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Background. Diagnosis codes are inadequate for accurately identifying herpes zoster ophthalmicus (HZO). Manual review of
medical records is expensive and time-consuming, resulting in a lack of population-based data on HZO.

Methods. We conducted a retrospective cohort study, including 87 673 patients aged >50 years who had a new HZ diagnosis
and associated antiviral prescription between 2010 and 2018. We developed and validated an automated natural language processing
(NLP) algorithm to identify HZO with ocular involvement (ocular HZO). We compared the characteristics of NLP-identified ocular
HZO, nonocular HZO, and non-HZO cases among HZ patients and identified the factors associated with ocular HZO among HZ

patients.
Results.

The NLP algorithm achieved 94.9% sensitivity and 94.2% specificity in identifying ocular HZO cases. Among 87 673

incident HZ cases, the proportion identified as ocular HZO was 9.0% (n = 7853) by NLP and 2.3% (n = 1988) by International
Classification of Diseases codes. In adjusted analyses, older age and male sex were associated with an increased risk of ocular HZO;
Hispanic and black race/ethnicity each were associated with a lower risk of ocular HZO compared with non-Hispanic white.

Conclusions.

The NLP algorithm achieved high accuracy and can be used in large population-based studies to identify ocular

HZO, avoiding labor-intensive chart review. Age, sex, and race were strongly associated with ocular HZO among HZ patients. We
should consider these risk factors when planning for zoster vaccination.
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After primary infection, varicella zoster virus (VZV) resides in
dorsal root ganglia and can reactivate later in life when immune
function weakens [1, 2]. Once reactivated, VZV travels along
sensory nerves and reaches the skin, manifesting as herpes
zoster ([HZ] shingles) [3]. Herpes zoster is characterized by its
distinctive unilateral dermatomal distribution of vesicular rash
accompanied by pain [1]. When HZ affects the ophthalmic di-
vision (V1) of the fifth cranial nerve (trigeminal nerve), it is
defined as HZ ophthalmicus (HZO) [4-6]. Although the term
“ophthalmicus” is used, HZO does not necessarily affect the eye.
The 3 branches of the ophthalmic division of the trigeminal
nerve cover a large area of the upper face and head, including

Received 6 October 2020; editorial decision 23 December 2020; accepted 29 December 2020.

Correspondence: Chengyi Zheng, PhD, MS, Department of Research and Evaluation, Kaiser
Permanente Southern California, 100 S. Los Robles Ave., 2nd Floor, Pasadena, CA 91101
(chengyi.x.zheng@kp.org).

Open Forum Infectious Diseases®2021

© The Author(s) 2021. Published by Oxford University Press on behalf of Infectious Diseases
Society of America. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs licence (http://creativecommons.org/licenses/
by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any
medium, provided the original work is not altered or transformed in any way, and that the
work is properly cited. For commercial re-use, please contact journals.permissions@oup.com
DOI: 10.1093/0fid/ofaa652

the scalp, forehead, eyelid, eye, and nose [2]. When the eye or its
surrounding area is affected (called “ocular HZO”), complica-
tions with severe sequelae may occur, including chronic ocular
inflammation, loss of vision, lingering pain [6, 7], and cerebro-
vascular events [8].

A previous study estimated that the lifetime risk of HZO
is approximately 1% [2]. However, the incidence of HZO is
poorly quantified due to methodological challenges. Both HZO
and ocular HZO are substantially underdetected by diagnosis
codes [9-11]. Manual chart review is a potentially more sen-
sitive method used to identify HZO and ocular HZO patients.
However, it would be labor-intensive to perform chart reviews
to obtain population-wide estimates [7, 12-15]. Developing
a robust method to identify ocular HZO is crucial for under-
standing factors associated with its occurrence, studying its
overall burden, and assessing the impact of possible interven-
tions in preventing ocular HZO.

Building on our prior work using natural language proc-
essing (NLP) to identify HZO, we refined the algorithm and ex-
panded it to differentiate between ocular HZO and nonocular
HZO cases [11]. We then applied the algorithm to a large cohort
of HZ patients to examine the characteristics of patients with
ocular HZO.
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METHODS

Study Setting

This study was conducted at Kaiser Permanente Southern
California (KPSC), an integrated healthcare organization with
15 hospitals, 234 medical offices, and more than 7600 phys-
icians. Kaiser Permanente Southern California provides prepaid
comprehensive healthcare to 4.7 million racially and socioec-
onomically diverse members [16]. Members can receive med-
ical care either at KPSC-owned or contracted facilities. Kaiser
Permanente Southern California maintains extensive electronic
medical records (EMRs) that store both structured data (in-
cluding sociodemographics, diagnoses, laboratory tests, phar-
macy utilization, immunization records, membership history,
death, and utilization of outpatient, emergency department,
and inpatient services) and unstructured, free text data such as
clinical notes, pathology reports, and radiology reports.

Patient Consent Statement
The KPSC Institutional Review Board approved this study with
a waiver of written patient informed consent.

Training and Validation Datasets

Our goal for NLP algorithm development was to distin-
guish ocular HZO from nonocular HZO, as well as from HZ
at nonophthalmicus locations. We first refined our previously
validated HZO NLP algorithm [11] to increase the sensitivity
for identifying HZO cases. We then applied the improved HZO
NLP algorithm to an existing study cohort [14] of incident HZ
cases in 2011-2015 identified by International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
codes 053.xx and ICD-10-CM codes B02.xx among immuno-
competent KPSC members aged >50 years. The HZO NLP al-
gorithm was applied to all clinical notes from 7 days before the
incident HZ diagnosis date to 30 days after the diagnosis date.
We chose this interval based on the typical timeframe for the
progression of HZO [17]. Clinical notes included outpatient
(office, urgent care), emergency department, inpatient, and
telehealth (telephone, email, virtual) visit notes.

We identified a random sample of 500 potential NLP-
identified HZO patients for training and validating the ocular
HZO NLP algorithm. We used a sample of HZO patients in-
stead of HZ patients to enrich the sample with potential cases
of ocular HZO. The 500 patients were randomly split into a
training dataset (n = 300) for developing the new NLP algo-
rithm and a validation dataset (n = 200) for evaluating the per-
formance of the NLP.

The reference standard for the development and evaluation
of the NLP algorithm was manual chart review. Four trained
research associates were assigned into 2 pairs, with each pair
assigned to review the same 250 cases independently. An in-
fectious disease specialist (B.A.) helped to resolve discrepancies
between the results of the double reviews.

We conducted chart reviews on these patients to categorize
them into 1 of 4 groups: ocular HZO, nonocular HZO, HZ at
nonophthalmicus locations (non-HZO HZ), and non-HZ pa-
tients. Herpes zoster was defined as HZ confirmed in the chart
note or presence of HZ-related signs or symptoms in the absence
of non-HZ causes. Ocular HZO was defined as HZ-related signs
or symptoms in the eye, eye adnexa, upper eyelid, or periorbital
area [6, 17-19]. Nonocular HZO was defined as HZ-related
signs or symptoms in the frontal scalp, forehead, eyebrow, gla-
bella, and nose. Non-HZO HZ was defined as HZ at locations
other than the HZO locations listed above.

Algorithm Development

We developed a rule-based NLP algorithm using the training
dataset. We iteratively refined the algorithm to match the chart
review reference standard. We described the detailed NLP
processes previously [11, 20]. First, we converted the clinical
notes extracted from the EMR system into formats suitable for
the NLP search. A preprocessing step removed ill-formatted
text and detected sections and sentence boundaries. We cre-
ated terminologies to capture HZ-related information [3, 5,
21]. The NLP search was performed at different levels: sec-
tion, sentence, and neighboring sentences [11]. We used the
relationship detection algorithm to identify associated entities
such as signs or symptoms and their associated dermatomal
locations. We used the negation and temporal relationship de-
tection algorithms to identify negated, uncertain, historical,
and future statements. We developed a postprocessing step to
integrate and finalize the results based on the case definitions
described above.

Algorithm Validation Using the Validation Dataset

The performance of the NLP algorithm was evaluated against
the reference standard validation dataset. Sensitivity, speci-
ficity, positive predictive value (PPV), negative predictive value
(NPV), and positive and negative likelihood ratios were calcu-
lated. To account for the artificially higher prevalence of ocular
HZO in the validation dataset, we also reported adjusted per-
formance metrics based on the estimated ocular HZO preva-
lence of the HZ source population.

Algorithm Application

We applied the validated ocular HZO NLP algorithm to a co-
hort of KPSC members aged >50 years with a new HZ ICD
diagnosis code between 2010 and 2018 and antiviral medica-
tion (acyclovir, famciclovir, or valacyclovir) within +7 days
of diagnosis [14]. We excluded patients with an HZ diagnosis
in the prior year. The first diagnosis date during the period
was defined as the index date. Patients were required to have
at least 6 months of membership before the index date so that
comorbidities and previous healthcare utilization could be
ascertained.
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Among the cohort above with incident HZ, we calculated the
frequencies and percentages of ocular HZO cases identified by
both NLP and ICD codes, by NLP only, by ICD codes only, or
by neither. The ocular HZO ICD-9 codes are 053.2x, and the
ICD-10 codes are B02.3x.

Statistical Analysis

To compare the characteristics of patients with ocular HZO,
nonocular HZO, and non-HZO HZ, we calculated distri-
butions of demographic variables, prior healthcare utiliza-
tion, and comorbidities previously found to be associated
with HZ or HZO [13, 22]. We calculated P values using the
X’ test for all categorical variables. We used robust Poisson
models to estimate the factors associated with the propor-
tion of ocular HZO among all HZ patients. We calculated
the prevalence ratio (PR) and 95% confidence intervals
(CIs) associated with age, sex, race/ethnicity, body mass
index (BMI), smoking history, marital status, healthcare
utilization, and comorbidities. The multivariable model was
constructed using stepwise regression. All statistical ana-
lyses were conducted using SAS version 9.4 (SAS Institute,
Cary, NC).

RESULTS

Training and Validation Datasets

For the training and validation datasets, the assigned pairs of
chart reviewers were largely in agreement in classifying HZO
and ocular HZO cases. The kappa scores between the 2 pairs of
reviewers were 0.89 (0.83-0.96) and 0.85 (0.78-0.91). Herpes
zoster ophthalmicus was found among 357 (71.4%) of the 500
chart-reviewed records, 243 (68.1%) of which were classified as
having ocular HZO.

Algorithm Validation Using the Validation Dataset

The validation results of the ocular HZO NLP algorithm are
summarized in Table 1. The NLP algorithm achieved 94.9%
sensitivity, 94.2% specificity, 93.9% PPV, and 95.1% NPV for
ocular HZO identification (Table 2). The positive and negative
likelihood ratios were 16.3 and 0.05, respectively.

Table 1. Cross Table for Comparing NLP Results and Chart Review
Reference Standard for Identification of Ocular HZO Cases

Reference Standard

NLP Result Positive Negative Total
NLP Positive 92 6 98
NLP Negative 5 97 102
Total 97 103 200

Abbreviations: HZO, herpes zoster ophthalmicus, NLR natural language processing.

Table 2. Accuracy Measurements of NLP in identifying ocular HZO cases

Evaluation Statistics % Adjusted for Population

(95% CI) Validation Dataset Prevalence
Sensitivity 94.9 (88.4-98.3)

Specificity 94.2 (87.8-97.8)

Positive Likelihood Ratio 16.3 (75-35.4)

Negative Likelihood Ratio 0.05 (0.02-0.13)

Positive Predictive Value® 93.9 (87.6-97.1) 61.7 (42.5-778)
Negative Predictive Value® 95.1 (89.2-979) 99.5 (98.7-99.8)

Abbreviations: Cl, confidence interval; HZO, herpes zoster ophthalmicus, NLP, natural lan-
guage processing.

Positive and negative predictive values are dependent on disease prevalence. Based on
this study, the prevalence of ocular HZO disease among HZ cases was 9%.

Table3. Comparison of NLP to ICD Codes for Identification of Ocular HZO
Cases

ICD Codes
Ocular HZO Yes No Total
NLP Yes 1910 (2.2%) 5943 (6.8%) 7853 (9.0%)
No 78 (0.1%) 79 742 (91.0%) 79820 (91.0%)
Total 1988 (2.3%) 85 685 (97.7%) 87 673 (100.0%)

Abbreviations: HZO, herpes zoster ophthalmicus; ICD, International Classification of
Diseases; NLF, natural language processing.

NOTE: This table lists the numbers and percentages of ocular HZO cases identified by
NLP and/or ICD codes. The total number of cases (n = 87 673) included all patients aged
>50 years with incident HZ identified using ICD codes and medications. One patient could
have multiple HZ-related ICD codes for the same encounter. The case was marked as Yes
for the ICD codes column if at least one of the HZ codes was an ocular HZO ICD code
(053.2x, B02.3x).

Identification of Ocular Herpes Zoster Ophthalmicus by Natural Language
Processing Versus International Classification of Diseases Codes

There were 87 673 KPSC members aged >50 years with in-
cident HZ identified using ICD codes and medications. For
the application of the ocular HZO NLP algorithm, NLP pro-
cessed 1 053 241 clinical notes, consisting of 224 204 887
words. Among 87 673 incident HZ cases, the proportion
identified as ocular HZO was 9.0% (n = 7853) by NLP and
2.3% (n = 1988) by ICD codes (Table 3). Among the ocular
HZO cases coded by ICD, NLP confirmed 96.1% of them as
ocular HZO cases. The NLP confirmation rates were similar
for the ICD-9-CM and ICD-10-CM codes (data not shown
in Table 3). There were 5943 ocular HZO cases (6.8% of in-
cident HZ cases) identified by NLP that were not identified
by ICD codes.

Characteristics of Ocular Herpes Zoster Ophthalmicus (HZ0), Nonocular
HZO0, and Non-HZ0 HZ Patients

The characteristics of the study population are presented in
Table 4. Among the 87 673 HZ cases, 7853 (9.0%) were clas-
sified as ocular HZO and 3095 (3.5%) as nonocular HZO. The
proportion of ocular HZO among HZO cases was 72%.
Compared with nonocular HZO patients, ocular HZO pa-
tients were older (mean age 66.8 vs 64.8 years), had more
comorbidities, and had higher healthcare utilization in the
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Table 4. Baseline Characteristics of Ocular HZ0, Nonocular HZ0, and Non-HZ0 Herpes Zoster Patients

HzO?
Characteristics Ocular Nonocular Non-HzZO HZ° PValue®
Total 7853 (9.0) 3095 (3.5) 76 725 (87.5)

Age in Years <.001
50-59 2386 (7.9) 1117 (3.7) 26 653 (88.4)
60-69 2519 (8.7) 1012 (3.5) 25305 (87.8)
70-79 1819 (9.7) 660 (3.5) 16 253 (86.8)
>80 1129 (11.3) 306 (3.1) 8514 (85.6)
Mean (SD) 66.8 (10.7) 64.8 (10.1) 65.3 (10.3)

Sex <.001
Female 4611 (8.6) 1771 (3.3) 47 010 (88)
Male 3242 (9.5) 1324 (3.9) 29715 (86.7)

Race/Ethnicity <.001
Non-Hispanic white 4160 (10.3) 1753 (4.3) 34 474 (85.4)
Hispanic 1946 (6.8) 744 (2.6) 25751 (90.5)
Asian 612 (9) 176 (2.6) 5985 (88.4)
Black 978 (9.6) 341 (3.3) 8902 (87.1)
Other* 157 (8.5) 81 (4.4) 1613 (87.1)

BMI, kg/m? <.001
<18.5 68 (10.9) 14(2.2) 541 (86.8)
18.5-24.9 1877 (9.6) 698 (3.6) 17 015 (86.9)
25.0-29.9 2363 (8.9) 934 (3.5) 23228 (876)
30.0-34.9 1369 (8.8) 502 (3.2) 13 755 (88)
>35.0 911 (9.2) 353 (3.6) 8629 (87.2)
Missing 1265 (8.2) 594 (3.9) 13 557 (87.9)

Smoking History <.001
Current/passive smoker 1720 (9.3) 668 (3.6) 16 090 (87.1)
Former smoker 885 (9.3) 319 (3.3) 8320 (874)
Never smoker 3870 (9.1) 1467 (3.4) 37 419 (875)
Unknown 1378 (8.1) 641 (3.8) 14 896 (88.1)

Marital Status .34
Married 4151 (8.9) 1643 (3.5) 40 796 (87.6)
Never married 987 (8.9) 384 (3.5) 9674 (87.6)
Previously married® 1220 (9.4) 434 (3.3) 11 331 (87.3)
Other/Missing 1495 (8.8) 634 (3.7) 14 924 (875)

Outpatient Visits in 6 Months Before Herpes Zoster Diagnosis Date <.001
0 836 (8.2) 375 (3.7) 8978 (88.1)
1-5 4005 (8.8) 1632 (3.6) 40018 (87.7)
>6 3012 (9.5) 1088 (3.4) 27 729 (87.1)
Mean (SD) 6.3 (7.6) 5.8 (7.4) 5.9 (7.0)

Emergency department visits in 6 Months Before Herpes Zoster Diagnosis Date <.001
0 6495 (8.8) 2675 (3.6) 64 532 (87.6)
>1 1368 (9.7) 420 (3) 12 193 (87.3)
Mean (SD) 0.2 (0.7) 0.2 (0.6) 0.2 (0.7)

Hospitalizations in 6 Months Before Herpes Zoster Diagnosis Date .05
0 7383 (8.9) 2946 (3.6) 72 279 (87.5)
>1 470 (9.3) 149 (2.9) 4446 (87.8)
Mean (SD) 0.1 (0.5) 0.1 (0.4) 0.1(0.4)

Comorbidity
Allergic rhinitis 333 (9.3) 1M (3.1) 3141 (87.6) .29
Asthma 605 (9.6) 191 (3) 5510 (87.4) .02
Atopic dermatitis 34 (10.1) 10 (3) 292 (86.9) .67
Cancer (solid) 434 (9.3) 152 (3.3) 4088 (87.5) 43
Cancer (nonsolid) 154 (10.1) 60 (3.9) 1309 (85.9) .18
Cerebrovascular disease 275 (11.2) 77 (3.1) 2101 (85.7) <.001
Chronic kidney disease 1111 (10.1) 337 (3.1) 9578 (86.9) <.001
Chronic obstructive pulmonary disease 348 (10.5) 92 (2.8) 2887 (86.8) <.001
Coronary artery disease 674 (10.9) 195 (3.2) 5287 (85.9) <.001
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Table 4. Continued

Hz0O®
Characteristics Ocular Nonocular Non-HZO HZ" PValue®

Dementia 151 (10.9) 47 (3.4) 1186 (85.7) .04
Depression 892 (8.9) 376 (3.8) 8756 (874) 44
Diabetes 1664 (9.1) 573 (3.1) 15962 (87.7) .01

Hypertension 3370 (9.6) 1165 (3.3) 30506 (87.1) <.001
Inflammatory bowel disease 153 (9.2) 61 (3.7) 1442 (87.1) .86
Obstructive sleep apnea 297 (9.7) 111 (3.6) 2645 (86.6) .29
Peripheral vascular disorder 140 (10.6) 35(2.7) 1144 (86.7) .03
Rheumatoid arthritis 141 (8.2) 52 (3) 1520 (88.7) .28
Systemic lupus erythematosus 28 (8.4) 9(2.7) 298 (89) .64

Abbreviations: BMI,body mass index; HZO,herpes zoster ophthalmicus; SD, standard deviation.

NOTE: Values are mean + standard deviation (SD) or n (%), unless otherwise indicated.
?HZO cases were identified by natural language processing (NLP).

’Non-HZO HZ cases were coded HZ cases not identified as HZO by NLP

°p value was calculated using ¥ test.

9“Other” includes Native American, mixed, or unknown race/ethnicity.

©“Previously married” includes divorced, separated, or widowed.

6 months before the HZ diagnosis date. The proportion
of ocular HZO patients among all HZ patients increased
with age. In contrast, the proportion of nonocular HZO
patients among all HZ patients did not increase with age
(Figure 1).

Risk Factors for Ocular Herpes Zoster Ophthalmicus

Table 5 presents the adjusted PR for the factors associated
with the prevalence of ocular HZO compared with all other
HZ patients. Overall, older age was associated with ocular
HZO. Patients with age >80 years had an adjusted PR of 1.31
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Figure 1.

Proportion of ocular herpes zoster ophthalmicus (HZ0) and nonocular HZO among HZ patients by age group. The lines show the proportion of ocular HZ0 and

nonocular HZ0 cases among all HZ cases by age group. The accompanying linear trendlines demonstrate an approximately linear increase of ocular HZO by age and a slight

downward trend for nonocular HZO.
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Table 5. Prevalence Ratio of Ocular HZO vs All Other Herpes Zoster Cases

Adjusted Prevalence Ratio (95% ClI)

Characteristic Ocular HZO vs All Other Herpes Zoster

Age in Years
50-59 1 [Reference]
60-69 1.07 (1.01-1.13)
70-79 1.16 (1.09-1.23)
>80 1.31 (1.22-1.41)
Sex
Male vs female 1.10 (1.05-1.15)

Race/Ethnicity

White 1 [Reference]

Hispanic 0.68 (0.64-0.72)
Black 0.89 (0.82-0.97)
Asian/Pacific Islander 0.94 (0.88-1.01)
Other 0.87 (0.74-1.02)

Abbreviations: Cl, confidence interval; HZO, herpes zoster ophthalmicus.

NOTE: The Poisson regression model was selected based on stepwise variable selection,
with entry-level P = .05 and stay-level P = .1. All variables listed in Table 4 were considered
in the multivariate model. Only variables with statistically significant adjusted prevalence
ratios in the final model are displayed.

compared with those 50-59 years old. The prevalence of ocular
HZO was higher among males than females (adjusted PR, 1.10;
95% CI, 1.05-1.15) and lower among both Hispanic and black
race/ethnicity compared with non-Hispanic whites (adjusted
PR = 0.68, 95% CI = 0.64-0.72 and adjusted PR = 0.89, 95%
CI = 0.82-0.97, respectively).

DISCUSSION

Our study demonstrates the ability of a computer-based NLP
algorithm applied to vast quantities of free-text EMR to iden-
tify ocular HZO cases with high accuracy. In contrast to claims-
based data in which limited clinical information is coded into
structured data, the EMR contains rich, detailed free-text clin-
ical information that can be searched using NLP. Using the NLP
algorithm, we significantly improved our ability to identify oc-
ular HZO patients compared with using ICD codes only. We
successfully applied the NLP algorithm to more than 80 000 HZ
patients to identify the characteristics associated with the oc-
currence of ocular HZO. The proportion of ocular HZO among
HZ cases was 9% (7853 of 87 673), similar to the proportion
(9%, 184 of 2035) reported in a previous chart review study
conducted in Olmsted County, Minnesota, despite different
methodologies [7]. The proportion of ocular HZO among
HZO cases was 72%, similar to the proportion (69%, 62 of
90) reported in a previous chart review study performed in the
Veterans Administration Healthcare System [23].
Epidemiological studies of ocular HZO rely heavily on ICD
codes to identify patients. However, code-based approaches
suffer from low sensitivity due to undercoding [9, 15]. The
problem of undercoding ocular HZO is aggravated by the fact
that many ocular HZO patients without ocular symptoms often

do not visit an ophthalmologist. Therefore, studies requiring oc-
ular HZO confirmation by an ophthalmologist would not cap-
ture the true number of ocular HZO cases [11], underestimating
the incidence of ocular HZO and the proportion of ocular HZO
among all HZ patients. Our NLP approach not only identified
HZO with high accuracy [11], but it also distinguished ocular
HZO from HZO without ocular involvement, a significant im-
provement compared with previous ocular HZO studies based
on ICD codes [7, 9, 10, 15, 24, 25]. The number of ocular HZO
cases identified by the NLP algorithm was significantly higher
than the number identified by the ICD codes alone.

Historically, chart review of a large number of HZ cases,
which would be resource-intensive, was the only accurate way
to identify and classify HZO and ocular HZO [4, 7, 13]. As a
result, even the largest previous chart-based studies of ocular
HZO included a total of a few hundred patients evaluated for
ocular HZO [7, 23, 25]. In addition, past chart-based studies
used time frames of 2 weeks [7] and 30 days [17] to identify
ocular HZO. With our NLP algorithm, the additional computer
processing time for those additional 2 weeks was minimal,
whereas with manual chart review, the increased effort needed
would be substantial. The NLP approach solves the problem of
chart review resource limitations for population-based studies
of HZO.

To our knowledge, this is the largest study that investigates
the differences between ocular HZO and nonocular HZO pa-
tients. One of the major novel findings of the current study is
that the proportion of ocular HZO increased with age; however,
the proportion of nonocular HZO did not. The ratio of ocular
HZO versus nonocular HZO cases increased by more than 70%
from age 50 to 69 to age >80. This suggests that ocular HZO
is related to the age-dependent waning of immunity. Because
immunity against VZV wanes with age, ocular HZO becomes
more common. This age-related trend was not observed for
nonocular HZO because its proportion remained constant
with age.

Besides age, ocular HZO was also associated with sex and
race/ethnicity. We examined an extensive list of comorbidities
that were reported to be associated with HZ or HZO [26-28].
After adjustment, none were found to be associated with oc-
ular HZO. It is worth noting that we examined the risk factors
of ocular HZO among HZ patients, not risk factors for HZ. In
our study, we found that older age and white versus Hispanic or
black race/ethnicity was associated with higher risk of ocular
HZO among HZ patients, similar to the risk factors for HZ [29].
However, we found that male sex was associated with higher
risk of ocular HZO among HZ patients, in contrast to previous
reports of women being at increased risk of HZ compared with
men [22].

This study had some potential limitations. First, we limited
our study population to patients who had a new HZ diagnosis
and associated antiviral prescription because HZ coding is less
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reliable for patients without an antiviral prescription [14]. The
HZ population with or without an antiviral prescription may
be different. In addition, not all coded HZ cases included in
the study are likely to be true HZ. The actual proportion of
ocular HZO among all HZ patients could therefore be higher.
Furthermore, due to the lack of availability of certain variables
in the EMR system, we did not include other risk factors related
to HZ, such as family history of HZ. In the future, NLP could be
used to help overcome these limitations by increasing the accu-
racy of coded HZ, detecting miscoded HZ cases in the general
population, and identifying additional risk factors. Finally,
zoster vaccination was outside the scope of this study, because
our focus was on (1) using an NLP algorithm to identify ocular
HZO among HZ patients and (2) determining risk factors for
ocular HZO. Future studies could examine the impact of zoster
vaccination on HZ, HZO, and ocular HZO.

CONCLUSIONS

In summary, we developed an automated algorithm to identify oc-
ular HZO patients with high accuracy. Among HZ cases, the pro-
portion identified as ocular HZO was 9.0%, much higher than the
2.3% from the ICD codes. Our findings suggest that ocular HZO
is associated with age, sex, and race/ethnicity. This approach allows
us to perform large-scale population-based studies of ocular HZO
that would otherwise be infeasible, enabling us to study the risk
factors that lead to this severe form of HZ and to study the prog-
nostic factors that affect the risk of developing unwanted sequelae
after the episode, such as blindness or cerebrovascular events.
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