
Accepted fo
From the

Proctor Fou
San Francisc
USA (S.C.S
D.T., S.J.H.,

Inquiries
University o
Francisco, C

406
Incidence of Intraoperative and Early
Postoperative Adverse Events in a Large Cohort

of Consecutive Refractive Lens Exchange
Procedures
JULIE M. SCHALLHORN, STEVEN C. SCHALLHORN, DAVID TEENAN, STEPHEN J. HANNAN,
MARTINA PELOUSKOVA, AND JAN A. VENTER
� PURPOSE: To evaluate the incidence of adverse events
(AEs) in patients who underwent refractive lens
exchange.
� DESIGN: Retrospective case series.
� METHODS: SETTING: Private refractive surgery clinics.
PATIENTS/STUDY POPULATION: Patients who underwent
refractive lens exchange between July 1, 2014, and
June 30, 2016. INTERVENTION/OBSERVATION PROCEDURES:
All AEs recorded in the electronic medical record were
extracted and retrospectively reviewed. The total inci-
dence of AEs and serious AEs was calculated. Loss of 2
or more lines of corrected distance visual acuity
(CDVA) was calculated for the entire cohort of patients
that attended a minimum of 3 months follow-up. MAIN

OUTCOME MEASURES: AEs.
� RESULTS: The total number of patients included was
10,206 (18,689 eyes). A multifocal intraocular lens
(IOL) was implanted in 84.3% of eyes; 15.7% of eyes
received a monofocal IOL. A total of 1164 AEs were
recorded (1112 eyes of 1039 patients, incidence 6.0%
of eyes, 1:17 eyes). The most common AE was posterior
capsular opacification (PCO; 748 eyes, incidence 4.0%).
Of all AEs, 171 events (occurring in 165 eyes of 151 pa-
tients, incidence 0.9%, 1:113 eyes) were classified as
serious, potentially sight threatening. Loss of 2 or more
lines of CDVA was 0.56% when excluding eyes where
the loss of CDVA was due to PCO; the majority of these
were due to macular causes.
� CONCLUSION: The incidence of sight-threatening AEs
and significant loss of CDVA in elective refractive lens
exchange surgery was low. Other than PCO, postopera-
tive macular issues were the most common cause of vision
loss in this cohort. (Am J Ophthalmol 2019;208:
406–414. � 2019 Elsevier Inc. All rights reserved.)
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ATARACT SURGERY HAS UNDERGONE MULTIPLE

technological and medical advances that have
yielded a procedure that is safe, is effective, and of-

fers excellent patient outcomes.1 Many advances, such as
an introduction of microincisional surgery, improved intra-
ocular lens (IOL) design, foldable lenses, ability to more
precisely measure axial length and keratometry, and new-
generation formulae to calculate the lens power have
increased both the safety and predictability of outcomes.1,2

With these superior outcomes evident, surgeon confidence
has increased and the procedure is now offered to a wider
range of patients. This includes those who would not be
good candidates for laser refractive surgery, presbyopic
patients,3 and patients who have reasonable best-
corrected vision (20/20 to 20/40) but have significant vi-
sual symptoms related to early cataract changes, such as
glare and difficulty driving at night.
Compared to laser vision correction, intraocular proced-

ures are more surgically invasive and potential adverse
events can be more visually disabling.4 Refractive lens ex-
change (RLE) and cataract surgery have a similar spectrum
of adverse events (AEs). However, RLE patients are gener-
ally younger, have softer crystalline lenses, and have fewer
pre-existing medical and ocular comorbidities than pa-
tients who undergo the procedure for visually significant
cataracts.1,2,4,5 It has been reported that RLE performed
in patients with high axial lengths can increase the risk
of certain AEs.1,4 However, there is a lack of literature
specifically reporting AEs of RLE, and the studies have
been restricted to a certain group of patients (eg, highly
myopic, highly hyperopic).6,7

The aim of this study is to report incidence of AEs in a
large population of patients who recently underwent
phacoemulsification with the implantation of an IOL for
refractive indications.
METHODS
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TABLE 1. Definition of Adverse Events in Refractive Lens Exchange

Adverse Event Name

Serious Adverse

Event? Definition

Abrasion – Corneal epithelial defect that occurred in immediate postoperative period and likely

related to the surgical procedure

Recurrent erosions – Repeated postoperative breakdown of corneal epithelium requiring management

Wound leak Yes Postsurgical wound leak requiring management

Sterile infiltrate – Noninfectious corneal infiltrate(s)

Herpes simplex keratitis – Herpes simplex keratitis based on clinical findings

Corneal edema Yes Corneal edema persisting for longer than 1 month postoperative

IOP elevated – Elevated intraocular pressure (>21 mm Hg) persisting for longer than 1 week

Nonreactive pupil – Nonreactive pupil

Aqueous misdirection Yes Aqueous misdirection based on clinical findings

Persistent inflammation – Anterior uveitis persisting for longer than 1 week postoperative or anterior uveitis that

occurred at any time postoperative and requiredmanagement for longer than 1month

Toxic anterior segment syndrome Yes Significant rapid onset postoperative anterior uveitis (with or without hypopyon, corneal

edema, elevated IOP) where endophthalmitis was ruled out

IOL decentered Yes IOL complications based on clinical findings

IOL displaced Yes

IOL tilted Yes

Incorrect treatment Yes Incorrect lens power or incorrect lens type

Iris trauma – Iris trauma related to procedure

Posterior capsule tear/vitreous loss Yes Posterior capsule tear with or without vitreous loss that resulted in inability to implant IOL

in the capsular bag

Pigment on IOL – Pigment on IOL diagnosed on slit-lamp examination

Retained lens material Yes Retained lens material that required subsequent surgical intervention

Posterior capsule opacification – Posterior capsule opacification that reduced CDVA by at least 1 Snellen line

Vitreous hemorrhage Yes Vitreous hemorrhage that occurred as a result of the procedure

Cystoid macular edema Yes Cystoid macular edema diagnosed by clinical examination and confirmed by optical

coherence tomography reducing CDVA to <_20/40 at >_1 month postoperative

Retinal detachment Yes Retinal detachment diagnosed on dilated fundus examination, requiring urgent

treatment

Retinal tear Yes Retinal tear diagnosed on clinical examination, requiring treatment

Other macular/retinal complication Yes Other posterior segment complications diagnosed by clinical examination and

confirmed by optical coherence tomography, including pigment epithelium

detachment, macular hole, incomplete posterior vitreous detachment with traction

forming a macular cyst, epiretinal membrane, or age-related macular degeneration

Endophthalmitis Yes Presumptive diagnosis based on clinical examination, including pain, reduced vision,

chemosis, conjunctivitis, panuveitis, corneal edema, and/or hypopyon

CDVA ¼ corrected distance visual acuity; IOL ¼ intraocular lens; IOP ¼ intraocular pressure.
University of California San Francisco because it used only
retrospective, de-identified patient data. Patients provided
informed consent to undergo refractive lens exchange or
cataract and agreed to use their de-identified data for statis-
tical analysis.

All AEs following primary RLE of patients treated be-
tween July 1, 2014, and June 30, 2016 were extracted
from the Optical Express (United Kingdom and Ireland)
electronic database. The patients included in this study
had either clear lens extraction, in absence of cataract, or
mild lens changes (with corrected visual acuity not worse
than 20/40) and underwent surgery for refractive reasons.
A list of AEs derived from those reported to the Food
and Drug Administration during clinical trials was created
VOL. 208 ADVERSE EVENTS IN REFRA
and each event was clearly defined (Table 1),8,9 although
the list of AEs was expanded and stringent criteria were
used for the definition of some of the AEs to ensure that
any event that could have a potential negative impact on
the patient’s outcome was captured. Posterior capsular
opacification was treated as an AE, and acuity prior to
YAG laser capsulotomy was used in this study, as this was
the acuity that patients presented with when the AE was
noted.
In addition, a serious adverse event (SAE) was defined as

an AE that is potentially sight threatening or likely to
result in the loss of corrected visual acuity.8–11 A
comprehensive review was conducted to categorize all
AEs according to their definitions.
407CTIVE LENS EXCHANGE



All surgeries were performed by 1 of 14 surgeons in 1 of 9
surgical centers. Lens fragmentation, capsulorrhexis, and
corneal incisions were performed using a femtosecond laser
(Catalys Precision Laser System; Johnson & Johnson
Vision Care, Inc, Santa Ana, California, USA), and the
Whitestar Signature platform (Johnson & Johnson Vision
Care, Inc) was used for phacoemulsification. When the
corneal astigmatism was between 0.5 and 1.5 diopters
(D), incisions were placed on the steepest corneal meridian
and/or an intrastromal astigmatic keratotomy was
performed with the femtosecond laser, according to sur-
geon preference and their specific nomogram. A toric
IOL was used in patients with corneal astigmatism greater
than 1.50 D. Intracameral cefuroxime was used at the end
of surgery as a prophylaxis for endophthalmitis, unless the
patient was allergic to penicillin. Postoperatively, patients
were instructed to instill 1 drop of levofloxacin 0.5%, 4
times daily for 2 weeks; 1 drop of dexamethasone 0.1%, 4
times daily for 2 weeks; and 1 drop of ketorolac trometamol
0.5%, 4 times daily for 1 month.

The preoperative ophthalmic examination included
manifest and cycloplegic refraction, monocular and binoc-
ular uncorrected distance visual acuity (UDVA), corrected
distance visual acuity (CDVA) using a calibrated projected
eye chart, low-light pupil diameter, slit-lamp bio-
microscopy, dilated fundus examination, noncontact
tonometry, corneal topography, ultrasound pachymetry,
retinal optical coherence tomography, biometry for lens
calculation, endothelial cell count, and wavefront aberr-
ometry measurement. All patients were advised to return
for 1 day, 1 week, 1 month, 3 months, 6 months, and
12 months postoperative examination, where manifest
refraction (except for day 1), visual acuity, noncontact
tonometry, and slit-lamp examination were performed. Af-
ter this, they were instructed to have yearly follow-up. If pa-
tients experienced AEs or side effects that were not
resolved by 3 months, they continued with close manage-
ment until their issues resolved.

All AEs were recorded in the Optical Express Electronic
Medical Record (EMR) system. The EMR system is custom
built specifically for Optical Express, and consists of both
clinical and operating room interfaces. It is designed to
enable easy capture of pertinent examination data and
operating room specifics, and has special measures built
in to comprehensively capture AEs in order to enable rapid
analysis of any potential AE issues. All providers that inter-
face with the EMR, including physicians, optometrists, and
operating room nurses and technicians, undergo formal
training in its use, which includes instruction on capturing
AEs. In order to maximize the reporting of AEs, each elec-
tronic visit record (operative and postoperative) has a
drop-down list of common RLE AEs. The electronic visit
cannot be closed without the user first selecting if an AE
had occurred or not. Furthermore, the user is able to select
more than 1 AE for either eye of a given patient, and there
is a field for free-text entries if the encountered AE does not
408 AMERICAN JOURNAL OF
exist in the prespecified list. Continuous quality moni-
toring of the EMR data is also undertaken to ensure data
integrity. Postoperative variables are analyzed on a per-
examiner basis and compared with expected norms. Any
substantial outliers trigger a review process, with retraining
if necessary. Patients who were treated at a different insti-
tution for any AE were instructed to submit bills for reim-
bursement, and the AE was logged into the EMR.
Specific to the operating room, the clinical personnel are

trained to record all intraoperative AEs that were evident
during a procedure, such as capsular tear, vitreous loss,
and IOL positioning issues. The operating room nurses or
healthcare assistants (surgical technicians) were trained
to enter any AE encountered, and separately the treating
physician also was required to input a free-text explanation
of the situation leading to the AE. Postoperatively, patients
were seen by qualified and experienced refractive optome-
trists, the only exception to this being that patients who
experienced an intraoperative AE were generally seen by
their treating physicians. Any postoperative AE was
recorded into the EMR in the process specified above.
The refractive optometrists are provided with and
instructed in a protocol regarding the engagement of the
treating ophthalmic surgeon for management of AEs.
Depending on the nature and severity of the AE, the pa-
tient was either managed by the optometrist in close
communication with the treating surgeon or the patient
was immediately referred to the surgeon. All severe AEs
were managed by the treating surgeon. Every refractive
optometrist undergoes a program of annual education and
training to identify and manage AEs.

� STATISTICALANALYSIS: The AEs were summarized and
the incidence rate was calculated based on the total num-
ber of eyes treated in the time period between July 1, 2014,
and June 30, 2016. All percentages were calculated on ‘‘per
eye’’ basis. Separate calculations were performed for serious,
potentially vision-threatening AEs, defined in Table 1.
Clinical data of the last available postoperative examina-
tion were used for all visual acuity and refractive predict-
ability calculations. A Cox proportional hazards model
was created to find factors predicting the incidence of
AEs and SAEs; the model was clustered on a per-patient
basis to account for the interrelatedness of 2 eyes from
the same patient. Data tabulation was performed with
Microsoft Office Excel (Microsoft Corporation, Redmond,
Washington, USA) software and with STATA (Stata
Corp, College Station, Texas, USA).
RESULTS

THE TOTAL NUMBER OF PATIENTS TREATED BETWEEN

July 1, 2014, and June 30, 2016 was 10,206 (18,689 eyes).
The mean follow-up of the entire study group was
DECEMBER 2019OPHTHALMOLOGY



TABLE 2. Refractive Lens Exchange/Cataract Adverse Events

Total Consecutive Treatments 18,689 Eyes of 10,206 Patients

Total AE 1164 (1112 Eyes of 1039 Patients): 6.0% or 1:17 Eyes

Total SAE 171 (165 Eyes of 151 Patients): 0.9% or 1:113 Eyes

AE SAE Eyes Incidence 1:__ Eyes Last CDVA <_20/20a Last CDVA <_20/40 Lost >_2 Lines CDVAb

Posterior capsule opacification – 748 4.00% 1:25 64.9% 94.3% 22.9%

Abrasion – 81 0.43% 1:231 88.6% 100.0% 2.7%

IOP elevated – 76 0.41% 1:246 96.8% 100.0% 2.8%

Cystoid macular edema Yes 54 0.29% 1:346 68.9% 92.6% 19.2%

Persistent inflammation – 48 0.26% 1:389 92.5% 93.8% 9.3%

Other macular/retinal complication Yes 26 0.14% 1:719 4.0% 88.5% 88.5%

Corneal edema Yes 19 0.10% 1:984 66.7% 100.0% 10.5%

Recurrent erosions – 19 0.10% 1:984 93.8% 100.0% 0.0%

Posterior capsule tear/vitreous loss Yes 16 0.09% 1:1168 100.0% 100.0% 0.0%

IOL displaced Yes 11 0.06% 1:1699 100.0% 100.0% 0.0%

Wound leak Yes 11 0.06% 1:1699 90.9% 100.0% 0.0%

Nonreactive pupil – 10 0.05% 1:1869 71.4% 100.0% 10.0%

Aqueous misdirection Yes 6 0.03% 1:3115 100.0% 100.0% 0.0%

Incorrect treatment Yes 6 0.03% 1:3115 100.0% 100.0% 0.0%

Sterile infiltrates – 6 0.03% 1:3115 100.0% 100.0% 0.0%

IOL decentered Yes 4 0.02% 1:4672 75.0% 100.0% 0.0%

Iris trauma – 4 0.02% 1:4672 50.0% 100.0% 25.0%

IOL tilted Yes 3 0.02% 1:6230 50.0% 100.0% 0.0%

Retinal detachment Yes 3 0.02% 1:6230 0.0% 33.3% 100.0%

Retinal tear Yes 3 0.02% 1:6230 66.7% 100.0% 0.0%

Toxic anterior segment syndrome Yes 3 0.02% 1:6230 100.0% 100.0% 0.0%

Retained lens material Yes 2 0.01% 1:9345 100.0% 100.0% 0.0%

Vitreous hemorrhage Yes 2 0.01% 1:9345 100.0% 50.0% 50.0%

Endophthalmitis Yes 1 0.01% 1:18,689 – 0.0% 100.0%

Herpes simplex keratitis Yes 1 0.01% 1:18,689 100.0% 100.0% 0.0%

Pigment on IOL – 1 0.01% 1:18,689 100.0% 100.0% 0.0%

AE ¼ adverse event; CDVA ¼ corrected distance visual acuity; IOL ¼ intraocular lens; IOP ¼ intraocular pressure; SAE ¼ serious adverse

event.
aLast available CDVA 20/20 or better was calculated only for eyes that had preoperative CDVA 20/20 or better.
bLoss of >_2 lines of CDVA calculated only for eyes that reached a minimum of 3 months follow-up.
8.9 6 6.4 months (range: 1 week to 36 months). The per-
centage of patients that attended a minimum of 1 month,
3 months, 6 months, and 12 months follow-up visit was,
respectively, 97.6%, 87.4%, 74.5%, and 46.8%.

Amultifocal IOL was used in 84.3% of eyes, and 15.7% of
eyes had a monofocal IOL. The most common types of
multifocal lenses were split bifocal refractive lenses, used
in 41.9% of all eyes. The following split bifocal lenses
were implanted: Lentis Mplus (Oculentis GmbH, Berlin,
Germany) withþ3.0 near addition, 27.6% of all eyes; Lentis
Mplus with þ2.00 D near addition, 3.8%; Lentis Mplus
with þ1.50 near addition, 6.5%; and SBL-3 (Lenstec Inc,
Christ Church, Barbados) with 3.0 D near addition, 4.1%.

The second most commonly implanted IOL was Tecnis
Symfony (Johnson & Johnson Vision Care, Inc, Santa
Ana, California, USA), used in 29.7% of all eyes,
followed by Tecnis multifocal þ2.75 (6.5%) and Tecnis
VOL. 208 ADVERSE EVENTS IN REFRA
multifocal þ3.25 D lens (3.5%). Other types of multifocal
lenses were used in 2.6% of eyes (FineVision IOL, PhysIOL,
Liège, Belgium; the ReSTORþ3.0 D andþ2.5 Dmultifocal
IOLs, Alcon Laboratories, Inc., FortWorth, Texas, USA; or
the AT LISA, Carl Zeiss Meditec AG, Jena, Germany).
Table 2 summarizes the incidence of all postoperative

AEs. The total number of AEs was 1164 and the total num-
ber of eyes with AEs was 1112 (1039 patients, incidence
6.0%, 1:17 eyes; note some eyes experienced 2 independent
AEs). The total number of SAEs was 171 (165 eyes of 151
patients, incidence 0.9%, 1:113 eyes).
The clinical and demographic characteristics of patients

with and without AEs are presented in Table 3. Overall, pa-
tients with AEs were more likely to have preoperative
myopia, but there was a great variation between types ofAEs.
Of all eyes with AEs (regardless of preoperative

CDVA) (1112 eyes of 1039 patients), 94.9% achieved
409CTIVE LENS EXCHANGE



TABLE 3. Clinical Data for Eyes With and Without Adverse Events After Refractive Lens Exchange

Event N Eyes

Age 6 SD

(Years)

% Female

(N Patients)

% Myopic

(N Eyes)

Preop MSE 6 SD

Myopic [D]

Preop MSE 6 SD

Hyperopic [D]

Postop Sphere

6 SD [D]

Postop Cylinder

6 SD [D]

Postop UDVA 6 SD

[logMAR]

Postop CDVA 6 SD

[logMAR]

Axial Length 6 SDa [mm]

(Number of Eyes)

Cohort without AEs 17,577 57.5 6 7.6 49.9 (8771) 15.4 (2707) �3.24 6 3.07 2.50 6 1.72 0.06 6 0.57 �0.44 6 0.42 0.05 6 0.17 �0.04 6 0.08 23.3 6 1.5 (6070)

Posterior capsule

opacification

748 56.8 6 7.3 54 (404) 21.3 (159) �4.48 6 3.55 1.82 6 1.5 0.11 6 0.63 �0.57 6 0.43 0.14 6 0.21 0.05 6 0.16 23.6 6 1.7 (113)

Abrasion 81 57.0 6 6.4 40.7 (33) 17.3 (14) �3.38 6 2.3 2.17 6 1.48 0.15 6 0.66 �0.56 6 0.38 0.08 6 0.17 �0.03 6 0.09 23.5 6 1.1 (28)

IOP elevated 76 58.2 6 8.3 40.8 (31) 13.2 (10) �3.45 6 2.88 2.29 6 1.99 0.10 6 0.54 �0.56 6 0.43 0.07 6 0.22 �0.04 6 0.07 23.9 6 1.1 (9)

Cystoid macular edema 54 59.7 6 6.7 42.6 (23) 13.0 (7) �1.25 6 0.94 1.86 6 1.02 0.24 6 0.59 �0.67 6 0.46 0.16 6 0.21 0.04 6 0.18 23 6 0.9 (17)

Persistent inflammation 48 57.6 6 7.5 50 (24) 8.3 (4) �1.16 6 1.65 2.08 6 1.53 0.23 6 0.52 �0.49 6 0.4 0.07 6 0.18 0 6 0.15 22.7 6 1.1 (10)

Other macular/retinal

complication

26 58.2 6 5.4 57.7 (15) 26.9 (7) �3.96 6 2.21 1.65 6 0.78 0.13 6 0.83 �0.57 6 0.5 0.39 6 0.2 0.25 6 0.12 23.4 6 1.2 (7)

Corneal edema 19 61.9 6 8.4 42.1 (8) 5.3 (1) �17.25 1.86 6 1.29 0.19 6 0.58 �0.81 6 0.57 0.31 6 0.32 0.04 6 0.09 22.5 6 1.1 (4)

Recurrent erosions 19 58.6 6 7.8 31.6 (6) 10.5 (2) �4.63 6 1.94 1.43 6 0.81 0.17 6 0.46 �0.60 6 0.46 0.05 6 0.17 �0.03 6 0.06 23.6 6 1.1 (8)

Vitreous loss/posterior

capsule tear

16 61.1 6 6.7 56.3 (9) 12.5 (2) �10.44 6 11.23 1.78 6 0.97 0.06 6 0.52 �0.89 6 1.1 0.14 6 0.29 �0.04 6 0.06 23.7 6 0.8 (10)

IOL displaced 11 60.3 6 10.1 45.5 (5) 0.0 (0) � 1.78 6 2.43 0.18 6 0.40 �0.53 6 0.32 0.05 6 0.13 �0.03 6 0.06 22.8 6 1 (5)

Wound leak 11 55.9 6 7.7 18.2 (2) 18.2 (2) �1.25 6 0.18 1.71 6 0.65 �0.09 6 0.48 �0.65 6 0.57 0.14 6 0.4 �0.05 6 0.08 23.2 6 0.9 (8)

Nonreactive pupil 10 60.2 6 8.3 80 (8) 20.0 (2) �0.63 6 0.18 1.39 6 1.23 0.10 6 0.60 �1.00 6 0.68 0.33 6 0.42 0 6 0.11 23 6 1.7 (3)

Aqueous misdirection 6 54.5 6 10.7 50 (3) 0.0 (0) � 1.58 6 1.07 0.17 6 0.30 �0.69 6 0.40 0.03 6 0.12 �0.04 6 0.04 23.6 6 0 (2)

Incorrect treatment 6 54.0 6 4.1 83.3 (5) 16.7 (1) �5.5 2.95 6 1.57 �0.17 6 0.89 �0.35 6 0.29 0.11 6 0.25 �0.07 6 0.04 22.3 6 1.3 (2)

Sterile infiltrates

(not infectious)

6 59.5 6 2.8 83.3 (5) 16.7 (1) �0.25 1.43 6 0.07 �0.21 6 0.29 �0.29 6 0.10 �0.02 6 0.12 �0.05 6 0.04 –

IOL decentered 4 59.5 6 11.5 25 (1) 25.0 (1) �1 1.17 6 2.27 �0.38 6 0.78 �1.31 6 0.69 0.48 6 0.57 0.01 6 0.07 24.8 6 0.5 (2)

Iris trauma 4 65.0 6 14.3 100 (4) 25.0 (1) �0.75 2.08 6 0.63 �0.50 6 1.08 �1.13 6 0.88 0.41 6 0.34 0.04 6 0.15 23 6 0.8 (3)

IOL tilted 3 57.7 6 5.5 33.3 (1) 66.7 (2) �5.31 6 1.86 7.63 0.33 6 0.38 �1.25 6 1.15 0.11 6 0.19 �0.02 6 0.1 24.5 6 3.9 (2)

Retinal detachment 3 65.7 6 7.4 33.3 (1) 100 (3) �2.71 6 1.95 – 0.25 6 0.43 �0.17 6 0.29 0.71 6 0.55 0.71 6 0.55 –

Retinal tear 3 60.0 6 6.1 33.3 (1) 66.7 (2) �4.88 6 5.66 0.88 �1.00 6 1.52 �0.75 6 0.43 0.24 6 0.41 �0.02 6 0.1 –

Toxic anterior

segment syndrome

3 57.3 6 9.0 33.3 (1) 0.0 (0) – 2.54 6 1.45 0.13 6 0.14 �0.75 6 0.50 0.03 6 0.06 0.0 –

Retained lens material 2 64.5 6 20.5 100 (2) 0.0 (0) – 1.56 6 0.62 �0.63 6 0.88 �1.00 6 0.71 0.3 6 0.42 0.11 6 0.16 –

Vitreous hemorrhage 2 56.5 6 7.8 50 (1) 0.0 (0) – 3.69 6 3.27 �0.63 6 2.65 �1.13 6 0.18 0.8 6 0.14 0.31 6 0.55 21.9 6 2 (2)

Endophthalmitis 1 67 0 (0) 0.0 (0) – 2.50 0.00 �0.50 0.52 0.4 –

Herpes simplex

virus keratitis

1 48 0 (0) 100 (1) �0.25 – 0.25 �0.75 0.1 �0.08 –

Pigment on IOL 1 63 100 (1) 0.0 (0) – 0 0.00 �0.25 �0.08 �0.08 –

AE ¼ adverse event; CDVA ¼ best spectacle-corrected monocular distance visual acuity; D ¼ diopter; IOL ¼ intraocular lens; IOP ¼ intraocular pressure; MSE ¼ manifest spherical equivalent;

Postop ¼ postoperative; Preop ¼ preoperative; UDVA ¼ uncorrected monocular distance visual acuity.
aAxial length available only in 33.7% of records.
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postoperative CDVA 20/40 or better, 87.2% had postoper-
ative UDVA 20/40 or better, and 98.2% had binocular
UDVA 20/40 or better.

Of all eyes with AEs that had preoperative CDVA 20/20
or better (985 eyes of 918 patients), 70.8% achieved post-
operative CDVA 20/20 or better, 43.7% had postoperative
monocular UDVA 20/20 or better, and 73.0% had binoc-
ular UDVA 20/20 or better on the last available examina-
tion. When eyes that had preoperative CDVA 20/20 or
better and posterior capsule opacification as the cause of
reduced CDVA (n ¼ 658 eyes with an AE) were excluded,
82.6% of eyes had a postoperative CDVA of 20/20 or bet-
ter, 48.6% had a UDVA of 20/20 or better, and 78.8% had
postoperative binocular UDVA 20/20 or better on the last
available examination. In the whole cohort of patients
without any AEs, of all patients that had preoperative
CDVA 20/20 or better, 94.8% achieved postoperative
CDVA 20/20 or better, 70.0% had postoperative monoc-
ular UDVA 20/20 or better, and 89.1% of patients had
binocular UDVA 20/20 or better.

Manifest spherical equivalent on the last postoperative
visit (in eyes targeted for emmetropia) was within 0.50 D
of emmetropia in 74.2% of all eyes with AEs, and within
1.0 D in 91.8%. In the cohort of patients without AEs,
81.7% of eyes were within 0.50 D and 96.7% were within
1.00 D of emmetropia on the last available visit.

� SERIOUS ADVERSE EVENTS: The incidence of SAE was
0.9% (1:113 eyes) and they were present in 165 eyes of
151 patients (Table 2). Themost common SAE was cystoid
macular edema (CME), occurring in 54 eyes (0.29%),
followed by other macular pathology such as macular
hole, epiretinal membrane, vitreous traction, and age-
related macular degeneration (n ¼ 26 eyes, 0.14%).

Of all eyes with SAE that had preoperative CDVA 20/20
or better (139 eyes of 126 patients), 66.2% achieved post-
operative CDVA 20/20 or better, 33.8% had postoperative
UDVA 20/20 or better, and 68.3% had binocular UDVA
20/20 or better. Of all eyes with SAEs (regardless of preop-
erative CDVA), 93.3% achieved postoperative CDVA 20/
40 or better, 78.8% had postoperative UDVA 20/40 or bet-
ter, and 94.0% had binocular UDVA 20/40 or better.

� LOSS OF 2 OR MORE LINES OF CORRECTED DISTANCE VI-
SUAL ACUITY: The loss of >_2 lines of CDVA was calcu-
lated for all patients who underwent clear lens extraction
(corrected preoperative visual acuity of >_20/20) and
completed a minimum of 3 months follow-up (15,850
eyes of 9769 patients). The loss of 2 or more lines of
CDVA was present in 263 (1.66%) eyes of 233 patients.

The most common reason for CDVA loss was posterior
capsule opacification (175 eyes, 1.10% of the cohort),
followed by postoperative posterior segment complications
(38 eyes, 0.24%), such as CME, macular hole, epiretinal
membrane, age-related macular degeneration, and endoph-
thalmitis. Other reasons for CDVA loss were ocular surface
VOL. 208 ADVERSE EVENTS IN REFRA
issues and dry eyes (15 eyes, 0.09%), persistent postopera-
tive inflammation (2 eyes, 0.01%), and corneal edema
(2 eyes, 0.01%). In 31 eyes (0.20%), the loss of CDVA
was unexplained. When excluding eyes that had CDVA
reduced owing to posterior capsular opacification (PCO),
the total loss of >_2 lines of CDVA on the last available
follow-up was 0.56%.
Of all eyes that lost 2 or more lines of CDVA,

73.4% (193 eyes) had postoperative CDVA20/40 or better.
There were only 2 patients in the study that had postoper-
ative CDVA reduced to less than 20/40 in both eyes, and in
both cases it was owing to dense PCO.

� REGRESSION ANALYSIS: Outcomes of the Cox propor-
tional hazards model for predicting the occurrence of an
AE or an SAE are shown in Table 4 (all AEs excluding
PCO). Of all variables, older age and surgical volumes
were the only factors affecting the incidence of AEs and
SAEs. Surgeons performing higher numbers of surgeries
per week were less likely to have their patient develop an
AE or SAE.
A sensitivity analysis was conducted to look at preoper-

ative spherical equivalent. Neither a myopic spherical
equivalent nor a hyperopic spherical equivalent was signif-
icant in the sensitivity model (P¼ .85 for SAEs, P¼ .81 for
all AEs). Models were also constructed to look specifically
at myopic or hyperopic patients. Increasing amounts of
myopia or hyperopia were not associated with an increased
risk for non-PCOAEs or SAEs (P> .1 for all comparisons).
DISCUSSION

WITH THE GROWTH IN THE NUMBER OF RLE PROCEDURES

performed worldwide, patients’ expectations of achieving
‘‘perfect’’ vision with minimal side effects has increased.1–3

Minimizing risks and potential adverse events is one of the
main goals of modern refractive lens exchange, especially
because the procedure is elective and performed for
refractive indications.1,2,5 In this review, the total rate of
AEs was 6.0%, but the incidence of potentially serious,
vision-threatening AEs was 0.9%. Fortunately the majority
of patients that had these SAEs were able to achieve a post-
operative binocular UDVA20/20 or better. There were only
2 patients in the study that had postoperative CDVA
reduced to less than 20/40 in each eye, and in both cases
it was owing to PCO, and acuity in both cases improved after
treatment.
Intraoperative AEs were rare in this study. The most

commonly reported intraoperative AE in the literature is
capsular tear with or without vitreous loss, with the rates
ranging between 1% and 2% for modern cataract surgery
in developed countries.11 The incidence in this study was
much lower (0.09%), which could be attributed to the min-
imal nuclear sclerotic change, which made the surgery
411CTIVE LENS EXCHANGE



TABLE 4. Multivariable Cox Proportional Hazards Model of All Adverse Events and Serious Adverse Events, Excluding Posterior
Capsule Opacification

Variable

All Adverse Events Serious Adverse Events

Hazard Ratio 95% CI P Value Hazard Ratio 95% CI P Value

Age (per year) 1.02 1.00-1.03 .018 1.02 1.01-1.05 .008

Spherical equivalent (per diopter) 0.99 0.95-1.03 .15 0.97 0.92-1.03 .37

Sex

.083 .23Female (ref) 1.0 – 1 –

Male 1.22 0.97-1.54 1.24 0.92-1.03

Surgeon cases per week 0.98 0.97-0.99 .001 0.97 0.96-0.99 .004

Ref ¼ reference value.
technically easier to perform; surgeon experience; the use
of femtosecond laser; and fewer ocular and medical comor-
bidities. One of the most important factors for capsular tear
events is surgeon experience. Each surgeon included in this
study performed in excess of 5000 cataract or refractive lens
exchange procedures, which could be another reason for
such low rates. Other rare surgery-related AEs included
iris trauma, displaced/decentered IOL, or retained lens ma-
terial, with the total incidence of 0.11%, although some of
the lens complications can also happen in the postopera-
tive period.

Anterior segment complications are not uncommon af-
ter intraocular procedures, but the incidence of significant
complications was very low in this study. Corneal compli-
cations (wound leak, corneal edema, corneal abrasion,
recurrent erosions, and sporadic cases of sterile infiltrates)
usually manifest in the early postoperative period and
were found in 0.73% of all eyes, and in all cases resulted
in the final CDVA 20/40 or better.

Some amount of inflammation in anterior structures of
the eye is expected in the early postoperative time period
after intraocular surgery.4 In this review, we only included
cases of persistent anterior chamber inflammation that
persisted for longer than 1 week postoperatively, or
occurred at any time postoperatively and required manage-
ment for longer than 1 month. The total incidence was
0.26%. There were only 3 cases of intense anterior chamber
reaction associated with toxic anterior segment syndrome
and all of them were successfully managed with no loss of
CDVA.

Although cataract surgery has been shown to reduce
intraocular pressure (IOP) in the long term,12,13 some
patients experience IOP elevation in the immediate
postoperative period and might need urgent attention to
avoid serious consequences. This is most likely related to
the actual surgery (typically retained viscoelastic agent),
postoperative use of steroids, or postoperative
inflammation. Some patients are also simply more prone
to postoperative IOP complications owing to the
structure of their eye (nanophthalmos, high hyperopia,
history of previous angle closure), although no patients in
412 AMERICAN JOURNAL OF
this study were nanophthalmic or had a history of angle
closure.14 In our study, 0.41% of patients had elevated
IOP that persisted for longer than 1 week postoperative
and 6 eyes (0.03%) presented with aqueous misdirection.
The loss of CDVA owing to IOP complications was, how-
ever, minimal. For the most serious IOP complication,
aqueous misdirection, all patients achieved postoperative
CDVA of 20/20 or better.
The most common complication in this study was PCO,

which was present in 4% of eyes (incidence 1:25); however,
it is debatable whether PCO is an AE or rather a conse-
quence of an uneventful extracapsular surgery. In our data-
set, PCO was also the most common reason for CDVA loss,
although the vision was very likely to improve following
YAG laser capsulotomy. As there were data available on
46.8% at 1 year follow-up, the incidence of PCO in our
study group is likely to increase. There is a great variation
in the literature in reported PCO rates, ranging from less
than 5% to as high as 50%.15 Several contributing factors
for PCO development have been described, most
commonly surgical technique, IOL design, and material.15

All patients in this study had either a hydrophobic IOL or
an IOL with hydrophobic surface, and this material may
lower rates of PCO.16,17

Postoperative AEs related to posterior segment in this
study included rare cases of retinal tear, retinal detach-
ment, epiretinal membrane, age-related macular degenera-
tion, macular hole, pigment epithelium detachment, or
vitreous hemorrhage, with a total incidence of 0.18%
(1:550). Although these AEs had a low occurrence, they
were very likely to result in the loss of corrected vision,
with the majority of eyes losing 2 or more lines of
CDVA. For some of these AEs, it is difficult to establish
whether they were related to surgery or would have
occurred without the surgical procedure. The most signifi-
cant of the above-listed AEs, retinal detachment, is usually
associated with refractive lens exchange in younger pa-
tients with higher axial lengths, where the incidence is
ranging between 1.5% and 8.1%.18,19 In this study, we
had 3 unilateral cases, and all occurred in patients older
than 60 years: 1 in a patient with low hyperopia (axial
DECEMBER 2019OPHTHALMOLOGY



length 23.05 mm) 9 months after surgery and 2 in patients
with low/moderate myopia (axial length 25.58 mm and
25.69 mm) at 3 and 8 months after surgery. With the
relatively short follow-up, we were unable to evaluate
long-term incidence of this sight-threatening AE. Retinal
detachment has been reported to be more common in
eyes that have undergone cataract surgery, and this risk
remains elevated for some time after surgery, especially in
subjects with high myopia.20,21 It is possible that the
prevalence of retinal detachment will increase with time
in this cohort. As such, this possibility needs to be
discussed with patients prior to intraocular surgery, and
patients should be alerted to the signs/symptoms of
retinal detachment should it occur postoperatively.

The most common retina complication of cataract sur-
gery, CME, had an incidence of 0.29% in this study.
Only cases confirmed by optical coherence tomography
were included in this review. Following modern cataract
surgery, the reported incidence of CME ranges between
0.1% and 2.35%.22,23 Although the mechanism of
postsurgical CME is not completely understood, the
reported risk factors associated with its development are
older age, male sex, pre-existing conditions such as diabetes
mellitus, uveitis, epiretinal membrane, previous retinal
detachment repair, and intraoperative complications.23

The reason for a low incidence of CME in this study could
be the younger age of our study population and absence of
retinal pathology in the patients that underwent procedure
for refractive reasons.

The most feared complication following intraocular sur-
gery remains endophthalmitis. Incidence rate after cataract
surgery ranges between 0.04% and 0.20%24,25 and it has
been reported to permanently reduce corrected vision
below 20/40 in two-thirds of cases.26 There has been a
decline in endophthalmitis cases since the widespread use
of intracameral antibiotics.26,27 In our study, we had only
1 unilateral case (incidence 0.01%) where vision
remained permanently reduced from 20/25 preoperative
to 20/50 postoperative. The reasons for such low
endophthalmitis rate might have been the relatively
VOL. 208 ADVERSE EVENTS IN REFRA
young and healthy study population (age greater than
80-85 years is a commonly reported endophthalmitis risk
factor24), use of intracameral cefuroxime,26,27 and a low
incidence of intraoperative complications, which are also
associated with an increased endophthalmitis rate.24

When looking at the entire population of RLE patients
and AEs excluding PCO, increasing age and surgeon case-
load were significant factors. Age has been previously
implicated as a risk factor for complications in patients
undergoing cataract surgery,28 and it seems to be a risk fac-
tor in RLE as well. Surgeon caseload also has been reported
to be a factor in cataract surgery complications, with
surgeons performing more cases having a lower risk of
complications.29 We found this in the RLE population as
well, with each additional case per week conferring a
2% decreased hazard of both AEs and SAEs.
This study had a few important limitations. One of the

most notable is the retrospective nature of this study and
inability to evaluate long-term (beyond 12 months) com-
plications. However, most of the serious complications
are known to manifest in the early postoperative period,
and in our study population 97.6% of patients attended
1 month postoperative and 87.4% 3 months postoperative
aftercare. There is also a possibility some of the AEs might
have been underreported. To counter this, the EMR is
designed to capture reporting of AEs, and requires AE
information to be input prior to closing the electronic
record. There is also a possibility that patients sought post-
operative care at other clinics. However, patients who were
seen at other clinics were instructed to submit reimburse-
ment claims and were thus more likely to be captured.
Despite this, the possibility does remain that some AEs
are underrepresented in this study.
In conclusion, cataract/refractive lens exchange surgery

with modern surgical methods is safe. Although the total
complication rate in this study was 6.0% (2.0% when
excluding PCO), most of the complications were relatively
minor and had minimal impact on the final outcome. Mac-
ular pathology was the most common cause of corrected
vision loss.
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