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Preface

Ophthalmology is continuously evolving, with new imaging techniques, diagnostic
tools, and therapeutic options. Cataract surgery is still the most performed surgery
worldwide. The surgery is continuously evolving and there are ongoing efforts to
make it safer with adequate infectious prophylaxis, and more precise with advanced
intraocular lens (IOL) calculation. In this sense, the ocular surface is an important
factor and must always be carefully analyzed. Complications may occur during and
after cataract surgery, thus it is important to manage them correctly to obtain the best
result.

This book is a collection of review chapters from international experts addressing
recent innovations in cataract surgery.

Our special thanks go to Zrinka Tomicic at IntechOpen for her excellent work during
the preparation of this book.
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Chapter1

Antiseptic and Antibiotic
Prophylaxis for Cataract Surgery

Sara Crespo Millas, Salvatore Di Lauro and
David Galarreta Mira

Abstract

Prophylaxis for eye infections is important to avoid catastrophic consequences
such as infectious endophthalmitis. There are different options as prophylaxis in
cataract surgery. Prophylaxis with antiseptics is more and more important in ocu-
lar surgery and possesses several advantages compared to antibiotic prophylaxis.
Povidone-iodine (PVI) 5% in the conjunctival sac and PVI 10% on periocular skin for
3 minutes is recommended prior to any cataract surgery to reduce the risk of post-
operative endophthalmitis. Intracameral cefuroxime (1 mg/0.1 ml) at the end of the
surgery is also useful in reducing the risk of infectious endophthalmitis. Nevertheless,
there is no scientific evidence supporting the use of topical antibiotics in the postop-
erative period.

Keywords: cataract surgery, prophylaxis, antiseptic, antibiotic, endophthalmitis

1. Introduction

Infectious endophthalmitis after cataract surgery is an uncommon but devastating
complication [1-4]. Infectious prophylaxis is essential in any eye surgery to prevent
the infectious endophthalmitis. There are two forms of prophylaxis: antiseptic and
antibiotic prophylaxis. The correct use of antibiotics is critical to avoid any unneces-
sary microorganism resistance able to reduce the already limited therapeutic options
available to treat eye infections. Prophylaxis with antiseptics is more and more
important in ocular surgery and possesses several advantages compared to antibiotic
prophylaxis.

2. Antiseptics

The ideal antiseptic may have a wide spectrum of antimicrobial activity, including
pathogens in biofilms, limited inactivation by organic compounds, good penetra-
tion including in the necrotic tissue with limited systemic absorption, without risk
of acquired microbial resistance, good local and systemic tolerance, ability to aid
cicatrization, may be easy to use and cheap [5, 6].
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Povidone-iodine (PVI) is the most widely used antiseptic for ocular surgery.

The PVI is a disinfectant and antiseptic of intermediate level [5, 6]. It is used in
different concentrations (between 0.1 and 10%) depending on the country, but the
most frequent concentrations are 5% in the conjunctival sac and 10% in periocular
skin [5, 6].

The concentration of free iodine is already maximum with PVI 0.01-1%, obtaining
minimum bactericide time. Nevertheless, free iodine is inactivated by the interaction
with bacteria and organic compounds and with those concentrations it is necessary
to repeat the PVI administration to maintain the bactericide effect [6]. PV 2.5-10%
generates enough free iodine reserve concentration to avoid the need for repeated
administrations with a contact time of 3 minutes [1, 6].

PVT has well-known toxicity on the corneal epithelium and is directly related
to the concentration and contact time [6]. PVI is toxic in vitro for epithelial cells,
fibroblasts and endothelial cells in animal models. Nevertheless, repeated exposure
during cataract surgery at 0.25% concentration is not toxic for the endothelium [6].
The application of PVI 5% is also safe for the endothelium [6].

Allergic reactions to PVI are rare and frequently reported by the patient and not
confirmed [7]. Most frequently, contact dermatitis appears and is incorrectly classi-
fied as an allergy. There are no reports of anaphylactic reactions after topical ophthal-
mic use of PVI [8]. Iodine contrast allergy does not mean allergy to PVI [9]. In cases
of real PVI allergy, there are alternative antiseptics available such as chlorhexidine.

Chlorhexidine is a cationic biguanide able to damage the bacterial cellular wall and
cytoplasm. It is considered as a low-level disinfectant with lower microbicide activity
compared with PVI, especially over viruses [10]. Furthermore, it is not sporicidal and
not able to act on biofilms. Nevertheless, it is equally valid for infectious prophylaxis
in ocular surgery, especially in cases with confirmed PVI allergy [6, 10].

Topical application on periocular skin must not exceed 0.5% considering the
risk of accidental exposure to the corneal epithelium which may cause damage to
the corneal epithelium. The recommended concentration for conjunctival irriga-
tion of aqueous chlorhexidine is 0.05 acetate and 0.1% gluconate [10]. Alcoholic
chlorhexidine must be avoided because it is toxic to corneal epithelium, stroma and
endothelium [10]. Aqueous chlorhexidine is well tolerated, offering low epithelial
toxicity [10]. A rare resistance to chlorhexidine of some Staphylococcus species has
been described [11].

The ozonized oil is an alternative antiseptic in liposomal formulation to improve
eye tolerance. The mechanism of action is based on oxygenated compounds, lipidic
peroxides and oxygen-reactive species able to damage pathogens through direct
oxidation as by interaction with macromolecules, destroying them. Results in animal
models and in patients where they show the ability to reduce the ocular surface flora
before cataract surgery are promising [12, 13].

3. Antibiotics

Antibiotics have been used during the perioperative period as a prophylactic agent
in multiple ophthalmic surgeries. Their use is limited because of the development
of antiseptic agents and multiple disadvantages. In fact, antibiotics compared with

antiseptics have the following limitations:

* Limited spectrum of antimicrobial activity
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¢ Usually, microbiostatics not microbicides

* High risk of resistance

* Limited or absent activity against multi-resistant organisms
* No residual effect

* Low concentration in the eye

* Cytotoxicity

* Potentially high allergenicity

Antibiotics compared with antiseptics can be used not only topically but also
systemically. Topical administrated antibiotics have been most commonly used in
ophthalmology, but they did not show superiority compared with antiseptics as
prophylactic agents [11].

Alternative administering ways such as systemic, subconjunctival or mixed with
irrigation infusion fluid did not show advantages in preventing infections after
cataract surgery [1]. Nevertheless, intracameral antibiotics are useful in preventing
infectious endo-ophthalmitis after cataract surgery [1, 14]. Intracameral antibiotics
can be used at relatively high concentrations and with an extremely low chance of
developing microbial resistance [3].

3.1 Intracameral antibiotics

The use of intracameral antibiotics at the end of the cataract surgery is the only
procedure that has shown efficacy in endophthalmitis prophylaxis. Generally, three
antibiotics have been used: cefuroxime, moxifloxacin and vancomycin, each one of
them with their particularities (Table 1) [2].

3.1.1 Cefuroxime

Cefuroxime was the antibiotic chosen for the study by the European Society of
Cataract and Refractive Surgeons (ESCRS) [1] for its spectrum and experience of use.
It is a second-generation cephalosporine that has demonstrated its safety at the doses
used for intracameral injection. Although penicillin allergy is frequent, the cross-
reactions with cefuroxime are rare. A meta-analysis has estimated that in patients
with a history of allergy to penicillin, the general index of cross-reactivity with
cephalosporin antibiotics is approximately 1% [15]. The risk of cross-reactivity with
penicillin exists principally for first- and second-generations which have similar R1
lateral chains. The cefuroxime has not a similar R1 lateral chain and high risk of cross-
reactivity with penicillin is practically negligible, although there are documented
cases of anaphylaxis after intracameral use [3].

3.1.2 Moxifloxacin

Moxifloxacin is a fourth-generation fluoroquinolone that inhibits the bacte-
rial topoisomerases II and IV. Intracameral moxifloxacin has not been evaluated in
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Antibiotic and recommended dose Spectrum Resistances Security
Cefuroxime 1 mg/0.1 mL Wide spectrum No efficacy against Secure at
gram-positive methicillin- recommended dose.
and limited to resistant Possibility of toxic
gram-negative Staphylococcus. anterior segment
aureus syndrome at wrong
concentrations
Moxifloxacin 250 pg/0.05 mL Wide spectrum No efficacy against Use from the eye
0500 pg/0.1 ml gram-positive and methicillin- drops formulation,
negative. Good resistant without approval for
activity against Staphylococcus intracameral use
atypical germs aureus.
Cross-resistance
with other
quinolones
Vancomycin 1 mg/0.1 mL Effective against the Rare resistance to Pharmaceutical
majority of gram- gram-positive preparation from
positive. Limited intravenous solutions
activity against
gram-negatives
Table1.

Characteristics of the antibiotics more used in the prophylaxis in cataract surgery.

randomized clinical trials but the evidence in observational studies suggests that it
is effective. A study with more than two million cataract surgeries from the same
institution in India showed a general reduction in the number of postoperative endo-
phthalmitis from 0.07 to 0.02% with the routine use of moxifloxacin [2].

There are no anaphylaxis cases reported after the intracameral use and the severe
hypersensitivity reactions related to the moxifloxacin are probably rare [2].

3.1.3 Vancomycin

Vancomycin is a glycopeptide antibiotic that acts by binding pentapeptides,
preventing peptidoglycans polymerization and weakening bacterial cellular walls
[2]. The spectrum of action includes gram-positive coccus, the most frequent causal
agent in infectious endophthalmitis. It has been used extensively in the past, but it has
gradually been replaced by cefuroxime and moxifloxacin. Intracameral vancomycin
1 mg/0.1 ml is enough to achieve the minimal inhibitory concentration for almost all
gram-positive coccus [2]. There are some reasons to avoid it: (1) risk of hemorrhagic/
obstructive retinal vasculitis with devastating results on VA; (2) vancomycin is the
treatment of choice in infectious endophthalmitis and the use as a prophylactic agent
may limit its use if necessary; (3) risk of resistance [2, 11].

3.2 Topical antibiotics

There is no evidence that they are useful in preventing postoperative endophthal-
mitis when used in the preoperative and postoperative periods [1]. There is evidence

that the use of topical antibiotics before surgery is not better than the use of PVI alone
[4]. Furthermore, there is a higher risk of resistance and global costs are significantly
increased [11]. Nevertheless, postoperative topical antibiotics are commonly used all
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around the world, especially fluoroquinolones, tobramycin and the combination of
polymyxin- neomycin- gramicidin [16].

4. Recommendations for infectious prophylaxis in cataract surgery

Infectious endophthalmitis after cataract surgery is uncommon (0.01-0.08%)
[1]. Topical PVI in periocular skin and conjunctival sac and intracameral cefuroxime
at the end of the surgery have been demonstrated to be effective as prophylactic
measures [1].

Preoperative prophylaxis [1]

* PVI (level of evidence 2, clinical recommendation B): PVI 5% for cleaning of
the cornea and conjunctival sac; PVI 10% on periocular skin; minimum rec-
ommended contact time: 3 minutes; in case of PVI allergy change to aqueous
chlorhexidine 0.05% in the conjunctival sac

* Preoperative lid hygiene (level of evidence 3, clinical recommendation C):
can be useful in patients with an increased population of Staphylococcus aureus
(especially patients with rosacea and atopy)

* Preoperative topical antibiotics (level of evidence 3, clinical recommenda-
tion C): there is no evidence of endophthalmitis reduction which can result in
resistance.

* Operating room, surgeon and patient preparation: standard protocols of steril-
ization and operating room preparation. It is important to isolate the eyelashes
and eyelids with an adhesive cloth

Recent data suggests PVI 0.5-1% may have the same results as PVI 5% in the
conjunctival sac avoiding corneal toxicity and being commercially available also in
combination with hyaluronic acid [1]. Nevertheless, these concentrations must be
used carefully and according to posology [4].

Intraoperative prophylaxis

¢ Intracameral antibiotic (level of evidence 1b; clinical recommendation A): cefu-
roxime (1 mg/0.1 ml) is the preferred antibiotic because: is active against bacteria
most commonly involved in endophthalmitis; there is evidence of effectiveness
in a European multicentric study; cross-reaction with penicillin is uncommon;
availability of a commercial single dose formulation. In allergic patients’ moxi-
floxacin (250-500 pg/0.1 ml) can be used.

In addition to intracameral antibiotics, it is important to confirm that the surgical
wound is well sealed at the end of the surgery. In fact, periocular flora is responsible
for the vast majority of postsurgical endophthalmitis [17] and if there is any doubt
about wound tightness a surgical suture is recommended [18].

Postoperative prophylaxis

Postoperative topical antibiotics are extensively used but their use combined
with intracameral antibiotics does not improve results [1, 16]. When used, it is
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important to avoid a descending treatment regimen because of the risk of improving
resistance [11, 18].

5. Conclusions

Topical antiseptics such as PVI have several advantages over antibiotics as
prophylactic agents for infectious endophthalmitis after cataract surgery. PVI 5% in
the conjunctival sac and PVI 10% on periocular skin for 3 minutes is recommended
prior to any cataract surgery to reduce the risk of postoperative endophthalmitis. In
patients with an allergy to PVI, chlorhexidine 0.02-0.1% in the conjunctival sac can
be used. Intracameral cefuroxime at the end of the surgery is effective as a prophylac-

tic measure, although in allergic patients intracameral moxifloxacin may be used. On
the contrary, there is no evidence that postoperative topical antibiotics are useful.
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Chapter?2

Corneal Disease and Its Impact on
Cataract Surgery

Brian A. Bird, Albert Y. Cheung and John D. Sheppard

Abstract

The primary focus of this book chapter is to investigate and discuss the impact
of corneal disease and how various types of corneal pathology can affect the sur-
geons preop, intraop and post op management when considering cataract surgery
for a patient. Cataract surgery is known to exacerbate ocular surface diseases like
dry eye, HSV, inflammatory conditions like ocular cicatricial pemphigoid, SJS,
peripheral ulcerative keratitis, Moorens ulcer and endothelial disease like Fuch’s
dystrophy secondary to intraoperative endothelial cell loss. Preoperative treat-
ment including optimization of the corneal surface, antiviral prophylaxis in HSV
keratitis, quiescence of inflammation and preoperative diagnostic evaluation of
endothelial cell counts may all play a role in postoperative outcomes. Corneal
disease may also impact intraoperative considerations in cataract extraction to
include the use of scleral tunnels or even Extracapsular Cataract extraction tech-
niques, for example, in patients with Mooren’s ulcer to decrease corneal melt. More
commonly corneal disease consequently provides a poor view for the surgeon and
unfavorable post op visual acuity for the patient. Consideration of staged kerato-
plasty and cataract surgery vs. combined “triple procedure” have both been shown
as reasonable treatment options. Postoperative considerations include management
of endothelial cell loss during surgery and minimizing postoperative eye drops and
medicomentosa.

Keywords: cornea, cataract surgery, dry eye, triple procedure, keratoplasty,
corneal scar

1. Introduction

Cataracts are the world’s leading cause of blindness in patients age 50 and older
[1], and consequently, cataract surgery is a common ophthalmological procedure.
This chapter focuses on the considerations regarding coexisting corneal disease and
how various corneal diseases affect cataract surgery preoperatively, intraoperatively,
and postoperatively.
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2. Ocular surface disease
2.1 Dry eye disease (DED)

Dry eye is a multifactorial disease of the ocular surface characterized by a loss
of homoeostasis of the tear film, and a vicious cycle of inflammation on the ocular
surface. Generally, DED is classified as aqueous deficient (e.g., secondary to Sjogrens
syndrome) or evaporative (e.g., secondary to Meibomian gland dysfunction). This
classification can help direct the ophthalmologists when developing an approach to
treatment. DED is a critical entity to manage properly perioperatively as it is ubiq-
uitous among cataract patients, can be worsened by surgical disruption of the tear
film and postoperative drops, and can have a profound effect on postoperative visual
acuity with consequences of patient satisfaction. Prevalence rates are estimated to
range from 5 to 50% and as high as 75% in adults over 40 [2, 3]. Patient symptoms
include burning, itching, epiphora, and decreased visual acuity. A basic understand-
ing of the anatomy and physiology that contributes to a healthy ocular surface is
helpful to understand when tailoring a treatment plan. The Lacrimal Functional Unit
(LFU) is a term used to include the lacrimal glands, ocular surface, eyelids and the
motor and sensory nerves that connect and regulate these structures. A healthy LFU
is responsible for maintaining a healthy tear film, and for maintaining a healthy trans-
parent corneal surface to project a crisp image onto the retina. The eyelids contribute
by protecting the ocular surface; blinking which distributes the tear film across the
eye and stimulates the lacrimal gland to pump tears out onto the surface of the eye;
and producing secretions that contribute to the tear film. Lagophthalmos can be seen
secondary to facial nerve palsies from strokes and diseases like Bell’s Palsy, HSV, VZV,
and Lyme disease. The secretions (e.g., meibum) from the eyelid primarily help in
reducing evaporative loss of tears [4]. Dysregulation of any of these components can
contribute to DED.

2.2 Preoperative evaluation

In regards to dryness, the preoperative examination is a crucial step in identify-
ing eyes that need ocular surface optimization prior to cataract surgery. Dryness
can be exacerbated by cataract surgery, so treatment preoperatively can decrease
the chance of a severely decompensated ocular surface postoperatively. Dryness
can have a significant effect in altering the tear film and cornea with consequential
effects on preoperative biometry measurements, namely the inaccuracy and vari-
ability of keratometry readings. For example, Epitropolous et al. looked at a cohort
of 100 hyperosmolar (a point-of-care marker for dryness) and 50 normal eyes and
found that the hyperosmolar group had a statistically significant higher variability of
keratometry readings as compared to the normal group. The hyperosmolar group had
a higher percentage with 1D or greater difference in measured astigmatism as well
as a higher percentage of eyes with an IOL power difference of more than 0.5D [5].
Figures 1 and 2 show an example of how preoperative treatment of dryness can not
only improve the ocular surface but also lead to more accurate measurements and IOL
selection.

Slit lamp examination can be used to visualize underlying causes of DED to help
direct the surgeon’s treatment approach. Meibomian gland dysfunction (MGD),
demodex collarettes, punctal stenosis, entropion, ectropion, lagophthalmos, and
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Figure 1.
Preoperative kevatometry readings and intraocular lens selection in a patient with 2+ SPK. Note the irvegular
topography and mires on vight and left images, respectively.
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Figure 2.

For the same eye in Figure 1, repeat measurements after 6 weeks of treatment with artificial tears, ointment,
preservative free dexamethasone twice daily, and punctal plugs demonstrate improved topography and mires as
well as a change in the IOL selection.

floppy eyelids can be identified and targeted to optimize the ocular surface preopera-
tively. Fluorescein and vital dye stains can be used to visualize superficial punctate
keratitis (SPK). In addition to the slit lamp exam, several clinical and diagnostic tests
are used for the diagnosis and the management of DED. A tear break-up time of less
than 10 seconds is considered abnormal and supports an evaporative component of
dry eye disease commonly seen in MGD. Interferometry and infrared meibography
may also help with diagnosis and follow-up. The Schirmer 1 and 2 tests investigate
tear production. Tear osmolarity, IgE, and MMP 9 are all point-of-care tests that
analyze the composition of the tears themselves.
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2.3 Treatment

Given the many available treatment options for DED, a tailored approach is best
for these patients when optimizing the ocular surface in preparation for cataract sur-
gery. For cases of mild dryness or an unstable tear film, a relatively quick regimen of
aggressive preservative free lubrication [6] (e.g., tears, ointment) and corticosteroids
(often only short-term, e.g. preservative free dexamethasone), with punctal occlu-
sion if necessary, may be all the eye needs for better preoperative testing. It is good
to maintain the dry eye therapy perioperatively as cataract surgery and the required
postoperative drops can disrupt the tear film and cause additional dryness.

One of the challenges of managing DED is that it stimulates an inflammatory cas-
cade which triggers a positive feedback loop of inflammatory mediators that increase
the osmolarity of tears further exacerbating ocular surface dryness. Several of the
treatment options try to break the inflammatory cycle. Weak topical corticosteroids
can have a fast impact on the ocular surface. Treatments targeting the inflammatory
component of DED may be necessary to break the cycle of inflammation in moderate
to severe disease. Cyclosporine A is available in three formulations Restasis, Cequa,
and now a generic form is available. In large phase 3 trials, both Restasis and Cequa
have proven effective in increasing tear production as measured by Schirmer testing
[7, 8], and subsequent studies have shown that cyclosporine may also increase goblet
cells [9]. In the context of cataract surgery, one study of 28 eyes showed cyclosporine
0.05% used one month preop to 2 months post op improved visual quality after
multifocal IOL implantation [10]. Other treatments that target the inflammatory
component of dry eye disease include topical corticosteroid drops (Eyesuvis) and
lifitegrast ophthalmic solution (Xiidra), an LFA-1 antagonist thereby inhibiting LFA-1
binding to overexpressed ICAM-1. Autologous serum tears have also been used to
treat severe dry eyes.

To address blepharitis and meibomian gland dysfunction, eyelid hygiene includ-
ing warm compresses and lid sprays or wipes work to increase meibomian gland
secretions and remove debris. Oral low-dose doxycycline may also be used to obtain
a quick response to treating the lids through its anti-inflammatory and lipid layer
stabilization properties. Azithromycin has been found to stimulate the accumulation
of intracellular phospholipids and lysozymes which are important in the maturation
of meibocytes [11]. Microblepharoexfoliation treatment (e.g. Blephex), thermal lid
therapy with gland expression (e.g. Lipiflow, TearCare, iLux), and Intense Pulsed
Light (IPL) therapies are procedures that are designed to increase meibomian gland
secretions onto the ocular surface; several studies have shown them to be effective
treatment options as well [12-16]. These can potentially help combat lid disease
quickly prior to cataract surgery. Moisture chamber goggles, sutured tarsorrhaphies
and lid weights can all be utilized to prevent evaporative tear loss from the eye. When
appropriate, addressing the lid malposition (e.g., ectropion/entropion) may be
necessary to help the ocular surface. If the underlying cause of DED is Neurotrophic
Keratitis, cenegermin (Oxervate) is a FDA approved drug that works directly upon
corneal epithelial cells and corneal nociceptors as recombinant nerve growth factor
[17, 18].

2.4 Intraoperative considerations

As illustrated above, dry eye disease can cause decreased visual acuity for the
patient and by the same mechanism can cause decreased clarity through the irregular
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cornea during cataract surgery. To optimize the surgeons view, a dispersive oph-
thalmic viscosurgical device can be applied to the cornea to decrease dryness during
surgery. If the ocular surface dryness is secondary to neurotrophic keratitis the sur-
geon should minimize additional nerve damage by avoiding the use of limbal relaxing
incisions and multiple paracentesis wounds (e.g., using Malyugin ring instead of iris
hooks) when possible. Similarly, limbal relaxing incisions should be avoided. At the
end of the case, the surgeon may consider the addition of a bandage contact lens or
in more severe cases of ocular surface or tarsorrhaphy may be considered. Dropless
cataract surgery (e.g., transzonular or intravitreal injectables, resorbable dexametha-
sone punctal plugs) may be used to minimize medicamentosa along with avoiding/
decreasing postoperative topical NSAIDs.

3. Ocular inflammatory diseases

Severe ocular surface inflammatory conditions such as Peripheral Ulcerative
Keratitis (PUK), graft vs. host disease (GVHD), Stevens Johnson Syndrome (SJS),
mucous membrane pemphigoid (MMP), and Mooren’s Ulcer may need additional
preop/postop care and surgical planning due to disease sequelae (e.g. corneal thinning
and scarring, conjunctival and limbal stem cell deficiency) and the potential risk of
reactivation of disease (e.g. corneal thinning).

3.1 Preoperative evaluation

Obtaining relevant past medical history can be important, especially with atten-
tion to rheumatological conditions such as rheumatoid arthritis, spondyloarthritides,
and other inflammatory arthritides/systemic disorders. Slit Lamp examination can
reveal evidence of current and prior ocular surface inflammation including corneal
scarring/thinning, corneal neovascularization, limbal stem cell failure, symblepha-
ron formation, dry eye, and associated uveitis. Conjunctival injection can be a good
surrogate marker of current inflammation level or control. Evaluating for signs of
dry eye (as above) and appropriate preoperative management are critical for suc-
cess postoperatively. If there is conjunctival inflammation or associated uveitis, it is
important to have the eye quiet for at least 3 months prior to surgical intervention. If
there is significant thinning, a pachymap can be useful to determine the best incision
placement. Once the diagnosis has been made, the goal is to control inflammation
before cataract surgery; otherwise, the surgery may exacerbate inflammation and
can lead to worse outcomes. Potentially, control of these diseases requires systemic
immunosuppression with collaboration with a rheumatologist, and patient specific
surgical planning is critical (Figure 3) [19-22].

3.2 Intraoperative considerations

Having a surgical plan can be quite helpful in these eyes. Base incisions locations
from a pachymap or preoperative slit lamp examination to avoid areas of vasculariza-
tion and thinning. It may be necessary to consider a scleral tunnel if there is a history
of corneal melts or thin limbal inadequate areas to make an incision. A study of 15
eyes with MMP showed that cataract surgery could be done successfully on these eyes
but recommended the use of small corneal incisions to reduce the risk of conjunctival
inflammation [19]. In contrast, patients with a Mooren’s ulcer may require scleral

13



Cataract — An Update on Clinical and Surgical Management

Figure 3.
Slit lamp photograph of peripheral ulcevative keratitis in a patient with rheumatoid avthritis with slit beam
highlighting the thinned area (A) and fluorescein highlighting the epithelial defect (B).

tunnel wounds or even extracapsular cataract extraction to minimize risk of trig-
gering corneal melt [22]. Trypan blue is often useful when there is corneal scarring/
opacity to optimize capsulorrhexis creation when visualization is not ideal. A suture
may be necessary to help seal incisions when there is adjacent scarring or thinning.
A bandage contact lens can be placed at the end of the case to protect the cornea and
facilitate rehabilitation of the ocular surface. A subconjunctival or subtenons injec-
tion of corticosteroid can be helpful in controlling postoperative inflammation.

3.3 Postoperative management

These eyes require closer follow-up postoperatively as they are at higher risk for
ocular surface decompensation, keratolysis, and chronic/recurrent uveitis. When
dryness appears to worsen, consider a decrease in particular drops such as NSAIDS
to avoid drop toxicity. NSAIDS may even need to be avoided in patients with an
increased risk of keratolysis based on past ocular (history of prior melts) and medical
history (e.g. GVHD, rheumatoid arthritis). Aggressive DED management can help
prevent worsening disease with sequelae such as erosions and melting. Depending
on the degree of irregular astigmatism, a rigid gas permeable lens may be needed
for best visual acuity after cataract surgery and should be discussed with the patient
preoperatively.

4. Pterygia

A pterygium occurs from elastotic degeneration and leads to fibrovascular growth
of the limbal/interpalpebral conjunctiva onto the cornea. Despite its benign nature,
pterygia can be progressive with further growth toward the visual axis and increased
irregular astigmatism.
4.1 Preoperative evaluation

Slit lamp examination is important to determine how far the pterygium extends

over the cornea. Other aspects such as injection, elevation, calcifications, underly-
ing fibrosis/scarring, associated thinning, and healthy conjunctiva elsewhere can
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be helpful for preoperative planning and to establish medical necessity for excision.
Topography can help demonstrate the magnitude of irregular astigmatism (often
flattening) and how close to the paracentral/midperipheral cornea this encroaches.
Placido disk corneal topography can be particularly useful as one can view the distor-
tion of mires from the pterygium.

There are different approaches to the timing of pterygium excision in the setting
of planning cataract surgery. If the pterygium is not affecting the midperipheral
cornea or more central (and topography is not greatly affected), cataract surgery may
be considered without any pterygium surgery. The pterygium is typically less than
2-3 mm encroachment onto the cornea in this setting. Kim et al. noted that pterygia
<2.0 mm rarely induce postoperative changes after removal [23]. The patient should
be aware that the pterygium may need to addressed in the future if best correctable
vision is not satisfactory and glasses will likely be necessary for best vision. If visu-
ally significant or impacting cataract surgery corneal measurements, pterygium
surgery can be performed prior to cataract surgery or simultaneously. If prior to
cataract surgery, there should be approximately 3 months between surgeries to allow
for stabilization and repeat measurements. This strategy likely allows for the best
chance of achieving the desired post-refractive goal following cataract surgery. If the
surgeries are performed simultaneously, this has the benefit of only one surgery for
patients, but there is a decreased chance of hitting a post-refractive target. Steepening
of the cornea can occur resulting in myopia [24], so IOL power selection should take
this into account. Studies have noted that the longer or greater the pterygium size,
the greater the change in keratometry readings [23, 25, 26]. Toric correction should
only be considered when there is regular astigmatism after pterygium removal, and it
should be avoided in irregular corneas and inconsistent corneal readings. Multifocal
IOLs are often a poor choice when there is irregular astigmatism and higher levels of
higher order aberrations. If there is associated fibrosis especially centrally or para-
centrally, the patient should understand that a hard lens may be necessary postopera-
tively to achieve the best vision (Figure 4).

4.2 Intraoperative considerations
During cataract surgery, trypan blue may help with visualization if there is central

or paracentral scarring. If a temporal small pterygium is present and the plan is to
leave it be, the main incision should be positioned elsewhere.

Figure 4.

Slit lamp photograph of a nasal pterygium. Preoperative topography demonstrates nasal flattening with 1.56 D
of astigmatism. Following excision with autograft, postoperative topography demonstrates a more regular surface
with 0.39 D of astigmatism.
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4.3 Postoperative management

While recurrence rates are low (<10%) following conventional pterygium surgery
with an autograft, there typically is no deviation from standard cataract surgery in
regards to postoperative management. One should continue to monitor pterygium
recurrence.

5. Corneal opacification

Corneal scarring, Salzmann nodules, dystrophies (e.g. epithelial basement mem-
brane dystrophy [EBMD]), and band keratopathy can present unique challenges in
preoperative measurements, significantly compromise the view of the surgeon during
cataract surgery, and may even require staged or simultaneous keratoplasty along
with cataract extraction.

5.1 Preoperative evaluation

Preoperative evaluation of corneal opacities include slit lamp examination, assess-
ment of BCVA using the Snellen chart, and ultrasound B-scan if view of the fundus is
obscured. The broad slit beam can often highlight the extent of the scarring and improve
visualization of EBMD and fibrosis associated with nodules. Fluorescein can highlight
the pathology, especially when there is negative staining of areas that are not seen with
broad beam lighting. When these corneal changes are seen in the central 5-6 mm, they
are more likely to be visually significant or alter preoperative topography measurements.
Topography can help demonstrate how much irregular astigmatism is present and
how close to the central/paracentral cornea these conditions are affecting. Placido disk
corneal topography can be particularly useful as one can view the distortion of mires
from the involved pathology. When the view of the cataract is obstructed by the corneal
opacity, additional diagnostic testing can include anterior segment optical coherence
tomography (ASOCT) which can allow the surgeon to assess the depth of corneal scars,
and it can also be used to provide information regarding anterior chamber depth and
characteristics of the cataract. A recent literature assessment demonstrated that ASOCT
can be used to reveal structural details of the anterior capsule, objective measurements
about the cataract itself including white and hypermature cataracts and the stability
of the posterior capsule [27]. Another study compared anterior segment OCT to UBM
in identifying posterior capsule rupture in traumatic cataracts. They discovered that
ASOCT was superior to UBM in terms of its sensitivity, specificity, and positive and
negative predictive values [28]. Corneal densitometry can be analyzed by a rotating
Scheimpflug camera (Pentacam AXL; Oculus, Wetzlar, Germany). This modality can
demonstrate the opaque area of the cornea and provide an objective score from 0 to 100
(most transparent to most opaque respectively).

5.2 Treatment

Superficial keratectomy (SK) is a procedure in which the corneal epithelium is
removed and can be utilized if the corneal disease/damage is superficial to Bowman’s
membrane. EBMD, Salzmann Nodules and band keratopathy are easily addressed
with a keratectomy (and EDTA for band keratopathy) when the pathology is
obstructing the central 5-6 mm (Figure 5).
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Figure 5.
Slit lamp photograph of epithelial basement membrane dystrophy. This was treated with a superficial
kevatectomy prior to catavact surgery.

Multiple studies have demonstrated that SK is a safe and effective treatment to
improve visual acuity, reduce corneal astigmatism, and optimize biometry readings
[29]. A study at Duke specifically looked at the biometry readings of patients with
EBMD and Salzmann nodular degeneration pre and post SK or PTK which showed
that 21 out of 26 eyes treated for EBMD had a change in predicted IOL power and 16
of 24 eyes had a change in the recommended IOL toricity with a mean cylinder power
change of 1.2 diopters. About 11 of 13 eyes with Salzmann Nodular degeneration had
a change in predicated IOL power and 10 of the 11 toric eligible eyes had a change in
the recommended IOL toricity with a mean cylinder power change of 1.5 diopters
(Figures 6 and 7) [30].

Figure 6.
Intraoperative still photograph demonstrating a superior Salzmann nodule (dotted outline, a). This is peeled off
during a superficial keratectomy (B).
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Figure 7.
Topography of an eye with a Salzmann nodule treated with a superficial keratectomy: Preoperative, left (note
flattening superiorly) and postoperative, right.

When the corneal opacity is restricted to the anterior 100 uM of the cornea,
phototherapeutic keratectomy (PTK) using the 193 nm excimer laser can be con-
sidered prior to cataract surgery. The primary indications for PTK include anterior
corneal dystrophies, such as lattice, granular, and Reis-Biickler’s dystrophy [31].
Corneal degenerations such as Salzmann’s nodular degeneration and climatic droplet
keratopathy, also can be successfully treated with PTK [32]. Some of the complica-
tions associated with PTK include induced myopia, hyperopia, irregular astigmatism,
haze, recurrence, and corneal thinning [31, 32]. As such subsequent cataract surgery
should be delayed at least 6-12 weeks after PTK, once stabilization of the cornea has
been established. A new topical medication losartan (used off-label 0.8 mg/mL six
times per day) may help with treatment of certain types of corneal fibrosis/scarring
in preparation for surgery (Figure 8) [33].

5.3 Intraoperative considerations
Often, the involved pathology is addressed with a keratectomy. In the setting of

corneal opacity, trypan blue is safe and has been widely used for better visualization
of the anterior capsule [34]. Pupillary enlargement is a technique that can be used

Figure 8.

Slit lamp photograph of band keratopathy (A). Intraoperative still photograph demonstrating another patient
with band keratopathy. (B) Demonstrates the preoperative appearance and (C) demonstrates appearance
following removal with superficial keratectomy and EDTA application.
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to create an optical window via sphincterotomy or an optical iridectomy when the
corneal opacity blocks the central visual axis as an alternative to a corneal transplant
procedure [35]. Endoillumination is a technique whereby an endoillumination
probe is inserted through a corneal paracentesis (or alternatively a transconjunctival
chandelier illumination system) to improve visualization during cataract surgery
(Figure 9) [36, 37].

If the corneal opacification is inhibiting a patients best corrected visual acuity or
the surgeons view to safely perform cataract surgery, a keratoplasty may be neces-
sary. Depending on the depth of the corneal opacification, surgical options include a
combined surgery referred to as a Triple Procedure, that is, Penetrating Keratoplasty
(PKP) or Deep Anterior Lamellar Keratoplasty (DALK) with cataract extraction and
IOL implantation) vs. a staged procedure where the keratoplasty is performed first
and the cataract surgery is done at a later time (Figure 10).

Combined surgery should be considered in patients with health problems that
place patients at high risk for undergoing multiple surgeries under anesthesia or for
patients whose health/life situation necessitates more rapid visual recovery [38, 39].
In a combined surgery, cataract extraction can be performed via phacoemulsifica-
tion or via the open sky technique with extracapsular cataract extraction. The main
disadvantages in a combined surgery using the open sky technique is that the eye is
exposed to the outside environment for a longer time thereby increasing the patient’s
risk for endophthalmitis, and possible suprachoroidal/expulsive hemorrhage due to
acute hypotony. Additionally, patients’ postoperative refractive errors are generally
higher due to inaccuracy of IOL formulas when the measurements are estimated as
well as postoperative changes in keratometric values, AC depth, and axial length
[38-42]. Staged surgery is generally more controlled as compared to open sky because
itis performed in a closed system [41-43]. Additionally, a staged surgery is more
likely to provide the patient with better postoperative vision because it allows for
more accurate IOL power calculation due to more accurate preoperative diagnostic
testing. As the cornea is allowed to stabilize and astigmatism minimized with suture
removal, surgical adjustments such as placement of the main wound at the steep axis
of the cornea and placement of arcuate keratotomy can be performed during cataract
surgery. Although potentially controversial, toric IOLs can be considered in certain
situations; however, they are often avoided with PK and DALK as a future graft
replacement would leave a toric IOL with a mismatched cornea. This may not be as
significant a factor with the ability to place an endothelial keratoplasty under a PK/

Figure 9.
Intraoperative still photograph demonstrating use of trypan due to poor visualization from corneal scarring/
opacity (A) and how this improved ability to perform capsulorrhexis (B).
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Figure 10.
Slit lamp photograph of dense large scar with overlying rigid gas permeable lens (A). After wovsening cataract, it
was determined that a deep anterior lamellar kevatoplasty would best allow for cataract extraction (B).

DALK. The disadvantages of a staged procedure include endothelial cell loss, the risks
of undergoing anesthesia a second time, and the large delay in visual improvement
due to the requisite time after keratoplasty for stabilization of keratometric values and
suture removal which may take up to 6-12 months [37-39]. When cataract surgery is
performed staged under a keratoplasty, trypan blue may be necessary if visualization
is poor. A scleral tunnel may be necessary to avoid crossing the graft-host-junction
with the main incision. Using extra OVD is prudent to minimize endothelial dam-

age as there is faster endothelial cell attrition for a keratoplasty compared to a native
cornea. Sutures are often needed as wounds may gape and leak due to the inherent
contraction from the keratoplasty.

5.4 Post operative management

The etiology of the corneal opacification must be taken into consideration in the
post operative period as it may help guide the surgeons post operative management.
If the corneal scar was originally from HSV/VZYV, it is important to place patient on
prophylactic oral antiviral due to the increased risk of recurrence of epithelial or
stromal disease following intraocular surgery. Close monitoring is especially impor-
tant postoperatively in patients with corneal disease as patients can have recurrence
of corneal pathology and repeat opacification of the cornea. If the visual acuity is
not satisfactory following cataract + corneal surgery an RGP lens may be utilized to
minimize the decrease in visual acuity secondary to irregular astigmatism often seen
in these patients.

6. Endothelial disease

Due to the potential collateral damage to endothelial cells during cataract surgery,
careful consideration and patient specific planning is necessary in the setting of
coexisting corneal endothelial disease. While low endothelial cell density can be seen
in patients with a history of intraocular inflammation, prior corneal transplant, prior
glaucoma filtering surgery, or trauma, it is most commonly encountered in patients
with a history of Fuch’s corneal dystrophy [44]. Once a cataract becomes visually
significant, earlier extraction may be beneficial to minimize damage to endothelial
cells, especially if a simultaneous corneal procedure is being avoided.
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6.1 Preoperative evaluation

Slit lamp examination of the cataract maturity is important as denser cataracts
predictably require more ultrasonic energy and lead to more endothelial cell loss. The
status of the cornea should be evaluated at slit lamp specifically looking for guttata,
edema, and fibrosis from longstanding stromal edema which can all diminish a
patient’s best corrected vision and may also impair the surgeons view into the anterior
chamber during cataract surgery. Any preoperative clinical signs of corneal edema
warrant consideration of addressing the endothelial function at the time of cataract
surgery (Figure11).

While pachymetry and specular microscopy classically were used to determine
risk of corneal decompensation following cataract surgery, these may be poor
measures of prognosis. Unless there was a baseline pachymetry taken years ago,
pachymetry is not often useful as it may not correlate well with edema. Tomography
may be a more useful tool in evaluating early Fuchs prior to cataract surgery. Sun et al.
created tomography criteria that can be helpful to evaluate Fuchs eyes to determine
subclinical edema. These include loss of parallel isopachs, displacement of the thin-
nest point of the cornea, and focal posterior corneal surface depression [45]. Another
study from this group also evaluated the risk for progression of Fuchs and/or need-
ing surgical intervention following uncomplicated cataract surgery using the same
criteria. Risk was 0% when no criteria/patterns were present, 50% when any 1 or 2 of
the criteria/patterns were present, and 75% when all 3 were present [46]. Given the
possibility for needing a surgical intervention, it can be prudent to aim myopic for
the post-refractive goal as endothelial keratoplasty will often cause a hyperopic shift.
To account for this, aiming for —0.50 to —0.75, —1.00, and — 1.00 to 1.25 sphere for
DMEK, nano-thin DSEK, and ultrathin DSEK, respectively. Avoid placing a hydro-
philic intraocular lens given the possibility of calcification with these following the
gas/air with an endothelial keratoplasty (Figure 12).

6.2 Intraoperative considerations
Factors that increase the risk of endothelial cell loss during cataract surgery

include longer phacoemulsification time such as that required with denser cataracts
and shorter axial length [47]. Care should be taken to refill the anterior chamber to

Figure 11.

Slit lamp photograph with slit beam (A) demonstrating guttata and corneal edema with anterior haze and
microcystic edema in an eye with Fuchs corneal dystrophy. This is highlighted with sclevotic scatter lighting
technique to demonstrate the microcystic edema and bullae (B).
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Figure 12.
Preoperative tomography in an eye with Fuchs demonstrates loss of parallel oval/circular isopachs, displacement
of the thinnest point of the cornea (white arrow), and focal posterior corneal surface depression (ved arrow).

coat the endothelium with dispersive viscoelastic between cataract quadrants/seg-
ments in these situations. Systemic illnesses may also increase the risk of endothelial
cell loss during cataract surgery. One study investigated endothelial cell loss in dia-
betic patients undergoing cataract surgery as compared to non-diabetics and showed
a significant increase in endothelial cell loss 3 months postoperatively in the diabetic
study group [48]. Surgical treatment options for patients with cataract and coexist-
ing endothelial disease include cataract surgery alone or combined surgeries (with
either a simultaneous triple procedure or staged). Combined options include DMEK
with phacoemulsification and IOL placement, DSAEK with phacoemulsification and
IOL placement, DSO with phacoemulsification and IOL placement. Factors that may
determine a simultaneous compared to stage procedure include degree of cornea vs.
lens pathology, post-refractive goals (may be more accurate with corneal surgery and
repeat measurements prior to cataract surgery), and patient preference (1 surgery
versus 2 surgeries). Torics may be considered for mild Fuchs with a clear regular
corneal cylinder on topography of more than 2 diopters. It may be better to stage toric
IOL given the hypotony and anterior chamber shallowing during endothelial kerato-
plasty (especially DMEK) which could potentially rotate the IOL.

Trypan blue can be useful to see through dense guttata especially in corneal
haze or bullae are associated. If edema is severe, one may perform a keratectomy to
improve the view. If performing cataract surgery alone, phacoemulsification at iris
plane (more posterior) may decrease endothelial damage, while phacoemulsification
near the cornea in combined surgery is fine as the endothelium will be replaced and
damage to the posterior capsule can be minimized. Additionally, a smaller capsulor-
rhexis may be better for combined cases to keep the IOL in the capsular bag during
anterior chamber shallowing; similarly, using only cohesive viscoelastic in combined
cases can allow for less chance of having retained viscoelastic in the graft interface.

6.3 Postoperative management

Postoperatively, patients with Fuchs should be counseled that there may be
delayed deturgescence of their corneas following cataract surgery. This may even take
several weeks to a couple months, and topical sodium chloride can be helpful. If the
edema fails to clear, one can then consider endothelial surgery. In the setting of Fuchs
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post-cataract surgery, it can be prudent to avoid a large YAG treatment to minimize
vitreous prolapse into the anterior chamber with future endothelial keratoplasty
(especially DMEK).

7. Keratoconus

Keratoconus is a corneal ectatic disease resulting in irregular astigmatism often
characterized by inferior steepening of the cornea, irregularities in the corneal stroma
and breaks in Bowmanss layer. Risk factors for keratoconus include patients’ with con-
nective tissue disease, Down syndrome, and patient’s with atopic disease or habitual
eye rubbing [49]. The onset of keratoconus is generally in adolescence and tends
to stabilize by 30-40 years of age [50, 51]. Treatment options include hard contact
lenses, intrastromal corneal ring segments, corneal cross linking, and DALK or PKP
in later stages of the disease. Patients with keratoconus tend to develop cataracts at
ayounger age [52] and successful surgical treatment of cataracts in patients with
keratoconus requires additional considerations in the preoperative and intraoperative
period (Figure 13).

7.1 Preoperative evaluation

Most notably in the preoperative period, one of the challenges in keratoconus is
obtaining reliable IOL power measurements due to unreliable keratometric values
and potentially different anatomy (increased axial length and anterior chamber depth
leading to more posterior effective lens position) [53]. As keratoconus is a progressive
disease, stability of disease should ideally be demonstrated before cataract surgery
should be attempted. The Global Consensus on Keratoconus and Ectatic Diseases
describes progression as a change in two or more of the following parameters — steep-
ening of the anterior or posterior corneal surface, or thinning and/or an increase in
the rate of corneal thickness change from the periphery to the thinnest point [54].
Contact lenses can distort the cornea and as such need to be discontinued prior to pre-
operative measurements. Soft contacts should be discontinued for at least 1 week [55]
and rigid gas permeable (RGP) lenses should be discontinued for 1-2 weeks for every
decade of use [56]. Patients with progressive disease may be candidates for corneal
crosslinking (CXL) which has been shown to help strengthen the cornea by forming

Figure 13.
Slit lamp photograph of an eye with keratoconus demonstrating Munson’s sign with V-shaped indentation of the
lower eyelid with downgaze (A). Slit beam highlights the apical thinning with ectasia and anterior scarring (B).
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new bonds between the collagen fibers in the cornea [57]. As there can be a flatten-
ing effect from crosslinking, one should observe for at least 6 months and repeat
measurements to document stability prior to cataract surgery. Aiming with a myopic
post-refractive goal would be prudent since additional flattening may occur later after
the CXL. Additionally, intrastromal corneal ring segment (ICRS) placement has been
shown to flatten the cornea. For patients with severe ectatic disease not amenable to
contact lenses or with scarring, DALK or PKP can also be effective treatments [58,

59]. Depending on patient goals and surgeon preference, the patient’s cataract surgery
may have to wait until sutures are removed (starting 3-6 months following surgery)
or astigmatism is minimized with selective suture removal. Again, stability of corneal
measurements should be documented prior to cataract surgery.

Preoperatively cone location and centration should be evaluated. Patients with
central cones tend to be more myopic whereas peripheral cones can actually result
in mild hyperopia. Cylinder is affected by both cone location and shape as well [60].
Disease staging helps guide preoperative planning and can be done using the Amsler-
Krumeich classification or the newer ABCD classification which has the advantage
of staging early and subclinical disease by assessing anterior and posterior radii of
curvature from a 3-mm optical zone at the thinnest point of the cornea, minimal cor-
neal thickness, and best spectacle distance visual acuity [61]. One study emphasized
the importance of accurately staging keratoconus by showing that using measured K
values for IOL selection results in better outcomes in mild to moderate disease while
standard K values (43.25) produce better results in severe keratoconus (K > 55) [62].

There are several devices available to measure biometry and keratometry. Routine
methods using Placido disk based corneal topography devices assess only the anterior
surface of the cornea whereas an elevation-based Scheimpflug imaging device will
calculate total corneal refractive power by assessing anterior and posterior corneal
curvatures [63]. The ratio between anterior and posterior corneal curvature is altered
in keratoconus [64] thereby making the Placido disk based corneal topography
devices less accurate and may lead to a higher chance of residual hyperopia, espe-
cially for advanced Keratoconus [63]. Currently available keratometry and biometry
measuring devices include the Pentacam HR and AXL (Oculus GmbH, Wetzlar,
Germany), IOL Master 700 (Carl Zeiss Meditec AG, Jena, Germany), Lenstar LS 900
(Haag-Streit AG, Koeniz, Switzerland), Sirius (Costruzione Strumenti Oftalmici,
Florence, Italy), and Galilei G6 (Ziemer, Biel, Switzerland). Multiple studies have
been conducted comparing these various devices in patients with keratoconus
[65-73]. After reviewing the available data comparing these devices, Moshirfar et al.
published a paper ultimately recommending obtaining Pentacam measurements,
comparing them across more than one device and selecting the measurements that
result in the highest calculated IOL power. Doing so reduces the risk of hyperopic
surprise postoperatively [56].

As alluded to above, formula selection in patients with keratoconus is challenging
as traditional formulas were developed based on a normal eye. Many studies compar-
ing outcomes using different formulas have been done and demonstrate that the
best formula may depend on the stage of the patient’s disease. The largest case series
of cataract surgery in keratoconus looked at a total of 147 eyes and compared the
precision of IOL formulas which are used routinely in normal eyes, (Haigis, Barrett
Universal 2, Holladay 1 and 2, Hoffer Q, SRK/T, and Kane) compared to IOL formulas
which are made exclusively for Keratoconus patients (Kane Keratoconus formula
and Holladay 2 with Keratoconus Adjustment). The authors concluded that the Kane
Keratoconus formula performed best in all stages of keratoconus followed by SRK/T.
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Furthermore, the authors suggested target refractions specific to each Krumeich
stage. In stage 1 Keratoconus patients, there should be between no adjustment to —1.0
for the target refraction, for stage 2 a myopic target of —0.75 to —1.5 should be aimed
for, and for stage 3 a myopic target of —2.0 to —3.0 [74].

7.2 Intraoperative considerations

A potentially controversial topic is the use of toric IOLs in patients with kera-
toconus. Their use has been investigated in patients with stable mild to moderate
keratoconus. In these patients, toric lenses have shown significant improvement in
postoperative uncorrected and best corrected visual acuity without causing signifi-
cant corneal higher order aberrations [75, 76]. Toric IOLs should not be considered in
patients with progressive disease, difficult refraction, or if there is a high difference
between preoperative RGP lens corrected visual acuity and spectacle corrected visual
acuity [77]. Aspheric IOLs should not be placed in patients with keratoconus as these
IOLs are designed to eliminate the positive spherical aberration added by traditional
IOLs. Due to the hyperprolate nature of keratoconus eyes, they would experience
more negative spherical aberration [78] and worsen the hyperopic refractive shift. If
the surgeon believes the patient will need a keratoplasty in the future after cataract
surgery has been performed, the presence of alow power IOL will likely worsen
hyperopia due to the subsequent loss of corneal power after the transplant. It may
be better to perform the keratoplasty and later perform the cataract surgery after a
period of stabilization and selective suture removal.

The irregular astigmatism secondary to corneal warpage in keratoconus can lead
to intraoperative image distortion making cataract surgery more challenging for the
surgeon. Use of RGP lenses intraoperatively can be quite helpful to reduce distortion
and improve depth perception [79, 80]. Trypan blue can be helpful for visualization
through an ectatic cornea often with scarring.

Incision sites can result in changes to K values and the cataract surgery itself might
increase the probability of disease progression [81]. A pachymap can be helpful to
guide incision sites to avoid the thinnest areas (avoid the cone/apex) [82]. These
incisions should be made near the limbus to avoid surgically induced astigmatism and
violation of the thinned, ectactic cornea [83]. Alternatively, a small scleral tunnel can
be made if universally thin. Multiple studies have shown that clear corneal incisions
are safe and may not necessarily need suturing [75, 84-86]; however, corneal sutures
are generally considered more reliable and provide an opportunity for correction of
astigmatism and subsequently of best uncorrected visual acuity in some patients [83].

7.3 Postoperative management

Many keratoconus patients will have residual refractive error, particularly those
with severe disease. As mentioned previously, IOL calculations can be challenging in
keratoconus patients and unsurprisingly postoperative refractive error is common.
Spectacles can be used in patients with mild residual error [87] although they cannot
correct for irregular astigmatism commonly seen in keratoconus. Soft contact lenses
and soft toric lenses can be used in patient’s with low refractive error, regular astigma-
tism or mild irregular astigmatism as the soft contact lens covers the anterior corneal
abnormalities [88]. In patients with a more significant refractive error, RGP, piggy-
back, hybrid, or scleral contact lenses can be tried [87-90]. Surgical options include
IOL exchange, but it should be noted that IOL exchange may have a higher risk of
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complications [91] and that if attempted, it is advised to perform the lens exchange
within 3-6 months after initial IOL implantation due to fibrosis around the IOL [92].
Surgical placement of a secondary IOL is also an option and both anterior chamber
iris claw lens and piggyback lenses implanted in the sulcus have been accomplished
with satisfactory results [93-98].

8. Conclusion

With the prevalence of ocular surface and corneal conditions, ophthalmologists
will commonly encounter cataract surgery in the setting of coexisting corneal disease.
This chapter has investigated some of these challenges and the available literature
specific to ocular surface disease, corneal opacification, endothelial disease, and
keratoconus for a cataract surgeon to consider including preoperative assessment,
treatment and diagnostic testing, intraoperative pearls and techniques, and postop-
erative management to facilitate good surgical outcomes for our patients.
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Cataract Surgery and Dry Eye
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Pauline Khoo and Stephanie Louise Watson

Abstract

This chapter outlines preoperative, intraoperative, and postoperative consid-
erations with respect to dry eye (DE) and its impact on cataract surgery, to guide
optimization of patient satisfaction with their refractive outcomes. A systematic
review was performed and reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement. MEDLINE (Ovid),
EMBASE (Ovid), Cochrane Library, PubMed, and Scopus, from the date of inception
(1946) until 3rd June 2023, were searched. Dry eye and ametropia are among the most
common causes of dissatisfaction after cataract surgery and also the most amenable
to successful conservative management. Dry eye can reduce contrast sensitivity and
increase dysphotopsias in multifocal intraocular lens patients. Several pathophysi-
ological changes occur during and after surgery that influence DE manifestation
postoperatively. Dry eye symptoms and signs generally normalize at around 3 months
in both normal and DE patients, but a significant minority have ongoing discomfort.
A number of systemic and ocular conditions are identified, which may aid in preop-
erative risk evaluation. Preoperative symptom evaluation, examination, and inves-
tigation techniques are also summarized and their influence on refractive outcomes
emphasized. Current preoperative, intraoperative, and postoperative measures to
decrease burden are additionally evaluated.

Keywords: cataract surgery, dry eye, meibomian gland dysfunction, blepharitis,
intraocular lens

1. Introduction

Cataracts and dry eye (DE) are both age-related conditions underpinned by
increased oxidative stress with time and commonly presenting to clinicians [1-3].
Cataract surgery rates are increasing, and postoperative outcomes are improving
worldwide [4, 5]. As the world’s population is forecasted to increase life expectancy
by 4.4 years by 2040 for both men and women [6], and as we are becoming more
adept at defining and diagnosing dry eye [7, 8], DE reporting rates are also expected
to increase. Both cataracts and DE are associated with impaired vision [4, 9]. While
rapid postoperative visual recovery is possible [4], with good visual outcomes in DE
patients [10], surgery may lead to DE development or worsening [11]. This review
focuses on pre-, intra-, and postoperative factors that clinicians can consider to
optimize refractive outcomes in DE patients.
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2. Impact

The pre-corneal tear film is the first refractive plane, and interference leads to
unfavorable postoperative refractive results impacting satisfaction [12]. Patients may
also have eye fatigue and foreign body sensation. This may lead to preserved artificial
tear substitute overuse with resultant epithelial toxicity [13] and vicious DE cycle
perpetuation.

Dissatisfaction with multifocal Intraocular lenses (IOLs) in particular can result
in explantation [14]. Multifocality requires neuroadaptation to adjust to the change in
the quality of the retinal image resultant from induced light energy dispersion [12].
Multifocal IOLs are associated with increased dysphotopsia and decreased contrast
sensitivity compared with monofocal IOLs [12, 15, 16], as well as increased intra-
ocular stray light [17]. As DE is associated with decreased contrast sensitivity [18],
postoperative patients with DE may encounter compounded loss of contrast sensitiv-
ity. This can be especially debilitating in mesopic or scotopic conditions [12]. These
patients also have increased dysphotopsia after multifocal IOL implantation [12, 13].
The most identifiable causes of multifocal IOL dissatisfaction are residual refractive
error and DE with both as the most frequent concurrent complaints [19, 20].

3. Methods

A systematic review was performed and reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. The
following electronic databases were searched: MEDLINE (Ovid), EMBASE (Ovid),
Cochrane Library, PubMed, and Scopus, from the date of inception (1946) until 3rd
December 2020. The keywords and Medical Subject Headings (MeSH) used were
cataract extraction, cataract, phacoemulsification, dry eye, dry eye syndrome, and
keratoconjunctivitis sicca.

Duplicates were identified and removed with EndNote (version X9.3.3, Thomson
Reuter, New York, USA). A two-stage process was used to identify eligible articles.
First, two review authors (K.O. and P.K.) independently evaluated the titles and
abstracts. The second stage involved obtaining full-text articles (for available studies)
to assess its eligibility. This was independently assessed by K.O. and P.K. Cited articles
identified from the search were also reviewed. Disagreements were resolved by
discussion. Studies were included if they were full-text articles published about dry
eye from cataract surgery. Reviews and editorials and publications not in English were
excluded. Reference lists from the studies identified were also reviewed to identify
any potential articles missed on the initial search (Figure1).

4. Epidemiology

Globally, a number of cross-sectional studies have investigated dry eye as a
comorbidity of cataracts and cataract surgery as a risk factor for worsened dry eye
[21-25]. Preoperatively, in a prospective, multicenter, observational 136-patient study
(68 males; mean age 70.7 + 7.8 years) scheduled to undergo surgery, DE incidence was
75.1%; 62.9% had tear breakup times (TBUT) of <5 seconds; 77% had positive corneal
fluorescein staining (CFS), and 18% had Schirmer’s test (ST) with anesthesia (ST-

1) <5 mm. As only 25.9% had a prior DE diagnosis, it was concluded that real-world
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Figure 1.
PRISMA diagram summariging the study selection process.

setting incidence is higher than anticipated [26]. Similarly, in a study of 342 eyes, it
was concluded that the 52% incidence of Meibomian gland (MG) dysfunction (MGD)
was high in patients presenting for surgery with correlating lower lipid layer thickness
(P < .05) and 56% having MG atrophy > Arita grade 1.

One-week postoperatively in 92 patients (31 males; mean age 67.22 + 8.26 years),
DE incidence was 9.8% (95% confidence interval [CI]; 3.6-16.0%), 68.4% (95% CI;
52.9-83.9%) had TBUTS <10 seconds, and 11.9% (95% CI; 3.6-16.0%) had <10 mm
of ST without anesthesia (ST-2). No correlations were found between postopera-
tive DE and sex (P = .26) or age (P = .17) [11]. In 54 patients (14 males; mean age
68.02 + 8.67 years) with monofocal IOLs, postoperative TBUT was reported lower
at 2 months in dissatisfied (n = 27) patients at 5.4 + 2.7 seconds as compared to those
who were satisfied (n = 27) at 6.9 + 3.0 seconds (P < .045). Visual Function Index
—14, Ocular Surface Disease Index (OSDI), and Shortened Health Anxiety Inventory
scores were also worse in the unsatisfied group (P <.002) [27].

At 3 months, postoperative incidence of increased OSDI scores at week one (65.5)
became normalized (14.1), comparable to preoperatively (10.5) in a 96-patient
cohort (35 males; mean age of 63.1 + 8.3 years). Week one TBUTs were 8.7 + 0.48
(P < .001) seconds and improved to 14.3 + 0.37 seconds at 3 months, comparable
to preoperatively at 15.8 + 0.31 seconds (P = .089). Baseline ST-1 of 24.5 + 0.59 mm
worsened at week one to 15.2 + 0.64 seconds (P < .001) and trended toward baseline
at 3 months but were still reduced at 21.8 + 0.64 seconds (P < .001) [28]. Kasetsuwan
et al. also reported mean OSDI scores (17.34) improvement and Oxford ocular
surface staining (Grade 1) at 3 months returning toward baseline (12.57 and Grade
1, respectively) [11]. At 3 months, however, mean ST-1 and TBUT also reduced
(9.83 mm, 5.11 seconds, respectively) compared to baseline (14.14 mm, 12.15 sec-
onds, respectively) [11].

Atamean of 2.1 + 3.4 years (0.5-21 years) postoperatively, corneal epitheliopathy
frequencies in controls who had no cataracts (n = 1225) and patients who had cataract
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extraction in both eyes (n = 172) were 11% and 16.5% (P = .008). There was also a
57% increased prevalence of severe keratoconjunctivitis in pseudophakes compared
to controls (P = .02). Among DE symptoms, sensitivity to bright light was differ-
ent between cases and controls; multivariable-adjusted OR (95% CI) comparing
pseudophakes with non-cataract patients was 0.56 (0.34-0.92) (P = .02). There was,
however, a difference in mean age in years (SD) between controls and surgery patients
at 65.4 (9.1) versus 75.4 (9.0) at P < .001 [29].

In 96 chronic DE patients (30 males; mean age 68.46 + 8.14 years) at 3 months, it
was reported that OSDI also increased postoperatively but returned to preoperative
levels at 3 months [30]. Oxford scale CFS worsened but improved and resembled
preoperative patterns at 3 months. Similar worsening occurred for TBUT and ST-1,
but these also returned to baseline at 3 months (P = .078 and P = .748) and remained
not different at 2 years (P = .124 and P = .214) [30].

5. Pathophysiological changes
5.1 Tears

In 30 patients, TBUT as well as MG expressibility worsened at 1 and 3 months
(P <.05) [31]. Han et al. also demonstrated reductions in MG expressibility in their
study of 48 patients at 1 and 3 months (P = .016), but no change in optical coherence
tomography tear film meniscus height (TMH), depth, and area at 1 and 3 months was
recorded (all P values > .05) [32]. One-week keratograph-measured TMH reductions
also normalized at 3 months [33]. At 3 months, TBUT normalized to baseline in 19
normal patients after post-op therapy cessation but worsened in 48 with dry eye [34].

In a 34-patient cohort, meibum quality was scored by digital pressure over 8 MGs
of the lower lids. Meibum secretion was graded as: 0, clear; 1, cloudy; 2, cloudy with
granular debris; and 3, thick like toothpaste. Meibum quality was significantly worse
in the DE group than in the no DE group at 1 month (2.9 + 0.3, 0.5 + 0.1, respectively)
and 2 months postoperatively (3.5 + 0.5, 0.5 + 0.1, respectively) (P < .05, respectively)
[35]. These results are partially consistent with our own findings at 1 month of a trend
toward significance for worsening of meibum quality in MGD patients (Grade 2 ver-
sus grade 1, P = .079). We observed our non-MGD patients, however, to worsen from
grade 0 (IQR 0-2) at baseline to grade 1 (IQR 0-1.3), P = .024 (Unpublished data).

One month interferometry lipid layer thickness was significantly thinner than
at baseline (P = .004) in a 43-patient study. Lipid layer thickness was positively
correlated with TBUT (r = .29, P < .001), while OSDI (r = —.38, P < .001), Oxford
staining scores (r = —.30, P = .001), and meibum quality (r = —.21, P = .01) were
negatively correlated [36]. Significantly increased thinning in cataract surgery
patients of greater than 10 years of diabetic duration has also been noted at 1 month
postoperatively.

Tear osmolarity at 1 week (n = 37) was shown to increase to 311.8 + 14.85 mOsm/L
as compared to fellow unoperated control eyes, which averaged
301.7 + 11.84 mOsm/L (P = .013). After 1 month, study group tear osmolarity values
decreased to control levels (P > .05) [37]. Gonzales-Mesa et al. have observed patients
with preoperative tear osmolarity values of 312 mOsm/L or higher as more likely to
have ocular discomfort postoperatively with worsened OSDI compared to those with
less than 312 mOsm/L preoperatively (10.37 + 11.11 versus 16.48 + 8.08) at 3 months
(P = .01) [38].
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Tear-film decreases in multiplex assayed IL-1beta, IL-6, MCP-1, TNF-alpha, and
IFN-gamma at 1 and 2 months postoperatively are reported as compared to day 1 ele-
vations (P < .05, respectively). Corneal staining score was positively correlated, while
TBUT was inversely correlated with IL-8, IL-6, IL-1beta, IFN-gamma, TNF-alpha,
and MCP-1 concentrations at 1 month. One-month ST-1 scores inversely correlated
with IL-6. The authors ascribed cytokines reductions to steroids and antibiotics usage
[35]. Decreases in electrolytes, proteins, and mucins, represented as a significant
decrease in tear ferning, have also been documented postoperatively [39].

5.2 Eyelid

At 1and 3 months, Han et al. noted increased lid margin hyperemia (P < .001
and P < .001, respectively) as well as increased MG orifice plugging (P = .007 and
P <.001, respectively). No exact mechanism is proposed, but ocular surface inflam-
mation itself related to surgery and reduced blink rates from decreased corneal
sensation, topical medications, or lid speculum usage lid dysfunction could contrib-
ute [32]. In 57 MGD patients, increased lid margin hyperemia and edge swelling was
also sustained at 1 month (P < .05). Reduced MG expression correlated until Day 14
(P < .05) but returned to baseline at 1 month [40].

In our 20-patient cohort at 1 month, infrared meibography revealed no overall
MG dropout change as quantified by meiboscore for both MGD (n = 10) and non-
MGD (n = 10) patients compared to baseline (Unpublished data), which is consistent
with the findings of Han et al. [32]. Park et al. also described no significant change
in meiboscore, but MG changes were seen postoperatively, including gland dropout,
shortening, distortion, and proximal dilation [35]. On meibography, upper lid MG
loss is reported to be significantly higher at 1 and 3 months compared to preop-
eratively with a correlation between upper lid MG loss and OSDI score at 1 month
(R=0.37; P =.05) [31].

5.3 Conjunctiva

Reduced goblet cell density (GCD) is reported by impression cytology in a pro-
spective study (n = 50) who underwent phacoemulsification. Density was graded into
0+, 1+, 2+, and 3+ (Nelson’s classification of squamous metaplasia) and was reduced
at 6 weeks (1.14 + 0.88) compared to preoperatively (1.60 + 0.93, P < .001) [13]. In 48
eyes, mean GCD calculated as the number of cells per square millimeter was reduced
atday 1, 4 weeks, and 12 weeks (p < 0.001). Impression cytology demonstrated
greater cell loss and conjunctival epithelium squamous metaplasia at day 1 compared
to 1and 3 months. Additionally, GCD decrease and surgery duration were correlated
(r* = .65) [41]. A similar study reported metaplasia as more evident in the lower lid-
covered area at 3 months, suggesting drops induction [42].

5.4 Cornea

Punctate keratopathy is reported to be predominantly in central cornea at day 1in
40% and at day 7 in 32.7% in a study of 55 eyes with no prior DE. At 1 month, those
still with keratopathy showed inferior quadrant predominance (21.8%) thought to be
due to topical treatment persistence and lack of upper lid protection in this area [43].

Corneal sensitivity esthesiometer threshold in millimeters is significantly lower in
both DE and no DE control groups at day 1 with 2.85 mm keratome incisions (55.1 + 1.8,
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51.2 £ 0.9, respectively) than preoperatively (58.4 + 1.7, 55.9 + 1.4, respectively).
Sensitivity was more slowly recovered in the DE group than controls at 1 month

(578 £ 1.5, 54.1 £ 1.2, respectively) and 2 months (58.1 + 1.7, 56.1 + 1.3, respectively)

(P < .05, respectively) [35]. In a cohort with 2.8 mm incisions, center and temporal
incision site sensitivity decreased at day 1 (P = .021, P < .001, respectively) but returned
to preoperative levels at 1 month [41]. In 18 patients with 4.1 mm incisions, sensitivity
did not return to baseline until 3 months [44]. More recently with confocal microscopy,
a significant decrease in corneal vortical maximum length and average density (P < .05)
has been observed, which lasted approximately 3 months.

In femtosecond laser-assisted cataract surgery (FLACS) with sustained vacuum
eye coupling to the laser delivery system, worsened OSDI and Subjective Symptom
Questionnaires were documented at day 1 and weeks 1, 4, and 12 (all P < .001) in 38
patients without DE previously. At 3 months, coincidental CFS score increases did not
return to baseline (P < .044) despite ST-1 and TBUTSs recovering to preoperative levels
(P =.062 and P = .306, respectively) [45]. In a study comparing patients with no DE
undergoing FLACS (n = 150 eyes) and conventional phacoemulsification (n = 150
eyes), OSDI and CFS scores in the FLACS group at day 1 and week 1 increased more
significantly than in the conventional group. Scores did return to preoperative levels
along with TBUT and ST-I values at 3 months (all P > .05) [46]. These findings are
similar to and expand on those in an earlier study where there was comparatively
significantly increased CFS at 1 month in the FLACS arm [47]. Another similar study,
however, reported no significant changes to dry eye indices after FLACS and conven-
tional phacoemulsification surgery [48].

Increased DE is noted after sutureless large incision manual cataract extraction
[49], but no differences in DE have been noted between manual small-incision and
conventional phacoemulsification [50-52]. No significant differences in DE have been
noted between small-incision temporal corneal and superior corneoscleral tunnel

approaches either [53].

6. Preoperative considerations
6.1 Risk factors

Few studies have investigated the local ocular surface and systemic conditions
that cause DE and their impact post-surgery. With systemic disease, in a prospec-
tive, interventional case series comparing 174 diabetics without DE age-matched
against 474 non-diabetics, diabetics had worse DE symptoms and TBUT after surgery.
Incidence of DE was 17.1% in diabetics and 8.1% in non-diabetics at 7 days. In diabet-
ics, DE incidence remained at 4.8% at 1 month but decreased to zero at 3 months. No
DE was diagnosed in non-diabetics at 1 or 3 months [54]. In a small retrospective case
series review of 15 patients, Sjogren’s syndrome patients had poorer visual outcomes
and increased complications postoperatively such as endophthalmitis and peripheral
keratolysis as compared to dry eye patients without connective tissue disease [55].

A number of systemic factors are associated with persistent DE-like symptoms
and DE Questionnaire-5 scores of >6 at 6 months, otherwise defined as persistent
postsurgical pain (PSP) (Table 1) [56, 57]. In 119 patients (53 males; mean age
73 + 6 years) PSP has been reported in 34% at 6 months. Frequency of severe PSP (DE
Questionnaire-5 score > 12) was 18% [56]. In a similar study, DE-like symptoms were
reported in 32% (n = 27) of individuals 6 months postoperatively with 10% (n = 8)
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Systemic association OR 95% CI Pvalue
Antidepressants 317 1.31-768 .01[56]
Antihistamines 6.22 2.17-178 .0003[56]
Anti-insomnia medications 5.28 0.98-28.5 .047[56]
Anti-reflux medications 242 1.04-5.66 .04[56]
Anxiolytics 3.38 1.11-10.3 .03[56]
Autoimmune disorders 13.2 1.53-114 .007[56]
Female sex 2.68 1.20-6.00 .01[56]
Non-ocular chronic pain disorder 4.29 1.01-181 .06[56]
(headache, migraine, low back pain, 44 1.58-12.1 .005[57]
and fibromyalgia)
Table 1.

Systemic associations with persistent postoperative dry eye symptoms.

having a DE Questionnaire-5 score > 12 [57]. These patients had increased artificial
tears usage (P < .0001), ocular pain (P < .0001), and neuropathic symptoms, includ-
ing burning (P < .001), wind sensitivity (P = .001), and light sensitivity (P < .0001)
[56]. These patients may be not be ideal multifocal IOL candidates.

One study by Min et al. examined the relationship between dry eye symptoms after
cataract surgery and psychiatric status. They found higher OSDI scores at 3 months in
the higher rather than lower depression and anxiety score groups. It was concluded that
evaluation of patients’ psychiatric status may help predict the severity of DE symptoms
after cataract surgery and prepare for any post-operative DE management [58].

Regarding local conditions, 20 conjunctivochalasis patients were studied by our
group. We recorded TMH as well as conjunctivochalasis fold height preoperatively
using the Oculus Keratograph 5 M linear rule function and Meller and Tseng grad-
ing and observed unilateral clear corneal incision effects. At 1 month, there were
increases in middle conjunctivochalasis fold height and absolute fold height to
TMH ratio (0.35 + 0.36 mm and 0.6 + 0.7,) compared to baseline (0.2 + 0.1 mm and
1.0 £ 0.9, P = .029 and .041, respectively). There was no significant difference in
total and location-specific grade (both P > .05). Additionally, no statistically signifi-
cant differences were noted in TBUT, osmolarity, Oxford staining, and ST-1 scores
(Unpublished data). Sub-Tenon’s blocks are associated with chemosis and subcon-
junctival hemorrhage [59]. We postulate that changes may relate to surgical influence,
eyelid speculum, or local anesthesia but without significant DE impact at 4 weeks.
Mimura et al. evaluated total change in severity after superior sclerocorneal incisions
in 36 patients. Total grade increased significantly from 4.0 + 1.9 at baseline to 4.8 + 2.1
at 1 week (P = .0048) and decreased at 4 (4.3 + 2.0) and 12 weeks (4.0 + 1.9) [60].

6.2 Clinical diagnosis

A comprehensive algorithm that aids in preoperative DE diagnosis has been
published [61]. More recently, the Ocular Surface Fraility Index, which incorporates
10 DE risk/contributing factors, has been published as a tool to predict the likelihood
of DE symptoms at 1 and 3 months postoperatively [62]. Signs and symptoms of
DE are, however, known to poorly correlate, and preoperative patients can often be
asymptomatic even with advanced ocular surface disease (OSD) signs [61, 63]. It is
also recognized that many, especially more elderly with significant cataracts, either do
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not have DE symptoms or feel the need to report them [61]. Nevertheless, symptom
assessment is an integral part of preoperative work-up and is complementary to a
focused examination as per the ASCRS Cornea Clinical Committee [63].

6.3 Investigations

Cataract surgery investigations aid prognostication of DE impact on outcomes.
Biometry is influenced by DE such that it may be considered a DE investigation. Anterior
corneal curvature is a major component of all IOL power calculation formulas [64]. An
abnormal keratometry (K) reading can affect the accuracy of calculations and result in
submaximal refractive results. Keratometry is sensitive to poor tear films as standard
keratometers rely on good corneal reflection of mires [65]. Corneal power error differ-
ences of 1.0 diopter (D) result in approximately a 1.0 D error in postoperative refraction
[66]. In 50 hyperosmolar subjects, higher average K reading variability (P = .05) and
percentage of eyes with >1.0 D difference in corneal astigmatism (P = .02) was found as
compared to 25 normals. Additionally, a higher percentage of eyes in the hyperosmolar
group had IOL power differences of >0.5 D (P = .02). These findings signify that repeat-
able and reliable keratometry is necessary, especially with toric IOLs [64]. Lubricant
viscosity can also adversely affect readings; thus, measurements should be made after
5 minutes [67]. Prior tear film stabilization is therefore crucial.

A systematic review of four studies has been conducted by Biela et al. that
evaluated the effect of dry eye disease on biometric measurements before cataract
surgery and postoperative refractive errors. The results unanimously indicated that
refractive errors can be reduced by pre-treatment with substances such as topical
Dexamethasone, Cyclosporin A, Loteprednol, and Lifitegrast [68]. A more recent
study has been a single center, prospective, open-label study of 35 dry eyes prior to
surgery, which has investigated baseline biometry and again after Rebamipide 2%
suspension qid for 28 days. Improvement in anterior corneal tear film optical quality
was demonstrated by significantly improved TBUT, superficial punctate keratopathy,
and corneal higher order aberrations, which in turn increased accuracy of preopera-
tive anterior corneal power measurements with significantly improved spherical
equivalent refractive error prediction [69].

Corneal topography is able to confirm magnitude and axis of corneal astigmatism
and is advocated prior to multifocal IOL insertion [65, 70]. Central corneal thickness
measurements in one study comparing 34 DE patients and 28 healthy subjects have
been shown to fluctuate in DE (repeated-measures analysis of variance, P < .001).
Artificial tears improved measurement repeatability after 5 minutes [71]. In 33 female
DE patients, central and mean mid-peripheral corneal thicknesses measured higher
after artificial tears for 1 month (P = .001, P = .02) [72]. Not only are these responses
to artificial tears useful in evaluating DE treatment but also examining the smooth-
ness and spacing of reflected topography images for poor image quality can identify
significant OSD [65, 72]. VERION™ keratometry allowing for intraoperative astig-
matism axis digital marking is also affected with DE patients exhibiting more residual
astigmatism if not lubricated 30 minutes prior [73].

6.4 Management

A number of recent studies have reported positive preoperative DE management
results in optimization of postsurgical ocular surface health and refractive outcomes
(Table 2), and it is advocated that OSD be treated aggressively preoperatively [65]. It
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is also suggested that surgery be delayed until OSD is managed to reduce postopera-
tive complications, which are increased in DE disease [82]. Those with severe and/
or progressive OSD are not good multifocal IOL candidates, but their use in selected,
appropriately counseled, patients on a “case-by-case” basis has been ratified [65].
These patients, especially, would benefit from preoperative management. A compre-
hensive algorithm for management is published by Starr et al. [61].

Preoperative MGD management is reported in a prospective, randomized clini-
cal trial of 120 moderate obstructive MGD patients. Sixty were assigned routine
postoperative anti-inflammatory tobramycin 0.3/dexamethasone 0.1% drops. Thirty
received preoperative warm moist compress (moist air and warmer mask, 40°C,

20 minutes) and massage (down or upward mild eyelid compression with finger,

10 minutes) as well as lid margin tobramycin 0.3%/dexamethasone 0.1% ointment bd
and routine postoperative anti-inflammatory drops. The last 30 received enhanced
postoperative anti-inflammatory treatment consisting of tobramycin 0.3%/dexa-
methasone 0.1% eye drops 6 times daily in the first week and qid in the second with
frequency decreased by half every week the following 2 weeks. All received 0.1%

Study Cohort  Design Intervention Results after surgery
Song et al. 120 Single-center Moist air 40°C, warmer At 1 month, pre-op therapy arm
[74] eyes RCT mask 20 minutes, massage, presented higher noninvasive
Oc Tobramycin 0.3%/ TBUTS, lower ocular symptoms
Dexamethasone 0.1% scores, less lid margin
ointment bd pre-op + abnormalities, and increased
conventional post-op meibum quality and expressibility
G Tobramycin 0.3/ (AllP <.001).
Dexamethasone 0.1% and
0.1% Sodium hyaluronate
versus Conventional post-op
therapy
Favuzza 419 Retrospective 1.Hydroxypropyl guar In groups 1and 2, SPEED scores
etal. [75] eyes multicenter (HPG) and hyaluronic were significantly lower than
review acid (HA) tds 1 week in group 3 in the whole 8-week
pre-op and 2 months post-op period.
post-op + conventional In group 1, SPEED scores were
post-op G Nepafenac, lower than in group 2, at 1 and
Dexamethasone and 4 weeks after surgery (P <.001 and
Tobramycin P =.021, respectively).
2 HPG and HA 2 months TBUT in groups 1 and 2 was higher
. than in group 3 in the whole
post-op + conventional B
post-op therapy post-op period (P < .00.1).
In group 1, TBUT was higher than
3.Conventional post-op in group 2, at 4 week (P =.016).
therapy
Fogagnolo 45eyes  Multicenter, Liposomal nanodispersion At 1- and 2-weeks, pre-op therapy
etal. [76] open label, solution of omega 3, vitamins ~ arm TBUT was higher than
RCT D and A tds (VisuoEvo, baseline (P < .01).

VISUfarma, Netherlands)

2 weeks pre-op to 2 weeks
post-op + conventional
post-op therapy of G
Dexamethasone and
Ofloxacin versus
Conventional post-op therapy

At 1- and 2-weeks, pre-op therapy
arm OSDI was lower than baseline
(P <.027).

Post-op CFS showed a much

higher proportion of patients with
optimal ocular surface protection
in the VisuEvo group. The two
groups did not show any significant
differences in osmometry and ST-1.
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Study Cohort  Design Intervention Results after surgery
Donnenfeld 28eyes  Multicenter Cyclosporine 0.05% At 2 months post-op, the
etal. [77] contralaterally  bd 1 month pre-op to cyclosporine group had lower
controlled 2 months post-op in 1 eye + mean uncorrected and corrected
double- conventional post-op therapy ~ distance visual acuity and CFS than
masked trial of Gatifloxacin, Ketorolac, the artificial tear group (P = .045,
and Prednisolone qid versus P =.005and P = .034) Treatment
Artificial tear containing with cyclosporine
polyethylene glycol (Systane Significantly more patients
Free) in the other eye + preferred the eye treated with
conventional therapy cyclosporine 0.05% to the eye
treated with artificial tears (57.1%
versus 14.3%; P = .007).
Ganesh 67eyes  Single-center 1.Cyclosporine 0.05% bd Group 1 showed improved
etal. [78] RCT (Cyclotears, Entod phar- osmolarity, TBUT, and ST-1 at
maceuticals, India) and 1% 3 months compared to pre-op and
Carboxymethyl Cellulose week 1 but not groups 2 and 3 (All
(CMC) qid 2 weeks pre-op P <.001).
and 3 months post-op
+ conventional post-op
Pred Forte, Nepafenac and
Moxifloxacin
2.CMC qid + conventional
therapy
3.Conventional post-op
therapy
Shokoohi- 62eyes  Single-center 1.Bethamethasone 0.1% qid ~ OSDI and meniscometry were not
Rad etal. triple-blind 4 days pre-op + conven- affected by the interaction between
[79] RCT tional post-op therapy of time and Betamethasone (P = .192
Betamethasone 0.1% for and P = .578, respectively).
4 weeks and Levofloxacin
2.Normal saline 0.9% qid
4 days pre-op + conven-
tional post-op therapy
Leeetal. 64 eyes  Retrospective, 1.Diquafosol 3% 6 times In group I, TBUT, OSDI and OSS
[80] compartive, aday 1 week pre-op showed improvement at one- and
observational and 3 months post-op + three-months post-op (P =.002 for
case series conventional therapy of BUT at 1and 3 months, P = .023
Gatifloxacin qid and Pred and P = .049 for OSDI at 1 month
Forte qid for 4 weeks and 3 months and P =.001 and
2.Conventional post-op P =.026 for OSS at 1 and 3 months)
therapy but not group 2.
In both groups, ST-I decreased at
3 months post-op (P = .011, group
I'and P = .034, group 2), compared
to baseline. No differences between
the groups for corneal aberration.
Geetal. 60 eyes  Prospective M22 Optimal Pulsed Significant improvements in TBUT,
[81] observational ~ Technology pre-op and at CFS, TMH and MGYSS at 3 months
study 1- and 2-months post-op + post-op compared to baseline (All
conventional post-op drops P <.05)
therapy of Levofloxacin and
cortisone
Table 2.

Clinical trials in the treatment of dry eye pre-cataract surgery.
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sodium hyaluronate qid for 1 month. At 1 month, MGD showed aggravated status in
Cohorts I and III but resolved by 3 months. At 1 month, Cohorts II and III presented
higher noninvasive TBUTs, lower ocular symptoms scores, less lid margin abnormali-
ties, and increased meibum quality and expressibility (Cohort II vs. I: all P < .001,
respectively; Cohort IIl vs. I: P = .011, P = .024, P = .046, P = .045, and P = .012,
respectively). Additionally, Cohort II had better lid margins and meibum quality and
expressibility than Cohort IIT at 1 month (P = .031, P = .026, and P < .001, respec-
tively). At 3 months, Cohort II presented higher noninvasive TBUTs than Cohorts I
and III (P <.001 and P = .001, respectively) [74].

Cataract surgery outcomes in graft-versus-host disease (GVHD) have been studied
with respect to DE as it is the most common ocular occurrence of this condition [83].
Along with DE, cataracts are a common cause of visual loss in GVHD [84]. Four studies,
cumulatively examining 128 eyes of GVHD cataract surgery patients, demonstrated that
maximal preoperative DE and other ocular surface therapy can gain significant mean
visual acuity improvements. Local therapies included preservative free lubricants, 10%
acetylcysteine and autologous serum eye drops, topical corticosteroids, cyclosporine-A
and 0.1% tacrolimus in ointment form, bandage contact lens with topical antibiotics,
scleral lenses, punctal occlusion, and moisture chamber goggles. Systemic therapies
included omega-3-dietary supplements, steroids, cyclosporine-A, mycophenolate, and
oral pilocarpine and cessation of systemic medications that could reduce tear produc-
tion [85-88]. One study measured DE disease severity and OSDI pre- and post-surgery
and observed a nonsignificant trend toward worsening [86]. Within 2 weeks, Balaram
et al. noted worsening of OSD in 2 patients with one proceeding to corneal thinning.
Both cases neglected restarting topical lubricants [85]. At 4 weeks, recurrence of ocular
surface inflammation occurred in 7 eyes with cessation of topical and systemic immu-
nosuppressive therapy in one study [85], while in another, 1 sterile corneal ulcer and 1
infected ulcer with perforations were reported in 2 severely DE patients along with band
keratopathy [86]. Late corneal melts occurred in 2 patients some months later [88]. Penn
and Soong reported no ocular surface complications [87].

Stevens-Johnson syndrome (SJS) patients undergoing cataract surgery are also
reported to achieve good visual good outcomes following aggressive ocular surface
stabilization preoperatively. Local therapeutic modalities are similar to those in GVHD
but also include amniotic membrane grafting, symblepharon release, lash epilation/
electrolysis, lid margin mucous membrane grafting, tarsorrhaphy, entropion correction,
MGD management, and dacryocystectomy [89, 90]. Oral therapies include cortico-
steroids and methotrexate [90]. In 40 chronic SJS sequelae eyes, median preoperative
LogMAR best-corrected visual acuity (BCVA) was 1.61 (IQR, 0.80 to 2.78). Median
BCVA increased to 0.60 (IQR, 0.30 to 1.48, P < .0001). The ocular surface remained
stable in 35 eyes (87.5%), but breakdown occurred in four (10%). Another study of 3 SJS
eyes also reported BCVA gain and maintenance of ocular surface integrity [89].

7. Intraoperative considerations

Topical anesthesia can generate shorter admissions and lower cost phacoemulsifica-
tion [91]. Tetracaine 0.5% absorption and duration is slow and short acting, necessitating
repeated administration with corneal epithelial damage toxicity risk including punctate
keratopathy and persistent epithelial defects. Lidocaine gel 2% is shown to allow sig-
nificantly less administration while being more effective in relieving pain compared to
tetracaine 0.5% due to greater concentration and longer epithelial contact time [92].
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Eyelid speculums may cause MGD through lid dysfunction and inadequate
meibum release [35]. A significant reduction in both levator function and marginal
reflex distance 1 at 1, 30, and 90 days, which normalizes at 180 days, is reported [93].
Aspirating speculums also increase conjunctival staining at day 1 (P = .001), conjunc-
tivochalasis grades at day 1and 7 (P < .001), and OSDI at day 7 (P = .011) and reduce
TBUT atdays 1and 7 (P < .001), perhaps through conjunctival aspiration through
the suction holes. In comparison, non-aspirating speculums showed only TBUT and
conjunctivochalasis grades significance at day 1 (P < 0.001). All parameters returned
to baseline in both groups at 1 month [94].

Povidone-iodine antiseptic preparations cause DE. Epithelial cell cytotoxicity is linked
to low iodine pH, osmolarity, and presence of lauromacrogol, which is a surfactant.
Repeated ocular surface irrigation may also impact GCD and tear-film stability [95].
Ophthalmic viscosurgical devices (OVDs) may reduce cataract surgery trauma caused by
ocular surface inflammatory mediator release [96, 97]. Intraoperative use of hydroxypro-
pyl methocellulose (HPMC) 2% has been shown to significantly reduce balanced saline
solution (BSS) application frequency intraoperatively in a HPMC group of 30 eyes com-
pared to 30 eyes irrigated only with BSS (p = 0.001). Incidence of DE was significantly
reduced in the HPMC group in both senile and diabetic patients. Subjective symptom
scores were higher in the BSS group at day 1 (P = .003) and day 3 (P = .043). Noninvasive
TBUTs were higher in the HPMC group atdays 1and 3 (P = .012 and P = .024, respec-
tively). Values for TBUT did not significantly change postoperatively in the HPMC group,
while they were significantly lower in the BSS group [98]. A similar study of 149 male eyes
randomly assigned to receive HPMC 2% or BSS demonstrated that week 1 ST-1 values
in the HPMC group were higher than those in the BSS group (P = .019). Patients with
DE before surgery had 1-month post-op ST-1 values in the HPMC group higher than in
the BSS group (P = .037). Additionally, in preoperative DE patients with surgical times
longer than median, patients’ CFS in the HPMC group was superior to that of the BSS
group (P =.032) [96]. A polysaccharide gel of hydroxypropyl methylcellulose, xanthan
gum, and carrageenan (eyeDRO; Alchimia, Italy) on the cornea in 28 eyes achieved
return of TBUTS to preoperative levels by day 5 as compared to day 30 in the BSS group
of 26 patients. Concordantly, OSDI returned to preoperative values after 15 days in the
gel group and 30 days in the BSS group [99]. Reductions in TBUT, corneal ocular staining
score, and OSDI are also reported with DisCoVisc (Alcon Laboratories, Fort Worth, TX,
USA) in 13 patients (All P < .01) as compared to a BSS group 1 week postoperatively [100].

Corneal incisions reduce corneal sensitivity, which gradually recovers [35, 41, 44].
On corneal wounding, nerves are excited and local inflammation is produced through
neuropeptide release. They also become sensitized by local inflammatory mediators
and demonstrate spontaneous activity and enhanced responses to new stimuli gen-
erating spontaneous pain and hyperalgesia. Injured nerves also regenerate and form
microneuromas that exhibit abnormal responsiveness and spontaneous discharges,
which may also lead to spontaneous pain, DE sensations, and other dysesthesias
[101]. Corneal innervation or lacrimal functional unit feedback disruption can lower
tear production and blink rate with resultant tear film instability [11, 102]. Sufficient
regeneration, however, results in DE transience postoperatively [13, 103]. Today’s
microincisions are assumed to generate less reduction in corneal sensitivity [35, 101].

Given that the large long ciliary nerves enter the limbus predominantly at 9 and 3
oclock and corneal sensation is significantly greater at the temporal and nasal limbus, Cho
et al. examined corneal incision location and impact on DE indices [104, 105]. No signifi-
cant differences were found between superiorly versus temporally placed incisions with
respect to TBUT, DE symptoms, ST-1, and TMH in both DE and non-DE groups [104].
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Surgery duration affects the ocular surface commencing from operating micro-
scope usage. Correlation of DE signs and symptoms have been shown to inversely cor-
relate with microscope light exposure duration up until week 6 in a prospective study
of 50 eyes with no DE signs or symptoms. These include means of OSDI (P < .015),
ST-1 (P <.003), TBUT (P < .011), and CFS grades (P < .003) [13]. In another prospec-
tive study of 28 eyes with preoperative DE and 70 without preoperative DE, signifi-
cant correlations were detected in the DE group between light exposure time and
TBUT and DE symptoms at day 1 but not from day 3 onward. In the non-DE group,
significant correlations were noted between light exposure time and DE symptoms
at1, 3, and 10 days and 2 months and in TBUT at 2 months [104]. A prospective
observational study of 100 eyes also observed correlations of DE test values with light
exposure time, but they were not significant [106].

Prolonged operating can increase cumulative dispersed energy with correlations
found between DE test values and phacoemulsification energy used. In Kohli et al’s
study, a correlation was found between increased effective phacoemulsification
time, which was used as a measure of phacoemulsification energy and reductions in
OSDI (P < .020), Schirmer’s I values (P < .002), TBUT (P < .001), and CFS grades
(P <.001) up until 6 weeks [13]. Sahu et al. recorded cumulative dissipated energy,
and although this was negatively correlated with ST-1, TBUT, and TMH, this was not
statistically significant [106]. No correlations are also reported between energy and
TBUT, DE symptoms, ST-1, and TMH in both DE and non-DE cohorts [104].

Eyedrops containing active agents/preservatives can adversely affect epithelium
[95]. Intraoperative anterior chamber intracameral dexamethasone drug-delivery
suspension (Dexycu; Icon Bioscience Inc., Newark, CA) was evaluated in a prospec-
tive, randomized 2:1, open-label, multicenter Phase III that may minimize postopera-
tive drops use. Dexycu 517 pug 5 pL was administered to 126 patients through cannula
insertion into the ciliary sulcus after IOL placement, and 55 patients received prednis-
olone 0.1% drops (1 drop 4 times daily for 3 weeks). At day 8, 51.6% of Dexycu eyes
and 50.9% of prednisolone eyes had anterior chamber cell clearing; more than 98%
had clearing at 90 days. There was no significant difference in endothelial cell density
between groups. Steroid-related intraocular pressure rise was the most common
adverse event (11.1%), then iritis (6.3%). In those receiving Dexycu, 68.7% strongly
agreed that no eyedrop usage was very convenient, while 39.2% of those using
prednisolone strongly agreed that they would prefer dropless therapy [107]. A similar
Phase III study comparing 5 pl injections of 342 or 517 pg Dexycu showed comparable
efficacy between both groups, with significantly increased anterior chamber cell and
flare clearing compared to placebo [108].

A bandage contact lens (PureVision; Bausch & Lomb Inc., Rochester, NY) at
surgery completion in 30 patients with mild MGD was shown on 1 week removal to
improve OSDI, subjective evaluation scores, TBUT and CFS compared to 30 MGD
controls without contact lens, especially on days 7 and 14 (P < .001, P <.001; P = .031,
P =.009; P=.021,P =.028; and P = .03, P = .032, respectively). At days 30 and 90,
there were no significant differences between groups and in BCVA or Schirmer
values [109].

8. Postoperative considerations

A number of DE treatments have been trialed with varying measures of
success (Table 3). There appears to be scope for further trials with the newer
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anti-inflammatories appearing on the market potentially in severe DE cataract
patients. More cost-effective combination therapies could also be trialed across the

spectrum.

9. Conclusions

Successful cataract surgery is a rewarding experience, but patients and surgeons
may be dissatisfied when DE predominates recovery. Patients can be reassured that
ocular surface normalization usually occurs within 3 months, but persistent DE is
arisk for a clinically significant minority. This can detract from vision quality and
manifest as persistent surgical pain. It may be especially problematic in multifocal
IOL patients where premium prices have been paid and no highly expected quality
of life improvement has been forthcoming. An understanding of the pre-, intra-, and
postoperative factors that influence the refractive results in OSD allows both clini-
cians and patients to have more reasonable expectations and tailored strategies to
achieve desired outcomes. This review of the English literature sets the scene for more
holistic care and research of cataract surgery patients with DE as more advances are
made available to us in the ever-evolving premium lens and DE landscapes.
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Chapter 4

Evolution of Biometric Formulas
and Intraocular Lens Selection in
Challenging Cases

Ezgi Karatas and Canan Asl Utine

Abstract

Various novel intraocular lens (IOL) power calculation formulas have been
described to increase refractive precision following cataract surgery. These include
the Barrett Universal II, Emmetropia Verifying Optical (EVO), Kane, Naeser 2, Olsen,
Panacea, Pearl DGS, Radial Basis Function (RBF), T2, and VRF formulas. With a few
notable exceptions, historical and regression formulas—first- and second-generation
IOL formulas like Sanders, Retzlaff, Kraff (SRK), Binkhorst, Hoffer, and SRKII—are
generally regarded as outdated. The effective lens position (ELP) is accounted for in
third- and fourth-generation formulas which include more biometric data. A pos-
sible alternative that has shown to be remarkably accurate when used with the Olsen
method is ray tracing. Artificial intelligence-derived IOL formulas are becoming
increasingly common and may yield better lens power prediction accuracy. Despite
improvements in surgical technique, biometry measurements, and IOL calculations,
some clinical circumstances continue to challenge cataract surgeons to determine the
appropriate IOL power. These unique situations include pediatric eyes, post-refractive
eyes, and corneal ectasias. The obstacles to reliability include unrepeatable measure-
ments and inaccurate biometry examinations. Researchers have tried to identify the
most accurate IOL estimations for these challenging clinical scenarios to overcome
these obstacles.

Keywords: artificial intelligence, biometry, ectasia, post-refractive surgery, ray tracing,
vergence formulas

1. Introduction

The development of biometric criteria for choosing appropriate intraocular lens
(IOL) power has been continuous. The power of the IOL that will be placed after cata-
ract surgery is determined using biometric formulas. The objective is to provide the
patient with the best visual result possible. Aiming for residual hyperopia, employing
the Haigis formula for biometric calculation, or applying a customized surgeon’s
A-constant are just a few of the ways previously recommended by authors to address
the errors in IOL power assessment [1]. Artificial intelligence has been used in recent
biometric formula innovations. Various generations of formulas have been devel-
oped to choose the IOL dioptric power as a function of its anticipated postoperative
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position. However, only a minority of formulas—usually one-dimensional—include
information about crystalline lenses [2].

2. Evolution of formulas
2.1 Empiric formulas

The Sanders-Retzlaff-Kraff (SRK I, SRK II) formulas, the first to represent a
statistical regression technique, were reported to produce better results than early
theoretical formulas in the early years of IOL power computation. Any empirical
approach has the benefit of being based on actual measurements, which reduces
the need for assumptions. For instance, how to calculate corneal power, account
for principal planes, correct axial length for retinal thickness, and make any
clinical measurements work in the physical sense. A regression formula functions
by generating a mean value and accounting for departures from the mean using
regression coefficients. The mathematical mean errors of a regression equation
should accumulate to zero in a representative patient sample if it is correctly
derived [3].

The first formula of SRK I was a straightforward linear regression equation:
P=A-25AL-0.9K where AL = the axial length of the eye as measured by ultra-
sound, PO = the power of the implant for emmetropia, K = the dioptric keratometry
reading (using index 1.3375), A = the A-constant according to the kind of IOL, and
the mean values of the K-readings and axial length readings.

Any empirical approach has the drawback that, in theory, its formula only applies
to the dataset from which it was developed. For instance, the A-constant (and perhaps
the regression coefficients) will change if the axial length is assessed using a differ-
ent method in a different clinical situation. This would be the case when switching
from ultrasound to partial coherence interferometry (PCI) (Carl Zeiss Meditec, Jena,
Germany), which tends to provide longer readings than ultrasound. The formula,
however, may also be susceptible to variations in surgical technique, such as whether
the IOL is positioned inside or outside the capsular bag, which can change the IOLs
average location and refractive effect.

2.2 Theoretical formulas

They have a Gaussian optics foundation. This theoretical formula contains six
variables, which are

1. Net corneal power (K)

2. Axial length (AL)

3.I0L power (IOLP)

4. Effective lens position (ELP)
5. Refraction desired (D Post Rx)

6. Vertex distance (V) [4]
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2.2.1 First generation

The anterior chamber depth (ACD) was presumed to be constant for all eyes in the
first generation of theoretical formulations for intraocular lenses, which included the
Binkhorst I, Fyodorov, and Colenbrander formulas. These calculations were inac-
curate for all eyes because they were built on the simplistic assumption that the ACD
had a set value [5].

2.2.2 Second generation

They refer to specific theoretical or regression formulas. Intraocular lens formulas
from the first generation were correct in eyes with standard lengths, but they
struggled in eyes that were unusually long or short. As a result, the formula needed
to be changed for the axial length to be factored correctly. The original SRK formula,
P=A-25L- 09K + C, was modified to create the SRK II or second-generation
regression formula. Regression analysis of the postoperative refractive error in
numerous eyes was used to calculate the C-value [4]. Regression investigation of
the postoperative refractive error in many eyes yielded the C-value in the SRK II
calculation. The C-value is 3 for an axial length of 10-20 mm. The C-value is 2.0 if
the axial length is 20-21 mm. The C-value is 1 for 21-22 mm. It is 0 for 22-24.5 mm.
The C-value is —0.5 if the axial length is more than 24.5. In conclusion, the SRK IT and
other second-generation intraocular lens formulas employed the C-value to modify
the formula so that the axial length could be precisely factored. Other formulas used
the observed axial length, such as the modified Binkhorst Formula and Hoffer’s ACD
Adjustment [6].

2.2.3 Third generation

By accounting for unique differences in the position and shape of the crystalline
lens, third-generation intraocular lens formulas have been created to increase the
precision of IOL power estimation. The Holladay 1, Hoffer Q, and Sanders-Retzlaff-
Kraff/Theoretical (i.e., SRK/T) formulas are examples of these formulas. Note that
the SRK/T formula is the most recent version of SRK formulas. It is not a regression
formula but a modified Binkhorst model with changed anterior chamber depth
(ACD)-prediction algorithms. The third-generation intraocular lens formulas have
been found to estimate IOL power more accurately than the first- and second-genera-
tion formulas [7-9].

The axial length, corneal power, and anterior chamber depth are used in the
Holladay 1 formula to determine the IOL power. To increase the accuracy of IOL
power estimation, the Holladay 2 formula adds the surgeon factor and lens thickness
to the Holladay 1 method. The Hoffer Q formula, which calculates IOL power using
the axial length, corneal power, and ACD, has been determined to be the most accu-
rate method for doing so in eyes with axial lengths less than 22 mm. The best precise
formula for calculating IOL power in eyes with axial lengths more than 22 mm is the
SRK/T formula, which uses the axial length, corneal power, and ACD.

2.2.4 Fourth generation

These formulas have been utilized in numerous research and were created to
increase the precision of IOL power calculations. The Holladay 2 technique is a
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formula that takes seven factors into account, including age, axial length (AL),
keratometry, anterior chamber depth (ACD), white-to-white measurement, and lens
thickness (LT). In short eyes (22 mm), the Holladay 2 formula is reliable for forecast-
ing IOL power. Holladay 2 was more accurate than Holladay 1 and equal to Hoffer Q in
short eyes <22.0 mm [10].

The Haigis formula was developed in 2000 to calculate the power of intraocular
lenses (IOLs). It uses three independent constants called a0, al, and a2 to predict
IOL power. These constants, unique to the formula, are determined from regression
analysis of clinical data. All three constants can be adjusted using linear regression to
improve the function’s ability to predict outcomes accurately. In long eyes (>26 mm),
the Haigis formula is reliable for forecasting IOL power [11].

2.2.5 New novel formulas

The Barrett Universal II formula is an IOL power calculation formula introduced in
2014 to modify the original Barrett Universal formula. It uses biometric parameters,
including axial length, keratometry, anterior chamber depth, and lens thickness, to
predict IOL power. The accuracy of the Barrett Universal I formula has been studied
in various populations, including post-corneal refractive surgery eyes, highly myo-
pic patients, and pediatric cataract patients with multifocal IOL implantation. The
formula has produced better refractive outcomes than other formulas in some studies
[12]. This formula has also been used in studies evaluating the efficacy of different
IOLs, such as trifocal presbyopia-correcting IOLs and non-diffractive extended depth
of focus or neutral aspheric monofocal IOLs [13].

The Barrett Universal II formula provides better predictability of IOL power
calculation. It is less susceptible to the effect of the axial length and the corneal
shape than the SRK/T formula in eyes requiring combined cataract surgery and
trabeculectomy [14].

Emmetropia Verifying Optical (EVO) is a technology used in intraocular lens
(IOL) power calculation to verify the accuracy of the selected IOL power. EVO uses a
wavefront aberrometer to measure the patient’s postoperative refraction and compare
it to the predicted refraction based on the desired IOL power. The desired IOL power
is considered accurate if the measured refraction is within a specific range of the
expected refraction. If the measured refraction exceeds this range, the EVO technol-
ogy can suggest a different IOL power to achieve the desired refractive outcome. EVO
can be used in both cataract surgery and refractive lens exchange procedures. Using
EVO can improve the accuracy of IOL power calculation and reduce the need for post-
operative refractive adjustments. However, EVO is not widely available and may only
be necessary in some cases, particularly in patients with normal ocular anatomy and
biometry. In conclusion, Emmetropia Verifying Optical (EVO) is a technology used
in IOL power calculation to verify the accuracy of the selected IOL power. Its use can
improve the accuracy of IOL power calculation and reduce the need for postoperative
refractive adjustments, but it may not be necessary in all cases [15].

Based on theoretical optics, the new Kane formula (found at www.iolformula.
com) also integrates regression and artificial intelligence to improve its predictions
further. The Kane formula is a widely used IOL power calculation formula that accu-
rately predicts IOL power in various populations. To anticipate the refractive result,
it considers the patient’s gender, axial length, keratometry, anterior chamber depth,
lens thickness, and central corneal thickness [16]. In several studies, the Kane formula
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had a higher percentage of eyes within +0.25 D of the predicted refraction than other
formulas, including the Hoffer Q, SRK/T, and Holladay 1 formulas. The Kane formula
also had the highest percentage of eyes within +0.25D and +1.00D in a comparison
study of 13 formulas [17]. The Kane keratoconus formula was the most accurate in

a study of patients with keratoconus [18]. The Kane formula was also accurate in
vitrectomized eyes and eyes with high axial myopia [19]. In a study of sharp eyes, the
Kane formula had a statistically significantly lower mean absolute error compared to
all other formulas except the EVO 2.0 [20].

The Naeser 2 formula was developed by Naeser in 1997. It is based on vergence
calculation and lens design and uses two keratometry readings, axial length, and
anterior chamber depth, to predict IOL power. The Naeser 2 formula has been studied
in various populations and accurately predicts IOL power. In a study of patients older
than 80 years with cataracts and corneal astigmatism, the Naeser-Savini formula
achieved the lowest mean absolute error and had the highest percentages of eyes
within an absolute error of 0.50 D and 1.00 D compared to other formulas [21].
However, the Naeser formula has not been widely studied compared to other for-
mulas, and its accuracy has yet been proven from empirical data. Further research is
needed to determine its efficacy as compared to other formulas.

The Olsen formula uses ray tracing technology to predict IOL power. It considers
the individual optical properties of the cornea, lens, and eye axial length to calcu-
late the optimal IOL power. The Olsen formula has been studied in various popula-
tions and accurately predicts IOL power [22]. In a study comparing the Olsen formula
to other formulas, the Olsen formula had the lowest mean absolute error and the
highest percentage of eyes within +0.50 D of the predicted refraction [23]. The Olsen
formula has also been found to be accurate in eyes with high myopia and eyes with
previous corneal refractive surgery [24, 25].

The Panacea formula, created by David Flikier, is a vergence formula that includes
the precise measurement of anterior and posterior corneal curvature data to estab-
lish and use total corneal astigmatism [26]. This formula can be accessed from the
Panacea IOL and Toric calculator software (www.panaceaiolandtoriccalculator.com).
The Panacea formula does not mathematically calculate the posterior corneal surface
from the anterior surface. It takes into account the actual values of the anterior and
posterior surfaces to provide the total corneal astigmatism, which generates more
accurate calculations [27]. It is a thin-lens vergence formula with the unique possibil-
ity of including the anterior-to-posterior corneal curvature ratio and the asphericity
(Q value at 6.0 mm) of the anterior corneal surface [28].

A more contemporary formula, the Pearl-DGS, was created by G. Debellemaniére,
D. Gatinel, et al. Optical and machine learning models were used to create this unpub-
lished formula. Al-enhanced prediction and output linearization are used, and the
A-constant from the SRK/T formula is necessary. This formula may be found at http://
www.iolsolver.com [28].

2.2.5.1 Radial basis function 2.0

This Al-based algorithm calculates the IOL power using the radial basis function.
It is available online at http://www.rbfcalculator.com [28]. Radial basis function
methods are not limited to IOL power calculation. It has been used in various fields,
including function interpolation, hyperspectral data classification, and artificial
neural networks.
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The formula has been studied in various populations and accurately predicts IOL
power. In a study comparing the Hill-Radial Basis Function 2.0 formula to the Barrett
Universal II formula and the SRK/T formula, the Hill-Radial Basis Function 2.0
formula had similar accuracy to the other formulas [29]. In another study comparing
to other artificial intelligence-based formulas, including the Kane and PEARL-DGS
formulas, the Hill-Radial Basis Function 2.0 formula had similar or better accuracy
than the other formulas [30]. The Hill-Radial Basis Function 2.0 formula has been
accurate in eyes undergoing manual or femtosecond laser-assisted cataract surgery.

The T2 formula was created to enhance the SRK/T formula’s original design.
Excel was programmed with the actual data in mind. For postoperative prediction
of the anterior eye portion, it uses the same optical A-constant of the SRK/T and an
upgraded regression algorithm [28]. However, further research is needed to determine
its efficacy compared to other formulas in different populations.

2.2.5.2 VRF

This vergence-based thin-lens formula uses the optical CACD constant and four
variables to determine the IOL power: AL, K, ACD, and the horizontal CD. The
author programmed it into Excel [28]. In a study comparing the VRF-G formula to
other formulas, including the Kane, Hoffer QST, and Barrett Universal II formulas,
the VRF-G formula was more accurate than older formulas. The VRF-G formula had
a standard deviation of +0.387 D, which was lower than the standard deviations of
the other formulas [31]. The VRF formula is unrelated to the other references, which
discuss formulas and mathematical calculations in various fields, including medicine,
engineering, and linguistics.

The Castrop intraocular lens (IOL) calculation formula is a recent development to
evaluate the accuracy of IOL power calculation in patients with short axial eye length
who are strong hyperopes. The Castrop formula is based on a pseudophakic model eye
and has shown slightly superior performance to classical formulas such as the SRKT,
Hoffer-Q, Holladay1, or Haigis formulas. The Castrop formula has not been published
before but has been disclosed in a ready-to-use Excel sheet as an addendum to a
research paper. The formula was evaluated in a single-center study in Germany that
involved patients who underwent uneventful cataract surgery and were implanted
with either spherical or aspheric IOLs. While the Castrop formula showed slightly
superior performance compared to the classical formulas, future studies are needed to
evaluate the reliability and accuracy of the formula. Further optimization of formula
constants and consideration of variables such as keratometer or corneal refractive
index in different IOL formulas can improve overall performance and accuracy in IOL
power calculations [32-35].

At this juncture, it is necessary to briefly discuss the effect of anterior segment
depth (ASD) on residual refraction after cataract surgery. The ASD, i.e., the sum of
the anterior chamber depth and lens thickness, can affect the accuracy of IOL calcula-
tion formulas. Kesim et al. found that different ASD measurements affect the accu-
racy of seven different IOL calculation formulas, with larger ASD leading to higher
mean absolute error values [36]. Positive correlations were found between ASD and
the predictive errors of the SRK/T, Holladay I, Hoffer Q, Barrett II, Hill-RBF, and
Haigis formulas. In cases with mean K greater than 42,0 D, ASD was similarly cor-
related with PE, except for the Olsen OLCR formula. In eyes with an AL between 22.5
and 24.5 mm, the predictions of lens formulas were substantially hyperopic in cases
with greater ASD, according to their findings. Overall, the accuracy of IOL power
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calculations depends on many factors, including ASD, axial length, keratometry, and
individual patient characteristics, which should be considered when selecting the
appropriate IOL formula.

3. The approach in challenging cataract cases
3.1 Pediatric eyes

Pediatric cataract is a leading cause of childhood blindness, and their management
can be challenging due to the growing size of the affected eyes and the risk of amblyo-
pia. The etiology of pediatric cataracts varies and can be classified according to their
time of onset, morphology, and underlying cause. The most common etiology of
pediatric cataracts is idiopathic, meaning the reason is unknown. However, genetic
factors play a role in the development of congenital cataracts, and genetic counseling
and molecular testing should be undertaken in cases of hereditary cataracts. Other
etiologies of pediatric cataracts include trauma, infections, metabolic disorders, and
syndromes. Early diagnosis and treatment of pediatric cataracts are essential for good
visual outcomes, and identifying the etiology of cataracts is necessary for counseling
and preventive public programs.

A thorough ocular examination is essential in evaluating pediatric cataracts,
including the onset, duration, and morphology of the cataract. Ocular malformations
such as microphthalmos/microcornea are frequently associated with pediatric cata-
racts. The management of pediatric cataracts is a team effort involving ophthalmolo-
gists, pediatricians, anesthetists, and parents. It should be customized depending
on the age of onset, laterality, the morphology of the cataract, and other associated
ocular and systemic comorbidities. Newborns should be examined for ocular struc-
tural abnormalities, such as cataracts, corneal opacity, and ptosis, which are known to
result in visual problems. Congenital cataracts and blunt ocular trauma are the most
frequently observed congenital ocular disease and causes of ocular trauma among
children. The frequency of strabismus and chronological, etiological, and morpho-
logical features should also be evaluated in patients with pediatric cataracts.

The decision to operate on pediatric cataracts depends on various factors, includ-
ing the patient’s age, the cataract’s type and severity, and associated ocular and
systemic comorbidities. Advances in surgical techniques and methods of optical
rehabilitation have substantially improved the functional and anatomic outcomes of
pediatric cataract surgeries in recent years. However, good visual outcomes require
occlusion therapy and optical correction.

Pediatric cataract surgery is different from adult cataract surgery. It presents several
intraoperative challenges, including low scleral rigidity, which makes it difficult to
construct incisions and close wounds; the smaller size of the eyeball, shallow anterior
chamber depth, and small pupil size, which reduces maneuverability; and an elastic
capsule, which increases the risk of vitreous loss and expulsion of intraocular contents.
The benefits of primary IOL implantation include quick postoperative refractive correc-
tion, minor to no optical aberration, an entire visual field, a reduced risk of amblyopia
onset and progression, and little reliance on patient compliance. IOL implantation in
children under the age of two is still debatable. The primary reasons for the limited use
of IOL implantation in children under two years of age include the lack of long-term
data to predict the success rate, linked additional ocular problems with cataracts, sys-
tematic development of deprivation amblyopia, and increased postoperative morbidity.
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3.2 Surgical technique
3.2.1 Anterior capsule management

Pediatric cataract therapy relies heavily on anterior curvilinear capsulorhexis
(CCC) since it chooses the surgical approach and location of the IOL fixation. Since
the anterior capsule in children is relatively elastic, a controlled manual CCC may
be challenging. The rhexis margin is still the gold standard in strength, however.
Therefore, a manual anterior continuous curvilinear capsulorhexis should be per-
formed wherever possible. The size and shape of the anterior capsulotomy are crucial
for the IOL to remain centered for a long time. Staining the anterior capsule with try-
pan blue 0.1% has been shown to allow recognition of capsule flaps and facilitate the
creation of complete anterior CCC and posterior PCCC in pediatric cataract surgery.
Indocyanine green (ICG) staining has been evaluated to enhance the visualization of
the anterior lens capsule in dense pediatric, mature cataracts. Femtosecond laser-
assisted capsulorhexis, vitrectorhexis, radiofrequency diathermy, and Fugo plasma
blade-assisted rhexis are options for manual CCC.

3.2.2 Management of the posterior capsule and anterior vitreous face

After juvenile cataract surgery, visual axis opacification (VAO) is the most preva-
lent and severe issue. Significant VAO in children hinders recovery and development
of the visual system. Amblyopia may also result from it. A primary posterior capsu-
lotomy is therefore regarded as a “routine surgical step,” particularly in young chil-
dren up to the age of eight years (with or without anterior vitrectomy). The posterior
capsulotomy procedure can be carried out using various techniques, including radio-
frequency diathermy, the Fugo plasma blade, femtosecond laser-aided capsulorhexis,
vitrectorhexis, and manual posterior CCC. In contrast, if a pars plana vitrectorhexis is
performed, most surgeons prefer to execute it after IOL implantation. Most surgeons
prefer to perform manual posterior CCC before IOL implantation. Nevertheless, it
entirely depends on the surgeon’s judgment and preferences [37].

Although it can be postponed, posterior CCC cannot prevent visual axis obscuration
alone. The proliferating lens epithelial cells might use the anterior vitreous face (AVF)
as a scaffold. Additionally, due to the severity of the inflammatory reaction in young
children, fibrous membranes may develop on the intact AVF, leading to VAO. Therefore,
a posterior capsulotomy and anterior vitrectomy are recommended for newborns and
young children. In infants under the age of four, an anterior-posterior capsulotomy with
anterior vitrectomy is preferred, whereas, in patients aged four to eight, only posterior
capsulotomy is performed without anterior vitrectomy. However, some surgeons favor
performing anterior vitrectomy on patients as young as six to seven.

3.2.3 Primary IOL implantation

Several studies have shown that primary IOL implantation can be a safe and effec-
tive option for treating pediatric cataracts, with outcomes comparable to contact lens
correction or secondary IOL implantation. One study compared the visual outcomes
of primary IOL implantation versus contact lens correction in children with unilateral
congenital cataracts. The study found that both groups had similar visual outcomes in
the first year of age [38]. Another study showed that at a 4.5-year follow-up, infants
who underwent primary IOL implantation or were treated with contact lenses had
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similar visual outcomes. However, pseudophakic children had a greater incidence of
complications and second interventions than the contact lens group [39].

On the other hand, Infant Aphakia Treatment Study also revealed the complica-
tions of primary IOL implantation. It is a clinical trial designed to compare the visual
outcomes of patients who received either contact or intraocular lenses after cataract
surgery during infancy. The study included 114 infants with unilateral congenital cata-
racts at 12 sites [40]. The study reported that after 4.8 years of surgery, the incidence of
glaucoma and glaucoma plus glaucoma suspect in operated eyes for children up to age
five years were 17 and 31%, respectively. However, neither the contact lens nor the IOL
group had a significant difference in either outcome: glaucoma (hazard ratio HR, 0.8;
95% CI, 0.3-2.0; P = .62) and glaucoma + glaucoma suspect (HR, 1.3; 95% CI, 0.6-2.5;
P = .58) [41]. Another study evaluated the outcomes of bilateral cataract surgery in
infants aged one to seven months with Infant Aphakia Treatment Study (IATS) inves-
tigators and reported that 24% of children received primary IOL implantation, with
a median visual acuity of 0.35 logarithm of the minimum angle of resolution in the
better-seeing eye at the final study visit closest to five years of age [42]. The study also
found that strabismus was detected in 81% of infants by age five [43]. Comparably, after
12 months of the follow-up, a secondary outcome analysis in a prospective, random-
ized clinical trial that included 114 infants with a unilateral congenital cataract, IOL, or
contact lens replacement of the lens, observed a proportion of patients that developed
strabismus [44]. However, the study found no significant difference in grating visual
acuity between the IOL and contact lens groups [45]. The study observed patients up to
five years old and found that both received similar visual outcomes [46].

In summary, the Infant Aphakia Treatment Study reported the frequency of dif-
ferent ocular conditions in infants after unilateral cataract surgery and the impact of
different optical correction methods on visual outcomes. The study findings indicated
that IOL implantation or contact lenses are suitable options for Infant Aphakia, with
both alternatives having their risks and benefits.

Various techniques have been described for primary IOL implantation in pediatric
cataracts, including posterior optic buttonholing, which involves implanting the IOL
through the posterior capsulorhexis margin in cases of anterior capsulorhexis exten-
sion. This technique is feasible for children who experienced anterior capsulorhexis
extension during pediatric cataract surgery, resulting in satisfactory surgical out-
comes and few ocular complications [47].

In conclusion, primary IOL implantation may be a safe and effective option for
treating pediatric cataracts, with outcomes comparable to contact lens correction or
secondary IOL implantation in selected eyes. Various techniques and types of IOLs
have been evaluated in different age groups and populations, and further studies are
needed to determine the optimal approach for primary IOL implantation in pediatric
cataracts.

3.2.4 Secondary IOL implantation

This technique involves the implantation of an IOL in the posterior chamber of
the eye, either in the capsular bag or the ciliary sulcus. Several studies have evalu-
ated the long-term visual outcomes and factors affecting visual results in children
undergoing secondary IOL implantation following primary congenital cataract
extraction. One study found that secondary IOL implantation resulted in good long-
term visual outcomes in children with congenital cataracts [48]. Other studies have
identified factors that may increase the risk of complications, such as secondary
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glaucoma, including high insertion of the iris and IOL implantation in the ciliary
sulcus [49]. To reduce the risk of complications, researchers have modified the
cataract extraction technique and secondary IOL implantation in pediatric aphakic
eyes to achieve secondary in-the-bag IOL implantation [50]. However, the optimal
size of the anterior capsulorhexis that should be used to obtain superior capsular
outcomes for secondary IOL implantation in primary pediatric cataract surgery has
yet to be reported [51].

Other studies have evaluated the safety and efficacy of different types of IOLs
and techniques for secondary IOL implantation in pediatric cataracts. For example,
posterior iris-fixated IOL implantation is an excellent alternative to other IOLs in
pediatric traumatic cataracts without adequate capsular support [52]. Secondary
PC-IOL implantation has also been effective in pediatric cataract eyes with micro-
cornea and microphthalmos [53]. A recent multicenter, single-blinded, randomized
controlled trial evaluated the safety and efficacy of in-the-bag versus sulcus fixation
for secondary IOL implantation in pediatric cataract patients who have undergone
primary cataract extraction. The study found that both techniques were safe and
effective, with no significant differences in visual outcomes or complications between
the two groups [54].

Various factors, such as the location of IOL implantation and the size of the ante-
rior capsulorhexis, may affect the risk of complications. Further studies are needed
to determine the optimal approach for secondary IOL implantation in pediatric
cataracts.

3.2.5 IOL Power calculation in children

IOL power calculation is a crucial step in pediatric cataract surgery, as it
determines the refractive outcome of the procedure. However, IOL power calcula-
tion in pediatric cataracts presents unique challenges due to the differences in
ocular biometry and growth patterns compared to adults. Several studies have
evaluated the accuracy of different IOL power calculation formulas and techniques
in pediatric cataracts. New technologies for biometric measurements and keratom-
etry in pediatric eyes have been developed to improve the accuracy of IOL power
calculation.

Controversies in pediatric cataract management regarding the timing of surgery,
IOL power calculation, and the choice of IOL still exist. Currently, the majority of
surgeons prefer to use the SRK-T formula. One study compared the SRK-T, Holladay
1, Holladay 2, and Hoffer Q formulas and showed that SRK-T and Holladay 2 formulas
have the lowest prediction error [55]. Young children develop myopia over time due to
significant retina growth and corneal curvature changes. Therefore, many surgeons
plan initial under-correction and provide refractive correction with contact lenses or
spectacles [56, 57]. In cases of unilateral cataracts, fellow eye’s refractive status, dense
amblyopia, the likelihood of poor compliance, socioeconomic considerations for
contact lens use, and individual surgeon practice patterns, however, surgeons tend to
make the eye less hypermetropic. Further research is needed to improve the accuracy
of IOL power calculation in pediatric cataracts.

3.3 High myopia

Cataract surgery in patients with severe pathologic myopia and high axial length
is well documented. These patients often have a higher risk of complications such
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as retinal detachment, cystoid macular edema, and posterior capsular opacifica-
tion. Patients face severe pathologic myopia and high axial length challenges during
cataract surgery. Multiple studies have been conducted to evaluate the outcomes of
cataract surgery in these patients.

According to the Beaver Dam Eye Study and the Blue Mountains Eye Study,
myopia and nuclear cataract are associated. The Blue Mountains Eye Study also
found that moderate and high myopia, particularly when it begins before age 20,
is related to the formation of posterior subcapsular cataracts [58]. The Singapore
Malay Eye Study also found that patients with severe myopia have a three to fivefold
increased risk of nuclear cataracts and a 30% increased risk of posterior subcapsular
cataracts [59].

Patients with severe pathologic myopia and high axial length are at risk of zonu-
lopathy, which can be secondary to many pathologies, including mature cataracts,
prior ocular trauma, or prior ocular surgery. Venkateswaran and Henderson reported
that loose zonules could make cataract surgery more challenging in these patients
[60]. Capsular or iris hooks, capsular tension rings, and capsular tension segments
(CTS) are all viable options for capsular bag support in zonulopathy. Numerous surgi-
cal techniques for inserting these devices can be tailored to the surgeon’s preference
and the patient’s eye morphology.

One of the significant risks associated with cataract surgery in high myopia
patients is the presence of chorioretinal degenerations, which can lead to poor visual
outcomes [61]. High myopia patients also have a higher risk of complications such
as retinal detachment, cystoid macular edema, and posterior capsular opacification.
These complications can lead to permanent vision loss and require additional treat-
ment. Suprachoroidal hemorrhage (SCH) is another risk associated with cataract
surgery in high myopia patients. Bozkurt and Miller reported a case of a patient with
high myopia who developed an SCH at the time of cataract surgery following three
femtosecond laser docking attempts [62]. Other risks associated with cataract surgery
in high myopia patients include preexisting maculopathy or posterior staphyloma and
early postoperative BCVA recovery risk factors [63]. Highly myopic cataract eyes are
also at risk of low vision, and risk factors for low vision include younger age, longer
axial length, and preexisting maculopathy.

Another risk associated with cataract surgery in high myopia patients is the
variability of axial length, anterior chamber depth, and lens thickness [64]. This
variability can make selecting the appropriate IOL power challenging, leading to
postoperative refractive errors. Postoperative refractive errors can cause poor visual
outcomes and require additional treatment.

Finally, high myopia patients undergoing cataract surgery may be at a higher risk
of IOL dislocation, especially in younger patients [65]. Immediate sequential bilateral
cataract surgery is another technique that may be associated with increased risks in
high myopia patients [66].

In summary, high myopia patients undergoing cataract surgery are at a higher risk
of complications and poor visual outcomes than emmetropic eyes. Therefore, care-
ful monitoring and precautions should be taken to minimize the risks and improve
postoperative outcomes in high myopia patients undergoing cataract surgery.

3.3.110L calculations in high myopia

One of the main difficulties in IOL calculation in high myopia cataract patients is
the accurate measurement of axial length (AL) and corneal curvature. High myopia
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patients often have longer AL, leading to errors in IOL power calculation if not
adequately accounted for [67]. High myopia patients may have corneal astigmatism,
further complicating IOL calculation [67]. Therefore, accurate AL and corneal cur-
vature measurement is crucial for successful IOL calculation in high myopia cataract
patients.

Another difficulty in IOL calculation in high myopia cataract patients is select-
ing the appropriate IOL design and power. Aspheric IOLs with low negative or zero
primary spherical aberration are recommended for cataract patients with high myopia
[68]. Negative power IOLs have also been used successfully in patients with extremely
high myopia [69]. However, selecting the appropriate IOL design and power can be
challenging due to the variability of axial length, anterior chamber depth, and lens
thickness in high myopia eyes.

In addition, preexisting conditions such as posterior staphyloma, maculopathy,
and photorefractive keratectomy (PRK) can further complicate IOL calculation in
high myopia cataract patients. For example, PRK can alter the corneal curvature and
affect the accuracy of IOL calculation [70]. Therefore, carefully considering preexist-
ing conditions is necessary for successful IOL calculation in high myopia cataract
patients. Furthermore, intraoperative aberrometry can help improve IOL calculation
accuracy in high myopia cataract patients. Intraoperative aberrometry measures the
eye’s refractive error during surgery and can be used to adjust the IOL power accord-
ingly [71]. However, intraoperative aberrometry may not be feasible in all cases and
may add to the cost of the procedure.

In conclusion, IOL calculation in high myopia cataract patients can be challenging
due to the unique anatomical and refractive characteristics of these eyes. Accurate
measurement of axial length and corneal curvature, selection of the appropriate IOL
design and power, consideration of preexisting conditions, and intraoperative aber-
rometry can contribute to successful IOL calculation in high myopia cataract patients.
Therefore, careful planning and care of these factors are necessary for optimal
outcomes in high myopia cataract surgery.

3.4 Hyperopia

The definition of a small eye is based on assessing ocular axial length (AL),
anterior chamber depth (ACD), corneal diameter, and concomitant anatomi-
cal malformations. Simple microphthalmos is an eye with an AL shorter than the
age-adjusted mean by two standard deviations, with a normal ACD, average scleral
thickness, and without anatomical malformations. Nanophthalmos is a rare condition
characterized by short AL with a shallow anterior chamber and thickened choroid
and sclera but with no other anatomical malformations. Preoperative evaluation is
essential for adequate surgical planning, predicting possible complications, and deter-
mining visual prognosis. Comparing the best corrected visual acuity, refractive status
(hyperopia), and the degree of cataract bilaterally is essential for surgical planning.

Preoperative evaluation is an essential aspect of hypermetropia cataract patients
due to the unique anatomical and refractive characteristics of these eyes. A critical
aspect of preoperative evaluation in hypermetropia cataract patients is the measure-
ment of endothelial cell density and corneal thickness. Stdnild et al. have shown that
preexisting hypermetropia can modify the evolution of intraoperative and postopera-
tive cataract surgery, leading to a loss of endothelial cells [72]. Therefore, measuring
endothelial cell density and corneal thickness before and after surgery can help to
identify any changes and ensure optimal outcomes. Another important aspect of
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preoperative evaluation in hypermetropia cataract patients is excluding certain condi-
tions, such as glaucoma. Noted that patients with known open-angle or angle-closure
glaucoma should be excluded from refractive cataract surgery, as both conditions

are associated with specific refractive errors [73]. Therefore, thoroughly evaluating
the patient’s ocular health must ensure that preexisting conditions are appropriately
managed before cataract surgery. In addition, preoperative visual acuity is essential in
hypermetropia cataract patients. A meta-analysis found that the outcome of cataract
surgery, evaluated as objective and subjective visual improvement, was independent
of preoperative visual acuity [74]. However, preoperative patient expectations should
also be considered, as cataract surgery has become well-recognized as a refractive
procedure, and patient satisfaction is related to preoperative expectations [75]. In
conclusion, preoperative evaluation is essential for cataract surgery in hypermetropia
patients. Measuring endothelial cell density and corneal thickness, excluding certain
conditions, evaluating preoperative visual acuity and expectations, examining the
macula, considering subjective experiences and objective functional visual outcomes,
and using a risk-based approach to medical evaluation can all contribute to successful
outcomes in hypermetropia cataract surgery.

However, selecting the appropriate IOL in eyes with short axial length (AL) can
be challenging. Traditional IOL measurement formulas in eyes with short AL have
reduced reliability. Several technical and surgical strategies have been proposed to
optimize the visual outcome and decrease the rate of surgical complications. It is
essential to understand their applications in these cases [76]. To compare the accuracy
of a new IOL power formula (Kane formula) with existing formulas using IOLMaster,
predominantly model 3, biometry, and optimized lens constants, it found that the
Kane formula was more accurate than existing formulas. Réggla et al. found that the
Haigis formula showed the highest percentage of cases with <0.5 D in eyes witha
short AL [77]. In eyes with short AL, the Haigis formula helps calculate IOL power
length and estimate the postoperative effective lens position (ELP) using preoperative
anterior chamber depth and axial length [78].

3.4.1 Cataract surgery on small eyes

As expected, cataract surgery in small eyes has inherent anatomical challenges that
must be addressed to prevent complications. The most commonly reported complica-
tions are posterior capsule rupture, zonular dehiscence, iris prolapse, corneal endo-
thelial/Descemet membrane trauma, transient severe corneal edema, cystoid macular
edema (CME), severe anterior uveitis, uveal effusion, angle-closure glaucoma, retinal
detachment, and aqueous misdirection [79]. These eyes also have a higher risk of
severe complications during cataract surgery, including uveal effusion or supracho-
roidal hemorrhage. Pressure fluctuations during the surgery should be limited to
reduce the risk of these complications. Reported that using a soft-shell technique with
viscoelastic agents can help maintain a stable anterior chamber and reduce the risk
of complications. Iris expansion devices are commonly used to visualize the surgical
field better during cataract surgery. However, these devices can cause iris trauma
and increase the risk of complications in small eyes. The iris hooks are better than
most iris expansion devices for small eyes. Preoperative intravenous mannitol can
dehydrate the vitreous, reducing its volume and the likelihood of significant posterior
pressure during cataract surgery in small eyes. It reported that intravenous mannitol
can be used safely and effectively in small eyes to reduce the risk of complications.
Sometimes, a vitreous tap may be necessary to reduce the risk of complications during
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cataract surgery in small eyes. A vitreous tap can be performed using a trocar system,
which may limit complications from pars plana vitrectomy in small eyes.

Postoperative refractive error is another concern in hypermetropia cataract
patients. It reported that preoperative IOL power calculation using A-scan and
biometry could help achieve the desired postoperative refractive status. In addition,
postoperative management should include regular follow-up visits to monitor visual
acuity and potential complications. In conclusion, hypermetropic cataract patients
may experience difficulties during and after surgery, including posterior capsular
thickening, uveal effusion or suprachoroidal hemorrhage, inflammation, and refrac-
tive error. To manage these complications, a personalized approach should be used,
taking into account the individual characteristics of each patient. Regular follow-up
visits are also essential to monitor visual acuity and potential complications.

3.5 Astigmatism

Astigmatism is a standard refractive error that can cause blurred vision and
decreased visual acuity. Cataract surgery allows one to correct preexisting astigma-
tism, improving visual outcomes, and reducing the need for glasses or contact lenses.
There are several techniques for correcting preexisting astigmatism during cataract
surgery. One option is corneal incisions, such as limbal relaxing incisions (LRI) or
femtosecond laser-assisted astigmatic keratotomy (FSAK). These incisions are made
on the steep axis of the cornea to reduce astigmatism. Reported that FSAK and toric
intraocular lens (IOL) implantation were both effective in correcting astigmatism in
cataract surgery patients with corneal astigmatism ranging between 0.5 D and 4.5
D. Another option for correcting astigmatism during cataract surgery is toric IOL
implantation. Toric IOLs have a specific orientation that can correct astigmatism.
Reported that toric IOL implantation has higher predictability than incisional meth-
ods because it is independent of corneal wound healing. The choice of technique for
astigmatism correction depends on several factors, including the severity and axis of
astigmatism, the patient’s age and comorbidities, and the surgeon’s experience and
preference. They are reported that astigmatism correction during or even after cata-
ract surgery is a safe and effective method to improve visual outcomes. It is important
to note that not all astigmatism needs to be corrected. Correcting pre-surgical astig-
matism should be considered separately depending on whether a patient has residual
accommodation and the type of refractive surgery under consideration. In addition,
accurate alignment of toric IOLs is critical for successful astigmatism correction. They
reported that a three-random-point marking method using the iTrace Aberrometer
could improve the accuracy of toric IOL alignment (Figure 1).

In conclusion, astigmatism correction during cataract surgery can improve visual
outcomes and reduce the need for glasses or contact lenses. The choice of technique
depends on several factors, and accurate alignment of toric IOLs is critical for success-
ful astigmatism correction. It is essential to consider each patient’s characteristics and
preferences when deciding on the best approach for astigmatism correction during
cataract surgery [80].

3.6 Post-refractive surgery eyes

Corneal refractive surgery, such as LASIK, PRK, or RK, can alter the corneal
curvature, making IOL power calculation challenging in cataract surgery patients.
Accurate IOL power calculation is crucial for achieving the desired refractive outcome
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Figure 1.
Toric IOL implantation after pterygium recurrence after four different excision surgeries.

and reducing the need for additional corrective procedures. One of the main chal-
lenges in IOL power calculation after corneal refractive surgery is the altered ratio
between the anterior and posterior corneal surface, which makes the keratometric
index invalid. Reported that the effective lens position is erroneously predicted if
such a prediction is based on the post-refractive surgery corneal curvature. Therefore,
alternative methods have been proposed for measuring corneal power, such as

total corneal power measurement using high-speed optical coherence tomography.
Another challenge is the measurement of corneal curvature radius outside the optical
zone, which can lead to an underestimation of the surgically induced refractive
change. Reported that a new method, the Iida-Shimizu-Shoji (ISS) method, combines
the anterior-posterior ratio of the corneal radius of curvature after LASIK to improve
IOL power calculation accuracy. Several IOL power calculation formulas have been
developed to address the challenges of IOL power calculation after corneal refractive
surgery. The Holladay 2 formula and the American Society of Cataract and Refractive
Surgery (ASCRS) Post-Refractive IOL Calculator have commonly used formulas that
have been shown to provide accurate results in some studies (Figure 2). However,
other studies have reported that IOL power calculation for eyes that have previously

undergone refractive surgery is less accurate than that for virgin eyes.

The Zhang & Zheng (ZZ) formula is a newly-developed intraocular lens (IOL)
calculation formula that has shown promising results in clinical accuracy analysis for
post-corneal refractive surgery eyes [81]. They compared the precision of the ZZ,
Haigis-L, Shammas, Barrett True-K (no history), and ray tracing (C.S.O Sirius) IOL
power assessments in eyes that had undergone corneal refractive surgery. No data
from before the patient’s refractive procedure was used in the analysis. Compared to
ray tracing, the ZZ IOL formula produced a smaller arithmetic IOL prediction error
(PE; P = 0.04), whereas all the other formulas produced similar results (P > 0.05).
When compared to Shammas (P 0.01), Haigis-L (P = 0.02), Barrett true K (P = 0.03),
and ray tracing (P 0.01), ZZ IOL produced a lower absolute IOL PE. They theorized
that the ZZ IOL formula could provide better results for calculating the power of
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Figure 2.
Post-refractive surgery IOL power calculation.

an IOL in eyes that have undergone corneal refractive surgery but do not have any
preexisting refractive data.

In addition, the type of multifocal IOL used can also affect the accuracy of IOL
power calculation after corneal refractive surgery. It was reported that factors such
as the type of multifocal IOL, the degree of preoperative refractive error, and the
amount of corneal astigmatism could affect the prediction error after cataract surgery
with implantation of various multifocal IOLs in patients with previous refractive
laser surgery. In conclusion, IOL power calculation after corneal refractive surgery is
challenging due to the altered corneal curvature and the invalidity of the keratometric
index. Alternative methods for measuring corneal power and new IOL power calcula-
tion formulas have been developed to improve accuracy. Considering each patient’s
characteristics and the type of IOL used when calculating IOL power after corneal
refractive surgery is essential [82].

3.7 Eyes with corneal ectasias

Cataract surgery is a standard procedure that can improve visual acuity in cataract
patients. However, cataract surgery in patients with keratoconus poses particular
challenges due to the altered corneal shape and thickness. Preoperative workup for
cataract surgery in keratoconus patients is crucial to ensure accurate IOL power
calculation and identify potential complications. Ton et al. investigated the visual
and refractive outcomes in patients with keratoconus having cataract surgery with
atoric IOL. They compared the IOL power calculation accuracy of conventional
formulas and keratoconus-specific formulas [83]. They found that the Barrett
Universal II, Holladay 2, and SRK/T were the most accurate IOL power calculation
formulas in patients with keratoconus undergoing cataract surgery. Additionally, a
study reported that a planned combination of primary and piggyback IOLs implanta-
tion in keratoconus at the time of cataract surgery could correct complex refractive
defects associated with the disease [84]. Toric IOL implantation is a viable option for
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correcting astigmatism in keratoconus patients undergoing cataract surgery. Allard
etal. 1. reported a case of successful toric IOL implantation in a patient with kera-
toconus and previous penetrating keratoplasty (PKP) in one eye [85]. Additionally,
some reports have been published about a two-stage surgical intervention in patients
with keratoconus and cataracts to correct ametropia and prevent disease progression
effectively. They initially implanted Ferrara 150-350 pm intrastromal corneal ring
segments (ICRS). In Stage 2, to rectify the remaining refractive error, the hazy lens
was removed and replaced with a toric posterior chamber intraocular lens (TIOL) in
five to seven months [86]. The conclusion was that two-stage surgery could correct
ametropia in individuals with keratoconus and cataracts.

It is important to note that cataract surgery in keratoconus patients may carry a
risk of corneal ectasia following surgery. A rapidly progressive corneal ectasia was
reported in a patient with keratoconus following uncomplicated phacoemulsification
surgery for cataract removal [87]. Therefore, careful preoperative evaluation and
postoperative monitoring are essential to minimize the risk of complications.

In conclusion, cataract surgery in keratoconus patients requires careful preopera-
tive evaluation and planning to ensure accurate IOL power calculation and identify
potential complications. Toric IOL implantation and a two-stage surgical intervention
may be necessary to correct ametropia and astigmatism effectively. It is essential
to consider each patient’s characteristics and the potential risks and benefits when
deciding on the best approach for cataract surgery in keratoconus patients.

3.8 Eyes with sequential/simultaneous vitreoretinal surgery

Cataract surgery with sequential or simultaneous vitreoretinal surgery is a
complex procedure that requires careful planning and execution. The literature
suggests that combined surgery is recommended for selected patients with simultane-
ous vitreoretinal pathological changes and cataracts [88-90]. However, the optimal
timing and approach for combined surgery remain controversial. A comparative
analysis of two-stage or simultaneous vitreoretinal surgery results with phacoemulsi-
fication in patients with advanced proliferative diabetic retinopathy and complicated
incipient cataract showed that both approaches could be practical [91, 92]. The choice
of approach may depend on the severity of the retinopathy and the degree of cataract.
Patients with a history of trauma, pseudoexfoliation syndrome, degenerative myopia,
uveitis, retinitis pigmentosa, and previous vitreoretinal surgery are at increased risk
for complications during combined surgery [93]. Therefore, careful preoperative
evaluation and planning are essential to minimize the risk of complications. Most
British and Eire Association of Vitreoretinal Surgeons members would use the oppo-
site eye biometry in a patient with a cataract and macula-off rhegmatogenous retinal
detachment undergoing combined phaco-vitrectomy surgery. In contrast, most
Punjab surgeons would leave the patient aphakic [94]. This highlights the importance
of considering each patient’s characteristics and the potential risks and benefits when
deciding on the best approach for combined surgery. The level of proinflammatory
cytokines in tear of patients with advanced proliferative diabetic retinopathy and
complicated primary cataract after phacoemulsification surgery and IOL implanta-
tion with vitreoretinal surgery accomplished at once in comparison with vitreoretinal
surgery only has been studied [95]. The results showed that combined surgery did not
significantly increase the level of proinflammatory cytokines in tears. Clear corneal
phacoemulsification combined with 25-gauge transconjunctival sutureless vitrec-
tomy and standard 20-gauge vitrectomy for patients with cataracts and vitreoretinal
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diseases has been compared [96]. The study showed that both approaches were safe
and effective, with no significant differences in visual outcomes or complication rates.

In conclusion, cataract surgery with sequential or simultaneous vitreoretinal sur-
gery is a complex procedure that requires careful planning and execution. Combined
surgery is recommended for selected patients with simultaneous vitreoretinal patho-
logical changes and cataracts. However, the optimal timing and approach for com-
bined surgery remain controversial, and careful preoperative evaluation and planning
are essential to minimize the risk of complications.

3.9 Cataract surgery after vitrectomy

Cataract surgery after vitrectomy or phaco-vitrectomy is standard due to the high
incidence of cataract formation after vitreoretinal surgery. According to Lahey etal.,
75% of patients will develop visually significant cataracts within one year and 95%
within two years after vitrectomy [97]. Therefore, cataract surgery is often necessary
to restore visual function in these patients. Factors influencing refractive outcomes
after combined phacoemulsification and pars plana vitrectomy have been studied by
Jeoung et al. [98]. They found that the presence of silicone oil tamponade, preopera-
tive axial length, and intraoperative complications were significant factors affecting
refractive outcomes. In a study by Do et al., the effectiveness and safety of surgery
for post-vitrectomy cataracts were evaluated [99]. The study aimed to evaluate visual
acuity, quality of life, and other outcomes. The results showed that surgery for post-
vitrectomy cataracts was effective and safe in improving visual acuity and quality of
life. Fernandez has also studied cataract formation following pars plana vitrectomy in
the pediatric population [100]. The study aimed to analyze post-vitrectomy cataract
formation in the pediatric population and the perioperative factors affecting cataract
development in these patients. The conclusion was that pediatric eye care providers
should know the significant risk of cataract formation following phakic PPV.

In conclusion, cataract surgery after vitrectomy is expected due to the high
incidence of cataract formation after vitreoretinal surgery. Factors such as silicone oil
tamponade, preoperative axial length, and intraoperative complications can affect
refractive outcomes. Surgery for post-vitrectomy cataracts effectively and safely
improves visual acuity and quality of life.

4, Conclusions

In summary, the evolution of biometric intraocular lens calculation formulas and
IOL selection in challenging cases are advancing rapidly. The development of opti-
cal biometers, surgical techniques, types of IOLs, and accurate formulas for their
adequate selection has significantly improved cataract surgery outcomes over the
years. The current trend in IOL selection aims to achieve optimal refractive outcomes
by utilizing accurate corneal and biometric measurements, advanced formulas, and
improved IOL designs. With these advancements, potential complications arise, that
include incorrect lens power, optical aberrations, and IOL dislocation, which can lead
to explantation. However, with the use of advanced techniques, patient selection, and
appropriate biometric parameters, cataract surgery outcomes continue to improve,
providing greater visual outcomes and a higher quality of life for patients.

Intraocular lens selection in challenging cases requires careful consideration of
various factors. The choice of IOL will depend on the patient’s individual anatomy,
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pathology, and visual needs. Patients with irregular corneas, such as keratoconus,
require special consideration to achieve optimal visual outcomes. However, the
implantation of multifocal IOLs in these patients should be avoided. Various ophthal-
mic pathologies and systemic comorbidities can also exacerbate complications related
to IOL opacification. To achieve the best results in IOL selection, clinicians should
perform a thorough preoperative evaluation of the patient and appropriately select
the IOL. Different IOLs and IOL power formulas have been developed, making choos-
ing the most appropriate lens for the patient challenging. Further research is needed
to refine IOL selection in challenging cases.
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Chapter 5

Cataract Surgery Complications:
Vitreo-Retina Perspectives

Mohamed Al-Abri, Washoo Mal and Nawal Al-Fadhil

Abstract

Cataract surgery is one of the most common and successful intraocular surgeries
performed worldwide. However, sight-threatening complications that involve the
posterior segment can occur. The incidence of such complications is relatively low, but
it is important to recognize these complications early and treat them appropriately. In
this chapter, we will address some of the important posterior segment complications
of cataract surgery such as intraoperative complications (e.g., vitreous loss, retained
lens matter, and suprachoroidal hemorrhage) and short- and long-term postoperative
complications (e.g., postoperative endophthalmitis, rhegmatogenous retinal detachment,
cystoid macular edema and progression of preexisting diabetic retinopathy, and/or
diabetic macular edema).

Keywords: cataract surgery, complications, posterior segment, retina, vitreous,
diabetic retinopathy, diabetic macular edema

1. Introduction

Cataract surgery is one of the most common and successful intraocular surgeries
performed worldwide. With latest innovations and technologies, such a surgery became
easy to perform with less operating time and shorter postoperative recovery period.
However, sight-threatening complications that involve the posterior segment can occur.
The incidence of such complications is relatively low, but it is important to recognize
these complications early and treat them appropriately. In this chapter, we will address
some of the important posterior segment complications of cataract surgery such as
intraoperative complications (e.g., vitreous loss, retained lens matter, and suprachoroi-
dal hemorrhage) and short- and long-term postoperative complications (e.g., postop-
erative endophthalmitis, rhegmatogenous retinal detachment, cystoid macular edema
and progression of preexisting diabetic retinopathy, and/or diabetic macular edema).

2. Vitreous loss and retained lens matter

An intact posterior lens capsule (PC) is an important normal anatomical barrier,
which separates the vitreous body from the forces resulting from cataract surgery
and intraocular lens (IOL) implantation. The incidence of PC tear and vitreous loss is
variable depending on the surgeon’s skills, years of experience, surgical volume, and
complexity of cataract case mix.
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The reported incidence ranges from 0.45-8.22% [1-3].

Vitreous loss can lead to an increased risk of sight-threatening complications,
including cystoid macular edema, retinal detachment, and endophthalmitis [4-6].
Significant PC tear might be followed by dislocation of lens fragment(s) into the
vitreous cavity [7].

Prevention: Risk stratification is an important measure to reduce such risk by
appropriate patient selection, pre-op preparation (for detailed counseling, selecting
the appropriate type of anesthesia as well as time of posting the case, and selection of
surgeon experienced in dealing with complex cataract surgery).

Intra-operatively, recognizing signs of PC tear and vitreous loss are crucial. The
signs to observe are sudden deepening of the anterior chamber (AC), excess sideways
shift of the nucleus, sudden appearance of a red reflex, and abnormal movement
of the pupillary margin distant from instruments in the AC secondary to traction
transmitted through vitreous strands. If any of above signs were observed, viscodis-
persive substance was to be injected immediately into the AC directly above the site
of PC tear while the irrigation is on to minimize vitreous prolapse and to stabilize
any remaining lens fragments. At this point, the surgeon should assess the situation
and change the approach appropriately for such a challenge, for example, setting up
anterior vitrectomy and augmenting the local anesthesia if needed. The ultimate goals
of management of PC tear and vitreous loss are removal of the prolapsed vitreous
from the AC and surgical wounds, safe removal of the remaining lens fragment(s),
and safe IOL implantation. The prolapsed vitreous should be removed with anterior
vitrectomy with highest cut rate provided by the machine and maintaining stable AC
and IOP. A sutureless vitrectomy technique via 23G pars plana anterior vitrectomy
whenever appropriately possible might be the most controlled way to carry out safe

Figure 1.
Intraoperative fundus photo shows retained nuclear fragment being fragmented and removed using 23G vitrectomy
probe (courtesy of Dr. M. Al-Abri).
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and adequate anterior vitrectomy. This approach can be done with either an anterior
chamber or pars plana infusion [8]. Such an approach mitigates AC manipulation, less
risk for vitreous incarceration in the surgical wounds, and serves as logical way for
adequate and safe removal of vitreous behind the plane of PC, which may preserve
the residual PC from further damage. In addition, if the lens fragments threatened

to fall posteriorly, pars plana approach may help in pushing the lens fragments into
the AC using the vitrector. Residual soft lens matter or cortex can be safely removed
using the vitrector itself. However, residual nuclear fragments can be removed either
by carefully using the phaco probe, after the AC has been adequately cleaned from
vitreous, or can be removed manually through an enlarged main wound. Viscoelastic
or a lens glide may help to stabilize nuclear fragments in the AC before removal [9].

If appropriate, insertion of the appropriate IOL is to be done in a suitable position
based on the judgment and experience of the primary surgeon. If nuclear fragments
are moved posteriorly behind the plane of the PC, aggressive efforts to retrieve these
fragments without pars plana vitrectomy can result in giant retinal tears and retinal
detachments [10, 11]. In such cases, an urgent referral is to be made to a vitreo-retina
surgeon, who can then make the appropriate decisions about the timing of the
management meanwhile the patients should be monitored closely for post-op inflam-
mation, corneal edema and IOP, and other potential complications (Figure1).

3. Suprachoroidal hemorrhage

Suprachoroidal hemorrhage (SCH) is one the rare but potentially vision-threat-
ening intraoperative or postoperative complication. It is caused by acute hypotony
leading to rupture of long and short ciliary arteries, which bleed into suprachoroidal
space. The incidence is extremely low, 0.03-0.81% [12].

Predisposing factors: Advanced age, uncontrolled hypertension, using anticoagulant
or antiplatelet, atherosclerosis, diabetes, uncontrolled glaucoma, high axial myopia,
aphakia, choroidal hemangioma, retrobulbar anesthesia, Valsalva maneuvers, and
prolonged or complicated cataract surgery with vitreous loss and hypotony. Proper
preoperative evaluation, identification, and management of avoidable risk factors,
for example, control of high BP, high IOP, discontinue anticoagulant or antiplatelet,
choose the appropriate method of anesthesia, and address cardiovascular and other
systemic issues.

Clinical featuves: Intraoperative, progressive anterior chamber shallowing, loss of
red reflex, increasing IOP with firming of eyeball, iris prolapse, vitreous extrusion,
and extrusion of intraocular contents.

Intraoperative management: Terminate the surgery immediately. Gently reposition
the expelled contents and quickly close the surgical wounds. Reform anterior chamber
either with viscoelastic or air bubble. Immediate drainage and posterior sclerotomy
are controversial.

Postoperative management: Intraocular pressure (IOP) and inflammation are
controlled with IOP lowering agents (Topical Beta blocker & Carbonic anhydrase
inhibitors — CAls and/or systemic acetazolamide) and topical steroids. Cycloplegics
and analgesics relieve the eye pain. NSAIDS and antiplatelets are to be avoided. Serial
Ultrasound B - scan to be performed to monitor the progress and liquefaction of
suprachoroidal hemorrhage (Figure 2).

Drainage is considered if hemorrhage does not resolve spontaneously after 2
weeks. Optimum IOP and sufficient liquefaction of clot are essential for successful
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Figure 2.

B-scan ultrasound image of a patient with suprachoroidal hemorrhage post-cataract surgery. Notice the dome-
shaped appearance and central apposition of detached choroid. The suprachoroidal space is filled with moderate
amplitude spikes suggestive of suprachoroidal hemorrhage (courtesy of Dr. A. Al-Hinai).

procedure. The suprachoroidal lysed hemorrhage is drained either through direct

3-4 mm radial sclerotomies or transconjunctival trocar. Pars plana vitrectomy (PPV)
is considered if it is complicated by retinal detachment and/or vitreous hemorrhage.
Overall, visual outcome is variable and depends on the extent of SCH, associated reti-
nal detachment as well as other ocular comorbidities. Generally, it carries poor visual
prognosis especially if it is associated with retinal detachment, where some reported
cases end up with <20/200 - no light perception visual acuity [13, 14].

4. Endophthalmitis post cataract surgery

Endophthalmitis is defined as intraocular inflammation involving the anterior and
posterior segments of eye that could be acute, chronic or delayed onset, infective or
noninfective, and exogenous or endogenous.

Acute postoperative endophthalmitis: Acute infectious endophthalmitis is a highly
catastrophic and sight-threatening rare complication of cataract surgery. Presented
within 6 weeks, mostly in 3-5 days with fulminant or acute course. Classic presenta-
tion is eyelid swelling, ocular pain, ciliary congestion, and sudden drop of vision,
which may be associated with corneal edema, hypopyon, loss of red pupillary reflex,
and purulent vitritis. (Figure 3).

Incidence: The incidence of acute infectious post-cataract endophthalmitis is
inconsistent and varies, 0.04-0.092% [15, 16]. According to scientific literature, the
incidence is globally declined with off-label (No FDA approval) use of intracameral
antibiotic injections [17, 18].

Source of infection and visk factors: The flora from eyelids, conjunctiva, nasolacri-
mal, and infected anophthalmic socket are major sources and perioperative surgical
wound contamination through a contaminated instrument or theater personnel.
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Figure 3.

Anterior segment photo of the right eye with acute endophthalmitis post-cataract surgery. Notice the diffuse
conjunctival congestion, marked corneal edema, organized hypopyon, and loss of red pupillary reflex (courtesy of
Dr. M. Al-Abri).

While elderly patients and immune-compromised due to diabetes mellitus, systemic
malignancy, and HIV are risk factors for endogenous endophthalmitis. Other com-
plicated surgery associated with posterior capsule rupture, vitreous loss, anterior
chamber IOL, prolonged surgery, and wound leak.

Pathogens and pathogenesis: Postoperative endophthalmitis is predominantly
caused by bacteria. Gram-positive isolates in almost 85% of cases. Most commonly
coagulase-negative - the normal bacterial flora from eyelids. Mostly Staphylococcus
epidermidis in 30.3%, and others are Streptococcus viridans and Staphylococcus aureus.
The Gram-negative accounts for 10.3% (Pseudomonas aeruginosa, Klebsiella pneumo-
nia) and fungi for 4.6%, including Candida albicans and Aspergillus species [19].

Once microbes get access into the eye, initiate to release intravitreal inflammatory
cytokines, like tumor necrosis factor-alpha, interleukin-1 beta, and interferon-
gamma that result in neutrophil migration and aggregation leading to moderate-
severe suppurative inflammation and retinal tissue necrosis.

Prevention and prophylaxis: Strict aseptic measures throughout surgical process are
key to infection prevention. Meticulous cleaning of periocular skin, and eyelids with
10% Povidone-Iodine solution and instillation of few drops of 5% povidone-iodine
antiseptic into conjunctival cul de sac and left for 3-5 minutes followed by irrigation
with sterile normal saline significantly reduce the risk of infection from adnexal flora.
Proper sterile draping of surgical site with complete covering of eyelid margins and
eyelashes is considered standard care. Currently, preoperative use of topical antibi-
otics and intracameral cefuroxime (1 mg/0.1 ml) injection at the end of surgery is
common in practice [20]. Immediate closure of postoperative surgical wound leak, if
noticed, is recommended.

Differential diagnosis: Post-cataract endophthalmitis must be differentiated from
toxic anterior segment syndrome [TASS], keratitis, postoperative uveitis (e.g., related
to retained lens material), and vitreous hemorrhage.

Management: When any suspicious postoperative endophthalmitis makes a
prompt arrangement to collect specimen from aqueous with 30-G tuberculin syringe
(0.1-0.2 ml) and vitreous with 23-25-G syringe (0.2-0.4 ml) to detect the causative
organisms. Prepare smear for staining of Gram, Giemsa, potassium hydroxide
[KOH], and culture - blood and chocolate agar, Sabouraud. Modern technology of
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DNA sequencing and polymerase chain reaction (PCR) testing of vitreous biopsy is
rapid and highly specific and sensitive in microbe detection but still uncommon in
practice [21, 22]. Ultrasound B-scan is routinely performed to assess the severity of
vitreous activity and to exclude retinal detachment.

Treatment: The intravitreal antibiotics are mainstay of treatment if visual acuity is
better than light perception. Intravitreal administration of antibiotics maintains the
adequate minimum inhibitory concentration (MIC) for sufficient time. The initial
empirical and standard therapy is intravitreal vancomycin (1 mg/0.1 ml) for Gram-
positive and ceftazidime (2.25 mg/0.1 ml) for Gram-negative bacterial coverage [23].
Ceftazidime has much better safety profile than amikacin (0.4 mg/0.1 ml), which can
be used if patient is allergic to cephalosporin.

Dexamethasone (0.4 mg/0.1 ml) to halt the inflammation is an option (provided
no fungal infection), however, its use is controversial because of no impact on final
visual outcome. Adjuvant-fortified topical vancomycin and ceftazidime are used to
address contaminated surgical wound and anterior segment involvement. Atropine
1% eye drops as cycloplegic agent is used to relieve ciliary spasm and eye pain.
Systemic antibiotics are often administered.

If fungal infection is suspected or detected, intravitreal amphotericin B
(5 mcg/0.1 ml) or voriconazole (100 mcg/0.1 ml) are considered. Practicing oph-
thalmologists are still following Endophthalmitis Vitrectomy Study (EVS) guidelines
which state that pars plana vitrectomy (PPV) with intravitreal vancomycin and
ceftazidime is recommended if visual acuity is only light perception [24]. However,
the current practice has shifted from the EVS recommendations and recommends
early PPV in hand motion or better [25, 26]. Moreover, PPV is preferred if the condi-
tion clinically worsens within 48 hours of intravitreal antibiotics rather repeat IVT
injection and rarely for globe salvage in no light perception [27].

Outcomes: Overall, outcome of endophthalmitis is poor. However, outcome
depends on onset, microbial virulence, and duration of the infection. Poor vision
at presentation, fulminant onset, hypopyon >1.5 mm, invisible fundus and retinal
detachment often have poor prognosis.

EVS describes if visual acuity is light perception at presentation (33% achieve
20/40, 56% gain 20/100 or better, and 5/200 or worse in 20% of patients [24]. Gram-
negative organism-P. aeruginosa, Klebsiella, and infection with Bacillus species (e.g.,
cereus) have aggressive course and end up with severe visual loss [28].

Delayed postoperative endophthalmitis: Delayed postoperative endophthalmitis
develops after 6 weeks to years of cataract surgery, and often masquerades as autoim-
mune uveitis. Delayed endophthalmitis has indolent course, caused by low-virulent
pathogen—Propionibacterium acnes or S. epidermidis, sometimes Aspergillus or
Candida fungi [29].

Clinical features: Painless progressive decreased visual acuity, low-grade chronic
granulomatous uveitis associated with large keratic precipitates, +/— hypopyon,
plaque-like material on the posterior capsule, and vitritis.

Treatment: Aqueous and vitreous specimen for staining and culture/sensitivity of
microbes includes anaerobes.

Injecting antibiotics into the capsular bag or vitreous cavity usually does not elimi-
nate the infection. Pars plana vitrectomy with complete or partial removal of capsular
beg and exchange of the intraocular lens followed by intravitreal vancomycin plus
ceftazidime. It is advisable to send the explanted lens and capsular beg for cultures.

Toxic anterior segment syndrome (TASS): TASS is an acute postoperative anterior
chamber sterile inflammatory reaction. Noninfectious material, such as contaminants
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from surgical equipment, viscoelastic, intraocular lens implant, or solution toxins,
enters the anterior segment and develops toxic reaction to the intraocular structure
within 12-24 hours after uneventful cataract surgery.

Clinical features: Decreased visual acuity, mild or no eye pain, limbus to limbus
corneal edema, moderate-severe anterior chamber reaction with cells, flares, sterile
hypopyon and fibrin, and pupil may be dilated and sluggish to nonreactive and +/—
high intraocular pressure.

Treatment: It responds very well to intensive topical steroid ql hourly (e.g.,
prednisolone 1%), and cycloplegic (e.g., cyclopentolate 1%) with IOP monitoring.

5. Pseudophakic rhegmatogenous retinal detachment

Cataract surgery is one of the most commonly performed intraocular surgery with
this there is increased interest in the potential postoperative pseudophakic rheg-
matogenous retinal detachment (PRD) (Figure 4).

PRD is an uncommon complication after cataract surgery; the reported incidence
varies widely within a range of 0.16 to 3.55% and an average of 0.7% [30-32], which
is higher than in the general population (incidence of 0.0063-0.0179%) [33, 34].
Most of the reported PRD occurs within 1-2 years of the cataract removal. In a large
cohort Korean study, it was found that 80% of PRD occurred within 1 year after
cataract surgery [35] and another study from Moorfield’s Eye Hospital found that
75% of PRD occurred within the first 2 postoperative years [36]. However, others
found that the mean time between cataract surgery to PRD diagnosis was 40 months
and even after 4 years [37].

Risk factors: Myopia is a well-known risk factor for PRD with 4.2- to 6.1-fold
increased risk of PRD in high myopia and 1.6 to 3.2 in moderate myopia [31, 38-40].
Therefore, peripheral retinal degeneration changes predisposing to retinal detach-
ment are commonly found in myopic eyes to be thoroughly evaluated and treated

Figure 4.
Right eye fundus photo of a 27-year-old male status post ICL implantation for high myopia (AL 31.06) showing
myopic fundus, macula-off retinal detachment with HST at 9 o’clock position (courtesy of Dr. M. Al-Abri).
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prophylactically at least 2 weeks prior to performing cataract surgery. It has been sug-
gested that younger age had a linear relationship with risk of PRD [40]. In a Korean
population-based study, the estimated 5-year risk of RD was inversely correlated with
the mean age of the patients (4.26, 2.38, 0.94, and 0.43% for patients of age groups
40-54, 55-64, 65-74, and > 75, respectively; p < 0.0001) [35].

The increased risk of PRD in young population could be attributed to various
etiologies; cataract surgery itself may induce posterior vitreous detachment (PVD),
which may lead to retinal breaks, leading to RD [41, 42]. Another explanation is
that the underlying causes for cataract formation in younger age group might act
as predisposing factors for PRD. For example, the effect of unreported and under-
detected eye trauma or myopia may be misinterpreted as the effect of younger age.
In recent years, relatively early cataract surgery with multifocal IOL implantation
is being performed as a treatment for presbyopia or clear lens exchange in even
younger age groups for refractive errors. Considering the higher incidence of RD
after lens extraction surgery in younger population, it is important to determine if
cataract surgery is medically indicated and to have thorough discussion with patient
about the risk of retinal detachment. Previous studies have reported male gender
is a risk factor for the development of PRD. The cumulative 6-year RD rates were
1.90% in the male and 0.56% in the female subgroups of the prospective cohort
study done in Taiwan [43]. This could be due to the possibility that men may have
more history of under-reported trauma. The integrity of the posterior capsule is an
important determinant of the onset of PVD and, hence, the risk of RD. The anterior
movement of the vitreous, persistent anterior traction on the vitreous base due to
vitreous adherence to the wound, IOL, and anterior segment structures may result
in an increased risk of traction-induced peripheral retinal tears [35]. According
to many studies, posterior capsular rupture (PCR) is a major risk factor for PRD
[31, 38, 44]. It increases the risk of RD by 10-fold in one study [45] and in another
report, an association was confirmed between PCR and RD occurrence with an
odds ratio of 19.9 (95% CI 10.8-36.7) [40].

6. Cystoid macular edema

Cystoid macular edema (CME) following cataract surgery, also known as Irvine-
Gass syndrome, is a common cause of visual impairment following cataract surgery,
with or without intraocular lens implant. It was first reported in 1953, by A. Ray
Irvine J, and then enlightened with use of fluorescence angiography by ] Donald M.
Gass, in 1969 [46].

Pathogenesis: There are numerous factors involved in the pathophysiology of CME.
These factors include inflammation, vitreous traction, vascular instability, and light
toxicity. Of all these factors, inflammation appears to be the core. Surgical manipula-
tion triggers intracellular inflammation and releases inflammatory mediators such as
prostaglandins; cytokines diffuse posteriorly into the vitreous causes breaking down
the blood-aqueous and blood-retinal barriers, which leads to increased vascular per-
meability, accumulation of transudates in outer plexiform layer, inner nuclear layer of
the retina, and microcysts coalesce to form a larger intraretinal cyst [47].

Incidence: Although CME following cataract surgery is documented to be the cause
of decreased vision following surgery, the incidence of CME remains variable [48]. It
is highly dependent on diagnostic criteria; earlier studies are either based on clini-
cal findings with visual impairment or based on fluorescein angiography. However,
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recent research is more dependent on optical coherence tomography (OCT). Based
on OCT findings, CME occurs in up to 50% of patients at 4-8 weeks postoperatively
and is found in less than 3% of patients based on clinical findings along with visual
impairment [48, 49].

Diagnosis: OCT is superior in looking at the retinal morphology and macular
thickness. The test is noninvasive and can be repeated at any time, which is helpful
in monitoring patients’ response to treatment [50-52]. Fluorescein angiography (FA)
is semi-invasive procedure, helpful to roll out other associated causes of CME for
example diabetic retinopathy (DR) and retinal vein occlusion. Findings of FA include
perifoveal capillary leakage giving the classic “petaloid” appearance and/or capil-
lary dropout. Optical coherence tomography angiography (OCTA) is a noninvasive
imaging modality that helps to visualize retinal vasculature and evaluation in retina
perfusion [53] (Figure5).

Risk factors: The predisposing risk factors include intraoperative complications
(e.g., posterior capsule rupture, vitreous loss, iris trauma, and vitreous traction at
the wound), previous surgical procedures (e.g., PPV and penetrating keratoplasty),
preexisting ocular conditions (e.g., epiretinal membrane, retinal vein occlusion,

ey
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Figures.
Macula OCTA showing profound macular capillary dropout in both the superficial (a,b) and deep (c,d) retinal
capillary plexus in both eyes (courtesy of Dv. M. Al-Abri).
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Fig. 6a

Figure 6.

OCT of the left eye with CME 4-week post-cataract surgery [BCVA 0.3] (a) and follow-up OCTs showing
improvement of CME after treatment with topical nepafenac 0.1% TID for 3 and 6 months [BCVA o0.5] (c,d)
(courtesy of Dr. M. Al-Abri).

uveitis, ocular hypertension and use of prostaglandin, and dry ARM), and systemic
comorbidities (e.g., diabetic mellitus, hypertension, and hyperlipidemia) [54-57].

Management: CME following cataract surgery is self-limiting, where spontaneous
resolution occurs within 3-6 months. Therefore, three-month observation period is
recommended [56].

Although there is no high level of evidence-based guidelines for the treatment of
CME following cataract surgery, most surgeons prefer to start with prophylactic topi-
cal non-steroidal antiinflammatory drugs (NSAIDs) combined with corticosteroid
drops for high-risk patients [57].

NSAIDs are usually administered topically for 3-4 months and on a needed basis
[58]. Previous studies concluded that a combination therapy of topical NSAIDs with
corticosteroid drops is more effective than monotherapy post-operative period [59]
(Figure 6).

Unlike NSAIDs, corticosteroids act on both cyclooxygenase and lipooxygenase
pathways; hence, it is presumed to be superior to NSAIDs in controlling postoperative
inflammation. Corticosteroids can be used in different ways: topical, periocular, or
intravitreal. Intravitreal triamcinolone and dexamethasone implant (OZURDEX®;
Abbvie) have been reported to be effective in the treatment of CME [60].

Antivascular endothelial growth factor (Anti-VEGF) plays a major role in inhibi-
tion of angiogenesis, inflammation, and capillary permeability. It is used as the first
line in treating CME secondary to various vascular pathologies (e.g., diabetic macular
edema, retinal vein occlusion, and choroidal neovascular membranes) that are
well-established. However, its role in the treatment of CME following cataract surgery
remains unclear [56].

7. Progression of diabetic retinopathy after cataract surgery

Diabetes mellitus (DM) is a known risk factor for developing early cataract,
including younger age groups. Factors that may influence the progression of diabetic
retinopathy (DR) and development of diabetic macular edema (DME) after cataract
surgery include the following: the type and duration of diabetes, high level of glycated
hemoglobin (HbA1c), the stage of retinopathy, pre-existing DME, and associated
systemic diseases (e.g., hypertension and hyperlipidemia) [61].

The association between cataract surgery and progression of diabetic retinopa-
thy has been highlighted by many authors [57, 62]. Some authors have reported an
increase in the risk of progression after cataract surgery, whereas others concluded no
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significant difference and the progression of diabetic retinopathy (DR) is part of the
natural course of the disease [63-65].

Evaluation and management: Surgery is the ultimate treatment for cataract.
Planning early cataract surgery before progression of cataract further may limit
retina visualization and optimization of the DR and/or DME treatment is important
for continuity of care and better postoperative results. The advances in surgical
techniques and pre- and postoperative diagnostic and pharmacological management
of DR and/or DME have made cataract surgery safer and resulted in better outcomes,
particularly for people with diabetes [66].

Prior to cataract surgery, patients with or without DR must undergo thorough
eye evaluation, including dilated fundus examination to identify the level of DR and
roll-out presence of DME.

Thereafter to address the need for any treatment of DR and/or DME prior to
cataract surgery. Optimal management of DR and/or DME prior to cataract surgery
contributes to better visual outcome and may reduce the progression of DR and/or
DME after cataract surgery [65] (Figure7).

It has been agreed upon that pre-excising DME should be optimally treated prior
cataract surgery and careful monitoring postoperatively is reccommended. The treat-
ment options for pre-existing DME include the following: intravitreal anti-VEGF,
intravitreal steroids injection or dexamethasone implants, and macular laser in par-
ticular for non-centrally involved DME. Each of those options have variable benefits
and potential risks, and, therefore, the optimal choice for such treatment options is to
be individualized and tailored based on the characteristics of the condition [67].

Patients with pre-existing active proliferative diabetic retinopathy (PDR) are more
likely to progress further and might be complicated by vitreous hemorrhage and/or
diabetic tractional retinal detachment. Therefore, panretinal photocoagulation (PRP)
should be considered preoperatively [68]. Moreover, the use of anti-VEGF for PDR is
emerging. In a recent systemic review with network meta-analysis (MMA) of ran-
domized clinical trials (RCTs) comparing PRP versus anti-VEGF treatment alone or in

Figure7.
Fundus photos and macula OCT showing PDR (a, b) and center-involved diabetic macular edema (c,d) in both
eyes (courtesy of Dv. M. Al-Abri).
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combination with PRP for PDR, it has been concluded that there is limited evidence
of comparable efficacy in terms of neovascularization regression between PRP for
PDR and anti-VEGF therapy alone or in combination with PRP for PDR. However,
better visual outcomes were associated with anti-VEGF use [69].

8. Conclusion

In this chapter, we have discussed the most important aspects of posterior segment
complications and challenges that might be encountered in the setting of cataract
surgery. Though modern cataract surgery has become reasonably safe and successful
as a result of the advancement in ophthalmic technology, surgical skills, and training,
yet such complications might occur and, therefore, the primary surgeons and patients
should be fully aware of such potential challenges and to adopt safe and evidence-
based approach to overcome such challenges, which ultimately will improve the
outcomes.
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