
S
Accepted fo

From the
David Geffe

Inquiries
UCLA Stein
100 Stein Pl

0002-9394/$
http://dx.doi.
How Big Data Informs Us About Cataract
Surgery: The LXXII Edward Jackson Memorial

Lecture
ANNE LOUISE COLEMAN
� PURPOSE: To characterize the role of Big Data in eval-
uating quality of care in ophthalmology, to highlight op-
portunities for studying quality improvement using data
available in the American Academy of Ophthalmology
Intelligent Research in Sight (IRIS) Registry, and to
show how Big Data informs us about rare events such
as endophthalmitis after cataract surgery.
� DESIGN: Review of published studies, analysis of
public-use Medicare claims files from 2010 to 2013,
and analysis of IRIS Registry from 2013 to 2014.
� METHODS: Statistical analysis of observational data.
� RESULTS: The overall rate of endophthalmitis after
cataract surgery was 0.14% in 216 703 individuals in
the Medicare database. In the IRIS Registry the
endophthalmitis rate after cataract surgery was
0.08% among 511 182 individuals. Endophthalmitis
rates tended to be higher in eyes with combined cata-
ract surgery and anterior vitrectomy (P [ .051),
although only 0.08% of eyes had this combined proce-
dure. Visual acuity (VA) in the IRIS Registry in eyes
with and without postoperative endophthalmitis
measured 1–7 days postoperatively were logMAR
0.58 (standard deviation [SD]: 0.84) (approximately
Snellen acuity of 20/80) and logMAR 0.31 (SD:
0.34) (approximately Snellen acuity of 20/40), respec-
tively. In 33 547 eyes with postoperative VA after
cataract surgery, 18.3% had 1-month-postoperative
VA worse than 20/40.
� CONCLUSIONS: Big Data drawing on Medicare claims
and IRIS Registry records can help identify additional
areas for quality improvement, such as in the 18.3% of
eyes in the IRIS Registry having 1-month-postoperative
VA worse than 20/40. The ability to track patient out-
comes in Big Data sets provides opportunities for further
research on rare complications such as postoperative
endophthalmitis and outcomes from uncommon proce-
dures such as cataract surgery combined with anterior vit-
rectomy. But privacy and data-security concerns
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I
T IS WITH GREAT PRIDE THAT I GREET YOU TODAY FOR

this 72nd Jackson Memorial Lecture as I regard this
honor as being shared with colleagues, mentors, stu-

dents, and all of the academic institutions with which I
have been affiliated, including the University of California
at Los Angeles, theWilmer Eye Institute at Johns Hopkins,
the University of Illinois, the Medical College of Virginia
at Virginia Commonwealth University, Duke University,
and the Collegiate School in Richmond, Virginia. For
without the network of colleagues, friends, educators, stu-
dents, mentors, and family that has surrounded me
throughout my life and career, I would not be standing
before you today. So first I would like to thank all of you
who have interacted with me over the years for your sup-
port, guidance, critiques, friendship, intellect, integrity,
and humor.
I approach this lecture with humility. None of us in this

room had the pleasure of knowing Dr Edward Jackson, but
based on my readings about him and his work, I am sure
that wewould all be honored to be in his presence, as his gifts
to medicine and ophthalmology still impact all of us today.
He not only gave us tangible discoveries that are named for
him, such as the Jackson cross cylinder, but also his memory
is forever documented and his legacy continues to grow
through the Jackson Memorial Lectures, where we have
been provided reviews and updates on ocular diseases,
have been challenged about future directions of ophthal-
mology and medicine, and have been introduced to new hy-
potheses and theories about ocular diseases. Reviewing
previous Jackson Memorial Lectures not only helped me
decide how to organize my presentation today but also
appealed to me as time capsules that offer perspectives on
macro-level developments in our discipline.
HISTORICAL PERSPECTIVE ON THE
STANDARD OF CARE FOR CATARACTS

AS IT HAPPENS, THE LAST TIME CATARACT SURGERYWASA

topic for a Jackson Memorial Lecture was the 24th Jackson
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Memorial Lecture in 1967, when Dr Paul Chandler
presented his paper, Surgery on Congenital Cataract.1

Considering that Neil Armstrong had not yet set foot on
the moon at that point, I felt that it was time to revisit
our most frequently performed surgical procedure. In
1932, Dr Jackson himself presented a paper to the Section
of Medical History in Denver about the history of cataract
operations.2 In his paper he presented findings from the
1917 Hunterian lectures of Colonel Elliot, who compared
the results of couching vs cataract extraction among 780
patients at the Government Ophthalmic Hospital at
Madras. A successful outcome was defined as vision of 20/
200 or better, with partial success defined as being able to
count fingers or better. The evidence favoring cataract
extraction was so overwhelming as to obviate any formal
statistical testing. Only 21.6% of couching patients had
vision of 20/200 or better, compared to 96% with cataract
extraction; the partial success rate of 16.7% in eyes that un-
derwent couching and 2% in those that underwent cataract
extraction raised the overall ‘‘success’’ rates to 38% and
98%, respectively, but as Dr Jackson pointed out, ‘‘the
decrease of failures from 62 percent to 2 percent indicates
the advance of modern surgery, the superiority of cataract
extraction over couching.’’ Since then, advances in treat-
ment and reassessments of what we regard as the standard
of care have led to revisions in quality standards. No longer
is the threshold for success set at vision of 20/200 or better.
Rather, using Measure 191 of the Physician Quality
Reporting System (PQRS) for the Center for Medicare
and Medicaid Services as an example, vision of 20/40 or
better is used as a quality measure, which seems more
reasonable based on modern sensibilities.3
THE EVOLVING NATURE OF QUALITY
OF CARE

EVOLVING QUALITY STANDARDS PROVIDE YARDSTICKS

both for tracking success and identifying room for improve-
ment. In 2013 Mats Lundström and colleagues from 15 Eu-
ropean countries reported that the 2-month-postoperative
visual acuity (VA) was 20/40 or better in 94.3% of 368 256
eyes that underwent cataract extractions and were included
in the European Registry of Quality Outcomes for Cataract
and Refractive Surgery (EUREQUO).4 We have made
great strides in improving the VA outcomes of our proce-
dures and continue to push the envelope to improve our
success rates for postoperative VA to not just 20/40 but
20/20. In the EUREQUO registry 61.3% of cataract extrac-
tions had 2-month-postoperative VA of 20/20 or better.
This was best-corrected distance vision; however, the cur-
rent standards have been to provide better visual outcomes
in patients without the need for glasses.

Device companies have been developing premium
lenses, which are lenses that allow patients with cataract
1092 AMERICAN JOURNAL OF
extractions to achieve excellent vision across a range of
viewing distances. In 1997, the first premium intraocular
lens in the United States was approved by the Food and
Drug Administration (FDA). As of June 22, 2015, the
FDA has approved intraocular lenses associated with 3
multifocal, 1 accommodating, 4 toric, and 2 phakic design
platforms (Michelle Tarver, MD, PhD, Division of
Ophthalmic and Ear, Nose, and Throat Devices [DOED],
Office of Device Evaluation, Center for Devices and Radio-
logical Health, Food and Drug Administration, written
communication, June 25, 2015). The frequency of the im-
plantation of a presbyopia correction lens by more than
1500 members of the American Society of Cataract and
Refractive Surgery (ASCRS) was 7.2% in the 2014
ASCRS Clinical Survey.5

Recently the American Academy of Ophthalmology
(AAO) with the FDA sponsored a workshop on developing
novel research endpoints for premium intraocular lenses.
Since these lenses are reviewed by the FDA on a case-by-
case basis, this workshop was designed to help with the
development of standards for evaluation protocols and
adverse-event occurrences that are applicable to premium
intraocular lenses and generalizable to new variations.6

One of the workshop recommendations was to revise the
current Safety and Performance Endpoints (SPEs) that
have been used in clinical trials as historical benchmarks
so that device companies do not have to have active con-
trol groups and can use smaller samples sizes for their inves-
tigative studies. As an illustration, the risk tolerance for
postoperative endophthalmitis is operationalized through
SPE rates of 0.1% for posterior chamber intraocular lenses
and 0.2% for anterior chamber intraocular lenses. Incorpo-
rating an allowance for finite-sample variability, for a new
intraocular lens to have an acceptable safety profile, the fre-
quency of cumulative endophthalmitis cannot be statisti-
cally significantly greater than 0.1% if it is a posterior
chamber intraocular lens.
BIG DATA AS A RESOURCE FOR
EVALUATING QUALITY OF CARE

SINCE CATARACT SURGERY HAS BECOME SO SUCCESS-

ful,4,7–11 it can be hard to detect improvements because
the rates of postoperative complications are so small. We
can use historical controls with SPEs as the FDA has
done, or we can use large sample sizes or datasets. With
large enough datasets, it is possible to investigate rare
events, such as cataract surgery complications, with the
goal of improving the success rates of cataract surgery by
decreasing the complication rate even more. The title of
my talk incorporates a term that has recently caught on,
entering the lexicon as a sound bite that encompasses
what I mean by ‘‘large enough datasets,’’ and that term is
‘‘Big Data.’’
DECEMBER 2015OPHTHALMOLOGY



TABLE 1. Annual Endophthalmitis Rates Following Cataract Surgery in the 5% Medicare Claims Files From 2010 to 2013 and in the
2013 and 2014 Intelligent Research in Sight (IRIS) Registry Data Files

Year

Number of Cases With

Cataract Surgeries

Number of Endophthalmitis Cases

After Cataract Surgery During the Year

Rate (%) of Endophthalmitis Cases After

Cataract Surgery During the Year

5% Medicare claims files (by patients)

2010 54 819 73 0.13%

2011 53 947 88 0.16%

2012 53 771 68 0.13%

2013 54 166 71 0.13%

Overall (2010–2013 combined) 216 703 300 0.14%

Intelligent Research in Sight (IRIS) Registry data files (by patients)

2013 and 2014 combined 511 182 400 0.08%

Intelligent Research in Sight (IRIS) Registry data files (by eyes)

2013 and 2014 combined 736 197 441 0.06%
What is Big Data? One definition of Big Data, a little
tongue-in-cheek, is that it involves a dataset that does not
fit in an Excel spreadsheet.12 Another commonly used defi-
nition of Big Datamakes reference to what are known as the
3 Vs, namely that there is a large volume and variety of data
that is growing at a rapid velocity.13–16 Some observers have
added a fourth ‘‘v,’’ veracity, to call attention to imperatives
having to do with data quality; others have added a fifth ‘‘v,’’
variability, and the current Wikipedia page for ‘‘Big Data’’
alludes to a sixth characteristic,17 ‘‘complexity,’’ apparently
in a nod to the notion that we should feel free to use the
whole alphabet and not artificially constrain ourselves to
1 letter, veritably valuable and verifiably valid though
that letter may be. A UCLA faculty colleague in the
Department of Biostatistics, Professor Tom Belin, also
known as my husband, pointed me to an American Statisti-
cal Association blog that identified 79 abstracts for presen-
tations at this summer’s Joint Statistical Meetings that
referred specifically to ‘‘Big Data.’’ Clearly, Big Data has
become a big deal.
SCIENTIFIC, PRAGMATIC, AND
SOCIETAL CONSIDERATIONS

THERE ARE A NUMBER OF ISSUES RAISED BY THE AVAILABIL-

ity of larger and larger datasets, including scientific consid-
erations relevant to interpretation of results, pragmatic
matters relevant to data processing and analysis, and soci-
etal concerns related to the power of information to affect
interpersonal and social dynamics.13–16 In my own work I
have made considerable use of Big Data sets, including
early in my career for my epidemiology PhD thesis, using
Medicare data to study complications associated with
glaucoma surgery.18 More recently, I have used Medicare
data to study associations between cataract surgery and sub-
sequent fractures that might be anticipated among elderly
patients who fall, revealing that cataract surgery helped
VOL. 160, NO. 6 BIG DATA AND CAT
to prevent falls, particularly for the most elderly patients.19

That finding might seem counterintuitive at first because
older patients might be expected to experience more set-
backs from surgery, but on the other hand, they are at
greater risk of falling and thus can be understood as having
more to gain.
ILLUSTRATIVE EXAMPLE: EVALUATING
ENDOPHTHALMITIS RATES USING

MEDICARE CLAIMS DATA

TOSHED LIGHTONWHATBIGDATAHASTOOFFERMEDICAL

providers in the 21st century, I’ll start with an illustrative
example, making use of data from a 5% sample of Medicare
claims from 2010, 2011, 2012, and 2013. One might ask, ‘‘Is
there evidence of a change in endophthalmitis rates
following cataract surgery across the time span from 2010
to 2013?’’ In Table 1 the annual endophthalmitis rate fluc-
tuates between 0.13% and 0.16%.A x2 statistical test yields
a P value of .35, indicating that the year-to-year variation
in endophthalmitis cases is consistent with what would be
expected by chance across 53 000–55 000 surgeries per year
with an overall rate of endophthalmitis of 0.14%. Thus,
even though we might expect the large sample sizes to pro-
vide substantial sensitivity to detect differences in endoph-
thalmitis rates as being statistically significant, the data
presented here do not provide convincing evidence of
any trend or other systematic pattern in endophthalmitis
rates across the time span.
Some related questions might then arise: how large

would the magnitude of year-to-year differences need to
be in order to emerge as statistically significant with com-
parable sample sizes? How large would samples have to be
to provide a good chance, say 80% power, to detect as sig-
nificant a 25% increase in the endophthalmitis rate (ie,
from 0.14% to 0.175%)? How large would the endophthal-
mitis rate have to be to provide a solid foundation for
1093ARACT SURGERY



judging a new procedure studied on 100 cases to have an
unacceptably high endophthalmitis rate? These questions
veer into the realm of statistical power calculations. It turns
out that with 58 786 patients in each of 2 groups, one has
80% power to detect as significant a difference between
an endophthalmitis rate of 0.14% in 1 group and 0.21%
in the other, an elevation of 50% in the rate when consid-
ered in percentage terms that would translate into an excess
of 41 cases in absolute terms. It would take 207 182 in each
of the 2 groups to have 80% power to detect a 25% eleva-
tion in a baseline endophthalmitis rate of 0.14% as statisti-
cally significant. Against a background rate of 0.14%, a new
procedure studied on 100 cases will only yield 80% power
to detect a statistically significant elevation in the endoph-
thalmitis rate if the true rate for a new procedure exceeds
2%. (This illustrates the fundamental principal of statisti-
cal power: to find a statistically significant difference using
a small sample, that difference must be large. You need a
large sample [often a very large sample] to find a small, sta-
tistically significant difference.) If we care about less
extreme elevations in surgical complication rates—which
of course we do, as reflected in the discussion of SPEs at
the recent AAO/FDA workshop on intraocular lenses—
we need to consider tracking evidence by integrating Big
Data into a post-FDA-approval surveillance environment.6
TYPES OF BIG DATA

I HAVEVENTURED INTOTHEREALMOFBIGDATADOWNTHE

path of government databases, but there are other forms of
big data that must be included in this discussion for
completeness. Broadly, some observers have classified
health-related big data into 3 categories20: (1) Traditional
medical data, which are primarily originated from the
health system (eg, electronic health records, personal and
family history, medication history, lab reports, pathology
results). The objective of analysis of these data is to obtain
a better understanding of disease outcomes and their risk
factors, reduce health system costs, and improve its effi-
ciency.20,21 (2) ‘‘Omics’’ data, referring to large-scale data-
sets in the biological and molecular fields (eg, genomics,
microbiomics, proteomics, and metabolomics). The aim
of analysis of this type of information is to understand the
mechanisms of diseases and accelerate the individualiza-
tion of medical treatments.21 For example, in the case of
developing accurate predictive genetic risk models,
genomic testing and mapping could be used in the future
to identify high-risk individuals for developing neovascular
age-related macular degeneration, which would allow
providing them with preventive care.22 Such information
has the potential to reduce the need for large-scale, poten-
tially hazardous future interventions for other low-risk indi-
viduals. (3) Data from social media, which include signs
and behaviors on how individuals use the Internet, social
1094 AMERICAN JOURNAL OF
media, mobile applications, sensor devices, wearable
computing devices, or other technological and nontechno-
logical tools to better inform and enhance their health.21

These tools can give information about individuals’ food
consumption, diet, lactation, et cetera. In recent years,
there is an evolving definition of patient-generated data
that refers to patient-sourced information of all types.
Patient-reported outcomes represent a portion of this
type of data, which are collected using questionnaires.23

The Patient-reported Outcome Task Force of the
Patient-Centered Outcomes Research Institute (PCORI)
defines patient-generated data as ‘‘health-related data—
including health history, symptoms, biometric data, treatment
history, lifestyle choices, and other information—created,
recorded, gathered, or inferred by or from patients or their des-
ignees (ie, care partners or those who assist them) to help address
a health concern.’’23 For example, this type of data includes
vital signs measured and recorded by the patient or proxy,
self-reported lifestyle data, self-reported quality-of-life
data, and information from biometric sensors or home
glucose monitoring.
The Centers for Medicare andMedicaid Services (CMS)

is makingMedicare claims data available to researchers and
what the Affordable Care Act refers to as ‘‘qualified en-
tities’’ for analysis.24 Analyzing these data together with
claims data from private insurers can offer meaningful in-
sights. However, these efforts would not be characterized
as fully leveraging Big Data’s information potential, as
might happen if CMS data were combined with differently
formatted data (for example, information from patients’
electronic health records or wearable devices or social me-
dia); such an approach would underscore how pooling a va-
riety of data sources could expand knowledge by assembling
the necessary ingredients to study associations connecting
patient characteristics, clinical treatments, and patient
health outcomes.24 For example, information regarding
the number of steps that an individual patient walks per
day from a wearable device could be linked to their Medi-
care claims data or the Intelligent Research in Sight (IRIS)
Registry to determine whether there is increased physical
activity after cataract surgery and whether this activity is
affected by postoperative VA.
PREVIOUS USES OF BIG DATA IN
OPHTHALMOLOGY

RETURNINGTOTHEUSEOFTHEMEDICARECLAIMSDATATO

inform ophthalmic care, I view the 1991 manuscript by
Jonathan Javitt, Al Sommer, and co-authors as an impor-
tant contribution to the field and one that influenced me
greatly.25 They reported that in 1984, when 58% of 338
141 cataract surgeries were extracapsular cataract extrac-
tions, 30% were intracapsular cataract extractions, and
8% were phacoemulsification, the risk of rehospitalization
DECEMBER 2015OPHTHALMOLOGY



for endophthalmitis in the year following cataract surgery
was 0.17% in patients who had intracapsular cataract ex-
tractions vs 0.12% in those with extracapsular cataract ex-
tractions or phacoemulsification, a finding that was
statistically significant, with a P value of <.002. In addi-
tion, patients who had complicated cataract surgeries
with an anterior vitrectomy had a 0.58% rate of endoph-
thalmitis at 1 year compared to 0.13% for those with cata-
ract surgery alone (P < .0001).25 Since then, several
investigators have reported on the rate of endophthalmitis
using the Medicare database or other large data sources.
Emily West and Oliver Schein and co-authors found that
the rate of endophthalmitis was 0.179% within 6 months
of cataract surgery in 1994 and 0.247% in 2001. They hy-
pothesized that this increasing rate of endophthalmitis
was secondary to the use of clear corneal incisions, which
became more popular in the late 1990s. In addition, they
found that among patients 80–89 years old the rate was
0.23% and 90 years or older, 0.319%.26 In the analysis of
the complete Medicare database of cataract surgeries, the
annual endophthalmitis rate had decreased to 0.133% in
2003 and 0.111% in 2004. Part of the decrease in the
rate could be secondary to the inclusion of only endoph-
thalmitis cases within 42 days of the cataract surgery date
instead of within the year following cataract surgery or
within 6 months, as was used in the prior studies. Another
possible explanation given by the authors was changes in
wound construction in the early 2000s.27 Interestingly,
the rate of endophthalmitis in Canada during the same
time period was similar to that observed in the United
States (0.14%),28 while the annual endophthalmitis rate
reported in Sweden by Lundström and co-authors from
the Swedish National Cataract Registry was 0.048%.29

In my work with the AAO’s H. Dunbar Hoskins, Jr, MD,
Center for Quality Eye Care, which I am proud to have
served as founding director, I have worked with Dr Flora
Lum and the AAO Public Health Committee to investi-
gate trends in cataract surgery outcomes in the United
States using the 5% public use Medicare database files.
Although several investigators in the United States have
used the Medicare database25–27,30,31 and other large
databases such as those of the Veterans Administration
Hospital32 and Kaiser Permanente33 to investigate trends
in cataract surgery outcomes and complications, our goals
included investigating not only the current status and
trends in the 5% Medicare sample but also the personal-
level data from patients who have had cataract surgery
and are available in the IRIS Registry.
THE AAO IRIS REGISTRY AS AN
ADDITIONAL BIG DATA SOURCE

THE AAO INITIATED THE IRIS REGISTRY IN MARCH 2014 AS A

longitudinal, clinical data registry to advance knowledge in
VOL. 160, NO. 6 BIG DATA AND CAT
the field and to enhance tracking and improvement of pa-
tient outcomes over time. The IRIS Registry as of
December 31, 2014, already included 6.5 million unique
patients with 17.2 million patient encounters, allowing
ophthalmologists to meet quality reporting requirements
of federal programs, as well as to track their own perfor-
mance and compare their patients’ outcomes with national
benchmarks (Flora Lum, MD, written communication,
June 11, 2015). The IRIS Registry uses a software tool
capable of extracting data automatically from a practice’s
electronic health record (EHR) system, thus avoiding
manual entry by staff members and interruptions to the
everyday workflow. This approach can be adapted to any
EHR system, and the IRIS Registry is also able to receive
standardized files from cloud-based EHR systems. Integra-
tion can also be achieved by interfacing with practice man-
agement systems to extract procedure codes used for billing
purposes, if not available in the EHR system.
By evaluating the systemic and ocular factors associated

with success and complications, the AAO hopes to provide
better guidance and benchmarks for the improvement of
the quality of cataract surgery and eye care in general for
the US population.34,35 To emphasize the potential for
Big Data to inform our clinical activities, I thought it
would be useful to present some new findings, first from
further recent analyses of Medicare data from 2010 to
2013 and then from recent analysis of the IRIS Registry
database from 2013 to 2014.
METHODS

� METHODS FOR MEDICARE CLAIMS DATABASES: Patient
selection. We first obtained the 5% random sample of Medi-
care physician suppliers Part B files from the Centers for
Medicare&Medicaid Services’ claims for the service of cata-
ract surgery in each year from 2010 to 2013. Cataract surgery
cases were identified based on the Current Procedural Termi-
nology (CPT) codes for cataract surgery, including 66840,
66850, 66852, 66920, 66930, 66940, 66982, 66983, and
66984 (Appendix 1; Supplemental Material available at
AJO.com). If multiple claims of cataract surgery occurred
for the same patient on the same date, we considered them
as a single surgery. The first occurrence of cataract surgery
within each year was considered as the index surgery for
each Medicare beneficiary. Therefore, the unit of analysis is
the patient, and index surgeries were defined by patient.
The date of index cataract surgery was recorded, along with
the number of cataract surgeries for each Medicare
beneficiary during each year.
All beneficiaries who underwent cataract surgery were

then merged with the Denominator file in each year to
obtain their demographic and background information.
Beneficiaries who met the following conditions were
excluded from further analysis: a) age younger than 65
1095ARACT SURGERY
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TABLE 2. Endophthalmitis Rates Following Cataract Surgery CombinedWith Other Procedures in the 5%Medicare Claims Files From
2010 to 2013 and in the 2013 and 2014 Intelligent Research in Sight (IRIS) Registry Data Files

Year Number of Cases With Cataract Surgeries

Number of Endophthalmitis Cases

After Cataract Surgery During the Year

Rate (%) of Endophthalmitis Cases

After Cataract Surgery During the Year P Valuea

Cataract surgery combined with any ocular proceduresb

5% Medicare claims files (by patients)

2010

Combined 1724 6 0.35% .027

Not combined 53 095 67 0.13%

2011

Combined 1668 6 0.36% .055

Not combined 52 279 82 0.16%

2012

Combined 1647 4 0.42% .033

Not combined 52 124 64 0.12%

2013

Combined 1620 6 0.37% .020

Not combined 52 546 65 0.12%

IRIS data files (by patients)

2013 and 2014

Combined 62 406 72 0.12% <.0001

Not combined 448 776 328 0.07%

IRIS data files (by eyes)

2013 and 2014

Combined 67 189 73 0.11% <.0001

Not combined 669 008 368 0.06%

Cataract surgery combined with glaucoma surgeryc

5% Medicare claims files (by patients)

2010

Combined 787 1 0.13% 1.0

Not combined 54 032 72 0.13%

2011

Combined 698 0 0 .63

Not combined 53 249 88 0.17%

2012

Combined 693 0 0 1.0

Not combined 53 078 68 0.13%

2013

Combined 624 0 0 1.0

Not combined 53 542 71 0.13%

IRIS data files (by patients)

2013 and 2014

Combined 3633 5 0.14% .22

Not combined 507 549 395 0.08%

IRIS data files (by eyes)

2013 and 2014

Combined 3840 5 0.13% .083

Not combined 732 357 436 0.06%

Cataract surgery combined with anterior vitrectomyd

5% Medicare claims files (by patients)

2010

Combined 104 1 0.96% .13

Not combined 54 715 72 0.13%

2011

Combined 98 1 1.02% .15

Not combined 53 849 87 0.16%

Continued on next page
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TABLE 2. Endophthalmitis Rates Following Cataract Surgery CombinedWith Other Procedures in the 5%Medicare Claims Files From

2010 to 2013 and in the 2013 and 2014 Intelligent Research in Sight (IRIS) Registry Data Files (Continued )

Year Number of Cases With Cataract Surgeries

Number of Endophthalmitis Cases

After Cataract Surgery During the Year

Rate (%) of Endophthalmitis Cases

After Cataract Surgery During the Year P Valuea

2012

Combined 58 0 0 1.0

Not combined 53 713 68 0.13%

2013

Combined 69 2 2.90% .004

Not combined 54 097 69 0.13%

IRIS data files (by patients)

2013 and 2014

Combined 600 2 0.33% .081

Not combined 510 582 398 0.08%

IRIS data files (by eyes)

2013 and 2014

Combined 603 2 0.33% .051

Not combined 735 594 439 0.06%

aFisher exact test.
bAny combined ocular procedures included any procedures with Current Procedural Terminology (CPT) codes between 65091 and 68899.
cCombined glaucoma surgery included trabeculectomy (CPT¼ 66170, 66172), drainage device implants (CPT¼ 66180, 66185), transscleral

cyclophotocoagulation (CPT ¼ 66710), endoscopic cyclophotocoagulation (CPT ¼ 66711), and trabectome (CPT ¼ 65850).
dCombined anterior vitrectomy included procedures with CPT 67005 and 67010.
years; b) residence outside the 50 US states or District of
Columbia; c) lack of Medicare Part B coverage; and d)
health maintenance organization coverage not processed
by the CMS.

Outcomes. The primary outcome of interest was the
presence of endophthalmitis after the index cataract sur-
gery within each year. The presence of postoperative
endophthalmitis was determined by the Medicare physi-
cian suppliers Part B claims for endophthalmitis-related
service using the International Classification of Diseases,
9th Revision, and Clinical Modification (ICD-9-CM)
diagnosis codes, including 360.0x (Appendix 2;
Supplemental Material available at AJO.com). The date
of the first occurrence of postoperative endophthalmitis
after the index cataract surgery was also recorded, and
the time interval between the index cataract surgery and
the first occurrence of postoperative endophthalmitis was
calculated.

There are well-known limitations associated with the
use of claims databases such as the Medicare database,
which does not include laterality of the eye. Thus, there
could be misattribution of the source of postoperative
endophthalmitis, because the eye that received cataract
surgery could be different from the eye that had the postop-
erative endophthalmitis.

Exposures. The exposures of interest included whether the
index cataract surgery was combined with other ocular proce-
VOL. 160, NO. 6 BIG DATA AND CAT
dures or not. The occurrence of combined cataract surgery was
determined using CPT codes (Appendix 1) by the Medicare
physician suppliers Part B claims for any ocular-related
procedures occurring on the same day as the index cataract
surgery. Combined cataract surgery was further characterized
into the following classifications: a) any combined cataract
surgery, b) combined cataract surgery and anterior
vitrectomy, and c) combined cataract and glaucoma surgery.

� METHODS FOR IRIS REGISTRY DATABASES: Patient
selection. In parallel evaluations using cataract surgery
data in the IRIS Registry databases provided by AAO, all
cataract surgery performed between January 1, 2013 and
December 31, 2014 were extracted (data provided by Craig
Salman and Flora Lum, MD, Quality of Care and
Knowledge-based Development, American Academy of
Ophthalmology on May 21, 2015). As opposed to the
Medicare database, the IRIS Registry database has
information on laterality of surgery, so the index surgery
was defined by eye. If multiple cataract surgeries occurred
in the same eye on the same date, they were considered
as a single surgery. If there was an indication for bilateral
cataract surgery, the bilateral cataract surgery was
considered as 2 cataract surgeries, 1 in each eye. The first
occurrence of cataract surgery in each eye during the
study period was considered as the index surgery for that
eye. The date of index cataract surgery was recorded,
along with the number of cataract surgeries each patient
had during the study period.
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TABLE 3. Preoperative and Postoperative Visual Acuity Among Eyes With Cataract Surgery in the 2013 and 2014 Intelligent Research
in Sight (IRIS) Registry Data Files

Visual Acuity (logMAR) Summary Statistics

Visual acuity among all eyes with cataract surgery

Preoperative visual acuity (within 1 month prior to the cataract surgery), n ¼ 246 612

Mean 6 SD; median 0.43 6 0.42; 0.30

20/20 or better (<_0 logMAR), n (%) 22 874 (9.3%)

Worse than 20/40 (>0.3 logMAR), n (%) 120 322 (48.8%)

Postoperative visual acuity at 1 week (within 1–7 days after the cataract surgery), n ¼ 168 124

Mean 6 SD; median 0.31 6 0.34; 0.30

20/20 or better (<_0 logMAR), n (%) 29 090 (17.3%)

Worse than 20/40 (>0.3 logMAR), n (%) 54 836 (32.6%)

Postoperative visual acuity at 1 month (30 6 15 days after the cataract surgery), n ¼ 33 547

Mean 6 SD; median 0.20 6 0.26; 0.20

20/20 or better (<_0 logMAR), n (%) 9866 (29.4%)

Worse than 20/40 (>0.3 logMAR), n (%) 6136 (18.3%)

Postoperative visual acuity at 3 months (90 6 30 days after the cataract surgery), n ¼ 5577

Mean 6 SD; median 0.23 6 0.30; 0.20

20/20 or better (<_0 logMAR), n (%) 1529 (27.0%)

Worse than 20/40 (>0.3 logMAR), n (%) 1131 (20.5%)

Visual acuity among eyes with cataract surgery and postoperative endophthalmitis

Preoperative visual acuity (within 1 month prior to the cataract surgery), n ¼ 156

Mean 6 SD; median 0.51 6 0.68; 0.30

20/20 or better (<_0 logMAR), n (%) 16 (10.3%)

Worse than 20/40 (>0.3 logMAR), n (%) 74 (47.4%)

Postoperative visual acuity at 1 week (within 1–7 days after the cataract surgery), n ¼ 118

Mean 6 SD; median 0.58 6 0.84; 0.30

20/20 or better (<_0 logMAR), n (%) 15 (12.7%)

Worse than 20/40 (>0.3 logMAR), n (%) 51 (43.2%)

Postoperative visual acuity at 1 month (30 6 15 days after the cataract surgery), n ¼ 23

Mean 6 SD; median 0.19 6 0.29; 0.10

20/20 or better (<_0 logMAR), n (%) 10 (43.5%)

Worse than 20/40 (>0.3 logMAR), n (%) 6 (26.1%)

Postoperative visual acuity at 3 months, n ¼ 7

Mean 6 SD; median 0.14 6 0.10; 0.10

20/20 or better (<_0 logMAR), n (%) 1 (14.3%)

Worse than 20/40 (>0.3 logMAR), n (%) 0

AMD ¼ age-related macular degeneration; logMAR ¼ logarithm of the minimal angle of resolution; SD ¼ standard deviation.
Outcomes. The primary outcome of interest was the
presence of endophthalmitis after the index cataract sur-
gery during the study period. The presence of postoperative
endophthalmitis was determined from the endophthalmitis
database provided by AAO, using ICD-9 and International
Classification of Diseases, 10th revision (ICD-10) codes
(Appendix 2). The date of the first occurrence of
postoperative endophthalmitis after cataract surgery in
each eye was also recorded, and the time interval
between the index cataract surgery and the presence of
postoperative endophthalmitis was calculated. For the
purpose of comparing postoperative endophthalmitis rates
between IRIS Registry and Medicare databases, the rate
of endophthalmitis was analyzed and presented both by
eyes and by patients. In the by-patient analysis, only 1
eye per patient was included in the analysis, and the eye
1098 AMERICAN JOURNAL OF
with first cataract surgery during the study period was
selected for patients with cataract surgery in both eyes
during the study period.
A secondary outcome of interest was VA before and after

the index cataract surgery. Because VA data are not avail-
able in the Medicare database, there was no foundation for
the comparison of VA results between the IRIS Registry
and Medicare databases. We used eyes as the units of anal-
ysis for studying VA in the IRIS Registry. For each index
cataract surgery, data were obtained on preoperative VA
within 30 days of the index cataract surgery as well as post-
operative VA within 1 week, 1 month (306 15 days), and
3 months (906 30 days) after the index cataract surgery. If
there were multiple VA measurements performed on the
same day, the value used for analysis was taken in the
following order, depending on availability: (1) distance
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VA, near VA, or unspecified; (2) best-corrected VA, un-
corrected VA, or unspecified. The VA value was recorded
as Snellen acuity, and then converted to the logarithm of
the minimal angle of resolution (logMAR) for analysis.
In order to compare the results with other studies, the
VA value was also evaluated according to 2 dichotomous
thresholds: 20/20 or better and worse than 20/40.

Exposures. The exposures of interest included whether
the index cataract surgery was combined with other ocular
procedures or not. The occurrence of combined cataract
surgery was also determined based on the same CPT codes
used in the Medicare databases analysis (Appendix 1),
including: a) any combined cataract surgery, b) combined
cataract and glaucoma surgery, and c) combined cataract
surgery and anterior vitrectomy.

� STATISTICAL ANALYSIS: All statistical analyses were
performed using SAS software version 9.4 (SAS Institute,
Inc, Cary, North Carolina, USA). Descriptive statistics
were calculated for all variables of interest (outcomes and
exposure variables). Mean, standard deviation (SD), and
median were calculated for continuous variables, while fre-
quency and percentage were calculated for categorical vari-
ables. The rate of postoperative endophthalmitis was
calculated as the percentage of patients (or eyes) with the
event among all patients (or eyes) with cataract surgery
and among patients (or eyes) with each of the exposure vari-
ables. The rates of VA above or below particular thresholds
were calculated as percentages among all eyes for which VA
was available. Statistically significant differences in rates of
outcomes between patients (or eyes) with and without the
exposure variables were assessed using Fisher exact tests.
RESULTS

� RESULTS FOR MEDICARE CLAIMS DATABASES: In 2010,
therewere 54 819unique patientswhounderwent cataract ex-
tractions in at least 1 eye in the 5%Medicare claims database.
Approximately half of the patients had only 1 cataract extrac-
tion (49.0%) during the year. The average age of the patients
whounderwent cataract extractionwas 75.5 years old (SD: 6.5
years); 60.3%were female and 88.1%were white. There were
73 cases of postoperative endophthalmitis after 54 819 first
cataract surgeries at an annual rate of 0.13% (Table 1). The
median time to endophthalmitis from the cataract surgery
date was 24 days (range 1–277 days). Patients with cataract
surgery combined with another procedure had postoperative
endophthalmitis at an annual rate of 0.35% (Table 2). The
findings in 2011, 2012, and 2013 were similar to 2010
(Tables 1 and 2) except that in 2012 there were no cases of
postoperative endophthalmitis in patients with cataract sur-
gery combined with anterior vitrectomy, which occurred at
an annual rate of 2.9% in 2013 (P ¼ .004, Fisher exact test).
VOL. 160, NO. 6 BIG DATA AND CAT
� RESULTS FOR IRIS REGISTRY DATABASES: There were
511 182 unique cataract surgery patients (encompassing
736 197 eyes) who had at least 1 cataract surgery in the
IRIS Registry between January 1, 2013 and December 31,
2014. Of these, 225 015 patients (44%) had cataract sur-
gery in both eyes during the study period; the average age
of the patients who underwent cataract surgery was 71.0
years (SD: 9.9), with 58.1% of patients being female and
64.7% being white (but race was unknown for 21.7% of pa-
tients). Among 511 182 patients with cataract surgery, 400
(0.08%) had a postoperative diagnosis of endophthalmitis.
The median number of days from the time of cataract sur-
gery to the first diagnosis of endophthalmitis was 19 days
(range 1–657 days). There were 600 patients (0.12%)
who underwent cataract surgery combined with anterior
vitrectomy. Two of the patients (0.33%) undergoing both
procedures had endophthalmitis, yielding a borderline sig-
nificant comparison between patients with anterior vitrec-
tomy combined with cataract surgery and the rest of
the IRIS Registry sample (P ¼ .081, Fisher exact test;
P ¼ .051 for the comparison by eyes) (Table 2).
In the IRIS Registry, preoperative VA was available for

246 612 eyes (33.5%) with an average of 0.43 logMAR
(SD: 0.42) (approximately 20/50 Snellen VA), and
48.8% of them had preoperative VA worse than 20/40.
Postoperative VA was available in 168 124 of the eyes
(22.8%) between 1 and 7 days postoperatively, yielding
an average of 0.31 logMAR (SD: 0.34) (approximately
20/40 Snellen VA). In 33 547 eyes (4.6%) with available
data on postoperative VA 30 days after surgery, 18.3% of
the eyes had worse than 20/40 and 29.4% had 20/20 or bet-
ter (Table 3). The number of eyes with postoperative VA
recorded at 90 days after surgery was 5577 (0.76%), and
their mean VA was 0.23 logMAR (SD: 0.30). Preoperative
VA was available for 156 eyes with postoperative endoph-
thalmitis, and their mean preoperative VA was 0.51
logMAR (SD: 0.68), slightly worse than the preoperative
VA in all eyes with cataract surgery. Postoperative VA be-
tween 1 and 7 days was available for 118 eyes with postop-
erative endophthalmitis, and the average VA deteriorated
to 0.58 logMAR (SD: 0.84), compared to the improvement
of postoperative VA among all eyes with cataract surgery.
Postoperative VA at 1 month and 3 months for eyes with
postoperative endophthalmitis improved to levels compa-
rable to those among all eyes with cataract surgery, but
the sample sizes were too small to support convincing com-
parisons of statistical significance.
DISCUSSION

WHENUSING THE 5%MEDICARE CLAIMS FILES, THE ANNUAL

rate of endophthalmitis does not appear to have signifi-
cantly changed from a rate of 0.12% in 1984 to 0.13% in
2013, although the rate was reported to have increased in
1099ARACT SURGERY



the late 1990s.25–27,36 Because endophthalmitis is a rare
event, Big Data such as that provided by the IRIS
Registry is extremely helpful. The annual number of
endophthalmitis cases in the 5% Medicare data files is
approximately 70, while in the IRIS Registry there were a
little more than 6 times as many diagnoses of
endophthalmitis in the larger cohort. The larger numbers
in the IRIS Registry offer greater potential for
exploration of potentially associated risk factors and
confounders. Although the IRIS Registry included extra
ICD-9-CM codes along with additional ICD-10-CM codes,
the rate of endophthalmitis appears to be lower in subjects
enrolled in the IRIS Registry than in the 5% Medicare da-
tabases. One reason could be that the cohort in the IRIS
Registry is younger (average age of 71 years old) vs the
Medicare database, where the average age is approximately
75 years old. In numerous studies the rate of endophthalmi-
tis has been shown to be greater for older individuals, espe-
cially those 85 years and older.26–29,37,38 Another possible
reason could be misattribution of the source of
postoperative endophthalmitis in the Medicare databases
due to the lack of information on laterality.

Similar rates of endophthalmitis have been noted in the
Swedish National Cataract Registry, where the rate of
endophthalmitis decreased from greater than 0.10% in
1998 to 0.029% in 2009. Analyses on the use of prophylaxis
at different clinics in Sweden suggested that the intraocular
use of cefuroxime was associated with a decreased frequency
of endophthalmitis postoperatively.8 This finding was
consistent with a randomized, multicenter clinical trial by
the European Society of Cataract and Refractive Surgeons.39

In the US, not all cataract surgeons use intracameral antibi-
otics, citing concerns about ocular toxicity, allergies, dilu-
tion errors, contamination, and risk of the development of
antibiotic-resistant bacteria.40 In an observational longitudi-
nal study of cataract surgeries within Kaiser Permanente, 9
cases of endophthalmitis were reported among 6278 cataract
surgeries during 2008–2009 and only 1 case of endophthal-
mitis was reported among 7108 cataract surgeries during
2010–2011.33 The rate of postoperative endophthalmitis
during 2010–2011, which is lower than observed in 2008–
2009 and in either of the other Big Data sources considered
here, coincided with uptake in the use of intracameral anti-
biotic injections by cataract surgeons in northern California,
but the modest number of cases and the potential for
confounding from these surgeons also switching the type of
postoperative topical antibiotics at the same time prevented
any convincing conclusion explaining the lower than
average rate. If we are going to be able to reduce the number
of cases of endophthalmitis after cataract surgery even
further, we need to rely on Big Data in order to have enough
cataract surgery cases to determine if a specific intervention
is successful in reducing the rate of postoperative endoph-
thalmitis.

An excellent example of the importance of clinical input
in the interpretation of the findings fromBig Data analyses is
1100 AMERICAN JOURNAL OF
the borderline statistically significant finding that endoph-
thalmitis is more likely to occur among patients in the
IRIS Registry with combined cataract surgery and anterior
vitrectomy. Currently, information on whether a procedure
was planned preoperatively or decided intraoperatively is
not available from the data collected. A possible fallacious
interpretation of the available data is that combined proce-
dures such as cataract surgery and anterior vitrectomy should
not be allowed or reimbursed due to the potentially higher
rate of endophthalmitis in patients who received the com-
bined procedure compared to the rate in patients with
standard cataract surgery. This would be a tragedy for oph-
thalmologists, as we are well aware that some cases are
scheduled with an anterior vitrectomy and others require
an anterior vitrectomy to manage an intraoperative compli-
cation. Thus, clinical insight in such cases is essential to
avoid the kinds of reasoning errors that might be especially
tempting to cost-conscious observers. One potential area of
further inquiry from the finding of a borderline statistically
significant increased rate of endophthalmitis in the IRIS
Registry with combined cataract surgery and anterior vitrec-
tomy is whether there may be benefit in considering the use
of prophylactic antibiotics in cases that report an anterior
vitrectomy combined with cataract surgery. Because there
were 603 eyes in the IRIS Registry (0.08%) that underwent
a combined cataract surgery and anterior vitrectomy, such
an investigation or clinical trial could be possible.

� LIMITATIONS: As with any other study, but arguably
even more so because of the size and scope of the datasets,
there are limitations associated with analyses based on Big
Data. Data analyses using large datasets such as the Medi-
care claims data and the IRIS Registry are both subject to
potential misclassification of coding data because of inac-
curate coding, missing data, or incomplete data.30,31 In
addition, the Medicare claims data do not currently have
relevant clinical information that is available in the IRIS
Registry, such as laterality, VA, intraocular pressure
measurements, and ocular characteristics such as optic
nerve appearance and cellular reactions in the anterior
chamber. Although in the IRIS Registry database there
were data errors from the extraction of the electronic
medical charts, such as the missing VA data, these errors
are expected to improve as we become more experienced
with the IRIS Registry. In addition, the presence of
relevant clinical data in the IRIS Registry will help
inform questions that arise from the aggregation and
analysis of data so that potential areas for improvement
of quality of care and outcomes can be addressed, such as
the 18.3% of patients having postoperative VA worse
than 20/40 1 month after cataract surgery.
Because patient registries are composed of observational

data, the vast literature on statistical and other scientific
considerations pertaining to causal inference in observa-
tional study settings is relevant to analyses of Big
Data.41 In this manuscript, I have focused attention on
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straightforward 2-group comparisons of underlying popula-
tion proportions or means, just as typically considered in
first courses in statistics. While such findings can be consis-
tent with causation, the range of possible scenarios accom-
panying observational data limits the interpretation of
significant differences to the realm of associations rather
than causal effects.

� BROADER SOCIETAL CONSIDERATIONS: Against this
backdrop, it is natural to ask, ‘‘What’s the catch?’’ A thor-
ough treatment of the concerns growing out of what might
uneasily be characterized as the ‘‘brave new world’’ of Big
Data runs well beyond the scope of this paper, but no treat-
ment of the topic of Big Data could be considered complete
without consideration of concerns related to privacy, confi-
dentiality, and data security. Recent studies have docu-
mented that a majority of people in the United States are
uniquely identified by birth data, gender, and ZIP
code.42–45 Even without specific personal identifiers in
databases, it is possible to identify individuals based on a
constellation of known characteristics, raising concerns
about merged databases. Recent large-scale breaches of
data security compound the security risk46 and even
when economic benefits are quantifiable, it can be hard
to know how strict to be in preventing harm by prohibiting
certain types of data aggregation or how much to invest in
data-security measures.47

For my part, I want to emphasize the importance to
our profession of not taking such concerns lightly and
instead engaging in practices that will protect both indi-
vidual interests and the interests of the profession at the
same time. By way of analogy, most of us used commer-
cial aviation to arrive here in Las Vegas for the confer-
ence and have enjoyed many other travels with air
carriers to far-flung locations around the world. But
what would our travel opportunities have been if, con-
trary to what actually happened, the early era of com-
mercial air travel had been marked with many more
disasters? While I do not claim expertise in the ‘‘how-
to’’ aspects of data security, I do know that we need to
be appropriately vigilant to guard against what might
be regarded as big-data disasters. I hope that these few
VOL. 160, NO. 6 BIG DATA AND CAT
comments succeed in fueling further discussion about
how best we can realize the benefits of Big Data without
experiencing the kind of harm that we know is possible if
vulnerabilities are exploited.
CONCLUSIONS

WE ARE CURRENTLY IN THE MIDST OF AN INFORMATION

wave that is quickly engulfing all of us with more informa-
tion than 1 mind or 2 minds or 100 minds can aggregate or
analyze. Google is more than 1 million petabytes in size and
processes more than 24 petabytes of data a day. In 2020, the
amount of digital data produced in the world is estimated to
be more than 40 zettabytes, which is estimated to be more
than 5200 gigabytes for every person in the world.48 This is
the age of Big Data, which brings with it the capacity to
advance our mission to continuously improve outcomes
and the quality of the care we provide as long as we are
respectful and vigilant regarding privacy issues. Advan-
tages to this approach are the availability of clinical obser-
vations and measurements to corroborate patient
outcomes, such as VA, which either would not be present
in claims data, or would require additional effort in chart
reviews.
Although improvement in visual outcomes and the

corresponding public health impact of cataract surgery
surely constitutes one of the greatest success stories in the
modern public health arena, it is a reality that we tend to
take for granted. But we shouldn’t. We should take pride
in how we as a profession have reduced the burden of cata-
ract blindness worldwide.49 So when we all return to our
patient-care activities, many of us performing cataract sur-
geries on hundreds of patients a year, I encourage you to
join in thinking of ourselves as modern heirs to the legacy
of Dr Edward Jackson and the many other path-breaking
clinicians, clinician-scientists, and scientists who built
ophthalmology into such an impactful healing craft, and
to join in the long tradition of taking what we do that’s
good and making it even better.
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APPENDIX 1. Current Procedure Terminology (CPT) Codes for Identifying Cataract Surgery and Combined Ocular Procedures in the
5% Medicare Claim Files and the Intelligent Research in Sight (IRIS) Registry Data Files

CPT Codes Descriptions

Cataract surgery

66840 Removal of lens material; aspiration technique, 1 or more stages

66850 Removal of lens material; phacofragmentation technique (mechanical or

ultrasonic) (eg, phacoemulsification), with aspiration

66852 Removal of lensmaterial; pars plana approach, with or without vitrectomy

66920 Removal of lens material; intracapsular

66930 Removal of lens material; intracapsular, for dislocated lens

66940 Removal of lens material; extracapsular

66982 Extracapsular cataract removal with insertion of intraocular lens

prosthesis (1-stage procedure), manual or mechanical technique (eg,

irrigation and aspiration or phacoemulsification), complex, requiring

devices or techniques not generally used in routine cataract surgery

(eg, iris expansion device, suture support for intraocular lens, or

primary posterior capsulorrhexis) or performed on patients in the

amblyogenic developmental stage

66983 Intracapsular cataract extraction with insertion of intraocular lens

prosthesis (1-stage procedure)

66984 Extracapsular cataract removal with insertion of intraocular lens

prosthesis (1-stage procedure), manual or mechanical technique (eg,

irrigation and aspiration or phacoemulsification)

Ocular procedures combined with cataract surgery

Any ocular procedures combined with cataract surgery

Any CPT codes between 65091 and 68899

Glaucoma surgery combined with cataract surgery

Trabeculectomy

66170 Fistulization of sclera for glaucoma; trabeculectomy ab externo in

absence of previous surgery

66172 Fistulization of sclera for glaucoma; trabeculectomy ab externo with

scarring from previous ocular surgery or trauma (includes injection of

antifibrotic agents)

Drainage device implants

66180 Aqueous shunt to extraocular equatorial plate reservoir, external

approach; with graft

66185 Revision of aqueous shunt to extraocular equatorial plate reservoir; with

graft

Transscleral cyclophotocoagulation

66710 Ciliary body destruction; cyclophotocoagulation, transscleral

Endoscopic cyclophotocoagulation

66711 Ciliary body destruction; cyclophotocoagulation, endoscopic

Trabectome

65850 Trabeculotomy ab externo

Anterior chamber vitrectomy combined with cataract surgery

67005 Removal of vitreous, anterior approach (open sky technique or limbal

incision); partial removal

67010 Removal of vitreous, subtotal removal with mechanical vitrectomy
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APPENDIX 2. International Classification of Diseases (ICD) Diagnosis Codes for Identifying Endophthalmitis in the 5%Medicare Claim
Files and the Intelligent Research in Sight (IRIS) Registry Data Files

ICD Codes for Endophthalmitis Descriptions

ICD-9 diagnosis codes used in both the 5% Medicare claim files and the IRIS data files

360.0x Purulent endophthalmitis

Additional ICD diagnosis codes used in the IRIS data files only

ICD-9 diagnosis codes

360.1 Other endophthalmitis

360.11 Sympathetic uveitis

360.12 Panuveitis

360.13 Parasitic endophthalmitis, not otherwise specified

360.19 Other endophthalmitis, such as phacoanaphylactic endophthalmitis

379.63 Inflammation (infection) of postprocedural bleb, stage 3, bleb-associated endophthalmitis

ICD-10 diagnosis codes

H44.001 Unspecified purulent endophthalmitis, right eye

H44.002 Unspecified purulent endophthalmitis, left eye

H44.003 Unspecified purulent endophthalmitis, bilateral

H44.009 Unspecified purulent endophthalmitis, unspecified eye

H44.123 Parasitic endophthalmitis, not otherwise specified, bilateral

H44.19 Other endophthalmitis

H59.88 Other intraoperative complications of eye and adnexa, not elsewhere classified

H59.89 Other postprocedural complications and disorders of eye and adnexa, not elsewhere classified

T81.4 Infection following a procedure
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