glaucoma, El Wardani et al. compared 
the efficacy and safety of standalone Baerveldt 
glaucoma implant (BGI) to combined phaco-
emulsification and BGI implantation [66]. They 
found a significantly higher failure rate in the 
combined group at 3  years (37% vs. 15%, 
p  =  0.02). Additionally, a greater proportion of 
patients in the standalone BGI group had signifi-
cantly lower IOP at 3 years. However, there were 
no significant differences in glaucoma medica-
tions or complications between the two groups. 
These results suggest that combined surgery may 
have negative long-term effects on bleb survival, 
and that a staged approach of separating phaco-
emulsification and tube surgery should be 
considered.

Rai et  al. conducted a retrospective cohort 
study to compare the efficacy of phacoemulsifi-
cation combined with either Ahmed glaucoma 
valve (AGV) or BGI [67]. A total of 57 eyes 
underwent phaco-AGV and 47 eyes underwent 
phaco-BGI. At 2 years, 44% of the phaco-AGV 
group and 23% of the phaco-BGI group failed 
(p = 0.02). To the best of our knowledge, all other 
reports on combined phacoemulsification and 
tube shunt implantation have been noncompara-
tive with small sample sizes [68–70]. As a result, 
the studies were only powered to show very large 
differences in failure rates. With these limitations 
in mind, all noncomparative studies have shown a 
significant reduction in IOP from baseline in eyes 
undergoing combined phacoemulsification and 
AGV or BGI.

A systematic review by Friedman et al. con-
cluded that strong evidence of efficacy only exists 
for better IOP control with combined glaucoma 
and cataract surgery compared with cataract sur-
gery alone. Otherwise, there seems to be weak 
evidence when comparing IOP control in com-
bined cataract extraction and trabeculectomy ver-
sus trabeculectomy alone, or when looking at the 
deleterious effects of cataract surgery on pre- 
existing filtering blebs [71].

Although primarily considered blebless pro-
cedures, MIGS devices have begun to enter tra-
ditional filtering surgery territory with the 
advent of subconjunctival MIGS, such as the 
Preserflo MicroShunt (Santen) and the XEN 
Gel Stent (Allergan), while presumably retain-
ing some of the increased safety profile known 
to MIGS. It has previously been demonstrated 
that trabecular bypass MIGS combined with 
cataract surgery lowers IOP and hypotensive 
medication used compared to cataract surgery 
alone [24, 23, 72, 73]. However, it is not yet 
clear whether subconjunctival MIGS combined 
with cataract surgery presents the same syner-
gistic effect.

Several studies have compared the effective-
ness of standalone XEN to combined XEN and 
phacoemulsification [74]. In a retrospective 
series comparing 200 cases of standalone XEN to 
39 cases of phaco-XEN, Hengerer et al. found no 
significant differences between the two groups in 
terms of mean IOP at 1 year (standalone 14.3 +/− 
4.2  mmHg vs. combined 13.9 +/− 2.5  mmHg) 
[75]. Similarly, Karimi et  al. evaluated XEN 
standalone (n = 187) versus combined (n = 72) at 
12 months [76]. They found no significant differ-
ence in outcomes between the two groups, and 
both cohorts had similar needling and complica-
tion rates. In a single center prospective study 
with 6  months of follow-up, 46.9% of XEN 
standalone eyes (n  =  81) and 53.3% of phaco- 
XEN eyes (n  =  30) achieved complete success 
[65]. There were no significant intergroup differ-
ences. In a 2-year, prospective, multicenter study, 
Reitsamer et al. compared 120 standalone eyes to 
98 combined eyes [77]. The mean changes in IOP 
from baseline were  −  6.4 +/− 5.2  mmHg in 
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standalone and − 5.9 +/− 4.6 mmHg in combined 
eyes, with no statistically significant differences 
between the two groups. Additionally, Fea et al. 
compared 298 standalone eyes to 56 combined 
eyes at 1 year in a prospective, multicenter study 
[78]. The mean IOP at 1 year was 15.8 mmHg in 
the combined group and was 15.4 mmHg in the 
standalone group. There was a significantly lower 
IOP in the standalone group at the postoperative 
week 1 visit (p = 0.04), but no statistically signifi-
cant differences at the subsequent follow-up vis-
its. In terms of qualified and complete success, 
there were no significant differences between the 
two groups with IOP thresholds of ≤18 and 
16  mmHg. However, with an IOP threshold of 
≤14 mmHg, the standalone group achieved a sig-
nificantly higher success rate (41.6% vs. 22.9%, 
p = 0.03).

The only study to find a significant difference 
between XEN standalone and phaco-XEN was 
by Mansouri et al. in a prospective, interventional 
case series that compared the safety and efficacy 
of XEN standalone (n  =  40) and combined 
(n = 109) at 1 year [79]. The median percentage 
IOP reduction was 40% in the XEN standalone 
group and 22.9% in the phaco-XEN group. Their 
primary endpoint, a 20% or more decrease from 
baseline IOP, was achieved in 81.0% of stand-
alone eyes and in 56.1% of combined eyes 
(p = 0.04). However, it is important to note that 
the XEN standalone group had a higher median 
preoperative IOP (20 vs. 18  mmHg) and more 
advanced glaucoma than the XEN combined 
group. Additionally, more needling procedures 
were performed in XEN standalone eyes (45% 
vs. 34%), possibly contributing to a more pro-
nounced IOP reduction.

In a review of previously published studies 
comparing XEN as a standalone procedure to 
combined with phacoemulsification, the authors 
acknowledged the heterogeneity of study design, 
inclusion and exclusion criteria, and statistical 
analysis for studies included in their review [74]. 
The authors themselves also disagree on whether 
XEN demonstrates better efficacy as a standalone 
or combined procedure, illustrating the clinical 
nuance of this question.
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 Epilogue

 A Glance at the Future

Contemporary cataract surgery offers a unique 
opportunity to improve the quality of vision and 
quality of life for millions of patients worldwide. 
As the most frequently practiced surgical proce-
dure on human beings with unprecedented out-
comes, one might assume that we have reached 
the final frontier of cataract surgery. This assump-
tion, however, would be a gross mistake. Cataract 
surgery has the potential for immense develop-
ment in the future as we shall predict in this clos-
ing chapter of our book.

The authors believe that cataract surgery will 
witness an explosion of innovations and advances. 
Burkhard Dick asserts that lasers are in their 
infancy and that laser energy will be harnessed to 
achieve effective lens removal enhancing both 
safety and efficacy.

Jorge Alio predicts that intracapsular liquefac-
tion, aspiration, and injection of a polymer with a 
calculated power will become a reality. A new 
generation of multifocal and presbyopia lenses 
will be designed by applying advanced optics, 
including solutions for low vision. Lens regener-
ation is even a possibility as we learn to regulate 
the lens epithelium. He also predicts that cataract 
surgery might be practiced in part robotically and 
a new era of biomorphometry and simulations of 
outcomes will facilitate decision-making by both 
surgeon and the patient.

Burkhard Dick agrees that biomorphometrics 
will also be a key tool in making cataract surgery 
safer: iris recognition will finally put to rest the 
age-old nightmare of accidentally operating on 
the wrong eye. Identifying the target axis during 
astigmatism surgery will become even more 
accurate when guided by lasers. Cataract surgery 
will continue to improve because of simulation 
technology, which will greatly accelerate the 
learning curve of trainees.

Jorge Alio anticipates that artificial intelli-
gence will dramatically change the way we diag-
nose and treat cataracts. Continued development 
of microscopes including 3D systems and associ-
ated procedures like keratopigmentation will pro-
liferate. Physicians and industry will partner to 
identify ways to increase cost-effectiveness and 
surgical efficiency. He adds that we should not 
forget about the potential to help millions of cata-
ract patients in underdeveloped areas who have 
minimal or no access to adequately trained sur-
geons, predicting that robotic surgery may pro-
vide a solution.

The authors agree that innovative devices 
associated with cataract surgery will continue to 
expand indications as physiologic replacements 
of the cornea, iris, angle structures, and artificial 
posterior capsules of ultra-thin, elastic, and 
totally transparent materiales are introduced. Just 
as refractive surgery has merged with cataract 
surgery, combining glaucoma and even retinal 

https://doi.org/10.1007/978-3-030-94530-5


504

procedures will continue to gain popularity. 
Burkhard Dick is excited about implantable chips 
that will provide intraocular pressure (IOP) mon-
itoring in real time, while new filtration devices 
will be designed to permanently lower IOP to 
safe levels.

Robert Osher has a different vision. “We may 
envision a day when all people after a certain age 
will undergo a surgical procedure directed by 
artificial intelligence that will eliminate all pre- 
existing refractive errors. It will be lens-based 
and there will be no more myopia, hyperopia, 
astigmatism, or even presbyopia. That means no 
more cataract surgery!” He believes that the lens 
solution will be dynamic with artificial intelli-
gence to correct both distance and near focus. In 
addition, he predicts that the lens will be empow-
ered to do many more things. For example, it will 

be associated with a drug delivery system that 
will deliver the postoperative medications mak-
ing eye drops obsolete. Posterior capsular opaci-
fication will be completely inhibited. In addition 
to measuring the IOP (which was accomplished 
by Adatomed years ago), all blood chemistries 
will be measured. Diabetics will monitor their 
blood pressure using a scale on the IOL. While 
optometry and optical shops will vanish, ophthal-
mic surgeons will be very busy for decades to 
come.

We close this book with shared confidence 
and enthusiasm for the unwritten chapters in the 
future that will introduce brilliant ideas, exciting 
products, new techniques, and breakthroughs in 
technology— all aimed at preserving humanity’s 
most precious gift, the gift of Sight.

Epilogue
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penetrating keratoplasty, 332
Pfeifer technique, 325, 327
Pfeiffer-Canabrava technique, 329, 330
surgical techniques, 323–325
Yamane technique, 329, 332
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Brunescent cataracts, 402

C
Canabrava, 329
Capsular block syndrome (CBS), 421
Capsular dye, 76
Capsular fibrosis, 37
Capsular tension ring (CTR), 14, 61–64, 249
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Capsule hooks, 60, 61
Capsule retractors, 86–87
Capsule staining, 36
Capsule tension ring (CTR), 392
Capsulorhexis/capsulorrhexis, 10, 25, 60, 75–77, 84, 89, 
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Capsulotomy, 391
Cataract, 241–243, 246

aspiration, 343
corneal endothelial cell compromise, 16–17
development, 171, 172
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angle closure glaucoma, 494
open angle glaucoma, 495
pseudoexfoliation glaucoma, 495

IOL exchange, 15
macular degeneration, 16
risk evaluation

blunt trauma, 2
crystalline lens into anterior chamber, 3
external structures, 8–11
fibrin ring, 3
history of present illness, 2–3
inferior subluxation of lens, 3
lateral subluxation of lens, 3
past medical history, 5–6
past ocular surgical history, 3–5
physical examination, 6–8
preoperative risk assessment, 1
risk assessment, 2

small pupil, 14
status post radial keratotomy, 13–14
surgery, 277–279, 289
surgery complications
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anesthesia complications, 437–438
anterior capsule, 441, 442
anterior chamber, 448
constricting pupil, 439
corneal incisions, 438, 439
Descemet’s membrane, 439, 440
dropped nucleus, 446
excessively deep chamber, 449
fired cannula, 449
hemorrhage, 450
hydrodissection, 440, 441
IOL problems, 451–452
iris prolapse, 442, 443
nuclear chip management, 444
patient movement, 450–451
thermal injury, 443–444
torn posterior capsule, 444, 445
zonular dialysis, 447

zonular weakness, 14
Central macular thickness (CMT), 275
Central retinal thickness (CRT), 279
Childhood uveitis, 213
Chlorpromazine, 294

Chronic endothelial cell density (ECD), 165
Chronic IOP elevation, 169
Cicatricial diseases

ankyloblepharon, 105, 108
anti-inflammatory therapy, 108
conjunctivitis, 105
corneal epithelial defects, 105
corneal scarring, 105
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fornix scale, 107
intraoperative approach, 108, 109
keratinization, 105
keratoprosthesis, 106
postoperative management, 109–111
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subepithelial blistering, 107
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Cionni modified capsular tension, 66
Cionni ring, 64–67, 69
Classification system, IOL, 460
Coat hanger, 350
Concurrent ALK, 128
Congenital iris coloboma, 346
Contact lenses (CL), 479
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Corneal disease, 4
Corneal endothelium, 152
Corneal graft surgery
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astigmatism management, 125–127
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setting of corneal transplantation, 123
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Corneal involvement, 383
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Corneal relaxing incisions (CRI), 126
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Corrected visual acuity (CDVA), 358–360
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CyPass micro-stent, 496
Cystoid macular edema (CME), 30, 49, 140, 407

D
Deep anterior lamellar keratoplasty (DALK), 151
Dense and confluent corneal guttae, 138
Dense cataract, 27, 425, 433, 434

anaesthesia, 426
complications, 433, 434
phacoemulsification, 426, 427, 429–431
preoperative evaluation, 426

Descemet membrane endothelial keratoplasty (DMEK), 
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Descemet stripping automated endothelial keratoplasty 
(DSAEK), 136, 359

Descemet’s membrane, 439
Diabetes mellitus, 273–275
Diabetic macular edema (DME), 275, 279
Diabetic retinopathy, 4, 278
Dilated pupil diameter, 295
Down syndrome, 41, 43
Doxazosin, 294
Dropped nucleus, 471

anterior segment, 472
causes, 471
posterior segment, 473, 474
preoperative risk factors, 472

Dry eye disease (DED)
causes of, 94
complications of, 99
definition, 93
impact of cataract surgery, 94
intraoperative

adjunctive measures, 97–98
anesthesia, 96
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IOL placement, 98
lens removal, 98
surgical preparations, 96–97

postoperative routine management, 99
preoperative, 94–96
recommendations, 100, 101

Dual-Scheimpflug Placido topography, 160
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E
Ectatic diseases, 487
Effective lens position (ELP), 158, 253, 478
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Endoillumination, 98
Endophthalmitis, 172, 211, 275, 277, 385
Endothelial cell density (ECD), 149, 402, 496
Endothelial cell loss, 180
Endothelial keratoplasty (EK), 129–131, 135, 150, 151
Endothelial microscopy, 136, 137
Epiretinal membrane (ERM), 242
Epithelial basement membrane dystrophy (EBMD), 190
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Extended depth of focus (EDOF), 477
Extracapsular cataract extraction (ECCE), 29, 98, 431, 
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F
Femto-cataract surgery, 47
Femtodelineation, 144
Femtosecond laser, 80, 399, 400

Alport syndrome, 411, 412
brunescent, 402
corneal pathologies, 400, 401

glaucoma, 408
posttraumatic cases, 406
postvitrectomy, 410
radial keratotomy, 410
retinal disease, 407, 408
small pupil, 402, 403
zonular, 407

Femtosecond laser-assisted cataract surgery (FLACS), 
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Femtosecond laser platforms, 423
Femtosecond laser pre-fragmentation, 24
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4 floating suture technique, 336
Fuchs’ endothelial corneal dystrophy (FECD), 149–151

complication management, 140–141
contrast sensitivity and color vision, 135
DMEK, 136
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endothelial keratoplasty and IOL implantation, 139
eyes with corneal guttae, 139–140
mild cataract with moderate corneal guttae, 138
moderate cataract with mild corneal guttae, 136, 137
patients with bullous keratopathy or focal central 
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Fuchs uveitis, 211

G
Glare, 357
Glaucoma, 4, 42, 408
Globe pressurization, 340
Globe rupture, 333
Goldmann kinetic perimetry, 219
Gonioscopy, 56
Graft-host junction, 152, 153
Graft-versus-host diseases (GvHD), 94, 107
Granulomatosis, 94

H
Haigis formula, 150
Hemorrhage, 450
High hyperopia, 269
High intraocular pressure (IOP), 183
High myopia, 4, 253
Hill radial basis function (Hill RBF), 481
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Hydroxypropyl methylcellulose (HPMC), 149
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I
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Instrumentation, 341
Intraocular knots, 345, 352
Intraocular lens (IOL), 196, 235, 358, 395, 459–461, 
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bag, 460
biometry, 22
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classification, 461–463
dislocation sites, 463
explantation and exchange, 15, 191–192, 194, 195, 

359, 360, 362, 463–465
in-the-bag dislocation of IOLs, 186–188
causes, 186–194
incorrect lens power, 188–191
IOL opacification, 191–192
multifocal IOL explantation, 192–194
outcomes, 197–199

formula, 481
implantation, 89, 185
miscalculation, 477, 479, 484
out-of-the-bag, 464
power calculation, 147
scleral fixation, 468, 469
vitrectomy, 468

Intraocular magnet (IOM), 381
Intraocular pressure (IOP), 358, 422, 497
Intraoperative aberrometry, 128
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pathophysiology, 292, 293
preoperative assessment, 296
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surgical management, 296–298
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Intraoperative optical coherence tomography, 21
Intrastromal corneal ring segment (ICRS), 115
Iridocorneal endothelial (ICE), 284
Iridodialysis, 306, 342, 344
Iris diaphragm retropulsion syndrome (LIDRS), 237
Iris-fixated pIOLs, 178
Iris hooks, 60, 61
Iris prosthesis, 322
Iris repair, 303, 339, 340

bimanual intraocular micro suturing, 308
cataract surgery, 305
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intraocular knots, 352–354
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non-surgical, 304
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strategic considerations, 306, 307
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