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Abstract

Purpose To compare the topographic characteristics of

myopic and nonmyopic disc hemorrhage (DH) in primary

open-angle glaucoma.

Methods Patients were assigned to the myopic DH group

(spherical equivalent of -1.0 diopters or less) or to the

nonmyopic DH group (emmetropia and hyperopia). DH

was classified as lamina cribrosa-, cup margin-, disc rim-,

or peripapillary-type DH according to its proximal loca-

tion. The DH types of the two groups were compared using

Fisher’s exact test. Multivariate logistic regression was

used to evaluate the factors associated with myopia.

Results Thirty-four eyes were assigned to the myopic DH

group and 42 eyes to the nonmyopic DH group. A signif-

icantly higher proportion (32.4 %) of lamina cribrosa-type

DH was found in the myopic DH group than in the non-

myopic DH group (4.8 %; P = 0.008). Eyes with lamina

cribrosa-type DH were 12.59 times more likely to be

myopic than were eyes with peripapillary-type DH (95 %

CI: 1.22–129.53; P = 0.033).

Conclusions Lamina cribrosa-type DH was significantly

more common in myopic eyes than in nonmyopic eyes.

This result suggests that the pathogenesis of DH may differ

between myopic DH and nonmyopic DH.

Keywords Disc hemorrhage � Myopia �
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Introduction

Disc hemorrhage (DH) is a prominent feature of glaucoma

and may be a sign of progressive damage of the retinal

nerve fiber layer [1, 2], leading to functional deterioration

of the visual field [3]. The Collaborative Normal Tension

Glaucoma Study and the Early Manifest Glaucoma Trial

found that glaucomatous eyes with DH experienced a

significantly higher rate of visual field deterioration than

did eyes without hemorrhage [4, 5]. Although the patho-

genesis of DH remains unclear, DH may indicate stress of

the optic nerve in the region of the DH [6].

Myopic individuals are more likely to have tilted, rota-

ted, and larger discs as well as other optic disc abnormal-

ities [7, 8], and myopia has been recognized as a risk factor

for the development of open-angle glaucoma [9–12]. A

thinner lamina cribrosa in combination with secondary

enlargement of the optic disc in high myopia may play a

role in the pathogenesis of glaucoma [13–15].

Both myopia and DH are important in the pathogenesis

of glaucoma. However, few studies have assessed corre-

lations between myopia and DH. According to our clinical

observations, DHs have different characteristics in myopic

and nonmyopic eyes; therefore, we speculated that a

myopic disc affects the features of DH. The purpose of this

study was to compare the topographic characteristics of

myopic and nonmyopic DH in primary open-angle

glaucoma.

Materials and methods

The study followed the tenets of the Declaration of

Helsinki and was approved by the institutional review

board/ethnics committee of the Seoul National University
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Hospital. We retrospectively reviewed the medical records

of patients diagnosed as having primary open-angle glau-

coma at the glaucoma clinic of the Department of Oph-

thalmology, Seoul National University Hospital, between

October 2005 and November 2011. Initial ophthalmologic

examinations included visual acuity and refraction mea-

surements, evaluations of the anterior segment, gonios-

copy, and funduscopy by direct ophthalmoscopy. In

addition, all patients received a glaucoma evaluation,

including disc stereophotography, red-free retinal nerve

fiber layer (RNFL) photography, and perimetry. Visual

fields were evaluated with the 30-2 program in the Hum-

phrey Visual Field Analyzer (model 750; Carl Zeiss

Meditec, Dublin, CA, USA). The patients’ medical histo-

ries were reviewed to determine the presence of associated

systemic diseases such as diabetes and systemic

hypertension.

Patients were considered to have primary open-angle

glaucoma if they showed glaucomatous optic disc changes

that matched typical glaucomatous visual field defects not

attributable to other ocular or systemic pathologies, as well

as an open angle on gonioscopy. Glaucomatous optic

neuropathy was defined as cup/disc asymmetry of greater

than 0.2 between fellow eyes, rim thinning or notching, or

a RNFL defect. DH was identified as an isolated blot or a

splinter hemorrhage seen on the optic disc or in the adja-

cent peripapillary retina. Patients with the following

alternative causes of hemorrhage were excluded from the

study: ischemic optic neuropathy, papillitis, retinal vascu-

lar occlusive disease, diabetic retinopathy, or posterior

vitreous detachment.

Disc stereophotography

Disc stereophotographs were obtained using a fundus

camera (VX-10; Kowa Company, Tokyo, Japan) after pupil

dilation with 0.5 % tropicamide and 0.5 % phenylephrine

hydrochloride. Eyes with more than one simultaneous DH

at different locations were excluded from the study. When

both eyes met the inclusion criteria, one eye was randomly

selected. The observers described the position of the DH in

terms of the proximal and quadrant locations. Eyes with

DH were divided into four types according to the proximal

location (lamina cribrosa, cup margin, disc rim, and

Fig. 1 Four types of disc hemorrhage classified according to the proximal location. a Lamina cribrosa type, b cup margin type, c disc rim type,

d peripapillary type
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peripapillary types) as well as the quadrant location

(inferotemporal, superotemporal, inferonasal, and supero-

nasal; Fig. 1). The proximal and quadrant locations of the

DH were evaluated by masked assessment of the disc ste-

reophotographs. Two glaucoma specialists (HSK and JP)

evaluated the stereoscopic optic disc photographs, and each

grader was masked to the patient’s clinical information and

test results. Discrepancies between the two observers were

resolved by consensus. The DH patients were divided into

two groups according to the spherical equivalent: myopic

DH (-1.0 diopter or less) and nonmyopic DH (emmetropia

and hyperopia) groups.

Visual field testing

Visual field testing was performed by static automated

white-on-white threshold perimetry (SITA Standard 30-2,

Humphrey Field Analyzer II; Carl Zeiss Meditec). Glau-

comatous visual field loss was defined as the presence of

three or more significant (P \ 0.05) nonedge contiguous

points with at least one point with a probability value of

less than 0.01 on the same side of the horizontal meridian

in a pattern deviation plot confirmed at a minimum of two

consecutive examinations. A visual field was defined as

reliable when fixation losses and false-positive and false-

negative errors were less than 20 %. The perimetric results

within 3 months at the time of the first detected DH were

included for evaluation.

Data analysis

All statistical analyses were performed with SPSS version

18.0 (SPSS, Chicago, IL, USA). Categorical variables were

compared by using the chi-square or Fisher’s exact test.

The t test was used to assess differences in age, spherical

equivalent, central corneal thickness, mean deviation, and

pattern standard deviation. On subgroup analysis, the

spherical equivalents were compared using the Kruskal–

Wallis test and the Tukey test with ranks (post hoc test).

Probability values of less than 0.05 were considered sig-

nificant. Multivariate logistic regression with forward

stepwise selection while controlling for all confounding

variables was used to evaluate the factors associated with

myopia.

Results

A total of 180 eyes of 180 patients with primary open-angle

glaucoma with DH were included in the study. Ninety-six

eyes were excluded because of missing data, such as the

spherical equivalent or perimetry; five had multiple

simultaneous DHs, and three had diabetic retinopathy.

Therefore, the remaining 76 eyes from 76 patients with

primary open-angle glaucoma with DH were used for

further analysis in the study. Thirty-four eyes were

assigned to the myopic DH group and 42 eyes to the

nonmyopic DH group. All the eyes enrolled were phakic

eyes. The basic patient demographics and characteristics

are presented in Table 1. The mean age of the patients was

52.0 ± 13.0 years (range, 26–78 years) in the myopic group

and 65.7 ± 6.1 years (range, 51–78 years) in the nonmyo-

pic group (P \ 0.001). The groups did not differ in gender

or systemic comorbidities, i.e., diabetes (P = 0.167,

Fisher’s exact test) and systemic hypertension (P = 0.955,

chi-square test). Most patients in both groups were diagnosed

as having normal tension glaucoma (79.4 and 81.0 % of the

patients in the myopic and nonmyopic groups, respectively).

The myopic and nonmyopic DH groups differed significantly

with respect to age (P \ 0.001, t test), pattern standard

deviation (P = 0.003, t test), and mean deviation (P =

0.052, t test).

Table 1 Demographic and

clinical variables in myopic and

nonmyopic disc hemorrhage

groups

DH disc hemorrhage, NTG
normal tension glaucoma, HTG
high tension glaucoma, CCT
central corneal thickness, VF
visual field, MD mean

deviation, PSD pattern standard

deviation
a Chi-square test
b t test
c Fisher’s exact test

Myopic DH (n = 34) Nonmyopic DH (n = 42) P

Sex, female (%) 15 (44 %) 27 (64 %) 0.079a

Age, years 52.0 ± 13.0 65.7 ± 6.1 \0.001b

Spherical equivalent, D -3.7 ± 2.1 1.5 ± 1.0 \0.001b

Systemic disease

Diabetes, n (%) 3 (8.8 %) 9 (20.5 %) 0.167c

Hypertension, n (%) 10 (29.4 %) 13 (31.0 %) 0.955a

Diagnosis 0.547c

NTG, n (%) 27 (79.4 %) 34 (81.0 %)

HTG, n (%) 7 (20.6 %) 8 (19.0 %)

CCT (lm) 525.3 ± 28.4 521.2 ± 32.6 0.636b

VF at the time of DH

MD, dB -7.1 ± 6.5 -4.1 ± 4.7 0.052b

PSD, dB 7.4 ± 5.1 5.6 ± 3.6 0.003b
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Regardless of the group, most of the DHs (79.4 and

61.9 % of the patients in the myopic and nonmyopic

groups, respectively) occurred in the inferotemporal sector

(Table 2). The proximal location of the DH differed sig-

nificantly between the two groups (P = 0.008, Fisher’s

exact test), whereas the quadrant location of the DH

showed a borderline difference between the two groups

(P = 0.082, Fisher’s exact test): lamina cribrosa-type DHs

were significantly more common in the myopia group

(32.4 %) than in the nonmyopia group (4.8 %). Figure 2

shows the mean spherical equivalent according to the four

DH proximal location types. The four groups differed

significantly in terms of the spherical equivalent with the

Kruskal-Wallis test (P = 0.014). On post hoc analysis,

lamina cribrosa-type DH showed a lower spherical

equivalent than that of peripapillary-type DH (P = 0.004,

Tukey test with ranks; Table 2). Multivariate stepwise

logistic regression was carried out to evaluate which vari-

ables were associated with myopia. After adjustment for

covariates (age, mean deviation, and pattern standard

deviation), we found that eyes with lamina cribrosa-type

DH were 12.59 times more likely to be myopic than were

eyes with peripapillary-type DH (95 % CI: 1.22–129.53;

P = 0.033; Table 3).

Discussion

Although the pathogenesis of DH is not entirely under-

stood, various vascular and mechanical theories have been

proposed. Some investigators suggest that DH is a sign of

an underlying vascular pathology because it is more pre-

valent in normal tension glaucoma [6, 16]. However, other

studies support the theory that the pathogenesis of DH is

caused by mechanical injury due to elevated intraocular

pressure (IOP) [17–19]. Regardless of the actual patho-

genesis, it is evident that the optic nerve is stressed in the

DH region.

Why myopia increases the risk of primary open-angle

glaucoma is not clearly understood. Fong et al. [20] sug-

gested that myopic eyes with an increased axial length

appear to have greater deformability of the lamina cribrosa.

The stretching of the globe in myopia results in secondary

enlargement of the optic nerve head, stretching and thin-

ning of the lamina cribrosa, and ultimately, higher sus-

ceptibility at a given IOP [13, 21, 22]. Furthermore,

thinning of the lamina cribrosa decreases the distance

between the intraocular and retrobulbar cerebrospinal fluid

compartment spaces, causing steeper pressure gradients

[23]. The combination of stretching and distortion of the

optic nerve fibers resulting from an abrupt change in the

scleral curvature may lead to optic nerve fiber damage in

highly myopic eyes [24]. These factors might contribute to

the lamina cribrosa having a higher vulnerability to glau-

comatous damage in a myopic disc than in a nonmyopic

disc [25–28].

Table 2 Distribution of disc hemorrhage according to proximal and

quadrant locations

Myopic DH

(n = 34)

Nonmyopic DH

(n = 42)

P

Proximal location 0.008a

Lamina cribrosa 11 (32.4 %) 2 (4.8 %)

Cup margin 9 (26.5 %) 13 (31.0 %)

Disc rim 9 (26.5 %) 12 (28.6 %)

Peripapillary 5 (14.7 %) 15 (35.7 %)

Quadrant location 0.082a

Inferotemporal 27 (79.4 %) 26 (61.9 %)

Superotemporal 7 (20.6 %) 11 (26.2 %)

Inferonasal 0 (0 %) 0 (0 %)

Superonasal 0 (0 %) 5 (11.9 %)

DH disc hemorrhage
a Fisher’s exact test

Fig. 2 Spherical equivalent according to the proximal location of the

disc hemorrhage (*analyzed with the post hoc Tukey test with ranks,

P = 0.004)

Table 3 Multivariate logistic regression models for myopia: corre-

lation with disc hemorrhage type according to proximal location

Disc hemorrhage type Adjusted ORa (CIb) P value

Lamina cribrosa 12.59 (1.22–129.53) 0.033

Cup margin 2.56 (0.37–17.67) 0.341

Disc rim 6.28 (0.89–44.21) 0.065

Peripapillary 1.00 –

a Odds ratio for the myopia estimated from multivariate logistic

regression analysis after adjustment for covariates
b Confidence interval given when associated with P \ 0.05
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To the best of our knowledge, this is the first study to

compare myopic and nonmyopic DH according to its

proximal location. The study was performed retrospec-

tively, and many cases were excluded because of the

inclusion and exclusion criteria. Most studies on this sub-

ject have dealt only with the quadrant location of DHs,

which occur on the temporal side of the disc, most com-

monly in the inferotemporal and superotemporal locations

[29–31]. Our results are consistent with these previous

findings. Unlike most earlier studies, however, we classi-

fied the proximal location of DH into four types: lamina

cribrosa, cup margin, disc rim, and peripapillary types. We

found that lamina cribrosa-type DH was significantly more

common in myopic patients. This finding suggests that the

lamina cribrosa of a myopic disc has a higher vulnerability

to glaucomatous damage than that of a nonmyopic disc

since the proximal location of the DH could be associated

with the location of glaucomatous stress in the optic nerve

head. When the temporal tilt of a myopic optic disc is large

enough, regional IOP-related strain in the temporal region

of the lamina cribrosa of the optic nerve head may lead to

the lamina cribrosa type of DH.

In advanced glaucoma, the rim remnants are located

mainly in the nasal disc sector [32]. Eyes with DH on the

temporal side of the optic disc have a significantly lower

IOP and appear to be more likely to develop progressive

glaucomatous changes than eyes with DH in the nasal

region [17, 33, 34]. These findings suggest that the tem-

poral side of the disc is more vulnerable to glaucomatous

injury than the nasal side [35]. In our study, there were no

cases of myopic DH at a superonasal location, whereas five

eyes (11.9 %) had nonmyopic DH on the superonasal side

(P = 0.082). These data suggest that the temporal portion

of a myopic disc is relatively more susceptible to glauco-

matous damage than the nasal disc side. The regional strain

on the temporal side of a tilted myopic optic disc could be

responsible for this finding.

In our study, the age and visual field indices (mean

deviation and pattern standard deviation) differed signifi-

cantly between the myopic and nonmyopic groups. No

published data have suggested that the topographic features

of DH differ according to the age or visual field indices.

Multivariate logistic regression was performed to determine

which variables were associated with myopia. After con-

trolling for covariates, we found that eyes with lamina

cribrosa-type DH were more likely to be myopic than were

eyes with peripapillary-type DH. A limitation of our study is

the relatively small sample size, particularly with respect to

the subgroups, which made it difficult to carry out further

subgroup analyses with sufficient statistical power. A further

study with a larger number of myopic cases and a subgroup

including highly myopic eyes will provide additional clues

on the characteristics of DH in highly myopic eyes.

In conclusion, we have documented that the lamina

cribrosa type of DH was relatively more common in

myopic patients than in nonmyopic patients. This result

suggests that the pathogenesis of DH may differ between

myopic and nonmyopic DH. We still do not know clearly

whether the difference in the proximal location of DH is

correlated with myopia (spherical equivalent) or with a

myopic-shaped disc type. Further study on the correlation

between the DH type and degree of disc tilt or the disc type

will be another interesting subject that may partially

explain the characteristics and mechanism of DH.
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