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Ophthalmology stands at the vanguard of incorporating big data into medicine, as exemplified by the
integration of The Intelligent Research in Sight (IRIS) Registry. This synergy cultivates patient-centered
care, demonstrates real world efficacy and safety data for new therapies, and facilitates comprehensive
population health insights. By evaluating the creation and utilization of the world’s largest specialty
clinical data registry, we underscore the transformative capacity of data-driven medical paradigms, current
shortcomings, and future directions. We aim to provide a scaffold for other specialties to adopt big data

integration into medicine.

INTRODUCTION - THE BEGINNINGS OF
BIG DATA

The use of real-world data (RWD) in clinical re-
search is a growing trend that has the potential to revolu-
tionize the way we understand and treat disease. Big data,
defined to encompass both large quantities and diverse
types of data, was originally described in the 1990s [1].
However, the impact on the medical field was not realized
until much more recently due to the passive collection of
large amounts of patient data catalyzed by the advanc-
es in electronic health records (EHRs), medical imaging,
and data analytics technology.

Ophthalmology has been at the forefront of big data
utilization in healthcare research, partially because many
ophthalmic conditions can be objectively measured and
tracked over time, and the use of noninvasive, fast im-

aging modalities provide detailed information on disease
progression and treatment response [2]. Big data is an ag-
gregation of RWD - information that is routinely collect-
ed during the delivery of healthcare. Systematic analysis
of RWD yields real-world evidence (RWE). This infor-
mation has been used to evaluate clinical outcomes, prac-
tice patterns among physicians, epidemiology of different
diseases, and adverse events of different therapies. As the
collection and quality of big data continues to improve,
there continues to be an increased impact. In 2021, the
FDA released a draft guidance establishing the use of big
data (claims and electronic health records) for regulatory
decision-making [3]. Herein, we give an overview of the
use of big data in ophthalmology to inspire further inno-
vation and utilization, not just in our field, but across all
specialties in medicine.
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FROM CLINICAL TRIALS TO BIG DATA

Prior to the widespread adoption of EHRs, the main-
stay of robust clinical research in ophthalmology was
through traditional, randomized controlled trials (RCTs).
While RCTs remain a critical tool for evaluating the safe-
ty and efficacy of new treatments, they have limitations in
ability to reflect real-world patient populations and treat-
ment patterns due to limited sample sizes and relative
homogeneity of patients due to strict inclusion and ex-
clusion criteria. Often, patients in RCTs are not as diverse
as the populations to which their answers are applied.
For example, in an observational study of patients with
treatment naive neovascular age related macular degener-
ation, 44.7% did not meet eligibility criteria for a clinical
trial whose conclusions on efficacy and safety of med-
ical therapy in this population of patients were widely
adapted [4]. In comparison, the use of RWD can enhance
clinical trial outcomes by evaluating clinical questions on
an expansive sample size in a heterogenous group that
is likely more generalizable to other populations. In ad-
dition, RWD reflects the integration of both quantitative
(measurable, scientific outcomes) data and non-quanti-
fiable nuances (physician and patient preference, moti-
vations, etc.) that influences patient outcomes. More so,
randomized clinical trials are using registries to reduce
the time and costs of recruitment of patients and collec-
tion of data [5]. Certainly, clinical trials remain the most
rigorous form of medical research, but there is an expand-
ing role for big data to complement RCTs and augment
our understanding of trial results in the real-world setting.

THE START OF BIG DATA IN
OPHTHALMOLOGY- THE IRIS REGISTRY

The concept of clinical registries can be traced back
to over a century ago, when a disease-specific registry
was developed to track outcomes associated with lepro-
sy [6]. In the mid-20th century, the World Health Orga-
nization (WHO) formally defined clinical registries [7],
and several were subsequently developed to monitor and
track the incidence and prevalence of disease, such as
cancer [8]. These early registries were often maintained
by government agencies or research institutions and pri-
marily served as surveillance tools.

Over time, the scope and purpose of clinical regis-
tries expanded to include monitoring of treatment pat-
terns, outcomes, and quality of care. In the 1990s, the
use of electronic health records (EHRs) became more
widespread, and this enabled the development of more
comprehensive and centralized clinical registries. In this
space, ophthalmology has been a leader in the medical
field. The Intelligent Research in Sight (IRIS) Registry,
developed by the American Academy of Ophthalmology
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(AAO), was launched in 2014 [9,10]. Data from dozens
of different EHRs are deidentified and aggregated into a
centralized database from physicians across the United
States. Specifically, the database includes data on patient
demographics, medical and ocular history, clinical exam-
ination findings (including laterality, visual acuity, intra-
ocular pressure, etc.), diagnoses, procedures, and med-
ications. Currently, the database is not open-access but
requires approved access that is limited and funding for
research utilization. As of January 1, 2023, the IRIS Reg-
istry is the world’s largest specialty clinical data registry
with data from 78.6 million patients, over 438.6 million
visits, contributed by 15,799 clinicians [11].

IRIS REGISTRY IN USE - VARIOUS
ADVANTAGES OF BIG DATA

This use of RWD has been instrumental in advanc-
ing our understanding of real-world treatment outcomes
in ophthalmology [12]. By providing a comprehensive
database of patient outcomes and treatment patterns, the
IRIS Registry has generated valuable insights into the re-
al-world effectiveness of various ophthalmic treatments.
Moreover, the use of RWD can also help identify areas
where treatments may be underutilized, overutilized, or
ineffective, and develop targeted interventions to address
these issues. Below, we provide real examples of how big
data has been used in ophthalmology. We present differ-
ent methodologies and uses of RWD to hopefully inspire
new applications across medical specialties.

Effectiveness of Current Treatments

Real-world outcomes of anti-vascular endothelial
growth factor (VEGF) therapy for diabetic macular ede-
ma (DME) and neovascular age-related macular degener-
ation (nAMD) were evaluated. In one study, patients with
DME were found to have better visual acuity outcomes if
they received at least 6 monthly injections of anti-VEGF
therapy compared to those who had fewer [13]. Similarly,
another study found that patients who received at least 3
monthly injections of anti-VEGF had significantly bet-
ter outcomes than those who had fewer in patients with
nAMD [14]. It also found that longer treatment duration
and adherence to injection schedules were associated
with better outcomes. These findings have important im-
plications for clinical practice, as they suggest more fre-
quent anti-VEGF injections may be necessary to achieve
optimal outcomes in patients with DME and highlight the
need for regular and consistent follow up in patients with
nAMD.

In a different realm of ophthalmology, microinvasive
glaucoma surgery (MIGS) are newer surgical procedures/
devices for the treatment glaucoma. Utilizing a sample
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size of 79,363 eyes, it was found that MIGS were more
effective with significantly lower reoperation rates when
performed concurrently with phacoemulsification than
when performed alone [15]. This demonstrates relative-
ly real time results of emerging technologies on a large
scale and informs clinician decision making when adapt-
ing new technologies and techniques.

Comparing Therapies

Big data can be used to compare the effectiveness
of different medical and surgical treatments in real-world
settings, complementing findings from randomized con-
trolled trials. One study published in the journal Oph-
thalmology used RWD to compare the effectiveness of
different anti-VEGF therapies — aflibercept, ranibizum-
ab, and bevacizumab — for nAMD. The study found that
monotherapy with each drug had similar effectiveness in
real-world settings at one year despite differences report-
ed in other studies [16].

Similarly, a study in 2021 compared one year suc-
cess of two different surgical interventions for glaucoma
from the IRIS Registry [17], trabeculectomy or tube, and
compared the results to those from the Tube Versus Tra-
beculectomy RCT. While the two interventions had no
difference in failure risk, when the results were compared
between studies, there was significantly greater risk of
tube failures in eyes from the IRIS Registry than the RCT.
These discrepancies may in part be due to different prac-
tice patterns and greater severity of disease in the real
world compared to the clinical trial and highlight the val-
ue big data can add in conjunction with RCTs.

Impact of Comorbidities and Environment on
Patient Outcomes

An interesting study evaluated the association of
environmental factors on exudative and nonexudative
age-related macular degeneration (AMD) [18]. Provid-
er zip codes were used to collect environmental data in-
cluding elevation, latitude, global horizontal irradiance
(GHI) and direct normal irradiance (DNI), temperature
and precipitation variables, and pollution variables. The
association of each variable was quantified in three mod-
els (AMD versus non-AMD, exudative versus nonexuda-
tive AMD, active exudative AMD versus inactive exuda-
tive, and nonexudative AMD). Researchers found solar
variables and latitude were significantly associated with
active exudative AMD while pollution variables were as-
sociated with any AMD.

In another study of 87,774 adults with Graves dis-
ease, it was found that current smokers more than former
smokers had significantly increased risk of surgical inter-
vention for thyroid eye disease compared to never smok-
ers [19]. These studies demonstrate how big data can po-
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tentially impact public health and environment policies.

Identifying Health Disparities

Real-world data can be used to identify patient sub-
groups who may have different treatment outcomes based
on demographic, socioeconomic, and/or other factors.
Evaluation of 18,841 children aged 3 to 7 and 9,762 chil-
dren aged 8 to 12 with amblyopia revealed there were
differences in success rates of treatment [20]. Amblyopia
treatment outcomes were significantly worse in children
with Medicaid insurance and Black children at both age
groups. In a study of adults with DME and treatment
with anti-VEGF therapy, White race, non-Hispanic/Lati-
no ethnicity, and private insurance were associated with
more anti-VEGF injections and better visual acuity over
the study period [21]. Although registry studies cannot
provide data on the causality of disparities, it is an im-
portant step in identifying challenges certain groups face
in the real world that can inform our advocacy and policy
efforts.

Monitoring Safety Outcomes

RWD can be used to monitor the safety of treat-
ments in real-world settings, allowing for the detection
of rare or unexpected adverse events that may not have
been detected in clinical trials. Shortly after a new an-
ti-VEGF medication, brolucizumab, was approved by the
US Food and Drug Administration (FDA) for the treat-
ment of nAMD in 2019 [22], there were a plethora of
reports of adverse events related to its use, specifically
intraocular inflammation and retinal vasculitis [23,24]. A
study using the IRIS registry evaluated the incidence of
this adverse event in over 10,000 patients receiving the
injection compared to the less than 2,000 in the clinical
trials and found it was approximately 2.4% [25]. This is
one example of how big data can be useful for evaluating
the safety and adverse events after widespread use of a
recently launched therapy.

Emulation of Clinical Trials in the Real World

A proof-of-concept study evaluated outcomes of
anti-VEGF therapy in nAMD patients in the real world
using the methodology of pivotal clinical trials, the Com-
parison of AMD Treatment Trials (CATT) [26]. The study
matched patients (age, gender, baseline visual acuity)
from the trial to treatment naive patients in the IRIS reg-
istry to evaluate real-world outcomes and treatment pat-
terns [27]. Patients in the real world, as compared to the
clinical trial, received significantly fewer injections and
worse visual acuity outcomes at 1 year after initiation of
treatment. This study established a new methodology for
using big data and patient level clinical trial data. Another
analysis utilized the IRIS registry to replicate a widely
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cited clinical trial for treatment of nAMD and was able to
produce a study population size capable of emulating the
primary endpoint [28]. This highlights another potential
utilization of big data — to create synthetic control arms,
ie, digital twins, to decrease time and cost of clinical tri-
als.

Health Economic Analyses

Real-world data can be used to perform health eco-
nomic analyses, which can inform reimbursement deci-
sions, identify areas for cost savings, and help allocate
healthcare resources more effectively. A study published
in the journal Ophthalmology in 2020 used real-world
data from the IRIS registry and Medicare claims to ex-
plore Medicare Part B and patient savings associated with
increases in bevacizumab use compared to ranibizumab
or aflibercept in four different models [29]. In this sce-
nario, increasing bevacizumab reimbursement to $125.78
(equalizing the same dollar margin as the more expensive
aflibercept) would potentially eliminate financial disin-
centive to its use and would save Medicare Part B $468
million along with $119 million in patient savings.

Inform Clinical Trial Design

There is a discrepancy in racial and ethnic demo-
graphic representation in ophthalmologic clinical trials in
the US compared to the population distribution of the dis-
cases studied [30]. RWD can be used to increase diversi-
ty in clinical trial populations by identifying underrepre-
sented groups and designing trials that specifically target
these groups. This is a long-standing problem across all
RCTs in the US. Recently, the FDA released a draft guid-
ance regarding the use of Race and Ethnicity Diversity
Plan in clinical trials whereby they encourage leverage
of RWD to help address these problems [31]. Real-world
data can be used to identify gaps in current knowledge or
areas where more research is needed, which can inform
the design of clinical trials. RWD can also model effects
of different eligibility criteria and trial endpoints to help
enable more diversity and inclusivity in trial design.

These studies demonstrate the significant impact that
the IRIS Registry has had on the field of ophthalmolo-
gy and highlight the potential for clinical registries and
real-world data to inform and improve clinical practice
in all of medicine. This also demonstrates the different
methodologies possible with analyzing big data.

CHALLENGES

While big data has big potential to transform health
care value and complement more traditional methods of
research, there are several challenges with its use. One
of the main concerns is data quality. The accuracy and
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completeness of EHRs can vary widely between different
providers and systems which then impacts the validity
of the findings, hence the saying “garbage in, garbage
out.” In most database and registries research, patients
are identified by International Statistical Classification of
Disease and Related Health Problems (ICD) and Current
Procedural Terminology (CPT) codes. Certainly, there
are miscoding and billing errors with a magnitude un-
known. The current systems also do not allow for free
text extraction nor the ability to automate imaging analy-
sis, which would further increase its value.

Another challenge is the need for standardized data
collection and analysis methods, as different healthcare
providers may use different EHR systems and data for-
mats, making it difficult to compare and aggregate data
across different practices. This can constrain contained
variables of a database or registry. While one of the big-
gest strengths of big data is the sheer number of data
points, this can also be a weakness. Statistical significance
becomes less meaningful when we are discussing N of
millions. Thus, it is imperative that clinical significance
be stressed when designing queries interpreting analyses.
Another perceived strength is the reflection of real-world
data and utilization. However, the flip side must be recog-
nized — there is no randomization in patient populations
being compared in any of these analyses.

Finally, even though there is strength in numbers,
there must be a clear understanding of the data being
used, as the composition of any given database may still
not be generalizable to the general population. The IRIS
Registry has struggled to incentivize academic institu-
tions to contribute data to the network. As of 2021, only
24% of Association of University Professors of Ophthal-
mology (AUPO) institutions were contributing to the da-
tabase [32].

THE FUTURE OF BIG DATA

While the use of big data in medical research has
dramatically increased over the past decade, we are still
in the beginnings of realizing the potential of this new
research method. Innovations in novel statistical ap-
proaches, standardization of datasets, and data sharing
are all necessary to advance the utilization and impact.
Going beyond phenotype, linkage between genotype
(whole-exome sequencing, genome-wide genotyping,
whole-genome sequencing) and RWD is a key step in
advancing personalized medicine and tailoring treatment,
prognosis, and outcomes to the individual. Another step
forward is the successful integration of artificial intelli-
gence (Al) and big data. Again, ophthalmology has been
at the forefront of the application of machine learning and
deep learning approaches thanks in part to our utilization
of noninvasive imaging technology. Deep learning algo-
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rithms to detect nAMD, DME, and drusen from retinal
optical coherence tomography images [33] and an algo-
rithm to predict visual field deficits from a single baseline
visual field [34] are exciting examples of the possibilities.

CONCLUSION

The IRIS Registry represents an important step for-
ward in the use of big data in medical research. The use
of RWD approaches in ophthalmology has already led to
significant improvements in patient outcomes and has the
potential to drive further innovation in the field. As oth-
er medical specialties continue to adopt real-world data
approaches and integrate Al, they can look to ophthal-
mology as a model for successful implementation and
use of these technologies. As with any new approach to
research, there are challenges and limitations, but the po-
tential benefits are significant and warrant continued in-
vestment and development.
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