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

of Consecutive Laser Vision Correction
Treatments
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
(AE) following laser vision correction.
� DESIGN: Retrospective case series.
� METHODS: Optical Express, UK. PATIENTS/STUDY POPU-

LATION: patients who underwent laser in situ keratomil-
eusis (LASIK) or photorefractive keratectomy (PRK)
between July 1, 2014, and June 30, 2016. INTERVEN-

TION/OBSERVATION PROCEDURES: all AEs recorded in the
electronic medical record were extracted and retrospec-
tively reviewed. The total incidence of AE and serious
adverse events (SAE) 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 MEA-

SURES: AEs; Preoperative and last available postoperative
clinical data.
� RESULTS: A total of 31,921 (61,833 eyes) were
included in the study for LASIK and 5,016 (9,467
eyes) for PRK. The total number of AE was 850 for LA-
SIK (occurring in 783 eyes of 657 patients; incidence of
1.3% or 1:79 eyes) and 227 for PRK (occurring in 218
eyes of 170 patients; incidence of 2.3% or 1:43 eyes).
In the LASIK group, there were 287 SAEs (271 eyes of
226 patients; incidence of 0.4% or 1:228 eyes), and the
number of SAEs in PRK group was 65 (65 eyes of 39 pa-
tients; incidence 0.7% or 1:146 eyes). Combining LA-
SIK and PRK data, the loss of 2 or more lines of
CDVA was recorded in 0.37% of eyes.
� CONCLUSIONS: Contemporary LASIK and PRK are
safe procedures with a low incidence of serious adverse
events. (Am J Ophthalmol 2019;-:-–-. � 2019
Elsevier Inc. All rights reserved.)
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M
ODERN LASER VISION CORRECTION (LVC) OUT-

comes demonstrate excellent precision and a
high rate of patient satisfaction.1–4 Given the

large amount of published data, the expected visual
outcomes for a wide range of refractive errors are well
known.2,5 Despite these reassuring numbers, the potential
for complications that may ultimately lead to reduced
best corrected visual acuity exist. A thorough understand-
ing of the potential risks associated with LASIK and PRK is
essential for treating physicians as well as prospective
patients.
Although there are some recent large laser vision correc-

tion studies that discuss adverse event (AE) rates,6,7 there is
a need for better understanding of postoperative AEs as
well as their impact on postoperative visual acuity. The
aim of this study was to explore AEs and outcomes in a large
multicenter clinical practice.
SUBJECTS AND METHODS

THIS STUDY WAS DEEMED EXEMPT FROM FULL REVIEW BY

the Committee on Human Research (the institution-
specific name for the Institutional Review Board) at the
University of California San Francisco because the study
used only retrospective deidentified patient data. All pa-
tients provided informed consent to undergo LASIK or
PRK and agreed to the use of their deidentified data for sta-
tistical analysis.
All AEs following primary laser in situ keratomilousis

(LASIK) and photorefractive keratectomy (PRK) of pa-
tients treated between July 1, 2014, and June 30, 2016,
were extracted from Optical Express electronic database.
An AE was defined as an event that had the potential to
adversely affect patients’ visual outcomes and could be
related to the refractive surgery. A list of AEs was created,
and each AE was clearly defined (Table 1). Subsequently,
each AE was reviewed to ensure that all AEs were catego-
rized correctly and in line with their definition. The list of
AEs was derived from the US Food and Drug Administra-
tion clinical trials,8 although the list of AEs was expanded,
and stringent criteria were used for the definition of some of
1LL RIGHTS RESERVED.
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the AEs to ensure that any event that could have a poten-
tially negative impact on the patient’s outcome was
captured.

All treatments were performed using the VISX STAR S4
IR excimer laser system (Johnson & Johnson Vision Care,
Inc, Santa Ana, California) with either a conventional or a
wavefront-guided ablation profile (iDesign or Advanced
CustomVue; Johnson & Johnson Vision Care). Corneal
flaps were created by using a femtosecond laser (IntraLase
iFS or FS-60; Johnson & Johnson Vision Care). All sur-
geries were performed by 1 of 29 surgeons in 25 surgical
centers located in the United Kingdom.

For all patients, the preoperative ophthalmic examina-
tion included manifest and cycloplegic refraction, monoc-
ular and binocular uncorrected distance visual acuity
(UDVA), corrected distance visual acuity (CDVA) using
a calibrated projected eye chart, low-light pupil diameter,
slit lamp biomicroscopy, dilated fundus examination,
noncontact tonometry, corneal topography, ultrasonogra-
phy pachymetry, and wavefront aberration measurement.
All patients were advised to return for 1- and 4-day (PRK
patients only), 1-week, and 1-, 3-, and 6-month postopera-
tive examinations, where manifest refraction (except for
days 1 and 4), visual acuity, noncontact tonometry and
slit-lamp examination were performed. Yearly eye care
was also recommended. If patients experienced AEs or
side effects that were not resolved by 3 months, they
were provided with continuing care until their issues
resolved.

All AEs were recorded in the Optical Express electronic
medical record (EMR) system. The EMR system is a
custom-built system 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 specialized mea-
surements built in to comprehensively capture AEs in order
to enable rapid analysis of any potential AE issues. All pro-
viders who interface with the EMR, including physicians,
optometrists, and operating room nurses and technicians,
undergo formal training in its use, which includes instruc-
tions for capturing AEs. In order to maximize the reporting
of AEs, each electronic visit record (operative and postop-
erative) has a drop-down list of common LVC AEs. The
electronic visit cannot be closed without the user first
selecting if an AE had occurred or not. Furthermore, the
user can select more than 1 AE for either eye of a given pa-
tient, and there is a field for free text entries if the encoun-
tered AE does not exist in the prespecified list. Continuous
quality monitoring 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
an outside clinic for an AE were instructed to submit bills
to Optical Express for reimbursement. Any outside AE
treatment was incorporated into the EMR.
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Specific to the operating room, the clinical personnel are
trained to record all intraoperative AEs that were evident
during a procedure, such as flap complications, suction
loss, equipment failure, and so forth. The operating room
nurse or technician was trained to enter any AE encoun-
tered, and separately the treating physician also was
required to enter a free text explanation of the situation
leading to the AE. Postoperatively; Patients were seen by
qualified and experienced refractive optometrists. The
only exception to this was that patients who experienced
an intraoperative AE were generally seen by their treating
physicians. Any postoperative AE was recorded in the
EMR in the process specified above. The refractive optom-
etrists are provided with and instructed in a protocol
regarding the engagement of the treating ophthalmic sur-
geon for management of AEs. Depending on the nature
and severity of the AE, the patient was either managed
by the optometrist in close communication with the treat-
ing surgeon or the patient was immediately referred to the
surgeon. All severe AEs were managed by the treating sur-
geon. Every refractive optometrist undergoes a program of
annual education and training to identify and manage AEs.

� STATISTICAL ANALYSIS: The AEs were summarized,
and the incidence rate was calculated based on the total
number of eyes treated in the time period between July 1,
2014, and June 30, 2016. All percentages were calculated
on a ‘‘per-eye’’ basis. Postoperative visual acuity outcomes
and refractive outcomes for the last available appointment
were separately presented for AEs marked as ‘‘serious’’ in
Table 1. Loss of 2 or more lines of best-corrected spectacle
acuity was calculated for patients who attended the 3-
month or later follow-up visit. This time point was chosen
because most of the patients had achieved stabile acuity
and refraction at 3 months after LVC. All visual acuity
and refractive outcomes calculations were done based on
the last available follow-up. Data tabulation was performed
using Office Excel software (Microsoft, Redmond, Wash-
ington) and STATA software (Stata Corp, College Sta-
tion, Texas).
RESULTS

THE TOTAL NUMBER OF PATIENTS TREATED BETWEEN JULY

1, 2014, and June 30, 2016, was 31,921 (61,833 eyes) for
LASIK and 5,016 (9,467 eyes) for PRK. Combining LASIK
and PRK, the total numbers of patients who attended a
minimum of 1-, 3-, 6-, and 12-month follow-up exams
were: 89.4%, 60.3%, 40.9%, and 20.0%, respectively.
The mean follow-up of the whole study group was 4.4 6
4.9 months. Table 2 and 3 summarize the incidence of all
postoperative AEs.
The clinical and demographic characteristics of patients

with and without LASIK AEs was tabulated (Table 4).
--- 2019OPHTHALMOLOGY



TABLE 1. Definition of Adverse Events

AE Serious AE Definition

Abrasion Corneal abrasion that occurred in immediate postoperative period

and was likely to be related to the surgical procedure.

Crystalline lens changes within 12M of LVC Yes Crystalline lens changes recorded in the first 12 postoperative

months

CTK Yes Noninfectious dense opacification of the central corneal stroma

associated with loss of stromal tissue, hyperopic shift, loss of

CDVA and long recovery.

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

Decentered ablation Yes Decentered ablation appearance on postoperative topography,

causing visual symptoms and/or irregular astigmatism and/or

loss of corrected visual acuity.

Delayed healing Epithelial defect persisting for longer than 2 weeks

postoperatively

DLK grade 3 Diffuse lamellar keratitis graded based on clinical examination

DLK grade 4 Yes

Ectasiaa Yes Progressive keratometric and topographic steepening, with or

without central or paracentral corneal thinning, and associated

corneal irregularity, myopic shift and/or induced astigmatism

Epithelial Ingrowth (required intervention) Yes Progressive epithelial ingrowth requiring surgical intervention

Epithelial ingrowth (stable) Epithelial ingrowth that required monitoring, but did not induce

irregular astigmatism, topographic changes or cause visual

symptoms.

Flap buttonhole Yes Intraoperative or postoperative complications evident during

surgery or postoperative aftercareFlap free

Flap incomplete Yes

Flap torn Yes

Flap traumatic displacement Yes

Flap melt Yes

Irregular flap Yes

Gas break-through during femtosecond flap creation Yes

Equipment failure during excimer laser ablation Yes

Suction loss Intraoperative suction loss that either resulted in change of the

procedure to a surface ablation, or the procedure had to be

aborted and rescheduled to a different day.

Flap lift (debris/fiber) Debris/fiber under flap discovered during early postoperative

period and required a flap lift to remove.

Flap striae Yes Flap striae resulting in secondary procedure to correct the striae

and/or a loss of vision or significant visual symptoms attributed

to the striae.

Haze or scar Yes Haze/scar that persisted for longer than 1 month after LASIK or

longer than 3 months after PRK and resulted either in a loss of

CDVA and/or required a course of steroids and/or required a

secondary surgical intervention to reduce haze, such as

mitomycin C application.

Incorrect treatment Yes Incorrect treatment endpoint (aim), or incorrect procedure

performed (e.g. conventional ablation instead of wavefront

guided).

Elevated IOP Yes Elevated intraocular pressure greater than 21 mm Hg or >10 mm

Hg over baseline persisting for longer than 1 week

postoperatively

Microbial keratitis Yes Culture positive or probable culture negative microbial keratitis

based on clinical findings.

Herpes simplex keratitis Yes Herpes simplex keratitis based on clinical findings

Continued on next page
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TABLE 1. Definition of Adverse Events (Continued )

AE Serious AE Definition

Recurrent erosions Repeated breakdown of epithelium, causing discomfort and/or

photophobia, requiring management with either ocular surface

lubrication or therapeutic contact lenses.

Retinal tear Yes Retinal tear diagnosed on dilated fundus examination, requiring

treatment

Retinal detachment Yes Retinal detachment diagnosed on dilated fundus examination,

requiring urgent treatment

Other posterior segment event Yes Posterior segment events including central serous retinopathy,

pigment epithelium detachment of posterior vitreous

detachment with formation of significant floaters

Sterile infiltrates Noninfectious corneal infiltrate(s)

Transient light sensitivity syndrome Transient light sensitivity diagnosed based on patients symptoms

of light sensitivity with no obvious slit-lamp findings, treated

with a course of steroid drops.

AE¼ adverse event; CDVA ¼ corrected distance visual acuity; CTK¼ central toxic keratopathy; LASIK¼ laser in situ keratomileusis; PRK¼
photorefractive keratectomy.

aEctasia after laser vision correction can take many years to manifest and it is only included here to maintain a comprehensive list of all AEs

that occurred in our study population.
Overall; Patients with AEs tended to have more cylinder
and worse postoperative uncorrected and best-corrected
acuity, but there was a wide variation with type of AE.

Table 5 compares clinical data and demographics be-
tween PRK AE patients and all remaining PRK patients.
Postoperatively; Patients with AEs had, on average, a
higher amount of residual cylinder and slightly worse visual
outcomes, but again, there was a wide variation with type of
AE.

LASIK AEs were recorded in 783 eyes of 657 patients
(531 patients had unilateral events, and 126 patients had
bilateral events) for an overall incidence of 1.27% of eyes
(1:79 eyes) and 2.06% of patients (1:49 patients). Of all
LASIK AE eyes (Table 2) that had preoperative CDVA
20/40 or better, 99.4% had a CDVA of 20/40 or better
on the last recorded examination. Of all AE LASIK eyes
that had preoperative CDVA of 20/20 or better, 91.7%
had postoperative CDVA of 20/20 or better. The last
recorded UDVA in all LASIK patients with an AE (regard-
less of preoperative CDVA) was 20/20 or better in 68.5% of
eyes monocularly and 88.4% of patients binocularly. On
the last recorded examination, 75.2% and 88.5% of eyes
were within 0.50 diopter (D) and 1.00 D of emmetropia,
respectively.

For PRK, AEs were observed in 218 eyes of 170 patients
(122 patients unilaterally, 48 patients bilaterally) for an
overall incidence of 2.30% of eyes (1:43 eyes) and 3.39%
of patients (1:30 patients). Of all PRK AE eyes (Table 3)
who had preoperative CDVA of 20/40 or better, 99.1%
had a CDVA of 20/40 or better on the last recorded exam-
ination. Of all AE PRK eyes that had preoperative CDVA
of 20/20 or better, 91.6% had postoperative CDVA of
4 AMERICAN JOURNAL OF
20/20 or better. The last recorded UDVA in all PRK pa-
tients with an AE (regardless of preoperative CDVA) was
20/20 or better in 73.9% of eyes monocularly and 86.5%
of patients binocularly. On the last recorded examination,
77.4% and 91.7% of PRK AE eyes were within 0.50 D and
1.00 D of emmetropia, respectively.

� SERIOUS ADVERSE EVENTS: Combining LASIK and
PRK serious AEs, of all eyes that had preoperative
CDVA of 20/40 or better, 98.5% achieved postoperative
CDVA of 20/40 or better. Of all eyes that achieved a pre-
operative CDVA of 20/20 or better, 85.4% had postopera-
tive CDVA of 20/20 or better. The percentage of eyes with
serious AS (SAE) that achieved postoperative monocular
UDVA of 20/20 or better was 54.8%, and 79.2% of patients
achieved binocular UDVA of 20/20 or better. Of all eyes
with SAEs, 68.3% were within 0.50 D of emmetropia,
and 81.4% were within 1.00 D of emmetropia at the last
recorded examination.

� LOSS OF 2 OR MORE LINES OF CDVA: Loss of 2 or more
lines of CDVA was calculated for the entire LVC cohort
(LASIK and PRK) who attended a minimum of
3-months follow-up examinations (43,131 eyes of 22,277
patients). The loss of 2 or more lines of CDVA was
0.37% (158 eyes of 138 patients) in the entire cohort.
For LASIK, the loss of 2 or more lines was 0.37% (136
eyes of 118 patients) and 0.35% for PRK (22 eyes of 20 pa-
tients), a difference that was not statistically significant
(P ¼ 0.058).
For the combined LVC cohort, the most common rea-

sons for CDVA loss were ocular surface issues which were
--- 2019OPHTHALMOLOGY



TABLE 2. LASIK AEs

Total Consecutive Treatments 61,833 Eyes of 31,921 Patients

Total Adverse Events 850 (783 Eyes Of 657 Patients): 1.3% Or 1:79 Eyes

Total Serious Adverse Events 287 (271 Eyes of 226 Patients): 0.4% or 1:228 Eyes

AE SAE No of Eyes Incidence 1:__ Eyes Last CDVA >_20/20a Last CDVA >_20/40b Lost >_ 2 lines CDVAc

Epithelial ingrowth (stable) 120 0.194% 1:515 94.8% 100.0% 1.0%

Flap striaee Yes 107 0.173% 1:578 89.2% 99.1% 6.1%

Abrasion 100 0.162% 1:618 88.2% 100.0% 2.8%

Recurrent erosions 76 0.123% 1:814 93.0% 98.7% 4.5%

Sterile infiltrates 76 0.123% 1:814 98.6% 100.0% 0.0%

Haze or scar Yes 74 0.120% 1:836 86.6% 100.0% 7.0%

Transient light sensitivity syndrome 70 0.113% 1:883 95.7% 100.0% 1.6%

DLK grade 3 69 0.112% 1:896 94.1% 100.0% 4.3%

Suction loss 31 0.050% 1:1,995 100.0% 100.0% 0.0%

Epithelial ingrowth (required intervention) Yes 18 0.029% 1:3,435 77.8% 100.0% 7.1%

Flap lift (debris/fiber) 14 0.023% 1:4,417 100.0% 100.0% 0.0%

Crystalline lens changes within

12 months of LVC

Yes 10 0.016% 1:6,183 60.0% 90.0% 40.0%

Central toxic keratopathy Yes 9 0.015% 1:6,870 75.0% 100.0% 14.3%

Corneal edema Yes 8 0.013% 1:7,729 75.0% 100.0% 0.0%

Ectasiad Yes 8 0.013% 1:7,729 42.9% 87.5% 50.0%

Flap traumatic displacement Yes 7 0.011% 1:8,833 85.7% 100.0% 20.0%

Flap incomplete Yes 6 0.010% 1:10,306 100.0% 100.0% 0.0%

Flap melt Yes 5 0.008% 1:12,367 100.0% 100.0% 0.0%

Flap torn Yes 5 0.008% 1:12,367 100.0% 100.0% 0.0%

Other posterior segment events Yes 5 0.008% 1:12,367 0.0% 100.0% 100.0%

Delayed healing 4 0.006% 1:15,458 100.0% 100.0% 0.0%

Flap buttonhole Yes 3 0.005% 1:20,611 100.0% 100.0% 0.0%

Flap free 3 0.005% 1:20,611 100.0% 100.0% 0.0%

Herpes simplex keratitis Yes 3 0.005% 1:20,611 100.0% 100.0% 0.0%

Incorrect treatment Yes 3 0.005% 1:20,611 100.0% 100.0% 0.0%

Decentred ablation Yes 2 0.003% 1:30,917 0.0% 100.0% 50.0%

DLK grade 4 Yes 2 0.003% 1:30,917 50.0% 100.0% –

Equipment failure during surgery Yes 2 0.003% 1:30,917 100.0% 100.0% 0.0%

Gas break through during flap creation Yes 2 0.003% 1:30,917 100.0% 100.0% 0.0%

IOP elevated Yes 2 0.003% 1:30,917 100.0% 100.0% 0.0%

Microbial keratitis Yes 2 0.003% 1:30,917 50.0% 100.0% 50.0%

Retinal detachment Yes 2 0.003% 1:30,917 0.0% 0.0% 100.0%

Irregular flap Yes 1 0.002% 1:61,833 100.0% 100.0% 0.0%

Retinal fear Yes 1 0.002% 1:61,833 100.0% 100.0% 0.0%

AE ¼ adverse event; CDVA ¼ corrected distance visual acuity; CTK ¼ central toxic keratopathy; DLK ¼ diffuse lamellar keratitis; LASIK ¼
laser in situ keratomileusis; LVC ¼ laser vision correction.

Incidence is calculated as the percent of total eyes experiencing the particular adverse event. Acuity results are percentage of eyes with the

particular AE achieving the listed acuity or better.
alast available CDVA 20/20 or better was calculated only for eyes that had preoperative CDVA 20/20 or better
blast recorded CDVA 20/40 or better was calculated only for eyes that had preoperative CDVA 20/40 or better
cLoss of >_ 2 lines of CDVA calculated only for eyes that reached a minimum of 3 months follow-up
dEctasia after laser vision correction can take many years to manifest and it is only included here to maintain a comprehensive list of all AEs

that occurred in our study population.
eVisual acuity is calculated after repair
responsible for the loss of CDVA in 0.234% (101 eyes).
The population with ocular surface issues was slightly older
than the average age in the non-AE cohort (37.26 11.6 vs
34.3 6 10.5, respectively; P < 0.001), but there were no
VOL. - ADVERSE EVENTS IN LASER
significant differences in refractive errors (P ¼ 0.75 for
myopia and 0.69 for hyperopia) nor sex (P¼ 0.097). Other
reasons for loss of CDVA were: crystalline lens changes
(0.030%; 13 eyes), haze or scarring (0.019%; 8 eyes), of
5VISION CORRECTION



TABLE 3. PRK AEs

Total Consecutive Treatments 9,467 Eyes of 5,016 Patients

Total Adverse Events (AE) 227 (218 Eyes of 170 Patients): 2.3% or 1:43 Eyes

Total Serious Adverse Events (SAE) 65 (65 Eyes of 39 Patients): 0.7% or 1:146 Eyes

AE SAE No of Eyes Incidence 1:__ Eyes Last CDVA >_20/20a Last CDVA <_20/40b Lost >_ 2 Lines CDVAc

Recurrent erosions 104 1.099% 1:91 93.1% 99.0% 6.4%

Haze or scar Yes 58 0.613% 1:163 93.0% 100.0% 3.4%

Sterile infiltrates 29 0.306% 1:326 93.1% 100.0% 4.2%

Abrasion 16 0.169% 1:592 93.8% 100.0% 0.0%

Delayed healing 13 0.137% 1:728 69.2% 100.0% 9.1%

IOP elevated Yes 2 0.021% 1:4,734 100.0% 100.0% 0.0%

Microbial keratitis Yes 2 0.021% 1:4,734 100.0% 100.0% 0.0%

Crystalline lens changes

within 12 months of LVC

Yes 1 0.011% 1:9,467 100.0% 100.0% 0.0%

Ectasiad Yes 1 0.011% 1:9,467 100.0% 100.0% 0.0%

Retinal detachment Yes 1 0.011% 1:9,467 0.0% 0.0% 100.0%

AE ¼ adverse event; CDVA ¼ corrected distance visual acuity; IOP ¼ intraocular pressure; LVC ¼ laser vision correction; PRK ¼ photore-

fractive keratectomy.

Incidence is calculated as the percent of total eyes experiencing the particular adverse event. Acuity results are percentage of eyes with the

particular AE achieving the listed acuity or better.
aLast available CDVA 20/20 or better was calculated only for eyes that had preoperative CDVA 20/20 or better
bLast recorded CDVA 20/40 or better was calculated only for eyes that had preoperative CDVA 20/40 or better
cLoss of >_ 2 lines of CDVA calculated only for eyes that reached a minimum of 3 months follow-up
dEctasia after laser vision correction can take many years to manifest and it is only included here to maintain a comprehensive list of all AEs

that occurred in our study population.
which scarring in one eye was caused by microbial keratitis,
flap striae (0.012%; 5 eyes); posterior segment events
(Table 1) (0.012%; 5 eyes), corneal ectasia (0.009%; 4
eyes), retinal detachment (0.007%; 3 eyes), central toxic
keratopathy (0.002%; 1 eye), and decentered ablation
(0.002%; 1 eye). In 17 eyes (0.038%), the loss of CDVA
was unexplained. Note that the follow-up in this cohort
was not sufficient to calculate an accurate rate of postoper-
ative ectasia.

Of all 158 eyes that lost 2 or more lines of CDVA, 22
eyes (13.9%) had CDVA reduced to less than 20/40, but
in all cases, the loss was unilateral. There were no patients
in the study who had CDVA reduced to less than 20/40 in
each eye.
DISCUSSION

DESPITE THE EMERGENCEOFALTERNATIVE SURGICALTECH-

niques, excimer laser surgery remains the most commonly
performed refractive surgery in the world.1 Excimer laser
vision correction has a low incidence of AEs, with several
large series published in the last decade reporting rates
ranging between 0.6% and 2.8%.2,6,7,9,10 However, the
criteria of what constitutes a complication or AE varied
among studies, making the comparison of outcomes to
our study difficult. Additionally, the present authors
6 AMERICAN JOURNAL OF
explored the impact of each individual AE on patients’
final visual acuities, which has not, to the present authors’
knowledge, been reported in previous studies.
Using standardized definitions derived from Food and

Drug Administration reporting criteria,8 the total overall
AE rate (intraoperative and postoperative) for LASIK
was 1.3% and 2.3% for PRK. The incidence of significant,
potentially sight-threatening AEs was low (0.4% for LA-
SIK and 0.7% for PRK). None of the patients in the present
cohort had the last recorded CDVA less than 20/40 in both
eyes. Of all patients who experienced serious, sight-
threatening AEs, 79.2% had the last recorded binocular
UDVA of 20/20 or better.
The overall largest cause of vision loss in this study was

postoperative ocular surface issues, responsible for 101 of
the 158 eyes that lost CDVA. This population was, on
average, slightly older than the population without ocular
surface issues. Older patients have previously been reported
to have more dry eye issues after undergoing LVC and over-
all more difficulties with epithelial adherence after LA-
SIK.11–14 However, the average age difference between
the overall cohort and the cohort with CDVA loss
secondary to surface issues was small (3 years) and, as
such, is not clinically useful in screening patients. The
fact that ocular surface issues were the largest factor in
vision loss should serve as a reminder to clinicians to pay
attention to the condition of the ocular surface both
before and after refractive surgery and to treat ocular
--- 2019OPHTHALMOLOGY



TABLE 4. Clinical Data for Eyes with and without AEs after LASIK

Event n Eyes Age (y) % Female (n Patients) % Myopic (n Eyes) Preop MSE Myopic Preop MSE Hyperopic Postop Sphere Postop Cylinder Postop UCVA Postop CDVA

Cohort without AE 61.833 34.2 6 4.8 49.7 (15,551) 90.7 (55,042) �3.33 6 1.93 þ1.61 6 0.92 þ0.03 6 0.44 �0.19 6 0.27 �0.05 6 0.15 �0.09 6 0.06

Epithelial ingrowth (stable) 120 36.3 6 10.6 45.8 (55) 71.7 (86) �4.21 6 2.18 þ2.26 6 1.03 þ0.04 6 0.48 �0.45 6 0.45 0.002 6 0.19 �0.08 6 0.06

Flap striae 107 34.6 6 10.7 39.2 (42) 94.4 (101) �4.43 6 2.51 þ0.77 6 0.24 þ0.23 6 0.77 �0.46 6 0.41 0.05 6 0.25 �0.05 6 0.11

Abrasion 100 36.0 6 11.6 47 (47) 77 (77) �3.88 6 2.14 þ2.46 6 1.11 �0.09 6 0.66 �0.41 6 0.32 0.04 6 0.18 �0.04 6 0.09

Recurrent erosions 76 34.2 6 9.5 49.3 (37) 93.4 (71) �3.80 6 2.43 þ2.18 6 0.49 þ0.11 6 0.44 �0.50 6 0.47 0.01 6 0.15 �0.04 6 0.10

Sterile infiltrates 76 36.0 6 10.5 43.4 (33) 82.9 (63) �3.54 6 1.92 þ1.66 6 0.82 �0.14 6 0.71 �0.36 6 0.30 0.02 6 0.25 �0.10 6 0.07

Haze or scar 74 42.3 6 12.9 43.2 (32) 52.7 (39) �4.23 6 3.05 þ2.53 6 0.79 �0.18 6 1.17 �0.58 6 0.71 0.15 6 0.26 �0.02 6 0.10

Transient light sensitivity syndrome 70 40.3 6 11.3 72.9 (51) 85.7 (60) �3.51 6 2.01 þ1.53 6 0.76 �0.01 6 0.53 �0.31 6 0.25 �0.03 6 0.18 �0.07 6 0.06

DLK grade 3 69 32.5 6 108 44.9 (31) 95.7 (66) �3.30 6 2.10 þ2.13 6 0.22 þ0.15 6 0.67 �0.44 6 0.37 0.00 6 0.19 �0.07 6 0.08

Suction loss 31 30.3 6 12.3 54.8 (17) 74.2 (23) �2.98 6 1.79 þ1.66 6 0.90 �0.05 6 0.35 �0.18 6 0.26 �0.01 6 0.16 �0.06 6 0.07

Epithelial ingrowth (required

intervention)

18 37.8 6 11.9 27.7 (5) 77.8 (14) �3.08 6 1.62 þ2.34 6 0.72 �0.36 6 0.64 �0.56 6 0.49 0.05 6 0.24 �0.04 6 0.10

Flap lift (debris/fiber) 14 32.1 6 7.1 35.7 (5) 85.7 (12) �4.09 6 2.51 þ2.31 6 0.80 þ0.14 6 0.51 �0.50 6 0.37 �0.03 6 0.16 �0.10 6 0.05

Crystalline lens changes 10 59.5 6 7.1 60.0 (6) 60.0 (6) �5.08 6 2.02 þ1.56 6 0.26 �0.43 6 1.61 �0.46 6 0.39 0.43 6 0.30 0.10 6 0.23

Central toxic keratopathy 9 34.9 6 10.5 33.3 (3) 100 (9) �4.01 6 2.43 � þ1.86 6 0.84 �0.72 6 0.52 0.17 6 0.19 0.01 6 0.11

Corneal edema 8 50.1 6 5.6 62.5 (5) 87.5 (7) �5.13 6 2.28 þ0.88 �0.34 6 1.01 �0.56 6 0.55 0.30 6 0.30 0.01 6 0.08

Ectasia 8 32.9 6 5.6 37.5 (3) 87.5 (7) �5.30 6 3.27 þ2.50 0.03 6 2.11 �3.13 6 1.60 0.43 6 0.28 0.16 6 0.27

Flap traumatic displacement 7 33.3 6 11.8 12.3 (1) 100 (7) �3.11 6 2.30 � �0.36 6 0.53 �0.75 6 0.46 0.01 6 0.23 �0.08 6 0.09

Flap incomplete 6 33.0 6 7.8 66.7 (4) 100 (6) �4.39 6 1.97 � þ0.05 6 0.27 �0.44 6 0.38 �0.02 6 0.04 �0.04 6 0.05

Flap melt 5 42.4 6 11.9 80.0 (4) 60.0 (3) �3.63 6 2.58 þ2.25 6 1.24 þ0.35 6 0.95 �0.56 6 0.13 0.14 6 0.16 �0.05 6 0.04

Flap torn 5 30.6 6 12.1 100 (5) 100 (5) �3.18 6 2.06 � 0.10 6 0.42 �0.30 6 0.27 �0.02 6 0.13 �0.08 6 0.00

Other posterior segment events 5 42.4 6 5.1 20.0 (1) 80.0 (4) �3.47 6 2.19 þ0.50 �0.35 6 0.49 �0.15 6 0.34 0.31 6 0.12 0.023 6 0.08

Delayed healing 4 41.3 6 6.2 100 (4) 75.0 (3) �3.29 6 0.14 þ0.63 �0.06 6 0.31 �0.13 6 0.18 �0.02 6 0.09 �0.02 6 0.09

Flap buttonhole 3 37.7 6 14.0 33.3 (1) 66.7 (2) �4.18 6 3.80 þ3.88 þ0.08 6 0.14 �0.50 6 0.75 0.01 6 0.18 �0.06 6 0.05

Flap free 3 43.4 6 9.0 66.7 (2) 66.7 (2) �4.81 6 3.09 � þ0.33 6 0.52 �0.08 6 0.14 �0.03 6 0.05 �0.09 6 0.01

Herpes simplex keratitis 3 40.0 6 5.2 33.3 (1) 100 (3) �3.00 6 1.51 þ1.88 þ0.33 6 0.29 �0.25 6 0.00 �0.12 6 0.10 �0.12 6 0.10

Incorrect treatment 3 52 6 3.6 33.3 (1) 66.7 (2) �3.44 6 0.97 þ3.13 6 1.60 �0.17 6 0.76 �0.42 6 0.14 0.01 6 0.09 �0.11 6 0.06

Decentred ablation 2 45.5 6 0.7 100 (2) 0 (0) 0 � �0.25 6 0.0 �1.25 6 1.77 0.30 6 0.00 0.10 6 0.00

DLK grade 4 2 23.5 6 0.7 50.0(1) 100 (2) �2.06 6 1.68 � þ2.50 6 0.71 �1.38 6 0.18 0.26 6 0.06 0.07 6 0.21

Equipment failure during surgery 2 32.5 6 2.1 100 (2) 100 (2) �5.81 6 0.62 � 0.00 6 0.00 �0.13 6 0.18 �0.13 6 0.07 �0.13 6 0.07

Gas break through during flap creation 2 48.5 6 9.2 100 (2) 50.0 (1) �1.00 6 0.00 þ0.63 þ0.25 6 0.00 �0.25 6 0.35 �0.08 6 0.00 �0.08 6 0.00

IOP elevateda 2 19 0 (0) 100 (2) �2.74 6 0.00 � 0.00 6 0.00 �0.38 6 0.18 �0.08 6 0.00 �0.08 6 0.00

Microbial keratitis 2 46 6 15.5 50.0 (1) 50.0 (1) �4.38 6 0.00 þ1.88 �1.25 6 0.53 �1.63 6 0.88 0.70 6 0.42 0.07 6 0.21

Retinal detachment 2 51.5 6 6.4 100 (2) 100 (2) �8.25 6 1.06 � þ1.875 6 2.65 �0.25 6 0.35 1.50 6 0.70 0.70 6 0.00

Irregular flap 1 37 0 (0) 100 (1) �5.58 � þ0.50 �0.50 �0.08 �0.08

Retinal tear 1 37 100 (1) 100 (1) �2.75 � �0.25 �0.25 0.10 �0.08

AE ¼ adverse event; CDVA ¼ corrected monocular distance visual acuity; DLK ¼ diffuse lamellar keratitis; LASIK ¼ laser in situ keratomileusis; MSE ¼ manifest spherical equivalent; UCVA ¼
uncorrected monocular distance visual acuity.

aBoth eyes of same patient.
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surface disease aggressively. Neuropathic pain has gained
attention as a potential complication of LASIK.15 Unfortu-
nately, information for neuropathic pain symptoms was not
gathered in this cohort, and the authors were unable to
report its occurrence.
The intraoperative LASIK AEs encountered in the pre-

sent study were mostly related to the creation of the flap.
Flap-related AEs included torn flaps, incomplete flaps,
free flaps, flap button holes, suction loss, and gas break-
through during femtosecond flap creation, accounting for
a total of 0.08% of all LASIK AEs in this study. A recent
meta-analysis of femtosecond laser outcomes reported
intraoperative AE rates ranging between 0.00% and
1.35%16 for the same type of femtosecond laser that was
used in the present study (IntraLase iFS, Johnson & John-
son Vision Care). Likewise, other large series using pre-
dominantly (although not exclusively) femtosecond lasers
have reported incidence rates in the same spectrum for
flap-related complications.2,6

Early flap-related postoperative AEs in this study
included mainly flap striae, occurring in a total of 0.17%
LASIK cases. Other early postoperative flap AEs (e.g.,
flap lift for debris or traumatic flap displacement) were rela-
tively rare. In this review, only clinically significant striae
that either necessitated intervention or resulted in the
loss of CDVA were included. The present incidence of
clinically significant flap striae is slightly lower than the
range commonly cited in published reports (0.2%-
1.5%)17–19; however, many of those studies were using a
mechanical microkeratome. Femtosecond flaps have been
shown to be more uniform and may have better
adherence20,21; therefore, clinically significant striae may
have a lower incidence in modern refractive surgery.
A group of AEs very specific to LASIK flap creation are

those related to the flap interface.22 Vision-threatening
interface AEs such as clinically significant epithelial
ingrowth (0.029%), DLK grade 4 (0.003%), or central
toxic keratopathy (0.015%) had very low occurrence but
did result in reduction of best-corrected acuity. Interface
haze that persisted for longer than 1 month occurred in
0.120% cases. The potentially most devastating AE that
often manifests in flap interface is microbial keratitis; mi-
crobial keratitis was relatively rare (incidence of 0.003%;
1:30,917 eyes). This is in agreement with a previous study
of infectious keratitis from the present authors’ group, who
found it rarely occurred.23

There were no patients who experienced an intraopera-
tive AE during the PRK procedure. Postoperative AEs were
those commonly associated with PRK, such as corneal haze,
although the incidence of haze persisting for longer than
3 months was relatively low (0.61%), and 93% of these
eyes had CDVA of 20/20 or better at the last recorded ex-
amination. Mitomycin C was routinely used in all PRK
cases, which has been shown to lower the rate of haze.24 Pa-
tients who developed haze had a higher amount of preoper-
ative myopia than those who did not (�4.94 6 2.05 D
--- 2019OPHTHALMOLOGY



vs�2.826 1.99 D, respectively), and were slightly younger
(30.8 6 10.5 vs 33.2 6 10.1, respectively), both of which
have also been shown to be a risk factors for the develop-
ment of haze.25,26

Other PRKAEs were associatedmainlywith poor epithe-
lial adherence, such as recurrent erosions (1.10%); corneal
abrasion (0.17%) or delayed epithelial healing (0.14%), all
of which tended to occur relatively more frequently in older
patients. The incidence of epithelial complications in this
series is less than that reported in some series (0.2%-0.5%
for delayed healing, 2%-4% for recurrent erosions), which
may be explained by differences in mitomycin C and
epithelial removal protocols.27–29 Older patients have
been reported to have more difficulties with the
epithelium during and after laser vision correction.11–14

Recurrent erosions have also been reported to occur more
often after PRK thank LASIK, which was observed in this
series.30 The most feared AE, microbial keratitis, had a
slightly higher incidence in the PRK group than in the LA-
SIK group (0.021%; 1:4,734 eyes), although the visual re-
covery was good with all eyes achieving CDVA of 20/20
or better at the last recorded exam.

In this case series, there were 3 cases of unilateral retinal
detachment (2 after LASIK; incidence 0.003%; and 1 after
PRK; incidence of 0.011%). The 2 cases of LASIK retinal
detachment occurred 2 months after LASIK for �9.0 D of
myopia and 12 months after LASIK for �7.5 D of myopia.
The reported incidence of RD following LASIK was
0.033% to 0.25% and has been postulated to be associated
with the suction ring application inducing vitreous trac-
tion.31 However, it is not clear if there was any relationship
between the suction applied during LASIK and RD.32–34 In
fact, the third case of retinal detachment in the present
study occurred 9 months postoperatively in a plano
presbyopic patient who underwent PRK to induce
monovision, during which no suction was applied.

Another significant AE with a possible onset years after
LVC is corneal ectasia. The reported post-LVC occurrence
ranges between 0.04% and 0.6%.35 The mean follow-up of
the present study population was not adequate to
VOL. - ADVERSE EVENTS IN LASER
accurately calculate the true incidence of corneal ectasia
and should not be interpreted as such; this cohort may
see additional ectasia cases develop in the future as these
have been reported to occur years after the primary sur-
gery.35 The authors only included it to maintain a compre-
hensive list of all AEs that occurred in the present study
population, and it is possible that more patients from this
cohort will develop ectasia with time.
This study had several limitations. First, there is a possibil-

ity that some AEs might have been underreported. Several
procedures were incorporated into the electronicmedical re-
cord system to ensure the accurate capture of all AEs, such as
mandatory entering of AE occurrence, and double-reporting
of any operative AE. The second limitation is that the study
was retrospective in nature and it is possible that some pa-
tients might not have returned for follow-up examinations
to the authors’ clinics. However, all patients received in-
struction on follow-up and were provided with a 24-hour
phone number to call with any postoperative concerns.
Care for patients who were treated for AEs at other sites
was reimbursed by the refractive provider, which provided
another avenue for AE capture. Given these precautions,
the authors believe that this study offers the most inclusive
picture of AEs possible given the large cohort; however, it
is possible that someAEsmay be underrepresented.Another
limitation of this study was that long-term AEs, such as the
development of ectasia, could not be accurately evaluated.
This study summarized the AEs of contemporary laser

vision correction in a large population of patients. Out-
comes show that excimer LVC is a safe procedure with
low AE rates and most of the patients that encountered
AEs recovered without significant vision loss. The most
common cause for loss of best corrected vision in this
cohort was ocular surface disease. This information should
be useful to practitioners in counseling patients as to poten-
tial outcomes. It is reassuring that these rates are low, but it
also provides a reminder that, as with any surgical interven-
tion, there is a risk associated with the procedure. Further
study of risk factors associated with individual AEs may
assist improvements in patient counseling and selection.
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