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Abstract: Cataract, a degradation of the optical quality of the crystalline lens, progressive 

and age-related, is the leading cause of treatable blindness worldwide. Cataract surgery is the 

most common surgical procedure performed by ophthalmologists and is the only effective 

treatment for cataracts. Advances in the surgical techniques and better postoperative visual 

outcomes have progressively changed the primary concern of cataract surgery to become 

a procedure refined to yield the best possible refractive results. Sufficient mydriasis during 

cataract removal is critical to a successful surgical outcome. Poor pupil dilation can lead to 

serious sight-threatening complications that significantly increase the cost of surgery and 

decrease patients comfort. Mydriasis is obtained using anticholinergic and sympathomimetic 

drugs. Phenylephrine, an α1-adrenergic receptor agonist, can efficiently dilate the pupil when 

administered by intracameral injection. Additionally, nonsteroidal anti-inflammatory drugs 

(NSAIDs) like ketorolac, which inhibit the synthesis of prostaglandins, are used to decrease 

intraoperative miosis, control pain and inflammation associated with cataract surgery, and to 

prevent the development of cystoid macular edema following surgery. Recently, a new com-

bination of phenylephrine and ketorolac (Omidria®) has been approved by United States Food 

and Drug Administration for use during cataract surgery to maintain intraoperative mydriasis, 

prevent miosis, and reduce postoperative pain and inflammation. Clinical trials have shown that 

this new combination is effective, combining the positive effects of both drugs with a good 

safety profile and patient tolerability. Moreover, recent reports suggest that this combination 

is also effective in patients with high risk of poor pupil dilation. In conclusion, cataract is a 

global problem that significantly affects patients’ quality of life. However, they can be man-

aged with a safe and minimally invasive surgery. Advances in surgical techniques and newer 

pharmacological agents such as the combination of phenylephrine and ketorolac, together with 

better intraocular lenses, have greatly improved visual outcomes and thus patients’ expectations 

regarding visual recovery are also increasing.
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Introduction – management of cataract surgery 
and patient considerations
A cataract is a degradation of the optical quality of the crystalline lens. It is usually 

a progressive, chronic, age-related disease affecting a large number of people above 

the age of 50 and is characterized by clouding of the lens of the eye, which prevents 

the light from reaching the retina, thus impeding clear vision.1,2 Although most cases 

are related to the aging process, occasionally children can be born with this condition, 

or a cataract may develop after eye injuries, inflammation, and some other ocular 
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diseases.1,3 Cataracts are the leading cause of treatable 

blindness worldwide, accounting for more than 40% of 

cases.4 In addition, 75% of people with cataracts live in devel-

oping countries where blindness is associated with consider-

able disability and major economic and social consequences.5 

Cataract surgery is the most common procedure performed 

by ophthalmic surgeons6 and is the only effective treat-

ment for cataracts. According to the UK National Health 

Service, ~330,000 cataract surgeries are performed every 

year in England.6 Similarly, in the US, at least 1.8 million 

cataract surgeries are performed on Medicare patients every 

year.7 Therefore, it is important to evaluate the safety and  

effectiveness and ultimately the cost/effectiveness of cataract 

removal procedures.4

Surgical outcome criteria can vary depending on the 

patient’s needs, lifestyle, and associated medical condi-

tions. In general, these criteria include the reduction of 

visual symptoms, improvement of visual function, achieve-

ment of the desired refractive outcome, and improvement 

of physical function, mental health, and quality of life.5,6,8 

However, recent advances in surgical techniques in addi-

tion to the improvement of postoperative visual outcomes 

have progressively changed the primary concern of cataract 

surgery from the safe removal of the opaque crystalline lens 

to a procedure refined to yield the best possible refractive 

result.9 Emmetropia can be achieved for patients with myopic 

or hyperopic refractive errors and astigmatism by selecting 

the appropriate intraocular lens (IOL).10,11 Thus, refractive 

lens exchange (RLE) has become a growing modality in 

refractive surgery,12 especially with recent IOL technology 

aiming to provide distance, intermediate, and near-spectacle 

independence.13–15 Therefore, an uneventful cataract surgery 

requires an optimal level of intraoperative mydriasis through-

out the procedure,16 in order to achieve a good visualization 

of the surgical field and to prevent possible complications 

with undesired postoperative symptoms.9

Pre-, peri-, and postoperative 
considerations, optimization of 
procedure, and minimization of 
postoperative complications
Modern cataract surgery requires a stable and adequate 

mydriasis lasting throughout the procedure in order to effec-

tively perform all the steps of the surgery. The surgeon should 

assess the quality of dilation during the presurgical exami-

nation, and a careful medical history is important to reduce 

the likelihood of unexpected intraoperative miosis.17 Proper 

mydriasis during cataract removal and IOL placement is 

critical to achieve a successful surgical outcome by providing 

a complete visualization of the surgical field, a good red 

reflex, and adequate room for intraocular manipulation of 

surgical instruments.17 Poor pupil dilation can lead to serious 

sight-threatening complications such as anterior or posterior 

capsule tears, vitreous loss and iris trauma during surgery, 

and the development of cystoid macular edema (CME) or 

retinal detachment during the postoperative period.18

Disruption of the capsule barrier between the anterior 

chamber and the vitreous is a major complication of cata-

ract surgery that might compromise the visual prognosis.19 

This complication is estimated to occur in 1.9%–5.2% of 

phacoemulsification procedures.19,20 Capsule complications 

result in a substantial increase in additional care including 

more visits after the surgery, higher need for in-patient 

care, and a greater percentage of a second surgery.19 It is 

estimated that this complication can double the cost of an 

uneventful cataract removal procedure.19 Similarly, CME 

following cataract surgery, which remains the most frequent 

postoperative complication resulting in impaired vision,7,17 

can increase the cost of cataract surgery by 40%–50%.7 The 

incidence of CME after cataract surgery varies between 0.2% 

and 20% depending on whether the diagnosis was confirmed 

by clinical examination alone or with optical coherence 

tomography or fluorescein angiography.7,21

Since not all cataract procedures have the same degree 

of complexity, a complete presurgical evaluation might 

benefit from scoring systems, like the one developed by 

Muhtaseb et al22 that allows the surgeon to categorize patients 

according to their risk of intraoperative complications, or the 

regression model proposed by Moreno-Montañés et al23 aimed 

to identify high-risk patients, thus allowing the cataract surgeon 

to anticipate potential difficulties in challenging cases.

Pupil dilation and phenylephrine
It is important to know the structure and physiology of the 

iris to understand how it accommodates changes in pupil 

diameter. The posterior iris leaf contains the dilator and the 

sphincter muscles, separated by a dense band of connective 

tissue called iris stroma.24 The dilator muscle is innervated 

by the sympathetic nervous system.25 Therefore, stimula-

tion of the sympathetic fibers leads to a pupil dilation.26 The 

sphincter muscle, located just inside the pupillary border, 

is made up of ~20 motor segments connected together but 

innervated individually by postganglionic branches of the 

ciliary nerve.25 Contraction of the sphincter causes the pupil 

to constrict causing miosis. This muscle is innervated by 

the parasympathetic system.25 Therefore, blocking of the 
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parasympathetic pathway with muscarinic antagonists leads 

to mydriasis.26 As the iris sphincter is stronger than the dilator 

muscle, its action will determine the pupil size under a bright 

microscope light.27

Mydriasis for cataract surgery is obtained using medi-

cations that elicit anticholinergic and sympathomimetic 

effects. Phenylephrine and tropicamide are most commonly 

used, either alone or in combination.16,28 Phenylephrine, an 

α1-adrenergic receptor agonist, acts as a mydriatic agent 

when administered to the eye by contracting the dilator 

muscle of the iris with 5–7 hours of dilation.29 It can be 

used at different concentrations (2.5%, 5%, and 10%) and 

it effectively dilates the pupil when administered by intra-

cameral injection.26,27,30,31 Moreover, lower concentrations 

have been shown to be effective in maintaining mydriasis 

during cataract surgery, with a lower risk of systemic side 

effects.16 Intracameral mydriatic agents were introduced in 

2003 and have been shown to provide sufficient pupil dilation 

without causing measurable ocular side effects or negatively 

influencing the surgical procedure.16

Nonsteroidal anti-inflammatory 
drugs in cataract surgery
NSAIDs prevent the synthesis of prostaglandins by inhibiting 

cyclooxygenase enzymes 1 and 2. Five ophthalmic NSAIDs 

are currently available for use in the US: flurbiprofen, 

ketorolac, diclofenac, bromfenac, and nepafenac.32 These 

drugs have been approved for the management of pain and 

inflammation associated with cataract surgery and corneal 

refractive surgery, inhibition of intraoperative miosis, and 

seasonal allergic conjunctivitis. However, their use has 

expanded beyond these indications, particularly for the pre-

vention of CME following cataract surgery.7,32

Although these five drugs share the same mechanism of 

action, none of the medications are approved by the US Food 

and Drug Administration (US FDA) for all the aforementioned 

indications, but their efficacy within and outside their US FDA–

approved uses has been demonstrated in several studies.32

Surgically induced miosis
Prostaglandins are synthesized in the iris and ciliary body 

in response to trauma during anterior segment surgery.16,33 

Stimulation of prostaglandin synthesis can lead to pupillary 

constriction, a phenomenon called surgically induced 

miosis.16,34,35 This decrease in pupil diameter can make cata-

ract removal more difficult and increase the risk of surgical 

trauma, postoperative ocular inflammation, and posterior 

capsule rupture.18,35

Although flurbiprofen sodium 0.03% is the only 

ophthalmic NSAID approved by the US FDA for the inhibi-

tion of intraoperative miosis, several studies have compared 

flurbiprofen with other NSAIDs, including ketorolac, in 

regard to this indication.32,33,35,36

Ophthalmic ketorolac tromethamine was originally in 

introduced in 1992 for temporary relief of ocular itching 

caused by seasonal allergic conjunctivitis and for the treat-

ment of postoperative inflammation in patients who have 

undergone cataract extraction.32,37 It has been demonstrated 

that both ketorolac 0.5% and ketorolac 0.4% are able to 

inhibit miosis when used preoperatively.32 When compared 

with flurbiprofen 0.03%, studies have not found significant 

differences in intraoperative pupil diameter between the two 

drugs.32 On the contrary, when compared with diclofenac 

0.1%, ketorolac 0.5% was found to be more effective in 

maintaining mydriasis when three preoperative doses were 

used.33 Moreover, it has been previously theorized that 

intraocular mydriatics such as epinephrine in combination 

with topical prostaglandin inhibitors such as ketorolac may 

have an additional, if not a synergistic, effect on miosis 

inhibition during routine cataract surgery.33

Pain and inflammation
With the use of modern techniques, cataract surgery no 

longer requires complete ocular akinesia, thus promoting 

the use of less-invasive anesthetic modalities.38 Topical 

and intracameral anesthesia are associated with lower rates 

of serious complications such as retrobulbar hemorrhage, 

globe perforation, and traumatic injury to the optic nerve 

when compared to retrobulbar and peribulbar methods.17,39 

However, patients under topical anesthesia may experience 

greater anxiety and ocular discomfort during the surgical 

procedure. Consequently, perioperative pain management 

becomes important to improve the patient’s intraoperative 

cooperation.40 Moreover, pain during the first hours after 

cataract surgery is relatively common. A prospective study 

conducted in Finland reported that up to 34% of patients 

experienced ocular pain during the early postoperative 

period.41 For this reason, diclofenac 0.1%, ketorolac 0.5%, 

ketorolac 0.4%, bromfenac 0.07%, bromfenac 0.09%, 

nepafenac 0.1%, and nepafenac 0.3% are all approved by 

FDA for the treatment of postoperative pain and inflamma-

tion associated with cataract surgery.32

It has been emphasized again that ketorolac in different 

concentrations has demonstrated to efficiently reduce pain 

and most symptoms of inflammation in patients with moder-

ate to severe inflammatory responses after surgery, showing 
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better results when started preoperatively.32 Some studies 

have compared ketorolac to other NSAIDs, although there 

are no significant differences in the efficacy of ketorolac 0.5% 

and diclofenac 0.1%. A study that compared ketorolac 0.4% 

qid with nepafenac 0.1% tid found that ketorolac achieved 

better pain control along with higher rates of patient satisfac-

tion and compliance.32,42

Conventional topical NSAIDs are increasingly employed 

in ophthalmology for the prevention and treatment of CME 

associated with cataract surgery. When compared to placebo 

or topical corticoid formulations with poor corneal penetra-

tion, NSAIDs have demonstrated to be more effective in 

reducing the incidence of CME and hasten visual recovery in 

the short term (,3 months). Several studies have shown that 

ketorolac is effective in the treatment and prevention of CME, 

when used alone or in combination with corticosteroids.43,44 

In a randomized, prospective study, ketorolac and diclofenac 

were found to be equally effective in reducing the severity 

and duration of CME after uncomplicated cataract surgery.45 

Although rare, decreased vision associated with postsurgical 

CME might affect patients several months or even years 

after cataract surgery. Weisz et al46 recently reported that 

ketorolac is effective in the treatment of these uncommon 

cases of chronically developed CME.46

Pharmacology and clinical efficacy 
of the phenylephrine/ketorolac 
combination
Omidria® (Omeros Corporation, Seattle, WA, USA), is a 

bisulfite-free and preservative-free combination of ketorolac 

0.3% and phenylephrine 1% targeted for use during cataract 

surgery and RLE.47 This product was approved by the FDA 

in May 2014 and is the only FDA-approved product for 

intraocular use during cataract surgery to maintain intraopera-

tive mydriasis and reduce postoperative pain and inflamma-

tion resulting from surgery.26,47,48 This combination is added 

to the standard balanced saline irrigation solution bottle for 

intracameral irrigation in the anterior chamber during ocular 

surgery.26,47,48 Thus, pupil dilation can be safely achieved 

without further pharmacological measures or the use of pupil 

expansion devices that may add complexity to the procedure 

and increase surgical time.47

A multicenter, randomized, parallel-group, double-

masked, placebo-control Phase III study was conducted in 

the US and the Netherlands to evaluate the effectiveness of 

the phenylephrine/ketorolac combination on intraoperative 

pupil diameter and early postoperative ocular pain. The pri-

mary endpoints of the study were observed to be changes in 

pupil diameter from surgical baseline to the end of surgical 

procedure and postoperative ocular pain (using a visual 

analog scale).47 A total of 406 patients were included in the 

study and the phenylephrine/ketorolac combination was 

significantly found to be superior to placebo in maintaining 

intraoperative mydriasis and reducing postoperative pain. 

In the treatment group, 95.9% of the patients had a pupil 

diameter .6 mm at the completion of cortical clean-up, 

whereas this percentage was only 77.0% in the placebo group. 

In addition, treatment was associated with .50% reduction 

of acute postoperative pain.47

These results have been confirmed by two pivotal 

Phase III randomized trials that included 808 patients.48 

In these studies, the proportion of patients with a pupil 

diameter of ,6.0 mm at any time during surgery and intra-

operative pupillary constriction $2.5 mm were significantly 

lower among treated patients (P,0.0001 for each endpoint).48 

Moreover, the mean area under the curve of ocular pain visual 

scores within 12 hours of surgery was significantly lower in 

patients treated with phenylephrine/ketorolac combination 

(4.16 mm vs 9.06 mm in the placebo group, P,0.001).48

Similarly, Rosenberg et al49 recently reported that the 

phenylephrine and ketorolac combination was associated 

with a statistically significant reduction in surgical time, 

intraoperative complications, and use of pupil dilating 

devices as well as a significant improvement of best corrected 

visual acuity on postoperative day 1. Another recent study 

included 46 patients with poorly dilated pupils and floppy 

iris syndrome and the results showed that intracameral phe-

nylephrine/ketorolac maintained intraoperative pupil dilation 

without the need to insert an iris fixation ring in any patient.50 

Although the sample size is small, the difference between 

the phenylephrine/ketorolac and intracameral epinephrine 

groups was statistically significant.50 Regarding ocular dis-

comfort, Fry51 reported recently that although the use of the 

phenylephrine/ketorolac combination resulted in larger pupil 

diameters throughout the surgery, there were no differences in 

the comfort level, either at surgery or during the first 24 hours 

between treated and untreated patients. However, discomfort 

levels in both groups were very low and probably not high 

enough to show an effect from treatment.51

Safety and tolerability
The effects of topical phenylephrine have been thoroughly 

studied, and it has been demonstrated that although higher 

concentrations of this drug increase the effectiveness of pupil 

dilation, they might be associated with cardiovascular side 

effects in high-risk populations.16,26 However, the systemic 
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absorption rate of intracamerally administered substances is 

believed to be limited by the aqueous humor turnover rate 

and, therefore, the risk of systemic side effects may generally 

be lower when compared to topical administration.52 Addi-

tionally, intracameral injection of substances with potential 

cardiovascular side effects has been shown to cause little or 

no cardiovascular side effects.52,53

Experiments in vitro have demonstrated that exposure to 

phenylephrine does not change the morphology and mean 

cellular density of corneal endothelial cells.54 A study per-

formed in rabbits found that the injection of intracameral 

phenylephrine did not produce a loss of corneal endothelial 

cells and did not affect intraocular pressure or central cor-

neal thickness.55 Furthermore, intracameral administration 

of phenylephrine does not seem to modify the reduction rate 

of corneal endothelial cell density at short or long term after 

cataract surgery.52

With regards to topical NSAIDs, they have been demon-

strated to effectively maintain intraoperative mydriasis and 

possess a more favorable risk–benefit profile than other drugs 

like epinephrine or corticosteroids.7,35,37 A study performed 

on male New Zealand rabbits examined the concentrations 

of ketorolac in the ipsilateral vitreous and retina, as well as 

plasma concentrations after intracameral injection of the 

drug. Investigators found that the concentration of ketorolac 

in the plasma was highest 0.5 hours after intracameral injec-

tion, but the drug in the plasma was undetectable even after 

4 hours.37 The authors also found that plasma concentrations 

of ketorolac were extremely low after intravitreal and supra-

choroidal administrations, suggesting that systemic adverse 

effects from the drug would be minimal.37

Safety data from the phenylephrine/ketorolac combina-

tion have been collected until postoperative day 90 in pub-

lished clinical trials16,47,48 and have been constantly reported 

to be safe and well tolerated by patients.47

Treatment-emergent adverse effects reported in these 

trials included eye pain, blurred vision headache, ocular dis-

comfort, and photophobia, and these were lower in patients 

treated with the combination than those in the placebo 

group.48 Other reported events that were equally prevalent 

in the treatment and placebo groups were posterior capsule 

opacification, corneal edema, eye inflammation, conjunctival 

hyperemia, and foreign body sensation. Only an increase in 

the intraocular pressure was reported to occur in a slightly 

greater proportion in patients in the treatment group;48 how-

ever, it was not statistically significant and the majority of 

the cases resolved within a few days and the event was not 

considered to be caused by treatment.26

Patient-focused perspectives 
such as quality of life and patient 
satisfaction/acceptability
As we discussed previously, cataract is the leading cause 

of treatable blindness worldwide and is associated with 

considerable disability and major economic and social 

consequences.5 Global population growth and increasing 

longevity are expected to double the number of people with 

visual loss from cataracts by the year 2020.56 Restoration of 

vision, through phacoemulsification cataract surgery, has 

been demonstrated to enhance quality of life as well as to 

improve household economic status.57 After surgery, people 

are more likely to undertake and spend more time on produc-

tive activities and less likely to report receiving assistance 

with daily life activities.57

Large studies have demonstrated that over the past 

decades, there has been an important change in practice to 

operating on eyes with less visual impairment.6 This might 

be explained by the improvement of surgical techniques and 

outcomes, patients’ visual expectations, and a need for higher 

visual function to maintain independence.6 However, cataract 

surgery does not always result in an improvement in visual 

acuity or patient satisfaction, especially in patients with good 

preoperative visual acuity.6 A good preoperative self-assessed 

visual function has been demonstrated to be associated with 

poor patient-reported outcome measurements.58 This might 

be a problem of more developed countries where healthy 

people with minimum disability are offered the possibility 

of surgery58 together with the increasing demand of RLE.9,58 

Clarifying the indications for cataract surgery and provid-

ing patients with thorough information before and after 

surgery can significantly improve the quality of care for 

these patients.58

Other important factors that negatively affect visual 

acuity and patients’ reported surgical outcomes include the 

presence of ocular co-morbidities and complications during 

surgery.6,58,59 As we have mentioned earlier, posterior capsule 

rupture significantly increases the cost of surgery and is 

also associated with a higher risk of retinal detachment and 

endophthalmitis.6,20 Identifying risk factors preoperatively 

may minimize the risk of capsule complications.58 This and 

other serious complications are associated with poor pupil 

dilation18 and measures should be taken to address this 

problem efficiently in order to prevent adverse events.

Although modern cataract surgery is considered to be a 

minor procedure with an uneventful and pain-free recovery 

period, moderate or severe postoperative pain has been 

reported to be relatively common after cataract surgery.41 
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Moreover, pain control intraoperatively increases patient 

cooperation, which is very important as topical anesthesia is 

currently preferred over more invasive methods.40

Conclusion
Cataracts are a global problem that cause important limitations 

to the patient’s activities and quality of life. However, they 

can be treated with a safe and minimally invasive surgery. 

Improvements in surgical techniques and IOLs have greatly 

improved visual outcomes and thus patients’ expectations 

regarding visual recovery are also increasing. As in every 

medical procedure, prevention is the best way to approach 

complications that can jeopardize refractive outcome or 

significantly increase the cost of the surgery. An adequate 

mydriasis is essential to safely perform cataract surgery.

There are many ways to achieve pupil dilation. Among 

the pharmacological tools, phenylephrine and ketorolac have 

demonstrated their efficacy in achieving and maintaining 

pupil dilation, as well as to control pain and inflammation in 

the postoperative period. The combination of phenylephrine 

and ketorolac has been shown to be a good pharmacologi-

cal tool that combines the positive effects of both drugs to 

maintain intraoperative mydriasis, prevent surgery-induced 

miosis, and reduce postoperative pain and inflammation 

after cataract surgery. Furthermore, clinical trials report a 

good safety profile and patient tolerability. Moreover, recent 

evidence suggests that this combination might also be effec-

tive in patients with poor pupil dilation with the advantage 

that mydriasis can be achieved with no modifications to the 

surgical procedure.
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