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REVIEW/UPDATE

Medical and surgical management of the
small pupil during cataract surgery

Saba Al-Hashimi, MD, Kendall Donaldson, MD, MS, Richard Davidson, MD, Deepinder Dhaliwal, MD,
Mitchell Jackson, MD, Jeremy Z. Kieval, MD, Larry Patterson, MD, Karl Stonecipher, MD, David R. Hamilton, MD,

for the ASCRS Refractive Cataract Surgery Subcommittee

As cataract surgery continues to evolve, the intraoperative small
pupil continues to pose challenges to even the most experienced
cataract surgeon. Several steps can be taken preoperatively to
decrease the chance of intraoperative miosis. Even so, the problem
of miosis during cataract surgery remains a relatively common
occurrence. This paper discusses many steps, both preoperative
and intraoperative, that can make surgery technically easier and

safer, thus maximizing the postoperative outcomes and patient
satisfaction. Complications associated with small-pupil cataract
surgery, risk factors for intraoperative miosis, the preoperative
and intraoperative management of the small pupil during cataract
surgery, and postoperative care are reviewed.
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An intraoperative small pupil can pose challenges to
even the most experienced cataract surgeon. By
limiting visualization, an inadequately dilated pu-

pil can make safe and efficient cataract surgery more diffi-
cult. With a higher chance of iris damage, the patient
might be left with increased postoperative inflammation
and iris defects that can be cosmetically unacceptable or
contribute to visual disturbances. Sufficient dilation and
maintenance throughout the case help facilitate the crea-
tion of an appropriately sized capsulorhexis, the safe
removal of lens material, and the successful insertion of
the intraocular lens (IOL) into the capsular bag. Proper
centration of IOLs and the orientation of toric IOLs are
also more easily accomplished with a well-dilated pupil.
Several steps can be taken preoperatively to decrease the

chance of intraoperative miosis during cataract surgery.
Even so, the problem of miosis during cataract surgery re-
mains a relatively common occurrence that every surgeon
will experience. This is especially true with the increasing
use of femtosecond laser–assisted cataract surgery. Several
techniques and devices have been developed to help miti-
gate this challenge. Preparation begins long before surgery
with the identification of patients at increased risk, medical
pretreatment, and proper surgical preparation. Without

recognizing these critical elements, the surgeon is more
likely to encounter challenges resulting from a small pupil
and/or floppy iris that can lead to significant complications.

COMPLICATIONS ASSOCIATED WITH SMALL-
PUPIL CATARACT SURGERY
Potential complications related to small pupils include, but
are not limited to, capsule tear with or without vitreous loss,
postoperative ocular hypertension, iris damage such as
corectopia and transillumination defects, improper IOL
placement, and retained lens fragments.1–3 Increased
inflammation caused by iris manipulation can lead to a
higher incidence of postoperative cystoid macular edema
(CME).4 When recognized preoperatively, the surgeon
should inform the patient that an increased risk for compli-
cations exists because of poor pupil dilation and/or the use
of medications that increase the likelihood of intraoperative
miosis and intraoperative floppy-iris syndrome (IFIS).
It is important to specifically mention that a loss of

pigment (especially in light-colored eyes) can result in vi-
sual disturbances postoperatively. A small pupil increases
the chance of inadvertently engaging the iris by the phaco-
emulsification tip, resulting in iris damage. In severe cases,
in particular with lighter irides, the patient might perceive
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such iris defects as cosmetically disfiguring. Transillumi-
nation defects from pigment loss can occur simply from
manipulation of the iris using iris hooks or other iris retrac-
tion devices. Mechanical manipulation of the iris to enlarge
the pupil can also result in permanent changes to the shape
or size of the pupil by damaging the iris sphincter.5 This is
more common when using iris hooks than ring manipu-
lators.6 Cosmetic iris defects can sometimes be repaired
with a variety of suturing techniques, depending on their
size and location. In addition, colored or cosmetic contact
lenses can help alleviate patients’ glare and photosensitivity
symptoms.
A smaller pupil aperture carries with it an increased risk

for anterior and posterior capsule tears and vitreous loss.
Anterior capsule tears can occur because of the difficulty
seeing the anterior capsule, even when dilating devices are
used. The same holds true for posterior capsule tears and
vitreous loss. Care should be taken during the lens fragmen-
tation steps of phacoemulsification to avoid both these
complications by adjusting parameters to allow mainte-
nance of the phaco tip as close to the center of the eye as
possible.1,2,7

The presence of a small pupil can result in retained cor-
tex or lens fragments even in an otherwise uneventful
surgery.3 Modern phacoemulsification machines and
femtosecond lasers help facilitate fragmentation of the
crystalline lens into very small pieces, in particular when
waffle-pattern fragmentation techniques are used. As a
result, these pieces can become trapped behind the iris
during routine phacoemulsification. This can lead to
excessive postoperative inflammation. If an unusual
amount of postoperative inflammation is noted, the sur-
geon should look carefully for a retained lens fragment.
If a patient presents with unexpected persistent corneal
edema, in particular involving the inferior cornea, one
should look for a retained lens fragment in the inferior
angle. Gonioscopy, ultrasound biomicroscopy, and ante-
rior segment optical coherence tomography (OCT) can
help facilitate confirmation.8

One-day postoperative intraocular pressure (IOP) spikes
are also more common in the setting of a small pupil.5 This
was shown by Bonnell et al.,3 who found that patients tak-
ing tamsulosin were 3.8 times more likely to have a 1-day
postoperative IOP of 30 mm Hg or higher. The authors
theorized that this might be related to an unstable iris dur-
ing irrigation/aspiration (I/A) leading to incomplete evacu-
ation of the ophthalmic viscosurgical device (OVD).
Cystoid macular edema can occur idiosyncratically with

uneventful phacoemulsification surgery. When IFIS is
encountered or if iris manipulation using surgical devices
is performed, increased inflammation can result, increasing
the risk for postoperative CME. The surgeon should be on
the lookout for this condition and if vision unexpectedly de-
creases, should have a low threshold for obtaining macular
OCT imaging and for increasing postoperative steroids
and/or nonsteroidal eyedrops for prophylaxis or treatment
of this vision-threatening condition.4

RISK FACTORS FOR INTRAOPERATIVE MIOSIS
Medical Conditions Causing Miosis
Pseudoexfoliation Syndrome Patients with pseudoexfoliation
syndrome (PXF) are known to have a higher risk for com-
plications during cataract surgery resulting from poor pupil
dilation and compromised zonular integrity.9 There is atro-
phy of the iris sphincter and dilator muscles in eyes with
PXF, especially at the pupil margin, as shown by peripupil-
lary transillumination defects on slitlamp examination.
This has been hypothesized to result from tissue hypoxia.10

Reduction of stromal elasticity by the accumulation of PXF
material and impairment of iris smooth muscle cell func-
tion by PXF fiber formation can also contribute to poor pu-
pillary dilation.10 Pseudoexfoliation has been recognized as
the most common identifiable cause of glaucoma and is
frequently associated with secondary open-angle glau-
coma.6,11 Nordic countries are reported to have the highest
prevalence rates, as high as 40.6% in those older than
80 years.12

UveitisThe development of cataracts in patients with uveitis
is common because of chronic, sometimes severe, intraoc-
ular inflammation and the prolonged use of topical cortico-
steroid agents. In addition, iris atrophy and posterior
synechiae are common uveitic sequelae, leading to poor
or nondilating pupils. Patients with uveitis are also more
susceptible to CME because of their predilection toward
ocular inflammation. Unfortunately, mechanical dilation
of the pupil is often requisite during the treatment of uveitic
cataracts, leading to a further increase in the risk for post-
operative CME. A recent study by Chu et al.13 found that
the intraoperative pupil tends to remain small in nearly
one third of uveitic patients and that uveitic patients are
at increased risk for CME. Thus, in cases of uveitic cataracts
cataract surgeons should consider pretreatment with
topical and/or systemic corticosteroids or other steroid-
sparing antiinflammatory agents as well as a prolonged
postoperative course of topical corticosteroids.

Diabetes Compared with nondiabetic patients, the resting
pupil in diabetic patients is smaller. In addition, the
response to mydriatic agents is weaker. The loss of sympa-
thetic tone due to diabetic neuropathy is thought to be
responsible for this effect and for this reason the addition
of sympathomimetic agents, such as topical phenylephrine
preoperatively and intracameral preservative-free bisulfite-
free phenylephrine or epinephrine, can produce adequate
mydriasis comparable to that in healthy patients.14,15 In
addition, constriction of the pupil during cataract surgery
is more pronounced in eyes of diabetic patients.16

Previous Ocular Trauma Ocular trauma can often produce
the combination of cataract and pupil irregularity, in partic-
ular in the face of penetrating trauma.Other effects of ocular
trauma, including inflammation, hyphema, increased IOP,
and zonular fiber disruption, can add additional complex-
ities to the treatment of traumatic cataract in patients
with poor pupil dilation. A careful slitlamp examination,
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including maximum pupil dilation and gonioscopy, can
assist the surgeon in creating an appropriate surgical plan
for these potentially complex cases.

Mature Cataracts A mature or hypermature cataract can
present in very elderly patients or in younger patients
with a history of ocular trauma or uveitis. It is not uncom-
mon for IFIS to develop in these cases as a result of preex-
isting iris dilator muscle atrophy, increased fluid flow
related to prolonged phacoemulsification time, or both. In-
traoperative pupil miosis can make the removal of a large,
dense cataract more challenging. In a series of 212 patients
with white cataract, 3.3% developed intraoperative pupil-
lary miosis.17 When treating dense cataracts, the surgeon
should consider the use of additional topical preoperative
nonsteroidal, anticholinergic, and sympathomimetic agents
and intracameral preservative-free bisulfite-free phenyl-
ephrine or epinephrine. In addition, the surgeon should
have a low threshold for using mechanical pupil dilation
in anticipation of prolonged phacoemulsification time
and the resulting increased fluid flow.

Surgical Causes of Miosis
Femtosecond Laser Treatment Femtosecond laser–assisted
cataract surgery can improve the consistency of outcomes18

but is known to cause pupillary miosis. In a study by Jun
et al.,19 the mean pupil area decreased by 29.7% and this
was correlated with the duration of laser pretreatment, laser
capsulotomy–pupil margin distance, and patient age.
Another study by Schultz et al.20 identified laser creation
of the anterior capsulotomy as the primary trigger for
increased prostaglandin release, resulting in pupillary
miosis. The use of intracameral sympathomimetic agents,
such as preservative-free bisulfite-free phenylephrine and
epinephrine, can be useful for dilation of miotic pupils re-
sulting from femtosecond laser–assisted cataract surgery
energy application.21 Should intraoperative manipulation
of the pupil be required after femtosecond laser–created
capsulotomy, care should be taken to viscodilate the pupil
to improve visualization of the capsulorhexis and proper
placement of the dilation device being used to avoid inad-
vertent manipulation of the anterior capsule and subse-
quent tear. Given the correlation between the proximity
of the laser capsulorhexis to the pupil margin and the likeli-
hood of pupillary miosis, the surgeon should consider
reduction of energy levels for capsulotomy creation in eye
with poor preoperative pupil dilation.

Previous Intraocular Surgery Any intraocular surgical inter-
vention, whether straightforward or complicated, can chal-
lenge future interventions and traditional dilation
techniques. Previous surgeries involving manipulation of
the iris or surgeries complicated by a postoperative pressure
spike (eg, pars plana vitrectomy with gas injection, corneal
transplantation) can have permanent effects on the ability
to pharmacologically dilate the pupil. Surgeons performing
secondary intraocular surgeries (eg, IOL repositioning, IOL
exchange, iris-fixation of IOL, scleral fixation of IOL)
should be prepared for poor iris dilation. Donnenfeld

et al.A showed that the scotopic pupil size, pupil constric-
tion to a photopic stimulus, and pupil constriction velocity
were reduced after for up to 60 days cataract surgery.

Duration of Surgery Prolonged surgical time is associated
with a higher release of natural prostaglandins that stimu-
late inflammation, resulting in progressive intraoperative
pupillary miosis. Kremer et al.22 analyzed aqueous samples
and found that ocular trauma increased prostaglandin
release, a phenomenon that can be inhibited by nonste-
roidal antiinflammatory drugs (NSAIDs).

MEDICATIONS CAUSING MIOSIS
Systemic a-Adrenergic Blockers
Tamsulosin (Flomax) is the most commonly prescribed
medication inmale patients with benign prostatic hypertro-
phy (BPH). Its presence in the cataract population has been
estimated to be as high as 3%.23 It has been shown to
contribute to IFIS and poor mydriasis.23 Other medications
in this category include terazosin (Hytrin), doxazosin (Car-
dura), and prazosin (Minipress). These agents block the a-1
adrenergic receptors of the iris dilator muscle as well as
those found in the prostate.
Saw palmetto, an herb extract, has also been used in the

treatment of BPH. Although the exact mechanism of action
is unknown, studies have shown possible inhibition of a-1
adrenoreceptors similar to known a-1 adrenergic blockers
and has been associated with IFIS and intraoperative
miosis.24–26 The correlation with the duration of use of
these agents and the incidence of pupillary miosis or IFIS
is weak.23 Therefore, even if a patient has a remote history
of tamsulosin use with rapid discontinuation, the surgeon
should go into the surgery prepared for IFIS.
Although these medications are primarily used for the

treatment of BPH in men, they are also prescribed for the
treatment of high blood pressure and urinary retention in
women. Thus, a complete medical history, including iden-
tification of BPH and hypertension in men and hyperten-
sion and urinary retention in women, together with a
thorough history of past and present medication use, are
critical in the identification of patients with pharmacolo-
gically induced pupillary miosis and a subsequent risk for
IFIS.

Topical Medications for Treatment of Glaucoma
In past years, a variety of miotic medications were used as
therapy to lower IOP in patients with glaucoma. These
medications have been associated with permanent pupillary
miosis related to synechiae or poor dilation from hypertro-
phy of the pupillary sphincter muscle.27 These drugs, either
cholinergic-stimulating or parasympathomimetic agents
such as pilocarpine and carbachol, were commonly used
before the development of newer classes of medications
that are better tolerated and require less frequent dosing.
Other miotic therapies still available but rarely used are
anticholinesterase-blocking drugs (demecarium, echothio-
pate, neostigmine, and physostigmine).
Figure 1 shows medications that cause miosis. Figure 2

shows additional conditions that cause miosis.
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PREOPERATIVE MANAGEMENT
A typical preoperative dilation regimen for routine cataract
surgery consists of a short-acting and/or moderately long-
acting anticholinergic agent such as tropicamide 1.0%
and/or cyclopentolate 1.0%, together with a sympathomi-
metic agent, such as phenylephrine 2.5%, placed in the
operative eye by repeated topical administration or by a
pledget placed in the inferior fornix in the preoperative
area before surgery. Phenylephrine 10.0% has not been
shown to provide additional mydriasis compared with
phenylephrine 2.5%, and the increased risk for cardiovascu-
lar side effects associated with the higher concentration
warrants consideration in some cases.28,29

Many researchers have studied the role of preoperative
administration of topical NSAIDs to inhibit surgically
induced miosis.30 Prostaglandins are known to act on iris
smooth muscle fibers, leading to pupil constriction.31

Topical NSAIDs are potent cyclooxygenase inhibitors that
effectively block the metabolism of arachidonic acid into
prostaglandins, thus reducing their release and subsequent
adverse effect on pupillary dilation. Flurbiprofen 0.03% was
the first topical NSAID approved by the U.S. Food and
Drug Administration (FDA) in 1986 for the prevention of
intraoperative miosis. Early studies demonstrated that the
preoperative use of flurbiprofen 0.03% significantly reduced
intraoperative miosis with a 1.4 mm mean difference in
postsurgical pupillary diameters compared to controls
(P ! .003).32 A prospective randomized double-masked
study comparing flurbiprofen 0.03% and indomethacin
0.1% found that the 2 agents were equally effective in pre-
venting miosis during cataract surgery.33 Subsequent
studies34,35 found that the use of indomethacin 0.1% and
suprofen 1.0% significantly reduced pupil constriction dur-
ing cataract surgery. Suprofen 1.0% was also approved by
the FDA for the same indication in 1988. These medications
are no longer commercially available in the United States.
The inhibition of intraoperative miosis is likely an effect

of all NSAIDs. Roberts36 compared diclofenac 0.1% and
flurbiprofen 0.03% and found no differences in maintaining
pupil dilation during phacoemulsification. A prospective
randomized clinical study37 found similar inhibition of
miosis during cataract surgery for ketorolac 0.5% compared
with flurbiprofen 0.03%. Maintenance of pupil dilation has
also been seen with bromfenac 0.1%.38

Various preoperative NSAID dosing regimens have been
studied to examine their efficacy in maintaining pupil dila-
tion. One study39 evaluated the effectiveness of ketorolac
0.4% administered repeatedly starting 3 days, 1 day, or
1 hour before surgery. Starting 3 days before surgery re-
sulted in less intraoperative miosis than starting 1 day or

Figure 1. Pharmacologic causes of miosis (MAO Z
monoamine oxidase).

Figure 2. Other causes of miosis.

1035REVIEW/UPDATE: SMALL-PUPIL CATARACT SURGERY

Volume 44 Issue 8 August 2018



1 hour before cataract surgery. Starting 1 day before surgery
was significantly better at inhibiting miosis than the 1-hour
preoperative dosing. Thus, there appears to be a role for
starting topical NSAIDs at least 1 day before cataract
surgery.
Although NSAIDs might inhibit surgically induced

miosis, there is no evidence that they augment pupil dila-
tion alone, and they should be used in conjunction with
mydriatic agents.30,39,40 The benefit in using NSAIDs before
cataract surgery, in particular in small-pupil cases, is that
they inhibit the pupillary miosis that might develop from
intraoperative iris manipulation and subsequent prosta-
glandin release and do not appear to serve a primary role
in pupil dilation. Some studies41,42 have shown that the
use of NSAIDs preoperatively might not provide additional
benefit over the use of intraoperative epinephrine in the
irrigating solution.
Despite acting upstream on the inflammatory cascade, it

appears as though topical corticosteroids, such as prednis-
olone acetate 1.0%, administered before cataract surgery
are less effective for maintaining mydriasis during surgery
than the use of preoperative NSAIDs.43

The use of preoperative topical atropine 1.0% was first
studies by Bendel and Phillips44 as a means to maximize cy-
cloplegia during cataract surgery in IFIS patients. Sixteen
patients taking tamsulosin were pretreated with atropine
1.0% twice daily starting 10 days before surgery. In the
case series, 81% did not require intraoperative maneuvers
to maintain pupil dilation throughout the case. However,
a prospective study using atropine 1.0% 3 times daily start-
ing 1 to 2 days before surgery45 found that it was the least
reliable means of managing small pupils related to IFIS;
58% required additional intraoperative strategies to main-
tain pupil dilation.
Narv�aez et al.46 performed a prospective comparative

study evaluating the mydriatic benefit of adding atropine
1.0% 3 times a day 1 day before a standard preoperative
regimen of phenylephrine 2.5%, tropicamide 1.0%, and cy-
clopentolate 1.0%. They found that the addition of atropine
1.0% resulted in less mydriasis than the standard regimen
alone. This appears to be consistent with other studies
that found that doses of mydriatics started days before sur-
gery might induce “pupil fatigue” and worsen dilation on
the day of surgery.47,48 In addition, the adverse effects of us-
ing long-acting anticholinergic agents, such as atropine,
including prolonged dilation and possible systemic side ef-
fects, likely outweigh any yet unproven benefit of enhanced
pupil dilation.
As discussed, many patients are on topical and/or sys-

temic agents that are known to cause pupillary miosis.
There is no evidence to support having patients discontinue
a-adrenergic inhibitors in small-pupil cases related to
IFIS.45,49 Although surgeons might ask patients on miotics
such as pilocarpine and those on prostaglandin analogs
such as latanoprost to discontinue the drops before surgery,
there are no scientific studies evaluating the effects of these
various topical glaucoma medications on pupil size in cata-
ract surgery. However, there might be a role for the

perioperative discontinuation of prostaglandin analogs
before cataract surgery to reduce the risk for postoperative
CME, although this is based largely on case reports with
confounding risk factors.50–52

INTRAOPERATIVE MANAGEMENT
Compounded Agents Used for Pupillary Mydriasis and
Anesthesia During Cataract Surgery
Benefits of Compounded Intracameral Mydriatics Although
compounded medications have inherent risks resulting
from preparation and distribution, they can be extremely
helpful adjunct agents for maintaining pupillary mydriasis
and augmenting anesthesia during cataract surgery. The
fast onset of action of these intracameral agents can
decrease the time spent in the preoperative area by reducing
or eliminating the need for mydriatic drops before surgery.
Intracameral mydriatics and analgesics have been used in

cataract surgery since 2003.53 The formulation was intro-
duced in 2003 as a preservative-free mixture of cyclopento-
late 0.1%, phenylephrine 1.5%, and lidocaine 1.0%.
Cyclopentolate was later found not to have an additional
mydriatic effect compared with phenylephrine 1.5% with
lidocaine. Shugar54,B popularized the use of buffered lido-
caine to help with intraocular surgical pain as well as pupil
dilation. He later added epinephrine in a pH-neutral solu-
tion to further augment dilation, resulting in a combination
commonly known as epi-Shugarcaine. Lundberg and Behn-
dig55 later established the long-term safety of intracameral
mydriatics relative to traditional topical agents for use in
cataract surgery. They followed 45 patients for 6 years post-
operatively and found no significant difference in the cor-
rected visual acuity, IOP, pupil size, posterior capsule
opacity, or neodymium:YAG rate between the groups.
Endothelial cell loss, endothelial morphology, and corneal
thickness were also equivalent.
Mydrane, a standardized ophthalmic combination of tro-

picamide 0.02%, phenylephrine 0.31%, and lidocaine 1.0%,
was compared with a standard topical regimen in an inter-
national trial by the Intracameral Mydrane Study 2
Group.56 Methods described in this international multi-
center phase III prospective randomized trial involved the
selected eye of 555 patients having phacoemulsification
with IOL implantation receiving 200 mL of Mydrane (My-
drane group) just after the first incision or a topical regimen
of 1 drop each of tropicamide 0.5% and phenylephrine 10%
repeated 3 times (reference group). Outcome measures
included the ability to complete a capsulotomy, pupil size,
and level of comfort at 5 points during surgery from the
start of corneal incision to the subconjunctival injection
of cefuroxime, and safety. Patients in the Mydrane group
were significantly more comfortable before IOL insertion
than those in the reference group. Surgeons also found
IOL insertion less technically challenging in the Mydrane
group than in the reference group.
Improved patient comfort and satisfaction have also been

achieved with a combination of topical and intracameral
agents used for mydriasis and anesthesia during cataract
surgery.57 In addition to pupil dilation, the use of an
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intracameral preparation has the added benefit of
increasing intraoperative patient comfort and decreasing
the incidence of postoperative pain.58 Finally, as mentioned,
intracameral mydriatic use can assist with rapid pupil dila-
tion in cases of miosis induced by femtosecond laser appli-
cation during cataract surgery.21

At present, the 2 most commonly used compounded
preparations include intracameral preservative-free lido-
caine combined with preservative-free phenylephrine or
epinephrine.

Disadvantages and Risks of Compounded Intracameral Mydri-
atics Although there are several benefits to intracameral
mydriatic use, there are also limitations. The rate of pupil
dilation is slower with the intracameral agents alone than
with topical mydriatics. In a prospective comparative case
series of 112 patients designed to evaluate the safety and ef-
ficacy of intracameral mydriatic use (lidocaine 1.0% and
phenylephrine 1.5%) versus topical mydriatic use (phenyl-
ephrine 2.5% and tropicamide 1.0%) in pupil dilation for
phacoemulsification surgery inMalaysians,59 both methods
were found to be safe and effective in dilating the pupil. The
intracameral formulation, however, was found to have a
slower onset of action.
Over the past several years, multiple cases and sentinel

events of endophthalmitis and toxic anterior segment syn-
drome (TASS) have occurred as the result of improper
compounding of intracameral, intravitreal, and systemic
medications.60,C,D Endophthalmitis associated with com-
pounded intravitreal injections has been recorded in associ-
ation with Avastin.C Outbreaks of TASS have been
recorded in association with intracameral lidocaine.60

Despite these events involving compromised pharmaceu-
tical compounding techniques, intracameral mydriatics and
anesthetics, when prepared and administered in a well-
controlled fashion, are an extremely helpful adjunct to cata-
ract surgery, in particular in cases involving a small pupil.

Intraoperative Delivery of Phenylephrine 1.0% and
Ketorolac 0.3%
In May 2014, Omidria (phenylephrine and ketorolac) was
FDA-approved for use in adult patients having cataract sur-
gery or IOL replacement to inhibit intraocular prosta-
glandin release and maintain pupil size by preventing
miosis. In FDA-reviewed clinical studies,E this drug was
proven to be safe and well tolerated, providing direct,
continuous intracameral delivery of NSAID and mydri-
atic/antimiotic therapy during cataract surgery, improving
the ability of pupils to remain the same size from the begin-
ning of the cataract surgery to the end of the case.
The FDA phase 2b clinical trial was a 4-arm design

comparing intraoperative delivery of Omidria versus phen-
ylephrine 1.0% versus ketorolac 0.3% versus vehicle (a
balanced salt solution). In this study, 6% of patients in
the Omidria group developed a pupil diameter less than
6.0 mm at any time during surgery compared with 22%
receiving phenylephrine alone, 35% receiving ketorolac
alone, and 47% receiving vehicle alone. Two FDA phase 3

clinical trials each involved 400 patients in randomized
double-masked placebo-controlled study with up to a 90-
day follow-up. All patients, including placebo-treated pa-
tients, received standardized preoperative mydriatics and
anesthetics (phenylephrine hydrochloride 2.5% plus tropic-
amide 1.0% 3 times in 30 minutes before surgery, and lido-
caine or tetracaine for local anesthesia). Patients with a
history of a-blocker use, PXF, or ocular trauma were
excluded. Principal primary endpoints for both studies
were met with statistical significance in terms of the change
in pupil diameter over time and patient-reported ocular
pain in the early postoperative period. In the 2 trials, 30%
of patients treated with Omidria avoided a pupil diameter
decrease of 2.5 mm or greater and up to 85% of patients
never had a pupil smaller than 6.0 mm at any time during
cataract surgery.61

Other studies58,62,F,G found that Omidria compared to in-
vestigators’ existing standards (eg, intracameral epineph-
rine) significantly reduced intraoperative complications
(posterior capsule rupture, retained nuclear fragments, vit-
reous loss) 4-fold, decreased the need for pupil-expansion
devices (eg, Malyugin ring), shortened surgical times, main-
tained pupil diameter in femtosecond laser–assisted pro-
cedures, and/or improved postoperative visual acuity.
In 2 studies,62,63 a statistically significant reduction in

Malyugin ring use by 63% and 50% was shown in patients
receiving Omidria compared with epinephrine control
groups. Also, the surgical time was significantly reduced af-
ter adjusting for age in the Omidria group compared with
the time in the epinephrine control group as follows: 15.6
versus 16.7 minutes in patients 78 to 92 years old and
10.2 versus 13.6 minutes in patients 30 to 64 years old.63

Femtosecond laser–assisted cataract surgery cases indicate
the pupil diameter over surgical timepoints is similar to
that observed in traditional phacoemulsification cases using
Omidria.E,F

Mechanical Enlargement of the Small Pupil
A consistent and reliable method to handle a small pupil is
the use of mechanical devices. Various devices have been
developed to expand the pupil. Some devices, such as iris
hooks and expansion rings, are inserted into the eye to me-
chanically maintain the maximum pupil size throughout
the majority of the case. Other instruments are used to sim-
ply stretch the pupil and do not remain in the eye during the
case.

Iris Hooks There are several varieties of iris hooks available,
both disposable and reusable. Iris hooks are inserted
through multiple small paracenteses. Care must be taken
to create paracenteses that are far peripheral to allow inser-
tion of the hooks near the level of the iris plane. If the para-
centesis is too anterior, tenting of the iris can occur, which
makes it difficult to insert instruments over the stretched
pupillary border, placing the iris at risk for trauma. Sur-
geons can vary the number and location of iris hooks to
optimize visualization. A variant on traditional placement
described by Oetting and Omphroy64 involves a diamond

1037REVIEW/UPDATE: SMALL-PUPIL CATARACT SURGERY

Volume 44 Issue 8 August 2018



configuration, with 1 hook placed under the main wound to
allow ease of instrument entry into the anterior chamber
and to facilitate subincisional cortical removal. In cases of
suspicious zonular fiber integrity, several iris hooks can
be placed in the area of zonular weakness to significantly
retract the iris so direct visualization is possible. Capsule
hooks can also be used in the case of zonular weakness to
stabilize the capsular bag while retracting the iris
peripherally.

Pupillary Expansion Rings The main advantage of rings over
hooks is that they are inserted through the main corneal
incision and do not require additional openings. The Ma-
lyugin ring is made of polypropylene (Prolene) designed
with 4 scrolls with interconnections that run anterior to
posterior between scrolls, creating 8 points of contact that
engage the pupillary margin to evenly expand the pupil
(Figure 3). There are 2 versions of the Malyugin ring, the
original and version 2.0 (Microsurgical Technologies).
The original ring is made of 4-0 polypropylene and can
be inserted with an injector through a 2.2 mm or larger inci-
sion. The Malyugin ring 2.0 is more flexible because it is
made of 5-0 polypropylene and can be injected through a
1.8 mm wound. The scrolls in the newer version are also
larger, making it easier to engage the pupillary margin.
Each of these versions comes in 6.25 mm and 7.00 mm di-
ameters (ie, approximate dilation size when deployed). A
purpose-designed manipulator is also available that facili-
tates initial placement of the scrolls as well as the disengage-
ment and removal of the device. The injector system
provides controlled deployment of the device and easy
retrieval of the ring after placement of the IOL.
Additional advantages of the Malyugin ring over hooks

include even stretching of the pupillary sphincter and
rounded, blunt scrolls that can touch the anterior lens
capsule without the risk for tearing the capsule. In a series
of 30 patients, Chang65 concluded that in eyes with IFIS,
a common cause of intraoperative miosis, the device was
a reliable and stable method for maintaining an adequate
pupil diameter and was associated with minimal trauma
to the iris. A helpful technique is to elevate the pupillary
margin with an OVD in each area where the scroll will
engage for ease of insertion and to not overly deepen the
anterior chamber before insertion. Also, when removing
the ring, the surgeon should engage the proximal scroll
with the hook on the injector system, pull the ring into
the injector until the lateral scrolls just touch, and then re-
move the device from the eye. The surgeon should not

attempt to retract the entire scroll into the injector because
this can cause the ring to break, complicating its removal.
The Visitec I-Ring Pupil Expander (Beaver-Visitec Inter-

national) is made of pliable polyurethane material that ex-
pands the pupil margin to a circular opening of 6.3 mm. It is
inserted into the anterior chamber and engages the entire
pupillary margin in a “channel” that has 4 positioning holes
(Figure 4). A Sinskey hook can be used in these holes to help
position the ring and engage the iris.

Pupil Expansion Devices The Assia pupil expander (APX
Ophthalmology Ltd.)H consists of 2 disposable devices
that are inserted through 2 opposite 1.1 mm paracenteses,
each located 90 degrees from the main corneal wound.
The closed scissor-like devices are inserted through each
paracentesis with a special forceps and slowly opened after
the iris sphincter is engaged. The pupil expands to approx-
imately 6.0 mm when both devices are opened. Benefits
include not having to place the phacoemulsification or
I/A tip over the devices because they are inserted through
separate incisions. A disadvantage is the risk for anterior
capsule tear if there is significant contact of the tip of the
pupil expander with the anterior lens capsule.

Mechanical Stretching If the small pupil is stiff and fibrotic
instead of floppy, mechanical stretching can be effective
and essentially creates numerous tiny sphincterotomies.
The pupil can be stretched with 2 instruments (eg, 2 Kuglen
hooks) as described by Fry.I Two instruments are placed
180 degrees opposite each other at the pupil margin and
then slowly pulled apart until the angle is reached (creating
a cat’s-eye configuration). This is momentarily held and
then released. The pupil can be stretched in the opposite di-
rection as well, although this is not necessary. After the in-
struments are removed from the eye, OVD is used to
expand the pupil symmetrically. Mechanical stretching
can also be performed with 1 hand using a Beehler pupil
dilator. This instrument is inserted through the main
corneal incision and has 2 or 3 prongs, or “micro-fingers,”
that extend forward to stretch the pupil simultaneously. An
iris retractor on the shaft of the inserter gives countertrac-
tion to the micro-fingers. The minimum incision size for
the 3-prong Beehler pupil dilator is 3.0 mm, while the 2-
prong version can be inserted through a 2.5 mm wound.
Stretching the pupil might be more traumatic to the iris
sphincter than using a ring and also does not maintain me-
chanical control of the pupil margin during the fluidics that
occur with phacoemulsification and cortical removal, al-
lowing the iris to billow and become more floppy.

Figure 3. Malyugin ring. Figure 4. Visitec I-Ring pupil expander.
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Other less commonly used pupillary expansion devices
include the 5S iris ring (Morcher GmbH), Perfect Pupil
(Milvella Ltd.), Graether expander (Eagle Vision, Inc.),
Clarke ring, and the Siepser ring.

POSTOPERATIVE CARE
As discussed, patients with small pupils are at higher risk
for delayed healing, corneal edema, uveitis, CME, and
elevated IOP. This might be the result of any combination
of pupil expansion methods, a longer surgical time, and
unanticipated surgical complications, such as vitreous loss
and retained lens material. In addition, even in the unevent-
ful case, preexisting conditions such as diabetes and uveitis
might predispose these patients to increased postoperative
inflammation and its sequelae. As a result, based on the
severity of risk, the surgeon might consider extending the
postoperative course of antiinflammatory treatment.
By anticipating these issues and advising patients in

advance of their surgery, the patient’s perception of a sub-
optimum outcome shifts from an unanticipated complica-
tion to an anticipated side effect related to a preexisting
condition. This preoperative discussion opens the door to
educating the patient about the possibility of delayed visual
recovery and to the potential need for frequent and/or pro-
longed eyedrop regimens or even subconjunctival or sub-
Tenon injections in rare situations.

DISCUSSION
Management of patients with small pupils begins preoper-
atively with the identification of risk factors, patient coun-
seling, surgical planning, and the use of preoperative
NSAIDs. It continues during the surgical process through
the use of intracameral dilating/anesthetic agents and me-
chanical dilation techniques. Finally, postoperative man-
agement might be customized in certain cases with the
alteration of postoperative eyedrop regimens. Fortunately,
there are many points during this process at which we
can intervene as surgeons to reduce the patient’s risk and
make the surgery technically easier, thus maximizing post-
operative outcomes and patient satisfaction.
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