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Risk Factors for Secondary Glaucoma in

CrossMark

Herpetic Anterior Uveitis

LISETTE HOEKSEMA, NOMDO M. JANSONIUS, AND LEONOOR I. LOS

e PURPOSE: To determine the incidence of elevated
intraocular pressure (IOP) and secondary glaucoma in
herpetic anterior uveitis (AU), owing to either herpes
simplex or varicella zoster virus, by using the Standardiza-
tion of Uveitis Nomenclature (SUN) criteria, and to
identify risk factors for the development of glaucoma.

e DESIGN: Retrospective observational cohort study.

e METHODS: Patients with herpetic AU presenting
themselves between 2001 and 2013 at the ophthalmology
department of the University Medical Center Groningen
were included. Main outcome measures were the inci-
dence of elevated IOP and glaucoma and risk factors for
the development of glaucoma.

e RESULTS: Seventy-three herpetic AU patients were
included. Ocular complications most commonly seen dur-
ing follow-up for uveitis were elevated IOP (75%), kera-
titis (59%), dry eyes (34%), posterior synechiae (34%),
cataract (32%), and glaucoma (15%). Glaucoma patients,
in comparison to non—glaucoma patients, had a higher
number of IOP peaks during their follow-up for uveitis
(P < .001). The majority of patients with elevated IOP
(91%) had this already at the start of the uveitis. Nineteen
percent of the patients needed glaucoma surgery.

e CONCLUSIONS: Using the SUN criteria, our study
confirmed that elevated IOP and secondary glaucoma
are major complications in herpetic AU. If an elevated
IOP occurred, it was usually already present at the start
of a uveitis episode. A risk factor for the development
of glaucoma was the number of endured IOP peaks.
Future studies are needed to evaluate whether early and
prolonged use of antiviral and IOP-lowering medication
may prevent glaucoma. (Am J Ophthalmol 2017;181:
55-60. © 2017 Elsevier Inc. All rights reserved.)

LEVATED INTRAOCULAR PRESSURE (IOP) AND
secondary glaucoma (IOP-related damage to the
optic nerve head and accompanying visual field
loss) are major ocular complications in uveitis. Reported
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incidences of elevated IOP and glaucoma in uveitis vary
widely between as well as within the different uveitis
entities. In herpetic anterior uveitis (AU), reported inci-
dences of elevated IOP vary from 47% to 90%,"
whereas reported incidences of secondary glaucoma vary
between 2% and 54%.">*° Possible explanations for this
include nonuniform definitions and variable follow-up
times.

Variability in definitions is a general problem in uveitis
studies. Therefore, the Standardization of Uveitis Nomen-
clature (SUN) working group has defined criteria for
uveitis classification and follow-up, including uniform
definitions of elevated IOP and glaucoma.’

The main objective of this study is to determine the
incidence of elevated IOP and secondary glaucoma in
herpetic AU, owing to either herpes simplex virus (HSV)
or varicella zoster virus (VZV), by using the SUN criteria.
The second objective is to identify risk factors for the
development of glaucoma. Identifying these risk factors
can help to determine how therapeutic modalities can
prevent glaucoma in this patient group.

METHODS

e ETHICS STATEMENT: The Medical Ethical Committee
of the University Medical Center of Groningen approved
the conduction of this study.

e PATIENTS: The patients included in this study were
selected from an existing database, containing all uveitis
patients from 2001 until 2013 who had been treated or
are currently being treated for uveitis at the ophthalmology
department of the University Medical Center Groningen
(a tertiary referral center). We included patients with
herpetic AU owing to HSV or VZV. At the time of inclu-
sion, all patients were 18 years or older. In the absence of
specific SUN criteria for herpetic AU, the diagnosis was
made by clinical presentation (keratitis—dendritic herpes
branch—followed by AU, elevated IOP at presentation,
iris sector atrophy developing over time, and/or clear facial
varicella zoster infection [ophthalmic branch of fifth
cranial nerve] with subsequent keratouveitis or a positive
anterior chamber tap for local antibody production or the
presence of virus DNA by polymerase chain reaction
[pcr]). Facial skin lesions were considered as a strong indi-
cation of VZV-related uveitis. Keratitis can be associated
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with both HSV and VZV infection, but larger herpetic
corneal branches were considered indicative of HSV.
Because most patients were diagnosed by their clinical
presentation, they were classified as “presumable” HSV or
VZV AU.

Patients with multiple causes of anterior uveitis,
including a possibly herpetic uveitis, and patients who
had an elevated IOP or glaucoma before the onset of the
uveitis were excluded.

» DEFINITIONS: Active uveitis was defined as >0.5+ cells
in the anterior chamber, inactive uveitis as <0.5+ cells
in the anterior chamber (regardless of medication use for
uveitis), and remission as <0.5+ cells in the anterior cham-
ber without medication use for uveitis.” Glaucoma was
defined as the presence of visual field defects typical for
glaucoma that were reproducible and could not be
explained by other pathology, with or without glaucoma-
tous disc abnormalities and with or without elevated
IOP.” An IOP peak was defined as an IOP > 21 mm Hg,
before the start of IOP-lowering medication’; in case of
multiple measurements the highest IOP was recorded.
The following definitions of IOP variables that were not
defined by the SUN working group were added: Elevated
IOP at the beginning of a uveitis episode was defined as
an IOP > 21 mm Hg in the first week of a new uveitis
episode and elevated IOP during a uveitis episode was
defined as an IOP > 21 mm Hg after the first week of a
new uveitis episode. Elevated IOP during follow-up was
defined as elevated IOP (>21 mm Hg) that was recorded
at least once during follow-up (beginning of first uveitis
episode until the end of the last uveitis episode). Short-
term use of IOP-lowering medication corresponded to the
use of IOP-lowering medication during an active uveitis
episode. Long-term use of IOP-lowering medication corre-
sponded to the use of IOP-lowering medication during an
active uveitis episode and its continued use thereafter.

e DATA: The following information was collected from
the medical records: age at the time of first uveitis episode
(further referred to as “onset”), sex, unilateral or bilateral
uveitis, date of first and last uveitis episode, number of
uveitis episodes, follow-up time in months of active uveitis
(time between the start of the first and the end of the last
uveitis episode), total follow-up time in months (time
between the start of the first uveitis episode and the last
recorded date in the patient record), Snellen visual acuity
(VA) at onset and at the end of total follow-up, the cup-to-
disc ratio of the optic disc at the end of total follow-up and
ocular complications that developed during follow-up for
uveitis (glaucoma, elevated IOP, scleritis, keratitis, cata-
ract, posterior capsule opacification, papillitis, cystoid mac-
ular edema, dry eyes, posterior synechiae, and other ocular
complications). Anterior chamber fibrin, corneal edema,
and keratic precipitates were also recorded. If glaucoma
developed in the nonuveitic eye, this was also recorded.
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Known or presumed risk factors for developing open-
angle glaucoma were registered, namely a low central
corneal thickness, myopia, positive family history of glau-
coma, African descent, and steroid use.” '’ In case of
elevated IOP, additional information was gathered,
including the time point of elevated IOP in relation to
the uveitis episode (at the start of an episode, during an
episode, during inactive uveitis, or during uveitis in
remission). Also, the total number of IOP peaks
(elevated IOP > 21 mm Hg with normal IOP before and
after), and the highest measured IOP were recorded. In
glaucoma patients, the interval between the start of the
first uveitis episode and the diagnosis of glaucoma was
calculated in years. Further, the medical treatment and
surgical interventions with regard to elevated IOP and
glaucoma were collected, such as the number of patients
treated with [OP-lowering medication, type of medication
and number of agents used simultaneously, duration of use
of IOP-lowering medication, number and type of surgical
IOP-reducing interventions, and the interval between the
start of the first uveitis episode and IOP-reducing interven-
tion in years.

e STATISTICS: Descriptive statistics were used, such as per-
centages, mean * SD (range) for normally distributed data,
and median (interquartile range; range) for non-normally
distributed data. For the comparison of proportions the x*
test or the Fisher exact test was used, when appropriate.
For the comparison of continuous variables between 2
groups, the independent-samples t test (if data were
normally distributed) or the Mann-Whitney U test
(if not) was used. For statistical analysis, Snellen VA was
converted to the logarithm of the minimum angle of reso-
lution (logMAR) equivalent and subsequently reconverted
for presentation. Data were analyzed using SPSS Statistics
20.0.0.1 (IBM Corp, Armonk, New York, USA). A P value

of .05 or less was considered statistically significant.

RESULTS

THE MEDICAL RECORDS OF 73 HERPETIC AU PATIENTS WERE
analyzed. The median age of onset of uveitis was 50 (range:
5-85) years. Fifty-four (74%) patients had a presumably
HSV-associated and 19 (26%) patients a presumably
VZV-associated AU. The median age of HSV patients
was 48 (range: 5-85) years and of VZV patients 60 (range:
24-85) years, P = .03. In 19 (26%) patients an anterior
chamber tap was performed, which tested positive for local
antibody production or the presence of virus DNA by PCR
in 14: in 12 patients for HSV and in 2 for VZV. There were
28 (38%) female patients. All patients had a unilateral AU;
the fellow eye was affected in none of the patients.

Table 1 shows the ocular characteristics. Patients had a
median of 3 (range: 1-27) uveitis episodes. Twenty-four of
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TABLE 1. Ocular Characteristics of Herpetic Anterior Uveitis
Patients (N = 73)

TABLE 2. Ocular Complications of Herpetic Anterior Uveitis
Patients (N = 73)

Total uveitis episodes 3 (1, 1-6, 27)
Single uveitis episode, 24 (34%)

no recurrence
Follow-up (active uveitis) (y)® 2.7 (0.01, 0.1-9.8, 43.8)
Follow-up (total) (y)° 9.1 (0.1, 3.8-15.2, 44.9)
Remission time (y)° 3.3 (0.1, 1.9-5.3, 16.3)
LogMAR VA uveitis eye 0.17 (—0.18, 0.00-0.40, 2.52)

(onset uveitis)
(Snellen VA onset uveitis)®
LogMAR VA uveitis eye
(end total follow-up)
(Snellen VA end total follow-up)® (0.80 [FC, 0.60-1.0, 1.26])"

(0.67 [HM, 0.40-1.00, 1.50])
0.10 (-0.10, 0.00-0.22, 1.77)

Anterior chamber fibrin® 8 (11%)
Corneal edema® 37 (51%)
Keratic precipitates® 65 (89%)

FC = finger counting; HM = hand movement; VA = visual acuity.

Results are n (% of total) or median (min, interquartile range,
max).

@Time between the start of the first and the end of the last
uveitis episode.

Time between the start of the first uveitis episode and the last
recorded date in the patient record.

°Time between the end of the last uveitis episode and the last
recorded date in the patient record.

9Difference in visual acuity at onset of uveitis and end of total
follow-up was statistically significant (P = .008).

®At the time of active uveitis.

"LogMAR visual acuity converted to Snellen visual acuity.

73 patients had a single uveitis episode, 14 (58%) of whom
had a presumably HSV-associated and 10 (42%) a presum-
ably VZV-associated AU, P = .048. Median Snellen VA
was significantly better at the end of total follow-up,
compared with at first uveitis presentation, 0.80 (range:
finger counting [FC] to 1.26) vs 0.67 (range: hand move-
ment [HM] to 1.50, P = .008). During follow-up for uve-
itis, the following events were noted at least once
(Table 1): anterior chamber fibrin in 8 (11%), corneal
edema in 37 (51%), and keratic precipitates in 65 (89%)
patients. Table 2 shows the ocular complications most
commonly seen during follow-up for uveitis; these were
elevated IOP (75%), keratitis (59%), dry eyes (34%), pos-
terior synechiae (34%), cataract (32%), and glaucoma
(15%). The majority of patients with elevated 1OP
(91%) had elevated IOP at the start of 1 or more uveitis
episodes. Glaucoma developed during follow-up for uveitis
after a median interval of 3.9 (range: 0.2-22.7) years.
None of the patients with glaucoma in the eye with uveitis
developed glaucoma in their fellow eye. There was no
significant difference in the incidence of glaucoma (9/54
[17%] vs 2/19 [11%], P = .7) or elevated IOP (42/54
[78%] vs 13/19 [68%], P = .5) between HSV and VZV

patients, respectively.
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Complication N (%)

Elevated IOP 55 (75)
Keratitis 43 (59)
Dry eye? 25 (34)
Posterior synechiae 25 (34)
Cataract 23 (32)
Glaucoma 11 (15)
Posterior capsule opacification 7 (10)
Cystoid macular edema 34

Scleritis 1(1)

Papillitis 0(0)
Other 2 (3P

IOP = intraocular pressure.

“Medically treated.

PRetinal detachment, retinal angiomatous proliferation/macu-
lar degeneration.

There was no significant difference in known or
presumed risk factors for the development of open-angle
glaucoma (corneal thickness of less than 500 wm, high
myopia [<—3 dpt], and a positive family history for glau-
coma) between patients with and without glaucoma. The
majority of patients (97%) were white (missing data:
corneal thickness 51%, myopia 5%, family history positive
for glaucoma 56%, ethnicity 53%).

Overall, 66 of 73 patients (90%) were treated with
systemic antiviral medication; of those 66 patients, 38
(58%) started during the first uveitis episode, 11 (17%)
started during the second uveitis episode, and 17 (26%)
started after the second uveitis episode. In addition, 47 of
the 73 patients (64%) received IOP-lowering medication
at least once; 33 of them (33/73; 45%) were treated with
IOP-lowering medication solely and 14 (14/73; 19%)
needed a surgical pressure-reducing intervention, consist-
ing mainly of an implantation of a Baerveldt glaucoma
drainage device (11/14; 79%). The median interval be-
tween the first uveitis episode and the pressure-reducing
intervention was 5.4 (range: 0.01-25.6) years. The total
follow-up time did not differ between patients with IOP-
lowering medication solely and patients who needed a sur-
gical pressure-reducing intervention, 12.4 = 11.7 (range:
0.4-44.6) vs 11.0 = 7.6 (range: 2.1-27.2; P = .7) years.
The median number of IOP-lowering agents used simulta-
neously was 2 (range: 1-5); the most commonly used type
was a B-blocker (44/47; 94%). Most patients used the
[OP-lowering medication for a short period of time
(30/47; 64%). All patients were treated with topical corti-
costeroids at the time of active uveitis, with a maximum of
16 drops a day. In case of a persistent and severe uveitis,
additional oral corticosteroids (6/73, 8%) or periocular
corticosteroid injections (8/73, 11%) were given.
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TABLE 3. Patient and Ocular Characteristics of Patients With and Without Secondary Glaucoma

Total Group

P Value, Glaucoma

Eyes With Glaucoma® Eyes Without Glaucoma” vs Nonglaucoma

Clinical characteristics
Number of eyes 73
Sex (male/female) 45 (62%)/28 (38%)
Age of onset of uveitis 50 (5, 32-64, 85)
Age at end of total follow-up 63 (25, 51-76, 90)
HSV/NZV 54 (74%)/19 (26%)
Number of uveitis episodes

1 26 (36%)

2-4 24 (33%)

>4 21 (29%)

Unknown 2 (3%)
Follow-up (y) 7.9 (0.01, 0.1-9.8, 43.8)
Average cup-to-disc ratio end follow-up® 0.3 (0.1, 0.1-0.5, 0.9)

I0P

Number of IOP peaks

0 17 (23%)

1-2 24 (33%)

>2 23 (32%)

Unknown 9 (12%)

Highest IOP measured (mm Hg)
Systemic antiviral medication
Start uveitis episode 1 or 2/start after
uveitis episode 1 or 2 or no antiviral
treatment
Antiglaucoma medication

38 + 10 (22-65)

49 (67%)/24 (33%)

Number of patients treated with 47 (64%)
antiglaucoma medication
Number of antiglaucoma agents used 2(1,1-3,5)

simultaneously
Duration of treatment with antiglaucoma
medication
Short-term use/long-term use”
Surgical intervention

30 (64%)/16 (34%)
14 (19%)

11 62
9 (82%)/2 (18%) 36 (58%)/26 (42%) 19
52 (28, 39-66, 75) 50 (5, 31-64, 85) 54
71 (39, 43-77, 81) 61 (25, 52-76, 90) 47
9 (82%)/2 (18%) 45 (73%)/17 (27%) 72
A7
1 (9%) 25 (40%)
6 (55%) 18 (29%)
4 (36%) 17 27%)
0 (0%) 2 (3%)
6.0 (0.8, 1.6-7.8,25.6) 1.6 (0.01, 0.06-10.3, 43.8) 40
0.8(0.4,0.7-0.8,0.9) 0.3 (0.1,0.1-0.4, 0.7) <.001*
<.001*
0 (0%) 17 (27%)
0 (0%) 24 (39%)
7 (64%) 16 (26%)
4 (36%) 5 (8%)
46 (36, 40-48, 48) 35 (22, 29-44, 65) 19
7 (64%)/4 (36%) 42 (68%)/20 (32%) 79
11 (100%) 36 (58%) .006*
3(2, 3-4, 5) 2(1,1-3, 4) <.001*
0 (0%)/10 (91%)° 30 (83%)/6 (17%) <.001*
10 (91%) 4 (7%) <.001*

IOP = intraocular pressure.

Data are n (% of total) or median (min, interquartile range, max).
Asterisk indicates statistically significant P values.

@Date of diagnosis of glaucoma is end of follow-up.

PEnd of last uveitis episode is end of follow-up.

°End of last uveitis episode.

9Short-term use of IOP-lowering medication corresponded to the use of IOP-lowering medication during an active uveitis episode. Long-term
use of |OP-lowering medication corresponded to the use of IOP-lowering medication during an active uveitis episode and thereafter as the

uveitis was quiet.
°One patient missing.

Table 3 shows the patient and ocular characteristics of
patients with and without glaucoma. Glaucoma patients,
in comparison to nonglaucoma patients, are more often
characterized by a higher number of IOP peaks during
follow-up for uveitis. Glaucoma patients were more often
medically treated with IOP-lowering medication, needed
more IOP-lowering agents, and used these IOP-lowering
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agents more often for a longer period of time. Use of
steroids (topical, oral, or ocular injections) did not differ
between the 2 groups. In addition, there was no significant
difference in corneal edema (64% vs 48%; P = .4), anterior
chamber fibrin (27% vs 8%; P = .08), keratic precipitates
(82% vs 90%; P = 1.0), keratitis (45% vs 61%; P = .3),
posterior synechiae (45% vs 32%; P = .5), and iris
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transillumination (36% vs 50%; P = .4) between patients
with and without glaucoma.

DISCUSSION

USING THE SUN CRITERIA, OUR STUDY CONFIRMED THAT
elevated IOP and secondary glaucoma are major complica-
tions in herpetic AU patients. In the majority of the
patients, the elevated IOP was measured at the start of a
uveitis episode. Risk factors for the development of glau-
coma were the number of IOP peaks. Also, use and
prolonged use of IOP-lowering medication, and the
number of IOP-lowering agents used simultaneously, were
higher in glaucoma patients. A large proportion (19%) of
the herpetic AU patients needed a surgical pressure-
reducing intervention.

In herpetic AU, outflow obstruction owing to swelling of
inflamed trabecular meshwork structures and depositioning
of inflammatory cells and debris are considered to be impor-
tant in the pathogenesis of increased IOP and glaucoma.'’
Another common mechanism is secondary angle-closure
glaucoma related to the formation of peripheral anterior
synechiae. Steroid-induced glaucoma is an important
contributor in any type of uveitis, because the application
of steroids is the mainstay of uveitis treatment. In the ma-
jority of our patients, the elevated IOP was measured at the
start of a uveitis episode, which supports the mechanism of
obstruction owing to inflammation.

The incidence of secondary glaucoma in our study was
15% after a median follow-up of 7.9 years. This is much
higher than that of primary open-angle glaucoma in a
normal Dutch population aged 55 vyears and older
(n = 3842), where a 5-year risk of probable open-angle
glaucoma was found to be 1.2% and of definite open-
angle glaucoma 0.6%.'" The 10-year risk of primary
open-angle glaucoma was found to be 2.8% in the same
cohort, with a mean age of 65.8 years (n = 2571)."

The frequency of elevated IOP in herpetic AU as
reported in the literature varies, which is mainly owing to
the variation in definitions used. In our study, following
the SUN classification,’ elevated IOP was defined as a
measured [OP > 21 mm Hg, resulting in an incidence of
75%. Wensing and associates reported IOP > 30 mm Hg
in 18 of 39 (46%) HSV and in 5 of 10 (50%) VZV AU
eyes,” van der Lelij and associates an IOP > 23 mm Hg
in 28 of 31 (90%) herpetic AU eyes,” Tugal-Tutkun and
associates an IOP > 22 mm Hg in 58 of 114 (51%) herpetic
AU eyes,I and Sungur and associates a temporary rise in
[OP during an active uveitis period in 36 of 76 (47%)
herpetic AU eyes.” Despite these apparent differences,
elevated IOP is generally reported in at least half of
herpetic AU eyes. Because elevated IOP at the start of a
uveitis episode is considered to be indicative of a herpetic
cause of the uveitis, studies may overreport elevated IOP
owing to selection bias. In other words, in case elevated
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IOP at the start of a uveitis episode is absent, these eyes
are less likely to be diagnosed as herpetic AU.

Our incidence of secondary glaucoma (15%) is compara-
ble to those in the study of Sungur and associates in
herpetic (HSV and VZV) AU and of Wensing and associ-
ates in HSV AU eyes. They found secondary glaucoma in
10 of 76 (13%) and 7 of 38 (18%) eyes, respectively.”*
Wensing and associates used a definition related to ours,
an IOP of more than 21 mm Hg and the presence of disc
abnormalities, of visual field defects typical for glaucoma,
or both.” Sungur and associates used a different definition,
namely a permanent IOP rise during the remission
period—irrespective of disc abnormalities and/or visual
field defects.” Other studies differ from ours and vary among
each other with regard to the reported incidences of sec-
ondary glaucoma. Tugal-Tutkun and associates reported
secondary glaucoma in 2 of 114 (2%) herpetic AU eyes,'
Miserocchi and associates in 24 of 44 (54%) HSV and 9
of 24 (38%) VZV uveitis eyes,” Wensing and associates
in 3 of 10 (30%) VZV AU eyes," and Takahashi and asso-
ciates in 7 of 23 (30%) herpetic AU eyes.” Takahashi and
associates defined secondary glaucoma as an IOP higher
than 21 mm Hg at 2 consecutive visits and the need for
IOP-lowering medication.” In the studies of Miserocchi
and associates’ and Tugal-Tutkun and associates’ there
are no specified definitions of secondary glaucoma or
elevated IOP. In the study of Miserocchi and associates,
it is not clear if secondary glaucoma and elevated IOP are
considered to be synonymous, but this would explain the
high incidence of secondary glaucoma in their study.’

[t is well known that elevated IOP is a risk factor for the
development of secondary glaucoma.”'® However,
information on specific aspects of the elevated IOP that
influence the development of secondary glaucoma is
lacking. It is supposed that the level of IOP'""'” and the
reduced diurnal-to-nocturnal change of habitual IOP*°
are important factors. In our study, patients who developed
secondary glaucoma had elevated IOP more often during
follow-up for uveitis and endured significantly more [OP
peaks than patients without glaucoma, supporting the
concept that elevated IOP during follow-up for uveitis
and IOP peaks may cause significant problems in the long
run. It has proved to be difficult to determine what is the
most harmful, more IOP peaks or elevated IOP for a long
period of time, in particular because these parameters are
strongly correlated, the number of IOP measurements is
limited (that is, IOP is undersampled), and different statis-
tical approaches give different outcomes.”’ However, even
without knowing which IOP parameter is most important,
the results indicate that in patients with recurrent uveitis,
frequent IOP measurements and low-threshold treatment
of elevated IOP may be beneficial—given the high inci-
dence of secondary glaucoma. In addition, knowing that
35 of 73 (48%) patients needed 2 or more IOP-lowering
agents simultaneously and 14 of 73 (19%) patients finally
needed a surgical pressure-reducing intervention makes it
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important to prevent these serious complications by early
treatment. Future studies are needed to evaluate whether
such measures indeed reduce the incidence.

In addition to frequent IOP measurements and
low-threshold treatment of elevated IOP, therapeutic
modalities consisting of long-term antiviral treatment to
prevent new uveitis episodes and IOP peaks may be bene-
ficial. The optimum starting point and duration of treat-
ment with antiviral medication should be established in
future studies.

Our study is mainly retrospective and has all the short-
comings related to this. Our patients were seen at a tertiary
referral center and therefore this population may not repre-
sent the general uveitis population. Furthermore, most

patients were diagnosed by their clinical presentation. Our
study evaluated a relatively large group of patients and it
adhered to the SUN Working Group criteria, thus contrib-
uting to more uniform reporting on uveitis outcomes.

In conclusion, elevated IOP and secondary glaucoma are
frequent complications of viral AU. Future studies are
needed to evaluate whether early and prolonged use of anti-
viral and antiglaucoma medication may prevent glaucoma.
In addition, the described variability between studies
regarding the definitions of elevated IOP and secondary
glaucoma, and the resulting variation in reported
incidences of these complications, underline the need for
standardized criteria such as developed by the SUN work-
ing group.7

FUNDING/SUPPORT: STICHTING NEDERLANDS OOGHEELKUNDIG ONDERZOEK (NIJMEGEN, NETHERLANDS), GRANT NUMBER
2012-15; 2013-22; Stichting Blindenhulp (Den Haag, Netherlands), no grant number provided. Financial Disclosures: The following authors have
no financial disclosures: Lisette Hoeksema, Nomdo M. Jansonius, and Leonoor 1. Los. All authors attest that they meet the current ICMJE criteria for authorship.

REFERENCES

1. Tugal-Tutkun I, Otiik-Yasar B, Altinkurt E. Clinical features
and prognosis of herpetic anterior uveitis: a retrospective
study of 111 cases. Int Ophthalmol 2010;30(5):559-565.

2. Sungur GK, Hazirolan D, Yalvac IS, Ozer PA, Aslan BS,
Duman S. Incidence and prognosis of ocular hypertension
secondary to viral uveitis. Int Ophthalmol 2010;30(2):
191-194.

3. Van der Lelij A, Ooijman FM, Kijlstra A, Rothova A. Ante-
rior uveitis with sectoral iris atrophy in the absence of kera-
titis: a distinct clinical entity among herpetic eye diseases.
Ophthalmology 2000;107(6):1164-1170.

4. Wensing B, Relvas LM, Caspers LE, et al. Comparison of
rubella virus- and herpes virus-associated anterior uveitis:
clinical manifestations and visual prognosis. Ophthalmology
2011;118(10):1905-1910.

5. Takahashi T, Ohtani S, Miyata K, Miyata N, Shirato S,
Mochizuki M. A clinical evaluation of uveitis-associated
secondary glaucoma. Jpn J Ophthalmol 2002;46(5):556-562.

6. Miserocchi E, Waheed NK, Dios E, et al. Visual outcome in
herpes simplex virus and varicella zoster virus uveitis: a clin-
ical evaluation and comparison. Ophthalmology 2002;109(8):
1532-1537.

7. Jabs DA, Nussenblatt RB, Rosenbaum ] T, Standardization of
Uveitis Nomenclature (SUN) Working Group. Standardiza-
tion of uveitis nomenclature for reporting clinical data.
Results of the First International Workshop. Am J Ophthalmol
2005;140(3):509-516.

8. Leske MC. Open-angle glaucoma — an epidemiologic over-
view. Ophthalmic Epidemiol 2007;14(4):166-172.

9. Boland MV, Quigley HA. Risk factors and open-angle glau-
coma: classification and application. ] Glaucoma 2007;
16(4):406-418.

10. Marcus MW, de Vries MM, Junoy Montolio FG,
Jansonius NM. Myopia as a risk factor for open-angle glau-
coma: a systematic review and meta-analysis. Ophthalmology

2011;118(10):1989-1994.

60 AMERICAN JOURNAL OF OPHTHALMOLOGY

11. Marcus MW, Miiskens RP, Ramdas WD, et al. Corticoste-
roids and open-angle glaucoma in the elderly: a population-
based cohort study. Drugs Aging 2012;29(12):963-970.

12. Gordon MO, Beiser JA, Brandt JD, et al. The Ocular Hyper-
tension Treatment Study: baseline factors that predict the
onset of primary open-angle glaucoma. Arch Ophthalmol
2002;120(6):714-720.

13. Hogan M], Kimura SJ, Thygeson P. Pathology of herpes
simplex kerato-iritis. Am J Ophthalmol 1964;57(4):551-564.

14. de Voogd S, Ikram MK, Wolfs RC, Jansonius NM,
Hofman A, de Jong PT. Incidence of open-angle glaucoma
in a general elderly population: the Rotterdam Study.
Ophthalmology 2005;112(9):1487-1493.

15. Czudowska MA, Ramdas WD, Wolfs RC, et al. Incidence of
glaucomatous visual field loss: a ten-year follow-up from the
Rotterdam Study. Ophthalmology 2010;117(9):1705-1712.

16. Sommer A, Tielsch JM, Katz ], et al. Relationship between
intraocular pressure and primary open angle glaucoma among
white and black Americans. The Baltimore Eye Survey. Arch
Ophthalmol 1991;109(8):1090-1095.

17. Varma R, Hilton SC, Tielsch JM, Katz ], Quigley HA,
Sommer A. Neural rim area declines with increased intraoc-
ular pressure in urban Americans. Arch Ophthalmol 1995;
113(8):1001-1005.

18. Buhrmann RR, Quigley HA, Barron Y, West SK, Oliva MS,
Mmbaga BB. Prevalence of glaucoma in a rural East African
population. Invest Ophthalmol Vis Sci 2000;41(1):40-48.

19. Healey PR, Mitchell P, Smith W, Wang ]J. The influence of
age and intraocular pressure on the optic cup in a normal
population. ] Glaucoma 1997;6(5):274-278.

20. LiuJH, Zhang X, Kripke DF, Weinreb RN. Twenty-four-hour
intraocular pressure pattern associated with early glaucoma-
tous changes. Invest Ophthalmol Vis Sci 2003;44(4):
1586-1590.

21. Wesselink C, Marcus MW, Jansonius NM. Risk factors for
visual field progression in the groningen longitudinal
glaucoma study: a comparison of different statistical

approaches. ] Glaucoma 2012;21(9):579-585.

SEPTEMBER 2017


http://refhub.elsevier.com/S0002-9394(17)30258-1/sref1
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref1
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref1
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref2
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref2
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref2
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref2
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref3
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref3
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref3
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref3
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref4
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref4
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref4
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref4
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref5
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref5
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref5
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref6
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref6
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref6
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref6
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref7
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref7
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref7
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref7
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref7
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref8
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref8
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref9
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref9
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref9
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref10
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref10
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref10
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref10
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref11
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref11
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref11
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref12
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref12
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref12
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref12
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref13
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref13
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref14
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref14
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref14
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref14
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref15
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref15
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref15
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref16
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref16
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref16
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref16
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref17
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref17
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref17
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref17
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref18
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref18
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref18
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref19
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref19
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref19
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref20
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref20
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref20
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref20
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref21
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref21
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref21
http://refhub.elsevier.com/S0002-9394(17)30258-1/sref21

	Risk Factors for Secondary Glaucoma in Herpetic Anterior Uveitis
	Methods
	Ethics Statement
	Patients
	Definitions
	Data
	Statistics

	Results
	Discussion
	References


