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e PURPOSE: To determine the cumulative incidence of
optic disc hemorrhage (ODH) before and after develop-
ment of primary open-angle glaucoma (POAG); determine
the prognostic significance of ODH for the development
of POAG:; and identify predictive factors for ODH.

* DESIGN: Prospective cohort study.

e METHODS: ODHs were evaluated in 3236 eyes of 1618
Ocular Hypertension Treatment Study (OHTS) partici-
pants annually using stereoscopic optic disc photographs.
The incidence of ODH before and after the development
of POAG, the risk of ODH for POAG, and risk factors
for ODH were determined using a multivariate propor-
tional hazards regression model.

e RESULTS: After a median follow-up of 13 years, 1 or
more ODHs were detected in 179 eyes of 169 participants.
The incidence of ODH was 0.5% per year during an
average of 13 years before the development of POAG
and 1.2% per year during an average of 6 years after the
development of POAG. The cumulative incidence of
POAG in eyes with ODH was 25.6% compared with
12.9% in eyes without ODH. The occurrence of an
ODH increased the risk of developing POAG 2.6-fold
in the multivariate analysis (95% confidence interval,
1.7-4.0; P < .0001). Randomization to the observation
group, older age, thinner central corneal thickness, larger
vertical cup-to-disc ratio, higher intraocular pressure, and
self-reported black race were identified as risk factors for
ODH.

e CONCLUSION: ODH is an independent predictive fac-
tor for the development of POAG in patients with ocular
hypertension (OHT) and the predictive factors for ODH
are very similar to those for POAG in OHT
patients. (Am ] Ophthalmol 2017;174:126-133. ©
2016 Elsevier Inc. All rights reserved.)
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PTIC DISCHEMORRHAGES (ODH) CAN OCCUR IN A
O variety of ocular disease states, such as posterior

vitreous detachment, optic neuropathy, retinal
vascular disease, and glaucoma. They have been shown to
be predictive of future glaucomatous damage in patients
with primary open-angle glaucoma (POAG)'™ and
normal-tension glau(:oma.sflo More recently, ODHs have
been shown to precede retinal nerve fiber layer thinning
detected by optical coherence tomography (OCT) in
patients with glaucoma.''™"” There is also evidence that
structural and functional glaucomatous changes may
precede the occurrence of ODH. ' Whether ODHs are
a precursor to, or marker of, glaucomatous damage, the
literature supports that they are a predictive factor for
progression in patients with glaucoma.'” However, fewer
studies have addressed the issue of whether ODHs are a
risk factor for the development of POAG in patients with
ocular hypertension (OHT). In an interim report of the
Ocular Hypertension Treatment Study (OHTS) after a
total median follow-up of 8 years,”” we reported that iden-
tification of an ODH increased the risk of developing
POAG 3.7-fold in a multivariate analysis that included
baseline factors predictive of the development of POAG.
Subsequently, the European Glaucoma Prevention Study
confirmed that ODH was an independent risk factor for
POAG with a hazard ratio of 1.97 in a similar multivariate
analysis.”' Because there can be a delay between the
appearance of an ODH and changes in the visual field or
optic disc, additional participants who developed POAG
after an ODH may have been identified later in the
follow-up of the OHTS. The purpose of the current report
is to update results at 13 years (median) follow-up, which is
an additional 5 years more than in our previous report.”” In
this paper we (1) report the cumulative incidence of ODH
before and after development of POAG; (2) determine the
prognostic significance of ODH for the development of
POAG; and (3) identify factors predictive for ODH,
including the development of POAG.

METHODS

METHODS FOR THE DETECTION AND DEFINITION OF WHAT
constituted a glaucomatous ODH in OHTS1 have been
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described in detail previously’” and did not change
between OHTS1 and OHTS2. An ODH was considered
to be related to glaucoma if there was a flame- or
splinter-shaped hemorrhage that was in the nerve fiber
layer of the neuroretinal rim or retina and perpendicularly
oriented to the edge of the optic disc either on or immedi-
ately adjacent to the optic disc. Hemorrhages associated
with optic disc swelling or those accompanied by retinal
hemorrhages consistent with retinal vascular occlusion or
diabetic retinopathy were not considered glaucomatous
hemorrhages. The presence of an ODH at the baseline visit
was an exclusion criterion for potential OHTS partici-
pants, but was not considered a POAG endpoint.”” Annu-
ally, stereoscopic optic disc photographs were evaluated by
2 masked (non-MD) readers at the OHTS Optic Disc
Reading Center (ODRC), and readers were asked to deter-
mine whether an ODH was present or not. If the 2 readers
disagreed, the photographs were referred to a senior (MD)
reader for adjudication. As part of the current report, all
photographs that were determined to contain an ODH by
the ODRC were re-reviewed by 2 of the study authors
(D.L.B. and S.J.G.) to confirm the presence of an ODH
and to determine whether the hemorrhage met the criteria
for a glaucomatous hemorrhage as defined in the OHTS1
analysis.”” All evaluations were done with the readers
and investigators masked to randomization group and diag-
nostic status. The current report used all of the data
collected during the median 13-year follow-up of the
OHTS. The analysis of whether ODH is a predictive factor
for the onset of POAG used ODH prior to the development
of POAG through OHTS1 and OHTS2. The analysis of
predictive factors for ODH included time to development
of ODH, including subjects who developed ODH at the
same visit or after the development of POAG.

The analysis data set included the complete OHTS data-
base, which includes data from baseline randomization
through March 2009. To determine whether ODH was pre-
dictive of the development of POAG, a univariate Cox
proportional hazards model was performed with detection
of ODH during follow-up as a time-dependent factor.
Only ODHs prior to the time of the first suspicious date
of the development of POAG were included in the Cox
model. The robust sandwich variance estimate option
was used to account for the correlation between the 2
eyes of participants. To determine if ODH was an indepen-
dent factor predictive of the development of POAG, ODH
was added as a time-dependent factor to the published
OHTS Cox prediction model that includes age, vertical
cup-to-disc ratio, pattern standard deviation (PSD) index
on visual field testing, intraocular pressure (IOP), and
central corneal thickness (CCT).”’

To identify factors, including the development of
POAG, that were predictive of ODH through 13 years of
follow-up, univariate and multivariate Cox proportional
hazards models were performed. All data from randomiza-
tion through the development of ODH or the last optic
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FIGURE. Cumulative incidence of participants who developed
an optic disc hemorrhage in the Ocular Hypertension Treatment
Study. The hazard ratio for developing a disc hemorrhage in
the medication group was 0.70 (95% confidence interval,
0.52-0.95, P = .02).

disc photograph of the participant were included. Predic-
tors in univariate Cox models with P < .05 were tested in
the multivariate Cox proportional hazard model and
retained in the multivariate model if statistically significant
at P = .05. Covariates in Cox models included POAG
status as a time-dependent variable. Robust sandwich vari-
ance estimate option was used to account for the correla-
tion between the 2 eyes of participants. The cumulative
incidence of ODH was assessed with Kaplan-Meier
analyses to account for variable follow-up time.

RESULTS

THE OHTS DATA FILES FROM FEBRUARY 1994 THROUGH
March 2009 were used in this report. The median follow-
up was 13 years for 1636 participants. POAG developed
in 362 eyes of 279 participants, including 213 eyes (59%)
by optic disc criteria alone, 129 eyes (36%) by visual field
criteria alone, and 20 eyes (5%) by both. The cumulative
incidence of eyes with at least 1 ODH before POAG by
follow-up years 1 through 14 was 0.37% (n = 12), 0.92%
(n=129), 1.6% (n =49), 2.2% (n = 66), 2.5% (n = 75),
2.9% (n = 85), 3.6% (n = 104), 4.0% (n = 115), 4.6%
(n=129),5.2% (n = 143), 5.7% (n = 154), 6.4% (n =
168), and 7.0% (n = 179), respectively, or 0.5% per year.

Opverall, and by randomization group, the cumulative
incidence of eyes with at least 1 ODH at 13 years of
follow-up was 8.5%, including 7.4 % in the medication
group and 9.8% in the observation group. The Figure shows
the cumulative incidence of ODHs in the medication and
observation groups over the median 13 years of follow-up.
ODHs occurred less frequently in the medication group
compared with the observation group; the hazard ratio
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TABLE 1. Optic Disc Hemorrhages Before and After the Development of Primary Open-Angle Glaucoma During 13 Years of Follow-up

Number of Disc Hemorrhages

Prior to POAG or in Non-POAG Number of Eyes

Number (%) of Eyes Reaching
POAG Endpoint

POAG Eyes: Number of Optic Disc Hemorrhages After POAG

Eyes, per Eye (N = 3272 Eyes of 1636 Pts) (N = 362 Eyes of 279 Pts) 0 1 2 3 >4
0 3093 322 (10.4%) 300 19 1 2 0
1 145 28 (19.3%) 24 0 4 0 0
2 21 5 (23.8%) 3 1 0 0 1
3 10 4 (40.0%) 1 0 2 0 1
4 3 3 (100%) 2 0 1 0 0
All 3272 362 330 20 8 2 2

POAG = primary open-angle glaucoma; Pts = participants.

Left side of table shows number and percentage of eyes that reached a POAG endpoint after documentation of 0, 1, 2, 3, or for optic disc
hemorrhages. The right side of the table shows the number of optic disc hemorrhages documented after the development of a POAG endpoint

in eyes that had 0, 1, 2, 3, or 4 hemorrhages before a POAG endpoint.

was statistically significant (hazard ratio [HR] = 0.70, 95%
confidence interval [CI] 0.52-0.95, P = .02, Cox propor-
tional hazards model). Table 1 displays a frequency
distribution of ODHs detected in 179 eyes of the 169 par-
ticipants prior to POAG and in non-POAG eyes. A total
of 3093 eyes had no disc hemorrhages and, of those, 322
developed POAG, and 300 had no subsequent ODHs but
22 did. Of the 179 eyes with ODH, 139 (78%) did not
develop POAG during a median follow-up of 49 months
after the disc hemorrhage and 40 eyes (21.6%) subse-
quently developed a POAG endpoint after 36 months
(median): 20 eyes (50%) by optic disc criteria after
37 months (median), 18 eyes (45%) by visual field criteria
after 20.4 months (median), and 2 eyes (5%) by both after
90.7 months (median).

Of the 362 eyes in which POAG developed, 32 eyes of
30 participants had documented ODHs after the develop-
ment of POAG after a median follow-up of 53.7 months.
Table 1 also displays the frequency distribution of ODHs
in 32 eyes of 30 participants after a diagnosis of POAG.
Twenty-two of these 32 eyes (69%) had no documented
ODHs before the POAG endpoint and 10 (31%) had at
least 1 pre-POAG ODH. Among the 22 eyes that had no
documented ODHs prior to POAG, the cumulative inci-
dence of the post-POAG ODHs from 1 to 6 years was
2.8% (n =8),4.9% (n = 13), 6.5% (n = 16), 7.8% (n =
18), 9.2% (n = 20), and 10.0% (n = 21), respectively, or
approximately 1.2% per year. There was 1 eye with the
initial ODH 11 years after the first POAG endpoint. The
maximum number of POAG ODHs after reaching a
POAG endpoint was 6 in a single eye. No difference was
found in the incidence of post-POAG ODHs between
participants who had reached POAG by disc criteria vs
field criteria (P = .17).

To assess whether ODH increased the risk of POAG,
ODH was included as a time-dependent covariate in a
Cox proportional hazards model of time to POAG. The
risk of developing POAG after occurrence of an ODH
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was 3.98 times higher than without an ODH (HR, 3.98;
95% CI, 2.7-5.9; P < .0001). After adjusting for baseline
factors in the published OHTS Cox prediction model
of POAG,”"” and randomization assignment, the
independent contribution of ODH to risk was less
(HR, 2.6; 95% CI, 1.7-4.0; P < .0001).

In univariate Cox proportional hazards models, baseline
variables significantly predictive (P < .05) of ODH were
age, CCT, vertical cup-to-disc ratio, PSD, IOP, history of
heart disease, sex, randomization group, and self-reported
race (Table 2). POAG status as a time-dependent variable
in the univariate model did not statistically significantly in-
crease the risk of ODH (P = .09). The final multivariate
model for ODH showed that increased age, thinner CCT,
larger vertical cup-to-disc ratio, higher IOP, self-reported
black race, and randomization to observation were predic-
tive of ODH (Table 3). Factors that were not statistically sig-
nificant in the multivariate model included history of heart

disease (P = .30), female sex (P = .64), and PSD (P = .08).

DISCUSSION

BJERRUM FIRST REPORTED THE ASSOCIATION BETWEEN ODH
and glaucoma in 1889.”* However, it was not until 1970
that Drance and Begg further described the relationship
between ODH in open-angle glaucoma.”’
studies have subsequently explored ODH as a risk factor
for the development and progression of glaucoma.' "’
More recently, studies have demonstrated
abnormalities in the optic disc and retinal nerve fiber
layer and visual field that precede the development of an
ODH in glaucoma patients.'®™®

ODH typically appear as a flame- or splinter-shaped
hemorrhage extending radially from the optic nerve head
to the adjacent retina, and this shape is a result of the
orientation of the axons in the retinal nerve fiber layer.

Numerous

several
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TABLE 2. Ocular Hypertension Treatment Study: Factors Predictive of Optic Disc Hemorrhage in Univariate Cox Models

95% Confidence Intervals

Predictor # Eyes (for Categorical Variables) Hazard Ratio P Value Lower Upper

POAG status as time-dependent covariate

POAG 362 1.89 .09 0.91 3.92
Not POAG? 2874
Randomization group
Medication 1612 0.70 .006 0.54 0.90
Observation® 1624
Age (per decade increase) 1.47 <.0001 1.29 1.68
Corneal thickness (per 40 um decrease) 1.19 .0110 1.04 1.36
Vertical cup-to-disc ratio (per 0.1 CD 1.19 <.0001 1.1 1.27
increase)
Pattern standard deviation (1 unit increase) 2.37 .0005 1.45 3.86
IOP (per 10 mm Hg increase) 2.09 .0002 1.42 3.09
Myopia spherical equivalent 0.99 .76 0.94 1.05
Peripapillary crescent
Small 2121 1.28 .16 0.94 1.75
Medium 197 1.59 .08 0.95 2.66
Large 43 1.98 .16 0.77 5.10
None® 875
Smoked at least 100 cigarettes
Yes 1252 1.18 24 0.90 1.54
No? 1532
Sex
Female 1842 0.73 .014 0.56 0.94
Male® 1394
Ethnicity
Black 798 0.57 .002 0.40 0.82
Other” 2438
Family history of glaucoma
Yes 1106 0.88 .34 0.67 0.15
No? 2130
History of asthma
Yes 224 0.98 .95 0.58 1.66
No?® 3006
History of cancer
Yes 188 1.2 .50 0.71 2.04
No?® 3048
History of diabetes mellitus
Yes 382 0.86 .50 0.55 1.34
No? 2848
History of high blood pressure
Yes 1222 1.0 .98 0.77 1.31
No?® 2004
History of low blood pressure
Yes 142 0.86 .65 0.44 1.67
No® 3088
History of heart disease
Yes 202 1.57 .053 0.99 2.48
No® 3030
History of lung disease
Yes 78 0.79 .63 0.30 2.05
No? 3152

Continued on next page
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TABLE 2. Ocular Hypertension Treatment Study: Factors Predictive of Optic Disc Hemorrhage in Univariate Cox Models (Continued)

95% Confidence Intervals

Predictor # Eyes (for Categorical Variables) Hazard Ratio P Value Lower Upper
History of stroke
Yes 38 0.57 .31 0.08 4.10
No? 3198
Migraine headaches
Yes 356 0.94 .78 0.62 1.43
No? 2844

CD = cup:disc; IOP = intraocular pressure; POAG = primary open-angle glaucoma.

“Reference group.

TABLE 3. Ocular Hypertension Treatment Study: Factors Predictive of Optic Disc Hemorrhage in Multivariate Cox Proportional
Hazards Model

95% Confidence Intervals

Predictor # Eyes (for Categorical Variables) Hazard Ratio P Value Lower Upper
Randomization group
Medication 1612 0.70 .02 0.52 0.95
Observation® 1624
Age (per decade increase) 1.39 <.0001 1.20 1.61
Corneal thickness (per 40 um decrease) 1.18 .048 1.00 1.38
Vertical cup-to-disc ratio (per 0.1 CD increase) 1.21 <.0001 1.12 1.30
IOP (per 10 mm Hg increase) 2.00 .001 1.32 3.06
Self-reported race
Black 798 0.48 .0003 0.52 0.95
Other” 2438

CD = cup:disc; IOP = intraocular pressure.
@Reference group.

ODH may be subtle and mistaken for a blood vessel on
cursory examination. Even experienced clinicians may
miss an ODH,”® and ODHs are not detected with
devices that image the optic nerve and RNFL, such as
OCT. Therefore, optic disc photographs are considered
the most sensitive detection method for ODH.

Development of an ODH may be related to biomechan-
ical forces influencing the lamina cribrosa and surrounding
tissues including the IOP, cerebrospinal fluid pressure, arte-
rial pressure, and venous pressure.’® Cigarette smoking and
a history of heart disease were associated with an increased
risk of ODH in OHTS, providing supporting evidence that
vascular factors are important in the pathogenesis of ODH.
[t is unclear whether ODH play a causative role in glau-
coma progression or whether they are simply a marker for
the disease. Blood is known to be neurotoxic as a result
of extravasated inflammatory cells, hemoglobin, and
thrombin.”"*

Baseline factors associated with ODH in the multivar-
iate Cox proportional hazards model were older age, larger
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vertical cup-to-disc ratio, thinner central corneal thick-
ness, IOP, and self-reported race. Participants randomized
to the medication group had lower incidence of ODH
than participants randomized to the observation group.
Many of the baseline factors that were associated with an
increased risk of ODH were also associated with an
increased risk of developing POAG.”” However, ODH
remained an independent predictor of glaucoma in the
multivariate analysis.

ODH occur more commonly in eyes with glaucoma or
OHT than in normal eyes, and their frequency is higher
in normal-tension glaucoma than in high-tension glau-
coma. The cross-sectional prevalence of ONH has been
reported to range from O to 0.4% in normal eyes, 0.4%
to 10% in eyes with OHT, 4.2% to 17.6% in eyes with
high-tension glaucoma, and 20.5% to 33.3% in eyes
with normal-tension glaucoma in population- and
clinic-based studies.”””" The incidence of ODH has
ranged from 0.04 to 0.34 times per year in eyes with
high-tension glaucoma and 0.11 to 0.46 times per year
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in eyes with normal-tension glaucoma in clinic-based
studies.”’ ™ The incidence of ODH was approximately
0.5% per year in the setting of this multicenter
randomized clinical trial of participants with OHT prior
to development of POAG and with follow-up spanning
more than a decade. This is likely an underestimate for
2 reasons. First, because participants with ODH at base-
line were excluded from the OHTS cohort owing to un-
certainty at the time as to whether ODH was a sign of
early POAG or a risk factor, the participants enrolled in
OHTS only included those who did not have ODH at
baseline and were probably less likely to have ODH during
follow-up. Second, ODHs are transient, usually resolving
within 2 months.”” Because photographs were only taken
annually and ODHs may appear and resolve undetected
between photographs, the incidence is likely higher
than reported here.

Numerous studies have described an increased risk of vi-
sual field progression'™'%**7® and neuroretinal rim/RNFL
thinning' ™7 in glaucoma patients with ODH.
However, the relationship between ODH and progression
to glaucoma in patients with OHT is less well described.
Drance and associates' studied 29 patients with OHT
and ODHs and 29 ocular hypertensive patients without
ODHs and found 10 patients who progressed to glaucoma
in the ODH group compared with only 1 in the group
without ODHs. Airaksinen and associates looked retro-
spectively at 25 patients with OHT and found that 8 devel-
oped glaucomatous optic nerve or visual field changes over
a follow-up of 1-2 years; however, no control group was
studied.”” In a retrospective study of 17 OHT patients,
Siegner and Netland’ found that those with ODHs were
more likely to develop glaucomatous optic nerve or visual
field changes compared with OHT patients without
ODHs. The European Glaucoma Prevention Study was a
prospective randomized trial similar to OHTS, comparing
treatment to observation in patients with OHT. That study
found that intercurrent ODH increased the risk of devel-
oping POAG by 1.97,°' similar to the magnitude of
increased risk of 2.8 in this report.

Although the presence of an ODH was associated with
an increased risk of developing POAG in the OHTS, the
majority of eyes (78%) with an ODH did not progress to
glaucoma over a median follow-up of 49 months after
ODH. ODH may occur with other ocular conditions,
including posterior vitreous detachment, optic nerve
drusen, retinal vascular occlusion, ischemic optic neuropa-
thy, and papilledema.”** ODH may also develop in
association with a systemic condition, such as diabetes
mellitus, hypertension, leukemia, or systemic lupus
erythematosus. We attempted to exclude participants
with these conditions in the present analysis.

The long-term analysis of the OHTS data shows a strong
relationship between randomization to treatment group
and ODH. Participants in the treatment group had a
30% lower hazard ratio for an ODH. This was not found
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in the OHTSI analysis,”” but there was a trend in this
direction (risk ratio 0.75; 95% CI 0.53-1.09, P = .13). It
is likely that the increased number of ODHs and the longer
follow-up in the longitudinal analysis resulted in this trend
becoming statistically significant. Several studies have
examined the relationship between IOP-lowering treat-
ment and the frequency of ODH. Hendrickx and associates
observed that reduction of IOP significantly decreased the
number of ODH in patients with high-tension glaucoma,
but not in patients with normal-tension glaucoma.’
Miyake and associates found a significant reduction in
the frequency of ODH after trabeculectomy with mito-
mycin C compared with preoperative rates in both
high-tension and normal-tension glaucoma patients,”’
suggesting that those patients with profound IOP lowering
have a reduced risk of ODH. Medeiros and associates found
that, in eyes with ODH, IOP-lowering therapy slowed the
velocity of visual field progression compared with before
treatment.”’ In contrast, the Early Manifest Glaucoma
Trial demonstrated that the presence or frequency of
ODH was not related to IOP-lowering therapy.**

Although the OHTS was the largest and longest study
to look at the predictive factors associated with the devel-
opment of POAG in people with OHT, there are several
limitations to the current analysis. First, although surveil-
lance for ODH was performed every 6 months by study
investigators and annually using stereoscopic disc photo-
graphs, we only used data from annual photographs
because we could not verify that ODHs identified by in-
vestigators fit the strict definition of “glaucomatous” optic
disc hemorrhages. It is possible that ODHs were observed
in between annual photographs and had time to resolve,
since they are known to be transient. This would result
in observation bias resulting in an underestimate of the
incidence of optic disc hemorrhages. Second, ODH was
the only intercurrent, or nonbaseline, predictive factor
considered in this analysis. It is possible that other inter-
current predictive factors, such as level of IOP, fluctua-
tions in IOP, compliance with medical therapy, and
other factors, increase the risk of developing POAG and
might affect the predictive risk of ODH on POAG if
they were included in a multivariate risk analysis model.
[t is hoped that future analysis of the OHTS dataset will
incorporate these potential predictive factors into a
comprehensive risk calculator. OHTS3, which is a new
study to re-examine the original OHTS cohort 7 and 8
years after completion of OHTS2, may add refinement
to the current estimates of hazard ratios as well as help
develop a comprehensive risk calculator that considers
all measured intercurrent predictive factors.

In summary, the present study demonstrates a low inci-
dence of ODH in participants with OHT alone
(0.5%/year) but a doubling of the incidence of ODH after
POAG has developed (1.2%/year). Intercurrent ODH
increased the risk of developing POAG in participants
almost 3-fold. Because the occurrence of an ODH is a

LONG-TERM ANALYSIS OF OpTIC Disc HEMORRHAGES IN OHTS 131



strong predictor of the subsequent development of | or escalation of medical therapy may be advisable in some
POAG in patients with OHT, we recommend careful ex- cases. Older age, larger vertical cup-to-disc ratio, thinner
amination of the optic nerve at all follow-up visits to detect | CCT, higher IOP, and self-reported African-American
ODH. More frequent monitoring should be undertaken if | race were factors predictive of ODH in multivariate
an ODH is detected in a patient with OHT, and institution | models.
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