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Abstract

Purpose: To investigate the prevalence and characteristics of optic disc hemorrhages.

Materials and Methods: We took IMAGEnNet fundus photographs of 14,779 participants,
aged 40 years or older in a large-scale eye disease screening project conducted in Tajimi, Japan. A
single researcher reviewed all of the photographs for the presence of ocular abnormality in the optic
nerve head and retina, paying special attention to the presence or absence of optic disc hemorrhages.
Glaucomatous optic neuropathy was diagnosed based on the presence of nerve fiber layer defects
and/or the appearance of the optic disc.

Results: Fundus photographs of 13,965 cases (27,930 eyes) were successfully reviewed
bilaterally. We found disc hemorrhages at 92 locations of 92 (0.3%) eyes of 88 (0.6%) cases.
Twenty-four hemorrhages of 23 (26%) cases were found in bilateral non-glaucoma cases and the
remaining 68 hemorrhages of 65 (74%) cases were found in glaucoma cases. The prevalence of disc
hemorrhages was 8.2% in 793 glaucoma cases and 0.2% in non-glaucoma cases. Hemorrhages
developed significantly more frequently in females and in the elderly. The hemorrhages were
predominantly found in the inferotemporal and superotemporal regions. The intraocular pressure
was less than 20 mmHg in all cases. The mean intraocular pressure was 15.0 mmHg for glaucoma
cases with hemorrhages and 13.9 mmHg for non-glaucoma cases with hemorrhages.

Conclusion: Disc hemorrhages occur more frequently in females, in elderly persons, and in
glaucoma cases in Japanese aged 40 or older. The intraocular pressure of the eyes with disc

hemorrhages is close to that of the normal population.
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Introduction
A small, often splinter-shaped hemorrhage may be present on the optic disc in some eyes,

especially those with open-angle glaucoma. **°

The characteristics of a disc hemorrhage in a series of
clinical cases or in subjects of several population-based surveys have been reported. ****  They
include: tendency to develop in the temporal inferior quadrant, ? in glaucoma eyes with a relatively
low intraocular pressure, 2°° especially in the area adjacent to a rim notching, and in females at age 60
years or older. *2

Several investigators™™® have emphasized the pathogenic role of disc hemorrhages in
glaucomatous optic neuropathy, while some researchers'’*® believe that disc hemorrhage is unrelated

to glaucoma progression. Drance et al.™®

pointed out that visual field defects are more likely to
progress in eyes with a disc hemorrhage in chronic simple glaucoma. Bengtsson et al.® proposed that
hemorrhages occur in all cases of progressive glaucomatous optic neuropathy. Our group™® found
that disc hemorrhage is a significant risk factor for the progression of glaucoma using a Kaplan-Meier
life-table analysis.

Since normal-tension glaucoma is known to be the most prevalent subtype of glaucoma

among Japanese'®?

, itwould be valuable to compare the characteristics of disc hemorrhages, such as
the prevalence in the general population and in glaucoma patients, and the distribution of the
intraocular pressure, between Japanese and other ethnicities. The present study focused on the

prevalence and characteristics of disc hemorrhages in Japanese.

Materials and Methods

The data used in the present study were obtained at the Eye Health Care Project in Tajimi and
were provided by the Japan Glaucoma Society, which conducted a large-scale eye disease screening
project. Our usage of the data was approved by the Japan Glaucoma Society, which has contracted
with Tajimi City so that the society can use the data strictly for scientific purposes as long as subject
anonymity is preserved. Additionally, informed consent was obtained from all participants before
participating in the eye disease screening project and all of them gave the Japan Glaucoma Society
permission to use the individual data for scientific research on condition of anonymity. The details of

the Eye Health Care Project in Tajimi will be published elsewhere.™ In short, the Eye Health Care
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Project in Tajimi was a large-scale eye disease screening project conducted in Tajimi City, Gifu, Japan
between September 2000 and October 2001. The Eye Health Care Project was comprised of two
study populations: one consisted of 4,000 randomly selected citizens aged 40 or older who underwent
a detailed ophthalmological check-up, and the other consisted of a general screening for the general
population aged 40 or older. The 4,000 selected citizens were not subjected in the present study. In
the latter, the following ophthalmological examinations were conducted for both eyes: visual acuity
testing, refractometry with a refractometer (KP-8100PA, Topcon, Tokyo, Japan), corneal thickness
measurement with an SP-2000P (Topcon, Tokyo, Japan), perimetry with an FDT screener (Humphrey
Instruments, San Leandro, CA) with the C-20-1 screening program, 45-degree fundus photography
with an IMAGERnet 6S (Topcon, Tokyo, Japan), applanation tonometry with a Goldmann tonometer,
slit-lamp biomicroscopy, and a van Herick test.  In addition, the participants were requested to fill out
a questionnaire including their medical history, and their systemic blood pressure, body weight, and
height were also measured. While the subject’s ethnicity was not determined in the questionnaire,
practically speaking, all of the participants were ethnic Japanese. The general screening targeted
50,165 citizens aged 40 or older. Of the 50,165 citizens, 14,779 participated in the screening, giving
a response rate of 29.5%.

In the present study, all of the 45-degree IMAGEnet fundus photographs were reviewed for the
presence of ocular abnormality in the optic nerve head and the retina of the posterior pole by one of
the authors (TY), who was also one of the chief investigators for the Eye Health Care Project in Tajimi.
The reviewer paid special attention to the presence or absence of optic disc hemorrhages and recorded
the clock position if they existed. The subject information, except for the bilateral fundus
photographs, was masked to the reviewer. We defined optic disc hemorrhages as a hemorrhage or
hemorrhages of any shape involving an optic disc in eyes without any additional retinal hemorrhages
in the retina.  Glaucomatous optic neuropathy was diagnosed based on the presence of nerve fiber
layer defects and/or the following disc features: the vertical cup/disc ratio of optic nerve head more
than or equal to 0.7, the rim width at superior portion (11- 1 hour) or inferior portion (5 - 7 hour) less
than or equal to 0.1 of disc diameter, and a 0.2-difference in the cup/disc ratio between both eyes.
Each optic disc was classified into one of the following three categories based solely on the disc and

nerve fiber layer appearance: glaucomatous optic neuropathy, non-glaucomatous abnormality, and
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normal. In this, glaucoma implies a case with glaucomatous optic neuropathy.

Results

Of the 14,779 participants of the Tajimi Eye Disease Screening, 45-degree IMAGEnet fundus
photographs of 28,396 eyes of 14,431 cases were successfully reviewed. A total of 1,162 eyes of 814
cases were not used because the fundus photos were unavailable for 312 eyes and because the photos
were of poor quality for 850 eyes. In the present study, we only included cases in whom the fundus
photos were successfully reviewed bilaterally. Thus, the study population of this study included
27,930 eyes of 13,965 cases. The age and sex distribution of the study population is shown in Table
1. Of the 13,965 cases, we found disc hemorrhages at 92 locations of 92 (0.3%) eyes of 88 (0.6%)
cases. Four (4.5%) cases were bilateral and 84 (95.5%) cases were unilateral. Fifty-one (55%)
hemorrhages developed in the right eye and 41 (45%) in the left.

Of the total of 13,965 cases in the current study population, we found 793 (5.7%) glaucoma
cases: 476 (3.4%) bilateral cases and 317 (2.3%) unilateral cases. Of 92 disc hemorrhages, 24
hemorrhages of 23 (26%) cases developed in bilateral non-glaucoma cases and the remaining 68
hemorrhages of 65 (73%) cases developed in glaucoma cases. Of the 65 glaucoma cases, 61 were
undiagnosed cases, 3 treated glaucoma cases and one had a previous history of glaucoma. In the
glaucoma cases, 60 hemorrhages developed in eyes with glaucomatous optic neuropathy and 8 in eyes
without a sign of glaucomatous optic neuropathy. The age and sex distribution of disc hemorrhages
found is shown in Table 2. A hemorrhage developed significantly more frequently in females
(p=0.0141, chi-square test) and in the elderly (p=0.0002, chi-square test). The prevalence of disc
hemorrhages was 8.2% in glaucoma cases and 0.2% in non-glaucoma cases (Table 2).

The clock positions of disc hemorrhages after the left eyes were converted to the right as a
mirror image are shown in Figs. 1-3.  Figure 1 presents the glaucoma cases, Fig. 2 presents the
non-glaucoma cases, and Fig. 3 presents all of the cases. The hemorrhages were predominantly
found in the inferotemporal and superotemporal regions. When the sites of disc hemorrhages were
compared between the glaucoma cases and the non-glaucoma cases, the rate of developing the
hemorrhage at the inferotemporal and superotemporal regions, i.e., at the 7, 8, 10, and 11 o’clock

positions of the right eye, or at the 1, 2, 4, and 5 o’clock of the left, was significantly higher in cases of
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glaucoma (p<0.0001, Fisher’s direct probability test).

The distribution of the intraocular pressure of the eyes with a disc hemorrhage is shown in
Fig. 4. The intraocular pressure was less than 20 mmHg in all cases. The mean (z standard
deviation) intraocular pressure was 15.0 £ 2.1 mmHg for glaucoma cases with hemorrhages including
three treated cases, in which the intraocular pressure was 14, 16, and 16 mmHg, respectively. The
mean intraocular pressure was 13.9 £ 2.3 mmHg and 14.7 + 2.2 mmHg for non-glaucoma cases with
hemorrhages and all cases with them, respectively.

As for the medical history of the participants, 18 cases reported a positive history of systemic
hypertension: 14 with current medical therapy and 4 without; and 3 of the glaucoma cases had had
diabetes mellitus that had been treated previously. In the non-glaucoma cases, 7 cases reported a
positive history of systemic hypertension: all on medical treatment; and 2 had had previous treatment
for diabetes mellitus. The systemic, systolic blood pressure, excepting cases with treatment of
systemic hypertension, was 132.1 £ 22.1 mmHg and 133.5 = 21.2 mmHg for glaucoma cases and
non-glaucoma, respectively. The diastolic pressure was 78.1 + 10.8 mmHg and 77.8 + 10.1 mmHg,

respectively.

Discussion

The present study revealed that the prevalence of disc hemorrhages was 0.6% in Japanese
aged 40 or older: 8.2% for glaucoma cases and 0.2% for non-glaucoma cases. We cannot detect a
disc hemorrhage without looking at the optic disc, which may cause bias in diagnosing glaucomatous
optic neuropathy. However, we found a 5.7% prevalence of glaucomatous optic neuropathy in the
present study, which is close to a 6.0% prevalence of open-angle glaucoma in the Tajimi Study™.
The 0.6% overall prevalence rate is identical to that reported in a health consultation center-based
study (35/5,967 cases) by Sugiyama et al. ', although the age distribution of the two studies was
different. The 0.6% rate is similar to or lower than that reported in several population-based

31011 nerformed in the West.  The Dalby Study?® found 12 (0.8%) cases with disc hemorrhages

surveys
in a study of 1,511 participants. The Beaver Dam Eye Study™ found disc hemorrhages in 46 (0.9%)
cases of 4,926 participants. The Blue Mountains Eye Study™ found disc hemorrhages in 55 (1.4%)

cases of 3,654 participants. In contrast to the similar prevalence rate found among different
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populations, the predominance of disc hemorrhages in glaucoma cases in the present study is
significant: 74% of the present cases with disc hemorrhages had glaucomatous optic neuropathy. The
Beaver Dam Eye Study reported that only 2 (4.3%) of cases with disc hemorrhages showed definite
glaucoma, which was defined as a combination of at least two of the following criteria: abnormal
visual field, large or asymmetric cup-to-disc ratio, high intraocular pressure and or singly a history of
glaucoma with treatment.  The ratio of open-angle glaucoma in cases with disc hemorrhages was
30% in the Blue Mountains Eye Study, where open-angle glaucoma was basically defined as typical
visual field defects on the Humphrey Central 30-2 test and enlarged cupping equal to or greater than
0.7, or cup-to-disc asymmetry between the two eyes.**  The Dalby Study® found 7 (58%) glaucoma
cases with disc hemorrhages and 5 non-glaucoma cases with them, but the number of cases with disc
hemorrhages was relatively small.  Although the definition of glaucoma is different, the discrepancy
between the Western population-based studies and ours suggests that Japanese glaucoma patients are
more likely to develop a disc hemorrhage than are Caucasian or African-American patients. The
epidemiological finding that the most prevalent subtype of glaucoma in the Japanese population is

1920 \which is known to be frequently associated with disc hemorrhages, ®*

normal-tension glaucoma,
supports the large percentage of disc hemorrhages occurring in glaucoma cases in the present study.
The mean intraocular pressure of the glaucoma eyes with disc hemorrhages was 15.0 mmHg
and the maximum was 19 mmHg in the present study. These values were close to those of the
normal population. Thus, it is very likely that most of glaucoma patients with disc hemorrhages
suffer from normal-tension glaucoma although the full complement of diagnostic procedures including
a 24-hour measurement of the intraocular pressure and brain imaging were not performed. The mean
intraocular pressure of the cases with and without disc hemorrhages was reported to be 17.7 mmHg
and 16.7 mmHg, respectively, in glaucoma cases in the Blue Mountains Eye Study.™ A mean of 19.8
mmHg, ranging from 13 to 30 mmHg, was also found in untreated glaucoma cases in the Dalby Study®
(present authors’ calculation based on a histogram shown in the cited paper). The Beaver Dam Eye
Study™ did not mention the intraocular pressure level of cases with disc hemorrhages. Therefore, the
intraocular pressure of eyes with a disc hemorrhage seems to be lower in the present study than that

reported in other population-based studies.

Hemorrhages were found most often in the temporal side, especially in the inferotemporal
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region, followed by the superotemporal region.  This is similar to findings in several previous

2,312

studies. In glaucoma cases, disc hemorrhages occurred more frequently in the inferotemporal

and superotemporal regions.  This is also consistent with previous studies.>**

These regions are
known to be the sites where the earliest glaucomatous changes are evident. The predominant
development of disc hemorrhages in the site where the glaucoma change occurs suggests a correlation
between disc hemorrhages and glaucomatous optic neuropathy.

We also found that disc hemorrhages were most prevalent in females, which is consistent with
studies by Bengtsson et al, * Sugiyama et al, * and the Beaver Dam Eye Study.’® However,
normal-tension glaucoma is not reported to be more prevalent in Japanese females. To better
understand the pathogenic role of disc hemorrhages in glaucomatous optic neuropathy, this gender
discrepancy in disc hemorrhage and the similarity in the prevalence of normal-tension glaucoma
between the sexes should be further studied.

It should be noted that the present study employed a subjective diagnosis of glaucomatous optic
neuropathy by a single expert, and that there was a low response rate among the participants. As for
the diagnostic procedure, the glaucoma specialist was also a member of the disc reading committee of
the Tajimi Study, which reported a similar level of glaucoma prevalence, as determined by a consensus
among six experts and by objective diagnostic criteria.*® In the present study, an expert read all
IMAGEnet photographs of a total of 27,930 eyes of 13,965 cases during a 6-week period. Thus, a
high level of consistency would be expected. However, the low response rate implies a bias because
of less participation of those who had previously had ophthalmic care and relatively higher
participation rate of citizens with a family history of glaucoma. The participation of a great number
of citizens may overcome this flaw in future studies. In fact, it is well known that the majority of
normal-tension glaucoma cases found in population-based studies show no history of glaucoma care
and little awareness of the disease. *°

In conclusion, we confirmed that disc hemorrhages occur frequently in females, in elderly
persons, and in glaucoma cases in Japanese aged 40 or older. The intraocular pressure of the eyes
with disc hemorrhages was close to that of the normal population. Disc hemorrhages occur more
frequently at the inferotemporal and superotemporal regions in glaucoma cases than in non-glaucoma

cases. The pathogenic role of disc hemorrhage in glaucomatous optic neuropathy warrants further
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investigation.
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Figure legends

Fig. 1. The clock positions of disc hemorrhages found in glaucoma cases.  Sixty-eight
hemorrhages were found in 68 eyes of 65 cases. No hemorrhages were found in the cup flour. S:
superior, T: temporal, I: inferior, and N: nasal.

Fig. 2. The clock positions of disc hemorrhages found in non-glaucoma cases.
Twenty-four hemorrhages were found in 24 eyes of 23 cases. No hemorrhages were found in the cup
flour. S: superior, T: temporal, I: inferior, and N: nasal.

Fig. 3. The clock positions of disc hemorrhages found in all cases. Ninety-two
hemorrhages were found in 92 eyes of 88 cases. No hemorrhages were found in the cup flour. S:
superior, T: temporal, I: inferior, and N: nasal.

Fig. 4. The distribution of the intraocular pressure (I0OP) of eyes with a disc hemorrhage.
Black: glaucoma cases, gray: non-glaucoma cases, white: all cases. The mean (x standard deviation)
IOP was 15.0 £ 2.1 mmHg, 13.9 + 2.3 mmHg, and 14.7 + 2.2 mmHg, respectively. Glaucoma cases

include three treated cases, in which the intraocular pressure was 14, 16, and 16 mmHg, respectively.
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Table 1. The age and sex distribution of the study population. Upper: population targeted,

middle: population screened, lower: population subjected in the present study.

age (yrs.) male  female  total

40-49 7,024 7,143 14,167
996 2,024 3,020

975 199 2971

50-59 7,931 7,880 15,811
1,531 3,131 4,662

1479 3,056 4,535

60-69 5,287 5,279 10,566
1,895 2,486 4,381

1790 2361 4151

70- 3,822 5799 9,621
1,162 1,554 2,716

1012 1296 2,308

total 24,064 26,101 50,165
5584 9,195 14,779

5,256 8,709 13,965
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Table 2. The age and sex distribution of cases in whom disc hemorrhages were found. Upper:
glaucoma cases, middle: non-glaucoma cases, lower: total cases. Number of patients with a disc

hemorrhage/ number of patients studied (prevalence in percent).

age (yrs.) male female total
40-49 0/27  (0) 5/60 (8.3) 5/87 (5.7)
0/948 (0) 2/1,936 (0.1)  2/2,884 (0.1)

0/975 (0) 7/1,996 (0.4) 7/2971 (0.2)

50-59 2/78 (2.6)  13/110 (11.8) 15/188  (8.0)
0/1,401 (0) 6/2,946 (0.2)  6/4,347 (0.1)

2/1,479 (0.1) 19/3,056 (0.6) 21/4,535 (0.5)

60-69  11/162 (6.8)  16/134 (11.9) 27/296 (9.1)
3/1,628 (0.2) 5/2,227 (0.2)  8/3,855 (0.2)

14/1,790 (0.8) 21/2,361 (0.9) 35/4,151 (0.8)

70- 4190 (4.4)  14/132 (10.6) 18/222 (8.1)
21922 (0.2) 5/1,164 (0.4)  7/2,086 (0.3)

6/1,012 (0.6) 19/1,296 (1.5) 25/2,308 (1.1)

total 17/357 (4.8)  48/436  (11.0) 65/793 (8.2)
5/4,899 (0.1)  18/8273 (0.2) 23/13,172(0.2)

22/5,256 (0.4)  66/8,709 (0.8) 88/13,965 (0.6)
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